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Abstract
This project-presents. about oil| viscometer which it.on the measurement
: period's basis of falling plate.in the oil by Microcontrolter PIC18F252:In the beginner,
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time period to viscosity and show.on the LCD display.



naAnssuUszne

Yiggniiwusatull dnSeganludmeddmennudiomde aduayu hinmwswile
wazAmusihnineanasg  lussdvtufiefnwmandumalulagnszasunaningums

as v i ¢ o - Vel 4 - 5 o
A1ANTEUL ﬂmﬁﬂiiun’]sfﬂlﬁaUlﬁiy{u1UWUﬁ %Wiﬂﬂm?ﬁuuﬁﬁ“uﬁ?uLﬂEJ?'UaQi]']u')uy']ﬂ

4
mAdrImnssIe s 91938am Mmya Tnaavizagieds msbidiusnw Auusniodi
9IN1198EI5 dsTInana pransdinmlassutarAmrsEEOUY NIy
AiavilasuidalonudaetifawasnasarUanu SRR P NCIE e
mnssumsiany SeBdtiinmuiaduobs
anAuastssleniduinnnnByyinusatud seuouliudginsvanmnvi
Wimursudatanduiddlaly sy inusevuiaioanyanl uasiouliuidfauls

Anwviaula

ANZE I

il



d15U8y

AR S e - s R e e i e e ey
R I i e R
et e e A R N D R e PO 0l

LT g i IR o, S R S OO |

LT SO R RSP ol e, W, M e e T

unil 1 1157 AR e /S Lo, et SN, ), < St S, |
Yl/mndartee uRIERRE. /| LN 0, M — NN 1
12 Ippusiasruesingadwus,. .. R ¥ ) I U . USGE \ W 1
SCRRDE T2 T ERTERN(ERY A N B Thew WEPTW | W i
189 Supbudromm N2V ) PO’ e b pmesd L 03 AL 1

2.2.1 A0uAs AR UG OA RTINS 1 ol 6
2:2.2 mm‘sﬁnmf*nﬁmm?a& ....................................................................................... 7
2.22.1 Snesguisiundosimen WS e 7
2.2.2. 2 MRS MRS BRI ... 8

2.2.3 MIRTIVADUAYIINLAYBIU MIUMADRU. ..o 9
2.2.3.1 wannisveaaeulaglivaauauTant3. ... 9
2.2.3.2 winnisveaeulneldieiesinmumilauuuuaasgnan......... 10
2.2.3.2 winmsveaeulneldiniesinmuviiauuumm.. ... 11

220 QUNDLINSTINT MWER oot i S 12
2L e e e e 12
RN ot T e e R 13



d135U5Y(s0)

Wi

BT e e e S R B ok S 15
2.5 Hall Erffect ................................................................................................................. 15
G, WIRTRGUNBIIERIITENN PIL - i ioninssmmiosam i s o st 16
RETURBORRL L. i it s S S sro e i 17
2.6.1.1 OTRP(Cne. tinne programmable). ..., 17
2:6.1.2EPROM (erasable programmabl&ROM)..............coo.ccoovueennne. 17

2.6.1. 3 TR R OMYRIRENM | ettt 5t 17

26.2 puuaninuabilaspaulnsaaoinssga PIC luusasnau. ... 17
2:6.2.1 lulasroulyataeiaya PICLECSXX .. .. N 18

2.6.22 Wlespaulvialaninszga PICI2CXXX WAZ PICI2FXXX........18

2.6:23 bilAsABLLIYSALBIATENG PICLTCRK oot b 50 18

2628 Wlasroulnsalainsuns PICLEFXXK L b e 18

2,625 hilpsrenlvsataasassna PICIBCXXX Lat PICIBEXXX . ....18

2.7 qunsaiavRitline w0000, o s o el § T 18
27,1 gUnsams a9 In YN AT AYAUIND AL L . oS & S 19
2.7.1 gunampsinInaamnidaeddaa. ) ot O AL 19

o
unil 3 MNBQUOUNESN I\ L, i S ... N LA .2

3.1 n150epubUlAsIas I TBAATOIARIMMIR. ... S0l ol 21
3.2 NMIDONUBLEYNITTIABN AN LN TMUANIB IASa IARLMiln.... 24
3.2.1 MIBBNNUUIIISAIUALYDUATBIIAPTMMIA. . oo 25

2Z AT BICIBEIS Iy OioNa . - S e 25

32311 sunimsa BICIBESED. - 5 C 25

3.2.1.1.2 msldnulugaudaseuasnduiinea. ... 26

S LIS EIact SamEOR: i ik & st ks st 28

3.21.3 Tempetature Sensor-LMBE0Z . i n v ai v i 29

R o o] U e B I o R e St S b e 9 ol 30

S2rs el ool i SR 31

V



#15U8Y(5iD)

Wi
3.2.2. 900N TR WVDINITAVAN. corerererr s ssssine et st 32
A L T L TR T T R e 33
UNT 4 NV SNIAADIUAEHAMITIARB oo oo 35
4.1 waaaﬁﬂmmwﬁmm&.ﬁ%‘aamwsg’muazﬁunmrvm'uae Falling Plate........... 35
6.1.1 veaRIIRA M NIAIENIAATIIVEATAATSAY. ..o 35 .
SEB I -  VTCC WIAEAfRin. N, N S 36
Gl N2 UBNETIREE...) . = P B e frmmms 00 N N etseniersiesens 36
4.1.2-nPa843uanmIseneey FalingPlatel. ... e 36

1 ) T I RS R ) W S, W S T

f passifstlaody W \L I smd ™M o 3% 37
A R PR, I A M G P il e AR AT
a 2.3, 1 wamsmamn-'i'ii“a'unanﬂ"ﬁmn‘uaqun'm.waw ne ... L

8.1.2,3.2/ AANSIRABINISIULAINITAnudSLeuLYEn Bl 37

4.1.2.3.3 Han IsnaansnsavnaatnIsenva Lk uwan ¢ 38
4.1.2 3.4 f#anN1SWaadINI I uLIa MISAN U uEan O ... 38
4,1,2:3.5 pansunasinsiuatmsanvaslitiuan €. 38

4.1:2.3.6 Hanasnaaadn B IULIRIN IS ANRILNLWNEN F.... 39

4.1.2.37 wamsvnasen1sTunalnisenyetuduman G........39

8.1.2:3:8- HAN ) SMAABINATFUNA NIRRT IUMIWAN H.._.....39

4.1.2 PWGIIRRIUOO. ..ot ittt 41

4.2 NMIVARRIMNANNTUUAIANIATNITANTUATIINTR. . . 42
LR R et e W Ui S a3
LT L A SR s S e e R 43
LR SR R e M (s e e D 43
G20 APNBRVRRGE - e e e i 45

4.3 Fot MIMANNEIRUS NI NAIIMTIANUBUNGT . 45
CRNE T R R bt AL a5



AAZTUREMENE. s e e e e
AIARRRNNNGEE e e s S A e
4.2.0 AFUNBMITVIAADY.........ccoo e L A

unil 5 dyuma i]fgmuas;?ﬂm' o5 R e SIS S e RS 49

USTUYNGL. .. # S NN/ 7 € AR50 N, WG | &
Efi e Y ARG sl (SSRGS Tore, SRR & WA |

Vil

= ‘dﬂl 1= d‘ & o Q; f p 7 A = I 5 ¥ - Y o b7 : L% p 24
lenaTsiiitiuienatsianulidwiumstdnumensfneinty ldoygrabmialdldusslavdaunism

Linsallagusau snnsidlaaswanion wasdew1vsddivasenaisynesandnistally



#1501

AT e
2.1 UARIANYDIVDUNAIVTUAANY TURUIY CP (CENtIPOISE)..........coovevereseee s 4
2.2 uammamuniinaailaunsdnsefunuseuy 1SO way SAE... 10
3.1 AMANYULYDA Falling Plate WHABIAL .......o..ceoeoeecesessoeeoscoeeoe e 23
T R T L e e e e 1 Pl et e RN 1 A 26
3.3 uansdeyganninidmivlueatiuasdyaasuisamduineansly MCU...... 27
4.1 marnmilavonisiiEesing 4 YA INATBIINPI LV ANABTFILL . 36
4.2 anmsanupd Falling Plate A M uas iy 8 400 N 37
4.3 anIanyoy Falling Plate B 'Lufmasﬁ*:ﬂﬁ N0 (e NN 38
4.4 ANISANYL-Fatling Plate ¢ Tuikas il d o0, 38
4.5 vainisanyas-Falling Plate D lutiasthits 4 0a. e b 38
4.6 a1 innvad Falling Plate & ‘luﬁ"'ma s&lﬁu TN B Tt WP B O 39
4.7 ansenued Falling Plate £ Tuduasminiu doling. o i L 29
4.8 13NNIANYBN Falling Plate 6. lutidazaintin 8 W0 L0l i s de stk 39
4.9 ansanued Falling Plate H I A N DT e A e ) a0
4.10 wapsamuduwussevIinuanuauniaua Falling Plate udiazaia. ... ey a0
6.11 Apamiinvetiuiu d vinit 27 % mmﬂ?aﬁﬂm’:wﬁmmmjgm ............................ 44
4.12 uamﬂ"ma'mﬁmnmmﬁ"’u,l.axifwﬂu'uﬁmaiwqmmﬂ%ﬁhﬂa‘m%ﬁm ................................ a4
4.13 AR tiave e nieseainn M ile ARYE auasa Mg 45
a.14 Fmmilnveshfuied 20W-50 Tudstazatuif..... .. o S a7

VIl



d13UUNIW

31Jﬁ Wi
2.1 uaman1atin velocity gradient dleiiusannsiluinmunuiuiuiveweslva, . 3

2.2 A IAATIMTIARUUMABAUAYTIAAT. . o 9

2.3 Lﬂ%ﬁmmmmﬁmmuﬂdaaqnmﬂ ............................................................................................ 11
24 Lﬂ'%‘aﬁmmmwﬁml,l,uumgu ....................................................................................................... 11
2.5 Lm'ugﬁuamﬂ1mwﬁmsaa§1-ﬂmnsm ISOVG URAZITATGUMYIAN. .o 12
2.8 MTIURORTUN TN = N b b ININ 13
2.7 Lmﬁnszﬁwiaqnnaﬂawzﬁmﬂlu'uaqmm..._..........................,................., ............................ 14
2.8 uanan sAuANUMAN AU, o b B e LB e 15
2.9 uanfyingnaseievornRN ./ NG AL i T AN 16

2.10 gUnsainaninsamiidnatAnoA TR Tt A o 19
3.1 udndn)soaniuliAseTinAT MLIn. . DERY A PN B —— e SEITE W W ot
32 m‘saanuuuuazﬁun'ﬁ‘luamaa Fatlne Blilte \ NS, Heoc it mior B 8. 23
3.3 gap Palliqe PEte L1 LI o W/ LOrma \W e, ({111~ wa 81 . 24
3.4 UARAIUL TS8R BN ATBATTAANNENL. . € i e 24

3.5 PEABR@S2 (.47, N LA N L L LU G PN S ) e BN 25
3.6 Mgy Hall Effelisamedrl . o). G YR8 7 S S0 O 04 . . 28
3.7 Hall'§Mect Sensor FE0B. xR LW Q... [BAer . S M ........... 29
3.8 Tempetg\re*Sensor MIBRINEY wmm, . N/ /... a8 ccolllooiiiiiiinanns 30
BB LR G eRE Va S A PR — A — AR, A A e 31
3.10 uan Print Circuil BOart &.00.2%. .o v v i osoe % 5e V... WL S doeat ol L e 32
3.11 M391809N15¥1 Y8 ARUANTUIUSUASUMRPFOtEUS ..o 32
BT R g T 1 b ) e e e A e o A v 33
S eI e e e 34

4.1 \5eviamnamilanuumu (Brookfeild Viscometer model DV-I+ Pro.lun1snaass.35

4.2 whuiinamnnudimudsenininariuanuniinues Falling Plate usiavyda.......... 40
4.3 wiuiluansn UG TEN A UANUMEAYEY Falling Plate Fo.....cc.......... 42
4.4 MIMAABIUTUTBVRUMDIIMBTAAM LRI IIU. ... 43
4.5 wannnudiiusseninnaaniaiesinamiatumuminaneisnass. ... 45

IX



#15UyN N (sa)

S 2 3= : ' :
un - Wil
4.6 wugfiuanspdniusssniesswinmumiiatugumaiiveniuiu 200-50...........47
4.7 WA MUARINSU SN AMTATIABUWAPREMAT. ... 48

/ SR
Q)

NAUA NN S
N TNTNTN

&
2"?&-‘- 9 Q’Qr\ a
Yagnant

X

& P Yo w Y = = Y ! Y o 2 sy gk
wndsiuena1snanulidmiunisitanuienmadnyiviauu liaugisbihldlddseleguniunisen

Ludnsailagnsdu Snvsinudlvdeudantien wagdosdrBaduimasenasynasminisualuly



1.1 ANUAAYVRIINEITNUS
emnmumiiaduiusdauaniinisivavesiiuudazeiin  iledenumiled
Wasuwazuandiduisaumminiuildon  Ussaniam  wavsvoznapavdenodly
swildedadissavinm  lumegaawnssuagliiidunsioumaegdiu
hifundeduluaesdnsna doldaudunarumsevialfaunweniifuasas  n1s
m'swaa‘ur]cumwuaﬁnﬁ'mwdwﬁs’?mdalﬂﬁaamswaau%eﬁﬁw'h’fahaﬂ'a‘u'ﬂwqma:'l‘ﬁnawmu
Sniuelerinmtmilatuilegiisaiion  SufawiAalunsnanaiosiammmiaiiiy
\ilonsIvaBuAM M wazanl¥alunns Satainiasianmn muas inpumiin iy

FIATLNS

1.2 "nqusrasdvasiyainus
l - o = - AT
1. WieAnwismsinma I untatosiiay
P v - s & A v v
2 mpepnlLuvlazaes aainpnuutinfianinsnldaule s

3. Iivefindinasiteulsunsueumilaglsbilasnoulvisanes

1.3 vaUUATDsUS NG

WS vinAT v iAka LamA A LMbsva U Ul udtiR s Laina

1.4 YuURBUNISANE

=

AnymguijuaswanmsiitosTulSyyainis

Anwene Aumteua
nwennsdivinwlassnuiionunumsinilasins
poNUUUTuIW

ganiuuNIIBidnnsatinduaz Sranenisviniy
penuuulusunsumuauvaasunisvineuveslilasaaulnsalaes

NAZBUNITYINUYBNNIBIENNIatadansaulusunsy

e - e T

UsgnauAsedinauuLa



9 PENLUULAYIIMSNAaBId MSUMAANTiLavAAIIiln
10. ¥avisreauvedlasans
11. aguazUsziluna

1.5 Usdleniiiaaninazldsu
afaedssinmumilafiannsniaimumislumisana  Ssiadsning
annsaldnuldazann ﬁﬂ-ﬁsﬁﬂ%nwwaq'luizv‘;’uﬁaau%’u'lﬁ'

= = Yo w 7] = = ) 1 ¥ o D] v v
wnastlwenaisnanulidmiunisidnumenisnwisinu ldeuaanlmihlUldyselemisaunsen

lidnsailagnsdy annainsdlvidaudasient uazdesddsnddnTesenaisyne Fminasudly



una 2

= as = A 7}
VlﬂiﬂﬂLLﬂ:ﬁﬁﬂﬂﬁ‘iﬂtﬂﬂ?ﬂm

2.1 anunila

AUl (Viscosity) An Anwatunsalunisiumumsivavesadlva (weslua
winefa amsfiaunsaluald Wy S veavan Judy weilisannsgivesvadisini
wilngevsdinanuiunusensivags. . vesluaiifimumiamaziranudumusonis
Tuas =uaaluaﬁsimmmu’ﬁnﬁ%uaﬂq@inﬂwwﬁmﬁ’ugsm’lﬁ uiluvauziivesluaiildiunan

YaaTvatmIrdanwius nsandudounas lianusouansammamiinaniiedle

BN G VBt h L T e

—— Movable Plaie —Movable Plaie
/A = Arca {cav) A {em) K :

T, R
e

F = Force (dynes)

N Stationary Plae :Af Srationary Plasc

= = . v A A o wy &
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n=-— (2.2)
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1 poise AR Liiqm’mﬂTIWQJENEWE\FJWNﬁUW“U'mﬂ 1 cm Ul 1 cm LAaaUNAIY

AIIS 1 em/sec laeil 10 poise=1°Pa s

cPs Temp(°F) Fluid cPs Temp(°F) Fluid
1 65 o1\ vater 1600-17400 | _ 60 SAE 70 motor ol
2 60 Turpentine 2000 75 Barbecue sauce
3 40 itk 2200 70 Pancake butter
3 68 Kerosene 2250 62 Chocolate syrup
8 70 Gasoline : 2400 70 Water based paint
11 60 < #2 Fuel oll 2600 7 40 Tomato sauce
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20 40 Cream 4000 60 Newspaper Ink
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540-2000 60 SAE 50 motor oil 36,000 80 Hot fudge
1000-3000 60 SAE 60 motor oil 250,000 65 Peanut butter
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1) Arumilne— peuminupaaiiRnug uiiddiigning luiasanidust
wsnlumsidenlitifuvdeduliimmeiuaiy tauadimmmilasesaivdeduiiunsi
Wldannsadunssimidnléinn wigssaunsndalummdiuse 9 Adssnisudeduld
atesInduarsrusesouldd duduiuiifiernmiingeslifidimdeduiimniannse
fuusanalddndy  udssdeadundranluniadouiidmhiunaiusarssutonudeulddl
anuniinaziimulsidsulunugaumgiiveninfunanfendanndiaguvgiianas waywila
tosauilogumgiigeiu Fnisiarmumiiavinlasnisiunmiiaiuuiinuvilmiesinasiug

wasALmvBNAIaYInA LA (Viscometer) maldianmzanmpiingnatuaulviaem
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2) fuimmmiln - fiavilinansauduiudssnineumiinvenidmeodu
fugamgiilaensudsuiisuiiuiunnsg 51ﬁuﬁﬁﬁ1ﬁ’%ﬁmwwﬁmqw:ﬁfhmmwﬁﬂ
Wasuwawnugampiiniwdsulutiosn i nsuiiieduiiammiag

3) galvam - diegampiivesiiiuaamamumilanierudumiunisiua
vonjwuaniunniudos 1 w‘luﬁqmﬁwﬂuawqﬂua qmwgﬁqqqmﬁﬁwﬁuﬁwqﬂwa
Gonin “gelvaw’  duiundeduilinaninuAudssamisiituiin wiigaluamniy
fundaduitldnmbsiuAudszanummiin iiesnitdudsznouvedlalasaiiuen
TuanavszavitidliiAalugs

a)  ami =" gamgiifidiuessegminlifeutualoveniiusyive
ponumniiemetisgfiall  Fdumsussdindrumvamaniudedulufuany

Uaannsdmiunsléaungamaiige

? o
2.22 91 fﬂsg'\uu'}NULﬁiaQ
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2.2.2.1. desruhiiuasoanuaninnsleay
v " © 4 di ‘
PINSTIUUNAATDITIMUATULIRIN | Nansvado uiULATaseuRLUY
anee) A muniSnrnaaeubilnalfsstunaslianedeg luanmeng udaioubwnnsg

Mnseduit, Iugseaugafieligonadasiuiiannnseansesesiideninumiinuni
%aﬁaamsfwﬁum@mﬁﬁﬂmnwwqqﬁummmmgmﬂﬁé’ﬁqﬁa Lo
1) mmgwufwﬂum%m AP (American-Petroleum Institute) an1du

UlnsideniseniEn dvuadsil

11 wapssimhduaisavudulishes s (Senvice Station) 13y
flaust SA, SB, SC'SD, SE dadafuazonianuias tHequuilligusiiueg Taud SF, sH, S
waz SL idunasgngeaeisemelidande 14.0.2540

12 fiwsgauihiniaiseudiies 1i8hus C (Commercial w3e
Compression) (udaus CA, CB gagnenanlundaituniu Jagvuiigalidrsdetu 1dun cc,
CD, CF, CE, CF-4, CG-4 uag CH-8 Fufusnmsgrugeanlutiaatiuiivsznimeenladlull 2542
dviumiewudiion 2 dwe wespuiliie CD-2 way CF2 duluiniesannsold
smsgIUIAesuRIULEY  anAeuddaandouiils Wy dhifuedeseudundu
WINSE APL SG andsiumvadeuldinasgiu API CD Fafeniminfusieseuiivuiu
WASEIU AP SG/CD Feansaldfuiaiossudfimamasgiussdu €0 lddhe wiothiu
\A30BusALYa API CF-4/5G fannsaldfuieiessudivudunessusziu 6 liwe

2) uAsgmansga (US.Military Specification %38 MIL-L Spec. )



msimumnassliTinsmeseuniie fu APl udusndnsiuiiusiazinesgudeddla
iSeudRwanazA o uRULAufe  whoruenvulisnhiiasgiunmsigEese
el
2.1) MIL-L-2104 Wusnmsgudmiuedssoudmaan 4 was 2
Joz anunsoldldtuieiessudivudude Jagiuiliiuag e MIL-L-2104 D (CO/SF), MIL-
L-2104 (CE/SG), MIL-L-2014 F (CF-4/5G) uag MIL-PRF-2104 G
2.2) MIL-L-46152 1hanasgiudmiuedossudiuudu annsaldls
fulaiessudiia 4 Yame lede aquuiildfie MIL-L-06152 E (SG/CD)
3) 3Rsgau CCMC  109gl5¥+(Committee of Common Market
Constructorshnasguiidgnonianiusd Tnpfitiinsg il fe ACEA unu
- ipSavmuARuLRY | CCMC (G1), (G2), (G3), (GA), (G5)
| iAdaseismeasayn | COMC (01), (02); (D3), (D4), (D5)
- Lﬂ%kawuﬁamal‘ffﬁ"u%ﬂﬂUﬁﬁﬁ(Pa‘ssenger Diesel) : (PD=1), (PD-2)
4y awsgn - ACEA wp3glst  (Assodiation des ~Constructeurs
Europeen d' Automobil)
- P30 3BUAILTI  ACEA AL, A2, A3 11 AP| SJ
RS OAR IO S ACEA BI, 82,83, B4
- inTeesuddimasIuviIn + ACEA E1, 2, B3, E4, £5
5). M9 UV ENEREAY WA (Manufacturers)
51 dwSUIA3BBUAUUGY - VW 500,00) VW 50101, VW 502.02,
DB 229.1,ILSAC (GF-1), GF-2; GF-3
5.2 dwSuiRTesoUARa « DB 227.0/1,08228,0/1, DB 228.2/3,
DB 228.5, DB 229.1, VW 505.00, MAN 270, 271, MAN M 3275, MAN M 3277, VOLVO
VDS, VOLVO VDS-2, MACK. EO-K/2, MACK EO-L, "MACK EQ-M, SCANIA LDF, MTL 5044
TYPE 1,2,3 RVI E2, RVI E2R, RVI'E3, RVI'E3RRVI'RLD

2222 wwsguthiusiamiuanumia
MsuUsuenUsaneesitusuaramiin  agldinesguvesana
IMNTsueTUEuR (Society of Automotive Engineer : SAE) Mszuaumila (arudula) ves
ihifuaies mbunnfdeiiaumiinnn Teudaisueieseenduy 2 Ussavlngy
1) s (Monograde) Asunmiualiesiiidanmiladfien

SAE 40 vineAuin o geumail 100 aswalfiva uniuaviidaumilnegi wes 40



2) nsnsa (Multigrade) Aothsuiaiosiidiarumiln 2 A Wy SAE
20W-50 winea lugumnil 25 ssniwaldva iiluasiimaumiinegit wes 20 ud
dlegnmaiigedia 100 ssrwaldoa wwdsumeumiiadu wes 50 shus "w* MHidusns
vanmmmmiaiifunsagavun (il -25 ssmiwaides) mnbilzduinsnggiou (in

7 100 DaAnwaLTa)

2.23 nsasdeUAMilavaniwATeEedY
anmdmnsvasdusasinlaslulad (the Society of Tribologists and
Lubrication Engineers : STLE) 15‘53‘145’1 mmwﬁmLi‘luwﬁmmauﬁmqmsjmwﬁﬁwﬁmm
Uit s‘z’ﬁammuﬁmﬁu'ﬁ'qmnﬁa:i’m‘lunssmumim‘sm’Jilaauammwﬁwﬁmﬁaamnmm
wiladudsiiddtylunisuandanaiiinededy maminseniimasauiinozgnialag
seytluaaiviia 2 viia Ao My uarANUVLARIYT0]

AUl (Kinematic viscosity) P AIMENIINTs Ivatazisudauyes
voavanfissvinussliimhwedlan Wi nasiwaastssiaiassiiadisinamilauansaty
Tnowlinfisianumiinnnasassiroinhiiiawmilatiey - way nssinvesgnminlu
voawan Tngeisfifiranmilasngnusaszanaus indanusaiiinnumiatad

aviindaysal (Absolute Viscosity). /o AN MaLazis i iauves
voaaailesnisadsmmumely Wy nsmaishigemianiiaramiiauenddu  1ne

Utunsinnavlnnssfsdl L N I vtER A uvtin U Y

s -l
2.2.3.1. vanmsvaaauieslivasanattlaans

=) - W P - o
Jun 2.2 LASIRMILVUALUUMasaLAYTUaaNS
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msveagaulaglivasauallaa’s  Wunannmisiteunndmsunisin
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Amuuniineal dwrldesasinanuniawuuvasawaulaans (SUR 2.2) lunisvaasu law

u

O

wanMsvBAAIDIAD msU‘jiﬁ;ﬁwﬁu‘luwaaﬂLLﬂUi’Jaaﬁ"EUmQLLazQﬂ'l,uﬁ'lil’uag‘ihmﬁwae
uaoaigaduwdvdesluiiiulvaaan difuiiarumingsrivanandininiuiiieny
wilad Fedunsunsaauduluammnesgiu ASTM D445 waz 1O 3104
laswngasimsivamelausdiudamadanlunasauautaas

Brstitaduimsinammilasmiiuiess feinnanngaduiuigeduaalasthamieni
llguiumasiivemassusiazvasn nsmiaeiiinldfe wufidland (Centistokes : cSt )
Faiiu  mm/sec lumintiSi-divnpnumarimiafinangiiaesszdudio 40 s
walea wie 1007 awiiwadoa lugnamninmialuszioiamammiinead 40 oen
wadvalominilegluiugiunisinseduoosnssgu 150 3448 uilinhiiuedesouss
it 100 asmiRoaa HoTanasliiiiuadeunngsiu SAE (SAE J300) aildifunsgiu

dwmiunasiniiguvnil 100 03ANeRIBEAR RN IR 2.2

150G Midpolnt | Minlmem | Madimum SAE Mialmum | Maximem
Grade | Viscosity @ | Viscosity @ | Viscosity @ | Wiscoslly | Viscoslty @ | Viscosity@
40°C/cst | 40°C/est | 40°C/cst | Grade | 100°C/cst | 100°C/cSt
Las 180 Vhssei Pl \U™" Sesttiaed 34 N5
u e WL N - _
2 32.0 MR OSRERD 1 & & o
4 250 414 $9.6 . -
68 680 61.2 748 20 56 9.3
120 1670 300 100 B X 93 125
' A50 150.0 1350 | 16500 ~40 7123 163
220 22000 1960 2420 50 163 19
320 3200 2680 | 3520 | - X -
460 450.0 4140 5060
680 680.0 612.0 748.0 V' & ‘

e i - as s 3
AT 272 BERIATPLRTAaUlABN S TINIL AU IMS YUY ISO way SAE

2.2.3.2 wé’nmﬁmm'\wﬁﬂ‘iﬂﬂ’lﬁtﬂ%aai'ﬂm"mwﬁﬂtmuﬂziarﬂgnﬂn (Falling

ball viscometer)
winsinmmiauuuddesgnen  haeiesinmumiiaiildngues
alandlunisvinnu agszdunaintsnnvssanuealuvasaud mnqnuaamnﬁwﬁmwm%wﬁ
uanyirdimnmiags vingnueanniiiinnansigauansirdinumiine Tnsgnueatziivas

waluindnanuviianuandaduielifianuusiugilunisings
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OO0
Eooa-

(n) ()
= = @ & i
JUN 2.3 lATDINANUUUALLUUYAEARAN
(n). @UTLNBUVOIATIIAAT TN

(9) Falling ball viscometer e Thermo scientific

A 270 uassdulsEnouvasatesiaanaviawuuvasegnan s

Usznauliag (1) gauea (2) mivdnlituienegsgnuaanaumsdn (3) amduindniie
A3IIUgNUeA (4) veadiildlunismagdou (5) vasaun,

2.2.33 wanmadeulasldiniosinanuntiauuunyy
P iy, e v w = o o4 o v
ﬂﬁﬂ’ﬁuL”Ll“lﬂﬁﬂ’I'i‘mmﬂiad’mﬂ’J’lJJ‘HU@LLUUV!S{U (JUv23) Fausuusy
nITismausn-lasudnnasianoudmivlaluuinfiausuie nvnsaugamailling Salae
Tuwvianyuvsusieaudnad © Jeliugiewssdavnlusavaniunsinauvin
duysal dnalaglividnnisugnitan (Brookfietd method) H A5 IUCASTM 02983 agld

Auniinluvids lwuiinaud (Centipoise s cP) Fafla1vinnu mPa.s lunuaes|

SUN 2.4 psesinAuviiniuunyuy
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2.2.4 gumgiifudraumiiaviiy

aumiinvesedluannuiediatusgiugamgll mnuminvewufasniistuiie
qmwgﬁLﬁ'u%uuc‘immwﬁﬂmawmma’mzﬁaﬁaql,ﬁaqquﬁqﬁ?u ﬁﬂﬁuag'luﬂmawmmm
fiudlogamgiiisduenuniiavoniduazasas  iesmnifaussanvsawidaana

= - a o & = 3 o ' a
(GG ‘ZNI.LE‘IQQILUZS‘[J 2.4 UDAUNHNINNTUANUVUATDIUTNULARETUAITAAES

1.E03

ISO-VG
 Grade
—_—320 11|
i —220 |
N ~ 150
P 100 1

I

:
4,
l

4

- —_—32

‘F
i
-

N R 5
10

I 1 L7131

g

Aboslute Yiscosity (Ib s/in2)
.

L EANEAN . ¥

TR "

J 1 LISEERES 0N
T s i

AN
0 50 1000 150 200 250 300
Temperature (deg F)

1.E086

a1

d “ =5 g @ ' a o
UM 2.5 iuniiuapnsnnuniaenifinngs (SOVG unarvyilangumngiiniag

L]

2.2.5 AvUAIMLN (Viscosity Index)
fuilmnuniin. (Viscosity Index : V1) iusienitilunisseysnisuusiuves
- ¢ o a o = - ¢ Ry T e | 0 v 5w
Anunilnaatiuguvgll  FasSoumeuanumilsaivasiegraindui 40°C Auundu
15§ 2 vile Tnevilaniladlan VI 71 0 wavBnelianiiadien VI 71 100 (§UR 2.5) unsiuvisany
Voo -l ° 0 P ol
danuvilainiui 100°C m1513ansewn Vi ananuvileaati 100 °C way 40 °C
Wulumuannsgiu ASTM D2270
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Vsl ow u-%ﬁ-xm
0
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|
- 40
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s A
i v=u 7
80
. h
»e - 100

4°c 100°C

Temperature
d V. oer s =
JUN 2.6 MITTYAINTUAIINNUA

PNGUA | 25 | i siuiiimsiufeuwdasdegumgiuessiimeviaumiia

! g L J d 1 - 1 o o
unnminndiuiiinswasuitasiegnaaiisnn Tuisgaumpimemeuiseniu

2.3 nyuasdland

ilevssegnnaslansauiadurnugudnawssinn 1 Tadwesatlundleesen way
dunamsindeuiivosgnamilany swnuirlutisfuseamsindoutignnaulansindouiilaes
ads s miufiedeuiidasegane Wesanlutasduroinisadeud gnnaslave
indouiilaeiinnuissmeliussdndainamils -vanifegnnaslensiiniud geduusednsdy
anavnauiiiugudgnnanlamsiaipfeuiimenmiiaei

nnudnnsvetenialfauazngmsideuiivesiiofy  wsiignnaslaveanluna-
wesen (Wisvedlvadu) QNNANITONITEMIUT AD whwiin (W) vosgnnaulave usaesd)

(Fp) uazusavia (F) veandiwesoa Sxuagiuamnusmesgnnanlany
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. W>F+F, . W=F+F,

{
|
W L ow

i st i oy

(n) (v)
d ‘“‘ o ' d‘
JUN 2.7 wiswnssvidegnnantaveianluveavad
(M) LARDUNAILAIIULTS

- - = L
() LA BUNMIYATIUSIAIN

dewasanussisenthgwudl dmiintsegnnaslanvuasussaoudileine fauy
i e el ce & - 4 i e a o o - =
msfiussansUApulUIIRRIInUs silniViEausudes o 1afie - esuadountsvilnail
2/ v | ¥ ar ar @ = i T “ o4 &
NNAUBENIINARIENIIAINUAZUS maedY Agun2.2(n) dlognnalansingauiisnvuus
= = = o 9 3 as gt iqs 2 3 <t - o
vilngziivwinnnfuaniibinssdwsvnssvimegnnaulans Juaud | annautavsduedoui
Y o< ot Jhg -t =2 A o e i i— 4 ' as 3 <
MEAIILEIAYN AFUTA22(0) JedgUlads waniiainsmieioiaguuagiuuinamLswes
[ c:l’ [ s LY a{ al s
InquazuTeiiiiluians snududviian apasuiveing
. L - 4 0 it a J §
Sir George Stokes laviphamusiniiafinszyinda inansinanunsaaounuvsdlwa
WUl ¥ s nilau AR 15 e ingysenan” Suinbiatuasalingupalanduntae

Tunsdinmatunususeautaivaslvala loonguasalandnaniiuseaitiiosinanu

2/
£ -

niinvasvodlnaliniudunuseel

Fy = 6mnruv (2.3)

e Fy A9 useiumunisiva
n A anuntiaveaveslva
r f9 JAlivesingnsanay
v fie dnudaveaing
wiiildnnnguesalandi  wwmvesuseiuvesvadluaiuegivauinuosdns i

tuApvnuringliindeunieyhifiuseinu Svinquadsuiiivilsussiufiunauluay
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2.4 wiwmanlni

wimanlni (Electromagnets) wnsfiigunauiméniitieanmsitnszualwilua
inuluingdniwvneanuimuaesiinssualwiilvaluingdnbhasiiliide - aunwivén
sou q dnhiu  dehdumeiniaiuduen  avdwaliduusaivdniifndusey
Wuaadifenmausiy  Aaduauruindniusarauaiviniiatuiinnuda

ﬂ. ; ar - 1) s
WLLNTY nvzMIsIiAaUINLLIMEN LLE‘Iﬂsiﬂ\fI‘EU

4:1_-'MME:\

-&nmrmtfmﬂa o

2/ I ; " ar ' 4 W a'u'
AL Ty TILsiAan i tusgudiudse na ueneg fealuil

L
ar 4

1D Anvsaursdnsiuiduaineiun Wusavtostiadauiialivaniies | wWuseu
190 AN RaUIMKLARN LN
2) Wanuaisivavesdstuaihwduandidy . assualvatesaunyusiivaniin
"oy nsztalvasnauiiwdmiauan
- [ o v oo i & s v ' < -t
3)  wiavganliviunuuimaniii unuenmalimdiiatuivan wnuil
uannaasineslsulntuan iaudi ve s uKeiManIn '
@) vwnvewnuimhiignl trurwsEn e iuuimaniites  unusalvg

W avwuwivanleuin

2.5 Hall Effect
Hall Effect gnAuwulay Edwin Hall Wi am. 1879 Juduusingnisaifivsyy

wasuiluingdanhluvinuniiavuwivan  leowndeunluegililatmilivaaingianivinlv

as o

WaAuaNAng i ReTUsEINsadn Tasninasmimiinsua lvasuiindngd

i

winan  (Magnetic  Flux) unsgvilufiemasaainiuusudmiasivsidnaseuvesini
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wWosvulusmuuuresiasvinlmAsautuliviwsausssuseni W59 UERaa (Hall

Voltage) Puidniluiiemedsanniunszuauasvidndusivin daguii 2.4

: Magnetic
Fn = magnetic field B
-—— force on
negative charge
carriars :

1 Direction of convantional
electnc current

- < < ar @0
UM 2.9 uaanlsingmanlsoanuuIngaia

Tngfididnmsousivszuduviegay  vldiuuwwswsumhiditduay  do
FuA NI LANIgiliUTE AN wednmmisndng sewed iU a1 L
usssulnyheonun Immmmaaui&ﬁuﬁi’m‘lﬁ%ﬁuagjﬁ’umqwumﬁu'uaaw5‘1’nsefu1.im§nﬁm
NSE | winRuauLLEN NI AR IR A AL SIALINA lasi A LTLA NN WEN

vew ussaufvvdosmuluaie aumsivantdenudmus i uaameent faaunasy 2.4

Vy = — (2.9)

W Vade widsulwhsoad
I Ae AInszhallvh
B Ao dwumuiivén
N #9 AuVINuYa ISR
- a o
e fo Usyydlanasoy

d A9 ANuMUTDILEUG 1Y

2.6 lulaspaulnsaiaosnszna PIC

PIC D “luT.ﬂsﬂauTmmaai’é’nms:gawﬁa #91191NAIN  Peripheral  Interface
Controller  Fudululasmoulnsaeesimensn  somnegerliludliiondy
PROGRAM MEMORY, RAM, EEPROM, SERIAL, 12C, PWM, AD %1an aslisulusiaasio
gunsallduonmeuen lusues PIC ssfiflaifuillélunisussinara saiambeaws

o o f Ve - o
Favirlwlwmiiounu CPU
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2.6.1 ¥iiava4 PIC
MCU lusszna PIC duuseanmuiinves PROGRAM MEMORY wuslaiiu 3
WUUFie
1. OTP (one time programmable)
2. EPROM (erasable programable ROM)
3. EEPROM / Flash (electronically erasable programmable ROM)

2.6.1.1 OTP (one time programmable)
otp  dhaviiilsiagniigatumuyssian  awefinaindiduuuy
ot szansavhnstdsunaulsuvdniudeniniu  wdmanduldgnlusunsaluugeshi
_ aunsalusunsudildbniladn daiudllsuamiaztenldndannifianTusunsmunsais
runvsewineqilusunsiliidoudots s asidmuanisfoudifldmiagrnud vsion

Su awilidnes C wamuusiB Wy 16C84, 16C74

2.6.1.2 EPROM (erasable programable ROM)

EPROM  \UuBUiiil program. metnory - midiovioulustnsudiluuda
annsalusunsilwisnemsaulusunsudyineliuas. Uv-(Uitra Viotet) daiiutlugady
Uszana 5-10 Ui saiudidan e sidesiinsaunsvaniievims Uvandnsadesinudily
i@l WifiTuaueislunsaulsunsmduiu dieauldsunsudiowas Uy 17109 1oy
Winanmdwfieltsunsilfidithugs sxiisdnys IW sistgieadinsounssanaguy v

wioly

2.6.1.3 EEPROM/Flash(electronically erasable programmable ROM)
EEPROM/Flash  \Dutesninliifitiios dutasmheanusives
Wiunsu  awnsadwmialsufmedyanamalii Waalunis” attoyslifiud uas
annsaay warifsulbmilivaisiuads MliHuitoufiaet 3 Ussm Sddnes £

uan Wiy 16F84, 16F877

2.6.2 auautAvaslulasnaulnsamainizna PIC Tuudazndu
' ' i w oo v & wow
MSUUINGNYDY PIC Azutmiiavinuiu wWududuee PIC12, PIC16, uay

e

PIC17 lasusasngunziiuainng wsnsanludnmaneiues Fsansauvesnld 5 nau As

2.6.2.1 lulasaaulvsaiaoinszga PIC16C5XX
uuiinanesnudugeusng vansiuanunbigenuasdudou g
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fdlgnuidunmwueauud 33 mded 110, TIMER waz WatchDog ulaifl 12C 3o
: o W -l & - el < ' =
Serial #empudpulusunatuuies Fulunguilivatoes wiazsvsdinuuriwazyug

YaImHeANUTUTUNTLAE UL EANITBY AR

2.6.2.2 lulasraulnsaiaainszna PIC12CXXX uaz PIC12FXXX
dulvnundniidisud 8 vwiiudawmnsfunuiitiuuiadni
fds Mwueawid 33 uay 35 Ads amfugaures PIC nquiiReidya anniinmie
ppadalanes (Oscillator) um 4 MHz sgmeluiy vinlnlisesdaseadaaimesnmeuen
waziimieanudrieyanislutuwey EEROM. Wfdmuaiminsanudilusunsudaduuuy
OTP uway EPROM wastalfinan PIC16FXXX wammausmlilasdunlandn PIC12FXXX

=3 - ° v =i L@ o
YU ‘iNLUULLU‘UI.I.ﬂa‘!f'ﬂ'ﬂ.%ﬂ']JﬂiﬂL'lJEJMLtﬁSﬁUIU?LLﬂ‘ﬁJ‘].ﬂWﬂ']EJﬂ N

2.6.2.3 lulasaaulnsaianinavna PIC17CXXX
Huduitoaninwieui PICIECKXX numnsenudi PIGLITCXXX vedl
mwaIagen 1 S wauinn T S duedieivg) 58, avds dedansemms s
ynteImhuANgR lUshns wizemnuditosarisiouialug Sula: e saderu

MmhuANUIINBudnlasae

2.6.2.4 Inlasrauiniainainizga PIC16FXXX
Wuvildsuamutiominn mswidudviuusniivisnDuilusunsy
Wunutuatiay imissanusieyauuut EEPROM v liamimsefiunlusinsulade 3
PIC 1w PIC16FXXX ativanunasiaulluudusstnfioninos (n Circuit Debygger) vl
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Falling Plate (a134) (u31) (3430) (131.)
A 70 1 10 1002.04
B 70 1 5 766.45
C 70 3 10 1002.04
D 70 2 10 1002.04
E 70 3 5 766.45
F 70 2 5 766.45
G 60 5 10 2022.93
H 60 2 10 2022.93

M5IA 3.1 AndNYYe Falling Plate udazuny




24

MMsAaIIY 8 AuaudRliviioudy viliatwesnisanegadaselu

Yaawmalliminy Ftustiuiminuasuinisluasawaavaiiy aunis

LT

(2
=1

N ' - = Ak v v
vodnuAnsivaioy e Wuinslvavesweuvan = Wuinthdavewny -

I

(Wuwannawaeg - WUNFNAE)

gl‘l.lﬁ 3.3 uana Falling Plate

: L o d as
32 msaanu:uuu.azn'm1aa~1m'mwfm"um'na'imuamﬂsa IINAIUNUA

o l ar -
JUN 3.4 wanauuunIsTeINaIImUANASaTinALwiin



25

- ar -

3.2.1 NIDBNUUUNITAINANATEITAAIUNIIN
muluesdsenaumeledndrdgde lulasaoulnsawes (PIC 18F252) gunsal
AsRgUsINgNIsaivesed (A1302) gunsainsiaiaamail (LM35D2) veuaneua (LCD) waz

fllediaindu lasuvuresnasuandluzui 3.4 Faldlusunsu Altium 10 lumsesnuuy

3.2.1.1 PIC18F252 Microcontroller
Tassadalaeialuvoslilasmaulnsaany PIC 18F252

MCLRVPe. —=[{*1 — 28] | =— RB7/PGD
RAQAND =[] 2 271.] =— RB&/PGC
RAY/ANI «—=[] 3 26| | =—= RB&/PGM
RA2/AN2/VREE- =—=[ | 4 25 ] =—"R3B4
RAS/AN3/VRer+ =[] & NN 24| ] = RBalCCP2"
RA4TOCKI =—=[16 & '@ . 23[] < RB2MNT2
RASAN4/SSAIVDIN <—[] 7 R\ i (ff 2207 ==="RBU/INTY
VES =S¢ = 2. 21+ RBONTO
osciicikKli—=[] o L O  g[]=—Voo
0SC2/CLKO/RA6 =——[ |10 B o0 19l =—Vss
RCOT10SOMICK! =—=[]11 18] === RC7IRX/DT
RCH/T10SICCP2" ~—=[ | 12 171 ] == RC6/TX/CK
RC2/CCP1 == [ 12 16 ] =—= RC5/SDO
RCA/SCK/SCL =—= [ 14 15[] =—= RC4/SDKSDA

3U#i 3.5 PICT8F252

3.2.1.1.1 AnuauUAYDe PIC18F252

PIC18F252 stflundnues PIC Afmisanuildsunsulivane
ASUUUsY WREREWSEI mhe TUsunsundld Gund Flash w3e EEPROM / Flash
(Electronically erasable ‘programmable ROM) “‘ﬁﬁhﬂu%mﬁ%ﬂmmﬁuuu'mﬁqm ileenn
druveamhsanudwedlusins. Aunsassumiadiumedyyiamalwihdldinadluns
autoyalifiunil uay aunseauuandoulmilévasiuads ilazanlunisunludsuusa
uazdsuuas Tusunsudusuuirsyasidisnes F (Jufuenuansuuiy FenniauAve
PIC18F252 wanslumsafi 3.2



Features PIC 18F252
Internal Program Bytes 32K
Memory # of Single-Word 16384

Instructions

Data Memory (Bytes) 1536
Data EEPROM Memory (Bytes) 256
Interrupt Sources T
I/O Port Ports AB,C
Timer 4

Capture/Compare/PW/M Modules

1

Serial Communicatiens

MSSP,CAN Addressable USART

Parrallel Communications (PSP)

No

10-bit Analog-to-Digitat-Converter

Sinputchannels

Analog Comparators

No

Analgg Comparators Ve Output

N/A

Reset (and Deleys)

POR,.BOR, RESET Instruction, Stack
Fult, Stack Underflow (PWRT. OST)

Programmable Low-Voltage Detact

Yes

Procrammable Brown-out Reset Yes

CAN Medule Yes
1 b o e 11 Thi

In-Gircuit*Serial Prograrnming * (ICSP 7) Xes

Instruction Set

754nstructions

Packages

28:<pin SPDIP 28 pinSOC

PS4 3.2 AuasAveS PIC18F252

32000 ms'l'ﬁ’ﬂu'lugauﬂmamaamﬁuﬁ%maa
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msldilugaulasdganaewiaentluiinea vedilasnaulnsa

@83 PIC meniw C uu Tusunsy CCS C aadlnians ladaumpuilanduduiaguionli Lid

wiluduaionaruniouwasmsidonlinulugs wadyaueuaenidudisen s

Wandulumsauadygraufiowaeuasnidudineadail

P Y o « vy
1. Wndufgiunisimuaymasnozuiaon laud setup adc(),

setup_adc_ports() uay set_adc_channel()
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1.1 Wit setup_adc)
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Tt muadyaauniindmivlugaulasdyaiaeuiasn

Wuddaen lunseii 3.2 wanansimusdyaranniinaslugawadyyiueuasniu

fvnoa
m‘mﬁ:ﬁrurmm rianmsvinnuvastugautasdyg asuasnduiines
WAMYBI MCU | ADC_CLOCK DIV 2 | ADC_CLOCK_DIV_8 | ADC_CLOCK DIV 32 | ADC_CLOCK INTERNAL
20 MHz 10 MHz 2.5 MHz 625 KHz 166.67-500 KHz
5 MHz 2.5 MHz 625 KHz 156.25 KHz 166.67-500 KHz
1 MHz 500 KHz 125 KHz 3125 KHz 166.67-500 KHz
333,33 KHz 16667 KHz 4167 KHz 10.42 KHz 166.67-500 KHz

o -~ o o/ \ aa
A3 3.3 uansdyaanadndivivlugaidadynmeuiasniui@neanieslu Mcu

sUNuUN 316N Aip setup_adc(mode)

Tng#lmode WummsittimusTmanisinivestuga
wasdynueurdenidudines - dlanivua Budhindeamesvoslilaspoulvsaaos
weithu (g wazdualdlilid HvsaUasldan)

1.2 leridu setup ade_ports)
umstinuaanauiRvmosaildau hdesnishinesn
lathathdunneiaonussalatitunisar s mudlivinuiusdueids

SUBBUN ALY fig setuip “ade-ports(valae)

Tood) (Value udnsiiftiimunammnifigwesnily
nu Aildiaunl udalulwileamesiashilasnou lsatasfiuediu i PICIBFXX?

1.3 #erivu set adc_channel)

WuilarduitldimuavaneSnaiasniigenisldnuuay
srndunmetlaity read_adel)

FULUUNTSTHTU Ap set_adc_channel(channel)

Tne?i  channel o wmesawlasdugueuiasnidu
Pdneaudazdes SANTuAUT 0 wihiu ANO wamesly mudisy

2. Werdulumssuresuaen 1dun Weddu read adc) {u
affuililunisgrumanumesaeutasn

sUwuunslYanu Ao value = read_adc();
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Tagii value Ao Mudsildiivamsulaainnisuasdyain
pwaeniluiinea v 8 Un wie 16 Un Tuegiueiveshilasaeulnsiaeinfivualy

TaSn@vl #device ADC = nn

3.2.1.2 Hall Effect Sensor A1320

/‘”‘\'

SENSOR 3 kaa‘
o &Vl
X 1 4 | CO#M

+ it

UV 3.6 m3ia Hall Effect Sensor

Hall Effect Sensor ilunsmuadaigasiliniominaduasiasednglvin
Wusuteen Vailewinad wustfusiussdosmass ot didiogssnine 4.5 i 6 VDC T
Lo WiNAREiATE e s NIARIV T VBTV Y wagitogfunnudives
auWivan. vanauiteindninidssulwimesninAliun | Finnsneiineudniaes
firilagedadutomMunmsminduauniuimén Wavaundoviaouldd  ugamgives

w

ANMUILEIgINIEiin U uIRmAMagintilcain) Tuduseuamvinovean RERUNININT T

a

Jliell anhsansrdunseaeulmlimsluiuadursmieingiidmuag daesiunisly
milunugramnssunswawnsavhoulalutegungll -00  semiwalgtats 125 e

\waldea

e >

AruaNURLaLTDR

'
ar £ ©

- Ay INTUNIUAMUE VAR
- fiml (sensitivity) g9

- winadudnndnlaenswosrurniing

- TuseduanuundaTnetiios 4.5 to 6.0 V

- ﬁn13ﬁ%’uﬁw’lu"r'fuﬂauqﬂﬁw'uawxumaumwﬁmﬁa'lﬁﬁu'sz:?m%mwﬁ?}ﬁ:u
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YBId Ry I0)
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loelsslovives Hall effect sensor (Uugunsaimbidudanuiunui
Aosmsirueeilaenss  dauawnsalumsisugesgasivndn  Suduiitiouiuegn

eyt iu fawnsauiunisldnuasilaseniuull

b

A1302

Hall Sensor

[ 1=Vin 2=GND 3=Vout

e e s

e

fu—y
N

gﬂﬁ 3.7 Hall Effect Sensor A1302

3.2.1.3 Temperature Sensor LM35DZ

Im352 wugdnsmnsaaioomnal i iwsiduus iy 0-5 Vdc wie

3
& 1 1 & e

dryeyraauapadutIRuudad uneaumgliiivaaut Uadivies - Sunsaliisniulinidl

4
Teldussunaninvuesoanaivsunntes  Aarnisousdounumudbosaiaaiuld
(Kelvin’s Degree) laslsiftudsufitussiuieiinnivave s s in Adusuiisgm
wiomulasdg unehuiissedwiior dmiupisemiigumail Waiddt i 1 18
(1-Wire®) winiu fham. Ve, GND A luefiveiiyl gt s vividy sUTImthend
AN UTaneiAIT.TO92 8hunin 0-100-a9fuesldoa iis1Aagn inaruSau
molusieaiesnil 0.1 ssmivalfeatesern Tussiuliih 4 -30 vde Tumsyhal
mmdudadugs  dedensuSuussuazasuiioums  aunsoasuiisulumieesm
waidealdlnonse gampiivesduneden, ddilideanisin wiedynnsunuilualosun
Uszau 0.01 samiaides

AANUR

- YSuussuazasumisulumbaasmigadoalalagnsa

- faududadu Taefidnsnswdeuuas +10.0 mv/°C

- fiAnuusiugn 0.5°C fignaundl 25°C July



30

- 67UM3IA -55° to +150°C
as 2
- s9a5unsldausseying
- 51PN
Y
- Tusediuninunaatneies 4 to 30 volts ivineule
- 1 w o " a o
- e uTouMsluim(0.08°C luemmuarnisugdeiiionin
Inanmeluien (0.1 Q sonssua 1 mA)

- dmnaliidudaduiiios +1/4°C

NnAuandRUowiu L 3507 Famuzauiuinsnisvihnuildeenuuy
1 ddbidniusioddgunsnissanggrmaiuuuatnsa g tagbifeanisauuiudigann
uazadlubulasroalviathaidsdiduuatowaeniiudineancletuas  Snvivdaiistagn

wazvladng

3214 LCD
swaudeaneauluga LCD Tuluga LCD sxiiduussnaundng 3 dudd
1) Muanama  (display)  meludusdnmasiannsawanmaliiulag
ofuasanmeen  fuiudadssiplumsuesdoyafiuanimauuse
LCD
2) MmuA (controller) [usivdayanngunsainisusnuimuauns
viauvedliga LCD 1y aulenw wanwiidnus vioidewansives

e a ) va a raa L
Wudu Mmuandlidumunulaoewny Sunideildfewes HD44780
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waz HD61830 law HD44780 l¥AuAn LCD wuudhwsy dau

HD61830 liAuAn LCD nymin

o ar

3) fiiu (driven) Wusiudyauandmuauniuliiuanma uan

%’agamuv"in’wvmm?fﬂﬁlﬁv’imﬁwﬁﬁuﬁﬁumﬁud Wwes HDA44100H
MSM5259 (s

gl
1 14 1516

® elofollofalollollalolalolioliallol

3Ui1 3.9 99 LCD 16x2

3.2,1.5 gunsaidaioudus

299509 lUl

sl e, L o . <
wansnguUnsniinaantiwugligtniaioug Fadudnudssnovves

1).Regulator 5V LM2576HVT-5.0" 1 9
2) Relay FIR-H1AA500V 1 i
3) Diode 2 Ty
4) Transistor KSD882 1 A
5kinductor 100uH 1 P
6) Push.button switch 3 i
7)Rocker switch 1 p)
8) Capacitor 100pF 1 )
9) Capacitor 100pF 1 i
10) Capacitor 0.1pF 1 !
11) Capacitor 22pF 2 7P
12) Crystals 2MHz 1 )
13) Resistor 500 Taviu 2 e

14) Resistor 10000 Taviy a 7
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relay

gllﬁ 3,10 uama Print Circuit Board

3.2.2 91809M5YNIUVIINIIAIUAN
Hldsungn_Proteus lunisdaaeintsmianuuesses neasigasalmg q u
1 1 @t ‘NI é a l A'!‘ o 2 as
Wsunsungesmiu-(Un -3.10) dempaeulusunsutiesnsinaruneuiiogthluldiuasms

934

Lo

e SR
JUN 3.11 msdassmsinuveaesmuanlulusunsy Proteus
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3.3 anuuulusunsy Software
nmsfgulusunsudsunnuuduamainunvinne (Ui 3.11)  legldnwd

dvsunssullunsulasldlusunsy ccs Wurnlwdiaas

Sinker fall
Red button 2
(Reset) res Y
: ra
Timer start i
} Yes
> 4 Mo
Viscometer
Hall Eff ect

\

iV=x)

N
Calculate
Turn on Coil
Y
Viscosity and
Ready
; Tempearature
e
A 4

Turn off coil

JUN 3,12 WRUEUARIEIAUN TSI
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a d ot = 1 al
naneasdmsuAIssinmuviauuadu 3 mmeasdfie MIveassduiaInNIseN
Waum Falling Plate Mwiinzan nisveasaaunsamsunisulasaniamniduaaiu

wila uagnsvnaesgumMiiuaumile

4.1 MIMABIIAAMUNTLAIINIATEINAUNTIALIATFIULAZAIIAINNYDS

Falling Plate WeaRYWAY

w =l
4.1.1 vAaBIINAIAUNLARINIATEDUINTFIY

= L3

MIMAaRIRAAUMLANLATYIANTE N Tigamglivieninnisineneu

]

Y o [ a 1 d o - 3
“ﬁﬂf\}'lﬂuqllu‘waaﬂuﬂ']u?u 4 /ey Iﬂﬁuﬂ‘iﬂﬁ?ﬂﬁ?']uﬁﬁﬁLLUUﬂﬁT‘IUM‘ﬁa Rotational

=5

. ' ) 1 a w4 Y 1 & & ' A4 Al W w
Viscometer TﬂﬂLwlﬁzwma'm%mﬂ’ﬁ’mm AIDENEE 3 AN QQﬂUUUUWﬂﬂqﬂ'ﬂN“UﬂW?ﬂlﬂ

& e ' a ' i v W § as '
INUUNINITNN FﬂLaaﬂﬂﬂﬁﬂqﬂqqﬂﬂﬂﬂﬁQﬂiﬂﬂ@@ HAQEMIDE N

d d o < - .
JUN 4.1 weinanumvilawuumsiu (Brookfeild Viscometer model DV-II+ Pro.)
Aldlunsvnaasy
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4.1.1.1 gUnInin1MAABY
1) dsfumdedu 10w-30
2) thifuvdedu 15w-40
3) visfuvdedy 20w-50
) difuvdedu SAE9D
5) ip3eeinAIuMiinuIATEIU Brookfeild Viscometer model DV-I+

Pro TuvieeUfianmsniminnimnssuemis

4.1.1.2 Wanivinaad

Avwmiln () Mlatmndl 26.5 °C
Adait 10w-30 15w-40 20w-50 SAE90
M 114.00 17250 284.00 399.60
2 113.90 173,00 283,70 400.10
3 114.00 173.00 28800 400.10
\ady 113.97 172.83 283.90 399,93

= d 1 ] g LA, ] - ﬂ' as =4
ATV 4.1 AIANIUAUATRAUILUAIDEIL & PUANLATBIIAANUAUAUTNTE

4.1.2 ‘MmAagIu _
depnumilmnAunn Faling plate faslinalunsmnanyiinsagfuuiann
Pumurtenuiin waswimmiadnandeld Falling Plate FivuadRgunaeiy
Aumuteny, saalusinas Tnsudostvianimuiii 4 whn Ae 10W-30,/15w-40, 20w-
50 uaz SAE90 dms WAIAIIMEANINIATE IAARs LAY wesUnpdank i dstidia
wilail 1 cp mnﬁuﬁmm’?ﬂﬁm;ﬁaumuqﬁmwﬁuﬁ’uﬁ'sswdwmmwﬁmu.a:;nm uay

IasrzimanuduRus

4.1.2.1 9UnIRiN1IAADY
1) 1
2) vhifundodu 10w-30
3) vfundedu 15w-40
a) nsfundedu 20w-50
5) vnfundedu SAE9O

6) A3painmuvianlusunsuluniisian
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4.1.2.2 35N15MAADS

1) asavAnaveInvasnurdmiuld iy uavusuan

2) A minunaeauaslumuus wenewatliiAnrasene

3) dwwavlugulunmvuvussyiify vndulululdedosianumile

4) Waiee tunavu READY

5) Fawaniuanaannieuy dutevesisyaeansie wdnhlaaiy
wiwdnlvliihiiagsuuy

6) HasEAUTRNHAVTA LA N TERuLE wsimniih winlnavaseng
Tufuniwdeseauiineanis

7) nenil START wamifuseliinaviadouiiaslussfunasus

8y AT ST

9) vuiinrwaaninig waslunisnewaz ind1sn 2 aluiiedhVmeiade

Ingaswinsvimaasaantiiu 8 msvaaoadass (w12 Falling Plate

UINAADY 808
4.1.2.3 HaANISVIna0Y

4.1.2.3.1 AUIAINIIANYDIUERIWAN A
aimssunatluinaslniuiy 4 shedha dunas 3 Ase

PINNUNIELRULB AR ULFABYeIBE T

54 ARy iwan A tsac) Mgl 26,5°C
o 1 10w-30 15w-40 20W-50. SAE90
1 1.10 1,70 710 2580 3,80
2 1.10 170 2.10 2.70 3.80
3 1.10 1.70 220 2.80 3.80
iy 1.10 1.70 2.10 2.76 3.80

=] s H 5 @ o
A5 4.2 NaIn1anYes Falling Plate A Tudhuayinaiu 4 wila

4.1.2.3.2 JUANITANVBALHULWAN B
wvinsduatiutiwasluiingie 4 dreg1e agheay 3 Ase

INUUMIANRALYDIA lULRAEAIDE



%4 DAMNTBILLUEN B (sec) Tigamall 26.5 °C
el ¥ 10w-30 15w-40 20w-50 SAE90
1 1.70 3.90 5.30 7.30 12.40
2 1.70 3.90 5.30 7.30 12.70
3 1.70 3.90 5.30 7.10 12.50
i 1.70 3.90 5.30 72.33 12,53

M3 4.3 LIaN5ANTaY Falling Plate B Tudhuazuniiu 4 wiln

4.1.2.3.3_3UL7a70059nvaElINan C
asnsdunaniuiinas iy a@ate ageas 3 Ay

PINUUMANBALYRINA lULRaz a1

v 4 NAMNRBLEUNAN C (sec) ﬂqquﬁ RE546
S 1) 10w-30 15w-40 20W-50 SAE90
1 0.80 1.50 1.80 2.40 3.10
2 0.80 1.50 1.90 2:30 3.0
3 080 1.50 1.80 240 310
PEY 0.80 1.50 1.83 2.36 3.10

A13NT 4.4 133101 39HY84 Falling Plate C lutiwasidiu e vie

4.1.2.3.4 UM IANVRILHLIWaN D
Syinmsuen ludatlas il 4 shetde DHay 3 ase

PINUUMIANRAY VD IIA T LULAE SR D1

4 @ wnuasuwan D (sec) '?;qnm:;ﬁ 26.5°C
it v 10w-30 15W-40 20w<50 SAE90
1 0.90 1.20 1.90 2.50 3.40
2 0.90 1.60 2.00 2.50 3.40
3 0.90 1.70 2.00 2.50 3.40
way 0.90 1.66 1.96 2.50 3.40

P ] 4 T P
A13799 4.5 1Ia1N5ANTe Falling Plate D Tuthuazihsiu 4 viia

4.1.2.3.5 AULIAINTTANVDILHULWAN E
eyitnsIuatlutnasluuniiu 4 feene ageay 3 Al

o | o | a 17
VMNUUUIAURALY ﬂﬁl')a'ﬂull,ﬁazﬁ')a g1
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nawnYasiuwan E (sec) figamndl 26.5 °C
ih 10w-30 15w-40 20w-50 SAE90
1.20 3.80 4.80 6.50 9.70
1.20 3.40 4.90 6.40 10.10
1.20 3.60 4.80 6.10 9.80
1.20 3.60 4.83 6.33 9.86

= - 7T o =
A13799 4.6 11a1N139NVR4 Falling Plate E Tuihwazuiu 4 wiln

4.1.2.3.6 - JUIAINITANVDILEUINGN F
v NIsYULaT ltLarluinTy aiee1e ag9as 3 A

PNUUMIANALYDLIa I uRAaE fIETe

¥ g nARNYBIHLINEY £ (sec) Tigumiii 26,5 °C
0 F 1h 10w-30 1540 20w-50 SAE90
1.40 330 520 ~7.90 10.10
1.40 3,50 5.10 7.90 10.70
3 1.40 3.40 5.30 8.00 1020
iy 1.40 3,40 5.20 7933 10.33

= - § K v o =
A13191-4.7 11aINSRNYRY Falling Plate £ Tuuilazuniu 4 vin

4.1.2.3.7 JUIAIN1SANTOLELWEAT G
Yeiimsyvnathaluarluihu 4 fegts dnsay 3 Ase

PINUUMANIRUB A ULFALAIDETY

& 4 BAANUDIMNUWAT G (sec) VIQumaTl 26.5 °C
n 15’1 10w-30 15w-40 V 20w-50 SAES0
0.40 0.40 0.50 0.60 0.70
0.40 0.40 0.50 0.60 0.70
0.40 0.40 0.50 0.60 0.70
0.40 0.40 0.50 0.60 0.70

4 : 5 4z 3
M151499 4.8 1aIn15anTea Falling Plate G Tuinuavisiu 4 vila
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4.1.2.3.8 JuIaINISANVRILEUINAN H
zvinsIusaThunaslutiu 4 fete ageay 3 Asa

PINUUMIANRALYRaT luLAaLY

5 4 : VAMNVBILENEN H (sec) ﬁ'qmw‘gﬁ 26.5 °C
it 8 10w-30 15w-40 20w-50 SAE9D
1 0.40 0.50 0.50 0.60 0.80
2 0.40 0.50 0.50 0.60 0.80
3 0.40 0:50 0:50 0.60 0.80
Wi 0.40 0.50 0.50 0.60 0.80

< : H S e =
AN 4.9 Liaansanvad Ralling Plate H luvuavutiv a.oiia

ol w & o v W l w
deyanaueaeuiteilums - selamsauaneudunusseninanaiiu
Aumiiaues Falling Plate  wraywlin(asni 4.10) wastiandounsugilaudmiug

swwinmAUA v amel eI TAGUR 4.2) ReTieaiging

. h = =
= 8 e LATANYSSULLNEY (seC) NBAIVNL 26.5 °C
AlaEN ;
¢ Platevd | 'Plate B PlateC. | Plate D7} Plate E*{ Plate.F, |(Plate G | Plate H

il 1.00 110 1,70 0:80 1 | 1090+ | 420 1,40 odo/ [ 030
10w-30 11397 170 3.90 150 166 |- 360 3.40 0.40 0.50
15w-40 17283 213 530 1185 196 4.83 520 0.50 0.50
20w-50 28390 2,76 72.33 236 2550 6.33 7.93 0.60 0.60
_SAE90 399.93 3.80 125.33 3.10 3.40 9.86 10133 0.70 0.80

= LTI ) i | -a o ' -
A15°91 4.10 waRIRIIENNUSITMINaAUATIMEAYBs Falling Plate wAayyiin
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gﬂ‘n 4.2 Lmu{]nuammmz?nwuészmw.’;mnumwwuﬂ'um Falling Plate w@azyum

4.1.2.4 agunanimnasd
PENEaNIMABBINYIY
o v w o ' |
- naniisitunduiaudnale 60 mm. (wan G H) axldiardesndnani 1
YAMFUEIAUINANR 70.mm. (nan ABCO,EF)
- nanidignslunnedurigudnany 10.mm! Gwan A,CD) szlfiadesndy
waniifluuaduhaudnanasuin 5 mm. (wan BEF)
ihuldtnannnasnaas Rzl uInguinaneandu 3 ngu dsl
i ' o ad =
1) NGUKSN NGUYN INem G uay H azliiansinian uasdivuiinisluaannige
1 oal ' 9 v ' ' = -
2) naunEes NduYas iNaw A, C uay D seldhnartiasmninguusn ilisswnd
P £ ' | =R e ] = o & W ol a8
Huninsluwadeaninnguil 1 windudald Saialvieuazdeslunisiac
| L 2 L4 = -
3) nquiaN NRYgAInE Usznausnisiwan B,.E uay F ldiaunnnian Wewn
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Iunomivadesvignifeusnaonguusn  Fdadiuanuunnsiesewing

Uhlsaiued wIawdaymuntinlaatedaay

wiaw A, G, 0 Smaawhifufmsvesman Gargnely usiezuansaiudios
WIAAIIMLT TABLNEY CReMuTER SIN1A av D uag A sudidiu 91nua
mMsveABaNUT naniivun axldinatesiigalneFesmudidunisldiaaan
tesluvmnndell ¢, D, A Fudumaunananimdniunnnd ndeyanseiiis
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ABUTAEBY VTIMANNMUTBIWANTIUTBIVAY)

- ULV NgNYes GH wansmuazBoaldanunn THuauRedeude,
Amanidouiinsangadadsludiiun Tasanautiie 2 wiloufude &
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wurhgudnans 60 mm. neglulivuaduritgugnats 1 cm. e
ANV ABIWAN G W1 3 mm. Uag H 11 2 mm,
a o ) i v a W i
- defsannmududadu nquusn (GH) Weanududadugausieny
aulBuAR N NGUR 2 (A,C,D) vnfasangnununiinui anaududady
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= & e a [ o a
JUN 4.4 Manpassdiviisveamalinelianudeaniu

4.21 gunsaln1snaaed
1) trsfundedu - 1ow-30
2) vhifumdadu 15w-40
3) Yrsfumandy 20w-50
4) thifumeodu SAESQ
5) weasinmamileiiusunsulumbenan

6) Lﬂ'%iaa"a'ﬂﬂ’a'mwﬁﬂmﬂ‘ig'm Brookfeild Viscometer model DV-Il+ Pro.

4.2.2 A8NIMAADY

1) wmhdaldmaurdwsunaso weaes uagvinaTineuniianseugfulay
isesinmmmiiseinieiosinsgiu-3 A%t wasnAaaiAiasineumila
10af1 Temsmadeirdosianumilamnanveahdsdaidaanu
niawiiu 1 cP dnanisnaasuUuiinaslumsiufineanisnnass 1
Aadsvesnamiiauarianihunidsuusugiuasmannisaonudiug

2) aunanuduiusiusunsuadiululaseraulnsames vinisveaean
muvilavenisiui ¢ wia 10 p¥h uazvAewRaNaRTEINNT AT

Wisuiiguiudunesgu



4.2.3 Han1Innaed

ANl (cP) 7 27 °C

f"l%ﬁﬁ
10w-30 15w-40 20w-50 SAES0
1 113.9 171.6 271.9 336.7
2 1139 171.3 2725 335.9
3 113.9 170.4 273.4 382.1
\nay 1139 171.1 272.6 384.9

d ' = ‘UJ @ < ‘ﬂ. ‘4‘ - <4
AN 4.11 @dNUVMUATDIUINY ¢ UaN 27 DC VINATBIANANUAUALINGTEIY

a4

L A
AN sAnisec) 1127 9C

Wi 10w-30 15w-40 20W=50 SAE 90
1 14 33 4.3 6.0 8.6
2 14 3.5 4.3 &l 8.7
3 14 356 4.2 6.1 8.2
4 1.4 35 44 6.4 8.2
5 14 34 4.4 5.9 8.3
6 14 33 4.3 6.1 8.4
7 1.4 33 44 6.0 8.5
8 14 3.3 43 53 8.5
9 14 32 45 6.0 8.6
10 1.4 32 4.3 6.0 8.4
iy 1.4 336 4.34 611 8.44

] ' ° 2 fd ha® ; o a P
A1919N 4.12 lLﬂﬂiﬂ"W]aqﬂqiﬂﬂﬂﬁquqltﬁﬂuWW’ﬂu@mqﬂ']Q'Tﬂiﬂ?ﬂ\l']ﬂf?']ﬂ“ﬂﬂ
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450 | 1 i |
| | | |

i ] B2 1 3 524 57 9 2 0
L o o e e B 0 e o 4 |

0 10 20 30 40 50 60 70 80 90
11a1(0.1s)

o o = o o i > w = )
JUN 4.5 wauglivampudniusssninnanveuniayinanEnilanayanuniinen
A . <
LATDIINAIMNLALINIFIU

PnuELTiLanRuusIuL b s mazanumiinuldunse uavdl
auNIsUAAIAUENAUS AB y = 5.6872x-78.59778 Iaery Ao anumiln uay x#e 1an
VDILME pamdava vBaMaIR 0t A(CR) W 27 °C
adiit 0 10w-30 15w-40 20w-50 SAE 90
{ 1 109 UL 268.3 393.4
2 1 109 160,2 274 399.1
3 i 917 160.2 274 399.1
q 1 103.3 165.9 279.6 399.1
5 1 109 160.2 2683 404.8
6 1 103.3 1545 274 404.8
T 1 103.3 1659 274 399.1
8 1 1147 160.2 274 399.1
9 1 103.3 160.2 268.3 3934
10 1 109 160.2 268.3 393.4
wae 1.00 106.16 161.86 272.28 398.53
error(e) 0.00 .18 9.24 0.32 13.63
Y%error 0 6.7954 5.4003 0.1173 3.5411
Accuracy 1.0 0.9320 0.94599 0.9988 0.9645
YAccuracy 0 93.2045 94,5996 99.8826 96.4588

l‘ ' - : o o s - ; 1 o
M15199 4.13 LaAIANANUNTATEIUNTIUIINLATDYIAAMUVEAANNRANA AL AYIULLILEN
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4.2.4 a@3dnan1innaed
NnuanInaalaannIsANNAUINUEIYINNY y = 5.6872x-78.59778 1ae y Ao
aaminimiedu P way x Ao variimbediu 0.1second disthaunisulusunsuasly
Lilaseealnsamesudninismeasaiiammmuionatn  lnsmeuiawainiiinniiande

13.63 cP Twiiiu SEA 90 uaAIAuwivaiuInnI 93 wWasidus

4.3 fMPENNIMANUANRUSTTUINAIMTaLaT MY
mmnquﬁqquﬁa'wasiammuﬁwumﬁﬂﬁu dogampiananiiuasiinrumiaiu
1nidy Tnsmduiudupethatimmumiadudude-Sibiansausynunisaa
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gamgilisneiu Aemaunsudmepdiusssrivmimiai dolluiegumni Taons
veasstiardssnan M IEnTen s | 20WA50 Feiiveiiuiu SAE 50 Tugamadl

60°F %38 45.55 °C TudulUmminsgaunamnisag 2.1 wialil

4.3.1_punTain1maaes
1) \ARpeinATsvin
2) thivgdaan 20w-50
3) i

4.3.2 - 3Bn1snaang
1) ﬁwﬁﬁﬂwdaﬁ'u 20w-50-1vaglunisuy ua”aﬂ’m1°utdxfiU$saﬁwﬁuwda§'u
200-50 Tuudluntauituss wnuds
2) soligamgiimaninfundsiu 20w-50 anadbiiigaimgt 22 °C wieshni
3) dniiumdedy 20w56 Wainuan egamiiisiu vhms e
vnila o gt 22,.24,.26,-28;30 llaz 32 °C udrtufinuan1imaasy
4) ﬁmamsmmammaéﬁmmugﬁw“iamaum‘smmé’uﬁuﬁ'iwiwamwwﬁm

TUBUNNYDIUNIY 20W-50

1 U
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4.3.3 NaN1TVAADY

gl (°0) it

: (cP)

22 706.2
24 581.1
26 461.6
28 347.9
30 239.8
32 114.7

=y

d ' < g s g l
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4004
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AMARUIN N.

lUsunsunazasuny
n1. Tusunsu
#include <18F252.h> // header file for PIC18F252
#device ADC=10 // set 10 bit ADC 1111111111=1023
#fuses HS,NOWDT ,NOPROTECT,NOLVP // Configuration word
#use delay(clock=4000000) // use built-in function: delay ms() & delay us() by crytal
20MHz
#include <stdio.h> // standard input/output = get standard input for display

#include <STDLIB.H>

#define vbe/0.0048875855327468230694803 7145650049 // Vref/1023 Mref = 5 volt
int16 seconds= 0;

float T,Hall value,Y Vis;

#define FLEX,LCD216 H| /7 LCD Type 16x2

// Assign MCU's pinto’LCD

#define (use_portb lad) &&\(use portb. lcd<=TRUE) . \/# set portb to lcd
#define LCD_DB4"-PIN_B4

#define LCO' DBS PIN.85

#define LCD 'BB6 PIN_B6

#define LCD. DBT_PIN_B7

#define LCD_RS <PIN:B1

#idefine LCD_E, \PINZBD

#define LCD_RW “.PIN_BZ “«// Doesn't use RW connect to GND
#include <lcd.c> #.include LCB. library CCS C

#use fast_io(A)

#use fast_io(B)

#use fast io(C)

void main ()

{

led_init();

set_tris_a(0xff);

set_tris_b(0x00);

set_tris_c(Oxf0);

output_c(0xf0);



setup_adc_ports(ALL_ANALOG);
setup_adc(ADC_CLOCK_INTERNALY);
while(1)
{
int i;
iflinput(PIN_C4) ==1 & input(PIN_C5)==
{ '
led_init0; //nitial LCD
printfllcd_putc,"\A\f"); //clear LCD screen
output_low(pin_c3);
led_gotoxy(2,1); " #786t0 lcd pos:tion x=6 '.
printflled_pute,"0

‘.w.e._ 3y 8
SN L e
AAAARFRR) "l \J

A ]

2 L/ “ & - {} of while() are
mmunl-lluulmr’r i ‘I B [ §

.|| F,;J Gi: |
080 w 14

:,_}‘ r-‘ </ o

.‘2 X //

'-I'

led init();
led_gotoxy(4,1);
printfllcd_putc,"## R ADY #"
delay_ms(500);
iflinput(PIN_C5) == 0)

break;

}

while(1)

{

output_low(pin_c3);
3
set_adc_channel(0);

X = v o o o Py = T as | v o 93 ¢ v o
wnanstiluenaisianulidmsumsldnunenisinviminy leuanslmhluldusslosimunism

hnfmaﬂmmau SamanuilviTauvaniden uas maqm@aqmmﬁuaaLaﬂmﬁmm%’ﬁﬁmmﬂﬂ%



delay us(50);

value = read_adc();

T = value * 0.4883 * 0.95;

}

{

set_adc_channel(1);

delay us(50);

Y =read adc();

Hall = vbe * Y * 48;

}

Vis =4(3,937™ seconds)-3.937);
if(++secands, Hall <= 130)
{
ted_gotoxy(1,1);
printftcd. pltc,” 96lu ' +seconds);
led_gotoxy(7.1);
printfltcd, pute)” Temp:26i1f.C*T);
led. gotoxy(1,2);
printf{led putc,"Vis © %.1f cP. ", Vis)
detay ms(100);
]

n2. asulwlusunsu

o

Aeseanuuulusunsidmiud v IRmImilaanya, uwazuanIFgmil A
Wsunsamdn 9 sxUsznaulumeTusunsusuaardealidunalunisdsinds uazmgmiving
Judyauaingunsaingiajusingminiaead (Hall’s Effect Sensor) $uAIn13n5I930mall
1IngUnsainiaei(Temperature Sensor LM35D2) wagluduvosnanlnaiaeivonwild

Weulusunsude CCS nsilsrwazidunlusunsudial

#include <18F252.h> // poslwassazvinsAunteamaiindgfisey 310

TaSaneialtdmsuiiv el alaoany (Undfdelaisnniaide include)



#device ADC=10 / Vimualiluga ADC Ty PIC18F252 viemuuuy
10 Un winbifwuean Guduandu 8 dn ldnssumdyyusuesnimuenduaes
na1 10 Us

#fuses HS,NOWDT,NOPROTECT,NOLVP /7 Dudailidmiuns Config
hardware lag

HS Aold crystal fiflenmdunnndn 4 MHz (hight speed osc)

NOWDT wansirlsisisanisld Watchdog timer Tnes Watchdog timer i il
ABERUANIIYINUYEICPU WalRamanisaaundivilinisvianly CPU vinewsiawias
YUV watchdog 9¥desEUU Reset drostiiisimivig

NOPROTECT liiianwmususulusunsuesain cpu

NOLVP _#slifioensifiuu Program i CPU #helnl 5v aswalsradldly Use

w1 12v lunasldsunsy iitedns vialubineadse) L a1 Lve avldvalfle 1 v

#use delay(clock=4000000) // 14 crystal 4 Mtz Tunasldaurauanmasiy
89178
#include#include <stdio.h> /7. Standard Input Output #an13

o W < . o as <l 8 [ e A ar
Ut ihritunesg e atdlunisdan e taeduiRafiUsidmiv IRuAdinigasu
DU printf scanf if switch break else’ Wiudu

#include <STOLIBH> ||/ avatiuayunisvinauvesilandusiiegluldsinsy

#define vbe 0.0048875855327468230694037145650049 // \ref/1023 Vref = 5
volt A wassivild Adsviandy 1023 Wudidlunaslédiudl Ato D

int16 seconds= 0; /- 7viug seconds Wullsuing-16 Un

float T,Hall,value,Y,Vis: /i float Annasiaund s s uaws ouansanJunailoy
#tdefine FLEX_LCD216_H" &4 1 LCD Type 16x2

#define (use_portb_lcd)h&&(use portb lcd==TRUE) /W portb dmiu lcd
#define LCD_DB4 PIN B4

#define LCD_DB5 PIN_B5

#define LCD_DB6 PIN B6

#define LCD_DB7 PIN_B7

#define LCD_RS PIN_B1

#define LCD_E  PIN_BO

fidefine LCD_RW  PIN B2 // fivvuauwineques MCU iesiafiu 11 LCD



#include <lcd.c> // Genldlaus3 LCD.C wieldnuilviduiieaiunisauay
luna LCD wuussnys

#use fast_io(A)

#use fast_io(B)

#use fast_io(C) // fvuau1ves MCU Widusila Input Output tienasldu

void main () //function nanvaalusunsuaiu Tneun@azdesdl function main a81a
tauwila function waz void Miegiumiihuenii function Hlaifings retumn A1axlseanun
{

« v o © = 3/ L - 3
led_initQ;  // liiiaimueseazideauasauaniilinaslauluga LCD doaonld
unawdhduduusn Aouivzionldauilidudug Tulavsns LCDC
set_tris_a(0xff);’ // fimumua MCU port a Willudunaviavim lnevziisuuuie al
0x111111018

set_tris_b(0x00); A T MCU port b i dueviwevin lngazilguuuuie
b( 0x00000000 )
set_tris_c(0xf0); /-Rmua MCU port C il ue winsuasdimn lnsssiizuuuy

fia ( 0x11110000 ) Aewem CO-C3 i yawing uaz C4-C7 Whiduwa
output_c(0xf0); 7/ R udivgewen C mihl 0xi 1110000 Rati €O-C3 &y
Active Lowwaz C4<CTiUM Active High
setup_adc_ports(ALL. ANALOG); -/ I muainnuwesmeuiaenitliuluiitite wasn
A nnvesaltauiiuaunasn
setup_adc(ADC_CLOCK_INTERNAL); 77 ldnvuadsyninuasinidmiuansiuas
dynuouaaniiuiissaluiiine daansininrnmelu
while(1) WA white Tunsrugusiomn
{
int i; // fmug | il udTwauii. int lasavilan 2 byte w3o 16 bit
if(input(PIN_C4) ==1 & input(PIN_C5)==1) // A If & Pin Ca war €5 10u 1 wie
Active High 9:¥1M15uguATuE 1
{
led init();
printf(lcd_putc,"\A\f"); //clear LCD screen
output_low(pin_c3);

lcd_gotoxy(2,1); //goto lcd position x=2, y=1



printflcd putc,"OIL VISCOMETER");
delay ms(100);
// clear LCD screen line 1
lcd_gotoxy(16, 1); //goto lcd position x=16, y=1
for(i=0; i < 16; i++X
printf(lﬁd_putc," \b\b"); //back space
delay ms(90);
}
// fdaiifomsuasinanaetCO Tasuansdl Ol-VISCOMETER dniAonstiusuld
U
}
if(input(PIN/C4) ==0 & input(PIN_C5)==1)  //fAtTiAe i 11 C=0uasCs=1 ud
wimvglauas
{
while(1)
{
output_high(pin «c3);

led_njt();
lcd gotoxy(4:1);
printf(lcd pute,"## READY ##"); /1 Aiualv LED LaniNain | ## READY
Hi
delay,, ms(500);
if(input(PIN_C5) == 0) I
break; 4 fds break llunsdifivzesnaingy f1 inpdt PIN €5 1Tu 0 u3o

active low fiazaaningUinutmitalumdslmiiiogialy

}
while(1) // GuRuensuguiieds while lag(1) Aenisvieumudeuluiduy

IWINUA
{
output_low(pin_c3);  // AimuadEuduvaanan C3 Wiy Active Low

13

set_adc_channel(0); / ldlumsmvustesdyauiarenu lunsdiifedu o

Aawan A0 T uwandynueuiaen



delay us(50);
value = read_adc(); // iliduillflunisewrndyaneuasnitldimunliudde
Wadu set_adc_channel()
T = value * 0.4883 * 0.95;
}
{
set_adc_channel(1);
delay_us(50);
Y = read_ade();
Hall’= vbe * Y * 48;
}
Vis-= ((5:6872% seconds)- 78.59778);
if(++seconds, Hall <= 130). | 7/ fanund seconds WiualuiSanq uasda Hall Tivey
nimlewhAu 130 danmitnariy Weanatngy waxiaismugatiulude
{
tcd_gotoxy(1,1);
printflilcd pute,” %lu ", +seconds);
lcd, gotoxy(7,1);
printf(led pute,” Temp:%.1f C" T);
lcd sotoxy(1,2)
printf(led, pute,"Vis : %.1f.cP " Vis);
delay, ms(100);
} /1 Fiwanssaan v evealUsunss fio n1suany
Fvafitiy Agamgiiuay Ainaumiln laousiay fdsiiiulidnganion ++seconds
AaMsuuALIaY lnsasiisedenavindu 1 dsec Se 0.1 3,7= value * 0.4883 * 0.95 fio
r'hqquﬁ?{amﬂé’au‘vmzv‘hmsmam IngazldanutuaT analog to digital 1ne value Ao
euaeniiawlél | Vis = ((3.937 * seconds)-3.937) Ae rrumilalastidanndui
uay aunwsﬁlﬁmmnﬂ"]m'mwﬁﬂﬁw5&17{1}1mwﬁamuwugﬁué’*ﬂﬁmaumsaanm | VUL
0.4883 3797A (5.0 * 100.0) / 1024.0 waidunsiuidyaieuiasn
}
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MICROCHIP

PIC18FXX2

28/40-pin High Performance, Enhanced FLASH
Microcontrollers with 10-Bit A/D

High Performance RISC CPU:

* C compiler optimized architecture/instruction set
- Source code compatible with the PIC16 and
PIC17 instruction sets
* Linear program memory addressing to 32 Khytes
» Linear data memory addressing to 1.5 Kbytes

On-Chip Program

Memory On-Chip| Data
Device RAM |EEPROM
FLASH | # Single Word (bytes) | (bytes)
(bytes) | Instructions
PIC18F242 16K 8192 768 256
PIC18F252| 32K 16384 1536 256
PIC18F442| 16K 8192 768 256
PIC18F452 32K 16384 |- 1536 256

* Up to 10 MIPs opetation:
- DC - 40 MHz osc./clock input
- 4 MHz - 10 MHZ osc./clock input with PLL active
* 16-bit wide instructions, 8-bit wide data path
* Priority levels for interrupts
* 8 x 8 Single Cycle Hardware Multiplier

Peripheral Features:

* High current sinkfscurce 25 mA/25 mA
* Three external interrupt pins
» Timer0 module: 8-bit/16-bit timer/counter with
8-bit programmable prescaler
+ Timer1 module: 16-bit timer/counter
+ Timer2 module: 8-bit timer/counter with 8-bit
period register (time-base for PWM)
* Timer3 module: 16-bit timer/counter
* Secondary oscillator clock option - Timert/Timer3
» Two Capture/Compare/PWM (CCP) modules.
CCP pins that can be configured as:
- Capture input: capture is 16-bit,
max. resolution 6.25 ns (Tcy/16)
- Compare is 16-bit, max. resolution 100 ns (Tcy)
- PWM output: PWM resolution is 1- to 10-bit,
max. PWM freq. @: 8-bit resolution = 156 kHz
10-bit resolution = 39 kHz
* Master Synchronous Serial Port (MSSP) module,
Two modes of operation:
- 3-wire SPI™ (supports all 4 SPI modes)
- I°C™ Master and Slave mode

Peripheral Features (Continued):

* Addressable USART module:
- Supports RS-485 and RS-232
* Parallel Slave Port (PSP) module

Analog Features:

» Compatible 10-bit Analog-te-Digital Converter
module (A/D) with:
- Fast sampling rate
- Conversion-available during SLEEP
= Linearity =1 LSb
* Programmable Low Voltage Detection (PLVD)
- Suppeorts.interrupt on-Low Voltage Detection
* Programmable Brown-out Reset (BOR)

Special Microcontroller Features:

* 100,000 erase/write cycle Enhanced FLASH
program memory typical

* 1,000,000 erase/write cycle Data EEPROM
memory

* FLASH/Data EEPROM Retention: > 40 years

* Self-reprogrammable under software control

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

* Waichdog Timer (WDT) with its own On-Chip RC
Oscillator for reliable operation

+».Programmable code protection

* Power saving SLEEP mode

» Selectable oscillator options including:
- 4X Phase Lock Loop (of primary oscillator)
- Secondary Osecillater (32 kHz) clock input

* Single supply 5V In-Circuit Serial Programming™
(ICSP™).via two pins

* In-Circuit Debug (ICD) via two pins

CMOS Technology:

* Low power, high speed FLASH/EEPROM
technology
* Fully static design
* Wide operating voltage range (2.0V to 5.5V)
* Industrial and Extended temperature ranges
* Low power consumption:
- < 1.6 mA typical @ 5V, 4 MHz
- 25 pA typical @ 3V, 32 kHz
- < 0.2 pA typical standby current

@© 2006 Microchip Technology Inc.
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PIC18FXX2

Pin Diagrams (Cont.'d)

DIP
MCLR/VPp ——[] 1 S 40 [1 =——= RB7/PGD
RAG/ANO =] 2 39 [ ~——= RB6/PGC
RA1/ANT =——[]3 38 [1 =— RB5/PGM
RA2/AN2/VREF- -—(]4 37 [] =—= RB4
RA3/ANS/VREF+ «—[] 5 36 [) =——= RB3/CCP2*
RA4/TOCKI =—e [ 6 35 [] =—— RB2/INT2
RAS/AN4/SS/LVDIN =—[] 7 34 [] =—= RBV/INT1
REOADANS —(8 & § 330 -— RBOANTO
REVWR/ANS =—=o & & 3 0-—woo
RE2/CS/AN7 =——=(]10 0 €  31[] =——Vss
VoD —— Bl gyl b =, AD7/PSP7
VSget o 12 o F 29 [Jae HBWRSPG
OSC1/CLKlL ——1] 13 28 [] =— RDS/PSPS
OSC2/CLKORAS =[] 14 27 [] =—= RD4/PSP4
RCO/TIOSOMTICKI =—=[}15 26 [] === RC7/RX/DT
RCA/T10SI/CCP2* —w—eT7].16 28 [} =—=e RCHTX/CK
RC2/CCP1 —=—eT}17 24.{] =— RC5/SDO
RC3/SCK/SCL =—=e[]18 23 [] =—= RC4/SDI/SDA
RDO/PSPO<—= ] 19 5[] «—= RDIPSP3
RD1/PSP1 e [] 20 21 [J =——= RD2/PSP2
Note: Pin compatible with 40-pin PIC16C7X devices
DIP, SOIC
MCLANPR. —= {521 7 28] == RB7/PGD
RAO/AND =—=[] 2 27{] =—=RB6/PGC
RAT/ANT - E % 26 ] - RB5/PGM
RA2/AN2VAEF- =[] 2 257] = RB4
RA3/ANIVAEF+ =[5\ o8 oy /24] = RB3CCP2*
RA#TOCK] ==L} 5|\ (& (18 | 29[] === pB2/iNT2
RAS/AN4/SSLVDIN === [] 17 % w 22 ] == RB1/INT1
Vss ==l «~ 2 ‘21[]~=R80iNTO
osetcLk —+ Bl 87 Q O 20f] =— voo
OSC2/CLKOIRAE ——[f10 B @ 19{) =— vss
RCOT10SOMICK! =— []11 18[] =—= RCZ/RX/DT
RCUT10SI/ICCP2* =—[]12 17[] == RCEMX/CK
RC2ICCP1 =—=[]13 16/ ] =—= RC5/SDO
RC3/SCK/SCL =—= [ |14 15[ ] =— RCA/SDI/SDA

* RB3 is the alternate pin for the CCP2 pin multiplexing.

® 2006 Microchip Technoloagy Inc.
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PIC18FXX2

1.0 DEVICE OVERVIEW

This document contains device specific information for
the following devices:

« PIC18F242 * PIC18F442
* PIC18F252 * PIC18F452

These devices come in 28-pin and 40/44-pin packages.
The 28-pin devices do not have a Parallel Slave Port
(PSP) implemented and the number of Analog-to-
Digital (A/D) converter input channels is reduced to 5.
An overview of features is shown in Table 1-1.

The following two figures are device block diagrams
sorted by pin count: 28-pin for Figure 1-1 and 40/44-pin
for Figure 1-2. The 28-pin and 40/44-pin pinouts are
listed in Table 1-2 and Table 1-3, respectively.

TABLE 1-1: DEVICE FEATURES
Features PIC18F242 PIC18F252 PIC18F442 PIC18F452
Operating Frequency DC-40 MHz DC - 40 MHz DC - 40 MHz DC - 40 MHz
Program Memory (Bytes) 16K 32K 16K 32K
Program Memory (Instructions) 8192 16384 8192 16384
Data Memory (Bytes) 768 1536 768 1536
Data EEPROM Memory (Bytes) 256 256 256 256
Interrupt Sources 17 17 18 18
1/0 Ports Ports A, B, C Ports A, B, C Ports A, B,C,D,E (Ports A,B,C, D, E
Timers 4 4 4 4
Capture/Compare/PWM Modules 2 2 2 2
MSSP, MSSP, MSSP, MSSP,
Serial Communications Addressable Addressable Addressable Addressable
USART USART USART USART
Parallel Communications — — it iy PSP
10-bit Analog-to-Digital Module 5 input channels 5 input channels 8 input channels || 8 input channels
POR, BOR, POR, BOR, POR, BOR, POR, BOR,
RESET Instruction, | RESET Instruction, | RESET Instruction;, | RESET instruction,
RESETS (and Delays) Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underflow Stack Underflow Stack Underflow Stack Underflow
(PWRT, OST) (PWRT, OST) (PWRT, QST) (PWRT, OST)
Programmable Low Voltage Yes Yes Yes Yes
Detect
Programmable Brown-out Reset Yes : Yes Yes Yes
Instruction Set 75 Instructions 75 Instructions 75 Instructions 75 Instructions
& 5 40-pin DIP 40-pin DIP
Packages 2288'9!'15%:)0 2288“?msac;rc 44-pin PLCC 44-pin PLCC
P 2 44-pin TQFP 44-pin TQFP

® 2006 Microchip Technology Inc.
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PIC18FXX2

FIGURE 1-1: PIC18F2X2 BLOCK DIAGRAM
Data Bus<8>
‘d’\’ ’I\ 5 r- ________ j
4 1 JL | |
Ty [ _Table Pointer Data Latch LY
kA Z | RAG/ANO |
8 8 8 Data RAM | RAV/AN1 |
21 [ inc/dec logic ] RA2/AN2/VREF- |
i}_"_, :i:“ RA3/AN3/VREF+
¥ Address Latch } RAd.'TOCE
Address Latch || | 21 fpcmmlpcmm]J AH, 2@ RAS/ANASSAVOIN |
— 7 RAG |
Program Memory A Address<12> f I
o e - AN i
Program Counter \ 12‘}{ 4 i
Data Latch TS 75 ik
ac FSRo|| [Banko, A | |
. ESR ! |
FSR2 12
3 | I
116 l o | |
l Table Latch ! Jogk: | l
t
8 ] | PomTs |
| RBOANTO |
J | RB1/INT1 |
RB2/INT2
—— Instruction
’r Register _J :g“&.’CCPZ"” |
S ; | RBS/PGM |
nslruction |a__ ~ = /P
B s [T L | Re7pod | |
ks PRoon Pagoc] || Iy ,
0SC2/CLKO Bt |\ §
OSC1/CLKI | [
% e Power-up
E' 2 Timer I ’
Timing " Osciilator
Hggglo Generation-{— Start-up Timer | |
B il Power-on | [
A Reset
AFREL = W?—t.;h:fng : |
PORTC
B i r4+—=1{ X] RCO/TIOSO/T1CKI 1
Precsion — 8 [ 4+—=1X] Reimigsicera™ |
Valtage F——> +—= | RC2/CCP1
Hefere%ce Low Volt " o) +4—=X] RC3SCK/SCL |
0 at__;e —‘—:{?
@_ Programming ""]' gco;.;:ggsm |
VoD, Vss In-Circuit | RC6/TX/CK |
= Debugger | RC7/RX/DT |
B i il . ik e~ i sl e o4
i e DO D e e T e i S S B [l (R et S P e a
| I
I Timerd Timer1 Timer2 Timer3 F A/D Converter I
R e Y s It JSiar l
[ J [ 0 7|
! & ! . :
Master Add bl
CCP1 CcCP2 Synchronous dursa:;aT i Data EEPROM
[ Serial Port |
e e e e e e e Sl e L e o N e =

Note 1: Optional multiplexing of CCP2 input/output with RB3 is enabled by selection of configuration bit,
2: The high order bits of the Direct Address for the RAM are from the BSR register (except for the MOVFF instruction).

3: Many of the general purpose 1/O pins are multiplexed with one or more peripheral module functions. The multiplexing combinations
are device dependent.

DS39564C-page 8 © 2006 Microchip Technology Inc.



PIC18FXX2

TABLE 1-2: PIC18F2X2 PINOUT I/O DESCRIPTIONS

Pin Number i
Pin Name iy i Description
pIP | soic | Type| Type
MCLR/VPP 1 1 Master Clear (input) or high voltage ICSP programming
enable pin.
MCLR | ST Master Clear (Reset) input. This pin is an active low
RESET to the device.
VPP | ST High voltage ICSP programming enable pin.
NC - — — - These pins should be left unconnected.
OSC1/CLKI 9 9 Oscillator crystal or external clock input.
OSC1 I 8T Oscillator crystal.input or external clock source input.
; ST buffer when configured in RC mode, CMOS otherwise.
CLKI | CMOS External clock source input. Always associated with
pin function OSC1. (See related OSC1/CLKI,
OSC2/CLKO pins.)
OSC2/CLKO/RAB 10 10 Oscillator crystal or clock output.
0sc2 0] — Oscillator crystal output. Connects to crystal or
resonatar in Crystal Oscillator mode.
CLKO 0 % In'RC mode, OSC2 pin outputs CLKO which has 1/4
| the frequency of OSC1, and denotes the instruction
cycle rate.
RA6 [l{e] TPl General Purpose 1/O pin. ,
PORTA is a bi-directional 1/0O port,
RAO/ANO 4 2
RAO "o TTL Digital I/O.
ANO | Analog Analog input 0,
RA1/AN1 3 3
RA1 s} TTL Digital 1/O.
AN1 | Analog Analog inpuf 1.
RA2/AN2/VREF- 4 4
RA2 1o ™L Digital-/O.
AN2 f Analog Analog input 2.
VREF- [ Analog A/D Reference Voltage (Low) input.
RA3/AN3/VREF+ 5 5
RA3 /{e] TIE Digital 1/O.
AN3 l Analog Analog input 3.
VREF+ I Analog A/D Reference Voltage (High) input.
RA4/TOCKI 6 6
RA4 [[o] ST/0D Digital I/0. Open drain when configured as output.
TOCKI | SR Timer0 external clock input.
RA5/AN4/SS/LVDIN| 7 7
RAS /O TTL Digital /0.
AN4 | Analog Analog input 4.
55 | ST SPI Slave Select input.
LVDIN | Analog Low Voltage Detect Input.
RAB See the OSC2/CLKO/RA6 pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Qutput P = Power

OD = Open Drain (no P diode to VDD)

DS39564C-page 10 © 2006 Microchip Technology Inc.



PIC18FXX2

TABLE 1-2: PIC18F2X2 PINOUT I/0O DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name i i Description
DIP | soic |Type| Type
PORTB is a bi-directional I/O port. PORTB can be software
programmed for internal weak pull-ups on all inputs.

RBO/INTO 21 21

RBO [{®] G AL Digital /0.

INTO | ST External Interrupt O.
RB1/INT1 22 22

RB1 /0 ik

INT1 | 1 External Interrupt 1.
RB2/INT2 23 23

RB2 o] THL Digital /0.

INT2 I ST External Interrupt 2.
RB3/CCP2 24 24

RB3 /O Ty Digital /O.

CCP2 l{e] S0 Capture2 input, Compare2 output, PWM2 output.
RB4 25 25 I/O e Digital /O.

Interrupt-on-change pin.

RB5/PGM 26 26

RB5 110 {5 Digital I/O. Interrupt-on-change pin.

PGM o ST Low Voltage ICSP programming enable pin.
RB6/PGC 27 27

RB6 e} il U Digital I/O. Interrupt-on-change pin.

PGC l{e] ST In-Circuit Debugger and ICSP programming clock pin.
RB7/PGD 28 28

RB7 e} n T Digital I/O, Interrupt-on-change pin.

PGD o ST In-Circuit Debugger and ICSP programming data pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger inputwith CMOS levels I'=1nput
O = Output P=Power

OD = Open Drain (no P diode to Vob)

©® 2006 Microchip Technology Inc. DS539564C-page 11
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TABLE 1-2:  PIC18F2X2 PINOUT I/O DESCRIPTIONS (CONTINUED)

Pin Number
Pin Name th Ktiter Description
DIP | soic |Type| Type
PORTC is a bi-directional 1/O port.

RCO/T10SO/T1CKI 1 1

RCO lfe} ST Digital 1/O.

T10S0O 0 —- Timer1 oscillator output.

T1CKI | ST Timer1/Timer3 external clock input.
RC1/T10Sl/CCP2 12 12

RC1 110 8T Digital 1/O.

T10SI | CMOS Timer1 oscillator input.

CCP2 1} ST Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 13 13

RC2 /0 5% Digital 1/O.

CCP1 I} ¥ Capture 1 input/Compare1 output/PWM1 output.
RC3/SCK/SCL 14 14

RC3 /0 St Digital I/O.

SCK 1o i Synchronous serial clock input/output for SPI mode.

SCL o] ST Synchronous serial clock input/output for 1°C mode
RC4/SDI/SDA 15 8

RC4 e} ST Digital I/O.

SDI | ST SPI Data In.

SDA e} ST 1°C Data 1/0.
RC5/SDO 16 16

RC5 1o ST Digital 1/O.

SDO 6} — SPI Data Out.
RC6/TX/CK 17 17 ‘

RC6 1O Al Digital /0.

TX O — USART Asynchronous Transmit.

CK e} ST USART Synchronous Clock (see related RX/DT).
RC7/RX/DT 18 18

RC7 lle} 5T Digital I/O.

RX | ST USART Asynchronous Receive.

DT /O ST USART Synchronous Data.(see related TX/CK).
Vss 8, 19,/%¢. 195p) B — Ground reference for logic and I/O pins.
Vob 20 20 4 — Positive supply for logic and I/O pins.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output

ST = Schmitt Trigger input with CMOS Tevels | = Input
O = Output P = Power

OD = Open Drain (no P diode to VDD)

DS39564C-page 12 ® 2006 Microchip Technology Inc.
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17.0 COMPATIBLE 10-BIT
ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) converter module has five
inputs for the PIC18F2X2 devices and eight for the
PIC18F4X2 devices. This module has the ADCONO
and ADCONT1 register definitions that are compatible
with the mid-range A/D module.

The A/D allows conversion of an analog input signal to
a corresponding 10-bit digital number.

REGISTER 17-1: ADCONO REGISTER

R/W-0 R/MW-0 R/W-0

The A/D module has four registers. These registers
are:

+ A/D Result High Register (ADRESH)

* A/D Result Low Register (ADRESL)

« A/D Control Register 0 (ADCONO0)

+ A/D Control Register 1 (ADCONT1)

The ADCONO register, shown in Register 17-1, con-
trols the operation of the A/D module. The ADCON1
register, shown in Register 17-2, configures the
functions of the port pins.

R/W-0 R/W-0 R/W-0 u-0 R/W-0

ADCS1.| ADGSo. [ CHS2 | ¢Hs1 | cHso |GOMBONE | —

| ADON

bit 7

bit 0

bit7-6 = /ADCS1:ADCS0: A/D Conversion Clock Select bits (ADCONO bits in bold)

ADCONT1 ADCONO :
<ADCS2> | 2ADCS1:ADCSO> P
) 00
0 0l
0 10 FOSc/32
0 £, FRE (clock derived from the internal A/D RC oscillator)
1 00
1 01 Fosc/16
[ 10 Fasc/ed
1 il FRC (clock derived from the internal A/D RC oscillator)

bit 5-3 © CHS2:CHSO: Analog Channel Select bits

000 = channel0, (ANQ)
001 =channel1, (AN1)
010 =channel 2, (AN2)
011 = channel 3, (AN3)
100 '=channel4, (AN4)
101 = chanpel 5, (AN5)
110 = channel 6, (ANB)
111 =channel 7, (AN7)

Note: The PIC18F2X2 devices do not implementthe full 8 A/D channels; the unimplemented
selections are reserved. Do not select any unimplemented channel.

bit 2 GO/DONE: A/D Conversion Status bit

When ADON = 1:

1 = A/D conversion in progress (setting this bit starts the A/D conversion which is automatically
cleared by hardware when the A/D conversion is complete)

0 = A/D conversion not in progress

bit 1 Unimplemented: Read as '0'
bit 0 ADON: A/D On bit

1 = A/D converter module is powered up
0 = A/D converter module is shut-off and consumes no operating current

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR "1’ = Bit is set '0" = Bit is cleared x = Bit is unknown

® 2006 Microchip Technology Inc.
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REGISTER 17-2:

ADCON1 REGISTER

R/W-0 R/W-0 U-0 uU-0 R/W-0 R/W-0 R/W-0 R/W-0
| aoFmM | Apbcs2 | — — PCFG3 | PCFG2 | PCFG1 | PCFGO
bit 7 bit 0
bit 7 ADFM: A/D Result Format Select bit
1 = Right justified. Six (6) Most Significant bits of ADRESH are read as '0".
0 = Left justified. Six (6) Least Significant bits of ADRESL are read as '0".
bit 6 ADCSZ2: A/D Conversion Clock Select bit (ADCON1 bits in bold)
AR ADCONO Clock:Conversion
<ADCS2> | <ADCS1:ADCS0>
0 00 Fosc/2
[} 01 Fosc/8
0 10 Fosc/32
0 11 FRc (ctock derived from the intemal A/D RC oscillator)
1 00 Fosc/4
1 01 Fose/16
1 10 Fosc/64
1 3 FRC {clock derived from the intemal A/D/RC oscillator)
bit 5-4  Unimplemented: Read as '0'
bit 3-0  PCFG3:PCFGO: A/D Port Configuration Control bits
PCFG \ ‘
50 AN7 ‘ ANG | ANS | AN4 AN3 AN2 AN1 | ANO | VREF+ | VREF- C/R
0000 A A A A A A A A Voo Vss 8/0
0002 A A A A VREF+ A A A AN3 Vss 70 1
0010 D D D A A A A A Voep Vss 5/0
0011 D D D A VREF+ A A A AN3 Vss 4/1
0100 D D D D A D A A Voo vss | 3/0
01031 D D D D VREF+ D A A AN3 Vss 213
011x D D D D D D D D — - 0/0
1000 A A A A VREF+ VREF- A A AN3 AN2 6/2
1001 D D A A A A A A Voo Vvss 6/0
1010 D D A A VREF+ A A A AN3 Vss 511
1011 D D A A VREF+ VREF- A A AN3 AN2 4/2
1100 D D D A VREF+ VREF- A A AN3 AN2 3/2
1101 D D D D VREF+ VREF- A A AN3 AN2 2/2
1110 D D D D D D D A Voo Vss 1/0
1111 D D D D VREF+ VREF- D A AN3 AN2 1/2
A = Analog input D = Digital /O

C/R = # of analog input channels / # of A/D voltage references

Legend:

R = Readable bit
-n = Value at POR

W = Writable bit
"1' = Bit is set

U = Unimplemented bit, read as ‘0’

‘0" = Bit is cleared x = Bit is unknown

Note:

On any device RESET, the port pins that are multiplexed with analog functions (ANx) are
forced to be an analog input.
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The analog reference voltage is software selectable to
either the device's positive and negative supply voltage
(VoD and Vss), or the voltage level on the RA3/AN3/
VREF+ pin and RA2/AN2/VREF- pin.

The A/D converter has a unique feature of being able
to operate while the device is in SLEEP mode. To oper-
ate in SLEEP, the A/D conversion clock must be
derived from the A/D's internal RC oscillator.

The output of the sample and hold is the input into the
converter, which generates the result via successive
approximation.

A device RESET forces all registers to their RESET
state. This forces the A/D module to be tumed off and
any conversion is aborted.

Each port pin associated with the A/D converter can be
configured as an analog input (RA3 can also be a
voltage reference) or as a digital I/O.

The ADRESH and ADRESL registers contain the result
of the A/D conversion. When the A/D conversion is
complete, the result is loaded into the ADRESH/
ADRESL registers, the GO/DONE bit (ADCONO0<2>) is
cleared, and A/D interrupt flag bit, ADIF is set. The block
diagram of the A/D module is shown in Figure 17-1.

FIGURE 17-1: A/D BLOCK DIAGRAM
CHS<2:0>
OGRS AN
: TS ANB"*
Y @ AT v 0
: was : AN4
VAIN / \
(Input Voltage) : So—EHA >——{Z] AN
i 010
10-bit ) \ 7% AN2
Converter ] :
A/D : \: Q01 % 4
RCFG<3:0> ‘ 0o
A e i o \° ______ DX ano
Uiy % g : - T
| REF+ B
| Reference ' '
Voltage ; v
[ | VREF- .
| el S _I ' '
e, Lo
Vss
* These channels are implemented only on the PIC18F4X2 devices.
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The value that is in the ADRESH/ADRESL registers is
not modified for a Power-on Reset. The ADRESH/
ADRESL registers will contain unknown data after a
Power-on Reset.

After the A/D module has been configured as desired,
the selected channel must be acquired before the con-
version is started. The analog input channels must
have their corresponding TRIS bits selected as an
input. To determine acquisition time, see Section 17.1.
After this acquisition time has elapsed, the A/D conver-
sion can be started. The following steps should be
followed for doing an A/D conversion:

1. Configure the A/D module:

* Configure analog pins, voltage reference and
digital I/O (ADCONT1)

* Select A/D input channel (ADCONO)
= Select A/D conversion clock (ADCONO)
* Turn on A/D module (ADCONO)
2. Configure A/D interrupt (if desired):
* Clear ADIF bit
« Set ADIE bit
* Set GIE bit
« Set PEIE bit
3. Wait the required agquisition time.
4. Start conversion:
* Set GO/DONE bit (ADCONQ)

5. Wait for A/D conversion to complete, by either:

» Polling for the GO/DONE bit to be cleared
(interrupts disabled)

OR

= Waiting for the A/D interrupt

6. Read A/D Result registers (ADRESH/ADRESL);
clear bit ADIF if required.

7. For next conversion, go to step 1 or step 2 as
required. The A/D conversion time per bit is
defined as TAD. A minimum wait of 2 TaD is
required before the next acquisition starts.

17.1  A/D Acquisition Requirements

For the A/D-converter to meet.its specified accuracy,
the charge holding capacitor (CHOLD) must be allowed
to fully charge to the input channel voltage level. The
analog input model-is-shown in. Figure 17-2. The
source impedance (RS) and the internal sampling
switch. (Rss) -impedance directly affect the time
required to charge the capacitor CHOLD. The sampling
switch (Rss) impedance varies over the device voltage
(Voo). The source impedance affects the offset voltage
at the analog input (due to pin leakage current). The
maximum recommended impedance for analog
sources is 2.5 k(). After the analog input channel is
selected (changed), this acquisition must be done
before tha conversion can be started.

Note: - When the conversion is started, the hold-
ing capacitor is disconnected from the

input pin.
FIGURE 17-2: ANALOG INPUT MODEL
VoD
Sampling
I Switch
....... 7\ Vr=08v
' Rs ! ANx f RICs 1K S5 Ass ;
g Ej t i
: : cem L X ™ YRl AfNY T
: T T % Vrsagy_ (] iz Shours (e
7 o j" Vss
Legend: CPIN = input capacitance

VT = threshold voltage

| LEAKAGE = leakage current at the pin due to
various junctions

RiC = interconnect resistance
SS = sampling switch
CHoOLD = sample/hold capacitance (from DAC)

6V
5V
Voo 4V
3v
2v

e R N il TS
T

5§87 89101

Sampling Switch (kQ)
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To calculate the minimum acquisition time,
Equation 17-1 may be used. This equation assumes
that 1/2 LSb error is used (1024 steps for the A/D). The
1/2 LSb error is the maximum error allowed for the A/D
to meet its specified resolution.

EQUATION 17-1: ACQUISITION TIME

Taco = Amplifier Settling Time + Holding Capacitor Charging Time + Temperature Coefficient

= TAMP + 1C + TCOFF

EQUATION 17-2: A/D MINIMUM CHARGING TIME

VHOLD =  (VREF — (VREF/2048)) + (1 — U T/CHOLD(RIC + Rssi+ Rs))y
or
Tc = -(120 pF)(1 k€ +RSS + RS) In(1/2048)

Example 17-1 shows the calculation of the minimum
required acquisition time, Tacq. This calculation is
based on the following application system assump-

tions:

* CHOLD = 0PN

* Rs = 25kQ

* Conversion Error. £ ~ 1/2LSb

* VDD = [5V »'Rss=7kQ
+ Temperature =  50°C (system max.)
* VHOLD = ' 0V @time =0

EXAMPLE 17-1: _ CALCULATING THE MINIMUM REQUIRED ACQUISITION TIME

TACQ = TAMR +Tc+TCoFF
Temperature coefficient isonly required for temiperatures > 25°C.
TacQ = 2 ps + T+ [(Temp— 25°CH(0.05.pus/°C)]

Tc = -CHOLD (RI1E +Rss'+ RS)dn( 1/2048)
-120 pF (1 k2 + 7kQ + 2.5 k) In(0.0004883)
-120 pF (10.5 k) In(0.0004883)
-1.26 ps (-7.6246)
9.61 us

TACQ = 2 ps+9.61 us + [(50°C - 25°C)0.05 1$7C)]
11.61 ps + 1.25 ps
12.86 us

@ 2006 Microchip Technology Inc:
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17.2 Selecting the A/D Conversion Clock

The A/D conversion time per bit is defined as TaAD. The
A/D conversion requires 12 TAD per 10-bit conversion.
The source of the A/D conversion clock is software
selectable. The seven possible options for TAD are:

* 2 Tosc

* 47T0sC

* 8 Tosc

+ 16 Tosc

* 32 Tosc

* 64 Tosc

* Internal A/D module RC ascillator (2-6 us)

For correct A/D conversions, the A/D conversion clock

(TAD) must be selected to ensure a minimum TAD-time
of 1.6 us.

Table 17-1 shows the resultant TAD times derived from
the device operating fregtiencies and the A/D clock
source selected.

TABLE 17-1:  Tap vs. DEVICE OPERATING FREQUENCIES

17.3 Configuring Analog Port Pins

The ADCONT1, TRISA and TRISE registers control the
operation of the A/D port pins. The port pins that are
desired as analog inputs, must have their corresponding
TRIS bits 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
CHS2:CHSO bits and the TRIS bits.

Note 1: When reading the port register, all pins con-
figured as analog input channels will read
as cleared (a low level). Pins configured as
digital'inputs will convert an analog input.
Analog levels on a digitally configured input
will not affectthe ‘conversion accuracy.

2:" Andlog levels on‘any'pin that is defined as
a digital_input (including the AN4:ANO
pins) may cause the input buffer to con-
sume current that is out.of. the device's
specification.

AD Clock Source (TAD)

Maximum Device Frequency

Operation ADCS2:ADCS0 PIC18FXX2 PIC18LFXX2

2 Tosc 000 1.25 MHz 666 'kHz

4 Tosc 100 2.50 MHz 1.33 MHz
8 Tosc 001 5.00 MHz 2.67 MHz
16 Tosc 101 10.00 MHz 5.33 MHz
32 Tosc 010 20.00 MHz 10.67 MHz
64 Tosc 110 40.00 MHz 21.33 MHz

RC 011 > —
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17.4 A/D Conversions

Figure 17-3 shows the operation of the A/D converter
after the GO bit has been set. Clearing the GO/DONE
bit during a conversicn will abort the current conver-
sion. The A/D result register pair will NOT be updated

(or the last value written to the ADRESH:ADRESL reg-
isters). After the A/D conversion is aborted, a 2 TAD wait
is required before the next acquisition is started. After
this 2 TAD wait, acquisition on the selected channel is
automatically started. The GO/DONE bit can then be
set to start the conversion.

with the partially completed A/D conversion sample. - -
That is, the ADRESH ADRESL registers will continue Note: The GO/DONE bit should NOT be set in
to contain the value of the last completed conversion the same instruction that turns on the A/D.

FIGURE 17-3: A/D CONVERSION Tap CYCLES 7
Tcy - TAD Tad1 TAD2 TapD3 Tap4 TADS Tap6 Tap7 Tap8 Tap9 TAD10 Tapii

Tbsa‘bBIbTIbSIDB B4 B3 b2.. bt b0 b0

Conversion Starts

Holding capacitor is disconnected from-analog input (typically 100 ns)

Set GO bit l

Next Q4: ADRESH/ADRESL is loaded, GO bitis cleared,
ADIF bit is set, holding capacitor is connected to analog input.

Format Select bit (ADFM). controls this justification.
Figure 174 shows the operation of the A/D result justi-
fication. The extra bits are loaded with '0's. When an
A/D result will not overwrite thése locations (A/D
disable), these registers may be used as two general
purpose 8-bit registers.

17.4.1 A/D RESULT REGISTERS

The ADRESH:ADRESL register pair is the location
where the 10-bit A/Dresult is loaded at the completion
of the A/D conversion. This register pair is 16-bits wide.
The A/D module gives Ihe flexibility to left or right justify
the 10-bit result in the 16-bit result register. The A/D

FIGURE 17-4: A/D RESULT JUSTIFICATION
10-bit Result

ADFEM =1 ADFM =0Q

B B T
7 2107 0 7 0765 0
000000 . L r 0000 OOJ
i A ~ 2 \ o P < o

ADRESH ADRESL ADRESH ADRESL
*v \_.__._ﬁw—J
10-bit Result 10-bit Result
Right Justified Left Justified
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22.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings (1)

A T T T Y AT Bl o B s A TR L T g P SO s i)t e S N AR ARy =2 .-55°C to +125°C
ORISR BIE” = i e e e e Sl e e -65°C to +150°C
Voltage on any pin with respect to Vss (except Vob, MCLR, and G e S -0.3V to (VoD + 0.3V)
Ol e R L T T e s SR R e e e el e -0.3V to +7.5V
Voltage on MCLR With reSPeCct 10 VSS (NOE 2) ............ooovovveee oo eee oo 0V to +13.25V

Voltage on RA4 with respect to Vss 0V to +8.5V

Total power dissipation (Note 1)
Maximum current out of Vss pin
Maximum current into VDD pin....... s s et e 5 1 B o ....................................................................
Input clamp current, IIK (Vi s 981 > VD) o NN L L L ot Moo o,
Output clamp current, 10K (VO < 0 or VO > VDD)
Maximum output curténilBunk byany HOPINS =2 =....0 ... S Wil e fmme. W N A e

Maximum output current sourced by any 1/0. pin
Maximum current sunk by PORTA, PORTB, and PORTE (Note 3) (combined).........
Maximum current sourced by PORTA, PORTB, and PORTE (Note 3) (combined)

Maximum current sunk by PORTC.and PORTD (Note 3) (COMbINEA).. i . it iriiisitros et ess ot oot b
Maximum current sourced by PORTC ‘and PORTD (Note 3) (GOMbINEA). . /1o iriiossiie oot ieosesstoss oot

Note 1: Power dissipation is calculated as follows:
Pdis = VDD x {I0D - ¥ JoH} + ¥ {(VOD-VioH) x1oH) + ¥.(Vol x lot)
2: Voltaga spikes below Vss at the MCLR/Vep pin, inducing currents greater than 80'mA, may cause latchup.
Thus, a series resistor of 50-1000) should be used when applyinga “low” level to the MCLR/VPP pin, rather
than pulling this pin directly to Vss.

3: PORTD and PORTE not available on the PIC18F2X2 devices.

T NOTICE: Stresses abeve those listed under. “Absolute Maximum Ratings” may cause permanent/damage to the
device. This is a stress rating only and functional'operation of the device at those or any other conditions above those
indicated in the operation listings of-this specification is not implied. Exposureto maximum rating conditions for
extended periods may affect device reliability.
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242 Package Details
The following sections give the technical details of the packages.

28-Lead Skinny Plastic Dual In-line (SP) — 300 mil Body (PDIP)

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at
http://www.microchip.com/packaging

]—-— E1—e=]

RS LA I T A LT LA LT T o7 L o

- N

1V e B 1 o O i S e TR e O e S e Y e N e S e B i W

)
[0
]

Units INCHES* MILLIMETERS
Dimension Limits MmN ] mom | Max MiNn T nom ] max

Number of Pins n 28 il 28
Pitch P .100 2.54
Top to Seating Plare A 140 150 160 3.56 3.81 4.06
Molded Package Thickness A2 125 130 M35 3.18 3.30 3.43
Base to Seating Plane Al 015 0.38
Shoulder to Shoulder Width (= .300 310 325 7.62 7.87 8.26
Molded Package Width E1 2y 285 .295 6.99 7.24 7.49
Overall Length D 1.345 1.365 1.385 34.16 34.67 35.18
Tip to Seating Plana L 325 130 135 3.18 3.30 3.43
Lead Thickness C .008 012 .015 0.20 0.29 0.38
Upper Lead Width B1 .040 053 065 1.02 1.33 1.65
Lower Lead Width B 016 018 .022 0.41 0.48 0.56
Overall Row Spacing § eB .320 .350 430 8.13 8.89 10.92
Mold Draft Angle Tcp o 5 10 15 5 10 15
Mold Draft Angle Bottom B 5 10 15 5 10 15

* Controlling Parameter

§ Significant Characteristic

Notes:

Dimension D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010” (0.254mm) per side.
JEDEC Equivalent: MO-095

Drawing No. C04-070
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A1301 and A1302

Continuous-Time Ratiometric Linear Hall Effect Sensors

Features and Benefits
= Low-noise output

= Fast power-on time

* Ratiometric rail-to-rail output
* 4.510 6.0 V operation

* Solid-state reliability

= Factory-programmed at end-of-line for optimum

performance
* Robust ESD performance

Packages: 3 pin SOT23W (suffix LH), and

3 pin SIP (suffix UA)

Not to scale

Description

typical for the A1302.

analog signals.

manufacturing process.

i1 0¥ A (Y

100% matte tin plated leadframes.

VCC

Functional Block Diagram

+

AT
Caypass

Trim
Control

L . o

A1301-DS, Rev. 5

The A1301 and A 1302 are continuous-time, ratiometric, linear
Hall-effect sensors. They are optimized to accurately provide
a voltage output that is proportional to an applied magnetic
field. These devices have a quiescent output voltage that is
0% of the supply voltage. Two output sensitivity options are
provided: 2.5 mV/G typical for the A1301, and 1.3

The Hall-effect integrated eircuit included in each device
includes a Hall sensing element, a linear amplifier, and a
CMOQOS Class A output structure. Integrating the Hall sensing
element and the amplifier on a single chip minimizes many
of the problems normally associated with low voltage level

High precision in-output levels.is obtained by internal gain
and offset trim adjustments made at end-of-line during the

These features make the A1301 and A1302 ideal for use in
position sensing svstems, for both linear target motion and
rotational target motion. They are well-suited for industrial
applications over extended temperature ranges, from —40°C

Two device package types areavailable: LH, a 3-pin SOT23W
type for surface mount, and UA; a 3-pin ultramini SIP for
through-hole' mount. They are lead (Pb) free (suffix, —7T) with



A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensors

Selection Guide

Part Number Pb-free! Packing? Package Ambient, Ty Sensitivity (Typical)

1301ELHLT-T Yi 7-in. t | i i t
A es in. tape and ree ,ASDDO pieces/reel Suiface Moun _40°C to 85°C
A1301EUA-T Yes Bulk, 500 pieces/bag SIP 2.5 mVIG
A1301KLHLT-T Yes 7-in. tape and reel, 3000 piecesireel Surface Mount 240°C 10 125°C ;
A1301KUA-T Yes Bulk, 500 pieces/bag SiP
A1302ELHLT-T Yes 7-in. tape and reeI.ASOOD pieces/reel Surface Mount —40°C 10'85°C
A1302EUA-T Yes Bulk, 500 pieces/bag : SIP 1.3 mVIG
A1302KLHLT-T Y 7-in: t d reel i of :

13 LT- es in: tape and reel ,.3000 pieces/reel Surface Mount \ L40°C to 125°C
A1302KUA-T Yes Bulk, 500 pieces/bag SIP

'Pb-based variants are being phased out of the product line. Certain variants cited in this footnote are no longer in production The variants should
not be purchased for new design applications, Samples are no longer available. Status change; May-1, 2006. These variants include: A1301ELHLT,
A1301EUA, A1301KLHLT, A1301KUA, AT302ELHLT, A1302EUA, A1302KLHLT, and A1302KUA.

2Contact Allegro for additional packing options.

Absolute Maximum Ratings

Characteristic Symbol Notes Rating Units

Supply Voitage Vee ' 8 \"
Output Voltage Vour . 8 v
Reverse Supply Voltage Vaee #0.1 \'
Reverse Supply Voltage Viaec -0.1 v
Output Sink Current lout 10 mA

Range E -40 to 85 °c
Operating Ambient Temperature Ta -

Range K 4010 125 °c
Maximum Junction Temperature T,(max) 165 °C
Storage Temperature L -65to 170 °C

Allegro MicroSystems, Inc 2
llee'r e 115 Northeast Cutoff, Box 15036
e “, =0 Worcester, Massachusetts 01615-0036 (508) 853-5000

e MicraSystams, Inc. www allegromicro com




A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors

DEVICE CHARACTERISTICS over operating temperature range, T,, and Ve = 5 V, unless otherwise noted

Characteristic | Symbol Test Conditions | Min. [ Typ. | Max. | Units
Electrical Characteristics
Supply Voltage Vee Running, T, < 165°C 4.5 - 6 Vv
Supply Current lee Output open - - 1 mA
Output Voltage VoutiHighy |lsource =—1 mA, Sens = .nominal 465 4.7 = Vv
VOUT(LDW) IS|NK =1 mA, Sens = nominal - 0.2 0.25 Vv
Output Bandwidth BW - 20 - kHz
5 . VCC(min} to 0.95 VOUT: B =+1400 G‘
e 0 |slew rate =45 Vis t0 4.5 V/100 ns # |
Output Resistance Rour Iging S TmA, Igpupce 2 =1 mMA - 2 5 Q
. ; External output low pass filter £ 10 kHz; 2 L
Wide Band Output Noise, rms Vourtn g N 150 Ny
Ratiometry
Quiescent Output Voltage Error. 4 a
with respect to AVc! AVoutaw) {1a5-25°C = E\ | =28 Tt
Magnetic Sensitivity Error with o 7 &
respect to AVc? ASensy, |Ty= 25°C - = 3.0 Yo
Qutput
Linearity Lin Ta=2256 = - 2.5 %
Symmetry Sym T=1{B5°6 - - +3.0 %
Magnetic Characteristics
Quiescent Output Voltage Voura B=0G;Ty= 25°C 2.4 2.5 286 Vv
Quiescent Output Voltage over E
Operating Temperature Range | Viourqury) |B 506 §2 % £t z
: S { A1301; T = 25°C 2.0 25 3.0 mvIG
Magnetic S t S
ey o0 R1302:T, = 25°C 100] i3 | 16 | mviG
Magnetic Sensitivity over Cons A1301 1.8 - 3.2 mVIG
Operating Temperature Range AT [A1302 0:85 - 1.75 | mVIG

'Refer to equation (4) in Ratiometric section on page 4.
Refer to equation (5) in Ratiometric section on'page 4.

MiEoSintams, e

lleoro™

Allegro MicroSystems, Inc

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036, (508) 853-5000

www allegromicro.com
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A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors

Characteristic Definitions

Quiescent Output Voltage. In the quiescent state (no sig-
nificant magnetic field: B = 0), the output, Voypq, equals one
half of the supply voltage, V-, throughout the entire operating
ranges of V- and ambient temperature, T,. Due to internal
component tolerances and thermal considerations, there is a
tolerance on the quiescent output voltage, AVypq, which is

a function of both AV and AT,. For purposes of specifica-
tion, the quiescent output voltage as a function of témperature,
AVoutgat,y is defined as:

Yourerry™ Kouropestc 2N

AVourquat,) =
Seﬂ.\'(zsuc)
where Sens is in mV/G, and the result is the device equivalent
accuracy, in gauss (G), applicable overthe entire operating tem-
perature range.

Sensitivity. The presence of a south-polarity (+B) magnetic
field, perpendicular to the branded face of the device package,
increases the output voltage, V. in proportion to the magnetic
field applied, from V1 toward the Ve rail. Conversely, the
application of a north polarity (=B) magnetic field, in the same

Ratiometric. The A1301 and A1302 feature a ratiometric

output. This means that the quiescent voltage output, Voo

and the magnetic sensitivity, Sens, are proportional to the supply

voltage, Vec.

The ratiometric change (%) in the quiescent voltage output is

defined as:

Youtavee) / Youtaisvy
Kee / 5V

AVoutguavy = x 100% (4)

and the ratiometric change (%) in sensitivity is defined as:

Sens, Voo Sens
o /NG o )
Vec / 5V

AS(!"LT(,_“J) ==

Linearity and Symmetry. The on-chip output stage is
designed to provide lingar output at a supply voltage of 5 V.
Although the application of very high magnetic fields does not
damage these devices, it does force their output into a nonlinear
region. Linearity in percent is measured and defined as:

orientation, proportionally decreases the output voltage from its Wadron & Foums
quiescent value. This proportionality is specified as the magnetic Lint= 41l - x 100% (6)
sensitivity of the device and is defined as: 2(Vours) ~ "voure)
Vaurisy— Vout(+m) 3 ;
Sens = b ) . Four-sy= Voutq
28 Lin— # * 100% (7)
= : : 3 i 2(Four-pw — Youto)
The stability of the device magnetic sensitivity-asa function of (
ambient temperature, ASens a1y (Vo) is defined as: and output symmetry as:
Senscr,y — Sens ¥sec) Vouritm— Yourq
ASensiar, )= —— 2 ! x100% (3) Sy = —— x 100% (8)
Sens(asec) Vourg="Yotr(-s)
Allegro MicroSystems, Inc. 4

*!2

Allegro-

115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508)853-5000
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensors

Typical Characteristics
(30 pieces, 3 fabrication lots)

1301 Device Sensitivity vs. Ambient Temperature 1302 Device Sensitivity vs. Temperature
265 — Rgort P Ersi o= 1.40 ¢ g
i 1,38 1
PE0H S =
@ @ 1.36 t———— Y
E 255 — E 134 . ;
=g |
_g 2.50 f——-— .;: V31 < et
b= LH Package R A B0 . N i3
g 245 - & i g LH Package !
@ 0128 = 1
2.40 ——g — - 1961 T AR, o, e
L | e Sh— i -t & 124
-50 -25 0 208 50 75 400125 150 80 %25 D <2 50 73 W00 125 180
Temperature (°C) Temperature (°C)
1301 Device Vg 1q ¥6. Ambient Temperature 1302 Device Vo 1q'vs. Ambient Temperature
2.60 r— — e —me — Rt I 260 — e — -
= | |
e 286 —— R el Y. U = AL W am viiv ol 4 WP-SE N S
@ |
o | g
g | g
£ 250 1— S - 24 L3071 _ s
2 3
= &
O 245 e R ) BSEUREIE §.6.9 ‘ 3 Paslel N N O ¥ 85 00000
240 4— B e P 2@ LS ) Lol e :
-50 -25 0 25 50 100 125950 -50 - =25 0 28AN50 4 @ 100 125 150
Temperature (°C) Temperature (°C)
1301 Device Sensitivity vs. Supply Voltage 1302 Device Sensitivity vs. Supply Voltage
s = - ey T — A e
|
I 165 -
@ @‘ 1_5l. e
> =
E E 14
g z |
2 £ 13
2 2 \
» a 8 124 sy
; o = PR e S e i e _4
1.5 —i= | 1.0
45 5.0 55 6.0 4.5 5.0 55 6.0
Supply Voltage (V) Supply Voltage (V)

Continued on the next page...

L Allegro MicroSystems, Inc. 5
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensors

Typical Characteristics, continued
(30 pieces, 3 fabrication lots)

1301 Device Vo 1q vs. Supply Voltage 1302 Device Vgyrq vs. Supply Voltage
2 e e, el —— 3.5
|
s S
g.' @
ol
> =
* g
s 2
| =4
e L L e P = tof—& ——\ AN
i
1.5 : 18 -
4.5 5.0 5.5 6.0 4.5 5.0 5.8 6.0
Supply Voltage. (V) Supply Voltage (V)
1301 Device LIN+ and LIN- vs, Supply Voitage 1302 Device LIN+ and LIN-vs. Supply Voltage
100.4 (7 I a8 Arssssss R A Es B Seeeenseld =
99.9
= > 9938
3 9
= c
- = 997 ¢ S
: M=afiSt, D G L o) Bl b 996155 R e ----—-J
45 5.0 5.5 6.0 & e 29 Ol
Supply Voltage (V) Supply Voltage (V)
1301 Device Symmetry vs. Supply:Voltage 1302 Device Symmetry vs. Supply Voltage
1000 1— P A e . 100.5, = R — S
gggee . - SoEaE l PR S e R e
99.8 |— Wt s ! 1003 ——— R —
. 9T o 1002 '
£ 996 £ 1004
£ 995 £ 1000 :
E 994 Emal . '
i e e S e @& 998{— — -
) S L U S L S S P S et
Tl ey e o St DOCTE S S S BON 996 e —
) 99.5 o
99'04_5 50 55 6.0 4.5 5.0 5.5 6.0
Supply Voltage (V) Supply Voltage (V)
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A1301 and Continuous-Time Ratiometric
A1302 Linear Hall Effect Sensors

Package LH, 3-Pin; (SOT-23W)

ao0[ .18
270| 108
[@lo st @[cATs]
304[.120] =
280} 110
~—1.48[058]»

- ANDM EE] .

|B

2 vo[oes]
. 073,

Prefiminary dimensions, for referenc only 06 [-038] 060 [ 024
Dimensions in milimeters ‘ ANOM 025 [ mg]
U.§. Cuslomary dimensiong {in )in brackets, for refsrance only | i
{referance JEDEC TO-236 AB, gacept casewitth and larminal tig-to-lip)
Dimensions exclusive of moid fasn, gate burrs, and dambar protrusions E E
Exact case and lead configuralicn al supplier discretion within fmits shown 7 5

&Hal elament (nol lo scale)

N
|
:
i |<—
Aummeaowmozssonl j = ; 925 [ot0]]
¥ [ !
3% . ..‘Lx | dd 'h,t_;semmpmn&
Q[ow{‘mﬂ My e 548 4 PLANE GAUGE PLANE

- 1 R1{jieY
EIIE BT o
m[ém]
=1%o ]]—=
Pin-out Drawings
Package LH Rageggly

U U 4 LU

1

Terminal List

Symbol T Description
Package LH | Package UA

VCC 1 1 Connects power supply to chip

VOUT 2 3 Output from circuit

GND 3 2 Ground
Allegro MicroSystems, Inc. 7

."ﬂlle 115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0038 (508) 853-5000
i o wst s, waww allegromicro.com



A1301 and
A1302

Continuous-Time Ratiometric
Linear Hall Effect Sensors

Package UA, 3-Pin SIP

84 | 417
159 | 4.04

A\ 0805 [204]'-.——-—-] e
N ! 058 | 147

056571 44 e
122 [3.10]_ NOM ] 5 S e D
4

17 {297
085 [2,16]—1 J l
M 14

K

031[079] b'
REF

640 [i8.26] 017 [0.44
500 [1514] o4 [0.35] = P

1
L

L EENNESE e L

mm4t!L

00 [127]
NOM

Dimensicnsiin inches

Metric dimensions (mm).in brackets, for reference only
A'i:!amt:ar removal pretrusion (5X)

Ejector mark on oppesite side

Active Area Depth 0195 [0.50] NOM

Hall element {not to scale)

The products described herein are manufactured under one or more of the following U.S. patents: 5,045,920; 5,264,783, 5,442,283,
3,389,889; 5,581,179; 5,517,112; 5,619,137; 5,621,319; 5,650,719, 5,686,894; 5,694.038; 5,729,130, 5,917,320, and other patents pending.

Allegro MicroSystems, Inc. reserves the right to make, from time to time, such departures from the detail specifications as may be required
to permit improvements in the performance, reliability, or manufacturability of its products. Before placing an order, the user is cautioned to verify

that the information being relied upon is current.

Allegro products are not authorized for use as critical components in life-support devices or systems without express written approval,
The information included herein is believed to be accurate and reliable. However, Allegro MicroSystems, Inc. assumes no responsibility for

its use; nor for any infringement of patents or other rights of third parties which may result from its use.

Copyright © 2005, 2006 Allegro MicroSystems, Inc

Allegro:
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-

Allegro MicroSystems, Inc. 8
115 Northeast Cutoff, Box 15036
Worcester, Massachusetts 01615-0036 (508) B53-5000
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LM35

General Description

The LM35 series are precision integrated-circuit temperature
sensors, whose output voltage is linearly proportional to the
Celsius (Centigrade) temperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
" Kelvin, as the user is not required to subtract a large
constant voltage from its cutput to obtain convenient Centi-
grade scaling. The LM35 does not require any external
calibration or trimming to provide typical ageuracies of +%4°C
at room temperature and *3°C overa full =55 to0 +150°C
lemperature range. Low cost is assured by trimming-and
calibration at the wafer level. The LM35's low-outpul imped-
ance, linear output, and precise inherent calibration make
interfacing to readout or eontrol circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws only 80 pA from its supply, it has
very low self-heating, less than 0.1°C in still air. The LM35s
rated lo operate over a -55" to +150°C temperature range;
while the LM35C is rated for a -40"to +110°C range (=10°
with improved accuracy). The LM35 series is available pack-

&Nationut Semiconductor

Precision Centigrade Temperature Sensors

November 2000

aged in hermetic TO-46 transistor packages, while the
LM35C, LM35CA, and LM35D are also available in the
plastic TO-92 transistor package. The LM35D is also avail-
able in an 8-lead surface mount small outline package and a
plastic TO-220 package.

Features

Calibrated directlyuin " Celsius (Centigrade)
Linear + 10.0 mV/'C scale factor

0.57C accuracy guaranteeable (at +25°C)
Rated for full -55*to +150°C range
Suitable for remote applications

Low cost due to wafer-level trimming
Operates from 4 1o 30-volts

Less than 60 pA current drain

Low self-heating. 0.08°C in still air
Nonlinearity only £ 14" C lypical

Low impedance output, 0.1 £ for 1 mA load

Typical Applications

+Vs
4V T0 20v)

DuUTPUT

LM35 1= 0 o+ 10.0.mus 0

'

D35005518-3

FIGURE 1. Basic Centigrade Temperature Sensor
(+2°C to +150°C)

+Vs

LM35

_;L R1

Your

Vs
DS005516-4
Choose R, =~Vgl50 A
V 6ur=+1,500 mV at +150°C
= +260 mVat +25°C
= -550' mV at -55'C

FIGURE 2. Full-Range Centigrade Temperature Sensor

© 2000 National Semiconductor Corporation DS005516

www.national.com
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LM35

Connection Diagrams

TO-46
Metal Can Package*

BOTTOM VIEW
0S005516-1

*Case is connected to negative pin (GND)

Order Number LM35H, LM35AH, LM35CH, LM35CAH or
LM35DH
See NS Package Number HO3H

TO-92
Plastic Package

+V¥5 Voyr GND

BOTTOM VIEW
D5005818:2
Order Number LM35CZ,
LM35CAZ or LM35DZ
See NS Package Number Z03A

S0-8
Small Outline Molded Package

o

Vour —1! [— Vg

8
N.C.—2 7}-nec.
NG — 3 6 NC.

4 5

GND - = N.C,

DS005516-21

N.C. = No Connection

Top View
Order Number LM35DM
See NS Package Number MOSA

TO-220
Plastic Package*

O

LM
3507

Vs Your
ND

DS005518-24

*Tab is connected ta the negative pin (GND)

Note:

The LM35DT pinout is different than the discontinued LM35DP,

Order Number LM35DT
See NS Package Number TAO3F

www,national.com




Absolute Maximum Ratings ot 10 T0-92 and TO-220 Package.
If Military/Aerospace specified devices are required, IBOIMGNG, 14 misrida) ik
please contact the National Semiconductor Sales Office/ SO Package (Note 12)
Distributors for availability and specifications. Vapor Phase (60 seconds) 215°C
Infrared (15 seconds) 220°C
S ly Volt: 35V to -0.
Otf:u)t! V::":Z: ++BV :; _(: 2: ESD Susceptibility (Note 11) 2500V
Output Current 10 mA ?rg;:lﬁ;)d Operating Temperature Range: Ty 10 T jjax
Storage Temp.; LM35, LM35A -55°C 1o +150°C
TO-46 Package, -60°C to +180°C LM35C, LM35CA -40°C to +110°C
TO-92 Package, -60'C to +150°C LM35D 0°C to +100°C
S0O-8 Package, =65'C to +150°C
TO-220 Package, -65°C to +150°C
Lead Temp.:
TO-46 Package,
(Soldering, 10 seconds) 300°C

Electrical Characteristics

(Notes 1, 6)
LM35A LM35CA
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
(Note 4) /| _(Note 5) (Note 4) (Note 5)
Accuracy T 4=#25°C £0:2 0.5 0.2 0.5 C
(Note 7) Taz-10°C 103 £0.3 1.0 'C
V5T +0.4 110 +0.4 +1.0 't
T =T 104 £1.0 £04 | ¥ i
Nonlinearity TR S <T e +0.18 %0.35 $0.15 0.3 e
(Note 8)
Sensor Gain T ainSFaASTranx +10.0 +9.9, +10.0 +0°93 mVv/'C
(Average Slope) +10.1 +10.1
Load Regulation T A=+25'C +0.4 *1.0 £0.4 1.0 mV/mA
(Note 3) 0<I, <1 mA Wtk < To2T ax 10.5 3.0 £0.5 3.0 mV/mA
Line Regulation TaA=%25C £0.01 £0.05 +0.01 *£0.05 mV/V
(Note 3) 4VLV g30V *0.02 *0.1 +0.02 0.1 mV/V
Quiescent Current V.g=%5\, +28°C 56 67 : 56 67 PA
(Note 9) V s=+5V 105 131 93 114 HA
V g=+30V, +25°C 56.2 68 562 68 HA
V =130V 105.5 133 91.5 116 HA
Change of : 4V<V4<30V, +25:C 0.2 1.0 0.2 10 HA
Quiescent Current 4VeV 5<30V 0.5 2.0 0.5 2.0 HA
(Note 3)
Temperature +0.39 +0.5 +0.39 +0.5 pAI'C
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 1.5 +2.0 ‘C
for Rated Accuracy Figure 1, 1,.=0
Long Term Stability T = Taax. fof +0.08 +0.08 ‘C
1000 hours

3 www.national.com
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LM35

Electrical Characteristics

(Notes 1, 6)
LM35 LM35C, LM35D
Parameter Conditions Tested Design Tested Design Units
Typical Limit Limit Typical Limit Limit (Max.)
(Note 4) | (Note 5) (Note 4) | (Note 5)
Accuracy, T A=+25C 0.4 1.0 0.4 1.0 ‘C
LM35, LM35C T A=-10"C +0.5 £0.5 *1.5 C
(Note 7) T a2 Tonus 0.8 ¥1.5 0.8 - 5 L ‘C
=T +0.8 15 +0.8 2.0 e
Accuracy, LM35D T A=+25C +0.6 1.5 e
(Note 7) 3 e i +0.9 2.0 '
Tt oty +0.9 +2.0 G
Nonlinearity T ST aSTinx #0.3 0.5 +0.2 $0.5 'C
(Note 8)
Sensor Gain T g T a8 riax +10.0 +9.8, +10.0 +9.8, mV/'C
(Average Slope) +10.2 +10.2
Load Regulation Ta=+25'C £04 20 0.4 20 mV/mA
(Note 3) 0<l, <1 mA Y o 0.5 150 £0.5 +5.0 mV/imA
Line Regulation T 5=+25'C 001 101 10.01 04 mViV
(Note 3) 4V<V <30V t0.02 0.2 £0.02 $0.2 mV/V
Quiescent Current Vg=+5V, +25'C 56 80 56 80 pA
(Note 9) V g=+5V 105 158 91 138 pA
Vig=+30V, +25'C 56-2 82 56.2 82 pA
V. 5= +30V 105.5 161 91.5 141 HA
Change of 4V<V g<30V, #25'C 0.2 20 02 2.0 PA
Quiescent Current 4VsV g=30V 0.5 3.0 0.5 3.0 WA
(Note 3)
Temperature +0.39 +0.7 3039 . +0.7 HAI'C
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of wh8 +2.0 #1.5 +2.0 c
for Rated Accuracy Figure 1,1,=0
Long Term Stability T 18 Tahx, for +0.08 +0.08 ‘C
1000 hours

range.

Note 4: Tested Limits are guaranteed and 100% tested in production
Note 5: Design Limits are guaranteed (but not 100% production tested) over the indicated temperature and supply voltage ranges. These limits are not used 1o
calculate outgoing guality levels.

Note 9;: Quiescent current is defined in the circuit of Figure 1
Note 10: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. DC and AC electrical specifications do not apply when operating
the device beyond its rated operating conditions. See Note 1.
Note 11: Human body model, 100 pF discharged through a 1.5 k{2 resistor.

Note 12: See AN-450 "Surface Mounting Methods and Their Effect on Product Reliability” or the section litled “Surface Mount” found in a current National
Semiconductor Linear Data Book for other methods of soldering surface mount devices.

Note 6: Specifications in boldface apply over the full rated temperature range.
Note 7: Accuracy is defined as the error between the output voltage and 10mv/'C times the device's case lemperature, at specified conditions of voltage, current,
and temperature (expressed in 'C).
Note 8: Nonlinearity is defined as the deviation of the oulput-voltage-versus-temperature curve from the best-fit straight line, over the device's rated temperature

Note 1: Unless otherwise noted, these specifications apply® =55"C<T <+150'C. for the LM35and LM35A; ~46°<T ;<+110'C for the LM35C and LM35CA; and
07T ;=+100°C for the LM35D. Vs=+5Udc and I gag=50 pA, in the circuit'of Figure'2. These specifications aiso apply from +2°C to Tpgax in the circuit of Figure 1.
Specifications in boldface aoply over the'full rated temperature range
Note 2: Thermal resistance of the TO-48, package is 400" C/W., junction to ambient,.ang 24°C/W junction to'case. Thermal resistance of the TO-92 package is
1B0°C/W junction to ambient. Thermal resistance of the small outline molded package is 220'C/W junclion to ambient. Thermal resistance of the TO-220 package
is 80°C/W junction to ambient. For additional thermal resistance information see table in the Applications section.
Note 3: Regulalion is measured at constant junction temperature, USing pllse’testing with_a low duty cycle. Changes in output due to heating effects can be
computed by mulliplying the internal dissipation by the thermal resistance:

www.national.com




Typical Performance Characteristics

Thermal Resistance
Junction to Air
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Quiescent Current
vs. Temperature
(In Circuit of Figure 2.)
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Thermal Time Constant
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Minimum Supply
Voltage vs. Temperature
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Accuracy vs. Temperature
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Thermal Response

in Still Air
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Quiescent Current
vs. Temperature
(In-Circuit of Figure 1.)
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Accuracy vs. Temperature
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LM35

Typical Performance Characteristics (continved)

Noise Voltage
1600

1400

1200 +

Hz)

1000

NOISE (nV/

100k

FREQUENCY (Hz)
DS003516-34

Applications

The LM35 can be applied easily in the same way as other
integrated-circuit temperature sensors. It_can be glued or,
cemented to a surface and its temperature will-be-within
about 0.01°C of the surface temperature.

This presumes that the ambient air temperature is-almost the
same as the surface temperature;ifthe air temperature were
much higher or lower than the surface temperature, the
actual temperature of the LM35 die would-be at an interme-
diate temperature between the surface temperature and the
air temperature, This is expecially true for the TO-92 plastic
package, where the copper leads are the principal thermal
path to carry heat info the device; so ils temperature might
be closer to the airtemperature than to the surface tempera-
ture.

To minimize this problem, be sure that the wiring to the
LM35, as it leaves tha davice, is held atthe same tempera-
ture as the surface-of interest. The easiest way to/do this is
lo cover up these wires with a bead of epoxy which will
insure that the leads and wires are all al the same tempera-
ture as the surface, and that the LM35 dig's temperature will
not be affected by the air temperature.

Start-Up Response

Ve (V)

0.2 ¥}

Vour (V)

0 10 2 30 40 50 60

TIME (microseconds)
DS005516-35
The TO-46 metal package can also be soldered to a metal
surface or pipe without damage. Of course, in that case the
V- terminal of the circuit will be grounded to that metal.
Alternatively, the LM35 can be mounted inside a sealed-end
metal tube, and can then be dipped into a bath or screwed
into a threaded hole.in a tank. As with any IC, the LM35 and

accompanying wiring and circuits must be kept insulated and

dry, to aveid leakage and-corrosion. This is especially true if
the circuit may operate at cold temperatures where conden-
sation can eccur. Printed-circuit coatings and varnishes such
as Humiseal and epoxy paints or dips are often used to
insure that maisture cannot corrode the LM35 or its connec-
fions.

These .devices are sometimes soldered to a small
light-weight heat fin, to decrease the thermal time constant
and speed up the response in slowly-moving air. On the
other. hand, -a small- thermal mass may be added to the
sensor, to give the steadiest reading despite small deviations
in the air temperature.

Temperature Rise of LM35 Due To Self-heating (Thermal Resistance,0,,)

TO-46, TO-46", Toe2, TO-92™, SO8 $0-8* TO-220
no heat small heat fin no heat small heat fin no heat small heat fin no heat
sink sink sink sink
Still air 400G 100'Caw 180°C/w 140'cw 220'CwW 1o°'cw so'cw
Moving air 100°C/W 40°CW 90°Crw T0'CwW 105°CwW 90°CW 26'C/wW
Still ol 100°CwW 40w 90'CAN 70:C/W
Stirred oil 50°Cw e 45°C/W 40°CwW
(Clamped to metal,
Infinite heat sink) (24°CW) {55'C/w)

“Wakefield type 201, or 1" disc of 0.020" sheet brass, soldered to case, or similar
**T0O-92 and 50-8 packages glued and leads soldered to 1" square of 1/16" printed circuit board with 2 oz. foil or similar.
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Typical Applications

+ ] HEAVY CAPACITIVE LOAD. WIRING, ETC
2k
Lmis T TO A HIGH-IMPEDANCE LOAD

DS005516-19

FIGURE 3. LM35 with Decoupling from Capacitive Load

lr T T T Feavy camacmive Loko, winme, e1c
I ouT
| Lm3s § t —
0.1 FaYPASS L r
OPTIONAL T - 75
]
' 1uF
| wl
T = 2

D8005518-20

FIGURE 4. LM35 with R-C Damper

CAPACITIVE LOADS

Like most micropower circuits, the EM35 has a limited.ability
to drive heavy capacitive loads. The/LM35 by itself is able to
drive 50 pf without special pregautions. If heavier loads are
anticipated, it is easy to isolate or decouple the load with a
resistor; see Figure 3. Or you ¢an improve the lolerance of
capacitance with a series R-C damper “from output to
ground; see Figure 4.

When the LM35 is applied with a 200Q load resistor as
shown in Figure 5, Figure 6 or Figure 8it is relatively immune
to wiring capacitance because the capacitance forms a by-
pass from ground to input, not-on the output. However, as
with any linear circuit connected to wires in a hostile: envi-
ronment, its performance can bz affected adversely by in-
tense electromagnetic sources such as relays, radio trans-
mitters, motors with arcing brushes, SCR fransients, elc, as
its wiring can act as a receiving antenna_and its internal
junctions can act as rectifiers. For best.results in such cases,
a bypass capacitor from Vi 16 ground and a séries R-C
damper such as 75 in series with:0,2 or 1 uF front output to
ground are often useful. These are shown in Figure 13,
Figure 14, and Figure 16.

sV

Vour =10 m¥/ °C (Tamaient + 1°C)
6.8k 200 “FROM +2°C TO. +40°C
8% S 1%

p— -

HEAT b

FINS g

R

200 > TWISTED PAIR
7 1%

DS005516.5

FIGURE 5. Two-Wire Remote Temperature Sensor
(Grounded Sensor)

5V
+
HEAT A e
FINS -
A TWISTED PAIR
Vour =10 m¥/°C (Tamaient +1°C)
FROM +2°C T0 +40°C
OR 10k RHEOSTAT

FOR GAIN ADJUST

DS005516-8

FIGURE 6. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)

+Vs
|
LM35 +
Vour
" 1N914
> 18k
10%
g DS00U5518-7
FIGURE 7. Temperature Sensor, Single Supply, -55" to
+150°C
Fe=-
14
/
7
“aeniin:
BYPASS TWISTED PAIR
OPTIONAL

Vout =10 mV/°C (Tamsient +10°C)
FROM —5°C lo +40°C

200
1%

DS005516-8

FIGURE 8. Two-Wire Remote Temperature Sensor
(Qutput Referred to Ground)

' J— +5v 03w
%a.n
<
2N2907 |-—
+ IN
out out
LM35 LM317
402
s - 1% ADJ
:: 325;1 OFFSET
i ADJUST
L——— 50

DS005516-9

FIGURE 9. 4-To-20 mA Current Source (0°C to +100°C)
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LM35

Typical Applications (continued)

+Vs
(6V TO 20v)

LM35

Vour =
+ 1.0 mV/°F

26.4k

LM385-1.2 ’]""

DS005516-10

FIGURE 10; Fahrenheit Thermometer

DS005516-11

FIGURE 11. Centigrade Thermometer (Analog Meter)

v

|

LM3S

—AAA—

>
LM385-2.5 i"’—“
s DS005516-12

Fahrenheit ThermometerExpanded Scale
Thermometer
(50" to 80° Fahrenheit, for Example Shown)

100 4A,
60 mV
FULL-SCALE

Ut

FIGURE 12.

1 sV
A 2o
<
out N
s e SERIAL
1 Sy e » DATA OUTPUT
128¢
GND
75 100k +
L4 cLock
FB
LMass
2
1 4F 10k ' ENABLE

GND
DSONES15-13

FIGURE 13. Temperature To Digital Converter (Serial Output) (+128°C Full Scale)

SV
+ 3 ok
ot ] W . PARALLEL
LM35 DATA
QuTPUT
— ADCO804
75 3 =
> — INT
1k > Vaer
0.64V
+

T

Y—

g GND
0500551614

FIGURE 14. Temperature To Digital Converter (Parallel TRI-STATE ™ Outputs for
Standard Data Bus to pP Interface) (128°C Full Scale)
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Typical Applications (continued)

v —

20 LEDs
10
LM3g14 LM3914
la 12 la 4 15 |6 [7 |8 |9
5 = 1.2k % w i
Va
out N
’;IE:; LM35 J
200* Vo -—1r—W. A Vs
& et 499* .
A 1k*
s o
—— 1R 1.5k% R Rg
¢ | » 1% 1k
- R =t -
1k
) § DS005516-16

*=1% or 2% film resistor

Trim Rg for Vg=3.075V

Trim Rg for Vig=1.955V

Trim Ry for V4 =0.075V + 100mV/'C X Tamuient
Example, V3=2.275V al 22°'C

FIGURE 15. Bar-Graph Temperature Display (Dot Mode)

oV
gﬁﬂl% 1k
<
r e
l foyr
s
; Iy
100k o
s v 2 oy
LM131 L
6 3
GND
T 4
0.01 F =0 b 1 uF Rk
L it e
ADJ L
5k
LOW T
47 OW TEMPCO

DS005516-15

FIGURE 16. LM35 With Voltage-To-Frequency Converter And Isolated Output

(2°C to #150°C; 20 Hz to 1500 Hz)
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LM35

Block Diagram

1.38 Vprar

o

+Vg

Your =10 mV/°C
0.125 R2

DS005516-23
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PhySiC&' Dimensions inches (millimeters) unless otherwise noted

i 0.209-0.219

(5.308-5.563)

[ | 0.178-0.195

521-4.
i (4.521-4.953)
PLANE I _t [ 0.080-0.105
0025 (2.032 - 2.667)
(0.635) 535) 0.500
uncoumouzu [~ Gz MIN
LEAD DIA i
0.016-0019 | L__ 0.030
_— 4—1 - e
(0.406-0.483) (0.762)
DIA TYP MAX
= ; 0.100 =
p 0050 (2.540)
(1.270)
0.036-0.046 0:028-0.048
(0.914— 1153)\//3 {0.7111=1.219)
HO3H (REV C)

TO-46 Metal Can Package (H)
Order Number LM35H, LM35AH, LM35CH,
LM35CAH, or LM35DH
NS Package Number HO3H

a8y -0.187
~ (48005 004)
w1 el s
0.228-0.244
{57815 138)
0.010 4
(0.259)
teao o 1“0 : ﬂ K
IDENT b
TYP
0.150 - 0,357
™| 3 810-3.988) [
0.053 - 0.069
0.010-0.020 , 450 o] FT%:T?Ei
(0.254-0.508) e : { 0.004 —0.010
ALL LEADS (0.102 — U 254)
\
L—r—ag - SERLTE A ___Lsatnnu
—— = = PLANE
e ot v J
{0.102) ' 0.014 I
0008-0010 e Tes e o3 00% 0.014—0.020 e
{0.200-0.259} L LS {21 w {0356 -0.508)
TYP ALL LEADS {0.406 —1.270) e 0.008 n'r
TYP ALL LEADS {0.203) MOBA (REV -

Order Number LM35DM

NS Package Number MOBA

S0-8 Molded Small Outline Package (M)
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LM35

0.100-0.120

[2.54-3.05]

0.060-0.075
[1.52-1.91] ”;P "'1

0,240-0.260
™| [5.10-6.60] |

0.330-0.350
[8.38-8.89]

g 0:149-0.153
/7 [3.78-3.89]

f T
0.400 40-50

+0.015

=0.005

+0.38
(10216 5 3s Pl
0.388 _g 005
+0.38
[9.35 -O.\!J

i

O =

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.190-0.210

0.090-0.110 (4.83-5.33] |

[2.29-2.79]

e

OAA. =

0.001-0.007
Y
[0.25-0.178]

Tl

[1.14-1.40]

PIN, #1 1D
1£005~ 1.035
[25.83-26:29)

O.OIS-O,USSTYP\“ I ‘

0u130-0.160
{3.30%4.06] |\

0.048-0.055 [y __f
[1.22-1.40]
0.027-0.037
YP
(0.69-0.94] i

e~
of $,525-0.555 y
/\ /'\ ([13.34-14.101) romsfgggf
+0.18

(0-38 Z5'o;

?:::s;sz // SN

}

0.048-0.052
Pri2z-T9%]

TAPERED SIDES 1°

7" f—-’ \—swme PLANE

Power Package TO-220(T)

Order Number LM350T

NS Package Number TAO3F

| sjosags

#0.25
[2~57 o3

TA03F (REV &)
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

5.2 4.19
I’ ikt r_z.sé—l

EJECT|ON MARK
1.5 MAX
038 MAX
3 5.2
g 19
J/r—SEATING PLANE
2.29 MAX
| (UNCONTROLLED LEAD DIA)
i gy -
E - 14.2 B
A 12.1

ALt

0.55 " Lr o
933 e — |-

r—1.2740.0%
b 2Bl

DIMENSIONS ARE IN' MILLIMETERS

N
-
-2

1034 (Rey 61

TO-92 Plastic Package (Z)
Order Number LM35CZ, LM35CAZ or LM35DZ
NS Package Number Z0O3A

LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL
COUNSEL OF NATIONAL SEMICONDUCTOR CORPORATION. As used herein:

1. Life support devices or systems are devices or 2. A critical component is any component of a life

slosuag ainjesadwa] apesbiauan uoisivald SEIN

systems which, (a) are intended for surgical implant
into the body, or (b) support or sustain life, and
whose failure to perform when properly used in

support device or system whose failure to perform
can be reasonably expected to cause the failure of
the life support device or system, or to affect its

accordance with instructions for use provided in the
labeling, can be reasonably expected to result in a
significant injury to the user.
Fax: 1-800-737-7018
Email: support@nsc.com

www national.com

safety or effectiveness.

National Semiconductor
Japan Ltd.

Tel: B1-3-5639-7560
Fax: 81-3-5639-7507

Mational Semiconductor
Asia Pacific Customer
Response Group

Tel: 65-2544466

Fax: 65-2504466

Email: ap.support@nsc.com

National Semiconductor
Europe
Fax: +49 (0) 180-530 85 86
Email: europe.support@nsc.com
Deutsch Tel: +49 (0) 69 9508 6208
English Tel: +44 (0) 870 24 0 2171
Frangais Tel: +33 (0) 1 41 91 8790

National Semiconductor
Corporation

Americas

Tel: 1-800-272-9959

National does not assume any responsibiity for use of any circuitry described, no circuit patent licenses are implied and National reserves the right at any time without notice te change said circuitry and specifications





