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Anotace

Analyza zkratového proudu a jeho tepelného
uc¢inku v malych asynchronnich motorech

Ing. Leos Beran

Prace se zabyva analyzou zkratového proudu ve statorovém vinuti ma-
I¥ch asynchronnich motorti. Vznik zkratového proudu je diisledkem selhani
nékteré ¢asti izoladniho systému statorového vinuti. Selhani mize byt zpi-
sobeno materidlovymi vadami, $patnym navrhem pohonu, klimatickymi pod-
minkami nebo provoznimi podminkami (kratkodobé nebo dlouhodobé prepét,
neharmonické pribéhy napajeciho napéti). Statorové vinuti ztrati ¢ast aktiv-
nich zaviti a klesne jeho indukénost. Zkratovy proud zahfiva svymi tepelngmi
Udinky okolni vinuti v misté zkratu. Tim dochézi k dalsi degradaci okolniho
izolacniho materidlu v misté zkratu.

V tivodu prace je provedena analyza véech dostupnych metod, které jsou
publikovany v odborné literatufe. Dale je provedena reserse metod analyzy
malych AM v patentové databazi. Ta ukazuje, Ze neexistuje metoda, ktera by
spolehlivé identifikovala zkrat ve statorovém vinuti malych AM. Jsou zhodno-
ceny metody, které se pouZivaji pro diagnostiku velkych asynchronnich motorti
a je posouzena jejich vhodnost pouziti pro malé AM.

Pro analyzu zkratového proudu byly sestaveny dva modely simulujici rizné
kombinace zkrati, které mohou ve statorovém vinuti vzniknout. Jedna se o jed-
nofazovy linedrni model a o numericky model v prostiedi SimPowerSystern.

Hlavnim piinosem dizertacni prace je analyza zkratového proudu. V druhé
kapitole je proveden rozbor tepelného plisobeni na jednotlivé ¢asti izola¢niho
systému. Tepelné 0dinky jsou ovéfeny na sestaveném modelu, ktery se sklada
ze specidlné navrzeného motoru a monitoringu teploty v drazkach statoru.
Vysledky prace budou pouZity pro navrh nové metody diagnostiky malych
asynchronnich motori.

Kli¢ova slova: diagnostika, asynchronni motor, teplotni zatiZzeni,
zkratovy proud, model zkratu




Annotation

The analyse of short—circuit current and it’s thermal
incidence in low power induction motors

Leo# Beran, MSc.

The thesis deals with the analyse of short-circuit current in stator winding
of low power induction motors. The occurrance of short-circuit arises when
some parts of the insulation system of stator winding fail. The failure can
be caused by material defects, wrong design of drive, climatic or operating
conditions (short-term or long-term overvoltage, non-harmonic processes of
supply voltage). Stator winding loses a part of active coils and its inductivity
decreases. The short circuit current warms up the surrounding winding with
its heat effect at point of the short-circuit.

The introduction of the thesis deals with the analyse of all available me-
thods published in specialized literature and also with the background research
of analyse methods in small IM in patent database. This analyse proves that
there is not any method capable of identifying reliably the short-circuit in
stator winding of IM. Methods used for big induction motors diagnose are
reviewed and their convenience in little induction motors are considered.

Two models simulating different short-circuits that can occur in stator
winding have been designed. It is a single-phase linear model and numerical
model in SymPowerSystemn software.

The main benefit of this doctoral thesis is the analyse of short-circuit.
Second chapter analyses thermal activity on separate parts of the insulation
system. Thermal effects were verified on a set up model which consists of
a specially designed motor with the temperature monitoring in slots of the
stator. The results of my thesis will be used for a new diagnostic method
project in little induction motors.

Key Words: diagnostic, induction motor, thermal load, short circuit current,
short circuit model
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Annotation!

L’analyse d’un courant en court-circuit et de son effect thermique
dans les petites moteurs tournantes a induction

Leo# Beran, MSc.

Cette these concerne del’analyse des courant en court-circuits dans les sta-
tors des moteurs tournantes a induction. Le court-circuit survient quand des
parties du systéme d’isolation du stator défaillent. Les défaillances peuvent étre
causées par des défauts de matériel, de mauvaise design de la force-motrice, par
les conditions climatiques ou par les conditions de disfonctionnement {courte
ou longue surtension, instabilité du processus de distribution de la tension).
Pendant court-circuits, le stator perd une partie de la bobinage active et sa
induction diminue. Le courant en court-circuit chauffe la bobine antour du lien
de court-circuit et la degradation de la isolation continue rapidement.

L’introduction de cette these présente I’analyse de toutes les méthodes dis-
ponibles publiées dans les magazines spécialisées, mais aussi dans les traveaux
de la recherche (ou bases de données des brevets) déja réalises, en utilisantes
des méthodes d’analyse des petites moteurs & induction. Cette analyse prouve
qu’il n’y a pas de la méthode permettant d’identifier de maniére fiable les cou-
rant en court-circuit dans les stator du petit moteur a induction. Les méthodes
utilisées pour diagnostiquer des grands moteurs & induction ont été revisitées
pour les considérer avec les petits moteurs & 'induction.

Deux modeles de la simulation des différents court-circuits, qui peuvent
se produire dans le stator, ont été assemblés. Il s’agit d'un modele linéaire
monophasé et d’'un modele nmimérique, en utilisant logiciel SymPowerSystern.

Le theme principal de cette these de doctorat est I'analyse du court-circuit.
Donc le second chapitre analyse l'activité thermique et sa influence aux par-
ties séparées du systeme d’isolation. Les effets thermiques sont vérifiés par un
modele physique, qui consiste d’un design spécial du moteur et du systéme
de moniteur de la température controlée en stator encoché. Les résultats de
la these seront utilisés pour un projet concernant nouvelle méthode de la dia-
gnostique des petits moteur tournantes a induction.

Mots clef: diagnostique, moteur & induction, charge thermique,
courant en court-circuit, modele de court-circuit

'Pieklad:; Bc. Katefina Nyvltovd. Jazykova korektura: Prof. Ing. Jaroslav Nosek, CSc.
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Predmluva

Tato dizerta¢ni prace je vysledkem mého doktorského studia na katedie
elektrotechniky Fakulty mechatroniky a mezioborovych inZenyrskych studii
Technické univerzity v Liberci. Doktorské studium jsem zahdajil v roce 2002 po
absolvovani magisterského studia na vyse uvedené fakulté.

Piivodni zaméfeni mého studia bylo spojeno s problematikou diagnostiky
asynchronnich motorii obecné. Po urdité dobé svého piisobeni na katedfe elek-
trotechniky a studia problému jsem ziskal uréity nahled na moZnosti feseni
ziinéné problematiky. Rozhodl jsem se specializovat na diagnostiku malych
asynchronnich motori. Moji snahou bylo najit novy zplsob diagnostiky ma-
lych asynchronnich motor o vykonech mezi 1 kW a 10 kW, Jedna se o skupinu
nejpouZivanéjsich elektromotort.

V druhém roce mého studia se objevila nabidka stéaze ve francouzské la-
boratofi Laboratoire de Génie Electrique de Toulouse na univerzité Université
Paul-Sabatier, Toulouse III. Laboratof se zabyva studiem izola¢nich materiald
pfi riznych podminkéach prostiedi, ve kterém se nachazi. Pri své stazi jsem
poznaval metody méfeni elektrickych i neelektrickych parametrf izolacnich
materiali. Nemalym pfinosem pobytu v téchto laboratoiich jsou pro mne zis-
kané praktické zkugenosti z méfeni a kontakty. Oboji jsem vyuzil pil Feseni
této dizertacni prace.

Ze staze ve Francii jsem si piivezl teoretické poznatky podepfené méfenimi
a pro dalgf praci jsem potfeboval nalézt partnera, ktery by mi mohl poskytnout
vice technického zazemi pro feseni tkolu (izola¢ni materialy, technologické in-
formace, informace o kvalité aj.}) Proto jsem navézal spolupraci mezi TUL
a vyvojovym stiediskem firmy SIEMENS ELEKTROMOTORY, spol. s r. o.

Diky vstficnému piistupu vedouciho vyvojového oddéleni Ing. Milose Pé-
nicky jsem mél piistup ke viem potiebnym technologickym informacim. Teprve
po shromazdéni teoretickych predpokladil a materiali jak z Francie, tak z vy-
vojového stiediska firmy SIEMENS ELEKTROMOTORY, spol. s 1. 0., bylo
vytvobeno Uplné zadani mé dizertacni prace.

Postupem ¢asu jsem zjistil, Ze problematika diagnostiky malych asynchron-
nich motori neni dostatecné rozpracovana. Z mého pohledu je tato problema-
tika neméné dfilezita jako diagnostika velkych asynchronnich motori. Zejména
je zajimava pro uZivatele, ktefi provozuji drahé technologické linky a jejich spo-
lehlivost je vyznamné ovlivnéna spolehlivosti asynchronnich motort.
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Seznam zkratek a znadek
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1 Uvod

V dnesni dobé nikdo nepochybuje o nutnosti diagnostiky pracovnich stroji.
Kazdou technologickou linku je mozné rozclenit na nékolik funkénich pracov-
nich celki. MiZeme je rozdélit na klicové a pomocné. Kli¢ové pracovni stroje
jsou takové, bez kterych je zafizeni nepouZitelné a nefunkéni. Pomocné pra-
covni stroje nejsou vyuzivany po celou dobu béhu zafizeni, a proto je moZné
je vymenovat i béhem provozu.

Takovym klicovym celkem mize byt i elektricky motor. V praxi existuje
cela fada vyrobnich linek, kterd vyuziva k pohonu jednotlivych ¢asti elektricky
motor. Z hlediska jednoduchosti a ceny se pouzivaji asynchronni motory (dale
jen AM). Diive byly napijeny pouze harmonickim napétim. S rozvojem elek-
troniky se pro napajeni a fizeni AM pouzivaji frekvenéni ménide (déle jen FM),
které umoznily aplikovat AM motory v technické kybernetice.

V zavislosti na zvoleném napajeni AM, vystavujeme motor a jeho izolaéni
systém riznému zatiZeni. Pfi harmonickém napajeni neni prepéti tak casté.
Prepéti vznika vétsinou pifi prechodovy{ch stavech zapnuti/vypnuti. To zna-
mena, Ze pfepéti pti harmonickém napéjeni je spise ndhodné a neni tak vysoké
jako pfi napdjeni z FM. U harmonického namdhéni izolace lze sledovat degra-
daci izola¢ntho materidlu hlavné z hlediska jeho struktury (pojiva).

Pii napajeni motoru z FM dochazi k naprosto odlisnému namahani izo-
lace vlivem strmého nartistu a poklesu napéti, které jde ruku v ruce se stalym
zlepsovanim polovodicovych spinacich soucistek. Nasledkem zmény zpiisobu
napajeni AM dochazi ke zrychlené degradaci izolaénich materidltt v motoru.
Také rostou dielektrické ztraty, které ohfivaji cely systém a pledstavuji dalsi
faktor, ktery urychluje starnuti izola¢nich materidld. Pulzni namahani zptso-
buje degradaci materidlu. To znamena, ze se vytvail plynové prostory, které
jsou hlavni pri¢inou &astednych vyhojii (déle jen CV).

Vzhledem k zévérim uéinénym v praci [10] je ziejmé, Ze prepéti prekra-
¢uje zapalovaci napéti i u nizkonapéfovych pohonil. Proto je nutné se timto
problémem zahyvat. V praci [9] je provedeno zajimavé srovnani piisobeni har-
monického a pulzniho namahani na izola¢ni systém. Doba Zivotnosti zkouma-
ného materidlu Porofol firmy Isovolta s lakem H 62C se zkratila dvacetkrat pii
zvyseni provozniho napéti nad hranici zapalovaciho napéti ¢asteéngch vybojt.

Zni¢eni izola¢niho materidlu ve véts§ing piipadid zptsohi zkrat ve statoro-
vém vinuti. Mohou vzniknout riizné varianty zkrati (mezizavitové, mezifazové,
na kostru). Takto vzniklym zkratem tece zkratovy proud, ktery dale vyhiiva
svymi tepelnymi 0¢inky své okoli. Tim dochazi k dalgimu poskozeni izolad-
niho materidlu vlivemn tepla. Pokud bychom byli schopni na zakladé tepelnych
Udinki rozeznat zkratové proudy, mizZeme predpovédét aplné znideni statoro-
vého vinuti motoru.

ProtoZe neni problematika tepelnych G¢inki zkratového proudu pro malé
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AM rozpracovana, rozhodl jsem se ji fesit ve své dizertacni praci. Nejdiive jsem
se zacal zabyvat otazkou, pro¢ v dostupné literatufe nejsou popsina teoreticka
ani prakticka fegeni problému. Odpovédi mi byla otazka. Z jakého divodu dia-
gnostikovat maly AM? Jeho cena je zpravidla zanedbatelna vidi zafizeni, které
pohani. Nevyplati se vynakladat Gsili a zjistovat jeho aktudlni technicky stav.
To je pravdépodobne odpoved na mnou poloZenou otazku ohledné diagnos-
tiky" pro AM napajené FM.

To je vsak jen jeden pohled na predklidanou problematiku, ktery zva-
zuje pouze vlastni cenm AM a nebere v Givahu jeho technologickou diilezitost
jako klicového funkéniho celku. V piipadé vypadku klicového funkéniho celku
obecné technologické linky (v nasem pfipadé AM+FM), mize dojit k pod-
statné vétsim ekonomickym ztratam. Tyto ztraty mohou bt v porovnani s ce-
nou motoru mnohonasobné. Takovym procesem miZe byt napt. dopravnik ta-
veniny ve skldrnich, dopravniky v automobilovém primyslu, ovladaci prvky
spaloven aj. V téchto konkrétnich pripadech ma vyznam se diagnostikou ma-
lych asynchronnich motori zabyvat.

Na za¢atku mych tivah jsem se snaZil nalézt soucasné moznosti a metody
diagnostiky el. stroji. Ve vétsiné publikaci jsem se setkal pfevazné s metodami
(vibra¢nimi, akustickymi, ¢astenymi vyboji, anal§za proudovych spekter -
Parkovymi vektory zejména u VN motori ), které lze (vzhledem k jejich
cené) pouzit pouze u velkych motort [1], [6], [L1]. U téchto motori se vétsinou
vyplati vyvinout diagnosticky systém, ktery zjistuje technicky stav online nebo
offline. Dogel jsem proto k zavéru, Ze je nutné navrhnout metodu, kterd nebude
finanéné naro¢na a bude mozné ji pro diagnostiku malych AM napajenych z
FM pouzit.

Cim vice jsem tuto problematiku rozkryval, tim vice mne motivovala. Ne-
chal jsem si udélat patentovou reSersi, ktera potvrdila mé predpoklady. Od
roku 1976 nebyly nalezeny Zadné patenty popisujici metody diagnostikovani
malych AM napéajenych z FM nebo bez ného. To byl pro mne rozhodujici
impulz k fegeni tohoto problému.

AM motor je sestaven z mnoha ¢asti. Ve svych publikacich [40], [41] jsem
oznadil jako klicovy celek statorové vinuti a jeho izola¢ni systém. Tento pred-
poklad je potvrzen i z ndaji firmy SIEMENS ELEKTROMOTORY, spol. s 1.
0., se kterou jsem navazal Gzkon spolupraci.

Po ziskdni relevantnich podkladi piimo z vyroby, které potvrdily moje
piedpoklady, jsem se rozhodl, Ze spravnym smeérem diagnostiky bude pravé
statorové vinuti a jeho izoladni soustava. Tento zavér lze podepiit teorii Pare-
tovy analyzy vad. Tato analyza je pouZita v praci [12] a iika, Ze pii odstranéni
20 % pfiicin dosdhneme snizeni chybovosti o 80 %. To je statisticky velmi vy-
znamné ¢islo s ohledem na fakta ziskand od vyrobce.

Z toho plyne, Ze sledovanim technického stavu statorového vinuti (20 %
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1.1 Soucasny stav problematiky

piidin) je moZné odstranit 80 % funkéné dilezitych problémi, kvili kterym
dochézi k porucham malych AM.

1.1 Soudasny stav problematiky

Problematika diagnostiky malych asynchronnich motori je v dostupné li-
teratufe nedostateéné rozpracovana. Z patentové reserse vyplynulo, Ze neexis-
tuje zadné praktické feSeni. Pro reSersi byly pouzity databiaze ESPACE EP,
ESPACE WO a ESPACE ACCESS, které eviduji véechny patenty od roku
1976. V soucasné dohé se védecka vefejnost vénuje prevaZné diagnostice vel-
kych el. stroji. Publikace v tomto oboru jsou velmi podrobné a popisuji i
konkrétni technické feSeni. Pro presné zmapovani souc¢asného stavu byly pro-
studovany odborné publikace z ¢lanki periodik, odbornych konferend a tzce
zamétenych monografii.

Jednon z moznosti jak diagnostikovat vady AM je meéfeni proudovich spek-
ter. V posledni dobé se tato metoda rozgifila do celého svéta. Hardwarové a
softwarové prostfedky jsou neodmyslitelnou soudasti Spickov{ch analyzator.
Anal¢zou proudovych spekter je moZné odhalit zlomené nebo prerusené roto-
rové tyce, statickou a dynamickou excentricitu, poruchy v magnetickych ob-
vodech, zkratované plechy statorového svazku, zkratované statorové vinuti aj.
Uceleny prehled moznosti analyzy proudov{ch spekter malych AM je rozpraco-
van v [3]. Tato monografie se vénuje diagnostice malych AM napédjenych z dis-
tribuéni el. sité (harmonick§m napétim). Pomérné piesné a vystizné popisuje,
jak se jednotlivé vady (rotorové i statorové) projevuji ve frekvenénim spektru
napajecich proudid. Tato prace ovéfila, Ze je mozné aplikovat stejné algoritmy
a teorie pro diagnostiku malych 1 velkych AM. Bohuzel neni zohlednéno sa-
motné technické feeni, které by umoznilo piimé nasazeni v primyslu {(eko-
nomické i technické divody). Déle nefesi problém soucasnych pohonid s AM,
které jsou ve vétginé piipadd napajeny z FM. Metodou analyzy frekvenénich
spekter se zabyva mnoho dalsich autort napt. prace [5], [7], [1] a [4].

Dalsi velice rozéifenou metodou je méfeni ¢dsteénych viboji (CV). Jiz od
roku 1951 je mozné on-line mé&feni CV pro zjisfovani izolaénich vad statorového
vinuti v generatorech a turbogeneratorech [8)]. Tato metodika prosla od svého
vzniku velkym v{vojem diky rozvoji vypodetni techniky, databazovych sys-
témi, aplikaci neuronovych siti aj. V monografii [11] jsou prehledné zpracovany
soucasné moznosti metodiky ¢astednych vybojil, které se s velkou spolehlivosti
vyuzivaji pro zjistovani stavu izola¢niho systému statorového vinuti. Vysledky
mefeni jsou ve vétsing piipadi zpracovavany expertnimi systémy, které s velkou
pravdépodobnosti urél mezi jakymi ¢astini stroje dochazi k vybojové ¢innosti.
Zakladni sestava komerénich mefiet CV stoji cea 1-1,5 mil. Ké. Virobei téchto
expertnich systémi jsou Bidle, Tettex aj. Ve spojeni s akustickou sondou je
mozné poskozend mista izolacniho systému piesné lokalizovat. Tato metoda
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se pouziva zejména u stroji na VN (napf. 6,3 kV). Vzhledem k modernim
napéjecim jednotkdm jako jsou FM se mohou objevovat C'V i v motorech na-
pajenych napétim, jejichz efektivni hodnota odpovida napéti v rozvodné siti
(230 V). Casy spinacich prvki se zkracujf a dochézi k rychlym zménam sméru
proudu v civkach. Tim se indukuji na statorovych civkach velka napéti. Tuto
problematiku popisuje prace [L0]. Pii vhodné konstrukei FM, volbé pEipojo-
vactho kabelu a pfedfazeni filtru lze tyto napétové gpicky snizit na bezpecnou
mez.

Vibrace a hluk (akustické pole) pfedstavuji dalsi zdroj informaci o stavu
sledovaného sytému (v tomto pifpadé AM). Hluk a vibrace spolu tizce souvist,
proto jsou zde uvedeny jako spoleéni metoda, kterou je mozné pouZit pfevazné
u velkych elektrickych stroji.

Pro zjisfovani vad u malych AM neni ale tato metoda vhodna. Divodem je
maly odstup okolntho primyslového hluku (vibraci), od hluku (vibraci) malého
stroje, pii zkratu nékolika malo zavitd. Pokud dojde ke zkratu velkého poctu
zavitll (N, > 3-n ) tak, aby byly projevy vibraci méfitelné, je statorové vinuti
vystaveno velkému zkratovému proudu. Tento proud svymi tepelnymi t¢inky
znid izola¢ni material. Je to jeden z mnoha piipadd zkratu, ktery zpiisobi velmi
rychlou tepelnou destrukei statorového vinuti. Zaroven je nutné si uvédomit,
ze helze jednoduge mefit mechanické projevy pouze jedné ¢asti stroje. Hluk a
vibrace jsou projevem vice funkénich celki dohromady (pfevodovka, rdm aj.).

Pokud cheeme méfit vibrace piimo na motoru, musime pouzit velice presna
¢idla zrychleni. Jejich cena se pohybuje fAdove okolo 40 000 K&, Cena jednotky
pro vyhodnoceni vibraénich spekter je cca 1 mil. Ké Z téchto divodi je tato
metoda pro malé motory nepouzitelni.

Velka pozornost je vénovana starnuti pouzivanych izola¢nich materialt pii
vyrobé statorového vinuti. Prvni snahy o jednoduché modely zapocal Mont-
singer (r. 1930). Systematicky vysetfoval dobu Zivota papirové izolace vodice
v olejovych transformétorech. Byl to konkrétné zaméfeny model, ktery ne-
bylo mozné zobecnit. Pozdéjsi prace jinych autort vedly k obecnéjgimu popisu
starnuti izola¢nich materiala [22].

Existuje mnoho laboratornich metod jak urcit elektrické vlastnosti izolad-
nich materialfi (odpor, priirazné napéti, ztratovy ¢initel tan d, permitivita aj.)
Tyto metody jsou vhodné zejména pro vytvoreni modelu samotného materi-
alu. Vlastnosti izola¢nich materidlfi zavisi na mnoha faktorech (teplo, vlhkost,
ionizacn{ zakeni, pulzni namahani, mechanické namahani aj.). Z toho vyplyva,
ze vytvofeni komplexniho modelu neni jednoduché.

Vizdy se musi zvolit jeden ze sledovanych faktorf, ktery je pro dané pouziti
nejdilezitéjsi. Napt. v bézné pouzivanych motorech je to teplota, kterad zpi-
sobuje nevratné zmény a zhorguje elektrické parametry izoladnich materiali.
U motort napajenych FM je nutné sledovat i pulzni namahani, které se vy-
znamnou meérou podili na starnuti materialu. Problematika pulzniho namahani
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1.2 Cile dizerta¢ni prace

je dobfe popséana a zdokumentovéna s praktickymi vysledky v [9].

Timto byl uveden piehled nejznidméjsich pilstupi technické diagnostiky
v oblasti el. pohonii. Existujf i dals$i specializované metody pro jiné éasti AM
(diagnostika loZisek, nevyvazené rotory, unikajici proudy aj.), které zde vzhle-
dem k rozsahu této prace nebudou popisovany.

1.2 Cile dizerta¢ni prace

Predkladana dizerta¢ni prace vychézi z konkrétnich pozadavkid technické
praxe. Jedni se o problémy spojené s provozem a spolehlivosti asynchronniho
motoru napajeného z FM. Tyto pohony se v dnesni dobé prosazuji ve vsech
primyslovych oborech. S rozvojem automatizace vyroby v minulych letech
nachazeji uplatnéni v mnoha aplikacich. AM ve spojeni s FM nahradily pohony
se stejnosmérnymi motory a nefizené pohony s AM.

Dizerta¢ni prace se zaméfuje hlavné na statorové vady, které jsou z hlediska
Zivotnosti motoru povazovany za kritické. Zkrat ve statorovém vinuti je jednou
z nejlastéjsich zdvad u malych AM, proto je nutné podrobit jeho G¢inky na
cely systém podrobné analyze. Je tieba urcit jak vznikd, jaké parametry jej
ovliviiuji a jak jej spolehlivé detekovat.

Matematické modelovani realngch systémi urychluje analyzu Fegenych pro-
blém a hledani spravného praktického feSeni. Bude sestaven matematicky
model jako nastroj pro analyzu zkratového proudu, ktery bude pfizptisoben
k reseni zkoumané problematiky. Dale bude proveden navrh experimentalniho
motoru, na kterém bude mozné simulovat. rizné statorové zkraty. K motoru se
realizuje mefici soustava, kterd bude shirat a vyhodnocovat méfend data.

Ziskané vysledky budou porovnany s experimentalnim meéfenim. Z vysledki
by mél vzejit navrh nové metody pro diagnostiku malych AM, ktery by mél
vyplnit dosud neprozkoumanou mezeru védecké vefejnosti v oblasti technické
diagnostiky pohont.

1.3 Clenéni prace

Préace je rozdélena do dvou hlavnich ¢asti. Prvni ¢ast se vénuje teoretickému
rozboru vzniku zkratu a tepelnym G¢inkim zkratového proudu — kapitola 2 az
4. Druhd ¢ast je vénovina praktickému feSeni: sestaveni pracovisté, meéfeni
a vyhodnoceni v{sledki — kapitola 5 az 7.

V uvodu price je provedena analyza problému a popis soucasného stavu
problematiky. Regeni vlastni prace zadina kapitolou 2, kde je uveden ptehled
izolac¢nich materialll, které se v soudasné dobé pouzivaji v izolacnich systémech
malych AM. Kapitola popisuje vliv teploty na jejich mechanické vlastnosti.
Vgechny pouZivané materidly jsou podrobeny tepelnému pietizeni. Na konel je
shrnuti, jak se jednotlivé materidly zmeénily po tepelném pietizeni.
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Teoreticka kapitola 3 popisuje moznosti modelovani starnuti izolac¢nich ma-
teridl{l. Zabyva se zejména jednoduchym zatiZenim. Jednoduché zatiZeni se
tyka jen jednoho zatézného faktoru (napi. teploty).

Kapitola 4 podrobné popisuje rfizné konfigurace zkrath, které mohou za
bézného provozu malého AM vzniknout. Je proveden podrobny teoreticky roz-
bor zkratového proudu. Déle jsou vyhodnoceny vysledky vypodtené z navize-
nych modeld.

Prvni kapitolou tykajici se experimentalni ¢asti této prace je kapitola 5.
V této kapitole je podrobné popséno experimentéalni pracovisté, na kterém
byly provedeny vsechny uvedené experimenty.

Kapitola 7 se vénuje analyze a zpracovani vysledki, které hyly ziskany pii
méfeni teplotniho pole EM.

V zavéru této prace jsou v kapitole 9 uvedeny nejdiilezitéjsi zavéry a piinosy
této dizertacni prace. Také jsou zminény smeéry vyzkumu v této oblasti do
budoucna.
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2 Vznik zkratu

V této kapitole se kratee zamyslime nad piicinami vznikajicich zkrati a na
zaver definujeme idealni izolaéni material.

Prozkoumarme-li makroskopické vlastnosti jednotlivych izola¢nich materi-
ali, pouZivanych v AM, dospéjeme k zavéru, ze vznik zkratu je témét nemoznyg
s ohledem na provozni podminky malych AM, zejména nizké provozni napéti.
Naproti tomu je z praxe znamé, ze ke zkratu ve statorovém vinuti dochézi
i za béznych provoznich podminek. Je to dano tim, Ze materiily pouzivané pii
v{robé nejsou idealni a hezchybné. To znamend, Ze nezdleZi pouze na makro-
skopickych vlastnostech materidlu, ale i na vlastnostech mikroskopickych. Vady
nebo rizikové faktory, které mohou byt piidinou zkratu mohou byt vady materi-
alové, vady vyrobni, pisobeni okolniho prosttedi, pisobeni el. napéti (zejména
prepéti).

2.1 Materialové vady

Neexistuje homogenni a celistv{ materidl. Vidy se v ném vyskytuji urcité
nedistoty nebo prazdna mista, kterd lokdlné méni vlastnosti izola¢nich mate-
ridla. Tyto nehomogenity mohou mit pro tenkou vrstvu izolaéniho materialu
destruktivni nasledky. Piimési mohou zvysovat vodivost. VolnA mista (plynové
kapsy) zmensuji elektrickou pevnost. V téchto mistech dochazi k takzvanym
dastednym vybojim, které vyznamné piispivaji k destrukei izoladniho mate-
ridlu. Jsou-li v materidlu takova mista, zcela jisté diive nebo pozdéji dojde
vlivem vnéjsiho plisobeni k jejich zni¢end.

2.2 Vyrobni vady

Lidsky faktor vzniku zkratu pfedstavuje neodbornd manipulace pti vyrobe
a adrzbé motoru {lokalni poskozeni). Miize dojit k poskrabani laku na vodiéi
statorového vinuti (velmi hrubou silou), vynechani nebo protrzeni drazkové
izolace a prolozky mezifazové izolace. V soudinnosti mnoha pracovnich tkoni,
které se pii vyrobé motoru délaji, mize k takovym situacim dojit. P vystupni
kontrole, kdy jsou méfeny pouze zakladni jmenovité hodnoty motoru, neni
mozné tyto vady efektivné odhalovat. Ty jsou vétsinou ke smile zékaznika
odhaleny aZ po uvedeni do provozu.

2.3 Vady zpusobené okolnim prostiedim

Okolni prostiedi ovliviluje zejména rychlost starnuti polymeri, ze kterych
jsou nejéastéji vyrobeny izoladni materidly. Jedna se o vlhkost, radia¢ni zafeni,
pasobeni chemickych latek, teplo aj. Modelovani a ovéfovani téchto vlivi je
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2 VIZINIK ZKRATU

nesnadné. Jedna se mnohdy o mravendi praci, kterou neni jednotlivec scho-
pen zajistit. Této problematice se vénuje mnoho pracovist se svymi tymy po
celém svété, Existuje nékolik riznych pristupd a experiment k modelovani
vlivli prostiedi na vlastnosti izolacniho materidlu. Podrobnéji jsou popsany
v kapitole 3.

2.4 Mechanické vlastnosti izoladnich materiali

Mechanické vlastnosti izola¢nich materialii jsou také velmi dilezitym hle-
diskem pii jeho vybéru. Idealnl materidl by mél byt odolny proti odéru, proti
mechanickému namahani (tah, tlak, krut a ohyb) a proti tepelnému naméhAani.
Mel by byt dobfe tvarny, aby jej bylo mozné vytvarovat do pozadovaného
tvaru. Viechny tyto vlastnosti by mél mit izolacni materidl pfi zachovéani uve-
denych vlastnosti v odstavci 2.5. Tyto poZadavky zcela jisté spliuje vakuum.
V praxi je izola¢ni systém z vakua statorového vinuti AM nemoZny. Proto
musime pouZivat jiné materialy, které se svymi vlastnostmi bliZi k idealnimu
izola¢nimu materialu.

V dalgi ¢asti této kapitoly se zaméfime na vliv zvygené pracovid teploty
jednotlivich ¢asti izoladni soustavy statorového vinuti. Teplota mé nejvyraz-
né&jsi podil na destrukei izola¢niho materidlu, jak je uvedeno v praci [L7], ve
stovnani s ostatnimi vlivy uvedenymi v odstavei 2.3, Se zménou mechanickich
vlastnosti se méni i elektrické vlastnosti izola¢nich materiali.

Jednoduchymi pokusy byly ovéfeny nebo vyvriaceny piedstavy autora o
mechanickych vlastnostech izola¢nich materiali. Pfi prvnim pohledu na jed-
notlivé materidly je jejich zranitelnost naprosto nezietelna. Jejich odolnost pii
ohybu a odéru je velika. To plati pouze za ptedpokladu, Ze je izolaéni material
provozovan v teplotnim rozsahu, ktery uvadi vyrobee. K témto pokustim bylo
nutné sehnat véechny v soucasné dobé pouzivané materidly. To se podafilo
diky nizké spolupraci s vyrobcem motori .

Pokud dojde k tepelnému pretizeni, tieba jen o 12°C, vyrazné se zméni me-
chanické vlastnosti izola¢niho materidlu. Zmeéna vlastnosti se projevi pomérné
po kratkém ¢ase. V nasledujicich odstavcich jsou vsechny materialy, které se
pouZivaji v izola¢nim systému malych AM, podrobeny tepelnému pretiZeni.

Nize uvedené pokusy nebyly provedeny dle pifslusnych norem, protoze se
jedna pouze o uceleni autorova nazoru vzhledem k mechanickym vlastnostem
izola¢niho materialu po tepelném zatizeni. Véechny pokusy pfedpokladaji, ze
v motoru jiz zkrat vznikl (neni podstatny zptisob vzniku) a zkratovy proud
zahfiva cel{ izoladni systém svymi tepelnymi udinky.

2.4.1 Lak na vodiéich — smalt

K pokusu byl pouzit lak s teplotni téidou F-H (155/180°C). Vzorek tohoto
laku byl ziskan na zdkladé spoluprice se spolefnosti SIEMENS ELEKTRO-
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2.4 Mechanické vlastnosti izolac¢nich materiilu

ohyb po tepelném

zatizeni - drat

Obrazek 2.1: Testovani pruznosti laku na vodice — 1. vytvrzeny lak na
podkladnim plechu, 2. destrukce laku pfimo na vodici, 3. zni¢ené vrstva laku
po ohybu

MOTORY, spol. s r. o., zivod Mohelnice od spole¢nosti ALTANA Electrical
Insulation. Oznaceni laku je PAT WIRE ENAMEL 1720/38 SCH. V technické
dokumentaci nebyl uvedeny postup pro vytvrzeni laku. Proto byl pouzit na-
sledujici postup. Na meédeény plech o tloustee 0,5 mm byla smocenim nanesena
vrstva laku, ktera méla tloustku cca 30 pm. Po vytvrzeni v tepelné komore pfi
140 °C a nésledném vychladnuti byl proveden pokus ohybem kolmo k podélné
ose plechu.Lak je po vytvrzeni velice hladky, aby mél maly koeficient tfeni pro
rychlo-navijeni. Neni mozné jej lehce poskrabat.

Pruznost ziskaného laku byla ovéfena pii pokusu ,,ohybem®. Lak kopiroval
tvar plechu i pfi nékolikandsobném ohybu. Ohybani bylo opakovano do prask-
nuti plechu. Lak ziistal celistvy i po tomto ,destruktivnim® pokusu. Z toho je
vidét, jak je lak na vodic¢ich odolny vii¢i mechanickému zachézeni.

Pokus byl zopakovan pro odlisné pracovni podminky laku. Vyroba tenké
vrstvy laku byla zopakovana stejné jako v predchozim piipadé. Po standard-
nim vytvrzeni byl vzorek opét vloZzen do tepelné komory a pretiZen teplotou
200°C po dobu 2 h. Po vyjmuti a vychladnuti byl pokus ohybem zopakovéan.
Jiz pfi prvnim pokusu doglo k prasknut{ laku. Cést prasklého laku se vylomila.
Na jejim misté zistala ¢ista vodiva plocha médéného plechu. Z pokusu je pa-
trné, ze malé zvyseni teploty nad provozni teplotu laku, ma vyrazny dopad na
mechanické vlastnosti materialu.

Dale bylo zkoumano chovani izolacniho laku pfimo na vodic¢ich. Byl vy-
tvofen mechanicky model, ktery predstavoval dva zavity statorového vinuti.
Meédéné vodice izolované smaltem byly stazeny stahovacim paskem z PA. Vo-
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2 VZNIK ZKRATU

1.

Obrazek 2.2: Zména struktury izola¢niho materialu vlivem tepelného
pusobeni v uspotradani drat — drat — 1. vzorek, 2. po tepelném zatiZeni,
3. vyboj v poskozeném misté pii napéti 500 V

dice byly smoceny do impregnacniho laku a poté byl lak vytvrzen. Realizace
je zobrazena na obrazku 2.2. Vodice byly tepelné zatiZzeny pii 200°C po dobu
1

Smalt na vodi¢ich vyrazné ztmavl, tim se zménily jeho mechanické i elek-
trické vlastnosti. Impregnacni lak zkfehl a vydrolil se z mist, kde byla vétsi
mezera mezi vodi¢i. Fixac¢ni stahovaci paska popraskala a v mistech styku
s vodicem strhla smalt, jak ukazuje obrazek 2.2.

Strhnuti smaltu je zptisobeno rozdilnou teplotni roztaznosti obou materi-
alt. To znamend, ze pouzivana bandaz ¢el vinuti vytrhava smalt z dratu. To
vytvaii lokalné odizolované misto, ve kterém vznikd vyboj a pozdéji zkrat.
Takova mista na motoru ukazuje obrazek 2.3. Vodivé spojeni vznika teplotnim
plsobenim na izolac¢ni material. Vznika ,uhlikovy most®, ktery vede zkratovy
proud. Uhlik je obsaZzen v benzenovych molekuldch, které tvoii izola¢ni mate-
rial (viz obrazek 3.1).

2.4.2 Impregnac¢ni lak

Impregnacni lak, ktery byl k dispozici, odpovidal také teplotni tfidée F-H
(155/180°C). Tento vzorek dodala slovenska firma VUKI a.s. Jedna se o jed-
noslozkovy impregnant NH91 TP: VUKI-0207197. Lak se vytvrzuje pfi teploté
140° po dobu 2 h. Vzorek pro testovani byl pfipraven na médény podkladni
plech stejnym postupem jako v kapitole 2.4.1.

Impregnacni lak neni zdaleka tak odolny proti mechanickému pogkrabani
v porovnani s izola¢nim lakem, ktery je nanesen na médénych dratech. Opét
byl proveden pokus ,ohybem®. Podminky, pfi kterych dochéazelo k vytvrzeni
a poté k tepelnému zatizeni, jsou shodné jako v odstavci 2.4.1.

Impregnacni lak po tepelném zatiZzeni zménil svoji pruznost stejné jako lak
na vodice, . Po mirném prohnuti nosného plechu doglo k okamzitému prasknuti
(obréazek 2.4 ¢st 3). Uhel prohnuti byl cca 20°. To je v porovnani s cca 70°
pro lak na vodice podstatny rozdil. Z toho vyplyva, Ze impregnacni lak ma po
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Obrazek 2.4: Testovani pruznosti impregnac¢niho laku — 1. vytvrzeny lak na
podkladnim plechu, 2. praskéani laku, 3. znicend vrstva laku po ohybu
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2 VZNIK ZKRATU

Obrazek 2.5: Zména mechanickych vlastnosti drazkové izolace vlivem

tepelného plisobeni — 1. bez tepelného zatiZeni, 2. tepelné zatizeni 1 h,
3. tepelné zatiZeni 2 h, 4. ohyb a lom

tepelném zatizeni vyrazné hor$i mechanické vlastnosti. V mistech, kde byl lak
nanesen ve vétsi vrstve, doslo k popraskani jiz pfi samotném tepelném namé-
hani bez jakéhokoliv ohybu (obrizek 2.4 ¢ast 2). Lak na vodice bez ptisobeni
ohybu nepopraskal ani v mistech, kde byl nanesen ve vétsi vrstvé.

2.4.3 Drazkova izolace

Dréazkova izolace je kompozitni materidl. Sklada se ze dvou vrstev. Nékdy
byva i tifvrstvad. Nosna vrstva je z PET, kterd je z jedné, resp. obou stran,
opatiend aramidovym! papirem P-PAa. I tento izola¢ni material se vyrabi
v kombinaci teplotni t¥idy F-H (155/180°C). Pouzité vzorky materialu jsou
od italské firmy Polifibra s.p.a.

Dréazkova izolace se prfi vyrobé motort tepelné neupravuje. V pfipadé na-
vlhnuti se doporucuje vysusit po dobu 30 min pii teploté 150 °C. Jedina techno-
logicka tiprava pii pouziti ve vjrobé je nastithani a naohybani do pozadovanych
rozmeéri a tvart statorové drazky.

Stejné tak jako v predchozich piipadech byla drazkova izolace podrobena
tepelnému zatiZzeni. Vzorky byly tepelné namahany po dobu 1 h a 2 h pii tep-
lote 200°C. Po tepelném zatizeni byl proveden ohyb. Vysledky pokusu uka-
zuje obrazek 2.5. Cast 1 zobrazuje drazkovou izolaci v ptivodnim neporugeném
stavu. Cést 2 ukazuje deformace a zménu struktury po 1 h tepelného zatizeni.
Po dvou hodinach tepelného zatizeni se vzorek vice zdeformoval a zatmavila
se vrstva PET (¢ast 3).

IAramid je pevny Zdruvzdorny synteticky material, ktery v roce 1961 vyvinula Ameri-
¢anka Stephanie Kwolek. Pouziva se v leteckém priimyslu a v armadé na virobu nepriistiel-
nych vest a jako nahrazka azbestu.
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2.4 Mechanické vlastnosti izolac¢nich materiilu

Obrazek 2.6: Zména mechanickych vlastnosti mezifazové izolace vlivem
tepelného piisobeni — 1. bez tepelného zatiZeni, 2. tepelné zatizeni 1 h,
3. tepelné zatiZeni 2 h, 4. ohyb a lom

Pii pokusu ohybem po 1 h vzorek odolaval ohybiim ve vSech smérech. Po
2 h zatiZeni material zkiehl natolik, Ze pii podélném ohybu praskl, jak je vidét
v ¢asti 4 na obrazku 2.5. Vzhledem k tomu, Ze je drazkové izolace v drazce
podélné ohnuta, hrozi pfi tepelném pietizeni velkd pravdépodobnost zkratu
statorového vinuti na kostru motoru.

2.4.4 Mezifazova izolace

Merzifdzové izolace je kompozitni material stejné tak jako drazkova izolace.
Rozdil je v poctu vrstev a v pouZitém krycim materidlu. Mezifazova izolace se
sklada ze t¥i vrstev. Jeji znaceni je PES-VVL. Tii vrstvy jsou tvofeny materialy
PES-PET-PES. Zakladni materidl PET je tedy stejny jako u drazkové izolace.
PES je polyesterova rohoz, kterd chrani vrstvu PET pfed pogkrabanim.

Vrstva PES je méné kvalitni ne? aramidova vrstva. Jednim z divodil je
mensi tepelné namahani, které je na celech statorového vinuti. Daldi divody
jsou ziejme ekonomické. Izolacni vlastnosti tohoto kompozitu jsou pro izolaci
dvou fazi v sou¢innosti s impregnac¢nim lakem za normalnich provoznich pod-
minek dostacujici a vyhovujici.

Pii tepelném pietiZzeni se objevily podobné tG¢inky jako v pfipadé drazkové
izolace. Vzhledem k tomu, Ze je pouzita jina kryci vrstva, vykazuje zakladni
materidl jiné mechanické vlastnosti. Vysledek mtizeme vidét na obrazku 2.6.

Hlavni a na prvni pohled viditelny rozdil je ve zméné rozmérti mezifazové
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izolace, ktery je patrny z obrazku 2.6 ¢ast 3. Doslo k pomérné vyraznému smrs-
téni. MoZnou pfi¢inou miZe byt odlisnost obou PET vrstev nebo rozdilnymi
vlastnostmi aramidové vrstvy a PES vrstvy pii tepelném namahani. Aramid
je material s velkou tepelnou odolnosti. To znamena, ze pomaha zachovat tvar
i velikost vrstvée PET. Na druhou stranu polyesterova rohoz ma malou tepel-
nou odolnost cokolo 170-190°C. Z toho vyplyva, ze vrstva PET nemd zadnou
podporu, kterd by branila zméné tvaru a velikosti.

P#i pokusu ohybem se material opét zlomil stejné jako v piipadé drazkové
izolace.

2.4.5 Shrnuti ziskanych zAvéri pfi tepelném namdahani

Z provedenych pokusti je patrné, ze viechny izola¢ni materialy pouzivané
pro izolaci statorového vinuti po tepelném pretizeni vyrazné meéni své mecha-
nické vlastnosti. Zmeéna mechanickych vlastnosti je piidinou zmeény elektro—
izolac¢nich vlastnosti pouzivanych materiali. Stav tepelného pretizeni nastava
az v okamziku vzniku prvniho zkratu ve statorovém vinuti. Za normdalnich
provozinich podminek doporucenych vyrobeem k tepelnému pretéZovani nedo-
chazi. V pripadé, ze dojde k tepelnému pretizeni bez poruchy motoru, jednd
se 0 chybu v navrhu pohonu.

Pii porovnani mechanickych vlastnosti izola¢nich materialii po tepelném
zatizeni v AM se ukazuje, Ze nejméné odolny je impregnacni lak, ktery rychle
kiehne a v mistech s vétsi vrstvou se ,,vydroli“. Jeho zniceni tepelnym preti-
zenim nemd velky vliv na izolaéni systém statoru. Nasledky zniceni jsou spige
mechanické. Dojde k rozvolnéni zavit statorového vinuti, na které piisobi sily
vyvolané prochizejicim proudem. Tyto sily jsou ziejmé piidinou nasledného
pogkrabani laku na vodi¢ich, které miZe po urcitém ¢ase vyustit ve zkrat.

Lak na vodi¢ich ma ve srovnani s impregna¢nim lakem dobré mechanické
vlastnosti, ale i jeho Zivotnost je vyrazné ovlivnéna tepelnym pilisobenim. Po
tepelném zatizeni lak kiehne, ale nedroli se, a zlistava na dratu statorového
vinuti. Tim je schopen po urcitou dobu zajistit izola¢ni stav. Pozdéji dojde
k elektrickému prirazu vlivem vybojové ¢innosti.

Drazkova izolace je velmi dileZita pil ochrané statorového vinuti vidi ple-
chium statorového vinuti. Chrani lak na vodi¢ich proti poskriabani o hrany
plechil, hlavné pak na vystupu z draZky. Po tepelném pretiZeni vrstva PET
zméni barvu a deformuje se. Aramidova vrstva zlistava teplem nedotéend, pro-
toZe teplota degradace tohoto polymeru je okolo 500 °C. Tato vrstva se pouze
tvarové piizpisobi vrstvé z PET. Pfi pokusu ohybem doslo k podélnému prask-
nuti PET vrstvy. Aramidova vrstva zlistala neposkozena. To znamena, ze dojde
k poruseni izolac¢nich vlastnosti drazkové izolace. Aramidova vrstva zajistuje
pouze ochranu proti odéru.

Mezifazova izolace je velmi podobnd drazkové izolaci. Jsou na ni kladeny
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mengi naroky z hlediska tepelného zatiZeni, proto je povrchova vrstva vyro-
bena z PES. Materidl PES ma mensi tepelnou odolnost nez aramid. To je
piicina velkych rozmérovych deformaci. P této deformaci mize dojit ke sta-
zeni (zmensen) izolované plochy v mezifazovém prostoru. To znameni, Ze se
k sobé piiblizi draty riznych fazi.

Tato kapitola naznadila, co se déje s izolacnim systémern a jednotlivymi izo-
la¢nimi materidly pii tepelném pretiZeni. Otazkou zistava, jak vlastné vznika
prvni zkrat, ktery je pfi¢inou tepelného pietéZovani. Tuto otédzku se autor ne-
snazi zodpovedét. Nalézt odpovéd neni diky sirokému spektru moznosti snadné.
Autor vychazi z praxe, kterd jasné ukazuje, ze zkraty vznikaji a jejich nasledné
tepelné pietiZzeni déle rozdifuje zkrat. Ten postupné vyvolava vétsi zkratovy
proud a tim i vice tepla. Nasledné se zniéi hlavni ¢4sti izolacniho systému
statoru.

Pro zodpovézeni otazky vzniku prviniho zkratu zbyvaji ostatnd vlivy, které
byly uvedeny v Gvodu této kapitoly. Vznik takového zkratu je pozvolny a za-
visi na mnoha faktorech a velmi $patné se zjisfuje. Jednou z hlavnich pfi¢in
vzniku prvotniho zkratu jsou v dnesni dobé prepéti, ktera mohou byt kromé ji-
ného vyvolana frekvenénimi méniéi. Prepéti a napéfové pulzy nékolikanasobné
zrychluji starnuti izolacnich materiali [9].

2.5 Elektrické vlastnosti izola¢nich materialu

Z hlediska elektrickych vlastnosti by meél byt idedlni izola¢ni material po-
uZivany pro izoladni systémy statorovych vinuti zcela nevodivy, mél by mit
nekonecnou elektrickou pevnost, permitivitu rovnu permitivité vakua g9 =
8,854 - 10712F/m a nulovy ztratovy thel tand. V praxi md kaZdy material
volné elektrony, které se mohou podilet na vedeni elektrického proudu.

Mnozstvi elektroni v jednotce objemn rozdeluje materily na vodice a izo-
lanty. Pocet volnych elektront je v piipadé izolacnich materiadli tak maly, ze
neovlivni funkci vlastniho zafizeni.

Elektrickd pevnost udava velikost maximalniho napéti, které je izolacni
materidl schopen od sebe oddélovat (spolehlivé izolovat). Napiiklad pro draz-
kovou izolaci u malych AM U, = 9kV. Tento udaj vyrobei stanovuji podle
normy IEC 60243, ve které jsou popsany podminky méfeni. Hodnota Ep je
pfi méfeni prepoditand na tloustku izolantu podle vztahu 2.1 pro elektrickou
intenzitu.

U,

B, == (2.1)

Relativni perimitivita vSech materidld je vétsl nez 1. Udava, kolikrat se
zvetdi elektrickd indukee v urditém materialu proti elektrické indukei ve vakuu,
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nezméni-li se intenzita pole Ey. To vyjadfuje vatah 2.2.

D =¢yc. F (2.2)

Cim je vé&tdl ¢, tim roste schopnost materialu udr¥et elektricky naboj. To
znamena, Ze roste i kapacita izola¢niho systému, ktera je v piipadé statorového
vinuti parazitni vlastnosti. Pfi kazdé zméné napéti dochézi k vybiti a nabiti,
této kapacity. Susceptibilita pro stiidavé napéti je Gmérna permitivité B, ~ &,
podle rovnice 2.3.

27 fepe, S
Bczrf—;
{

Shrneme-li vyse uvedené vlastnosti materialu, dospéjeme k zavéru, Ze nej-
vhodnéjsim izola¢nim ,materidlem” je idedlni vakuum. Nema Zadné volné no-
sice elektrického nédhoje, ma nekone¢nou elektrickou pevnost a kapacitu amér-
nou &g.

(2.3)
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3 Izolaéni materialy v malych asynchronnich
motorech

V dnegni dobé se pro izolaéni materialy malgch (levnych) AM pouZivaji pie-
vazné organické materidly. Pro malé motory se pouziva zejména PET (polyety-
len-tereftalat), ktery svymi vlastnostmi spliiuje poZadované normy a zéroven
je cenové velmi zajimavy. Dalsi moderni polymer, kter{ je moZno vyuzit pro
vyrobu izolatori a izolantd je PEN (polyetylen-naftalen). Uzitné vlastnosti
tohoto materialu jsou lepsi neZ u materidlu PET. Vzhledem k jeho cené se vy-
uZiva v naro¢néjsich aplikacich, kde neni vyrobce limitovan cenou koneéného
vyrobku. Vyse zminéné polymery jsou velmi vhodné pro izolacéni systémy, pro-
toze jsou chemicky stabilni, maji dobré mechanické vlastnosti a velkou tepelnou
odolnost oproti ostatnim polyesterim.

Materidl PET je vyrabény v riznych stupnich krystalové struktury. Stan-
dardné se pomer krystalické ¢asti viad amorfni éasti pohybuje mezi 30 — 35 %.
Cim je tento pomeér vétdl, tim jsou lepsi elektrické vlastnosti izola¢niho mate-
ridlu. Hlavné se zvysuje jejich izola¢ni odpor, jak uvadi [18]. Je to zpisobeno
tim, Ze volné elektrony na krajich makromolekul jsou vazany do krystalické
struktury polymeru. Elektrony potfebuji vice aktiva¢ni energie, aby se mohly
podilet na vedeni elektrického proudu. Proto se mohou jen tézko podilet na
vedeni elektrického proudu v izola¢nim materialu.

i@@_

Obrazek 3.1: Zakladni molekula tereftaldtu podle [19]

Tato prace je zameéfena na standardni AM malého vikonu, které jsou vy-
rabény v teplotn{ téidé F (150 °C). Na izolaci béhem provozu motoru piisobi
rizné vlivy jako je teplota, vlhko, svétlo, ionizaéni zafeni, chemické produkty,
rychld zména napéti, prochazejici proud aj. Viechny zminéné vlivy se podili
na postupném starnuti izolace. Kazdy z nich jingm zptisobem. Dostupna li-
teratura uvadi, Ze ze v8ech negativnich vlivli ma nejvétsi podil na destrukei
izolantu teplota [17].

Vzhledem ke stafi uvedeného pramene je nutné informaci dédle doplnit.
S masovyin nasazovanim FM v pramyslu se zkouma vliv rychlych napétovych
zinén na izolaéni systém celého motoru. Tato problematika je velni dobfe zpra-
covana v praci [9]. Visledky prace jasné ukazuji, Ze dnesni izola¢ni materily
musi odolavat dalsimu pildavnému faktoru, ktery podstatné zkracuje dobu
zivota celého izola¢niho systému. Pii pulznim namédhani dochazl v priméru
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k desetinasobnérmu zkriceni doby Zivota izola¢niho materidlu.

3.1 Starnuti izoladnich materialt vlivem teploty

Nevratné tyzikilné chemické procesy, které pii starnuti probihaji, jsou pro-
jevem Fady chemickych reakel jako: oxidace, polymerace a polykondenzace,
zesttovani makromolekul, depolymerace a rozklad nékterych slozek materialii.
Tyto reakce probihaji pfi véech teplotach, dokonce i pii teploté pokojové. S ros-
toud] teplotou jejich rychlost vzrista. Piitom pro rychlost starnuti neni rozho-
dujici mnozstvl piivedené tepelné energie, ale vyse teploty, kterd na izolacni
material plisobi.

U Fady materialti se na prvnim misté uplatiiuje pomald oxidace vzdusnym
kyslikem, jejiz a¢inek zévisi na druhu materidlu, na teploté a pristupu kysliku
k izolantu. Oxidace vede jak ke strukturdlnim zménam, tak ke vzniku polarnich
zplodin, které zvysuji elektrickou vodivost a ztratovy ¢initel [17]. U organickych
polymert se oxidaci trhaji makromolekuly, klesd mechanicka pevnost a ¢asto
se zhorsuji elektrické vlastnosti. S rostouci teplotou vzrista rychlost oxidace
téchto polymernich latek.

Pii zkoumani jejich odolnosti proti oxidaci pfi vyssich teplotach proto mlu-
vime o termooxidacéni stabilité. Polymerace, popiipadé polykondenzace, se vy-
skytuje tehdy, jsou-li piitomny volné funkéni skupiny, které pak umozni reakce,
jejichz vy{sledkem je vznik trojrozmeérnych zesifovanych struktur.

Zesitovani makromolekul miiZe nastat i oxidaci. Starnuti byva provazeno
poklesem podilu zmékéovadel v syntetickfch latkach. Nasledkem zesitovani
a vétveni Fetézcll makromolekul vznikaji v organickych latkach strukturalni
zmény. Tim materidl tvrdne, pozdé&ji kiehne, ztraci ohebnost, zhorsuji se jeho
elektrické vlastnosti, roste navlhavost apod.

Depolymerace, kterd je provazena rozpadem fetézcli makromolekul pii zvy-
senych teplotach, se vyskytuje u viech polymert véetné bunidiny, a to i bez
pifstupu kysliku. I kdyz v normalnich podminkach probihd mnohem pomaleji
nez oxidace, stava se vyznacnym ¢initelem pii vyssich teplotach. Kromé téchto
reakel mohou spoluptisobit i daldi jevy podminéné napi. elektrolyzou nebo
hydrolyzou. Miize se uplatiiovat katalyticky vliv pfitomnych kovi aj. S ohle-
dem na tepelné starnuti byl zaveden pojem trvalé tepelné odolnosti izolant
vyjadiené mezni teplotou [17].

3.2 Starnuti izolaénich materiala vlivem pulzniho na-
mahani
[zola¢ni materily jsou pii napajeni motort z FM zatéZzovany pulznim napé-

tim, které je zplisobeno spindnim stiidade FM, pfivodnim kabelem a vlastnim
vinutim motoru (indukénost, kapacita). Vzhledem k rozdilngm impedancim
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napajeciho kabelu a vinuti motoru dochazi k odraziim napétovych pulzi, které
se skladaji. Tyto pulzy negativné ovliviiuji Zivotnost izolace.

Zajimavé srovnani napdjeni motorn harmonickym napétim a napajenim
z FM je publikovano v praci [14]. Vysledky prace jsou uvedeny v tabulee 3.1.

50 Hz AC PWM
U V] | E [kV/mm] | U[V] | E kV/imnm]
taze—tfaze 313 18,4 1200 27
faze—zem 574 13,5 700 16
gavit—zavit | 5,7 1,1 550 110

Tabulka 3.1: Porovnani intenzity el. pole plisobici na izola¢ni systém pii
napajeni harmonickym napétim a pfi napajeni z FM

7Z uvedené tabulky je vidét, Ze napéti mezi fazemi vzroste cca o 50 %, mezi
fazi a zemi o 20 %. Protoze je izola¢ni systém vinuti nékolikanasobné piedi-
menzovan, neni navyseni napéti nebezpeéné. V ptipadé mezi-zavitového napéti
dojde ke stonasobnému navySeni. Toto navySeni pfedstavuje realné nebezpedi
pro izolaéni systém statorového vinuti.

Pulzni zatizeni je svim charakterem naprosto odlisné od zatiZeni harmo-
nickym napétim. Za stejnou jednotku ¢asu musi dojit pii pulznim namahani
k rychlé polarizaci a depolarizaci dielektrika. Tim se jeho Zivotnost zna¢né
zkracuje. Lze to pfirovnat k oh¢bani plechu napt o 90° tam a zpét. Doba lomu
nezaleZi na rychlosti ochybani za dany ¢as, ale na podétu ohybl.

Pro dielektrika plati podobny mechanizmus. Jednotlivé ¢asti makromolekul
se polarizuji. Nékteré ¢asti lépe a jiné hiife, proto dochazi k rozpadu polymerni
makromolekuly. Tim vzroste pocet volnych elektrond a zhors se izoladni vlast-
nosti. Neni jednoduché urdit analyticky zavislost, kterda by udavala zkriceni
zivotnosti izoladnich materidl@ pii pouziti pulzniho zatiZeni pro mizné modu-
lacni frekvence. Chemické slozeni kazdého izolantu miiZe byt jiné. Nezbyva nez
kvalitu materialQ posuzovat experimentalnim meéfenim.

Pii pulznim namahani vznikaji vétsi dielektrické ztraty, které urychluji pro-
ces starnuti celého izola¢niho materidlu. Tyto tepelné ztraty jsou zpisobeny
polarizaci a depolarizaci materialu.

1/1 1/, " S
W= 5.5/ B2V | = 1(5 e ) U= Wa—iW.  (31)

Energii nahromadénou v izola¢nim materialu lze vypocitat podle vztahu
3.1. Uvedeny vyraz naznacuje, ze se v izolaénim materidlu uplatiiuji dvé formy
energie. Jednak je to energie spotiebovana na polarizaci vnitini struktury ¥,
kterd zpisobuje tepelné ztraty a druhéa slozka W, pfedstavuje energii akumu-
lovanou v izoladnim materidlu o daném objemu V.
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Pro vyjadreni ztratového vykonu plati vztah 3.2.

. W,
£TT

Z rovnice 3.2 vyplyva, Ze polariza¢ni ztraty jsou primo imérné frekvenci
pusobiciho elektrického pole. Proto je u izola¢nich materiali kladen diraz na co
nejmensi ztratovy thel, ktery je definovany podle vztahu 3.3. Idealni bezeztra-
tovy izolaéni materidl ma ztratovy thel roven nule. To znammend, Ze permitivita
neobsahuje imaginarni slozku.

=W.f (3.2)

fr

tand = — (3.3)

| ry

¥y

Dalsi ohroZeni izola¢niho materialu pfi pulznim namahani predstavuji C'V.
Vnitini strukturdlni nehomogenity materialu (vzduchové bubliny, nedistoty)
zpiisobuji vnitini CV, jejichZ ¢etnost je podstatné vyssi oproti vibojové éin-
nosti pfi harmonickém napéti [14]. Disledkem CV je eroze ¢dstic materidlu,
coz zpusobuje zmeénu aktivind tlougtky izolantu.

Vzhledem k vyse uvedenym faktiim byla drazkova izolace EM podrobena
dikladné laboratorni analyze. Méfeni jsou casové velmi naroénd, proto je vy-
zkum vlastnosti izolacnich materialii pfedmeétem dalsiho zkoumAani.

3.3 Modely starnuti izola¢nich materialt

Obecné je mozné kazdy realny systém modelovat. Modelovani slouzi k po-
pisu néjakého existujiciho redlného systému. Modely se pouZivaji k odhad-
nuti signalii, které nemiZeme ziskat z nepfimého méfeni, testovani hypotéz,
pfedpovidani kratkodohého a dlouhodobého dynamického chovani. Pro stér-
nuti izolace je nejdileZit&jsi urcit dobu Zivota (,lifetime”) izolaéniho materialu
v zavislosti na pisobicich parametrech (napéti, teplota, zéfeni, vlhkost aj.).

Modely je mozné rozdélit na fyzikalni a fenomenologické. Fyzikalni mo-
dely (,white box*) se ziskdvaji tzv. matematicko-fyzikalni analyzou. Pii té je
systém rozdélen na malé souc¢asti. Pro né jsou napsany znamé zikladni rovnice
popisujici jejich chovani na zakladé fyzikalnich zékonti a pravidel. Metody vy-
tvafejicl takové modely vychazeji z principi zachovani energie, rovnovihy sil a
moment. Pro slozitéjsi systémy se pocet parametrii za¢ina nelnosné zvysovat,
Simulace takového systému je pomald a v redlném ¢ase nemozna.

Fenomenologické modely (,black box*) aproximuji chovani systému bez
jakichkoliv nadrokd na informace o systému vlastnim. Veétginou vychazi z pozo-
rovani ¢lovéka nezavisle na vypracovani pfedchozich teorii. Neni ani diilezité,
co jednotlivé vstupy a vystupy ve skutecnosti znamenaji a v jakych jednot-
kach se udavajl. Parametry téchto modeli nemaji zadny fyzikilni vyznam.
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3.3 Modely starnuti izola¢nich materialii

Napf. jakékoliv méfeni mizeme s urditou presnosti aproximovat polynomem
Ym = apr’+a1xt +a.x®+. .. jestliZe stupen polynomu bude dostatecné vysoky.

Sestavenim vhodného modelu je mozné predpovidat dobu Zivota pouzi-
tého izola¢niho materidlu v zavislosti na konkrétnich vlivech. Nasledujici text
ukazuje nékteré mozné modely, které jiz byly sestaveny. Vzhledem k velkému
mnozstvi faktorii, které mohou na izoladni materidl pisobit, je sestaveni mo-
delu slozita tloha. Nejprve je dilezité vybrat ty faktory, které v nagi aplikaci
ovliviiuji Zivotnost nejvice. V piipadé malych AM je to teplota a pulzni nama-
héani ze strany FM. Pro sestaveni fenomenologického modelu je nutné provést
velké mnoZstvi méfeni, které neni jedincem proveditelné. Vzdy to musi byt
tym nékolika lidi, ktery shromaZduje data a statisticky je vyhodnocuje. Pro
sestaveni fyzikalniho modelu je nutné znat strukturu a sloZeni materialu. Tyto
informace jsou vyrobci z konkurenénich divodid utajeny.

Starnuti spociva v nevratnych zménich vlastnosti izolacniho materilu.
Ty vedou ke ztraté jeho provozuschopnosti. Zivotnosti je myslen ¢as selhani
daného izolaéniho materidlu. Popis starnuti je zalozen na detekei vlastnosti cit-
livych na starnuti. V pfipadé Montsingera to byl ibytek mechanické pevnosti.
MiiZe to byt také izolaéni odpor, elektrickd pevnost, ztratovy ithel, permitivita
aj. Pokud zname, jak se vlastnosti pfi starnuti méni, ziskdme i model starnuti.
V nejobecnéjsi podobé a s odkazem na teorii reakéni rychlosti jednotlivych
faktor miZeme psat rovnici 3.4,

4

0= f(p) = f K[Si(). Saft

0]

f

by oo Sn(E)]de (3.4)

kde O predstavuje starnuti, p diagnostikovany parametr (v relativni hod-
noté}, Sy, Sz2....,Sy jsou zatiZeni aplikovani na izolant a t je ¢as, po ktery
byla aplikoviana. Pokud jsou zatiZzeni konstantni, vztah mezi starnutim a ¢a-
sem mizeme formulovat rovnici 3.5.

() = f(p) = l{((Sla *--\r21 B ;SN)t (35)

Komplexnéjsi vztah mizeme sestavit, pokud vezmeme v Givahu zménu na-
péti v ¢ase (dokonce se stochastickim chovanim).

Pokud starnuti dosdhne limitni hodnoty Ap korespondujici s pElpustnou
limitni hodnotou diagnostikované vlastnosti py (koneéng bod), ¢as starnuti ¢
se stane ¢asem selhani tp nebo Zivotnosti L nebo ¢asem poruchy tg . Potom
rovnice 3.5 vede k modelu Zivotnosti podle rovnice 3.6. Obrazek 3.2 ukazuje
piiklad obecné funkce starnuti.
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PA

Obrazek 3.2: Ptiklad obecné funkce starnuti [22]

Na grafu je S zatiZeni, p je diagnostikovand vlastnost (pr, je koneény bod,
odpovidajici ¢asu selhani tr), Sp je zamyslené zatiZeni, které odpovida casu
do selhani tp, Sy je prahové zatizeni (v grafu Sp < Sr), kde je Zivotnost
nekonecna. Sy je nejvetsi testované zatizeni s odpovidajicim ¢asem do selhani
tg.

Problém modelovani prinasi komplikace, jako je napfiklad vice zatiZeni na-
jednou (po ur¢ity ¢as). Oznac¢ime-li N zatiZeni aplikovanych na izolant pomoci
S1., 8. ..., Sy, pak mizeme model Zivotnosti psat v jeho obecné formeé 3.7,

L(Srla‘g 3 \SN) = f(Sly*-q‘za ---1*-qN;p13p2? "'?pﬂ'f) (37)

kde p1,ps, ...,pu je M diagnostikovanych parametri (ukazatell), které
popisuji starnuti izolace a plné charakterizuji model Zivotnosti pro vsechny
zatézovaci parametry.

Fyzikilni modely jsou zaloZeny na znalostech chovani ukazateldi v ¢ase star-
nuti, jako je napiiklad zkoumani hlavnich mechanizmi starnuti v daném roz-
sahu zatiZzeni a ¢asfi. Proto fyzikalni model miiZze popisovat pouze ¢ast Zivot-
nosti izolantu. Musime zkombinovat dva a vice modell k ziskani funkcéniho
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3.3 Modely starnuti izola¢nich materialii

vztahu mezi zatizenim a starnutim (napf. model pro tvofeni mikrotrhlinek a
model ¢astecnych vyboji nebo model pro ,stromovy rfist*).

Fenomenologické modely zaloZzené na ziskadni zivotnostnich dat méfenim,
dodavaji piimo informace o ¢asu selhdni podle rovnice 3.7. Nicméné pro druhy
zmiriovany model potfebujeme Zivotnostni testy v riznych hodnotach zatiZen,
dokud nemame dostateéné mnozstvi dat k odhadu parametri modelu (za pou-
7iti technik jako je pravdépodobnost nebo metoda nejmensich étverci). Prvni
model miize byt fadné vysvétlen pouzitim riiznych Zivotnostnich testd a ana-
lytickych méfeni, protoze parametry modelu mohou mit fyzikalni podstatu, a
proto mohou byt detekovany skrze analyticka méfeni.

3.3.1 Teplotni modely Zivotnosti

Montsingeruv model

Jeden z prvnich pokust o kvantitativni vyjadieni tepelného starnuti a o
matematickou formulaci jeho ¢asového pribéhu provedl V. M. Montsinger (r.
1930) ve své devét let trvajici studii. Systematicky vysetfoval dobu Zivota
(t) papirové izolace vodice v olejovych transformatorech na zdkladé méfeni
ubytku mechanické pevnosti papiru v zivislosti na konstantni teploté 9, a to v
rozmezi 90°C az 110 °C. Piitom zjistil, ze experimentalni vysledky lze vyjadiit
exponencidlni funkcl, kterd udava zavislost doby Zivota izolace na teploté ve
tvaru uvedeném v rovnici 3.8,

t=Ae™ (3.8)

kde t je doba Zivota izolace (hodin nebo rokid), A a m jsou materidlové
konstanty, pfiem? A m4 vyznam fiktivni doby Zivota ¢y pii teploté 0°C a ¢
je konstantni teplota starnuti zkoumaného materiilu.

Vynesou-li se doby t, po jejich? uplynuti nastal urdity pokles pocateéni
pevnosti v tahu v zavislosti na piislusnych teplotach ¥, pii nich? k témto
poklesiim doslo do diagramu 3.3 v semilogaritmickych soufadnicich (stupnice
t je logaritmicka, stupnice ¢ linedrni), klesd mechanicka pevnost papiru v oleji
pfiblizné podle pfimky, jejiz rovnic obdrzime logaritmovanim 3.8.

Int =In{A) —md = A — mo (3.9)

Z priabéhu této piimky Montsinger odvodil, Ze doba zivota ¢ klesne pii zvy-
seni teploty o At = 8°C na polovinu a naopak pii snizeni teploty o At = 8°C
se doba zivota zdvojnasobi na 2¢. Toto je Montsingrovo pravidlo osmi stupiin
Celsia.
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i s ............ ........ [——Montsinger - pravidio||
3 o Montsinger - mereni
...... ........:.......\'.—P0|3,rn0m

e B R R B A R e T Montsnnger - pravidio
i : 3 ] : ©  Montsinger — mereni

Obrazek 3.3: Montsingeriiv model starnuti pro papirovou izolaci v oleji [22]

Velikost konstant v rovnici 3.8 stanovil Montsinger pii tepelné elektrické
rovnovaze izolace takto: z rozboru experimentii zjistil, Ze ,pravidlo 8 °C* od-
povida fyzikalné chemické reakci pro polocas, takze konstanta

In2 0,695

m=s="3

K urceni konstanty A vychazel ze zkusenosti, kdy izolaci tfidy A povaZzoval

za zcela znehodnocenou za dobu t = 7 let, plisobi-li na ni trvale mezni teplota

¥ = 105°C, odpovidajici teplotni t¥idé A. Dosadime-li tyto hodnoty do rovnice
3.8, obdrzime vyraz pro konstantu A 3.11.

— 0,086 (3.10)

t=Ae™ = A=te™ =7e0056105 — 5 845.10% let (3.11)

Ze znalosti obou konstant dostavame vyraz 3.12, ktery vyjadiuje zavislost
doby Zivota papirové izolace v oleji na teploté.

t = 5,845 - 101 =086 3.19)
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Rovnice 3.12 se oznacuje jako Montsingrovo pravidlo. Je zobrazena na ob-
razku 3.3, kde ééra Zivota sleduje pravidlo 8°C priblizné do 20 let, v tomto
bodé vSak zadne rychleji klesat tak, ze podle Montsingrova odhadu by pii
teploté okoli 25°C byla doba Zivota 100 let.

d(t) = 131,8 — 6,4t + 0,56 — 0,02¢> + 4,9 107* ¢~

o A 3.13
—6.2-107%¢ 44,07 107%¢" — 1,08 107107 (3.13)

Rovnici 3.12 lze nahradit polynomem N-tého fAdu, ktery lépe vystihuje
naméfené hodnoty uvedené v gratu 3.3. V tomto piipadé byla zavislost tep-
loty na ¢ase nahrazena polynomem sedmého fadu. Tim jsme dosdhli zpfesnéni
v intervalu 20-100 let.

Montsingrovo pravidlo 8°C nemé obecnou platnost, nebot plati jen pro
papir v oleji a pro azky rozsah teplot, v némz bylo vysetieno. Pozdé&jsi prace
jinych autort vedly k obecné&jsi zakonitosti starnuti [17).

Arrheniav model

Arrhenifiv model je zaloZeny na teorii rychlosti reakce. V obecném tvaru
mizeme zapsat Arrheniiv model pomoci rovnice 3.14,

L =1Lye BT (3.14)

kde 7" je teplotni zatiZeni definované jake T = (Tlo) — (£)- T je absolutnf

teplota, Ty je nejnizsi teplota, pod kterou je teplotni zatiZeni zanedbatelné
pil reakci starnutl v nasi oblasti zajmu. Ly je Zivotnost pii teploté Ty, Viraz
B zahmuje B = €, kde G je aktivatni energie pii procesu starnuti a k je
Boltzmanova konstanta.

Tento model 1ze linearizovat, pokud vyneseme zavislost log L = f(T) nebo
logT = f(T™') v semilogaritmickych soufadnicich. Na zéklad& vzniklych li-
nearnich zavislosti se zavadi IEC standard — graf teplotni odolnosti. V grafu
je mozné urdit teplotnd index TT a poloviénd interval ve stupnich Celsia HIC
a dale ukazatele testovacich metod pro popis parametrii modelu. TI je teplota
ve °C odvozena ze vztahu teplotni odolnosti pii ¢ase 20 000 h. HIC je teplotni
interval také ve °C, ktery vyjadiuje poloviéni éas do selhdni brany pii teploté
TL

Eyringtiv model

Eyringiiv model se nékdy pouziva misto Arrheniova modelu 3.14,

L= (i;ﬂ o(5) (3.15)
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kde h je Planckova konstanta a AG® je volna aktivaéni energie (AG® =
G, — G je vyska energetické bariéry, G, je volnd energie reaktantu a G, je
aktivacéni stav). Stejné jako v piipadé Arrheniova modelu miZeme model linea-
rizovat zavedenim semilogaritmickych soufadnic log Ly = f(T™1), které musi
davat stejné vysledky jako rovnice 3.14. Navrh izola¢niho materidlu z hlediska
tepelného zatiZzeni (¢asto i pro nékolik zatiZeni, kde ale teplotni zatiZeni pfe-
vaZuje) je realizovan pomoci rovnic 3.14 a 3.15. Obrézek 3.4 ukazuje pitklad
teplotni odolnosti ziskané Arrheniovym a Eyringovym modelem.

Temperature (°C)
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Obréazek 3.4: Ptiklad teplotni odolnosti pro Arrhenifiv a Eyringfiv model.
Hodnoty TT a HIC odvozené z obou modeli jsou 146 °C a 7,9 °C (pro PET,
30% kompozit se sklem) [22]

Existuje cela fada dalgich modeltt, které mohou popisovat Zivotnost izo-
la¢nich material. Takovy model kombinovaného teplotné—pulzné elektrického
zatizeni nebyl v dostupné prostudované technické literatufe, ¢asopisech a vé-
déckych ¢lancich dosud publikovan.

V rameci této dizertacni prace bylo provedeno nékolik pokusii a méfeni
u drazkové izolace AM. Vysledky jsou uvedeny v praci [20], kterd se zabyva
méfenim objemového odporu izolaéniho materialu drazkové izolace v zavislosti
na tepelném zatiZeni. Dal§i méfeni byla provedena ve francouzské laboratofi
LGET v ramci autorovy staze. Vysledky jsou uvedeny v [42]. Z vysledkii neni
mozné odvodit Zadnou zavislost starnuti pro tento material. Stanoveni starnuti
je dlouhodobé zélezitost a neni ji mozné v rozsahu této prace postihnout.
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4 Zkratovy proud ve statorovém vinuti

V tivodu této prace autor zminil vyznam sledovani zkratového proudu v ma-
Iych AM. Vznik zkratového proudu mize mit riizné priciny. Z hlediska obvo-
dové konfigurace v motoru lze zkratové proudy rozdélit na mezizavitové v jedné
fazi, mezifazové a zkratové proudy prochéazejici zavitem libovolné faze pres Sasi
motoru do zemé. Jednotlivé typy zkratl znézornuje obrazek 4.1. Vsechny typy
zkratovych proudt pfedstavuji nebezpedi pro funkei (spolehlivost) motoru. Za-
leZi zejména na vzniklé obvodové konfiguraci. S ni je tizce spojeno vykonové
pusobeni a tepelné Gc¢inky na cely motor. Také dochézi ke zméné velikosti
momentu na hiideli motoru v ramei jedné otacky.

Obrazek 4.1: Mozné zkratové konfigurace ve statorovém vinuti AM

4.1 Rozbor momentu vadného motoru

Pii zkratu ztrati statorové vinuti ¢ast aktivnich zavitil, které se podileji
na celkovém magnetickém toku, resp. na celkové indukci stroje. Tim dojde ke
sniZeni to¢ivého momentu, ktery je imérny indukeci M ~ B. Toto sniZeni se
projevi pouze v urc¢ité ¢asti jedné otacky. Zalezi na tom, ve které fazi zkrat
vznikl. Pokud bychom vySetfili orbit koncového bodu fazoru momentu, resp.
tazoru indukce v ¢ase, ziskali bychom zkreslenou kruznici. Deformace se projevi
ve smeéru faze, ve které vznikl zkrat. Tento orbit je mozné sestavit z méfeni
fazovych proudii. Déle pfevést pomoci Parkovy transformace do «,  soutfadnic.

Teoreticky lze tento problém popsat nékolika rovnicemi, ve kterych je vy-
jadfen proud statorového vinuti. V pfipadé, ze je vinuti motoru bez vady, je
pocet zavitl jednotlivych fazi shodnyg. To znamend, 7e vSechny fazové induke-
nosti se rovnaji L, = L, = L, stejné tak jako impedance fazovych vinuti.
Pak jsou proudy popsany rovnicemi 4.1 s tim, Ze I, = I, = [,,.

bw=1Ty-sinwt iy =1 -sin(wb+2w)  dy =L, -sin{wt+37)  (4.1)
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Obecné lze indukei vypoditat podle vztahu 4.2. Konstanta k,, je zavedena
z divodu zjednoduseni zapisu. Posledni ¢ast vztahu je goniometricky vztah
pro vyjadieni funkce sinwt tak, aby bylo mozné vypoditat celkovy vektorovy
soucet vgech slozek indukee. Jde o matematicky zapis Leblancova teorémn,
ktery iika, ze je mozné kazdé stojici stiidavé pole rozlogit na dvé tociva pole
s poloviéni amplitudou, kterd se otddeji stejnou rychlosti proti sobé.

nl oty _ et _giwt
B = popt,— by = sinuf= ————— (4.2)
{ { 2]

Secteme-li viechny slozky magnetické indukce, dostaneme se k odvozeni
uvedené v rovnici 4.3. Nejdiive zapigeme viechny tii slozky magnetické indukee
podle Leblancova teorému a k nim pfifadime prostorové pootoceni kazdé faze.
Dale provedeme roznasobeni a soudet. Posledni ¢len e/« + eilwt+im) | gi(werin)
je roven nule. Vysledkem odvozeni je rovnice 4.4.

-

Bzéu"'év'i'gw:

= ;11;:3}{ (eiwt _ e—jwt) + (e’i(wt—i_%ﬂ) _ e—j(u-"t-l-%ﬂ')) (;J %71- n
ej(wt-l—%?r) _ e—j(wt+§1r)) e]%;rr _
{ (4.3)
= %(ejwt _ e—jwt +ejwt ej%ﬂ' _ e—jwt +ej.-_.,.-t e]%r _ e_jwt) _
J
kpnd

- 2 [_Se—jwt_i_ejwt _i_ei(wt-l—%ir)_i_ej(wt_F%W)]
J - ’

na

0]

Z vysledku je patrné, ze vysledny vektor indukee rotuje tithlovou rychlosti w.
Jeho amplituda je rovna dvéma tfetinam indukce fazové a neméni se v case.

. — 3kpnd jwt
2—je (4.4)
V pripadé, Ze ve statorovém vinuti vznikne zkrat, dojde ke zméné induké-
nosti jedné fize, resp. vice fazi, zaleZi na konfiguraci zkratu. To znamena, Ze
Ly# L,# L, = I,# I # I, Dosadime-li rovnici 4.2 do rovnice pro
vektorovy soucet jednotlivych slozek vysledné indukce 4.3, dostaneme kom-
plikovany vyraz 4.5, ktery je analyticky tézko fegitelny. Vysledny vyraz neni
mozné upravit tak jako v pfedchozim pifpadé, protoze pocty zavith jednotli-
vych fazovych vinuti jsou rozdilné.
Secteme-li graficky véechny slozky magnetické indukce v rovnici 4.5, dosta-
neme orbit amplitudy vektoru indukce ve vzduchové mezefe. Vysledek grafic-
kého souctu ukazuje graf 4.2,
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4.1 Rozbor momentu vadného motoru

= vinuti bez zkratu
15 . —— proud |u=90%ln
—— proud IV =80% |N
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Obréazek 4.2: Orbit koncového bodu fazoru vysledného vektoru indukee pro
rizné zkraty ve statorovém vinuti

Pro simulaci byla pouzita jedna perioda napajectho napéti. Koncovy bod
fazoru indukce vytvori jeden orbit. Z toho vyplyvé, Ze vysledny vektor indukce
rotuje thlovou rychlosti w stejné jako v pfipadé motoru bez zkratu ve statoro-
vém vinuti. Jeho amplituda je v ¢ase proménnd, narozdil od motoru bez vady.
To je mozné sledovat pfi méfeni momentové charakteristiky nerovnomérnosti
otaceni motoru. Tim dojde ke sniZzeni momentu na hiideli.

o

B= Q—T Nty (€4 — e_j“’t)
+n,l, (ej(wt—l—éw) i e—j(wt+%:rr)) ol %ﬂ' (45)

el (e‘(“”**%“) s e—j(wt+%ﬂ)) RET
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4 ZKRATOVY PROUD VE STATOROVEM VINUTI

Pokud se moment motoru snizi, musi se snizit i jmenovity vykon motoru.
Cést vykonu, ktera konala praci na hiideli, se pii zkratu ve statorovém vi-
nuti pfeméni na teplo. Mnozstvi tepla zalezi na poctu zkratovanych zaviti.
Vykonovou bilanci ilustruje obrazek 4.3.

P, pfikon, P, mechanicky vykon, P, ztraty mechanické
P, ziraty vifivymi proudy, P, ztraty v Zeleze, P, ziraty zkratu

Obrazek 4.3: Vykonovy diagram AM se zkratem ve statorovém vinuti

Pro ovéfeni rovnice 4.5 bylo provedeno méreni. Vysledek méteni ukazuje
graf 4.4. Pro riizné konfigurace zkratu byly zméfeny momentové charakteristiky
motoru. Z vysledkil je vidét, ze efektivni hodnota momentu klesa v zavislosti
na poc¢tu zkratovanych zavitt. Body v grafu 4.4 znac¢i zméfené hodnoty a plné
¢ary interpolovany pribéh.
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4.1 Rozbor momentu vadného motoru

8 I T
——vinuti bez zkratu int.
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Obrazek 4.4: Zavislost efektivni hodnoty momentu na podctu zkratovanych
zavitl ve statorovém vinuti EM, modra—vinuti bez zkratu, zelena—zkrat 68
zavitlQ faze W, ¢ervena—zkrat mezi fAzemi W a V 136 zavitt
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4 ZKRATOVY PROUD VE STATOROVEM VINUTI

EA

4.2 Tepelné ucéinky zkratového proudu

Pro zjisténi vad ve statorovém vinuti je nejdilezitéjsi dnny vykon, ktery se
méni v Lenz-Joulovo! teplo. Nasledky piisobeni tohoto tepla jsou jasné vidét
z obrazku 4.5. Na obrazku 4.5(b) je motor, ktery nema zkrat ve vinuti, ale
byl pfi svém provozu pretizen. Pretizeni je lehce identifikovatelné podle za-
barveni izola¢niho laku dratu statorového vinuti. V piipadé, Ze vznikne zkrat
ve statorovém vinuti, dojde ve vétsiné piipadi pouze k lokilnimu tepelnému
pietizeni. Proto je pomérné snadné po demontaZzi AM urdit, ke kterému typu
zkratu doglo.

Okamzita hodnota ¢inného vykonu stiidavého proudu je dana soucinem
okamZitych hodnot napéti a proudl podle rovnice 4.6.

plt) = u(t) - i(t) (4.6)

Jsou-li pribéhy proudu a napéti periodické, potom je vykon dan stiedni
hodnotou ckamzitého vykonu za periodu T. Tento vykon je mozné chapat jako
primérny vykon za jednu periodu.

T
P % f W) - ity dt (4.7)
Q

Cinny vykon pii pulznim namahani z FM mohou vytvaret jen harmonické
sloZky napéti a proudu téhoZ fadu. Tato problematika je vzhledem k nasemu
predpokladu harmonickych prith&hti nepodstatna. V¢pocet ¢innych vykont pro
neharmonické priibéhy je podrobné popsan v [37).

Pro v{podet ¢inného vykonu v pripadé zkratu ve statorovém vinuti, pii
znalosti protékajiciho proudu a ¢éinného odporu vinuti, je vhodnéjsi pouzit
rovnici 4.8.

T
1 :
P=_ [ R-3#t)dt (4.8)
T
0

Kombinace zkrati, které mohou vznikat v motoru, zalezi na konstrukei mo-
toru, na rozloZeni a typu statorového vinuti. Celd analyza teplotniho plsobeni
musi byt zaloZena na znalosti konfigurace statorového vinuti (pocet drazek,
potet pdld, podet zavith v jednom prameni aj.). U kaZzdého typu vinuti je
mozné sledovat riizné nebezpecéné zkraty.

MTento jev experimentalné prozkoumali a matematicky vyjadfili pfiblizné ve stejnou dobu
(1844) nezavisle na sobé rusky fyzik H.F.Lenz a anglicky fyzik J.P.Joule.
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(b) vinuti AM po pretizeni

Obrazek 4.5: Ukazka technického stavu vinuti AM v rtznych rezimech
provozu [15]
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4 ZKRATOVY PROUD VE STATOROVEM VINUTI

4.3 Zkratovy proud mezi zavity jedné faze

Tento zkrat vznika pii poskozeni izolac¢nich materialii, které od sebe od-
déluji dva vodice s riznym napéfovym potencidlem. Spojenim dvou rtznych
vodictl s riznym napétim dojde ke zkratovani urcité ¢asti vinuti. Tim vznikne
sautotransformator”, ktery je zatizeny impedanci pfechodového odporu zkra-
tovaného mista. Na obrazku 4.6 je vidét schematické znizornéni mezizavito-
vého zkratu jedné faze. Z tohoto obrazku vychazi nahradni schéma 4.9, které
je pouzito pro analyzu zkratového proudu.

Obréazek 4.6: Schematické zndzornéni mezizévitového zkratu jedné faze

[zola¢ni systém mezizavitového prostoru se sklada celkem ze tif vrstev. Na
povrch vodi¢il se nanasi tzv. smalt. Ve vétsiné piipadi musi byt hladky, odolny
na odér, musi mit maly koeficient tfeni (navijeni a vkladani vinuti do drazek
statoru) a dalsi pozadavky, které si postupem ¢asu vyzadaly nové technologické
postupy pii vyrobe indukénich motortt (rychlo-navijecky).

Lak se nanasi v nékolika vrstvach. Kazdy vyrobce nanasi rizny podet vrs-
tev. Pfesné chemické slozeni téchto materialit si vyrobei peclive stiezi. Vétsina
lakil je na bazi polymeril, nejéastéji PET. Konkrétni vlastnosti téchto materi-
alfi jsou podrobné popsany v kapitole 3.

Dvé vrstvy jsou tvofeny smaltem obou vodi¢i. Tieti vrstvu izola¢niho sys-
tému zajistuje impregnacni lak. Pouziva se ke zlepSeni izolacnich vlastnosti
statoru a k zamezeni pohybu vinuti v drazce vlivem silového ptisobeni, které je
zpusobené protékajicim proudem statorového vinuti. Pfesné chemické slozeni je
i v tomto pfipadé vyrobnim tajemstvim jednotlivych vyrobet. Dobry impreg-
nacni lak se vyznacuje velmi nizkou viskozitou, aby vyplnil vechny vzduchové
mezery ve vinuti. Vyrobci téchto lakt jsou naptiklad slovenské firma VUKI
a.s., italskd firma Polifibra s.p.a. nebo firma ALTANA Electrical Insulation.
Vyrobou téchto lakil se zabyvé i velké mnozstvi firem z Asie.

Zkrat zavit — zavit je mozné identifikovat po demontazi motoru. Ve vétsingé
pripadi se jedna o lokalné tepelné pretizené misto, které je na prvni pohled
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4.3 Zkratovy proud mezi zavity jedné faze

Obréazek 4.7: Zména struktury izolacniho materialu vlivem tepelného
pusobeni od mezizavitového zkratu [15]

patrné. Tuto zavadu ilustruje obrazek 4.7, kde je patné, v jakém misté zkrat
mezi zavity vznikl.

Analyzu zkratové konfigurace zavit - zavit mizeme fesit pomoci ndhradniho
schématu na obrazku 4.9. I kdyz je motor napajeny z FM, je moZné obvod Tesit
stejné tak, jako by byl napajeny harmonickym napétim a proudem. Méfenim
bylo ovéfeno, Ze efektivni hodnoty napéti a proudil generované FM jsou stejné.
Tepelné tcinky zkratového proudu jsou porovnatelné. Neni to matematicky
Uplné spravné fedeni, ale pro fedeni této analyzy dostatecné.

4.3.1 Sestaveni nahradniho obvodu

Pro sestaveni nahradniho obvodu (modelu) zkratu ve statorovém vinuti mu-
zeme pouzit dva piistupy. Prvni moZnosti je model orientovany na pole. Ve
vétging piipadi se jedna o modely vychéazejici z konkrétniho fyzického uspora-
dani redlného systému. Jejich prednosti je moZnost detailni analyzy vybrané
¢asti modelovaného systému. V piipadé statorového vinuti by se mohlo jednat
o oblast zkratu. Naproti tomu jejich velka nevyhoda spocivé ve velké vypoctové
narocnosti (zalezi na po¢tu elementi sité) a v zavislosti vysledki na konkrét-
nim feseni.

Druhou moznosti jsou modely obvodové. Jejich nespornou vyhodou je
nesrovnatelné mensi vypocetni narocnost. Dalsi nespornou vyhodou je obecny
piistup k feseni daného problému. Nevyhodou je nemoznost sledovani feseni
v konkrétnim geometrickém misté. Nekteré tlohy jsou znacéné komplikované a
analytické feSeni je nemozné. Proto je nutné v nekterych piipadech piijmout
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4 ZKRATOVY PROUD VE STATOROVEM VINUTI

urcitd zjednodugeni. Obvodové modely je moZné fesit jak analyticky, tak nu-
mericky. Numerické fefeni umoziuje fefit obvody napdjené napétim s nehar-
monickym pribéhem.

Pro tuto praci byl zvolen model obvodovy. AM je v elektrotechnice velice
Gspédné pouzivan vice nez jedno stoleti, co? svédél o tom, Ze je po strance
teoretické i praktické detailné zvladnut. Existuje nékolik jednofazovych modeli
AM, které jsou odvozeny pro ustileny stav. JednA se o riznd feseni I', T, a II
¢lanki. Jejich vihody a nevyhody jsou uvedeny v [35], kde je tato problematika
podrohné rozebrana.

R'(1-s)/s

Obrazek 4.8: Nahradni obvod AM, ¢lanek T

V téchto modelech nevystupuje piimo vlastni indukénost statorového vi-
nuti, jak ukazuje obrazek 4.8. Tyto modely uvazuji hlavni indukénost a roz-
ptylové indukénosti statoru a rotoru. To je pro analyzu zkratového proudu ve
statorovém vinuti nevyhodné. Proto se autor rozhodl navrhnout nahradni ob-
vod, ktery je uveden na obrazku 4.9 a umoZiuje uréit proud v jednotlivych
¢astech statorového vinuti pri zkratu. Tento obvod nevychazi z Zadného vise
uvedeného néhradniho schématu {modelu).

NavrZené schéma je také jednofizové a vychazi z nejjednodussi ndhrady
indukénosti. Jedna se o sériové zapojenou idealni indukénost a odpor, které
jsou piipojeny na zdroj harmonického napéti. Vzhledem k tomu, Ze se jedna
o motor, bylo nutné zavést zpétnou reakei od magnetického toku rotoru. Toto
bylo nahrazeno virtualnim zdrojem, ktery piisobi proti ptivodnimu zdroji, jenz
napaji statorové vinuti. Zaroveii je zpétné indukované napéti zavislé na skluzu
motoru tak, aby bylo moZné analyzovat zkratovy proud pro rizné pracovni
stavy motoru.

Dalsi ¢ast modelu tvoii samotny mezizavitovy zkrat. Ten je v modelu na-
hrazen odporem, ktery preklene uréitou ¢ast vinuti. Zpétné indukované napéti
se rozdéli v poméru zkratovanych U,s a nezkratovanych U,; zaviti. Model
nezahrmuje prostorovou dislokaci vinuti ve statoru. Vznik zkratu nékterych
konfiguraci neni v praxi mozny. Konfigurace moznych zkratd pro motor EM
jsou uvedeny v tabulce 4.1, Pfechodovy odpor zkratu byl odhadnuty, protoze
jeho urceni neni snadné. Také se vzhledem k povaze prechodu v dase meéni a
je znacné nelinearni.
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4.3 Zkratovy proud mezi zavity jedné tize

Redlné zkratové konfigurace jsou dany usporfadanim vinuti ve statorovych
drazkach. ZaleZi na typu vinuti. Vinuti mohou byt dvoupatrova jednovrstva,
dvouvrstva, kosikova aj. Malé motory se vinou jako dvoupatrové jednovrstvé
vinuti. Zde mize byt také neékolik riznych variant. Napfiklad motor EM je
navinuty tak, Ze ma civku statorového vinuti rozdélenou do 6 civek, jak je vidét
na obrazku 5.7. To je technologicky nevhodné uspotfadani pro automatizovanoun
vyrobu. Proto vétsina vyrobei postupem casu piesla na dveé nékolikanasobné
civky (zélezl na poctu drazek). Toto zapojeni ilustruje obrazek Al.2. Pii tomto
uspofadani vznikaji zkraty s vétS§im poctem zavitl s vétsi pravdépodobnosti
oproti staré konstrukei (5.7).

Az p. = 2= - 100[%]
1- 68 16,16 %
69 — 204 33,33 %
2056 — 272 16,16 %
273 — 408 33,33 %
maximalni pocet zkratovanych zavitl 7,me, = 136 zavitd

Tabulka 4.1: Tabulka moznych zkrati v 1 fazi pro EM

Z uvedené tabulky 4.1 je patrné, kolik procent vinuti je mozné maximalné
zkratovat. Pro vinuti motoru EM je to 136 zaviti, co? je 33,33 %. Z konfigu-
race vinuti tedy pfimo vyplyva, jak je vinuti nachylné na vznik destruktivnich
zkrat. Cim ma stator vice draZek, do kterych je moZné vinuti rozdélit, tim
je mensi pravdépodobnost vzniku rozsdhlych zkratti. Na motoru EM (obrézek
5.7) a EM 2. generace (obrazek Al.2) je vidét, Ze poéty drazek u malych AM
se spise snizuji. To znamend, Ze dnesni motory jsou vice nachylné na vznik
rozsahlych zkrati v jedné fazi.

4.3.2 Reseni nahradniho obvodu

Nahradni obvod zkratu na obrazku 4.9 je mozné fesit pormoci superpozice.
Obrézek 4.9(b) ukazuje prvni superpoziéni krok, kde je zkratované napéti in-
dukované U,,, ve zkratované ¢asti vinuti a é¢ast zpétného napéti indukovaného
z rotoru U,,. Obrazek 4.9(c) ukazuje druhy krok superpozice, kde je zkratované
napajeci napéti U, a ¢ast zpétného indukovaného napéti z rotoru U;.

Viechny prvky v obvodu jsou linedrni. Déle jsou zanedbany ztraty magne-
tizaéni a presycovani magnetického obvodu. Tento predpoklad viyrazné zjed-
nodusuje celé fegeni vyimeénou za nizél piesnost vsledki. Pokud bychom chtéli
udelat pfesnou analyzu problému, museli bychom zahrnout do feSeni prosto-
rové rozloZend statorového vinuti, protoZe na riznych mistech statorového vi-
nuti mize vlivem zkratu dochazet k lokalnimu presyceni. Tim dojde k lokalni
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4 ZKRATOVY PROUD VE STATOROVEM VINUTI

zmeéné magnetického odporu magnetické cesty. Nasledné bychom se museli za-
byvat vlastni geometrii motoru.

My

u

1

2] w| (=

(b) nahradni schéma - 1. krok
superpozice

1O o
U12=Uinzl [] 2

(¢) nahradni schéma - 2. krok superpozice

n @

Obrazek 4.9: Ndhradni obvod zkratu a jeho superpozi¢nich krokt

Nahradni schéma na obrazku 4.9 popisuji nasledujici rovnice 4.9.
Z1 = Ra+jwLy Za = Rz +jwhn, Zy=Rua+j0 (4.9

Pro vypocet vyslednych proudil v kazdé vétvi ndhradniho schématu zkratu
pouzijeme rovnice 4.10.

) RN A (4.10)
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4.3 Zkratovy proud mezi zavity jedné tize

Aby bylo moZné vypoditat vysledné proudy, musi se nejprve vyftesit oba
kroky superpozice. Rovnice 4.11 a 4.12 jsou sestaveny podle obvodu na obrazku
4.9(b).

o~ o~ EErS

Do (s) = Uy — Un (s) — 241, (4.11)

i _ U= Un(s) _ (U= Un(s))(Z + 2)

¥ zZ 21(22 + 23) + 2223 (4.12)
- Drlg (8) - U]g (év)
Ig = — Ig = =
Zs Zy

Regeni druhého kroku superpozice je provedeno podle obvodu na obrazku
9(c). Diléim feSenim jsou smyckové proudy 4, a iz, které jsou vyjadieny pomoci
rovhic 4.13 a 4.14.

] 3 - (}inz - ;ry- k: Z + Z
J’Ténz + {/rr‘z = 0 3’1 — ( 2 (Q))( 1 3)

(51 - 52)24 + 5122 -

2225+ Z1(Z2 + Zs)
(4.13)
s s \ Uiz — Upz (8)) Z
1w+ (i — 1) 23 =0 b = Wins = Ura (5)) 25 (4.14)
Loty + Z1(Zy + Z3)
Vysledné proudy se vypocditaji podle rovnic 4.15.
f; =ﬁ2 fézil f;, =€1 —52 (4'15)

Pro vipocet obvodovych prvk{l ndhradniho obvodu pro riizné konfigurace
zkratu byly pouZity rovnice 4.16.

z Z

AN N, N
L, = L. Us,=—U, R, =%
1L

1 1

R, (4.16)

Z vyse uvedenych rovnic je mozné urdit napéti na viech prvcich a proudy
ve viech vétvich nahradniho obvodu.

Z vyse definovaného vykonu a ze znalosti viech obvodovich veli¢in mizeme
vypoditat ¢inné a jalové vikony na vsech prvcich obvodu podle rovnic 4.17 a
4.18. Vypocet je provedeny podle rovnice 4.8,

PI = 1‘:1)'z€;v|ﬁt.'f:|2 P2 = an|f‘20|2 133 = Rzk|ﬁ30|2 (417)

A 2 s 2 -
Q1 = Im(Zy)| 1| Q2 = Im(Z3)| [ Qs = Im(Z3)|I5.|”  (418)
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4 ZKRATOVY PROUD VE STATOROVEM VINUTI

Teplo generované zkratovym proudem vyvolava v materidlech nevratné
zmény, které jsou podrobnéji popsany v kapitole 3.

T 400 T 12000 T

. .

15‘ LT[ 5[] U S—

|35|" In[%]

100 ] 100

50 50
N,/n[%] N,/n[%]
Obrazek 4.10: Celkové proudy v jednotlivych vétvich statorového vinuti v

pomeéru ke jmenovitému proudu motoru Iy = 4,25 A pro s = 0,2

Graf 4.10 je vysledkem Feseni nahradniho obvodu zkratu. Jednd se o za-
vislost pomérnych proudf v jednotlivych vétvich feseného obvodu na poctu
zkratovanych zavitti. Vypodet byl proveden teoreticky, a proto nezohlednuje
rozlozeni vinuti v drazkich motoru. Vysledek vychazi ze zjednodusujiciho pred-
pokladu, kdy je vinuti na jedné civece, a proto mize dojit ke zkratu mezi li-
bovolnymi zavity. Pro vlastni interpretaci vysledku je tfeba pouzit tabulku
4.1.

Z tabulky je vidét, které ¢asti grafu 4.10 od 33,33 % jsou pouze teoretické
a které je mozné zahrnout do dalgich tvah. Vétsina kombinaci uvazovanych
pii teoretickém feSeni nemtize diky prostorovému rozlozeni vinuti vzniknout.
U motoru EM 2. generace miizeme pouzit stejné vypodcty. Musime pouze zmeé-
nit parametry obvodovych veli¢in. Opét si musime sestavit tabulku moznych
zkratil. Tato tabulka je uvedena v piiloze Al.

Dalsi graf 4.11 ukazuje zavislost pomérného ¢inného vykonu, ktery se pre-
méni na teplo, v zévislosti na poc¢tu zkratovanych zaviti. Graf je rozdélen do
ti1 casti, které predstavuji ¢inné vykony v jednotlivych vétvich nahradntho ob-
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4.3 Zkratovy proud mezi zavity jedné tize

vodu. Vysledné grafy jsou vyneseny pro s = (), 2, co? odpovidd jmenovitému
zatiZzeni motoru M = 4, 8 Nm. Vezmeme-li v iivahu zkrat pro 30 % procent za-
vithi statorového vinuti, miZeme z grafii odec¢ist parcidlni ¢inné vykony, které
se podilejl na zahfivani statorového vinuti.

Py P b P,
— =6 20 —:4 55 & = 2 2[-0 = ]_ Y
PN b? /0 PN Pals) /t:) PN 3 o /0 PN 3 /1:) (4‘19)

Tyvto vykony secteme a ziskame celkovy ztratovy vikon podle rovnice 4.19,
ktery je zplsobeny zkratovym proudem. Z vypocdtu vyplyva, Ze 13% celko-
vého jmenovitého vykonu motoru se pfemeni v teplo. Z toho 6,8% v malém
prostoru statorové drazky, resp. dvou drazek. To je hlavni divod lokalniho te-
pelného pretiZzeni izoladnich materidlii. Protoze je teplo pfivedeno do jednoho
mista v motoru, neni mozné jej rychle odvést ani pii aktivnim chlazeni pomoc
ventilatoru. U motoril stardi konstrukee bylo vyhodou, Ze byly oproti soucas-
nym motortim dostatené predimenzovany. Okolo vinuti bylo dostatek Zeleza,
které bylo schopné pojmout podstatné vét$i mnoZstvi tepla. Dnesni motory
jsou dimenzovany piesné na jmenovité hodnoty udévané na stitku. Proto je
jejich pretizitelnost velice mald.

Se ztratovym vykonem klesa i Odinnost motoru. Zatimeo piikon motoru
roste, mechanicky vykon na hiideli klesd vlivem sniZeného momentu v ramci
jedné otacky, jak je popsidno v odstavei 4.1. Piikon motoru roste diky snizené
impedanci nékteré z fizi statorového vinuti. Z toho vyplyva, Ze se podstatné
zhorsuje energeticka bilance celého motoru.
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Obrazek 4.11: Celkové ¢inné vykony statorového vinuti v poméru ke
jmenovitému vykonu motoru Py = 1,1 kW pro s =0, 2

Aby byla anal§za zkratového proudu iplna, je nutné se podivat, jak se méni
zkratové proudy a ¢inné vykony v zavislosti na zatizeni motoru. Vysledek této
anal{zy ukazuji grafy 4.12 a7 4.17. Pro vétsi ¢itelnost ve 3D zobrazeni ? jsou
grafy vyneseny pouze do 50 % zkratovanych zaviti. Na jednotlivych grafech
jsou vykresleny plochy, které znazornuji cely pracovni prostor AM.

2Barevna legenda je zobrazena pro lepsi orientaci v grafech a je shodn4 s osou Z.
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Obrazek 4.12: Celkovy proud statorového vinuti /,. v pomeéru ke
jmenovitému proudu motoru Iy = 4,25 A
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Obréazek 4.13: Proud zkratované ¢asti vinuti /o, v pomeéru ke jmenovitému
proudu motoru Iy = 4,25 A
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Obrazek 4.14: Proud vlastnim zkratem I3, v poméru ke jmenovitému proudu
motoru Iy = 4,25 A
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Obrazek 4.15: Celkovy ¢inny vykon statorového vinuti P, v pomeéru ke
jmenovitému vykonu motoru Py = 1,1 kW
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Obrazek 4.16: Celkovy ¢inny vykon statorového vinuti P v poméru ke
jmenovitému vykonu motoru Py = 1,1 kW
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Obrazek 4.17: Celkovy ¢inng vykon statorového vinuti P; v pomeéru ke
jmenovitému vykonu motoru Py = 1,1 kW
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4 ZKRATOVY PROUD VE STATOROVEM VINUTI

4.4 Zkratovy proud mezi zavity raznych fazi

K tomuto typu zkratu dojde pii poruseni izolace mezi zavity riznych fazi,
jak je schematicky znazornéno na obrazku 4.18. Vzdy je to na ¢elech vinuti,
kde se setkdvaji civky riznych fazi. Tepelné ¢inky zkratového proudu proté-
kajiciho zkratem zplisobi zménu struktury izola¢niho laku na dratech vinuti i
prokladaci mezitizové izolace. Vysledek piisobeni zkratu je vidét na obrazku
4.19.

Obrazek 4.18: Schematické znazornéni zkratu mezi zévity riznych fazi

[zola¢ni systém je témét stejny jako v piipadé mezizavitového zkratu v jedné
fazi. Rozdil je v tom, ze mezi jednotlivé civky v riiznych fazich je vkladana pfi-
davna izolace pro zlepSeni izola¢ni spolehlivosti statorového vinuti.

Tato piidavna izolace je dilezitym prvkem v izola¢nim systému statorového
vinuti, protoze mezi zavity riznych fazi je vétsdi napéti ve srovnani se zavity
jedné faze. V nejhorsim ptipadé mtze dojit ke zkratu v8ech zavitlt obou fazi,
jak vyplyva z tabulky 4.2.

V préci [10] je detailné rozebrana problematika motori, které jsou napajeny
z FM. Autor uvadi, Ze je velice nebezpedny prechodny déj vyvolany piimou
zménou polarity sdruzeného napéti stiidace. Teoretickd hodnota prepéti vyvo-
laného uvedenym déjem je rovna ¢tyfnasobku napéti ve stejnosmérném obvodu
ménice. Takto vysoké napéti vyznamné ohrozuje izolacni systém motoru.

4.4.1 Reseni ndhradniho obvodu

Pro feSeni zkratu mezi fazemi neni nutné sestavovat novy model, lze pouzit
opét nahradni obvod na obrazku 4.6. Rozdil v feseni pfedstavuje pouze riizny
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4.5 Zkratovy proud mezi vinutim a kostrou motoru

m ezis.azové izolace

Obréazek 4.19: Zména struktury izola¢niho materialu vlivem tepelného
ptisobeni od mezizavitového zkratu

pocet zaviti celkového vinuti a velikost napajeciho a indukovaného napéti. To
znamena, ze je mozné pouzit vysledky, které jsou uvedeny v kapitole 4.3.2.
Rozdil v FeSeni predstavuje tabulka moZnych zkrati 4.2, kterd uvadi mozné
FeSeni pro zkrat mezi riznymi fazemi statorového vinuti.

Az faze U | Az faze V | Azpy P = "= -100
1- 68 | 273 — 408 | 544 66,66 %
1- 68 1- 68 | 816 100,00 %
69 — 204 1- 68 | 748 91,60 %
69— 204 | 69 —204 | 680 83,00 %
205 -272 | 69 —204 | 544 66,66 %
205 — 272 | 205 — 272 | 408 50,00 %
273 — 408 | 205 — 272 | 340 41,60 %
273 — 408 | 273 — 408 | 272 33,33 %
maximalni pocet zkratovanych zavitl n,.;,., = 816 zaviti

Tabulka 4.2: Tabulka moznych zkrat mezi fAzemi pro EM

4.5 Zkratovy proud mezi vinutim a kostrou motoru

Tento zkrat vznika, pokud dojde k prirazu drazkové izolace na sasi motoru.
Tim dojde ke zméné impedance statorového vinuti zkratované faze. Vznikne
nové obvodové uspotradani, které je na obrazku 4.20.
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Obrazek 4.20: Schematické znazornéni zkratu na kostru motoru

Izola¢ni systém mezi Sasi motoru a vinutim se skladd z drazkové izolace,
impregnacniho laku a laku na vinuti dratu (smaltu). Drazkova izolace se vétsi-
nou sklada z PET f6lie o riznych tloustkach a z aramidové vrstvy viz. kapitola
2.4.3. Na trhu je opét cela fada vyrobet Polifibra s.p.a., DuPont, KREMPEL-
-GROUP, Labara manufacturing of electroinsulatin materials (distributor).

Hlavni pri¢inou vzniku zkratu proti zemi byva hrana, o kterou se drazkova
izolace profizne. To je vidét na obrazku 4.21. Vétsinou se jedna o hranu stato-
rového plechu. Na vystupu ze statorového paketu dochézi k ohybu vinuti pii
upravé tvaru cel. Pii této operaci miize dojit k nafiznuti drazkové izolace. Po-
kud vznikne zkrat uvniti drazky, je to vétginou zptisobeno $patnym rozmérem
jednoho nebo vice z plechtl, které tvori celé jho statoru. Tyto mohou zasahovat
do prostoru drazky a poskozovat izola¢ni material.

(a) zkrat vinuti — kostra hrana (b) zkrat vinuti — kostra drazka

Obréazek 4.21: Zména struktury izola¢niho materialu vlivem tepelného
pusobeni od zkratu na kostru motoru [15]

V pfipadé, ze je motor bez zkratovaného vinuti, by mélo byt napéti spoje-
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4.5 Zkratovy proud mezi vinutim a kostrou motoru

nych koncii v8ech statorovych vinuti viici kostfe motoru nulové. To plati pro
napajeni ze sité¢ harmonickym napétim. Pokud je motor napdjeny z FM, je
tomu jinak. Frekvenc¢ni ménic¢ spina napéti vici nule stejnosmérného meziob-
vodu (pomyslna nula). Potencidl mezi stfedem vinuti a vodi¢em PE neni viici
kostfe motoru nulovy, rovnd se jedné tretiné napéti ve stejnosmérném meziob-
vodu [34].

Toto napéti je zpiusobené tzv. vychylovacim napétim, které zvysuje maxi-
malni dosaZitelnou moznou amplitudu sdruzeného napéti. Jeho frekvence je
trojnasobnd k zakladni frekvenci vystupu stiidace FM.

K tomuto napéti se pri¢te napéti mezi kostrou motoru a zapornou, resp.
kladnou, svorkou stejnosmérného meziobvodu, zilezi na okamziku sepnuti.
Proto je napéti uzlu hveézdy vinuti viiéi kostfe motoru neharmonické. Pri-
béhy napéti i proudf jsou rizné pro FM, které jsou napajeny z 1f nebo ze 3f
rozvodu.

Obréazek 4.22: Casovy priibéh U,,s PWM modulace pro vystupni frekvence
0Hz, 20 Hz a 50 Hz — nahote, napéti Uy,q v zévislosti na vystupni
frekvenci — dole

Pokud neni stfed vinuti spojeny s kostrou motoru, je napéti Ug,q zavislé
na vystupni frekvenci st¥idace. S rostouci frekvenci dochazi ke sniZeni tohoto
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4 ZKRATOVY PROUD VE STATOROVEM VINUTI

napéti. SniZeni napéti Ugy,q pii vySSich frekvencich vystupniho napéti je zpi-
sobeno mensim poctem nulovych vektorii v ramci jedné periody jak ukazuje
graf 4.22.

Napéti Uy,g bez zkratu mezi fazi a kostrou s frekvenci klesd. To znamena,
ze by mél proud v pfipadé zkratu na kostru s rostouci frekvenci také klesat.
Praktické experimenty ukazuji, ze proud s frekvenci roste. Je to zplisobeno
zménou obvodové konfigurace vinuti. Pi zkratu na kostru napéti s frekvenci
roste a s nim i proud, ktery tece do zemé. Tento proud je znacné neharmonicky,
jak ukazuje graf 4.23.

! ! ! ! ! ! ! ! —OHz
AR I.-‘:I 1 hr1 W :}w-””‘r lII"r,’|:"l'\\ l'.lnq-.su‘ti\-xls\. HHTS n R ooy
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Obréazek 4.23: Casovy priibéh proudu g
pro vystupni frekvence 0 Hz, 20 Hz a 50 Hz — nahofe, proud /4,4 v zavislosti
na vystupni frekvenci — dole

Je otazkou, zda ma smysl tento problém fesit. Pfi napdjeni z FM probiha
pred spusténim pohonu test vystupni vikonové ¢asti. Soucasti je i test zemniho
zkratu. V piipadé, Ze tento zkrat vznikne, elektronika FM jej odhali a cely
pohon se zastavi. Zajimavé je, Ze zédlezi na tom ve, kterém mist¢ vinuti ke
zkratu na kostru dojde. Pokud zkratujeme zacatek vinuti na kostru FM, nahlasi
zemni zkrat. V pfipadé, Ze je zkrat blizko ke konci vinuti, FM jej nespravné
vyhodnoti jako pfepéti ve stejnosmérném meziobvodu. Vysledek pro uZivatele
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4.5 Zkratovy proud mezi vinutim a kostrou motoru

je stejng. Pohon se nerozbéhne.

Cheeme-li méfit zemni proudy, musime zafadit do zkratu rezistor, diky
kterému FM zemni zkrat nezjisti. V tomto pfipadé se rezistor pohyboval okolo
10 2. Druhon variantou jak obejit elektroniku FM je zmeéna identifikovanych
parametrii motoru.

Protoze je proud do vodi¢e PE neharmonicky, nenf mozné zkrat na kostru
Fegit analyticky. Autor se rozhodl pouzit jeden z modulf programu MATLAB.
Konkrétné jde o modul Sim Power Systemns, ktery je stale ve vyvoji a postupné
nabizi vice a vice moznosti. Modul umoziuje simulace v oboru vykonové elek-
trotechniky a pohoni. Jedna se tedy o mumerické modelovani, které s sebou
prinasi urdita omezeni.

4.5.1 Sestaveni modelu

I pfes vyse uvedené divody smysluplnosti feseni této problematiky byl se-
staven model, ktery odpovida statorovému vinuti napajeného z FM s moznosti
zemniho zkratu. Vytvofeny model je na obrazku 4.24. Sklida se z nékolika
zakladnich ¢asti. Prvnd ¢asti je FM, ktery se sklada z usmeériiovade, stejno-
smérného meziobvodu, stifdace IGBT, PWM generatoru a generatoru zadané
hodnoty sinusovych pribéhii (RefGen). Druhou ¢4st tvoii mékicd obvody, které
slouzi k méfeni napéti a proudi ve zvolenych mistech modelu. Dalsi ¢asti mo-
delu je vinuti motoru, které se sklada ze tif indukénosti se sériové zapojenym re-
zistorem. Ve fazi W je vytvofené specidlni vinuti oznadené Ly, které umoziiuje
pfipojit vinuti fize W na kostru motoru. Pomoci tohoto je mozné simulovat
zkraty po —} zavitech. V modelu je stejné jako v predchozim piipadé pouzita

e
linedrni induk¢nost. Posledni ¢asti modelu je ¢ast zkratu na kostru. Jedna se

o jednoduchy model s rezistorem pfipojeny mezi jeden z vyvodd Ouf_sub_I az
Out_sub_10 bloku L a ochranny vodié.

Tento model odpovida FM, ktery pouziva skalarni fizeni. Model pro vek-
torové Flzend je také mozné sestavit, ale v ustaleném stavu by nemél byt rozdil
mezi skalarnim a vektorovym fizenim.

Po sestaveni byl model testovan a upravovéan tak, aby co nejlépe zachycoval
skute¢né chovini FM pii zkratu na zem. Ukazalo se, ze tento zjednoduseny
model neodpovida skuteénym naméfenym zavislostem na realném pohonu. Po
tomto zjisténi byl sestaven druhy model, ktery v sobé zahrnoval vektorové
fizeni. I pfes tuto tpravu se nepodafilo dosdhnout alespoii piiblizné shody
s realitou.

Jednou z piic¢in neshody modelu a skutecnosti je fakt, Ze FM, které se
vyrabi v dnesni dobé, maji sloZité regulacni struktury. Bez jejich znalosti je
témét nemozné sestavit odpovidajici model.

Dalsi z moznych piféin je nemoznost vytvaeni zkrat piimo ve statorovém
vinuti modelu AM, ktery nabizi modul SimPowerSystem. Motor byl nahrazen
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Obréazek 4.24: Model FM a vinuti motoru v modulu SimPowerSystems — pro
simulaci zemniho zkratu

pouze piipojenou indukénosti v sérii s rezistorem. Refeni této problematiky
vyzaduje podstatné hlubsi analyzu, kterd zasahuje mimo ramec této prace.

Vysledek, ktery v této ¢asti prace stoji za zminku, vychazi z provedenych
méfeni. Z grafu 4.23 vyplyva, Ze zemni zkratovy proud se pohybuje v rozmezi
0% az 100 % jmenovitého proudu motoru.

4.6 Verifikace modelu

Pro ovéfeni vysledki, které jsou vypocitany pomoci matematického mo-
delu, bylo provedeno nékolik verifika¢nich méfeni. S ohledem na navrh odbo-
¢ek vinuti motoru EM je mozné vypocitané hodnoty ovérit pouze v nékolika
malo bodech. Méfeni bylo provedeno za stejnych podminek, které odpovidaji
grafu 4.10: Iy = 4,25 A, 5 =0, 2.

Verifikace modelu byla moZna pro zkrat 3 zavity, 68 zaviti a 128 zaviti.
Prvni dva pripady se tykaji zkratu v jedné fazi. Posledni je simulaci mezifazo-
vého zkratu.

Vysledek je uveden v grafu 4.25. Rozdil mezi modelem a skutecnosti je
dan velkym zjednodusenim pii sestavovani modelu zkratu. Jedné se hlavné o
linearizaci indukcénosti. Dale neni briano v potaz diskrétni rozloZzeni vinuti ve
statorovém vinuti.

Ovéteni proudu Iy, neni moZné, protoze ke zkratovanym zavitiim uvnitt
motoru neni pristup. Proto nebylo moZné jeho méfeni.
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Obrazek 4.25: Verifikace modelu pro 3, 68 a 128 zkratovanych zavitl

Z vysledkil verifikace vyplyvd, Ze je mozné tento model pouzit na pfiblizné
odhadnuti proudovych pomeéri v jednotlivych ¢astech vinuti, které bylo zkrato-
vano. Dale pak mohou byt tyto vysledky pouZity k vypoctu ztratového vykonu,
ktery se meéni na teplo.

Verifikace modelu pro zemni zkrat nebyla mozna z diivodi uvedenych v od-
stavei 4.5.
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5 Pracovisté pro experimentalni diagnostiku

Ke studiu a analyze zkratovych proudi a jejich tepelnych 0c¢inkd bylo vy-
tvofeno pracovisté, na kterém bylo mozné simulovat riizné konfigurace zkrat,
které jsou popsany v kapitole 4. Toto pracovisté (obrazek 5.1) se sklada ze tii
hlavnich ¢asti: z motoru pro experimentalni diagnostiku (EM), méfici jednotky
TEMP_12 a zatézovaciho synchronniho motoru SIEMENS. Soucdasti systému
jsou i dalsi ¢asti, které jsou popsany nize v této kapitole.

aplikace ThermoGear

aplikace USS ControlPanel
jednotka TEMP_12
synchronni servomotor - zatéz
motor EM

méfeni napéti a proudu

FM Micromaster
FM Simovert - Motion Control

Obrazek 5.1: Pracovisté pro experimentalni diagnostiku

Vsechny ¢asti jsou sestaveny do komplexniho experimentalniho pracovisté,
které umoznuje podrobné analyzovat zkoumany motor. Blokové schéma praco-
vi§té je na obrazku 5.2. Synchronni motor je spojen hiidelovou spojkou a pra-
cuje na jedné hifdeli s motorem EM. Spojeni zajistuje spojka BNK tak, aby
se vyrovnaly osové rozdily obou stroji.

Z AM jsou sbirdana data pomoci jednotky TEMP_12 vlastni konstrukee,
kterd posild namétrend data dale do PC. Pro monitorovani teplot v jednotli-
vych mistech motoru byl vytvoren program ThermoGear, ktery zpracovava,
vizualizuje a ukladi data pro dalsi analyzu.

Synchronni servomotor je napajen a fizen FM SIMOVERT Motion Cont-
rol. Ovladéni je realizoviano pomoci aplikace ControlPanel (autor: Ing. Martin
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Obréazek 5.2: Blokové schéma laboratorniho pracovisté

Diblik - KEL). Ridici signaly jsou posilany z PC do SIMOVERT - Motion Con-
trol pfes primyslovou sbérnici RS485. Diky tomuto feSeni je mo’né ovladat
motor pfimo z PC.

Asynchronni motor je napajen a fizen FM MICROMASTER. Ovladani je
realizovano také pomoci aplikace ControlPanel. Ridici signaly jsou posilany do
meénice SIMOVERT - Motion Control. V ménici je zddana hodnota prevedena
na analogovy vystup 0-10 V. Toto napéti je pfipojeno na analogovy vstup
FM MICROMASTER. Diky této konfiguraci je snadné ovladani obou pohonii
z jedné aplikace (z jednoho mista).

5.1 Motor pro experimentalni diagnostiku

Motor pro experimentalni diagnostiku je specidlni AM. Pro potieby pra-
covisté bylo nutné takovy motor navrhnout a vyrobit. V ramci této prace
bylo navrzeno statorové vinuti AM (5.7) a vyroben vlastni EM, ktery je na
obrazku 5.5. V dobé navrhu a konstrukce EM nebyla vybudovand tzka spolu-
prace s vyrobcem motori SIEMENS ELEKTROMOTORY, spol. s r. 0., aby
vyrobil tento specidlni motor na zakazku. Z tohoto diivodu byl motor navinut
rucné profesiondlnim technikem elektromotorti. Vlastni experimenty probihaly
na ru¢né navinutém motoru. Pfed dokoncenim této dizertacni prace se poda-
filo u vyrobce vyjednat vyrobu motort pro daldi experimenty. Navrh vinuti
a rozmisténi ¢idel teploty je v pfiloze na obrazku Al.2.

Pro vlastni realizaci bylo pouzito 8asi starsitho motoru, ktery poskytoval
vice prostoru pro navrzené odbocky ze statorového vinuti AM a pro termo-
clanky a jejich vedeni. VSechny elektrické a mechanické vlastnosti motoru byly
témér zachovany dle ptivodniho navrhu.

Ve fazich U a W byly vytvoreny odbocky po 1, 2, 3 a 340 zavitech pocitano
od svorky ;. Motor mé tfifazové vinuti se dvéma pdlpary. Statorové vinuti
motoru je realizovano jako tzv. smyckové. Kazda faze je sloZena ze Sesti civek
po 68 zavitech. Pro vinuti byl pouzit standardni, bézné pouzivany, smaltovany
Cudrat D, = 1 mm.
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5.1 Motor pro experimentilni diagnostiku

=] Termodlanky
[ Externi konektory
[T Externi svorkovhice - konfigurace zkratu

Obrézek 5.3: Blokové schéma motoru pro experimentalni diagnostiku

V motoru byl vytvofen systém termoclanki tak, aby bylo mozné monito-
rovat teplotu vinuti v kazdé treti statorové drazce. Na obrazku 5.4 je stator
rozvinuty, aby byla vidét dislokace termoclankt ve statorovém vinuti. Vyssi
pocet termoc¢lankl by znamenal podstatné veétsi technické naroky na mérici
systém. Lepsiho monitoringu teploty motoru se stejnym poctem termoclanki
je mozné dosahnout snizenim poctu statorovych drazek motoru. Tuto variantu
je mozné uvazovat v piipadé pouziti motorti nové konstrukee, které maji mensi
pocet drazek.

Termoclanky jsou umistény v ose statorové drazky a vzhledem k délce
drazky uprostied. Vyvody termoclank musely byt opatfeny izola¢nim ma-
teridlem, ktery spolehlivé odolava teplotam nad 150 °C. Pro tento tucel byla
pouzita silikonova paska.

drazka

35 | 36

T T il
]

térmoélének

Obrazek 5.4: Rozmisténi termoclankd ve statorovém vinuti

Postupem c¢asu bylo zjisténo, zZe by bylo dobré v névrhu statorového vi-
nuti udélat zmény tak, aby bylo moZné verifikovat model pro vice konfiguraci
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5 PRACOVISTE PRO EXPERIMENTALNI DIAGNOSTIKU

zkratového proudu. Nicméné i tento EM poslouZil k verifikaci vytvorenych
matematickych modeli.

5.1.1 Realizace statorového vinuti

V odstavei 5.1 je struéné popsan motor pro experimentalni diagnostiku.
Zde je uvedeno konkrétni usporadani civek statorového vinuti v drazkach sta-
toru a na c¢elech vinuti. Ve schématech jsou vyznaceny drazky, ve kterych jsou
umistény termoclanky.

Technicka data motoru

Typ: AM ¢tyipélovy R36-n-4-Db-H0O, MEZ
Jmenovité otacky: 1415 ot /min

Jmenovity vikon: 1,1 kW

Jmenovité napéti: 400V /230 VY/D

Jmenovity proud: 275 A /425 AY/D

Vyvody termoclank

Termodlankové vedeni

Konfigurace zkratu

Obrazek 5.5: Motor pro experimentalni diagnostiku

Statorové vinuti bylo navrzeno dle technickych zvyklosti a s pouzitim do-
stupné literatury [28], [30]. Jedna se o ¢tyfpdlové 2p = 4 vinuti, které je tii-
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5.1 Motor pro experimentilni diagnostiku

fazové m = 3. K dispozici byl motor s @), = 36 drazkami ve statoru. Podle
rovnic 5.1 byly vypocitany tdaje pro navrh statorového vinuti.

T2 4 ! q=2p-m=r3= ; sz-mZEZE)

y= 25 g % @ _3% _ 6y

Vypoctené hodnoty urcuji ulozeni vinuti v drazkach statoru. Plan zapojeni

vinuti je na obrazku 5.7.
2p=4 0% =36, =3 m=3,a=1,4y=18r=_5§

O statorova drazka + termodianek
= civka 68 z&vitl, Cu drét @ 1 mm

Obrazek 5.6: Celo vinuti EM

Na obrazku 5.6 je vidét uspofadani jednotlivych civek na celech vinuti,
které je dilezité pro zjisténi moznych zkrat mezi jednotlivymi fazemi.
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Obrézek 5.7: Plan vinuti a zapojeni svorkovnic EM
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5.2 Meéfici jednotka TEMP_12

5.2 Meérici jednotka TEMP_12

Dalsi ¢asti pracovisté je mérici jednotka vlastni konstrukce TEMP _12, ktera
vyhodnocuje naméfené hodnoty teploty a posila je k dalsi analyze do PC.

T TEMP 12 i T
= 24 bit |
M | 12| |Termoslankove | 12 |y Filtr -
2 1| Zoslosste I *locsura —|Bulemor - | [cey ]
L |
A :
E RS lF232
Y | Aduc24

Obrazek 5.8: Blokové schéma méfici jednotky TEMP_12

Cely systém je realizovan s jednocipovym mikropocitacem ADUc824. Ter-
moelektrické napéti je zesilovano 12-ti termoclankovymi zesilovaci ADG594.
Vsechny kandly jsou pomocdi multiplexoru prepindny na 24 bitovy A/D pfe-
vodnik. Méricl systém je vybaven filtrem, ktery filtruje rusivé pozadi zptisobené
stfidacem FM. Blokové schéma znazoriuje obrazek 5.8.

Jednotka TEMP_12 na obrazku 5.9 byla zkonstruovana za ti¢elem monito-
rovani teploty pro dvanéct libovolné dislokovanych mist. V pfipadé této prace
se jednd o monitorovani teploty v drazkich statorového vinuti, ve kterych
jsou umistény termoclanky. Konkrétni usporadani termoclankového systému
je uvedeno v kapitole 5.1.

e

5.2.1 Hardware meérici jednotky

Meéfici jednotka je navrzena na jedné DPS, kromé piidavného filtru. Tato
koncepce byla zvolena z diivodu vysokého ruseni od FM. Systém je napajeny
stabilizovanym napétim 5 V. Obvodem LMC 7660 bylo tfeba vytvofit zaporné
napéti -5 V pro zajisténi spravné funkce multipexoru. Poslednim zdrojem na-
peti je obvod MAX 6520, ktery vytvaii referencni napéti 1,28 V pro A/D
prevodnik, coz predstavuje polovinu rozsahu 0-2,56 V. S timto rozsahem je
mozné meétit teplotu od 0°C do 256 °C.

Jednotka je schopna sbirat data z dvanacti termoclankovych ¢idel typu J.
Jadro jednotky tvori ADUc824. Jadro mikrofadice pracuje na frekvenci 12
MHz a je zaloZeno na architektuie 8051, kterd je vhodna pro navrh software
(jednoduchéa zameéna mikrotadice). Analogovy Sestnactikandlovy Multiplexor
ADG 506 A piepina jednotliva termoelektrickd napéti pro 24 bitovy -A A/D
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(a4

Napajeci zdroj
ADUcg24

Filtr Butterworth
Vstupni LC filtry
Multiplexor

Termoélankove zesilovace
Komunikace RS 232

Obrazek 5.9: Popis meétici jednotky TEMP_12

prevodnik v ADUc¢824. Jadro celého systému odesild data pies RS232 do PC
k dalsimu zpracovani. Po praktickych zkuSenostech byl do systému pridan pied
vstup do A /D pfevodniku filtr DP 400 Hz, ktery realizuje obvod MAX275 (2-8
rad Butterworhiiv filter, lze obvodové konfigurovat). Zesileni termoelektrického
napéti zajistuji kvalitni a presné termoclankové zesilovace ADG594AD. Vystu-
pem zesilovace je napéti s pfevodni konstantou k.4, = 10 mV/°C. Na viech
vstupnich svorkich jsou umistény LC filtry. Tyto omezuji elektromagnetické
ruseni od FM, které se indukuje na termoclankové vedeni. Blokové schéma
mefici jednotky je na obrazku 5.8.

Podrobnéjsi informace ke viem pouzitym soucastkam jsou na pfiloZzeném
CD-ROM v adresafi X:\== Konstrukce Temp_12 ==\== Datasheets ==.
Pro névrh filtru byl pouzit program od firmy MAXIM, ktery je na pfiloZeném
CD-ROM v adresari X:\== Konstrukce ==\== Temp_12 ==\== Navrh filtr

5.2.2 Software mérici jednotky

Ridici software celého systému je naprogramovan v programovacim jazyce
C. Sklada se z nékolika funkenich celkil, které se staraji o chod jednotky a o
komunikaci s nadfazenym systémem PC.

Program pro fizeni jednotky je na pfiloZzeném CD-ROM v adresafi
X:\== Konstrukce ==\== Temp_12 ==\Program TEMP_12.
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5.2 Meéfici jednotka TEMP_12

5.2.3 Komunikace TEMP_12 a PC

Komunikace mezi jednotkou TEMP_12 a PC je zajisténa standardnim roz-
hranim RS232. Kazdy datovy paket je uvozen a ukoncden danymi znaky, aby
bylo mozné zkontrolovat, ze data jsou kompletni. Struktura datového paketu
je na obrazku 5.10.

Meéfena data jsou ulozena ve 3 bajtech ADC_H, ADC_M a ADC_L. Vychazi
to z hardware A/D prevodniku, ktery mé 24 bitli. Pro odesldni dat jsou tyto
bajty rozdéleny na dvé ¢asti po 4 bitech. Tim vznikne 6 bajti (ADC_H_1,
ADCM_1 a ADCL_1, ADCH 2, ADCM_2 a ADC_L_2), které maji vyssi
polovinu bajtu nulovou. Takto jsou data poslana do PC vcetné dalsich fidicich
bajti.

|_1|M1 H1{ L2 | M2 ]| H2 | Mn

== pevné dané bajty
=== datové bajty
=== data H|L - ADC_XX

ADC L1
Cjojoyo0djddyjd

Obréazek 5.10: Struktura datového paketu, ktery posild jednotka
TEMP_12 do PC

Pro moznost fizeni a nastaveni TEMP_12 byl vytvofen soubor fidicich
znaki. Jedna se o inicializaci celého systému, zajisténi komunikace, ukonceni
meéfeni, moZnost prepnout systém do rezimu kalibrace a o zménu komunikacni
rychlosti sytému a PC. Prehled fidicich znaki je uveden v tabulce 5.1.

znak | funkce
S | inicializace TEMP_12 po restartu
»X“ | potvrzeni piijeti datového paketu
»k“ | konec méfeni
»C* | zapnuti TEMP_12 do mdédu rucni kalibrace
,0¢ | nastaveni komunikacni rychlosti na 9600 b/s
»1“ | nastaveni komunikacni rychlosti na 19200 b/s
»2“ | nastaveni komunikacni rychlosti na 38400 b/s

»3% | nastaveni komunikacni rychlosti na 57600 b/s

Tabulka 5.1: Funkce fidicich znakt

Aby nedochézelo ke ztraté dat pfi zaneprazdnéni PC, musi byt potvrzeno
piijeti datového paketu. Po potvrzeni probéhne dalsi méfeni a odeslani dat do
Pl
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Obréazek 5.11: Hlavni okno aplikace ThermoGear — méfeni teploty

5.2.4 Softwarové vybaveni ThermoGear

Pro vyhodnoceni teplotnich tdaji z EM, bylo tieba vytvofit prehledny
software pro zpracovani naméfrenych dat. Toto programové vybaveni bylo na-
programovano v prostiedi Delphi 6.

Program ThermoGear zajistuje komunikaci s méfici tstfednou TEMP_12.
Komunikace zahrnuje shér a validaci dat pfichazejicich z méfici tistfedny. Pro-
gram je zaméfeny na konkrétni aplikaci, kterou je vizualizace teploty v pfipo-
jeném motoru (mize byt pouzit i obecne).

Vizualizace je mozna v riznych moédech tak, aby uzivatel mél pfehled o tep-
lotach v méfenych bodech a jejich pfesném umisténi v motoru. Program mtize
monitorovat 1 az 12 méfenych c¢idel. Zalezi na volbé pii inicializaci programu.

Nameétena data je mozné ukladat a zpétné vyhodnocovat po opétovném
otevieni. Uzivatel ma moznost ménit komunikacni rychlost pii sbéru dat.
V programu jsou zaimplementovany funkce, které usnadnuji identifikaci a ¢i-
telnost naméfrenych dat. V&echny tyto funkee jsou podrobné popsany v napo-
veédé programu. Nahled na hlavni okno aplikace ThermoGear ilustruje obrazek
5.11. Program i zdrojovy kdéd je ulozen na pfilozeném CD-ROM v adresari
X:\== Software ==\== ThermoGear ==.
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5.2 Meérici jednotka TEMP_12

5.2.5 Vykresovi dokumentace TEMP_12

Vykresova dokumentace byla pfi ndvrhu rozdélena do nékolika ¢asti, aby
se zlepsila cCitelnost schémat. Prvnd schéma na obrazku 5.12 znazoriuje za-
pojeni mikrokontrolern ADUc 824. Na schématu je napajeci zdroj pro celou
Gstfednu TEMP_12. K mikrokontroleru je nutné pfipojit pfevodnik drovni
TTL — RS5232, ktery umoziluje piipojeni na sériové rozhrani PC a dals sou-
¢astky nezbytné pro spravnou funkci mikrokontroleru.

Druhd ¢ast navrhu byla vénovana multiplexoru, ktery zajistuje prepinani
vystupt jednotlivych termodlankt. Na schématu 5.13 je analogovy multiplexor
a zdroj pro zaporné napéti, které je nutné pro pfepinani analogovych signalii.
Vsechny vyvody jsou pifes LABELy propojeny s ostatnimi listy navrhu. Pro
spravnou interpretaci analogovych hodnot, které jsou privedeny na A/D pie-
vodnik, bylo nutné vytvofit referenéni napéti. Toto napéti umozni rozsifeni
rozsahu A /D prevodniku.

Tieti a posledni ¢ast, ktera je navrzena na jedné DPS 5.14, je sada termo-
clankovych zesilovaci, které zajistuji zesileni termoclankového napéti a kom-
penzaci studeného konce. Kompenzace je zajisténa piimo z vyroby. Podle expe-
rimentil pii oZivovani se ukazalo, Ze rozdil mezi teplotami je v rozmezi £0.5°C.
Vzhledem k tomu, Ze nejsou v8echny termoclanky identické, miuize dojit k dal-
$im teplotnim rozdilim cca +1 °C, které jsou programové kompenzovany.
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Obréazek 5.14: Schéma zapojeni termoclankového zesilovade — na DPS 12x

5.3 Zatéz pro EM

Treti ¢ast pracovisté tvoii synchronni motor SIEMENS napajeny z frek-
ven¢niho ménice SIMOVERT. Tento pohon je v této praci pouzity k simulaci
zatézného momentu pro EM. Diky veliké variabilité fidici jednotky je mozné
realizovat riizné pritbéhy zatizeni, které mutzeme nalézt v bézné primyslové
praxi. Blokové schéma zatéze pro EM je na obrazku 5.15.

. PC | Y, 4

: ! SIMOVERT

: . RS485 | VECTOR sM |&o
. | Control | CONTROL

+ | Panel |

Obrazek 5.15: Blokové schéma zatéze pro EM

5.3.1 Softwarové vybaveni ControlPanel

Program ControlPanel byl vyvinuty na TUL-Katedfe elektrotechniky pro
snaz$i a jednodussi pouzivani frekvencnich ménicli firmy SIEMENS. Program
komunikuje s frekvencénim ménicem po shérnici RS485 a vyuziva komunikac¢ni
protokol firmy SIEMENS USS.

Pomoci programu ControlPanel je mozné ovladat zatéz a EM najednou
z jednoho mista. Diky veliké variabilité programu je mozné vytvofit ovladaci
panel (velin), na kterém lze nastavovat ziddané hodnoty a zaroven monitorovat
dulezité veliciny (moment a otacky na hiideli aj.). Sledované veli¢iny je mozné
libovolné volit a vkladat do ovladaciho panelu. Cely ovladaci panel a nastaveni
frekvencéniho ménice je mozné pohodlné ulozit. Pti dalgim pouziti se ovladaci
panel otevie a je pfipraven k okamzitému pouziti. Tento zptisob usnadiiuje a
urychluje praci na pracovisti, kde je frekvencni méni¢ vyuzivan k vice celtim
(vyuka, VaV, pramyslové aplikace aj.).
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5.3 Zatéz pro EM
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Obrazek 5.16: Hlavni okno aplikace ControlPanel — ovladani zatéze a EM

z jednoho mista

Nahled na hlavni okno aplikace ControlPanel ilustruje obrazek 5.16. Pro-

gram i zdrojovy kéd je uloZen na piiloZzeném CD-ROM v adreséri X:\==

ware ==\== ControlPanel ==

Soft-
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5 PRACOVISTE PRO EXPERIMENTALNI DIAGNOSTIKU

5.3.2 Technické parametry synchronniho pohonu

Ridici jednotka Siemens SIMOVERT Masterdrives MotionControl
provedeni Compact, Converter
Typ: 6SE7016-1EA51-Z C43+-F01+G91

Parametry:
Uine [V] 380 — 480 Vstupni napéti, AC 3-fazové
Uout [V] 0 — 0,86 x Uppe | Vystupni napéti, AC 3-fazové
Srine [Hz] 50 Vstupni frekvence
Sout [V] 0 — 400 Vystupnd frekvence, krok 0,001
fs [kHz] 5-8 Spinac frekvence
Pratea [kW] 2,2 Vykon jmenovity
Locons [A] 6,1 Proud v{stupni jmenovity
Lar [A] 9,8 Proud v{stupni $pickovy/kratkodoby

Tabulka 5.2: Elektrické parametry fidici jednotky SIMOVERT Masterdrives
MotionControl

Synchronni servomotor s permanentnimi magnety v rotoru
Typ: 1FT6062-6AF71

Nrateq |OF/min] 3000 Jmenovita rychlost

Prated kW] 2,2 Vykon jmenovity

M, 4teq [Nm] 4,7 To¢ivy moment

Latea [A] 34 Proud jmenovity

My [Nm] 6 To¢ivy moment klidovy

Iy [A] 4,0 Proud klidovy pti M,

Jigm2 [A] 0,85.10~* | Moment setrvacnosti

snima¢ polohy | 2048/4096 | Opticky, absolutni viceotackovy

Tabulka 5.3: Katalogové tdaje elektromotoru 1FT6062-6AFT71
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6 Meéreni parametria motoru EM

6.1 Meéfeni odporu civek statorového vinuti

Odpor vinuti je dilezity parametr pro spravné sestaveni nahradniho obvodu
statorového vinuti. Podili se na ztratach, které pii zkratu ve statorovém vinuti
ovliviuji zivotnost izoladniho systému. Odpor vinuti kazdé statorové civky
je méfen ¢tyivodicdovou metodou v misté kontakt svorkovnice motoru. Zdroj
proudu byl vytvofen z laboratorniho stabilizovaného zdroje napéti. Konstantni
proud byl zajistén proudovym omezenim zdroje.

Vliv termoelektrického napéti, vzhledem k presnosti pouZitych piistroji,
neni mozné postihnout, proto nebyl uvazovan. Vysledky tohoto méfeni neza-
hrnuji pouze ¢inny odpor statorovych vinuti. Postupné byly zméfeny ¢inné
odpory viech zkratovacich vyvodi viici svorce s indexem 1 (zacatek vinuti).
Znadeni téchto odpori je podle rovnice 6.1,

anzc (61)
kde f je nazev faze, n je oznaceni svorky na svorkovnici motoru, z je oznaceni
zkratu a ¢ je pocet zavith od zacatku vinuti.
6.1.1 Pouzité pristroje
1. Laboratorni zdroj PS-405 D, 0-40 V/0,01-5A, inv.¢. 801819 KEL.

2. V voltmetr, Agilent 34401A, inv.¢. 30257/18 KEL, rozsah 100 V, udana
piesnost je (0,002 % ze ¢teni 4+ 0,0006 % z rozsahu).

3. A ampérmetr, Agilent 344014, inv.¢. 30257/17 KEL, rozsah 3A, udana
presnost je (0,1 % ze ¢teni + 0,02 % z rozsahu).

6.1.2 Vysledky a zavéry

Na zavér byl pro vpocty zkratovych proudil vypoéten odpor jednoho z4-
vitu statorového vinuti podle vztahu 6.2. V tomto pfipadé se jednd o primér
dvou rozdilovych odporil mezi zkratovymi vyvody.

N

R n R L1 —
RFZ] _ Z FZ N RZ 1 (62)

n=1
Celkovy dinny odpor u faze U je nizél oproti fazi V a W. Jedni se o nesy-
metrii ve statorovém vinuti, ktera je zpusobena prodlouzenim pouzitého dratu
na zkratovac vyvody.
ZW

W Rz
Rz = +Z‘ = 9,619 (6.3)

39



6 MERENI PARAMETRU MOTORU EM

Faze V Faze W

Ur [V] | Ir [A] | Rvizi [m€?] Ugr [V] Ir [A] | Rwiz1 [m€?]

0,02739 | 1,00581 | 27,232 0,62235 | 1,00665 | 618,238

Ur [V] | Ir [A] | Rvizz [m€?] Ugr [V] Ir [A] | Rwizz [mf?]

0,03713 | 1,00389 | 36,986 0,632362 | 1,00615 | 628 497

UR [V] IR [A] Ry’lzg [mQ] UR [w IR [A] RH"’IZ:B [IIIQ]

0,04673 | 1,00579 | 46,461 0,6421 1,00611 | 638,201

Ur [V] | Ir [A] | Rvizsso [1] Ur [Vl | Ir [A] | Rwizswo [£)]

3,2807 | 1,00402 | 3,268 3,2868 1,00352 | 3,275

Ur [V] | Ir [A] | Ry [ Ur [V] Ir [A] | Rw [©]

3,9514 | 1,00341 | 3,938 4,0526 1,00435 | 4,035
Tabulka 6.1: Cinné odpory jednotlivich ¢asti statorového vinuti fazi U a W

Tabulka 6.3: Primérné hodnoty ¢innych odporii jednoho zavitu faze U, V, W

Cinné odpory jednoho zévitu jsou pouze teoretickou hodnotou. Pro vipocty

Faze U
Ur [V] | Ir [A] | Ru [Q]
3,777 1,00231 | 3,768

Tabulka 6.2: Cinny odpor statorového vinuti faze U

Ry z1 [m$?]

RW Z1 [IIIQ]

RU Z1 [IIIQ]

9,615

9,982 9,235

je pouzita priimérna hodnota véech fazi statoru.
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6.2 Meé&feni indukénosti statorového vinuti

Pro model vinuti AM bylo nutné uréit vliastni indukénost statorového vi-
nuti. Nejedné se o méfeni hlavni indukénosti, které se provadi pii méfeni na-
prazdno.

Postupné byla napajena kazda faze statorového vinuti programovatelnym
zdrojem harmonického napéti KIKUSUL V sérii s tlumivkou byl zapojen re-
ostat Metra 3 €2, ktery piidava do obvodu ztraty a zvysuje tak stabilitu re-
gulovaného napéti. Indukénost tlumivky byla nepfimo méfena analyzatorem
vykonu PA4400. Schéma zapojeni je na obrazku 6.1.

Zdroj i analyzator byly propojeny shérnici GPIB a ovladany programem
z prostiedi Matlab pomocd knihoven Agilent VISA. Méfeni byla provedena
postupné pro rizné kombinace zkrati.

! ]
1 1
( T
! ]
1 1
( 1
1 1
[ ] Analyzator vwkonu PA4400
! ]
1 1
[

I

Zdroj KIKUSUI 350 v, 20 A

Obrazek 6.1: Schéma zapojeni méfeni vlastni indukénosti statorového vinuti

6.2.1 PouZité pristroje
1. VISA Agilent Technologies 82357TA USB/GPIB Iterface.
2. AC Power Supply PCR 2000 LA.

3. THREE PHASE AC Power analyse PA 4000. Deklarovana piesnost:
napeti (0,05% ze ¢teni + 0,006 % z rozsahu), proud (0,05 % ze &tend +
0,005 % z rozsahu), ¢inny vykon (0,1 % ze ¢teni + 0,1 % 2 rozsahu).

6.2.2 Vysledky a zavéry

Zmértené svorkové veliciny na tlumivee byly pfepocitany na indukénost a
odpor vinuti pro sériovy ndhradni obvod indukénosti. Odpor vinuti byl uréen
z ¢inného pitkonu a proudu:

P
R= 7 (6.4)
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6 MERENI PARAMETRU MOTORU EM

Induktance a indukénost se pak uréi podle rovnice 6.5.

_ (6.5)

Indukénost byla méfena proudem od 0,2 A do 0,6 A. Napajedi zdroj neumdi
pracovat v proudovém rezimu. Nastaveni proudu proto probihalo programové
pies shérnici GPIB. Po nastaveni pozadovaného proudu program dekal 5 s na
ustaleni hodnot a provedl 11 méfeni z analyzatoru pro primeérovani. Poté byl
zdroj vypnut a ¢ekal 20 s na ochlazeni vinuti.

Faze | L [mH] | Lgs [mH] | L340 [mH]
U 58 - -

Vv 60 46 9

W 55 45 17

Tabulka 6.4: Vlastn{ indukénost fazovych vinuti statoru (I=3 A) bez zkratu,
se zkratem 68 a 340 zaviti

Byly zméfeny indukénosti viech statorovych civek Ly, Ly, Ly a jejich dilél
indukénosti pii riznych konfiguracich zkratu ve fazich Ly a Ly . Z naméfenych
hodnot je vidét, ze fize W ma ziejmé nékolik zavitli navic oproti navrhu.
Potvrzuje to i méfeni ¢inného odporu, které je zpracovano v kapitole 6.1.

Z grafu 6.2 je vidét, ze indukénost ¢asti vinuti v nasem piipadé roste a
kles4 linedrné s poctem zavitii podle rovnice 6.6.

N
Lo=Li+Ly+Ls+... +Ly=>) L (6.6)
i=1

V tomto piipadé neplati pifristek, resp. Gbytek indukénosti, s druhou moc-
ninou podtu zaviti civky, jak uvadi rovnice 6.7. To je didno rozmisténim sta-
torového vinuti po obvodu statoru.

Le=Li1+ L+ 2Mp+La+3Mp+... + Ly + NMp =

N .

6.7

= L1+ (L +iMyy) (6.7)
1=2

Jingmi slovy to znamend, Ze u jednotlivich ¢asti vinuti, které jsou na spo-
lecné ¢asti jadra, plati umérnost L ~ N? (k — 1). U ostatnich ¢asti vinuti,
které jsou rozdéleny do nékolika, v tomto pfipadé do Sesti, propojenych ne-
zavislych civek, to neplati. Chovaji se jako civky s velmi malou vzajemnou
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6.2 Meéfeni indukcénosti statorového vinuti

70 T T T T T
! ! ! ! ] —x—LU
e r | | 4 L._;’U
-
y : i : : " LW340
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Obrézek 6.2: Zavislost indukcénosti statorového vinuti na proudu—L,,, Ly, Ly
bez zkratu, Lygs, Lwes zkrat 68 zdvitll, L,340, L3 zkrat 340 zavita

M,, M,, M(m;n
¥y KN Ky
__________________ Yo
L, R L, R L R Ly
Ky K, Ky g

Obrizek 6.3: Rozdéleni indukénosti ve statorovém vinuti

vazbou (témef nulovou). Proto je ubytek, resp. prirtistek indukcnosti, Gmérny
L~N (k—0).

Pii volbé zkratovacich odbodek v jingch mistech vinuti ziskame odlisné
¢initele vazby. V kapitole 4 je proveden vipocet pro vztah indukénosti a zaviti
L ~ N2

Namétfena data a jejich zpracovani je na piilozeném CD-ROM v adresafi:
X:\== Mereni ==\== Méfeni indukcénosti ==.
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7 Meéreni tepelnych acinka zkratového proudu

Tato kapitola se vénuje méefeni tepelnych Gcinkid zkratového proudu na ex-
perimentalnim pracovisti, které je popsano v kapitole 5. Méfeni jsou rozdélena
do néekolika skupin podle typil umeéle vytvorenych zkrati.

Béhem méreni se ukdzalo, Ze neni tfeba vyhodnocovat viechna ¢idla zvI4st,
a proto jsou ¢idla rozdélena do nékolika skupin. Tyto skupiny zohlednuji tep-
lotni rozlozeni pii dané konfiguraci statorového vinuti. Timto krokem se vy-
razné zvysi ¢itelnost grafii a jejich vyhodnoceni. K méfeni byl pouzit vlastni
program ThermoGear a pro vlastni vyhodnoceni naméfenych vysledkit pro-
gram MATLAB.

7.1 Identifikaéni méreni — bez zkratu

Identifikacni méfeni bez umele zapojeného zkratu bylo provedeno, abychom
zjistili provozni tepelné poméry v motoru. Méfeni bylo provedeno naprazdno.
Z tohoto méfeni vychazi rozdéleni do skupin, které je popsano v odstavei 7.2.
Meéfeni probihalo cca 1 h do ustaleni méfenych teplot. Po ohfati motoru byl
motor vypnut a ponechén v klidu do aplného vychladnuti. Pii chladnuti nebyly
pouzity zadné dalsi chladici prostfedky, pouze okolni prostiedi.

38 —3 ! ! '
; : : : v 50 Hz 0z skupina 1
w50 Hz 0z skupina 2

61

T P
\?\ i = fiy

Zapnuto a0 : % vypnhuto

. I I
"0 50 100 150 200 250
fmin]

Obrézek 7.1: Méfeni teplotniho pole motoru EM naprazdno bez zkratu
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7 MERENI TEPELNYCH UCINKU ZKRATOVEHO PROUDU

Vysledek méreni ukazuje graf 7.1. Z méfeni je vidét prechodovi charakte-
ristika ohfevu, resp. ochlazeni motoru. Ohtev je rychlejsi nez ochlazeni. To je
zplisobeno rozdilnym fyzikdlnim déjem. U ohfivani se uplatiiuje vedeni tepla
a u ochlazovani pouze proudéni. Dlouha doba chladnuti je nepifjemnou kom-
plikaci, protoze vyznamné prodluzuje meéfeni. Aktivni ventilace také nijak vy-
razné nesnizi dobu chlazeni. Doba dplného vychladnuti se pohybovala mezi
4-5 h.

Z grafu 7.1 je patrné, Ze se teplota rozdélila podle umisténi ¢idel v motoru.
V téchto mistech miiZeme urdit ¢asovou konstantu prechodového déje ohfevu
i ochlazeni obou skupin termod¢lankd.

ohfev chladnuti
skupina ¢. 1 | 7,1 = 18min | 7.1 = 90min
skupina ¢. 2 | 7he = l4min | 7. = 161min

Tabulka 7.1: Casové konstanty ohievu a ochlazeni zakladnich skupin
termoclankd

Jednotlivé dasové konstanty reprezentuji mechanické usporadani motoru.
Casové konstanty Thi, 7he ! jsou témét shodné. Rozdil tepelnjch kapacit, které
uréuji ¢asovou konstantu prechodového déje + = RyCy, je dan rozdilem mnoz-
stvi Zeleza, které je v méfenych mistech. To se projevuje rychlejsim nariistem
teploty pro termoclanky ve skupiné & 1. V pripadé bezvadného stavu motoru
je motor symetricky vykonové zatiZen, proto se da predpokladat, Ze dodany
vikon je ve viech mistech konstantni. To znamend, Ze se teploty ustdli na
rizngch hodnotach.

Podivame-li se na konstanty 7., 7.2, zjistime, Ze je mezi nimi podstatny roz-
dil. Piedevsim je to dano rozdilnym termodynamickym déjem. U skupiny & 2
pfevazuje vedeni tepla do patek motoru a dale do pripravku, ktery jej drzi. U
ostatnich mist motoru se uplatiiuje hlavné vedeni a posléze proudéni v okolnim
prostiedi. Je to dano tim, Ze nejdiive teplo vstoupi do chladiciho média a pak
miize byt undseno proudénim. Ktery z obou mechanizm@ bude dominantni,
zavisi na konkrétnim geometrickém uspofadani chlazeného predmétu.

7.2 Rozdéleni méfenych mist do skupin

Cidla jsou rozdélena podle rozloZeni termoc¢lank® s ohledem na konstrukei
sasi motoru a s ohledem na vysledky zjisténé pii identifikacnim méfeni v od-
stavel 7.1, Jako vhodné se jevi rozdélit ¢idla teploty do dvou zakladnich sku-
pin. Skupina. ¢. 1 jsou termoclanky, které jsou umistény v motoru, kde se plast

Thodnoty jsou z grafu 7.1 odeéteny graficky — nizka pfesnost
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7.3 Identifikaéni méreni — zkrat

motoru stykd pouze s okolnim prostfedim. Druhé skupina ¢. 2 zahrnuje ter-
moclanky, které jsou umistény v motoru, kde se plagt motoru styka s patkami
mMotoru.

Obréazek 7.2: Prostorové rozlozeni tepelnych odporfi nahradniho obvodu
vedeni tepla pro EM

Pomoci patek je motor pripevnén k zékladné pfipravku. To znamena, Ze je
v téchto mistech teplo odvadéno podstatné lépe nez z ostatnich mist motoru.
Je to dano predevsim malym tepelnym odporem. Tuto situaci schematicky zna-
zornuje obrazek 7.2. Tim jsme definovali zékladni skupiny, do ktergch budou
termoclanky sdruzovany. V grafu 7.1 je vidét rozdil prechodovych charakte-
ristik pro obé skupiny. Z toho vyplyva, Ze tepelné odpory téchto mist jsou
rozdilné.

skupina ¢. 1 1 415 |16 |7T|8]|9]12
skupina ¢. 2 20 |8 AE| AL | = | =] = | ==
skupina ¢. 3T, | 1-12 | v8echna ¢idla bez c¢idla T,

Tabulka 7.2: Rozdéleni termoclankii do skupin

Posledni zvolend skupina je definovand obecnéji. Jedna se o skupinu, ktera
sluc¢uje primeérnou hodnotu vsech teplot v motoru kromé sledovaného mista
T,. Diky takto zvolené skupiné mizeme sledovat rozdil teploty v misté zkratu
vici primeérné hodnoté teploty.

7.3 Identifikaéni méreni — zkrat

Po meéfeni naprazdno bez zkratu nasledovaly prvni pokusy se zapojova-
nim riiznych zkratovych kombinaci. Cilem tohoto méfeni bylo zjistit moznosti
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7 MERENI TEPELNYCH UCINKU ZKRATOVEHO PROUDU

experimentalniho pracovisté, zejména motoru EM.

Nejdiive byl postupné zapojen zkrat 1, 2 a 3 zavity. Pro kazdé zapojeni
byl sledovan teplotni pribeh v jednotlivych mistech motoru. Méfenim bylo
zjisténo, ze ztratovy vykon generovany pii tak malém poctu zkratovanych za-
vitl je zanedbatelny. Ohfivani motoru meélo identicky pribéh jako u méfeni
naprazdno bez zkratu viz. graf 7.1. Vzhledem k navrhu motoru nebylo mozné
zkratovat postupné vétsi pocet zévita, napr. 5, 10, 20. ..

Dalsi moznou variantou u motoru EM je zkrat 68 zavitl, coz je jedna celd
diléi civka statorového vinuti. Jedna se tedy o pomeérné velky zkrat. Predsta-
vuje zkrat cca 16 % statorového vinuti vybrané fize. Pro zjidténi tepelnych
pomeért bylo méteni provedeno, stejné jako v predchozim pripadé, naprazdno
pro rizné vstupni frekvence.

;0 T T T T T I I
o 25 Hz 68z cidlo 8
— 25 Hz 68z skupina 13T3
10 sl e sseennedensnens besainsend s wiinin 35 Hz Hz 882 cidin 8 ||
: ; L : i —35I-|zf58\zskupina:3T3
: ! e : s 50 Hz Hz 68z cidlo 8

0 i i i i i i i
0 10 20 30 40 50 60 70 80
t{min]

Obrazek 7.3: Méfeni teplotniho pole motoru EM naprazdno zkrat 68 zavitl
ve fazi W — frekvence napajeciho napéti 25 Hz, 35 Hz, 50 Hz

Postupné byla frekvence nastavena na 25 Hz, 35 Hz a 50 Hz. Volba niz-
sich frekvenci z poc¢atku meéfeni zajistovala ochranu motoru pfed znicenim.
Z grafu 7.3 je videt, Ze gradient teploty s frekvenci napajeciho napéti roste.
To je dano rostoucim proudem do statorového vinuti, ktery je nutny k udrzeni
konstantniho magnetického toku v zévislosti na frekvenci. Tento pomeér je dan
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7.4 Meéfeni teplotniho pole

rovnicl 7.1.

Y _ konst (7.1)
— = Ronst. .
f

Pii frekvenci 35 Hz doslo ke skute¢nému zniceni izolace ve fazi W. Diivod
neni ziejmy, protoze teplota v motoru na monitorovanych mistech zdaleka
neptesdhla 180 °C| na kterou je dimenzovana. Po zastaveni motoru vychazel
z vétracich otvorfi Sedy dym, kter§ potvrdil ¢stecné poniceni izolace?.

Po tomto pokusu bylo provedeno dalsi méreni pro frekvenci 50 Hz. Gradient
teploty byl jesté strmeéjsi. Proto bylo méfeni pieruseno v okoli teploty 100°C,
aby nedoslo k dalgimu znideni izola¢nich material a tim rozsifeni zkratu ve
fazi W.

Z tohoto divodu jsou viechna ostatni méfeni provedena pro 25 Hz s tim, Ze
ve fazi W je nespecifikovany zkrat (neznime pocet zavit). Jediné co o zkratu
vime, Ze se nachizi ve dvojité civee a jeho rozsah je mengi nez 136 zaviti.
Tento zkrat predstavoval uré¢itou neptijemnost pii dalsich pokusech.

7.4 Méreni teplotniho pole

Po definici dilezitych skupin monitorovanych mist teplotniho pole motoru
byly provedeny meéfeni s umeéle vytvofenym zkratem ve statorovém vinuti.
Zkrat byl vytvofen zkratovacl propojkou mezi jednotlivimi ¢astmi vinuti dle
potieby. Do zkratovaci propojky nebyl vkladan zadny ochranny reostat, ktery
by omezoval zkratovy proud.

7.4.1 Zkrat ve fazi W

Z divodi uvedenych v odstavci 7.3 bylo provedeno méfeni pii frekvenci
napajeciho napéti 25 Hz. Méfeni zahrnovala méteni naprazdno, méfeni pii za-
tizend 4 Nm a 5Nm.

Timto méFenim bylo ovéfeno, Ze nedojde k dalsi destrukei izola¢niho sys-
tému statorového vinuti EM, pokud budeme motor zahfivat maximalné na
100°C.

Graf 7.4 ukazuje namérené vysledky. Pii méfeni bylo zjisténo, Ze v reZimu
25Hz a zatiZeni 5 Nm nedojde k dal$imu poskozeni izola¢éniho systému. Z v{-
sledki je patrné, Ze teplota motoru jednoznacéné zavisi na zatizeni motoru. V
tomto piipadé bylo monitorovano misto s termoclankem ¢ 8. Druha kiivka
znazoriuje primérnou hodnotu ostatnich termoc¢lanki v celém motoru.

Na prvni pohled je vidét, Ze v motoru neni symetricky rozloZené teplotni
pole, coZ je zplisobeno zkratem. V misté, kde zkrat neni, je teplota v ramci

2Z4dny experiment nelze povaZovat za naprosty nezdar - vidy mizZe poslouzit jako va-
rovny piiklad.
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7 MERENI TEPELNYCH UCINKU ZKRATOVEHO PROUDU

n T T T T T T
: tinn naprazdno cidlo 8
= Naprazdno skupina 3Ts
0+ 1 M=4 Nm, s=6.6 % cidlo 8 -
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t M=5 Nm, $=8.6 % cidlo 8
30 | o M=5 N, $=8.6 % skupina 3Ta
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Obrézek 7.4: Méfeni teplotniho pole motoru EM zkrat 68 zévitil
ve fazi W — frekvence napéti 25 Hz, naprazdno, 4 Nm, 5 Nm

provoznich podminek odpovidajici provozni teploté motoru. V misté zkratu
dochéazi k ohfati na vyssi teplotu. Napf. pro zatiZeni 4 Nm dojde k ohfati
motoru za 18 min na teplotu 60 °C v mistech bez zkratu. V misté zkratu je to
za stejnou dobu na teplotu 93°C. To je 155 % jmenovité teploty motoru.

V piipadé, Ze by byl motor dile provozovan, teplota mist bez zkratu by se
ustalila napf. na 80 °C. Misto se zkratem by se zcela urc¢ité zahfalo na teplotu,
ktera je pro izolacni materialy statorového vinuti destruktivni.

7.4.2 Zkrat ve fazi V

Dalsi méteni probéhlo pri zkratu 68 zavitl ve fazi V a bliZe neurceného
zkratu ve fazi W. Opét bylo provedeno méfeni naprazdno a pfi zatizeni 4 Nm
a b Nm pfi napajeci frekvenci 25 Hz.

Z méfeni vyplynuly zajimavé vysledky, které detekuji dalsi uméle vytvoteny
zkrat ve fazi V. V grafu 7.5 je vidét, Ze teplota roste jak v misté faze W (¢idlo
¢. 8), tak v misté faze V (¢idlo ¢ 6). Teplota ¢idla ¢.6 je asi o 5°C nizsi vidi
fazi W. To napovida tomu, Ze ve fazi W vznikl o méalo vétsi zkrat nez 68 zaviti.

Pii porovnani riiznych zatizeni je vidét, Ze teplota viech mist se zatiZzenim
roste. Je zajimavé sledovat tvar kiivky nértistu teploty. Neni to typicka expo-
nencialni funkce, kterou se nejcastéji tepelné jevy popisuji. Po 3 min provozu
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7.4 Meéfeni teplotniho pole

dojde k malé zméné, kterou zptisobuje FM.

Dost prekvapivy je prubéh teploty pfi chodu naprazdno. Teplota strmé
roste, 1 kdyZ je motor nezatiZzeny. To lze vysvétlit fizenim FM, ktery pii zati-
zeni chrani sam sebe. Pii chodu naprazdno se motor frekvencnimu meénici jevi
jako zatéz, kterou dokaZe bez problému napéjet, a proto neméni rezim Fizeni.
Na druhou stranu pii zatizeni dojde k podstatné vétsimu rozdilu proudu v jed-
notlivych fazich a FM na to reaguje snizenim proudu dodivaného motoru. To
také vysvetluje maly zlom charakteristiky pfi ohfevu motoru.

o naprazdno cidlo 8
: ] ; : 1= m 1 naprazdno cidlo 8
|0_ naprazdnoskupinaSTETa

ren M=4 Nm, s=27 % cidlo 6

ol tmom M=4 Nm, s=27 % cidlo 8 H
s M=4 Nm, =27 % skupina 13Tla Ta
ol e M=5 Nm, s=46 % cidlo 6 L

1mom M=5 Nm, s=46 % cidlo 8
V=5 Nm, 5=46 % skupina 3T6 T‘.._l

t{min]

Obrazek 7.5: Méfeni teplotniho pole motoru EM zkrat 68 zavit
ve fazi V — frekvence napéti 25 Hz, napréazdno, 4 Nm, 5 Nm

Daldi zajimavy poznatek, ktery je mozné vy¢ist z grafu 7.5, je rozdilné
chladnuti obou mist. Porovname-li plan vinuti na obrazku 5.7 a tabulku 7.2
s naméfenymi hodnotami, zjistime, Ze misto s ¢idlem ¢. 8 je blize k patce mo-
toru, proto chladne rychleji. Z toho jasné vyplyva, Ze teplota je velice citlivym
ukazatelem zkratu v jakékoliv ¢asti statorového vinuti.

7.4.3 Zkrat mezi fazi Va W

Pii spojeni zkratovacich v¥vodi Vig a Wiy vznikne zkrat mezi fazi V
a W. Tim dojde k pieklenuti 136 zavitd. To znamend, Ze vinuti obou fazi
nejsou plipojena na stfed statorového vinuti. Zkratovy proud protéki zkratem
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7 MERENI TEPELNYCH UCINKU ZKRATOVEHO PROUDU

a zkratovanymi zavity. Teplota je monitorovana pomoci termoclankt ¢. 6 a
g8

V tomto pfipadé se s nejvétsi pravdépodobnosti jednd o velmi podobny
zkrat jako v odstavci 7.4.2. Je to dané redlné vytvorenym zkratem ve fazi W,
ktery nebylo mozné odstranit. Nemusi se vSak jednat o zkrat plné identicky
v piipadé, Ze vznikl na rozhrani vyvodu Wjy. Podminky meéfeni jsou zacho-
vany pro moznost porovnani.

nn naprazdno cidlo 6
1= m 1 naprazdno cidlo &
m— Naprazdno skupina 3T3Ta
e M=4 Nm, =35 % cidlo 6 H
rmoim M=4 Nm, s=35 % cidlo 8
s M=4 Nm, =35 % skupina 3T3Ta
e M=5 Nm, s=42 % cidlo 6
| rmrm M=5 Nm, s=42 % cidlo 8
=5 Nm, 5=42 % skupina 3T3Ta

i : | g
0 5 10 15 20 25 30 35 40 45 50
t{min]

Obrazek 7.6: Méfeni teplotniho pole motoru EM zkrat 136 zaviti
mezi fazemi W-V — frekvence napéti 25 Hz, naprazdno, 4 Nm, 5 Nm

Porovname-li grafy 7.6 a 7.5, dojdeme k zévéru, ze tepelné tc¢inky jsou
témet shodné. Opét dochazi k zahiéti stejnych mist jako v pfipadé zkratu
ve fazi V. Chladnuti probihé stejn¢ a teploty jednotlivych sledovanych sku-
pin termoclankt jsou v danych casech podobné. Z toho vyplyva, Ze zkrat ve
fazi W je blizky 68 zavitim. Jinymi slovy jsme vytvorili identicky zkrat jako
v odstavei 7.4.2.

7.4.4 Zkrat faze W na kostru motoru

Poslednim typem bylo méfeni pii zkratu fize W na kostru motoru. Pri
tomto typu zkratu se podafilo zmérit teplotni pole motoru pouze ve dvou
pracovnich bodech motoru, a to naprazdno a pii zatiZeni 4 Nm. Pri zatiZeni
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7.4 Meéfeni teplotniho pole

5Nm se FM odpojil od motoru, protoZe tuto situaci vyhodnotil jako pretizeny
motor. Naméfené vysledky teplotniho pole jsou vyneseny v grafu 7.7, kde je
vynesena teplota v misté ¢. 8 a priimér teploty ostatnich mist v motoru.

m T T T T T T T I T
: : : ; i : tinn naprazdne cidlo 8
%0 i = Naprazdno skupina 3T6
1 M=4 Nm, 5=18 % cidlo 6
o s =4 N, $=18 % skupina 3T,

10 —

: : | ;
0 5 10 15 20 25 30 35 40 45 50
t{min]

Obrézek 7.7: Méfeni teplotniho pole motoru EM zkrat 68 zaviti faze W na
kostru motoru — frekvence napéti 25 Hz, naprazdno, 4 Nm

Vysledek ukazuje, Ze termoclanek ¢. 8. zaznamenal rychly narfst teploty
oproti ostatnim ¢astem motoru, coz znovu ukazuje citlivost teplotniho pole
motoru na vznikly zkrat nékteré z fazi vici kostfe motoru. Podivame-li se
podrobnéji na piechodové charakteristiky obou rezimi, které byly méfeny, vi-
dime, Ze pfi zatizeni dojde po tfech minutach ke zlomu. Je to zplisobeno stejné
jako v predchozich piipadech fizenim a nastavenim FM.

Rozhodujici rozdil obou charakteristik je pravé v prvnich tfech minutach,
kdy FM neomezuje odebirany proud potfebny k chodu v daném rezimu. Narist
teploty je tedy vyrazneé veétsi pfi zatiZeni. Po tomto case dojde pii zatiZeni
k omezeni proudu do motoru ze strany FM a dosazené teplota roste paradoxné
pomaleji nez pii chodu naprazdno.
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7 MERENI TEPELNYCH UCINKU ZKRATOVEHO PROUDU

7.5 Shrnuti vysledku

Nameétené vysledky ovéfuji, ze teplota v motoru mize byt dobrym diagnos-
tickym ukazatelem pii zjistovani zkratu ve statorovém vinuti. Méfeni ukazuje,
ze umeéle zpusobené zkraty opakovatelné méni rozlozeni teplotniho pole podle
své polohy na obvodu motoru.

Pokud si vyneseme teploty vSech monitorovanych bod v libovolném oka-
mziku nékteré z vyse uvedenych prechodovych charakteristik, dostaneme tep-
lotni rozloZeni po obvodu motoru. Vhodnou grafickou interpretaci predstavuji
sloupcové grafy pro dva stavy. Pro stav bez vady v motoru a pro stav se zkra-
tem v nékteré z fazi statorového vinuti. Porovnani ilustruje graf 7.8.
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Obrazek 7.8: Teplotni pole EM v rezimu bez zkratu a se zkratem ve fazi
V — oznaceni Ty predstavuje ¢isla termoclankt

Prvni fada znazoriuje teplotni pole motoru pfi chodu naprazdno bez zkratu
ve statorovém vinuti. Jak bylo uvedeno v odstavei 7.1, je mozné identifikovat
patky motoru diky mensimu tepelnému odporu a rychlejsimu odvodu tepla.
Jsou to éidla €. 2, 3, 10 a 11.

Ve druhé fadé je vyneseno teplotni pole motoru pii chodu naprazdno s uméle
vytvotenym zkratem ve fazi V. Cidlo ¢. 6 zaznamenalo velky rozdil oproti ostat-
nim bodim v motoru. P¥i podrobnéjsim pohledu je mozné vysledovat rozloZeni
teploty smérem od zkratu na obé strany po obvodu statorového vinuti. Opét
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7.5 Shrouti vysledkii

muzeme identifikovat patky motoru. Dokonce je mozné sledovat, jak teplo pro-
chézi vinutim z jedné faze do druhé. To lze vysledovat pfi pohledu do planu
vinuti motoru na obrazku 5.7. Naptiklad ¢idlo & 5 ukazuje vyssi teplotu nez
idlo ¢. 7.

Na prvii pohled je to nelogické, protoze motor je symetricky a rozlozeni
drazek je pravidelné. Pii podrobnéjsi analyze zjistime, Ze elektrické zapojeni
statorového vinuti neni vzhledem k témto dvéma mistiim v motoru symetrické,
Proto je didlo €. 5 vice vystaveno tepelnym 0¢inkim zkratového proudu, ktery
prochazi fazi V.

Dal$im zajimavym vysledkem, ktery neni pfimo z vysledk patrny, je re-
zim FM pii zkratu. Pomoci svého systému zjisfovani chyb nedokaZe frekvendni
méni¢ piimo identifikovat zkrat ve vinuti pripojeného motoru . Bliz&i infor-
mace o poruchich pouzitého FM lze najit v [43]. FM pracuje normalné i pii
zkratu. Vée funguje a nic nenaznacuje sebemensi problém. Po urcité dobé, pii
provozu ha zkratovaném motoru, FM vyhodnoti pouze alarm, kterym uziva-
tele informuje o pfekrodeni okolni teploty. Teplota okoli je vsak stdle stejna.
Po tomto alarmu FM pracuje dal jen v jiném rezimu. Snizi spinaci frekvenci
PWM modulace a snizi proud do motoru. Pii konstantnim zatiZeni dojde ke
sniZeni momentu na hfideli a poklesnou otacky celého pohonu. Takto se FM
chova pii pomérné rozsdhlém zkratu. Je otazkou, zda by zaznamenal zkraty
mengiho rozsahu, které mohou byt pro statorové vinuti nebezpecné.

Pti zkratu statorového vinuti na kostru motoru je do uréitého zatiZeni FM
schopen napajet motor bez jakychkoliv znamek vady. Pfi zvysovani zatiZeni
postupné snizuje frekvenci PWM vystupniho stfidac¢e. Po sniZeni na nejnizsi
frekvenci jesté néjakou dobu pracuje a pak se vypne s chybou piekrodeného
jmenovitého proudu do motoru. Otazky tykajici se reakce FM za provozu se
zkratem pii riznych nastavenich jeho rezimu fizeni (vektorovy, skalarni) jsou
predmeétem daldtho vizkumu.

Je nutné zdiiraznit, Ze se jednalo pouze o experimenty, které mély za kol
overit teoretické predpoklady, nikoliv o novou metodu, kterd by méla v bu-
doucnu na zikladé téchto a dalsich méfeni vzniknout. Bylo by to z techno-
logického hlediska vyroby motorti piilig slozité. Proto je jen malo pravdépo-
dobné, Ze by bylo moZné tuto konstrukci pouZivat v komeréné prodavanych
AM. Proto je nutné dale pracovat na jiném fegeni, které vychazi ze znalosti
vysledki téchto experimentii.

Dalgim krokem k obecnéjsi formulaci projevii teplotniho pole motoru je
sledovani teploty na povrchu motoru. Tim by bylo mozné ziskat metodu, ktera
nebude nijak zasahovat do samotné konstrukee motoru. To je ve své podstaté
jednou z nejdileZitéjgich vlastnosti, které jsou kladeny na diagnostické metody.
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8 Vysledky analyzy a doporuceni

V této kapitole jsou kratce shrnuty nejdileZitéjsi vysledky analyzy zkrato-
vého proudu a jeho tepelného ti¢inku na cely motor. Déle jsou uvedeny nékteré
v{sledky a mozné avahy, které pfimo z uvedenych kapitol nevyplyvaji a byly
nashromazdény béhem feSeni této price.

Jednim z nejvyznamnéjsich v{sledk je graf 7.8, ktery ukazuje teplotni pole
motoru bez vady a motoru s umele vytvofenym zkratem ve fazi V. Z grafu vy-
pliva, ze gradient teploty smérem ke zkratu roste. Z této informace je mozné
urdit misto a rozsah zkratu. Pro spravnou identifikaci vady, musime znat kon-
figuraci statorového vinuti sledovaného motoru.

Dalgim zajimavym visledkem jsou pomérné dlouhé ¢asy naristu teploty na
hodnotu, ktera je pro izola¢ni systém nebezpetnd (prehrati). Cas, za ktery se
motor piehieje, se pohybuje fidové v nékolika minutach az desitkach minut.
Diky tomu, Ze se teplo v motoru &ifi malou rychlosti, je mozné identifikovat
nesymetrické teplotni pole, které ukazuje na vadu ve statorovém vinuti. Cas
do prehrati je moZné do budoucna vyuZit k identifikaci vady a k varovani
uzivatele. Doba je zavisld na pracovnich podminkach motoru. Pokud motor
pracuje pferusované, doba pro identifikaci vady se prodluzuje. V této praci byl
ponzit motor jiz zastaralé konstrukee. Nové motory jsou méné piedimenzované
(mensl hmota statoru), proto lze u novych motori ocekévat kratsi dobu do
prehiati.

Z analyzy zkratového proudu v kapitole 4 je vidét, jak je proud zavisly
na poctu zkratovanych zavitti. Pfi pohledu na graf 4.10 je moiné definovat
nékterd doporudeni pro vyrobu motoru, ktery by byl zkratu-odolng®. Jingmi
slovy by byl schopen po uréitou dobu pracovat i se zkratem ve statorovém
vinuti.

Takovy motor by musel mit v idedlnim pfipadé rozdéleno vinuti do neko-
necné velkého mnozstvi drazek. Tim by se znemoznil vznik rozsahlého zkratu,
V praxi by to znamenalo zvétsit podet drazek a snizit pocet zavitd v jednom
svazku statorového vinuti. Dale by bylo vhodné mezi jednotlivé svazky jedné
faze vkladat na celech dalsi izolacni vrstvu. To by predpokladalo dalsi prosto-
rové naroky.

2p | zkrat mezifazovy (%] | zkrat v jedné fazi [%] | ny

2 0 - 100 0 - 50 248
4 0 - 50 0 - 50 372
6 0 - 100 0-33 528
8 0- 75 0-25 1064

Tabulka 8.1: Maximalni pocet zkratovanych zavitli na poétu péli motorn

Z téchto Gvah vzeslo porovnani maximalniho poétu zkratovanych zaviti
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8 VYSLEDKY ANALYZY A DOPORUCENI

pro 2 az 8 pdlh statorového vinuti. Pro porovnani byla pouZita dokumentace
firmy SIEMENS ELEKTROMOTORY, spol. s r. 0. Jedna se o dokumentaci
sérioveé vyrabénych motori. Vysledky jsou uvedeny v tabulce 8.1,

Z tabulky je vidét, ktery motor je pro uZivatele nejvhodnéjsi z hlediska
pravdépodobnosti vzniku zkratu. Tabulka 8.1 neplati ohecné. ZaleZi na kon-
krétnim uspofadani a typu vinuti, které mize byt u kazdého vyrobee odlisné.
V piipadé viyge zminéného vyrobce se jednd o motor se &tyimi poly, kdy je ma-
ximalni rozsah zkratu v obou piipadech 50 % celého statorového vinuti jedné
faze.

V této praci je proveden rozbor mechanického momentu motoru bez vady
a motoru se zkratem ve statorovém vinuti. Teoretické zavéry, které byly odvo-
zeny v kapitole 4, ukazuji, ze se velikost momentu motoru pil zkratu v ramei
jedné otacky méni. To zpiisobuje pii konstantni zatézi zménu rychlosti otadent
celého pohonu. Tyto zmény momentu na hiideli motoru jsou piic¢inou vibraci.
Do budoucna by stalo za iivahu, zda neni mozné pouZit monitorovani rychlosti
otaceni hidele sledovaného motoru k identifikaci zkratu ve statorovém vinuti.

Protoze se cela prace zabyva anal¢zou zkratového proudu v AM pii napa-
jeni z FM, je na misté uvést nékteré zkusenosti a postfehy. Ochrana motoru
pii statorovém zkratu, kterd je ve vét#iné dnegnich frekvencénich méniéd im-
plementovana, neni zcela dostacujicl. Pokusy, které byly provedeny ukazuji, ze
FM chrani hlavné sebe. Jedna se o proudové pietizeni, piepéti, podpéti, pie-
krotena povolend teplota ménice, zemni zkrat, pferuseni teplotniho snimade
KTY84 a jiné dalgi. Tato chybova hlaseni nepfedstavuji spolehlivou ochranu
motoru.

Nejlepsi ochrann, kteron FM nabizi, je kontrola teploty piimo ve vinuti mo-
toru pomoci ¢idel KTY84 nebo termokontaktl. I tato ochrana je ke zjisténym
vysledkiim pfi méfeni teplotniho pole nedostate¢na. Pii velkém gradientu tep-
loty, ktery prfi zkratu nastava, nemusi ¢idlo zkrat zaznamenat a odpojit motor,
protoZe neni umistén pravé v misté zkratu. Tato ochrana je koncipovan spise
na ochranu motoru proti celkovému teplotnimu pfetizeni.

Dalgim slab&im mistem FM je nemoZnost zjisténi nesymetrie proudu, které
napaji AM. V soucasné dobé FM pouZivaji pouze dvé proudova éidla. Proud
ve tieti fazi vypoditaji z pfedpokladu symetrické zatéze. Pokud vznikne zkrat,
ma FM $patné informace pro fizeni motoru. Pii zkratu FM déle napaji motor
bez znamek vady ve statorovém vinuti. Po urc¢ité dobé se vétginou aktivuje
varovani o ptekrocené teploté okoli, ale FM dale pohani motor. Pfi vhodném
nastaveni tohoto alarmu v programu FM by bylo mozné vyuzit FM k dodas-
nému odstaveni motoru. Pii rozsahlejsim zkratu FM snizuje spinaci frekvenci
PWNM.

Nakonec mizeme poroviat riizné druhy fizeni, které vétsina dnesnich FM
nabizi. Jedna se o skalarni a vektorové fizeni. Skalarni fizeni je velmi jedno-
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duché a funguje bez zpétné vazby. V piipadé, Ze vznikne statorovy zkrat, FM
nezaregistruje zZadnou zménu ze zpétnovazebnych ¢idel a fidi motor stejnym
zpusobem (U/f=konst).

U vektorového Fizeni je situace ponekud odlignd. Rizeni vyuziva zpétnou
vazbu, kterou pfedstavuji v daném c¢ase vystupni proudy a napéti FM. Pormod
téchto hodnot vypodita dalsi regulacni zasah tak, aby byly splnény pozadavky
zadané hodnoty. Diky tomu, Ze FM dostava chybné informace ze zpétné vazby
do modelu, ktery je vyhodnocuje, jeho regulace selhava. Jako vnéjsi projev
této situace je zména rychlosti a momentu béhem jedné otacky. To zpisobuje
mechanické vibrace celého motoru i pohanéné soustavy. Proto by bylo vhodné
u FM pouzivat méteni viech tii prouddl, které by tento nedostatek odstranilo.
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9 Zavér

Dizertacni prace vychazi z konkrétnich problémi technické praxe tykajicich
se statorovych vad u malych AM napajenych FM. Cilem prace bylo teoretické
popsani vzniku zkratovych proudid ve statorovém vinuti AM a navrzeni zjed-
nodusenych modelt zkratl. Realnym vysledkem je pak realizované experimen-
talni pracovigté, které nmoziuje méfeni tepelnych 1éinkd v riznych rezimech
na statorovém vinuti experimentalniho AM.

Podrobné analyza podstaty vzniku zkratového proudu ve statorovém vinuti
a moznosti jeho detekce byla provedena rozsiahlou resersi v patentovych data-
bazich, z dostupnych odbornych pramenti a konzultacemi s odborniky z praxe
v daném oboru. Tato ¢ast prace obsahuje dosavadni stav diagnostickych metod
jak pro velké tak pro malé AM.

Kritickd mista izola¢niho systému statoru AM byla vyhodnocena na za-
kladé pokusti viech ¢asti statorového izola¢niho systému popsanych v kapitole
2. V zavéru této kapitoly je uveden rozdil Zivotnosti jednotlivych komponenti
a materialdl pouzitych pfi vyrobé statorového vinuti. Z téchto vysledk byly
definovany poruchové mechanizmy a kritickd mista izolaéniho systému.

Starnuti izola¢nich materialii je rozebrano v kapitole 3, kde jsou popsany
modely starnuti izola¢nich materidli znamé z literatury. Tato problematika
je velice rozsahla a v dizertadni praci je zmihovéana pro uplnost pohledu na
problematiku statorovych vad AM. Vlastni vyzkum a vyhodnoceni je feseno
ve spolupraci s tymem na specializovaném pracovisti pro dlouhodobé zkoumani
materiali za riznych provoznich podminek.

Jednim z vysledkil této prace jsou dva matematické modely umoZniujici vy-
pocet zkratového proudu ve statorovém vinuti AM. Modely jsou pouze vychozi
a maximalné zjednoduguji problematiku. Jsou v8ak dostacujici pro vyhodno-
covand vysledki.

Pro sestaveni piesnéjsiho modelu bude tfeba pokracovat a zohlednit redlné
konstrukéni uspofadani statorového vinuti a piesyceni jadra v jednotlivych
mistech statoru. Dal8im a neméné dileZitym vysledkem je vybudovani vlast-
niho experimentalniho pracovisté véetné specialniho experimentalniho motoru.
To umoznilo ovétit prakticky navizené modely a méfit tepelné acinky zkra-
tovych proudd v rizngch mistech statorového vinuti. Soudasti pracovisté je
jednotka TEMP_12 a program ThermoGear pro monitorovani teplotniho pole,
které jsou podrobné popsany v kapitole 5.

Asi nejdilleZitéjSim zjisténim je fakt, Ze lokalni zvysena teplota je sigifi-
kantnim ukazatelem poruchy ve statorovém vinuti AM a Ze nezalezi na druhu
napajeni a fizeni vlastniho motoru. Pii pfednaseni této problematiky i na
mezinarodnich konferencich bylo nékolikrat rozporovano z fad ncéastniki kon-
ference, ze zavislost teploty nemtize byt uréujicim faktorem pro diaghostiku
elektrickych statorovich vad. Provedenid méfeni naopak potvrzuji, Ze prave
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9 ZAVER

zména teplot ve statorovém vinuti je jednoznacnym ukazatelem zkratu. Zis-
kané poznatky jsou vychozim materidlem pro dopracovani diagnostické metody
pro malé AM napajené harmonickym napétim ze sité a nebo z FM.

Pro dalsi vyzkum a analyzu tepelného dcéinku zkratového proudu ve sta-
torovém vinuti je navizen novy motor pro dalgl experimenty. Tento motor
bude vyroben piimo u vyrobce SIEMENS ELEKTROMOTORY, spol. s r. o.
Diky tomu bude k dispozici kompletni dokumentace, kterd je nutna k hlubsi
analyze celého systému. Jeho konstrukee umoziiuje studovat i tepelné néinky
mengiho podétu zkratovanych zavitll ve statorovém vinuti, které jsou v praxi
pravdépodobné a zarovenn umoZni i dal$i méfeni. Novy experimentilni motor
konstrukéné vychazi ze ziskanych poznatkl a zkusenosti autora a eliminuje
nevhodny navrh odbod¢ek u plivodniho EM.

Pomérné jednoznacné zavéry teplotni zavislosti statorovych vad tohoto vy-
zkumu davaji velkou ganci dovést metodu sledovani teplotniho pole k vyuziti v
primyslové praxi. Nasledujicl vyzkum az k praktickému vyuziti si do budoucna
vyzada mnoho dalsich vypoétd, méfeni a experimenti.
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Al NAVRH EM 2. GENERACE

Prilohy
A1l Navrh EM 2. generace

Vzhledem k nedostatktim prvniho navrhu EM, bylo nutné navrhnout novy
motor pro experimentalni diagnostiku. Novy motor umozni lep$i verifikaci mo-
delu. Bude mozné provadét presné vypocty, které souvisi s materialovymi kon-
stantami a rozmérovymi ¢astmi motoru. Tento motor bude vyuzivan hlavné
v dal$im vyzkumu autora. V této praci jsou zahrnuty vysledky z pokust na
motoru podle navrhu na obrazku 5.7.

Stejné jako v pfedchozim navrhu je nutné provést zakladni vypocty ulozeni
vinuti.

24 ¢ 24 ¢ 24
=9=—=12; q / 4: —9——=8 (Al'l)
2p 2

e = et & T = —
2p-m 2.3 ' p-m 1:3
Vypoctené hodnoty urcuji ulozeni vinuti v drazkach statoru. Plan zapojeni
vinuti je na obrazku Al.2.

Y

2p = 2,00 =24 q =4, =3, 6= 1, p=111, =8

Na obrazku Al.l je plan odbodcek pro vytvareni umeélych zkrati. Zkrato-
vaci vyvody byly zvoleny s ohledem na zkuSenosti, které byly ziskiny pomoci
experimentti s piivodnim EM. Hlavni diraz je kladen na moZnost simulace
realného zkratu a na rozsireni moznosti verifikace model.

U
U,
248
U
Ull
U, U,

Obrazek Al.1: Plan odbocdek ve fazich statoru EM 2. generace

Pro snadné navinuti takového vinuti, bylo nutné vybrat motor, ktery ma
predimenzovany statorovy svazek plechii. To znamena, Ze plnéni drazky je
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49 %. Diky takto nizkému plnéni drazky je moZné do vinuti vkladat ¢idla tep-
loty a vyrobit navrzené odbocky. Motor bude navinuty ruéné v prototypové
dilné podle specidlniho technologického postupu.

Technicka data motoru

Typ: AM dvoupdlovy 1LAT-TAA-TBA
Jmenovité otacky: 2940 ot/min

Jmenovity vykon: 1,5 kW

Jmenovité napéti: 400V /230 VY/D
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Obrazek Al.2: Plan vinuti EM 2. generace
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Al NAVRH EM 2. GENERACE

Pro motor EM 2. generace je mozné sestavit tabulky moZn{ch zkrati, které

mohou v tomto motoru vzniknout.

Az P, = % - 100
1-124 50 %
125 — 248 50 %
maximalni pocéet zkratovanych zavitll 1.0, = 124 zaviti

Tabulka A1.1: Tabulka moZnych zkrat v 1 fazi pro EM 2.generace

Az faze U | Az faze V | Azpy p. ===+ 100
1-124 | 125248 | 372 75 %
1-124 1-124 | 496 100 %
125 — 248 1-124 | 124 25 %
125 — 248 | 125 — 248 | 248 50 %
maximalni pocéet zkratovanych zavitll 1,me. = 496 zaviti

Tabulka Al.2: Tabulka moznych zkratt mezi fazemi pro EM 2. generace
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DEVICES

Monolithic Thermocouple Amplifiers
with Cold Junction Compensation

AD594/AD395

FEATURES
Pretrimmed for Type J (AD594} or

Type K (AD595) Thermocouples
Can Be Used with Type T Thermocouple Inputs
Low Impedance Voltage Output: 10 mV/°C
Built-In lce Point Compensation
Wide Power Supply Range: +5V to 16V
Low Power: <1 mW typical
Thermocouple Failure Alarm
Laser Wafer Trimmed to 1°C Calibration Accuracy
Setpoint Mode Operation
Self-Contained Celsius Thermometer Operation
High Impedance Differential Input
Side-Brazed DIP or Low Cost Cerdip

PRODUCT DESCRIPTION

The AD594/AD595 is a complete instrumentation amplifier and
thermocouple cold junction compensator on a monolithic chip.
It combines an ice point reference with a precalibrated amplifier
to produce a high level (10 mV/°C) output directly from a ther-
mocouple signal. Pin-strapping options allow it 1o be used as a
linear amplifier-compensator or as a switched output setpoint
contreller using either fixed or remote setpoint control, It can
be used to amplify its compensation voltage directly, thereby
converting it to a stand-alone Celsius transducer with a low
impedance voltage output.

The ADX594/AD595 includes a thermocouple failure alarm that
indicates if one or both thermocouple leads become open, The
alarm output has a flexible format which includes TTL drive
capability.

The AD}594/AD5095 can be powered from a single ended supply
(including +5 V) and by including a negative supply, tempera-
tures below 0°C can be measured. To minimize self-heating, an
unloaded AD594/AD595 will typically operate with a total sup-
ply current 160 pA, but is also capable of delivering in excess of
15 mA to a load.

The AD594 is precalibrated by laser wafer trimming to matich
the characteristic of type J (iron-constantan) thermocouples and
the AD595 i3 laser trimmed for type K {(chromel-alumel) inputs.
The temperature transducer voltages and gain control resistors

REV.C

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license iz granted by implication or
otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM
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are available at the package pins so that the circuit can be
recalibrated for the thermocouple types by the addition of two
or three resistors. These terminals also allow more precise cali-
bration for both thermocouple and thermometer applications,

The AD594/ADY595 is available in two performance grades. The
C and the A versions have calibration accuracies of £ 1°C and
+3°C, respectively. Both are designed 1o be used from 0°C to
+50°C, and are available in 14-pin, hermetically sealed, side-
brazed ceramic DIPs as well as low cost cerdip packages.

PRODUCT HIGHLIGHTS
1. The AD594/AD595 provides cold junction compensation,
amplification, and an output buffer in a single IC package.

2. Compensation, zero, and scale factor are all precalibrated by
laser wafer trimming (LWT) of each IC chip.

3. Flexible pinout provides for operation as a setpoint control-
ler or a stand-alone temperatire transducer calibrated in
degrees Celsius,

4, Operation at remote application sites is facilitated by low
quiescent current and a wide supply voltage range +5 V to
dual supplies spanning 30 V.

5. Dufferential input rejects common-meode noise voltage on the
thermocouple leads.
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AD394/AD535—-SPECIFICATION

(@ +25°C and Vg = 5 V, Type ) (ADS94), Type K (AD595) Thermocouple,
unless otherwise noted)

Muoddel ADSMA ADSYC ADS9SA ADSYSC
Min Typ Max Min Typ Max Min Typ Max Min Typ Max Units
ABSOLUTE MANIMUM RATING
+Vg 0 -Vg 36 36 36 36 Volts
Common-Mode Input Volage V- 015 +Vsg V- 015 +Vsg V- 015 +Vsg V- 015 +Vsg Vol
Dhfferential Inpur Voloage -Vg +Vs -Vg +Vs -Vg +Vs -Vg +Vs Volts
Alarm Volages
+ALM -Vs Vg + 36 | -Vs Vg + 30 | -Vs Vg + 36 | -Vs Vs + 36 Vals
—ALM v +Vg v +Vg v +Vg v +Vg Volts
Operadng Temperatire Range -55 +125 -55 +125 -55 +125 -55 +125 “C
Ourpue Short Cirewit to Common | Indefinie Indefioie Indefioie Indefioie
TEMPERATURE MEASUREMENT
(Specified Temperature Range
0°C o +50°C)
Calibradon Error ac +25°C! =3 =1 =3 =1 °
Stability vs. Temperature? =0.05 =4.025 =0.05 =0.025 e
Gainr Error =1.5 =0.7% =1.5 =0.7% %%
Nominal Transfer Funciion 1] 1] 1] 1] m¥ieC
AMPLIFIER CHARACTERISTICS
Closed Loop Gain® 193.4 193.4 247.3 247.3
Input Qffset Voltage {Temperature in ®C) x {Temperature in °C) x {Temperature in °C) % {Temperature in °C)
51.70 pVioC 51.70 pVioC 40.44 WVHC 40.44 pvieC w
Inpur Bias Cutrent 0.1 0.1 0.1 0.1 nA
Differential Input Range -1 +50 -1 +51 -1 +50 mY
Common-Mode Range -¥s-1.15 -Vs-4 -¥g-10.15 -Vs-4 -¥g-1.15 -Vs-4 -¥g-1.15 -Vs-4 Vols
Common-Mode Sensinvigy - RTO 10 10 10 10 my'y
Power Supply Sensitvity - RTO 10 10 10 10 my'y
Oupur Volage Range
Dual Supply Vs+2.5 +Vg-2 | vge2s +Vg-2 |-vge2s +Vg-2 |-Vg+2.5 V-2 Vol
Single Supply 0 V-2 0 V-2 0 Vg + 2 0 V-2 Volts
Usable Outpurt Currend +5 +5 +5 +5 ma
3 dB Bandwidth 15 15 15 15 kHz
ALARM CHARACTERISTICS
VioEmam a1 2 mA 0.3 0.3 0.3 0.3 Vol
Leakage Current =x1 =x1 =x1 =x1 LA max
Chperating Voltage at - ALM +¥5-4 +¥5-4 +¥5-4 +¥5-4 Volts
Short Circuit Current 20 20 20 20 ma
POWER REQUIREMENTS
Speafied Performance +5=5,-Vz;=0 +Vy=5,-V5=0 +5=5,-Vz;=0 +5=5,-Vz;=0 Vol
Operating’ +Wg o -Vs <30 +Vs w -V <30 +HVyw -V <30 +V5 o -V 30 Vol
Quiescent Current {No Load)
+Vy 160 300 160 300 160 300 160 300 nA
-V, 100 100 100 100 nA
PACKAGE OPTION
TO-116 (D-14) AD5SMAD ADSQ4CD AD595AD AD595CD
Cerdip (Q-14) ADFHAGD ADSGLCO ADFGFAG ADFGFCG

NOTES

TCalibrated for minimum etror at +25°C using a thermocouple sensitivity of 51.7 pV°C. Since a ] oype thetmocouple deviates from this straight line approximation, the AD3594 will normally
read 3.1 m¥ when the measuring junction is a1 0°C. The AD595 will similarly tead 2.7 mV at 0°C,
!Defined as the slope of the line connecting the AD394/AD595 airors measursd at 0°C and 50°C ambisnt temperature.

*Pin & shorted to Pin 9.

Currenn Sink Capability in single supply configuradon is limited w current drawn w groand theough a 50 kG resistor a1 ourpun voliages below 2.5 V.

¥ must not excead —16.5 V.

Specifications shown in boldface ate tested on all production units ar final electrical test, Results from those rests are used w calculate omgoing quality levels, All min and max specifications

are puarantesd, although only those shown in boldlface are tested on all production anits,
Specifications subject o change without notice.

INTERPRETING AD594/AD595 OUTPUT VOLTAGES

To achieve a temperature proportional cutput of 10 mV/~°C and
accurately compensate for the reference junction over the rated
operating range of the circuit, the AD594/ADA95 is gain trimmed
to match the transfer charactenistic of J and K type thermocouples
at 25°C. For a type J output in this temperature range the TC is
51.70 pV/°C, while for a type K it is 40.44 pV/C. The resulting
gain for the AD594 is 193.4 (10 mV/~C divided by 51.7 p¥V/*C)
and for the AD595 is 247.3 (10 mV/*C divided by 40.44 pV/°C).
In addition, an absolute accuracy trim induces an input offset 1o
the output amplifier characteristic of 16 yV for the AD594 and
11 uV for the AD595, This offset arises because the AD594/
ADA95 is trimmed for a 250 mV output while applying a 25°C
thermocouple inpurt,

Because a thermocouple output voltage is nonlinear with respect
to temperature, and the AD594/AD595 linearly amplifies the

compensated signal, the following transfer functions should be
used to determine the actual output voltages:
AD594 outpur = (Type J Voltage + 16 pV) x 193 .4
AD595 mutput = (Type K Voltage + 11 WV) X 247.3 or conversely:
Type J voltage = (AD594 owrput!193.4) — 16 nVV
Type K voltage = (AD5S95 ourputi247.3) — 11 yl/

Table I lists the ideal AD594/ADD595 output voliages as a func-
tion of Celsius temperature for type ] and K ANSI standard
thermocouples, with the package and reference junction at
25°C., As is normally the case, these outputs are subject to cali-
bration, gain and temperatiure sensitivity errors, Quiput values
for ntermediate temperatures can be interpolated, or caleulated
using the output equations and ANSI thermocouple voltage
tables referred to zero degrees Celsius, Due to a slight variation
in alloy content between ANSI type ] and DIN FE-CUNI
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Table I. Qutput Voltage vs. Thertnocouple Temperature (Ambient +25°C, Vg ==5V, +15 V)

Thermacouples  Type ] ADs94 Ty K ADso9s Thermacoupls Type] AD594 Type K ADso9s
Temperature Voltage QOutput Yoltage QOutput Temperature Yoltage Qutput Voltage QOutput
“ my my my my “C my my mv my
—200 ~7.800 _1523 —5.801 —1454 500 27.388 5300 20,640 5107
-180 ~7.402 -1428 -5.550 -1370 520 28.511 5517 21.493 5318
-160 -6.821 1316 -5.141 ~1269 540 29.642 5736 22,346 5520
—140 —5.150 -1188 —1.609 -1152 560 30,782 5056 23,108 5740
-120 -5.4286 -1046 —4.138 —1021 580 31.033 6179 24.050 5050
—100 —4.632 —803 ~3.553 876 500 33.006 6404 24.902 6161
80 -3.785 -720 -2.920 -T19 620 34.273 6632 25.751 371
-60 -2.892 -556 -2.243 -552 640 35.464 6862 26.500 6581
40 ~1.860 -374 -1.527 -375 860 36.671 005 27.445 6790
—20 —.0os ~189 -777 -189 580 37.803 7332 28.288 5808
-10 —.501 —04 —302 —04 700 30,130 7571 20,128 7206
0 0 3.1 0 2.7 720 40.382 7813 20,965 7413
10 507 101 2307 101 740 41.647 8058 30,709 7619
20 Lo1g 200 .08 200 750 42.283 8181 31.214 7722
25 1.277 250 1.000 250 760 - - 31.629 7825
30 1.536 300 1.203 300 T80 - - 32.455 e
40 2.058 401 1.611 401 800 - - 33,277 8232
50 2.585 503 2.022 503 820 - - 34,005 8434
60 3.115 604 2,434 605 840 - - 34,900 8336
80 4.186 813 3.266 810 860 - - 35.718 8836
100 5.268 1022 4.005 1015 880 - - 36,524 0035
120 6.350 1233 4.919 1219 a0 - - 37.325 %233
140 7.457 1445 5.733 1420 920 - - 38.122 8430
160 8.560 1659 5.530 1420 040 - - 38.915 0626
180 0,667 1873 7.338 1817 060 - - 38,703 0821
200 10.777 2087 8,157 2015 080 - - 40,488 10015
220 11.887 2302 8.038 2213 1000 - - 41,269 10209
240 12.908 2517 9.745 2413 1020 - - 42,045 10400
260 14.108 2732 10.560 2014 1040 - - 42,817 10501
280 15.217 2044 11.381 2817 1060 - - 43,585 10781
300 16.325 3160 12.207 3022 1080 - - 44,430 10870
320 17.432 3374 13.059 3227 1100 - - 45.108 11158
340 18.537 3588 13.874 3434 1120 - - 45.863 11345
360 19,640 3801 14.712 3641 1140 - - 46,612 11530
380 20.743 4015 15.552 3840 1160 - - 47,354 11714
400 21846 4228 16.395 4057 1180 - - 48,095 11807
420 22,049 4441 17.241 4266 1200 - - 48.828 12078
440 24.054 4655 18.088 4476 1220 - - 49,555 12258
450 25.161 4869 18.938 4585 1240 - - 50.274 12436
480 26.272 5084 19.788 4806 1250 - - 50.633 12524
thermocouples Table I should not be used in conjunction with SINGLE AND DUAL SUPPLY CONNECTIONS
European standard thermocouples. Instead the transfer function  The AD594/ADD595 is a completely self-contained thermocouple
given previously and a DIN thermocouple table should be used. conditioner. Using a single +5 V supply the interconnections

ANSI type K and DIN NICR-NI thermocouples are composed shown in Figure 1 will provide a direct ontput from a type |
thermocouple (AIX594) or type K thermocouple (AD595) mea-

GONSTANTAN , i o 300°C,
AT +5Y —9 LomvEe suring from 0°C to +300°C
th [ MG m Any convenient supply voltage from +5 V 1o +30 V may be

used, with self-heating errors being minimized at lower supply
levels, In the single supply configuration the +5 V supply con-

ADSS4! . E . .
\ AD595 nects to Pin 11 with the V- connection at Pin 7 strapped to
)_<i P — power and signal common at Pin 4. The thermocouple wire n-
‘ mr:‘?‘..,’.‘.: _Tc puts connect to Pins 1 and 14 either directly from the measuring
l [T 1T point or through intervening connections of similar thermo-
| 1RON T LT BT LT T LT G : 13 :
[L{CHROMEL) j" couple wire type. When the alarm outpur at Pin 13 iz not used it
T COMMON should be connected to common or -V. The precalibrated feed-

. . . . . back network at Pin 8 is tied to the ourput at Pin 9 to provide a
Figure 1. Basic Connection, Single Supply Operation 10 mV/°C nominal temperature transfer characteristic.
of identical alloys and exhibit similar behavior. The upper tem-
perature limits in Table T are those recommended for type ] and

type K thermocouples by the majority of vendors.

By using a wider ranging dual supply, as shown in Figure 2, the
AD594/AD595 can be interfaced to thermocouples measuring
both negative and extended positive temperatures.

REV.C -3-



AD594/AD333

CONSTANTAN g TO T30V .
(ALUMEL} |]-|
[i G5 CA [ el 6] [51
DOVERLCAD
Dz'rzcr 4
AD594/ 1
N AD535 b SPAN OF
N )_< T ] 5V TO 30V
1 | Tore {corefsTe
[ 1 -
1(RON 3 I 3 8 3 3
CHROMEL,
pcarovey _ |
' GOMMON
oV TO =25V

Figure 2. Dual Supply Operation

With a negative supply the output can indicate negative tem-
peratures and drive grounded loads or loads returned to positive
voltages. Increasing the positive supply from 5 V1o 15 V ex-
tends the output voltage range well beyond the 750°C
temperature limit recommended for type | thermocouples
(AD594) and the 1250°C for type K thermocouples (AD595),

Common-mode voltages on the thermocouple inputs must remain
within the commen-mode range of the AD594/AD595, with a
return path provided for the bias currents, If the thermocouple
is not remotely grounded, then the dotted line connections in
Figures 1 and 2 are recommended. A resistor may be needed in
this connection to assure that commeon-mode voltages induced
in the thermocouple loop are not converted to normal mode.

THERMOCOUPLE CONNECTIONS

The sothermal terminating connecrions of a pair of thermo-
couple wires forms an effective reference junction. This junction
must be kept at the same temperature as the AD594/ADS595 for
the internal cold junction compensation to be effective,

A method that provides for thermal equilibrium is the printed
circuit board connection layout illustrated in Figure 3.

4

4 CONSTANTAN
{ALUMEL}

IRON
(CHROMEL )

f
I
1
I
I

| |

COMMON — -T Yoot

Figure 3. PCB Connections

Here the AD594/AD595 package temperature and circvit board
are thermally contacted in the copper printed circuit board
tracks under Pins 1 and 14. The reference junction is now com-
posed of a copper-constantan {or copper-alumel) connection
and copper-iron {or copper-chromel) connection, both of which
are at the same temperature as the AD594/AD595.

The printed circuit board layout shown also provides for place-
ment of optional alarm load resistors, recalibration resistors and
a compensation capacitor to limit bandwidth.

To ensure secure bonding the thermocouple wire should be
cleaned to remove oxidation prior 1o soldering. Noncorrosive
rosin flux is effective with iron, constantan, chromel and alumel
and the following solders: 95% tin-5% antimony, 95% tin-5%
silver or 90% tin-10% lead.

FUNCTIONAL DESCRIPTION

The ADY594 behaves like two differential amplifiers. The out-
puts are summed and used to control a high gain amplifier, as
shown in Figure 4.

=i -ALM  +ALM W+ COMP i e ] FB
[1a] 3] [iz] [ [ie] [e] [=]
OVERLOAD
Qg DETECT !
AD594/AD595 ]
'V“ ICE
X Av—] POINT
I COMP, |=TC
+TC[
—
L =20 ] Lad =1 el L2
+ +C +T COM =T - Y=

Figure 4. AD594/AD595 Block Diagram

In normal operation the main amplifier output, at Pin 9, i1s con-
nected 1o the feedback network, at Pin 8. Thermocouple signals
applied to the floating input stage, at Pins 1 and 14, are ampli-
fied by gain G of the differential amplifier and are then further
amplified by gain A in the main amplifier. The output of the
main amplifier is fed back to a second differental stage in an in-
verting connection, The feedback signal 1s amplified by this
stage and is also applied to the main amplifier input through a
summing circuit, Because of the inversion, the amplifier causes
the feedback to be driven to reduce this difference signal 1o a
small value, The two differential amplifiers are made to match
and have identical gains, G. As a result, the feedback signal that
must be applied 1o the right-hand differential amplifier will pre-
cisely match the thermocouple input signal when the difference
signal has been reduced to zero. The feedback nerwork is trim-
med so that the effective gain to the output, at Pins 8 and 9, re-
sults in a voltage of 10 mV/C of thermocouple excitation.

In addition to the feadback signal, a cold junction compensation
voltage is applied to the right-hand differential amplifier. The
compensation is a differential voltage proportional to the Celsius
temperature of the AD594/AD595. This signal disturbs the dif-
ferential input so that the amplifier ourput must adjust to restore
the input o equal the applied thermocouple voltage,

The compensation is applied through the gain scaling resistors
so that its effect on the main output is also 10 mV/*C. Asa
result, the compensation voltage adds to the effect of the ther-
mocouple voltage a signal directly proportional to the difference
between (°C and the ADS94/ADS95 temperature. If the thermo-
couple reference junction is maintained at the AD594/AD595
temperature, the output of the AD394/ADS595 will correspond
to the reading that would have been obtained from amplification
of a signal from a thermocouple referenced to an ice bath.
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The AD}594/AD595 alse includes an input open circuit detector
that switches on an alarm transistor, This transistor is actually a
current-limited output buffer, but can be used up to the limit as
a switch transistor for either pull-up or pull-down operation of
external alarms.

The ice point compensation network has voltages available with
positive and negative temperature coefficients. These voltages
may be used with external resistors to modify the ice point com-
pensation and recalibrate the AD594/AD595 as described in the
next column.

The feedback resistor is separately pinned out so that its value
can be padded with a series resistor, or replaced with an external
resistor berween Pins 5 and 9. External availability of the feedback
resistor allows gain 1o be adjusted, and also permits the AD594/
ADS595 10 operate in a switching mode for setpoint operation.

CAUTIONS:

The temperature compensation terminals (+C and —C} at Pins 2
and 6 are provided to supply small calibration currents only, The
AD5S94/AD595 may be permanently damaged if they are
grounded or connected to a low impedance.

The AD594/AD595 is internally frequency compensated for feed-
back ratios (corresponding to normal signal gain) of 75 or more.
If a lower gain is desired, additional frequency compensation
should be added in the form of a 300 pF capacitor from Pin 10
to the ourput at Pin 9. As shown in Figure 5 an additional 0.01 pF
capacitor between Pins 10 and 11 is recommended.

AD594/
AD595 == 300pF

Figure 5. Low Gain Frequency Compensation

RECALIBRATION PRINCIPLES AND LIMITATIONS
The ice point compensation network of the AD594/AD595
produces a differennal signal which is zero at 0°C and corre-
sponds to the output of an ice referenced thermocouple at the
temperature of the chip. The positive T'C output of the circuit is
proportional to Kelvin temperature and appears as a voltage at
+T. It is possible to decrease this signal by loading it with a
resistor from +T to COM, or increase it with a pull-up resistor
from +T to the larger positive TC voltage at +C. Note that
adjustments to +7T should be made by measuring the voltage which
tracks it at =T, To avoid destabilizing the feedback amplifier the
measuring instrument should be isolated by a few thousand
ohms in series with the lead connected to -T.

+HIN

.0 ADSO4 T ‘
-Nn  ADS595

(9 e COM 0‘
. YO -T

Figure 6. Decreased Sensitivity Adjustment

Changing the positive TC half of the differential output of the
compensation scheme shifis the zero point away from 0°C. The
zero can be restored by adjusting the current flow into the nega-
tive mput of the feedback amplifier, the -T pin. A current into
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this terminal can be produced with a resistor between -C and
=T to balance an increase in +7T, or a resistor from -T 10 COM
to offser a decrease in +T.

If the compensation is adjusted substantially to accommeodate a
different thermocouple type, its effect on the final output volt-
age will increase or decrease in proportion., To restore the
nominal output w 10 mV/°C the gain may be adjusted to match
the new compensation and thermocouple input characteristics.
When reducing the compensation the resistance berween -T
and COM automatically increases the gain 1o within (.5% of the
correct value. If a smaller gain is required, however, the nominal
47 kO internal feedback resistor can be paralleled or replaced
with an external resistor.

Fine calibration adjustments will require temperature response
measurements of individual devices to assure accuracy. Major
reconfigurations for other thermocouple types can be achieved
without seriously compromising initial calibration accuracy, so
long as the procedure is done at a fixed temperature using the
factory calibration as a reference, It should be noted that inter-
mediate recalibration conditions may require the use of a
negative supply,

EXAMPLE: TYPE E RECALIBRATION—ADS94/AD 595
Both the AD594 and AD595 can be configured to condition the
output of a type E {chromel-constantan) thermocouple, Tem-
perature characteristics of type E thermocouples differ less from
type J, than from type K, therefore the AD594 is preferred for
recalibration.

While maintaining the device at a constant temperature follow
the recalibration steps given here, First, measure the device
temperature by tying both inputs to commeon (or a selected
common-mode petential) and connecting FB to VO. The AD5%4
is now in the stand alone Celsius thermometer mode. For this
example assume the ambient is 24°C and the initial outpur VO
is 240 mV. Check the output at VO 1o verify that it corresponds
to the temperature of the device.

Next, measure the voltage —T at Pin 5 with a high impedance
DVM (capacitance should be isolated by a few thousand ohms
of resistance at the measured terminals). At 24°C the -T voliage
will be about 8.3 mV. To adjust the compensation of an AD594
to a type E thermocouple a resistor, R1, should be connected
between +T and +C, Pins 2 and 3, 1o raise the voltage at -T by
the ratio of thermocouple sensitivities. The ratio for converting a
type J device to a type E characteristic is:

r (AD594) =(60.9 pl7*C)/(51.7 pli*C)= 1.18

Thus, multiply the initial voltage measured at -T by r and ex-
perimentally determine the R1 value required 1o raise -T to that
level. For the example the new T voltage should be about 9.8 mV.
The resistance value should be approximately 1.8 k€2,

The zero differennal point must now be shifted back to 0°C.
This is accomplished by multiplying the original output voltage
VO by r and adjusting the measured output voltage to this value
by experimentally adding a resistor, R2, between —C and -T,
Pins 5 and 6. The target output value in this case should be
about 283 mV. The resistance value of R2 should be approxi-
mately 240 kQ.

Finally, the gain must be recalibrated such that the ourput VO
indicates the device’s temperature once again, Do this by adding
a third resistor, R3, between FB and -T, Pins 8 and 5. VO should
now be back to the initial 240 mV reading. The resistance value
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of R3 should be approximately 280 kQ. The final connection
diagram 1s shown in Figure 7. An approximate verification of
the effectiveness of recalibration is to measure the differential
gain to the output. For type E i1t should be 164.2.

com{a)
+T
AD594/ ‘ R
AD596  +C
-G
-
-
RS

Figure 7. Type E Recalibration

When implementing a similar recalibration procedure for the
AD595 the values for R1, R2, R3 and r will be approximately
650 Q, 84 kQ, 93 kQ and 1.51, respectively. Power consump-
tion will increase by about 50% when using the AD595 with
type E mputs.

Note that during this procedure 1t is ¢rucial 1o maintain the
AD5S94/AD595 ar a stable remperature because it is used as the
temperature reference. Contact with fingers or any tools not at
ambient temperature will quickly produce errors. Radiational
heating from a change in lighting or approach of a soldering iron
must also be guarded against.

USING TYPE T THERMOCOUPLES WITH THE AD5%5
Because of the similarity of thermal EMFEs in the 0°C to +50°C
range between type K and type T thermocouples, the AIX595
can be directly used with both types of inputs, Within this ambi-
ent temperature range the AD595 should exhibit no more than
an additional 0.2°C output calibration error when used with
type T inputs. The error arises because the ice point compensa-
tor 18 trimmed 1o type K characteristics at 25°C. To calculate
the AD595 output values over the recommended -200°C 1o
+350°C range for type T thermocouples, simply use the ANSI
thermocouple voltages referred to 0°C and the output equation
given on page 2 for the AD595, Because of the relatively large
nonlinearities associated with type T thermocouples the output
will deviate widely from the nominal 10 mV/°C. However, cold
jnction compensation over the rated 0°C to +50°C ambient
will remain accurate,

STABILITY OVER TEMPERATURE

Each AD594/AD595 is tested for error over temperanire with
the measuring thermocouple at 0°C, The combined effects of
cold junction compensation error, amplifier offset drift and gain
error determine the stability of the AD594/AD595 output over
the rated ambient temperanire range. Figure 8 shows an AD594/
AD595 drift error envelope. The slope of this figure has units
of °C/°C.

DRIFT ERROR

TEMPERATURE OF ADS94C/ADS9SC

Figure 8. Drift Error vs. Temperature

THERMAL ENVIRONMENT EFFECTS

The inherent low power dissipation of the AD594/AD595 and
the low thermal resistance of the package make self-heating
errors almost negligible. For example, in still air the chip 1o am-
bient thermal resistance is about 80°C/watt (for the D package).
At the nominal dissipation of 800 pW the self-heating in free air
is less than 0.065°C. Submerged in fluorinert liquid {unstirred})
the thermal resistance is about 40°Chwatt, resulting in a self-
heating error of about 0.032°C.

SETPOINT CONTROLLER
The AD594/AD595 can readily be connected as a setpoint
controller as shown in Figure 9.

HEATER | LOW == T < SETPOINT
| DRIVER | égh:q%ign%RREour HIGH == T > SETPOINT
CONSTANTAN SETPOINT
[HEATER| (aLUMEL) +5Y e VOLTAGE
=T~ INPUT
I | i Bl | HTI_I;'I_HTI [ Bl |
OVERLOAD)| 20M11
[ | DETECT : | 3 (OPTIONAL}
| | AD594/ ] 3 For
| b | ADES5 HYSTERESIS
I | <8l oL O
L \Il J | +Tc [ COMP. L
| IRon | [ '_-I

TEMPERATURE '
CONTROLLED
REGION

S HROMEL i 2] I L [el Ce] LF
LCwoven | T 1P 2 2] _J

Figure 9. Setpoint Controfler

The thermocouple is used to sense the unknown temperature
and provide a thermal EMF 1o the input of the AD394/AD595.
The signal is cold junction compensated, amplified to 10 mV/*~C
and compared to an external setpoint voltage applied by the
user 1o the feadback at Pin 8. Table I lists the correspondence
between setpoint voltage and temperature, accounting for the
nonlinearity of the measurement thermocouple. If the setpoint
temperature range is within the operating range (-55°C 1o
+125°C) of the AD594/AD595, the chip can be used as the
transducer for the circuit by shorting the inpurts together and
utilizing the nominal calibration of 10 mV/°C, This is the centi-
grade thermometer configuration as shown in Figure 13.

In operation if the setpoint voltage is above the voltage corre-
sponding to the ternperature being measured the output swings
low to approximately zero volts, Conversely, when the tempera-
ture rises above the setpoint voltage the ourput switches to
the positive limit of about 4 volts with a +5 V supply. Figure
9 shows the setpoint comparator configuration complete with a
heater element driver circuit being controlled by the AD594/
AD595 1oggled ourput. Hysteresis can be introduced by inject-
ing a current into the positive input of the feedback amplifier
when the cutput is toggled high. With an AI)594 about 200 nA
into the +T terminal provides 1°C of hysteresis. When using a
single 5 V supply with an AD594, a 20 MQ resistor from Vg to
+T will supply the 200 nA of current when the outpur is forced
high (abour 4 V). To widen the hysteresis band decrease the
resistance connected from VO 1o +T.
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ALARM CIRCUIT

In all applications of the AD594/AD595 the ~-ALM connection,
Pin 13, should be constrained so that it is not more positive
than (V+) — 4 V. This can be most easily achieved by connect-
ing Pin 13 1o either common at Pin 4 or V- at Pin 7. For most
applications that use the alarm signal, Pin 13 will be grounded
and the signal will be taken from +ALM on Pin 12. A ypical
application is shown in Figure 10.

In this configuration the alarm transistor will be off in normal
operation and the 20 k pull up will cause the +ALM output on
Pin 12 to go high. If one or both of the thermocouple leads are
interrupted, the +ALM pin will be driven low. As shown in Fig-
ure 10 this signal is compatible with the input of a TTL gate
which can be used as a buffer and/or inverter.

+5Y

CONSTANTAN
{ALUMEL})

ALARM
ALARM ouT D" TTL GATE

H 10mVEC

N

b
|

IRON

Lomoney __|

+—(GND

Figure 10. Using the Alarm to Drive a TTL Gate
{“Grounded’” Emitter Configuration)

Since the alarm is a high level output it may be used to directly
drive an LED or other indicator as shown in Figure 11.

V4

CONSTANTAN 270400

{ALUMEL) 10mVviFC

N

\= IRON :|>_('_GII éé;r%“

Lctrovey | ]

Figure 11. Alarm Directly Drives LED

A 270 Q series resistor will limit current in the LED 1o 10 mA,
but may be omitted since the alarm output transistor is current
limited at about 20 mA. The transistor, however, will operate in
a high dissipation mode and the temperature of the circuit will
tise well above ambient. Note that the cold junction compensa-
tion will be affected whenever the alarm circuit is activated. The
time required for the chip to return to ambient temperature will
depend on the power dissipation of the alarm circuit, the nature
of the thermal path to the environment and the alarm duration.

REV.C

The alarm can be used with both single and dual supplies. It
can be operated above or below ground. The cellector and emit-
ter of the output transistor can be used in any normal switch
configuration. As an example a negative referenced load can be
driven from —~ALM as shown in Figure 12.

CONSTANTAN OV
(ALUMEL)
o JomvrC
~
Y To-o<<huls
| | ﬂ-é'r :ow,j“:
I 1RON JILIIILIJILIILILJ
L{CHROMEL] -
GHND
| [ 1
| |
ALARM | *
RELAY T =12¥
I |
|

Figure 12. -ALM Driving A Negative Referenced Load

The collector (+ALM) should not be allowed to become more
positive than (V-} +36 V, however, it may be permiited to be
more positive than V+. The emitter voliage (-ALM) should be
constrained so that it does not become more positive than 4
volis below the V+ applied to the circuit.

Additonally, the AD594/A1)595 can be configured 1o produce
an extreme upscale or downscale output in applications where
an extra signal line for an alarm is inappropriate. By tying either
of the thermocouple inputs to common most runaway control
conditions can be automatically avoided. A +IN to common
connection creates a downscale output if the thermocouple opens,
while connecting -IN to common provides an upscale output.

CELSIUS THERMOMETER
The AD594/AD595 may be configured as a stand-alone Celsius
thermometer as shown in Figure 13.

+5V TO +5V

OUTPUT
10mvIC

1 I 3 R N B N [ I ) 3

< GND
< 0TO 15V

Figure 13. AD594/AD595 as a Stand-Afone Celsius
Thermometer

Simply omit the thermocouple and connect the inputs (Pins 1
and 14) 1o common. The output now will reflect the compensa-
tion voltage and hence will indicate the AD594/AD595
temperature with a scale factor of 10 mV/”C. In this three termi-
nal, voltage output, temperature sensing mode, the AD594/
AD595 will operate over the full military -55°C to +125°C tem-
perature range.
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AD394/AD3935

THERMOCOUPLE BASICS

Thermocouples are economical and rugged; they have reason-
ably good long-term stability. Because of their small size, they
respond quickly and are good choices where fast response is im-
portant. They function over temperature ranges from cryogenics
to jet-engine exhaust and have reasonable linearity and accuracy.

Because the number of free electrons in a piece of metal de-
pends on both temperature and composition of the metal, two
pieces of dissimilar metal in isothermal and contact will exhibit
a potential difference that is a repeatable function of tempera-
ture, as shown in Figure 14. The resulting voltage depends on
the temperatures, T'1 and T2, in a repeatable way.

A\ |w

- +
Cu Cu
CONSTANTAN — T — — T 7 CONSTANTAN
T - T2
3\ ¢ ERN
i IRON
—— ——— ———— ———— B
UNKNOWN

TEMPERATURE REFERENCE

Figure 14. Thermocouple Voltage with 0°C Reference

Since the thermocouple is basically a differential rather than
absolute measuring device, a know reference temperature is
required for one of the junctions if the temperature of the other
is to be inferred from the output voltage. Thermocouples made
of specially selected materials have been exhaustively character-
ized in terms of voltage versus temperature compared to primary
temperature standards. Most notably the water-ice point of 0°C
is used for tables of standard thermocouple performance.

An alternative measurement technique, illustrated in Figure 15,
is used in most practical applications where accuracy requirements
do not warrant maintenance of primary standards. The reference
junction temperature is allowed to change with the environment
of the measurement system, but it is carefully measured by some
type of absolute thermometer. A measurement of the thermo-
couple voltage combined with a knowledge of the reference
temperature can be used to calculate the measurement junction
temperature. Usual practice, however, is to use a convenient
thermoelectric method to measure the reference temperature

and to arrange its output voltage so that it corresponds to a ther-
mocouple referred to 0°C. This voltage is simply added to the
thermocouple voltage and the sum then corresponds to the stan-
dard voltage tabulated for an ice-point referenced thermocouple.

: Vi =V
v m FOR PROPERLY

SCALED Vy' =f{T,)

&
vz |Cu
constantaN o= ~2 |5 Cunic
e |
rfE-=rn ve
| - —-
Y H T
‘I L ! |_‘|—
l (] |
IRON T -t

I__________I

Figure 15. Substitution of Measured Reference
Temperature for Ice Point Reference

The temperature sensitivity of silicon integrated circuit transis-
tors is quite predictable and repeatable. This sensitivity is
exploited in the AD594/AD595 to produce a temperature re-
lated voltage to compensate the reference of “cold” junction of a
thermocouple as shown in Figure 16.

CONSTANTAN

IRON

—— e
[

Figure 16. Connecting Isothermal Junctions

Since the compensation is at the reference junction temperature,
it is often convenient to form the reference “junction” by connect-
ing directly to the circuit wiring. So long as these connections
and the compensation are at the same temperature no error will
result.

OUTLINE DIMENSIONS

Dimensions shown in inches and (mm).

TO-116 (D) Package

»{ 0.430 (10.92) |-

14 — _r
“ gzofg 0.265 0.290 +0.010
(6.73) (7.37 0.25)
o1 7| ¥y
2 0.31 £0.01
0,035 +0.010 0.700 +0.010 (7.87 +0.25)
1035 +0. 17.78 +0.25 o 2
(0.89 +0.25) { ) ¥ B2
3 0.085 (2.18) 0.095 (2.41)
0425 T — 11— —— 11— f I 0.180 +0.030 [}
(3.18) ; (4.57 +0.76) ol lg 0.01 10,002
MIN T S g (0.25 +0.05)
0.047 £0.007 5 547+0.003 0.100 0.30 (7.62) REF
(1.19+0.18) -0.002 (2.54)

(0,43 +0.! DB) BSC

Cerdip (Q) Package

0.77 +0.015
{19.55 +0.39)
0.260 +0.020
(6.6 +0.51)
0.300 (7.62)
0.035 +0.010 REF
-:o 889 +0,254) 0.148 +0.015
(3.76 +0.38)
0.125 —; 0.180 +0.030
3.1785) {4.57 +0.76)
MIN il ...; 0,010 £0.001
0.018 SEAT'NG 18° (0.254 +0.025)
0.032 © 45?:, PLANE
(0.812) ’ 0.100 0°
0. soo 15.24 (2.54)
'I ) Bac
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ANALOG
DEVICES

CMOS

8-/16-Channel Analog Multiplexers

ADG506A/ADGI0TA

FEATURES
44 V Supply Maximum Rating
Vss to Vpp Analog Signal Range
Single/Dual Supply Specifications
Wide Supply Ranges (10.8 V to 16.5 V}
Extended Plastic Temperature Range
{-40°C to +85°C)
Low Power Dissipation (28 mW max}
Low Leakage (20 pA typ)
Available in 28-Lead DIP, SOIC, PLCC, TSSOP and LCCC
Packages
Superior Alternative to:
DG506A, HI-506
DG507A, HI-507

GENERAL DESCRIPTION

The ADG506A and ADG507A are CMOS monolithic analog
multiplexers with 16 channels and dual 8 channels, respectively,
The ADG506A switches one of 16 inputs  a common output,
depending on the state of four binary addresses and an enable
input. The ADG507A switches one of eight differential inputs to
a common differential output, depending on the state of three
binary addresses and an enable input. Both devices have TTL
and 5 V CMOS logic compatible digital inputs.

The ADG506A and ADGS07A are designed on an enhanced
LC*MOS process, which gives an increased signal capability of
Vg5 10 Vpp and enables operation over a wide range of supply
voltages. The devices can operate comfortably anywhere in the
10.8 V 10 16.5 V single or dual supply range. These multiplexers
also feature high switching speeds and low Roy.

PRODUCT HIGHLIGHTS

1. Single/Dual Supply Specifications with a Wide Tolerance
The devices are specified in the 10.8 V 1o 16.5 V range for
both single and dval supplies,

2. Extended Signal Range
The enhanced LC2MOS processing results in a high break-
down and an increased analog signal range of Vg to Vpp.

3. Break-Before-Make Switching
Switches are guaranteed break-before-make so input signals
are protected against momentary shorting,

4. Low Leakage
Leakage currents in the range of 20 pA make these multiplexers
suitable for high precision circuits.

REV.C

Information furnished by Analog Devices is believed to be accurate and
reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or other rights of third parties
which may result from its use. No license is granted by implication or
otherwise under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM

! ADGB0BA
81
|

|
|
| s18
|

DECODER

A0 A1 A2 EN

DECODER
58 & N5

A0 Al A2 A3 EN

ORDERING GUIDE

Temperature Package
Model' Range Option?
ADG506AKN —40°C o +85°C N-28
ADG506AKR —40°C 1o +85°C R-28
ADG506AKP —40°C 1o +85°C P-28A
ADG506ABQ —40°C o +85°C Q-28
ADG506ATQ -55°C to +125°C Q-28
ADGS06ATE -55°C to +125°C E-28A
ADGS07AKN —40°C 10 +85°C N-28
ADGS07AKR —407C 10 +85°C R-28
ADGS07AKP —407C 10 +85°C P-28A
ADGS07AKRU —40°C 10 +85°C RU-28
ADG507ABQ —40°C 1o +85°C Q-28
ADGA0TATQ —55°C to +125°C Q-28
ADGA07ATE -55°C to +125°C E-28A
NOTES

'To order MIL-STD-883, Class B processed parts, add /883B to part naumber.
See Analog Devices' Militanw/derospace Reference Mamual (1994) for military
data sheet.

2E = Leadless Ceramic Chip Carrier (LCCC); N = Plastic DIP; P = Plasnic
Leaded Chip Carcer (PLCCY; Q = Cerdip; R = 0.3" Small Outline IC (SOICY;
RU = Thin Shrink Small Qutline Package (TSSO,

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A,
Tel: 781/329-4700 World Wide Web Site: http:/ /www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 1998



ADGS06A/ADGS07A-SPECIFICATIONS

Dual Supply o, = +108 V10 +165¥, ¥ = ~10.8 ¥ to—16.5V unless otherwise noted)

ADG3506A ADG506A ADG306A
ADGS507A ADG507A ADGS507A
K Version B Version T Version
-40°C to =40°C to =55°C 1o
Parameter +25°C  +85°C +25°C +85°C +25°C +125°C | Units Comments
ANALOG SWITCH
Analog Signal Range Vs Vs Vs ¥ss Vgs Vss Y min
Voo Voo Yoo Voo oo Voo V max
Ron 280 280 280 Qwp 10 VZVg < +10V, Ipg = 1 mA; Test Circuic 1
450 600 430 GO0 450 S04 Q max
300 400 300 400 QGmax  |Vpp= 13V (210%), Vss =153V (£ 10%)
300 400 Omax Voo =15V (£5%), Vg = -15 V (+5%)
Ron Drift .6 0.6 0.6 WAC e |10V SV <410V, Ips = 1 mA
Royn Match 5 5 5 % wp 1OV EVi+10V, Ipg = 1 mA
Is (OFF), Off Input Leakage 0.02 002 0.02 nAwyp |VI=110V, V2= 310V, Test Circuit 2
1 50 1 50 1 30 o max
Ip (OFF), Off Qutput Leakage 0.04 0.04 (.04 nAwp |(VI=z10V,VZ=310V; Test Circuit 3
ADGI06A 1 200 1 200 1 200 nA max
ADGIOTA 1 100 1 100 1 100 nA max
Ip (ON), On Channel Leakage 0.04 0.04 (.04 pAwp |(VI=z10V,V2Z=510V; Test Circuit 4
ADGS506A 1 200 1 200 1 200 oA max
ADGIOTA 1 100 1 100 1 100 nA max
Ipier, Differential O Qurput
Leakage (ADG507A Only) 25 25 25 nAmax |[V1=z110V,V2=310V,; Test Circuit 3
DIGITAL CONTROL
Vi Input High Voltage 2.4 2.4 2.4 Y min
Vine, Input Low Voltage 0.8 .8 1) V max
Irne or Iy 1 1 1 pA max |V =0tw Vpp
Ciy Digital Input Capacitance 8 8 8 pF max
DYNAMIC CHARACTERISTICS
ITRJ-\NS|T|0N1 2003 200) 200 ns yp V1I=£10V,V2=+10V, Test Circuit 6
300 400 300 400 300 400 0% max
LoPEN 50 50 50 ns typ | Test Gircuit 7
25 10 25 10 25 10 ns min
Ion (ENY! 200 200 200 s typ Test Circuit 8
300 400 300 400 300 400 0% max
topr (EN)! 200 200 200 ns typ | Test Circuit 8
300 404) 300 400 300 400 ns max
OFF Isolation 68 68 63 dB typ VEn=08V,RL=1kQ, C.=15pF,
30 50) 50 dBmin |Vg=7V s, f=100kHz
Cs (OFF) 5 5 5 pFop |Ven=038V
Cp (OFF)
ADGS06A 44 44 44 pFtyp  |[VEn=038Y
ADGI0TA 22 22 22 pF op
Omps Charge Injection 4 4 4 pCop |Rg=0%0, Vy=0V; Test Circuit 9
POWER SUPPLY
Inp 13 0.6 0.6 mA typ | Vv = Vi or Ving
1.5 1.5 1.5 mA max
Iss 20 20 20 HA typ Y =Vinor Ving
2 02 0.2 mA max
Power Dissipation 10 10 10 mW yp
28 28 28 mW max
NOTES

'Sample tested at +25°C to ensure compliance.

Specifications subject o change without notice.
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Single Supply o = +10.8Vto +16.5¥, s = GND = 0¥ unless otherwise noted)

ADGH06A/ADG307A

ADG506A ADG506A ADG506A
ADGS0TA ADGS07A ADGSOTA
K Version B Version T Version
=40°C to -40°C to =55°C to
Parameter +25°C  +85°C | +25°C +85°C +25°C +125°C | Units Comments
ANALOG SWITCH
Analog Signal Range Yes Vss Vs Vgs ¥ss Yes V min
Voo Voo Voo Vop Voo Voo V max
Ron 500 500 500 Q yp OV Ve£ 410V, Ing = 0.5 mA; Test Circuit 1
TO0 1000 TO0 1000 700 1000 2 max
Ron Drift 0.6 0.6 0.6 %O Op|[OVI Ve +10V, Ins = 0.5 mA
Ron Match 5 5 5 Y% typ OVEV£+10V, [p; =05 mA
Iz (OFF), Oft Input Leakage 0.02 0.02 0.02 nAgp [([VI=+10VOV,V2=0V/+10V,
1 50 1 50 1 50 nA max | Test Circuit 2
Ip (OFF), Off Oupur Leakage | 0.04 (LO4 (.04 pAlyp ([VI=+10VOV, V20V +10V;
ADGS06A 1 200) 1 200 1 200 oA max | Test Circuit 3
ADGSDTA 1 100 1 100 1 100 nA max
Ip (ON), On Channel Leakage 0.04 0.04 0.04 nAgp [([VI=+10VOV,V2=0V/+10V,
ADGS06A 1 200) 1 200 1 200 oA max | Test Circoit 4
ADGS0TA 1 100 1 100 1 100 oA max
Ipier, Differential Otf Quiput Vi=+10VOV,V2=0V/+10V,
Leakage (ADHGS07A Only) 25 25 25 nA max | Test Circuit 5
DIGITAL CONTROL
Ving, Input High Voltage 2.4 24 2.4 ¥V min
Yine. Input Low Voltage (.8 .8 1) V max
I o Iiam 1 1 1 A max | Viw =010 Yop
Cpy Dhgital Inpuc Capacitance 8 8 8 pF max
DYNAMIC CHARACTERISTICS
ITR}\NSITIONI 300 300 300 ns Lyp V1 =+10VAOV, V2 =+10V,; Test Circuit 6
450 800 450 GO0 450 GO0 0s tnax
ToPEN" 30 50 50 ns typ | Test Gircuit 7
25 10 25 10 25 10 ns min
ton (ENY! 250 250 250 ns typ | Test Circuit 8
450 800 450 GO0 450 GO0 0s tnax
torr (EN)! 250 250 250 ns yp Test Circoit 8
430 00 4530 600 450 o 05 max
OFF Isolation 68 68 68 dBop |Ven=08V,R.=1kQ, C =15pF,
50 50 50 dBmin |V¢=335V ms, f =100 kHz
Cg (OFF) 5 5 5 pFoyp  |Ven=038YV
Cp (OFF)
ADGS06A 14 44 44 pFop |Ven=08YV
ADGSOTA 22 22 22 pF tp
Qpyp» Charge Injection 4 4 4 pCyp |Rg=00, ¥ =0V, Test Circuit 9
POWER SUPPLY
Inp 13 (L6 0.6 mAwp | Ve =¥ or Ving
1.5 1.5 1.5 mA max
Power Dissipation 10 10 10 mW yp
25 25 25 mW max
NOTES
'Sample tested at +25°C o ensure compliance.
Specifications subject o change withour notice. Truth Table (ADGSO6A) Truth Table (ADG507A)
A3 A2 AL | Aol EN| On Switch Az | Al | A0 | EN| On Switch Pair
X |X [x |x]o |NONE X |X |X |0 |NONE
0 |o Jo o |1 |1 o 1o o1 |1
o o o |1 |1 |2 0 fo 112
o (o |1 o |1 3 o |1 o |1 3
o o [1 |11 [4 o f1 1 4
0 |1 Jo |o |1 |s Lo o |15
0 1 0 1 1 6 1 0 1 1 5]
o |1 |t |o |1 |7 L (Lo 47
o |1 1 |1 ]1 |8 L R R R
1 o 0 o 1 9
1 o 0 1 1 10
1 o 1 o 1 11
1 o |1 1 1 12
1 1 |0 |6 |1 13
1 1 0 1 1 14
1 1 1 o 1 15
1 1 1 1 1 16 X = Don’t Care

REV.C
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ADG306A/ADG307A

ABSOLUTE MAXIMUM RATINGS'

{Ta = 25"C unless otherwise noted)

VDD 1o VSS .................................. 44V
VDD wGND 25V
VSS WGND e -25V
Analog Inputs®

Voltage at S, ............ .. ... .. .. Vs -2 VioVop

Power Dissipation (Any Package)
Up to +75°C
Derates above +75°C by
Operating Temperature
Commercial (K Version)
Industrial (B Version)
Extended (T Version)
Storage Temperature Range

—40°C 10 +85°C
—40°C 10 +85°C
-55°C to +125°C
—-65°C to +150°C
+300°C

'Stresses above those listed under Absolure Maximum Ratings may cause perma-
nent damage to the device, This is a stress rating only; functional operation of the
device at these or any other conditions above those indicated in the operational
sections of this specification is oot implied. Exposure to absolute maximum raung
conditions for extended periods may affect device reliatulity.

*Overvoltage at A, EN, § or D will be clamped by diedes. Current should be limited

........................................ + . :
...................... 20 mA, Whichever Occur: gir(;i Lead Temperature (Soldering, 10 secs)
Continuous Current, SorId . .................... 20 mA NOTES
Pulsed Current § or D
1 ms Duration, 10% Duty Cycle ................ 40 mA
Digital Inputs®
Volage at A,EN ... .. .. ... ... Vg -4V
................................. twVpp+4Vor i i "
...................... 20 mA, Whichever Oceurs First to the Maximum Rating ebove.
CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection.
Although the ADG506A/ADGS07A feature proprietary ESD protection circuitry, permanent
damage may occur on devices subjected to high energy electrostatic discharges. Therefore, proper
ESD precautions are recommended to avoid performance degradation or loss of functionality.

WARNING!
gﬁ“@

ESD SENSITIVE DEVICE

PIN CONFIGURATIONS
DIP, SOIC
] LCCC PLCC

Voo [1] @ 28] D

NC |2 27| v

NC% % S:S 3 g g }'g [=] 3 3

513E ES? mmml?l 28 E”El \

$18 E ADHGE0BA E S8 S8 E *:?EII}TIFIE! 25 57
$14[8] topview [23]ss s14[ 6] 24] 6
13 [7] (ot o Sealed [7) s 5137} ADGS08A [25] 55
s12[2] [21] 53 s12[g] TOP VIEW [22] s4
s11 E E s2 11 E {Mot to Scale) m -
10 [10] [19] 1 s10[10] [20] 52

so 1] 18] en so 1] [19] 51

Gho [i2] [17] 40

Ne [13] 6] a1 23| £ | | K | K| |

as [ia] 5] a2 NG = NO CONNECT % L2 E&IES

NC = NG CONNECT NC = NO CONNECT
DIP, SOIC, TSSOP
] PLCC

Voo [1]® 28] DA

o8 [2] 27] Vs v 8« BE

saB [4] 25] 574 [

578 [5] apasora [24] 562 s78[s] e [ S7A
568 [6] yopview [23] s6a see ¢ 24] sea
g5 [7| (Mot te Scaled (53] saa soe[7] ADGS507A 23] ss
s48 [3] 1] s3a (NT.?fovéfﬁfel sae[s] [NTO??OVSI.E:L) 22] 541
s [2] [20] 524 s38 3] 21] s34
528 [10) 18] 514 s28 1o} 20] 524
s18 [11] 18] en s1e[n] 1] 514
GND [12] [17] A0 )

Ne [1a] 75] a2 NC = NO COMNECT z 2 £ 2 22§

NC = NO CONNECT

NC =NO CONNECT
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Typical Performance Characteristics—ADGS06A/ADG507A

The multiplexers are guaranteed functional with reduced single or dual supplies down 10 4.5 V.

700

500
Voo = +5V
\f“ = =5V

. Y\

3 |\
T Voo = +10.8V
= Vog = - 108V
200 A oo, k
Voo = +16V R [
Vay = =15V
108
.
-2 15 =10 =5 0 s w 15 20

ViVl - Viols

Figure 1. Ry as a Function of Vp {Ve): Dual Supply
Voltage, Th = +25°C

100
Voo = +16.5V
Voo = — 165V
"? 0 /“/
E 'l:[:g:://
18 =
g /
o ] L~
/ e
= ,/ /‘/ 11 [OFF)
// //
//

2% 35 a5 55 65 5 s % 106 N5 128
TEMPERATURE - *C

Figure 2. Leakage Current as a Function of Temperature
{Note: Leakage Currents Reduce as the Supply Voltages
Reduce)

g
§ N SINGLE
s AW
£ DUAL T
SI.I“PI.I
200
\ ‘----
200 —
100 1 1 ) i 1

B B ? ] 9 10 1" 12 13 14 15
SUPPLY VOLTAGE - Vaolts

Figure 3. trransimon V. Supply Voltage: Dual and Single
Supplies, Ta =+ 25°C (Note: For Vpp and Vsg/ < 10V V1 =
Voo/Vss, V2 = Veg/Viop. See Test Circuit 6)
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Figure 4. Roy as a Function of Vp (Vs) Single Supply
Voltage, Ty = +25°C
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Figure 5. Trigger Levels vs. Power Supply Voltage, Dual
or Single Supply, Ty = +25°C
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Figure 6. Ipp vs. Supply Voltage: Dual or Single Supply,
Ty =+25°C
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ADGS06A/ADG507ATest Circuits

Note: All Digital Input Signal Rise and Fall Times Measured from 10% to 90% of 3 V. tg = tg = 20 ns.

h VDD .vSS
D % T T
T T Voo Vs
v Voo Vgg —<
— O O] D
P
—° 8V
s o Is (OFF} ° © o p2 I (OFF)
@ - +0.8v v = GND
Ve —©° = w’T] GND ¢ = v2
= Row = bg % 6
Test Circuit 1. Ron Test Circuit 2. Is{OFF) Test Circuit 3. 1p (OFF}
Vop Vs
Yoo Vaa Voo Vag
-T- 'T . EN[—osv
v ¥,
-] 1] :O o—1 DA o
e E ! o
l ADGBHO7A
Q
L en |22 1 (a)
Vi = GND
6 V2 = 1, {ON) =0 nD v2
v I" L v
v Ipier = Ipa (OFF) - Ipg (OFF)
Test Cireuit 4. 1y (ON) Test Circuit 5. lpgr
T
Voo Vis
A3 81— w1
A2 52 THRU $15 ﬂ
Al $16 — 2
Al ADGS06A*
N o OUTPUT
GND MO 38pF
*SIMILAR CONNECTION FOR ADSOTA ¢
Test Circuit 6. Switching Time of Multiplexer, Yrransmon
Voo Vs
Voo  Vss
3V — ADDRESS £ +5V
, l DRIVE (V) — Az
o Vi 500 :: A2 S2THRU §15 V
At 516
At ADGS0GA*
—-i r-— GhND 12 3SpF
toren 6
*8IMILAR CONNECTION FOR AD507A
Test Circuit 7. Break-Before-Make Delay, topen
-6- REV.C



ADGH06A/ADG307A

f*r

A3 51— +5V

I
I
I A2 Sz THRU S16
90% %
A\ E a .
Lo ao ADGSOBA™ | oyrpyr
B —
Vau son Gé’ "o 35pF
*SIMILAR CONNECTION FOR ADS07A
Test Circuit 8. Enable Delay, ton (EN), toee (EN}
Vm Vss
v " Vnu
Vin \ /
ov a1l
_l_ A2
Vo AVg e = —— A3 ADGSOBA*
| W s1 | > vo
V b
e iD]\ La | >
L ____.' g "
Q|N_| =CL x AVO Gén

*SIMILAR CONNECTION FOR AD507A

Test Circuit 9. Charge Injfection

SINGLE SUPPLY AUTOMOTIVE APPLICATION

The excellent performance of the multiplexers under single
supply conditions makes the ADG506A/ADG507A suitable in
applications such as automotive and dis¢ drives where only
positive power supply voltages are normally available. The fol-
lowing application circuit shows the ADGS07A connected as an
8-channel differential multiplexer in an automotive, data acqui-
sition application circuit.

The ADI7580 1s a 10-bit successive approximation ADC, which
has an on-chip sample-hold amplifier and provides a conversion
result in 20 us, The ADC has differential analog inputs and is
configured in the application circuit for a span of 2.5 V over a
common-mode range 0 V to + 5 V. Wider common-mode ranges
can be accommoedated. See the AD7579/AD7580 data sheet for
more details. The complete system operates from +12 V {(+10%)
and +5 V supplies. The analog input signals to the ADG507A
contain information such as temperature, pressure, speed etc.

T 12v{=10°%) -T- +5V
TRANSDUCERS ) v
16V MAX} oo [+
S1A DA Vil +1A 080
: L Vil + 18
I saA DB 4 Vid — A [y ]
I— Vil —B
S1B == p—
9 +E cS
:: | ADGH07A AD7580 wWile—
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Figure 7. ADG507A in a Single Supply Automotive Data Acquisition Application
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ANALOG
DEVICES

MicroConverter® Dual-Channel

16-/24-Bit ADCs with Embedded FLASH MCU

ADuC824

FEATURES
High Resolution Sigma-Delta ADCs
Two Independent ADCs (16- and 24-Bit Resolution)
Programmable Gain Front End
24-Bit No Missing Codes, Primary ADC
13-Bit p-p Resolution @ 20 Hz, 20 mV Range
18-Bit p-p Resolution @ 20 Hz, 2.56 V Range
Memory
8 KB On-Chip Flash/EE Program Memory
640 Bytes On-Chip Flash/EE Data Memory
Flash/EE, 100 Year Retention, 100 Kcycles Endurance
256 Bytes On-Chip Data RAM
8051-Based Core
8051-Compatible Instruction Set (12.58 MHz Max)
32 kHz External Crystal, On-Chip Programmable PLL
Three 16-Bit Timer/Counters
26 Programmable 1/0 Lines
11 Interrupt Sources, Two Priority Levels
Power
Specified for 3V and 5V Operation
Normal: 3mA @ 3V (Core CLK = 1.5 MHz)
Power-Down: 20 pA (32 kHz Crystal Running)
On-Chip Peripherals
On-Chip Temperature Sensor
12-Bit Voltage Output DAC
Dual Excitation Current Sources
Reference Detect Circuit
Time Interval Counter (TIC)
UART Serial I/0
I2C®-Compatible and SPI® Serial 1/0
Watchdog Timer (WDT), Power Supply Monitor (PSM)

APPLICATIONS

Intelligent Sensors (IEEE1451.2-Compatible)
Weigh Scales

Portable Instrumentation

Pressure Transducers

4-20 mA Transmitters

GENERAL DESCRIPTION

The ADuC824 is a complete smart transducer front-end, inte-
grating two high-resolution sigma delta ADCs, an 8-bit MCU,
and program/data Flash/EE Memory on a single chip. This low
power device accepts low-level signals directly from a transducer.

The two independent ADCs (Primary and Auxiliary) include a
temperature sensor and a PGA (allowing direct measurement of

MicroConverter is a registered trademark of Analog Devices, Inc.
SPI is a registered trademark of Motorola, Inc.
1°C is a registered trademark of Philips Semiconductors, Inc.
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reliable. However, no responsibility is assumed by Analog Devices for its
use, nor for any infringements of patents or otherrights of third parties that
may result from its use. No license is granted by implication or otherwise
under any patent or patent rights of Analog Devices.

FUNCTIONAL BLOCK DIAGRAM
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MUX
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REFIN- REFIN+ XTAL1 XTALZ2

low-level signals). The ADCs with on-chip digital filtering are
intended for the measurement of wide dynamic range, low-frequency
signals, such as those in weigh scale, strain-gauge, pressure trans-
ducer, or temperature measurement applications. The ADC output
data rates are programmable and the ADC output resolution will
vary with the programmed gain and output rate.

The device operates from a 32 kHz crystal with an on-chip PLL
generating a high-frequency clock of 12.58 MHz. This clock is,
in turn, routed through a programmable clock divider from
which the MCU core clock operating frequency is generated. The
microcontroller core is an 8052 and therefore 805 l-instruction-
set-compatible. The microcontroller core machine cycle consists
of 12 core clock periods of the selected core operating frequency.
8 Kbytes of nonvolatile Flash/EE program memory are provided
on-chip. 640 bytes of nonvolatile Flash/EE data memory and
256 bytes RAM are also integrated on-chip.

The ADuC824 also incorporates additional analog functionality
with a 12-bit DAC, current sources, power supply monitor,
and a bandgap reference. On-chip digital peripherals include a
watchdog timer, time interval counter, three timers/counters,
and three serial IO ports (SPI, UART, and I?C-compatible).

On-chip factory firmware supports in-circuit serial download and
debug modes (via UART), as well as single-pin emulation mode
via the EA pin. A functional block diagram of the ADuC824 is
shown above with a more detailed block diagram shown in
Figure 12.

The part operates from a single 3 V or 5 V supply. When operating
from 3 V supplies, the power dissipation for the part is below
10 mW. The ADuC824 is housed in a 52-lead MQFEP package.

One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106, U.S.A.
Tel: 781/329-4700 www.analog.com
Fax: 781/326-8703 © Analog Devices, Inc., 2002
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SPECIFICATIONS'

unless otherwise noted.)

ADuC824

(AVpy=2.7V1t0 3.6V or 475V t05.25 V, DVgp = 2.7 V to 3.6 V or 4.75 V t0 5.25 V, REFIN(+) = 2.5 V;
REFIN(-) = AGND; AGND = DGND = 0 V: XTAL1/XTAL2 = 32.768 kHz Crystal; all specifications Ty to Ty

Parameter ADuC824BS Test Conditions/Comments Unit
ADC SPECIFICATIONS
Conversion Rate 5.4 On Both Channels Hz min
105 Programmable in 0.732 ms Increments Hz max
Primary ADC
No Missing Codes? 24 20 Hz Update Rate Bits min
Resolution 13 Range = +£20 mV, 20 Hz Update Rate Bits p-p typ
18 Range = £2.56 V, 20 Hz Update Rate Bits p-p typ
Output Noise See Tables IX and X| Output Noise Varies with Selected
in ADC Description | Update Rate and Gain Range
Integral Nonlinearity 115 ppm of FSR max
Offset Error® 13 uv typ
Offset Error Drift +10 nV/°C typ
Full-Scale Error? +10 uwv typ
Gain Error Drift® +0.5 ppm/°C typ
ADC Range Matching 2 AIN = 18 mV UV typ
Power Supply Rejection (PSR) 113 AIN = 7.8 mV, Range = £20 mV dBs typ
80 AIN =1V, Range = +2.56 V dBs min
Common-Mode DC Rejection
On AIN 95 At DC, AIN = 7.8 mV, Range = £20 mV| dBs min
On AIN 113 AtDC,AIN = 1V, Range = £2.56 V dBs typ
On REFIN 125 AtDC,AIN = 1V, Range = £2.56 V dBs typ
Common-Mode 50 Hz/60Hz Rejection® 20 Hz Update Rate
On AIN 95 50 Hz/60 Hz £1 Hz, AIN = 7.8 mV, dBs min
Range = £20 mV
90 50Hz60Hz+1 Hz, AIN=1V, dBs min
Range = +2.56 V
On REFIN 90 50 Hz/60 Hz £1 Hz, AIN= 1V, dBs min
Range = +2.56 V
Normal Mode 50 Hz/60 Hz Rejection®
On AIN 60 50 Hz/60 Hz + 1 Hz, 20 Hz Update Rate | dBs min
On REFIN 60 50 Hz/60 Hz + 1 Hz, 20 Hz Update Rate | dBs min
Auxiliary ADC
No Missing Codes® 16 Bits min
Resolution 16 Range = £2.5V, 20 Hz Update Rate Bits p-p typ
Output Noise See Table XI Output Noise Varies with Selected

Integral Nonlinearity

in ADC Description
t15

Update Rate

ppm of FSR max

Offset Error’ -2 LSB typ
Offset Error Drift 1 uv/eC typ
Full-Scale Error® -2.5 LSB typ
Gain Error Drift® +0.5 ppm/°C typ
Power Supply Rejection (PSR) 80 AIN = 1V, 20 Hz Update Rate dBs min
Normal Mode 50 Hz/60 Hz Rejection®
On AIN 60 50 Hz/60 Hz +1 Hz dBs min
On REFIN 60 50 Hz/60 Hz +1 Hz, 20 Hz Update Rate | dBs min
DAC PERFORMANCE
DC Specifications’
Resolution 12 Bits
Relative Accuracy 13 LSB typ
Differential Nonlinearity -1 Guaranteed 12-Bit Monotonic LSB max
Offset Error 50 mV max
Gain Error® t1 AVpp Range % max
+1 Vrer Range % typ
AC Specifications®’
Voltage Output Settling Time 15 Settling Time to 1 LSB of Final Value Us typ
Digital-to-Analog Glitch Energy 10 1 LSB Change at Major Carry nVs typ
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ADuC824

Parameter ADuC824BS Test Conditions/Comments Unit
INTERNAL REFERENCE
ADC Reference
Reference Voltage 1.25+ 1% Initial Tolerance @ 25°C, Vpp =5V V min/max
Power Supply Rejection 45 dBs typ
Reference Tempco 100 ppm/°C typ
DAC Reference
Reference Voltage 251 1% Initial Tolerance @ 25°C, Vpp =5V V min/max
Power Supply Rejection 50 dBs typ
Reference Tempco +100 ppm/°C typ
ANALOG INPUTS/REFERENCE INPUTS
Primary ADC
Differential Input Voltage Ranges™ ° External Reference Voltage = 2.5V
RN2, RN1, RNO of ADCOCON Set to
Bipolar Mode (ADCOCON3 = 0) +20 000  (Unipolar Mode 0 to 20 mV) mV
+40 001  (Unipolar Mode 0 to 40 mV) mV
+80 010  (Unipolar Mode 0 to 80 mV) mV
+160 011  (Unipolar Mode 0 to 160 mV) mV
+320 100  (Unipolar Mode 0 to 320 mV) mV
+640 101  (Unipolar Mode 0 to 640 mV) mV
128 110 (Unipolar Mode 0 to 1.28 V) V
+2.56 111  (Unipolar Mode 0 to 2.56 V) V
Analog Input Current® +1 nA max
Analog Input Current Drift +5 pAFC typ
Absolute AIN Voltage Limits AGND + 100 mV V min
AVpp - 100 mV V max
Auxiliary ADC
Input Voltage Range” ° 0 to Vygp Unipolar Mode, for Bipolar Mode \Y
See Note 11
Average Analog Input Current 125 Input Current Will Vary with Input nA/V typ
Average Analog Input Current Drift® 12 Voltage on the Unbuffered Auxiliary ADC | pA/V/°C typ
Absolute AIN Voltage Limits'! AGND - 30 mV V min
AVpp + 30 mV V max
External Reference Inputs
REFIN(+) to REFIN(-) Range? 1 V min
AVpp V max
Average Reference Input Current 1 Both ADCs Enabled HA/V typ
Average Reference Input Current Drift | £0.1 nA/N/PC typ
‘NO Ext. REF’ Trigger Voltage 0.3 NOXREF Bit Active if Vgep < 0.3V V min
0.65 NOZXREF Bit Inactive if Vggp > 0.65 V V max
ADC SYSTEM CALIBRATION
Full-Scale Calibration Limit +1.05 x ES V max
Zero-Scale Calibration Limit -1.05 xES V min
Input Span +0.8 x ES V min
+2.1 xFS8 V max
ANALOG (DAC) OUTPUTS
Voltage Range 0 to Vrgr DACRN = 0 in DACCON SFR Vyp
0 to AVpp DACRN = 1 in DACCON SFR V typ
Resistive Load 10 From DAC Output to AGND kQ typ
Capacitive Load 100 From DAC Output to AGND pF typ
Output Impedance 0.5 Q typ
Isink 50 PA typ
TEMPERATURE SENSOR
Accuracy +2 °C typ
Thermal Impedance (8;5) 90 *C/W typ
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Parameter ADuCS824BS Test Conditions/Comments Unit
TRANSDUCER BURNOUT CURRENT SOURCES
AIN+ Current -100 AIN+ is the Selected Positive Input to nA typ
the Primary ADC
AIN- Current +100 AIN- is the Selected Negative Input to | nA typ
the Auxiliary ADC
Initial Tolerance @ 25°C Drift +10 % typ
Drift 0.03 %/°C typ
EXCITATION CURRENT SOURCES
Output Current -200 Available from Each Current Source UA typ
Initial Tolerance @ 25°C +10 % typ
Drift 200 ppm/°C typ
Initial Current Matching (@ 25°C 1 Matching Between Both Current Sources| % typ
Drift Matching 20 ppm/°C typ
Line Regulation (AVpp) 1 AVpp =5V +5% UA/V typ
Load Regulation 0.1 UA/V typ
Output Compliance AVpp - 0.6 V max
AGND min
LOGIC INPUTS
All Inputs Except SCLOCK, RESET,
and XTALI
Vs Input Low Voltage 0.8 DVpp=5V V max
0.4 DVpp =3V V max
Vinms Input High Voltage 2.0 V min
SCLOCK and RESET Only
(Schmitt-Triggered Inputs)?
Vs 1.3/3 DVpp=5V V min/V max
0.95/2.5 DVpp =3V V min/V max
Vo 0.8/1.4 DVpp =5V V min/V max
0.4/1.1 DVpp =3V V min/V max
Ve = Vo 0.3/0.85 DVpp=5V V min/V max
0.3/0.85 DVpp=3V V min/V max
Input Currents
Port 0, P1.2-P1.7, EA +10 Viy =0V or Vpp YA max
SCLOCK, SDATA/MOSI, MISO, S8 | 10 min, —40 max V=0V, DVpp =5V, Internal Pull-Up | A min/uA max
+10 VIN = VDD: DVDD =5V ].lA max
RESET +10 VIN =0 V, DVDD =5V ].lA max
35 min, 105 max Vi =Vpp, DVpp =5V, A min/uA max
Internal Pull-Down
PL(],PLI, Ports 2 and 3 10 VIN=VDD) DVDD= 5.V ].lAmax
—180 VIN=2V3 DVDD: 5V ].IAIT]H'I
660 HA max
-20 VIN = 450 mV, DVDD =5¥ ].IA min
-75 HA max
Input Capacitance 5 All Digital Inputs pF typ
CRYSTAL OSCILLATOR (XTALI AND XTAL?2)
Logic Inputs, XTALI Only
Vs Input Low Voltage 0.8 DVpp=5V V max
0.4 DVpp =3V V max
Vinms Input High Voltage 415 DVpp=5V V min
2.5 DVDD= 3V V min
XTALI Input Capacitance 18 pF typ
XTAL2 Output Capacitance 18 pF typ
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Parameter ADuC824BS Test Conditions/Comments Unit
LOGIC OUTPUTS (Not Including XTAL2)?
Von, Output High Voltage 2.4 Vop =5V, Isourcr = 80 A V min
2.4 Vop =3V, Isourcr = 20 A V min
Vors Output Low Voltage!? 0.4 Isivk = 8 mA, SCLOCK, SDATA/MOSI | V max
0.4 Isivg = 10 mA, P1.0 and P1.1 V max
0.4 Isivg = 1.6 mA, All Other Outputs V max
Floating State Leakage Current +10 HA max
Floating State Output Capacitance 5 pF tp
POWER SUPPLY MONITOR (PSM)
AVpp Trip Point Selection Range 2.63 Four Trip Points Selectable in This Range| V min
4.63 Programmed via TPA1-0 in PSMCON | V max
AVpp Power Supply Trip Point Accuracy | £3.5 % max
DVpp Trip Point Selection Range 2.63 Four Trip Points Selectable in This Range| V min
4.63 Programmed via TPD1-0 in PSMCON |V max
DVpp Power Supply Trip Point Accuracy | £3.5 % max
WATCHDOG TIMER (WDT)
Timeout Period 0 Nine Timeout Periods in This Range ms min
2000 Programmed via PRE3-0 in WDCON | ms max
MCU CORE CLOCK RATE Clock Rate Generated via On-Chip PLL
MCU Clock Rate? 98.3 Programmable via CD2-0 Bits in kHz min
PLLCON SFR
12.58 MHz max
START-UP TIME
At Power-On 300 ms typ
From Idle Mode 1 ms typ
From Power-Down Mode
Oscillator Running OSC _PD Bit = 0 in PLLCON SFR
Wakeup with INTO Interrupt 1 ms typ
Wakeup with SPI/I2C Interrupt 1 ms typ
Wakeup with TIC Interrupt 1 ms typ
Wakeup with External RESET 3.4 ms typ
Oscillator Powered Down OSC_PD Bit= 1 in PLLCON SER
Wakeup with External RESET 0.9 sec 1yp
After External RESET in Normal Mode 33 ms typ
After WDT Reset in Normal Mode 3.3 Controlled via WDCON SFR ms typ
FLASH/EE MEMORY RELIABILITY CHARACTERISTICS™
Endurance® 100,000 Cycles min
Data Retention!'® 100 Years min
POWER REQUIREMENTS DVpp and AVpp Can Be Set
Independently
Power Supply Voltages
AVpp, 3 V Nominal Operation 2.7 V min
3.6 V max
AVpp, 5 V Nominal Operation 4.75 V min
28 V max
DVpp, 3 V Nominal Operation 2:7 V min
3.6 V max
DVpp, 5 V Nominal Operation 4.75 V min
5525 V max
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Parameter ADuC824BS | Test Conditions/Comments Unit
POWER REQUIREMENTS (continued)
Power Supply Currents Normal Mode!” 18
DVpp Current 4 DVpp =4.75V 10 5.25 V, Core CLK = 1.57 MHz mA max
2.1 DVpp=2.7Vto 3.6V, Core CLK =1.57 MHz mA max
AVpp Current 170 AVpp=5.25V, Core CLK = 1.57 MHz HA max
DVpp Current 15 DVpp=4.75V 105.25V, Core CLK = 1258 MHz | mA max
8 DVpp=2.7V 1o 3.6V, Core CLK = 12.58 MHz mA max
AVpp Current 170 AVpp =5.25V, Core CLK = 12.58 MHz A max
Power Supply Currents Idle Mode!™ '
DVpp Current 1.2 DVpp =4.75V 10 5.25V, Core CLK = 1.57 MHz mA max
750 DVpp=2.7V10 3.6V, Core CLK = 1.57 MHz WA typ
AVpp Current 140 Measured @ AVpp = 5.25V, Core CLK = 1.57 MHz | YA typ
DVpp Current 2 DVpp =4.75Vto 5.25V, Core CLK = 12.58 MHz | mA typ
1 DVpp =2.7V 10 3.6 V, Core CLK = 12.58 MHz mA typ
AVpp Current 140 Measured at AVpp = 5.25V, Core CLK = 12.58 MHz| pA typ
Power Supply Currents Power-Down Mode!™ '8 Core CLK = 1.57 MHz or 12.58 MHz
DVpp Current 530 DVpp =4.75V t0 5.25 V, Osc. On, TIC On HA max
20 DVpp=2.7V 10 3.6 V, Osc. On, TIC On A max
AVpp Current 1 Measured at AVpp = 5.25V, Osc. On or Osc, Off A max
DVpp Current 20 DVpp =4.75V 10 5.25 V, Osc, Off uA max
5 DVpp = 2.7V 10 3.6 V, Osc, Off UA typ
Typical Additional Power Supply Currents Core CLK = 1.57 MHz, AVpp = DVpp =5V
(AIDD and DIDD)
PSM Peripheral 50 UA typ
Primary ADC 1 mA typ
Auxiliary ADC 500 UA typ
DAC 150 UA typ
Dual Current Sources 400 HA typ
NOTES

! Temperature Range: —40°C 1o +85°C.

“These numbers are not production tested but are guaranteed by Design and/or Characterization data on production release.

*System Zero-Scale Calibration can remove this error.

*The primary ADC is factory calibrated at 25°C with AVpp = DVpp = 5 V vielding this full-scale error of 10 uV. If user power supply or temperature conditions are
significandy different than these, an Internal Full-Scale Calibration will restore this error to 10 pV. A system zero-scale and full-scale calibradon will remove this
error altogether.

®Gain Error Drift is a span drift. To calculate Full-Scale Error Drift, add the Offset Error Drift to the Gain Error Drift times the full-scale input.

%The auxiliary ADC is factory calibrated at 25°C with AVpp = DVpp = 5 V yielding this full-scale error of —2.5 LSB. A system zero-scale and full-scale calibration
will remove this error altogether.

"DAC linearity and AC Specifications are calculated using:

reduced code range of 48 to 4095, 0 to Vggp,
reduced code range of 48 to 3995, 0 to Vpp.

8 Gain Error is a measure of the span error of the DAC.,

°In general terms, the bipolar input voltage range to the primary ADC is given by Range apc = £(Ver 287)/125, where:

Vger = REFIN(+) to REFIN(=) voltage and Vgge = 1.25 V when internal ADC Vggg is selected. RN = decimal equivalent of RN2, RN1, RNO, e.g., Ve = 2.5V
and RN2Z, RN1, RNO = 1, 1, 0 the Rangene = +£1.28 V. In unipolar mode the effective range is 0 V to 1.28 V in our example.

107,25 V is used as the reference voltage to the ADC when internal V ggy is selected via XREF0 and XREF1 bits in ADCOCON and ADC1CON, respectively.

"'In bipolar mode, the Auxiliary ADC can only be driven to a minimum of Agyp — 30 mV as indicated by the Auxiliary ADC absolute AIN voltage limits. The bipelar
range is still -V gep to +Vgep; however, the negative voltage is limited to —30 mV.

2Pins configured in I*C-compatible mode or SPI mode, pins configured as digital inputs during this test.

Pins configured in I*C-compatible mode only.

" Flash/EE Memory Reliability Characteristics apply to both the Flash/EE program memory and Flash/EE data memory.

5 Endurance is qualified to 100 Kcycles as per JEDEC Std. 22 method A117 and measured at —40 °C, +25°C and +85°C; typical endurance at 25°C is 700 K cycles.

! Retention lifetime equivalent at junction temperature (Tp =55°C as per [JEDEC Std. 22, Method A117. Retention lifetime based on an activation energy of 0.6e V
will derate with junction temnperature as shown in Figure 27 in the Flash/EE Memory description section of this data sheet.

"Power Supply current consumption is measured in Normal, Idle, and Power-Down Modes under the following conditions:

Normal Mode: Reset = 0.4 V, Digital [/O pins = open circuit, Core Clk changed via CD bits in PLLCON, Core Executing internal software loop.

Idle Mode: Reser = 0.4 V, Digital /O pins = open circuit, Core Clk changed via CD bits in PLLCON, PCON.0 = 1, Core Execution suspended in idle mode.

Power-Down Mode: Reset = 0.4 V, All PO pins and P1.2-P1.7 pins = 0.4 V, All other digital I/O pins are open circuit, Core Clk changed via CD bits in

PLLCON, PCON.1 = 1, Core Execution suspended in power-down mode, OSC turned ON or OFF via OSC_PD bit (PLLCON.7) in PLLCON SFR.
DV power supply current will increase typically by 3 mA (3 V operation) and 10 mA (5 V eperation) during a Flash/EE memory program or erase cycle.

Specifications subject to change without notice.
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(AVpp=27Vto3.6Vord75Vto5.25V,DVpy=27Vto36Vord75Vte525YV;
TIM'NG SPEBIF":A"ONSL i all :;eciiications Tim to Tyax unless otherwise I:lnclted.)

32.768 kHz External Crystal
Parameter Min Typ Max Unit Figure
CLOCK INPUT (External Clock Driven XTALI)
ek XTALI Period 30.52 s 1
tekL XTALI Width Low 15.24 Us 1
terH XTALI1 Width High 15.24 s 1
tokr XTALLI Rise Time 20 ns 1
tekr XTALLI Fall Time 20 ns 1
l/tcorg ADuC824 Core Clock Frequency’ 0.098 12.58 MHz
tCORE ADuC824 Core Clock Period® 0.636 Us
teve ADuC824 Machine Cycle Time® 0.95 7.6 122.45 Us
NOTES

'AC inputs during testing are driven at DVpp — 0.5 V for a Logic 1 and 0.45 V for a Logic 0. Timing measurements are made at Vg min for a Logic 1 and Vi, max for

a Logic 0 as shown in Figure 2.

“For timing purposes, a port pin is no longer floating when a 100 mV change from load voltage occurs. A port pin begins to float when a 100 mV change from the

loaded Vop/Vor level occurs as shown in Figure 2.
*Croap for Portd, ALE, PSEN outputs = 100 pF; Cpoap for all other outputs = 80 pF unless otherwise noted.

1ADuC824 internal PLL locks onte a multiple (384 times) the external crystal frequency of 32.768 kHz to provide a Stable 12.583 MHz internal clock for the system.

The core can operate at this frequency or at a binary submultiple called Core_CIk, selected via the PLLCON SFR.
5This number is measured at the default Core_Clk operating frequency of 1.57 MHz.
SADuC824 Machine Cycle Time is nominally defined as 12/Core_CLK.

tenx texn
N— N—
texe texr
tex
Figure 1. XTAL1 Input
D¥oo 0¥ 0.2DVyp, + 0.9V Vioap=—01V TIMING Vioap =01V
TEST POINTS Vionp REFERENCE
0.2DVpp - 0.1V
0.45V oo Vioap + 0.1V Vioan + 0.1V

Figure 2. Timing Waveform Characteristics
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12.58 MHz Core_Clk

Variable Core_CIk

Parameter Min Max Min Max Unit | Figure
EXTERNAL PROGRAM MEMORY
[LHLL ALE Pulsewidth 119 2tcorg — 40 ns 3
TAVLL Address Valid to ALE Low 39 tecorg — 40 ns 3
tIAX Address Hold after ALE Low 49 tcorg — 30 ns 3
L ALE Low to Valid Instruction In 218 4teorg — 100 ns 3
trpL ALE Low to PSEN Low 49 loore — 30 ns 3
tprpy PSEN Pulsewidth 193 3teore — 45 ns 3
tpLIv PSEN Low to Valid Instruction In 133 3teore — 105 ns 3
IpxIX Input Instruction Hold after PSEN 0 0 ns 3
tpx1z Input Instruction Float after PSEN 54 tcore — 25 ns 3
TAVIV Address to Valid Instruction In 202 Steore — 105 ns 3
tpraz PSEN Low to Address Float 25 25 ns 3
tPHAX Address Hold after PSEN High 0 0 ns 3
L Y
ALE (0) / \
\
tav | tue teLen g
- = oy
- = o
PSEN / \ /
©) \ /
e ts iPx]E_
tax " R
Bl PXIDX —f- et
PORT 0 (/) Virs INSTF{I#IJI):TION _C
taviv > > et
PORT 2 (O} PCH
Figure 3. External Program Memory Read Cycle
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12.58 MHz Core_Clk Variable Core_Clk

Parameter Min Max Min Max Unit Figure

EXTERNAL DATA MEMORY READ CYCLE
TRIRH m Pulsewidth 377 Otcorg — 100 ns 4
tAVLL Address Valid after ALE Low 39 tcorg — 40 ns 4
1AX Address Hold after ALE Low 44 tcorg — 35 ns 4
RLDV RD Low to Valid Data In 232 Stcorg — 165 | ns 4
tRHDX Data and Address Hold after RD 0 0 ns 4
tREDZ Data Float after RD 89 2teore — 70 ns 4
tLipy ALE Low to Valid Data In 486 8teore — 150 | ns 4
TavDy Address to Valid Data In 550 9tcore — 165 | ns 4
IwL ALE Low to RD Low 188 288 3tcore — 50 Btcoge + 50 | ns 4
TavwL Address Valid to E Low 188 Ateore — 130 ns 4
TRIAZ RD Low to Address Float 0 0 ns 4
TWHLE RD High to ALE High 39 119 tcor — 40 tcorg + 40 ns 4

e S AVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAS

ALE (0) / \
\

tWHLH
PSEN (0) _/ \_
i tiiov a3
- tw - taLan
RO (0)
\ /
t.l\l"W'L
N il t
RLDV —e —
t tuax Cuox—w| el
AVLL re—r >
-t
e "RLAZ
PORT 0 (VO ADCAT &
(o) foun DATA {IN) <
thD\f
PORT 2 (0) A16-A23 AB-A15

Figure 4. External Data Memory Read Cycle
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12.58 MHz Core_Clk Variable Core_Clk
Parameter Min Max Min Max Unit Figure
EXTERNAL DATA MEMORY WRITE CYCLE
LW WR Pulsewidth 377 6tcopg — 100 ns 5
TAVLL Address Valid after ALE Low 39 teore — 40 ns )
TLIAX Address Hold after ALE Low 44 teore — 35 ns 3
Twr ALE Low to Wkﬁw 188 288 3teore — 50 3teope + 50 ns 5
TavwL Address Va lld[(_lWR Low 188 4teore — 130 ns 5
Tovwx Data Valid 1o WR Tﬁnsition 29 teors — 50 ns 5
Tovwi Data Setup before WR . 406 Tteors — 150 ns 5
TWHQX Data and Address Hold after WR 29 tcorg — 50 ns 5
IwHLH WR High to ALE High 39 119 tcorg — 40 tcorg + 40 ns 5
ALE (0) / \\
"WHLH
FSEN (0) /
- tLLWL S tWL\'\"H -
WR (0) \ /
o tavwL __\ /
—i- d—tqvwx —- fe— tWHOK
t tioax
AVLL [t - I  J— ._
PORT 0 (O) AO-AT DATA
PORT 2 (0) A16-A23 AB-A15
Figure 5. External Data Memory Write Cycle
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12.58 MHz Core_Clk

Variable Core_Clk

Parameter Min Typ Max | Min Typ Max Unit | Figure
UART TIMING (Shift Register Mode)
IXIXL Serial Port Clock Cycle Time 0.95 12tcore s 6
tQvxH Output Data Setup to Clock 662 10teorg — 133 ns 6
OVXH Input Data Setup to Clock 292 2tcorg + 133 ns 6
IXHDX Input Data Hold after Clock 0 0 ns 6
IXHOX Output Data Hold after Clock | 42 2tcopg — 117 ns 6

tyixe
TXD
(OUTPUT CLOCK) L 87 /_\—r‘
SETRI
< tavxH OR
— e SETT
s
RXD
(OUTPUT DATA) \ s e N X s X /
119
tDVXH o txﬂnx
RXD ®
(INPUT DATA) W MSB BIT& X BIT 1 X LSB XX
JL
L

Figure 6. UART Timing in Shift Register Mode
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Parameter Min Max Unit Figure
I°C-COMPATIBLE INTERFACE TIMING

1L SCLOCK Low Pulsewidth 4.7 us 7

ty SCLOCK High Pulsewidth 4.0 s 7

tSHD Start Condition Hold Time 0.6 us 7

tpsy Data Setup Time 100 us 7

IpED Data Hold Time 0.9 us 7

trsU Setup Time for Repeated Start 0.6 us 7

tpsy Stop Condition Setup Time 0.6 us 7

tBUF Bus Free Time between a STOP 1.3 us 7

Condition and a START Condition

tr Rise Time of Both SCLOCK and SDATA 300 ns 7

tg Fall Time of Both SCLOCK and SDATA 300 ns 7

tsup® Pulsewidth of Spike Suppressed 50 ns 7
¥Input filtering on both the SCLOCK and SDATA inputs suppresses noise spikes less than 50 ns.

‘tBUF-__
tsup 1,
SDATA (1/0) i
MSB % )O( LSB / ACK | MSB
t t
Dsu —| i Dsu - T
tesu ->| I‘-tsun ty tasy ->| ta
sckqy /) |\ 1 /-2{? 8 W 9 /‘ 1
PS :t-; tsup-D‘ L_ S(R) t
STOP START L FlEslfri,:tTTED

REV. B

CONDITION CONDITION

Figure 7. 1°C-Compatible Interface Timing
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Parameter Min Typ Max Unit Figure
SPI MASTER MODE TIMING (CPHA = 1)
tsL. SCLOCK Low Pulsewidth* 630 ns 8
sy SCLOCK High Pulsewidth* 630 ns 8
tpav Data Output Valid after SCLOCK Edge 50 ns 8
thsu Data Input Setup Time before SCLOCK Edge 100 ns 8
OHD Data Input Hold Time after SCLOCK Edge 100 ns 8
(03] Data Output Fall Time 10 25 ns 8
R Data Output Rise Time 10 25 ns 8
tsr SCLOCK Rise Time 10 25 ns 8
tsp SCLOCK Fall Time 10 25 ns 8
*Characterized under the following conditions:
4. Core clock divider bits CD2, CD1, and CDO bits in PLLCON SFR setto 0, 1, and 1 respectively, i.e., core clock frequency = 1.57 MHz and
b. SPI bit-rate selection bits SPR1 and SPRO bits in SPICON SFR set to 0 and 0 respectively.
SCLOCK / \4—\_1
{CPOL =0) -— tgy -« tg
SCLOCK e tes
©poL=1)"\ /—\_/—\’}—\_/—
= tpay tpr - tor
Most \ 3
MSB { BITS 6-1
MISO MSB IN BITS 6-1 +
tbsu'  towp
Figure 8. SPI Master Mode Timing (CPHA = 1}
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Parameter Min Typ Max Unit Figure

SPI MASTER MODE TIMING (CPHA = 0)
st SCLOCK Low Pulsewidth* 630 ns 9
sy SCLOCK High Pulsewidth* 630 ns 9
thav Data Output Valid after SCLOCK Edge 50 ns 9
tposu Data Output Setup before SCLOCK Edge 150 ns 9
tpsu Data Input Setup Time before SCLOCK Edge 100 ns 9
tDHD Data Input Hold Time after SCLLOCK Edge 100 ns 9
o Data Output Fall Time 10 25 ns 9
DR Data Output Rise Time 10 25 ns 9
tsr SCLOCK Rise Time 10 25 ns 9
tsp SCLOCK Fall Time 10 25 ns 9

*Characterized under the following conditions:

a. Core clock divider bits CD2, CD1, and CDU bits in PLLCON SFR set to 0, 1, and 1 respectively, i.e., core clock frequency = 1.57 MHz and
b. SPI bit-rate selection bits SPR1 and SPRO bits in SPICON SFR set to {0 and 0 respectively.

SCLOCK /
(CPOL = 0) te, 1o
SCLOCK
(CPOL = 1) \ /_\_/_"‘ AN /
A

REV. B

| thay
thosu [+ tor tor
3
Li)
Maosi MSB BITS 6-1 X LSB
3
5 L4)
MISC MSB IN BITS 61 LSBIN
thsu  toup

Figure 9. SPI Master Mode Timing (CPHA = 0}
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Parameter Min Typ Max Unit Figure
SPI SLAVE MODE TIMING (CPHA = 1)
tss SS to SCLOCK Edge 0 ns 10
tsL. SCLOCK Low Pulsewidth 330 ns 10
TsH SCLOCK High Pulsewidth 330 ns 10
DAY Data Output Valid after SCLOCK Edge 50 ns 10
Ipsy Data Input Setup Time before SCLOCK Edge 100 ns 10
IDUD Data Input Hold Time after SCLOCK Edge 100 ns 10
IpE Data Output Fall Time 10 25 ns 10
DR Data Output Rise Time 10 25 ns 10
tsr SCLOCK Rise Time 10 25 ns 10
tsp SCLOCK Fall Time 10 25 ns 10
tsEs SS High after SCLOCK Edge 0 ns 10
s 4
/
tes lsrs
SCLOCK 1 r j
{CPOL =0} —/
-— o, - ts
—\ tsp tse —
ek SN S
— - tl:‘.lll" tDF - tDR .
s W
Miso MsB BITS 6-1 X LSB
| ! s
lIZ'SU tl:‘l'll:‘
Figure 10. SPI Slave Mode Timing (CPHA = 1)
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Parameter Min Typ Max Unit Figure
SPI SLAVE MODE TIMING (CPHA = 0)
tss SS to SCLOCK Edge 0 ns 11
s SCLOCK Low Pulsewidth 330 ns 11
sy SCLOCK High Pulsewidth 330 ns 11
thav Data Output Valid after SCLOCK Edge 50 ns 11
tpsu Data Input Setup Time before SCLOCK Edge 100 ns 11
tDHD Data Input Hold Time after SCLLOCK Edge 100 ns 11
tprp Data Output Fall Time 10 25 ns 11
DR Data Output Rise Time 10 25 ns 11
TsR SCLOCK Rise Time 10 25 ns 11
tsp SCLOCK Fall Time 10 25 ns 11
Issr 88 to SCLOCK Edge . 50 ns 11
tposs Data Output Valid after SS Edge 20 ns 11
tsps SS High after SCLOCK Edge 0 ns 11
—\ —
BN 4
-t — LI
T '
f— b, — g,
— Y Yo |
s — /_\_/_U
{CPOL =1) N/
- tpay
tDOSS
> tor —-l tor 35
MISO MSE BITS 6-1 LsB
n
ws o m
tI)Sl.l tl:‘l'll.‘.‘
Figure 11. SPI Slave Mode Timing (CPHA = 0)
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ABSOLUTE MAXIMUM RATINGS' ORDERING GUIDE
(T4 = 25°C unless otherwise noted.)
AVpp 0 AGND .. ove e, 03Vi0o+7V Temperature Package Package
AVt DONIDD 5 e, o, S 5, 0, e, 45 03Vt +7v  Model Range Description | Option
DV5p o AGND. oaaemav sovapmsnas 03Viw+7V ADuC824BS | —40°C to +85°C | 52-Lead Plastic | S-52
DV 0 DGND sonmeeran ssnmmprises -03Viw+7V Quad Flatpack
AGNDIEDEND? unemen s ~03Vto+03V
AVEHAOIVEE s o 2Vt +5V
Analog Input Voltage to AGND? . ... -0.3Vto AVpp + 0.3V QuickStart
Reference Input Voltage to AGND .. 03V 1o AVpp + 0.3V Development
AIN/REFIN Current (Indefinite) ................ 30 mA System Model Description
Digital Input Voltage to DGND ~03V1oDVpp +0.3V N . .
Digital Otitput Vohage 10-DGND 5 03V io DVope#03y  DYVAL-ADUGEMQS: | DevelopeheSsen for tie ADUCS24
Operating Temperature Range ........... -40°C to +85°C M:cro(aopvcrtcr, iy
Storage Temperature Range ............ -65°C 10 +150°C Eva‘luatmn Board
Junction Temperature ............0cuuirinan.. 150°C Serial Port Cable
074 Thermal Impedance ....................... 90°C/W Pl!.lg-ln l?owgr Supply
Lead Temperature, Soldering Wl.ndows“" Serial Downloader (WSD)*
Vapor Phase (60:5ec) v i iai o i dinm A i 215°C Windows Debugger (DeBug)
Infrared (15:sec) mavmavis sovarnnnarnrays o 220°C Windows ADuC824 Simulator

NOTES (ADSIM)
!Stresses above those listed under Absolute Maximum Ratings may cause perma- Windows ADC Analysis Software

nent damage to the device. This is a stress rating only; functional operation of the ngram (WASP)

S R S S ol S G s

conditions for e,flended periods maypa[feu depvice reliability. ’ (J-(‘Jompller (Kell) Evaluation Copy
*AGND and DGND are shorted internally on the ADuC824. Limited to 2 Keode

*Applies to P1.2 to P1.7 pins operating in analog or digital input modes. Examplc Code

Documentation
PIN CONFIGURATION

[52][51][50] 4o 4] [47] 5] 4] [a4] s3] 2] 1] fa0]
(\

LU ®weprn 1 29]
|2] IDENTIFIER |3s]
[3] 157]
] g
5] &
L& ADuCs824 ad
| 7] TOP VIEW |as|
&1 (Not to Scale) m
o m
10 30
m 29]
[ ]
[13] 27]

[ta] 15[ 16| 17][1e][19] 2] 24 2] 23] |2a] 26] 6]

CAUTION
ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily
accumulate on the human body and test equipment and can discharge without detection. Although
the ADuC824 features proprietary ESD protection circuitry, permanent damage may occur on
devices subjected to high energy electrostatic discharges. Therefore, proper ESD precautions are
recommended to avoid performance degradation or loss of functionality.

WARNING!

| ESD SENSITIVE DEVICE

*Windows is a registered trademark of Microsoft Corporation.
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ADuC824

PIN FUNCTION DESCRIPTIONS

Pin

No. Mnemonic Type* | Description

1 PLO/T2 /o Port 1.0 can function as a digital input or digital output and has a pull-up configuration as
described below for Port 3. P1.0 has an increased current drive sink capability of 10 mA and can
also be used to provide a clock input to Timer 2. When Enabled, Counter 2 is incremented in
response (o a negative transition on the T2 input pin.

2 PLI/T2EX /o Port 1.1 can function as a digital input or digital output and has a pull-up configuration as
described below for Port 3. P1.1 has an increased current drive sink capability of 10 mA and
can also be used to provide a control input to Timer 2. When Enabled, a negative transition on
the T2EX input pin will cause a Timer 2 capture or reload event.

3 PL2ZDAC/JAEXC] | VO Port 1.2. This pin has no digital output driver; it can function as a digital input for which ‘0’
must be written to the port bit. As a digital input, P1.2 must be driven high or low externally.
The voltage output from the DAC can also be configured to appear at this pin. If the DAC
output is not being used, one or both of the excitation current sources (200 pA or 2 x 200 pA)
can be programmed to be sourced at this pin.

4 PL3AINSIEXC2 |1 Port 1.3. This pin has no digital output driver; it can function as a digital input for which ‘0’ must
be written to the port bit. As a digital input, P1.3 must be driven high or low externally. This
pin can provide an analog input (AIN5) to the auxiliary ADC and one or both of the excitation
current sources (200 pA or 2 x 200 uA) can be programmed to be sourced at this pin.

5 AVpp S Analog Supply Voltage, 3Vor 5V

6 AGND S Analog Ground. Ground reference pin for the analog circuitry

7 REFIN{-) I Reference Input, Negative Terminal

8 REFIN{+) I Reference Input, Positive Terminal

9-11 Pl.4-Pl.6 I Port 1.4 to P1.6. These pins have no digital output drivers; they can function as digital inputs,
for which ‘0’ must be written to the respective port bit. As a digital input, these pins must be
driven high or low externally, These port pins also have the following analog functionality:

P1.4/AIN1 I Primary ADC Channel, Positive Analog Input
P1.5/AIN2 I Primary ADC Channel, Negative Analog Input
P1.6/AIN3 I Auxiliary ADC Input or muxed Primary ADC Channel, Positive Analog Input

12 P1.7/AIN4/DAC | /O Port 1.7. This pin has no digital output driver; it can function as a digital input for which ‘0* must be
written to the port bit, As a digital input, P1.7 must be driven high or low externally. This pin can
provide an analog input (AIN4) to the auxiliary ADC or muxed Primary ADC Channel, Negative
Analog Input. The voltage output from the DAC can also be configured to appear at this pin.

13 SS 1 Slave Select Input for the SPI Interface. A weak pull-up is present on this pin.

14 MISO I'o Master Input/Slave Output for the SPI Interface. There is a weak pull-up on this input pin.

15 RESET I Reset Input. A high level on this pin for 24 core clock cycles while the oscillator is running resets
the device. There is a weak pull-down and a Schmitt trigger input stage on this pin. External
POR (power-on reset) circuitry must be added to drive the RESET pin as described later in
this data sheet.

16-19 P3.0-P3.3 1o P3.0-P3.3 are bidirectional port pins with internal pull-up resistors. Port 3 pins that have Is written
to them are pulled high by the internal pull-up resistors, and in that state can be used as inputs.
As inputs, Port 3 pins being pulled externally low will source current because of the internal pull-up
resistors. When driving a 0-to-1 output transition, a strong pull-up is active for two core clock
periods of the instruction cycle. Port 3 pins also have various secondary functions described below.

P3.0/RXD IO Receiver Data Input (asynchronous) or Data Input/Output (synchronous) of serial (UART) port.

P3.1/TXD /0 Transmitter Data Output (asynchronous) or Clock Output (synchronous) of serial (UART) port.

P3.2/INTO 1o Interrupt 0, programmable edge or level triggered Interrupt input, which can be programmed
to one of two priority levels. This pin can also be used as a gate control input to Timer0.

P3.3/INT1 1o Interrupt 1, programmable edge-or level-triggered Interrupt input, which can be programmed
to one of two priority levels. This pin can also be used as a gate control input to Timerl.

20, 34,48 | DVpp S Digital supply, 3Vor5V

21,35,47 | DGND S Digital ground, ground reference point for the digital circuitry

REV. B
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ADuC824

PIN FUNCTION DESCRIPTIONS (continued)

No.

Mnemonic

Type*

Description

22-25

26

27

28 - 31

32
35
36 -39

40

41

42

43 — 46

49 - 52

P3.4-P3.7

P3.4/T0
P3.5/T1
P3.6/WR
P3.7/RD
SCLK

SDATA/MOSI

P2.0-P2.3

XTALL1
XTAL2
P2.4 - P2.7

PSEN

ALE

P0.0-P0.3
(ADO - AD3)

P0.4 - PO.7
(AD4 - ADT)

/o

I'0
/o
I'o
I'o
I'o

I'o

I'o

I'o

I'o

I'o

I'o

P3.4-P3.7 are bidirectional port pins with internal pull-up resistors. Port 3 pins that have 1s
written to them are pulled high by the internal pull-up resistors, and in that state can be used as
inputs. As inputs, Port 3 pins being pulled externally low will source current because of the
internal pull-up resistors. When driving a 0-to-1 output transition, a strong pull-up is active for
two core clock periods of the instruction cycle. The secondary functions of Port 3 pins are:
Timer/Counter 0 Input

Timer/Counter 1 Input

Write Control Signal, Logic Output. Latches the data byte from Port 0 into an external data memory.
Read Control Signal, Logic Output. Enables the data from an external data memory to Port 0.
Serial interface clock for either the PC-compatible or SPI interface. As an input this pin is a Schmitt-
triggered input and a weak internal pull-up is present on this pin unless it is outputting logic low.
Serial data I/O for the I*C compatible interface or master output/slave input for the SPI interface.
A weak internal pull-up is present on this pin unless it is outputting logic low.

Port 2 is a bidirectional port with internal pull-up resistors. Port 2 pins that have 1s (A8-Al1l)
written to them are pulled high by the internal pull-up resistors, and in that state can (A16-A19)
be used as inputs. As inputs, Port 2 pins being pulled externally low will source current because
of the internal pull-up resistors. Port 2 emits the high order address bytes during fetches from
external program memory and middle and high order address bytes during accesses to the 24-bit
external data memory space.

Input to the crystal oscillator inverter
Qutput from the crystal oscillator inverter

Port 2 is a bidirectional port with internal pull-up resistors. Port 2 pins that have 1s (A12-Al5)
written to them are pulled high by the internal pull-up resistors, and in that state they (A20-A23)
can be used as inputs. As inputs, Port 2 pins being pulled externally low will source current
because of the internal pull-up resistors. Port 2 emits the high order address bytes during fetches
from external program memory and middle and high order address bytes during accesses to the
24-bit external data memory space.

External Access Enable, Logic Input. When held high, this input enables the device to fetch
code from internal program memory locations 0000H to IFFFH. When held low, this input
enables the device to fetch all instructions from external program memory. To determine the
mode of code execution, i.e., internal or external, the EA pin is sampled at the end of an external
RESET assertion or as part of a device power cycle. EA may also be used as an external emula-
tion I/O pin and therefore the voltage level at this pin must not be changed during normal mode
operation as it may cause an emulation interrupt that will halt code execution.

Program Store Enable, Logic Output. This output is a control signal that enables the external
program memory to the bus during external fetch operations. It is active every six oscillator
periods except during external data memory accesses. This pin remains high during internal
program execution. PSEN can also be used to enable serial download mode when pulled low
through a resistor at the end of an external RESET assertion or as part of a device power cycle.
Address Latch Enable, Logic Output. This output is used to latch the low byte (and page byte for
24-bit data address space accesses) of the address to external memory during external code or
data memory access cycles. It is activated every six oscillator periods except during an external
data memory access. It can be disabled by setting the PCON.4 bit in the PCON SFR.

P0.0 - P0.3 pins are part of Port 0, which is an 8-bit open-drain bidirectional.

T/O port. Port 0 pins that have 1s written to them float and in that state can be used as high impedance
inputs. An external pull-up resistor will be required on PO outputsto force a valid logic high level
externally. Port 0 is also the multiplexed low-order address and data bus during accesses to external
program or data memory. In this application it uses strong internal pull-ups when emitting 1s.
P0.4 — PO.7 pins are part of Port 0, which is an 8-bit open drain bidirectional.

T/O port. Port 0 pins that have Is written to them float and in that state can be used as high impedance
inputs. Port 0 is also the multiplexed low-order address and data bus during accesses to external
program or data memory. In this application it uses strong internal pull-ups when emitting 1s.

*1 = Input, O = Ourpu, § = Supply

NOTES

1. In the following descriptions, SET implies a Logic 1 state and CLEARED implies a Logic 0 state unless otherwise stated.
2. In the following descriptions, SET and CLEARED also imply that the bit is set or automatically cleared by the ADuC824 hardware unless otherwise stated.
3. User software should not write 15 to reserved or unimplemented bits as they may be used in future products.
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MEMORY ORGANIZATION

As with all 8051-compatible devices, the ADuC824 has sepa-
rate address spaces for Program and Data memory as shown in
Figure 13 and Figure 14.

If the user applies power or resets the device while the EA pin is
pulled low, the part will execute code from the external program
space, otherwise the part defaults to code execution from its
internal 8 Kbyte Flash/EE program memory. This internal code
space can be downloaded via the UART serial port while the
device is in-circuit.

PROGRAM MEMORY SPACE

READ ONLY
FFFFH
EXTERNAL
PROGRAM
MEMORY
SPACE
2000H
EA=1 1FFFH EA=0
INTERNAL EXTERNAL
8 KBYTE PROGRAM
FLASH/EE MEMORY
PROGRAM SPACE
MEMORY 0000H

Figure 13. Program Memory Map

The data memory address space consists of internal and exter-
nal memory space. The internal memory space is divided into
four physically separate and distinct blocks, namely the lower
128 bytes of RAM, the upper 128 bytes of RAM, the 128 bytes
of special function register (SFR) area, and a 640-byte Flash/EE
Data memory. While the upper 128 bytes of RAM, and the SFR
area share the same address locations, they are accessed through
different address modes.

The lower 128 bytes of data memory can be accessed through
direct or indirect addressing, the upper 128 bytes of RAM can
be accessed through indirect addressing, and the SER area is
accessed through direct addressing.

Also, as shown in Figure 13, the additional 640 Bytes of
Flash/EE Data Memory are available to the user and can be
accessed indirectly via a group of control registers mapped into
the Special Function Register (SFR) area. Access to the Flash/
EE Data memory is discussed in detail later as part of the Flash/
EE memory section in this data sheet.

The external data memory area can be expanded up to 16 Mbytes.
This is an enhancement of the 64 KByte external data memory
space available on standard 805 [-compatible cores.

The external data memory is discussed in more detail in the
ADuC824 Hardware Design Considerations section.

—22—

DATA MEMORY SPACE
READ/WRITE
9FH (PAGE 159) FFFFFFH
640 BYTES g
FLASH/EEDATA [T
MEMORY
ACCESSED
INDIRECTLY
VIA SFR
CONTROL REGISTERS
00H
(PAGE 0)
EXTERNAL
DATA
INTERNAL Ms?;rév
DATA MEMORY (24-BIT
SPACE ) J ADDRESS
FFH SPECIAL |FFH SPACE)
ACCESSIBLE | FUNCTION a a
UPPER BY REGISTERS
128 INDIRECT | ACCESSIBLE
ADDRESSING | BY DIRECT
ONLY ADDRESSING
80H ONLY 80H
TFH
ACCESSIBLE
BY
gk DIRECT
AND INDIRECT
ADDRESSING
00H 000000H

Figure 14. Data Memory Map

The lower 128 bytes of internal data memory are mapped as shown
in Figure 15. The lowest 32 bytes are grouped into four banks
of eight registers addressed as RO through R7. The next 16 bytes
(128 bits), locations 20 Hex through 2 FHex above the regis-
ter banks, form a block of directly addressable bit locations at
bit addresses 00H through 7FH. The stack can be located any-
where in the internal memory address space, and the stack depth
can be expanded up to 256 bytes.

7FH
GENERAL-PURPOSE
AREA
30H
2FH
BB BIT-ADDRESSABLE
SELECTED (BIT ADDRESSES)
VIA 20H
BITS IN PSW 1FH| )
11
18H
17H
10
194 | FOUR BANKS OF EIGHT
OFH REGISTERS
- RO R7
08H
07H ~4— RESET VALUE OF
00 STACK POINTER
00H )

Figure 15. Lower 128 Bytes of Internal Data Memory

Reset initializes the stack pointer to location 07 Hex and incre-
ments it once to start from locations 08 Hex which is also the first
register (R0O) of register bank 1. Thus, if one is going to use
more than one register bank, the stack pointer should be initialized
to an area of RAM not used for data storage.
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The SER space is mapped to the upper 128 bytes of internal data
memory space and accessed by direct addressing only. It provides
an interface between the CPU and all on-chip peripherals. A block
diagram showing the programming model of the ADuC824 via
the SFR area is shown in Figure 16. A complete SFR map is shown
in Figure 17.

640-BYTE
8 KBYTE ELECTRICALLY
REPROGRAMMABLE
ELECTRICALLY o] PEEOERAMIAS
REPROGRAMMABLE
NONVOLATILE FLASH/EE DATA
FLASH/EE PROGRAM MEMORY
MEMORY
DUAL
t 128-BYTE =P S1GMA-DELTA ADCs
8051- SPECIAL
COMPATIELE |emje| FUNCTION |etffm
CORE REGISTER
AREA OTHER ON-CHIP
PERIPHERALS
TEMPERATURE
SENSCR
CURRENT
256 BYTES . SOURCES
RAM 12-BIT DAC
SERIAL /O
wDT
PSM
Tic
PLL

Figure 16. Programming Model

OVERVIEW OF MCU-RELATED SFRs

Accumulator SFR

ACC is the Accumulator register and is used for math operations

including addition, subtraction, integer multiplication and division,
and Boolean bit manipulations. The mnemonics for accumulator-
specific instructions refer to the Accumulator as A.

B SFR

The B register is used with the ACC for multiplication and divi-
sion operations. For other instructions it can be treated as a
general-purpose scratchpad register.

Stack Pointer SFR

The SP register is the stack pointer and is used to hold an intemal
RAM address that is called the Top of the stack.’ The SP register is
incremented before data is stored during PUSH and CALL execu-
tions. While the stack may reside anywhere in on-chip RAM, the
SP register is initialized to 0TH after a reset. This causes the
stack to begin at location 08H.

Data Pointer

The Data Pointer is made up of three 8-bit registers, named
DPP (page byte), DPH (high byte), and DPL (low byte).
These are used to provide memory addresses for internal and
external code access and external data access. It may be ma-
nipulated as a 16-bit register (DPTR = DPH, DPL), although
INC DPTR instructions will automatically carry over to DPP, or
as three independent 8-bit registers (DPP, DPH, DPL).

REV. B

Program Status Word SFR
The PSW register 1s the Program Status Word which contains

several bits reflecting the current status of the CPU as detailed in
Table I.

SFR Address DoH
Power ON Default Value 00H
Bit Addressable Yes

CY | AC Fo | RS1 | RS0 | OV F1 P

Table I. PSW SFR Bit Designations

Bit Name Description
7 CcY Carry Flag
6 AC Auxiliary Carry Flag
5 Fo General-Purpose Flag
4 RS1 Register Bank Select Bits
3 RSO RS1 RS0 Selected Bank
0 0 0
0 1 1
1 0 2
1 1 3
2 ov Overflow Flag
1 F1 General-Purpose Flag
0 P Parity Bit
Power Control SFR

The Power Control (PCON) register contains bits for power-
saving options and general-purpose status flags as shown in
Table II.

SEFR Address 87TH
Power ON Default Value 00H
Bit Addressable No
SMOD | SERIPD | INTOPD | ALEOFF GF1 GF0 P IDL

Table II. PCON SFR Bit Designations

Bit Name Description

7 SMOD Double UART Baud Rate

6 SERIPD I°C/SPI Power-Down Interrupt
Enable

5 INTOPD INTO Power-Down Interrupt
Enable

! ALEOFF Disable ALE Output

3 GF1 General-Purpose Flag Bit

2 GFO General-Purpose Flag Bit

1 PD Power-Down Mode Enable

0 IDL Idle Mode Enable
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SPECIAL FUNCTION REGISTERS

All registers, except the program counter and the four general-
purpose register banks, reside in the SFR area. The SER registers
include control, configuration, and data registers that provide
an interface between the CPU and all on-chip peripherals.

Figure 17 shows a full SFR memory map and SER contents on

RESET NOT USED indicates unoccupied SER locations. Unoc-
cupied locations in the SFR address space are not implemented;
i.e., no register exists at this location. If an unoccupied location
is read, an unspecified value is returned. SFR locations reserved

for future use are shaded (RESERVED) and should not be
accessed by user software.

SPICON DACL DACH | DACCON
| 1Pl [weoL [ spE [ spm [croL [cpHa | sPR1 | sero| oo >__ S P —— S ——
FFH o|FEH o |FDH o|FCH o|FBH o|FaH  1|FsH  olFeH o el E ] = [
B SPIDAT
| | | ‘ | | ‘ | ‘ BITS >- RESERVED | RESERVED RESERVED | RESERVED | RESERVED
FIH  o|FsH o |FsH  o|FaH  ofFsH o|FeH o|FIH  o|FoH o T FTH ool
12CCON | GMNOL* GNOM* | GNOH* GNIL* | GNIH*
| mDo | MDE | mco ‘ DI | 12cM | 2CRs ‘ 12eTx | 12c1 ‘ - >_ ez e
EFH o0JEEH oJEDH oO[ECH o|EBH OJEAH 0|ESH 0OJEsH o EsH o00H | E9H sSs5H| EAH  ssH|EBH  ssH | ECH  9AH| EDH  soH
ACC OFoL* oFoM* | oFoH* OF1L* OF1H*
|ETH 0|E6H o|EsH O‘E-ﬂ-l 0|E3H 0|E2H o|EH o|EoH o‘ BITS >-EOH ot | B o] B2 ool et wol | B ool Esn i
sl e I o R (e o >.ADCSTAT ADCOL | ADCOM | ADGOH ADCIL | ADGIH —— PSMCON
DFH 0|DEH ©¢|ODH 0|DCH ©¢|DBH 0JDAH 0|DsH ¢|DsH 0 D8H ooH | DSH  ooH | DAH  ooH |DBH  ooH | DCH  ooH |DDH  ooM DFH  DEH
= e = T W (e = = e >__ PSW | ADCMODE | ADCOCON | ADG1CON SF ION | o] PLLCON
D7H. ofpeH c]DsH: o DaH  o)0sH -ofDsH. ofD1H  o|DoH. 0 DOH 0oH | D1H  ooH| D2H  o7H | DSH oM | DaH  45H | DSH  ooH DTH  o3H
T2C0N RCAP2L | RCAPZH TL2 TH2
‘ T2 | exr2 [ Rewk | Toik [ exenz| TRz | ent2 [capz | oo >_ S s e
CFH o|CEH o |CcDH o|ccH ofcBH o|cAH o|cesH olceH o cal bt e P PSP ——
WDCON CHIPID EADRL
PRES: | ‘PAEZ | PREI. | JPAED: | WDIR [WBS: ) SWOE | WOWR | e >- RESERVED RESERVED | RESERVED | RESERVED RESERVED
C/H _ojceH o |C5H 0 |CaH  1|C3H  ofC2H o |C1H 0| CoH @ CoH  10H C2H  06H CeH  ooH
e | 72 = P BT | P10 | PX0 | ame >. P ECON S EDATA1 | EDATAZ | EDATA3 | EDATA4
BEH: o JBEH c]BoH 0 /BoH: 0| AAH ofBAH, [BsH o) BaH® 0 BSH  00H | BSH  00H BCH  00H|BDH  00H | BEH  00H| BFH  00H
RD WR T To WTT | INTO | TXD | RXD P3
| | | ‘ | | ‘ BITS >- RESERVED | RESERVED
B7H  1|BeH  1|BsH  1|BaH  1[BaM  1|B2H  1|B1H_ 1[BoH 1 T
EA | EADC | ET2 ES ET1 EX1 | ETo | Exo IE IEIP2
BITS >- RESERVED | RESERVED | RESERVED | RESERVED | RESERVED | RESERVED
AFH  olaEH o|aDH olacH o aBH ofaaH o]AsH  olasH o i sl i s
| | | | > P2 TIMECON | HTHSEC SEC MIN HOUR INTVAL
BITS +
ATH: A [h6H 4| ASH: oiiMaH A [AsHl  ohASH: A [AIH 9 Aol o AOH FFH| AMH 00| A2H ooH | ASH  ooH | A4H  00H ASH  0oH
| | | oz ‘ e | ~25 | mes ‘ p~ - ‘ - >_ SCON SBUF 12CDAT | 12cDAT
9FH 0|oEM o0 oDH o|ecH ofoBH o|eaH o|soH olosH o s sl g sl mi e s
| T2EX | | are >
a7H 1| 96H 1| 95H 84H 1| 93H 1| 92H 1| 91H 1| 90H 1
| e T | = ‘ s | e | p— ‘ o | p— ‘ o >__ TcON TMOD TLO L1 THO T | vED | RESERVED
8FH o|sEM o sDH o|scH ofemH  olsaH  olsoH  olesH o el [ e e | e e e
| s > PO sp DPL DPH DPP PCON
r RESERVED | RESERVED
87H 1]esH 1lasH q)edH qlesH  ifseH 16 1)60H 1 80H FFH| 81H  orH| 82H oM | 8sH  ooH | BIH oM 87H_ oo

*CALIBRATION COEFFICIENTS ARE PRECONFIGURED AT POWER-UP TO FACTORY CALIBRATED VALUES.

SFR MAP KEY:

THESE BITS ARE CONTAINED IN THIS BYTE.

BIT MNEMONIC —TI-PIEO
BIT BIT ADDRESS ——y»jssn o

DEFAULT BIT VALUE

SFR NOTE:

ITo
g8H 0

BEH  00H

TCON-<T—— MNEMONIC

*—— DEFAULT VALUE

SFRs WHOSE ADDRESSES END IN 0H OR 8H ARE BIT-ADDRESSABLE.

N\ sFR ADDRESS

Figure 17. Special Function Register Locations and Reset Values
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SFR INTERFACE TO THE PRIMARY AND AUXILIARY
ADCS
Both ADCs are controlled and configured via a number of SERs
that are mentioned here and described in more detail in the
following pages.

ADCSTAT:

ADCMODE:

ADCOCON:

ADCI1CON:

SE:

ADC Status Register. Holds general status of
the Primary and Auxiliary ADCs.

ADC Mode Register. Controls general modes
of operation for Primary and Auxiliary ADCs.

Primary ADC Control Register. Controls
specific configuration of Primary ADC.
Auxiliary ADC Control Register. Controls
specific configuration of Auxiliary ADC.

Sinc Filter Register. Configures the decimation
factor for the Sinc3 filter and thus the Primary
and Auxiliary ADC update rates.

ADCSTAT—(ADC Status Register)
This SER reflects the status of both ADCs including data ready, calibration and various (ADC-related) error and warning conditions

including reference detect and conversion overflow/underflow flags.

ICON:

ADCOL/M/H:

ADCIL/H:

OFOL/M/H:

OF1L/MH:

GNOL/M/H:

GNI1L/H:

Current Source Control Register. Allows user
control of the various on-chip current source
options.

Primary ADC 24-bit conversion result held in
these three 8-bit registers.

Auxiliary ADC 16-bit conversion result held
in these two 8-bit registers.

Primary ADC 24-bit Offset Calibration Coefficient
held in these three 8-bit registers.

Auxiliary ADC 16-bit Offset Calibration Coefficient
held in these two 8-bit registers.

Primary ADC 24-bit Gain Calibration Coefficient
held in these three 8-bit registers.

Auxiliary ADC 16-bit Gain Calibration Coefficient
held in these two 8-bit registers.

SFR Address D8H

Power-On Default Value 00H

Bit Addressable Yes

RDY0 RDY1 CAL NOXREF ERRO ERR1 —_ —_
Table III. ADCSTAT SFR Bit Designations

Bit Name Description

7 RDY0 Ready Bit for Primary ADC
Set by hardware on completion of ADC conversion or calibration cycle.
Cleared directly by the user or indirectly by write to the mode bits to start another Primary
ADC conversion or calibration. The Primary ADC is inhibited from writing further results to its
data or calibration registers until the RDY0 bit is cleared.

6 RDY1 Ready Bit for Auxiliary ADC
Same definition as RDY0 referred to the Auxiliary ADC.

5 CAL Calibration Status Bit
Set by hardware on completion of calibration.
Cleared indirectly by a write to the mode bits to start another ADC conversion or calibration.

4 NOXREF No External Reference Bit (only active if Primary or Auxiliary ADC is active).
Set to indicate that one or both of the REFIN pins is floating or the applied voltage is below a
specified threshold. When Set conversion results are clamped to all ones,if using ext. reference.
Cleared to indicate valid Vggr.

3 ERRO Primary ADC Error Bit
Set by hardware to indicate that the result written to the Primary ADC data registers has
been clamped to all zeros or all ones. After a calibration this bit also flags error conditions that
caused the calibration registers not to be written.
Cleared by a write to the mode bits to initiate a conversion or calibration.

2 ERRI Auxiliary ADC Error Bit
Same definition as ERRO referred to the Auxiliary ADC.

1 — Reserved for Future Use

0 — Reserved for Future Use

REV. B
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ADCMODE (ADC Mode Register)

Used to control the operational mode of both ADCs.

SFR Address DIH
Power-On Default Value 00H
Bit Addressable No
— —_ ADCOEN ADCI1EN —_ MD2 MD1 MD0
Table IV. ADCMODE SFR Bit Designations
Bit Name Description
7 — Reserved for Future Use
6 — Reserved for Future Use
5 ADCOEN Primary ADC Enable
Set by the user to enable the Primary ADC and place it in the mode selected in MD2-MD0 below
Cleared by the user to place the Primary ADC in power-down mode.
4 ADCIEN Auxiliary ADC Enable
Set by the user to enable the Auxiliary ADC and place it in the mode selected in MD2-MDO below
Cleared by the user to place the Auxiliary ADC in power-down mode.
3 — Reserved for Future Use
2 MD2 Primary and Auxiliary ADC Mode bits.
1 MD1 These bits select the operational mode of the enabled ADC as follows:
0 MDo MD2 MD1  MDo
0 0 0 Power-Down Mode (Power-On Default)
0 0 1 Idle Mode
In Idle Mode the ADC filter and modulator are held in a reset state
although the modulator clocks are still provided.
0 1 0 Single Conversion Mode
In Single Conversion Mode, a single conversion is performed on the
enabled ADC. On completion of the conversion, the ADC data regis-
ters (ADCOH/M/L and/or ADCI1H/L) are updated, the relevant flags
n the ADCSTAT SER are written, and power-down is re-entered with
the MD2-MD0 accordingly being written to 000,
0 1 1 Continuous Conversion
In continuous conversion mode the ADC data registers are regularly
updated at the selected update rate (see SF register)
1 0 0 Internal Zero-Scale Calibration
Internal short is automatically connected to the enabled ADC(s)
1 0 1 Internal Full-Scale Calibration
Internal or External Vygr (as determined by XREF0 and XREFI1 bits
in ADCO0/1CON) is automatically connected to the ADC input for
this calibration.
1 1 0 System Zero-Scale Calibration
User should connect system zero-scale input to the ADC input pins
as selected by CH1/CHO and ACH1/ACHO bits in the ADC0/1CON
register.
1 1 1 System Full-Scale Calibration
User should connect system full-scale input to the ADC input pins as
selected by CH1/CHO and ACHI/ACHO bits in the ADC0/1CON
register.
NOTES

1. Any change to the MD bits will immediately reset both ADCs. A write to the MD2-0 bits with no change is also treated as a reset. (See exception to this in Note 3 below.)

2. If ADCOCON is written when ADOEN = 1, or if ADOEN is changed from 0 to 1, then both ADCs are also immediately reset. In other words, the Primary ADC is
given priority over the Auxiliary ADC and any change requested on the primary ADC is immediately responded to.

3. On the other hand, if ADC1CON is written or if ADC1EN is changed from 0 to 1, only the Auxiliary ADC is reset. For example, if the Primary ADC is continuously
converting when the Auxiliary ADC change or enable occurs, the primary ADC continues undisturbed. Rather than allow the Auxiliary ADC to operate with a phase
difference from the primary ADC, the Auxiliary ADC will fall into step with the ourputs of the primary ADC. The result is that the first conversion time for the
Auxiliary ADC will be delayed up to three outputs while the Auxiliary ADC update rate is synchronized to the Primary ADC.

4. Once ADCMODE has been written with a calibration mode, the RDY0/1 bits (ADCSTAT) are immediately reset and the calibration commences. On completion,
the appropriate calibration registers are written, the relevant bits in ADCSTAT are written, and the MD2-0 bits are reset to 000 to indicate the ADC is back in

power-down mode.

5. Any calibration request of the Auxiliary ADC while the temperature sensor is selected will fail to complete. Although the RDY1 bit will be set at the end of the
calibration cycle, no update of the calibration SFRs will take place and the ERR1 bit will be set.
6. Calibrations are performed at maximum SF (see SF SFR) value guaranteeing optimum calibration operation.
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ADCOCON (Primary ADC Control Register)
Used to configure the Primary ADC for range, channel selection, external Ref enable, and unipolar or bipolar coding.

SFR Address D2H
Power-On Default Value 07H
Bit Addressable No
XREF0 CH1 CHO UNIO RIN2 RN1 RNO
Table V. ADCOCON SFR Bit Designations
Bit Name Description
7 — Reserved for Future Use
6 XREF0 Primary ADC External Reference Select Bit
Set by user to enable the Primary ADC to use the external reference via REFIN(+)/REFIN(-).
Cleared by user 1o enable the Primary ADC to use the internal bandgap reference (Vgge = 1.25 V).
5 CH1 Primary ADC Channel Selection Bits
4 CHo Written by the user to select the differential input pairs used by the Primary ADC as follows:
CHI CHO  Positive Input Negative Input
0 0 AIN1 AIN2
0 1 AIN3 AIN4
1 0 AIN2 AIN2 (Internal Short)
1 1 AIN3 AIN2
3 UNIO Primary ADC Unipolar Bit.
Set by user to enable unipolar coding, 1.e., zero differential input will result in 000000 hex output.
Cleared by user to enable bipolar coding, zero differential input will result in 800000 hex output.
2 RN2 Primary ADC Range Bits
1 RNI1 Written by the user to select the Primary ADC input range as follows:
0 RNO RN2 RNI RNO  Selected Primary ADC Input Range (Vrgr=2.5V)
0 0 0 +20 mV
0 0 1 +40 mV
0 1 0 +80 mV
0 1 1 160 mV
1 0 0 1320 mV
1 0 1 1640 mV
1 1 0 +1.28V
1 1 1 £2.56V
REV. B -27-
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ADCI1CON (Auxiliary ADC Control Register)
Used to configure the Auxiliary ADC for channel selection, external Ref enable and unipolar or bipolar coding. It should be noted that the
Auxiliary ADC only operates on a fixed input range of £Vggp.

SFR Address D3H

Power-On Default Value 00H

Bit Addressable No

— XREF1 ACH1 ACHO UNI1 —_ - —_
Table VI. ADC1CON SFR Bit Designations

Bit Name Description

7 — Reserved for Future Use

6 XREF1 Auxiliary ADC External Reference Bit
Set by user to enable the Auxiliary ADC to use the external reference via REFIN(+)/REFIN(-).
Cleared by user to enable the Auxiliary ADC to use the internal bandgap reference.

5 ACHI Auxiliary ADC Channel Selection Bits

4 ACHO Written by the user to select the single-ended input pins used to drive the Auxiliary ADC as follows:
ACHI1 ACHO Positive Input Negative Input
0 0 AIN3 AGND
0 1 AIN4 AGND
1 0 Temp Sensor* AGND (Temp. Sensor routed to the ADC input)
1 1 AIN5 AGND

3 UNII Auxiliary ADC Unipolar Bit
Set by user to enable unipolar coding, i.e., zero input will result in 0000 hex output.
Cleared by user to enable bipolar coding, zero input will result in 8000 hex output.

2 — Reserved for Future Use

1 — Reserved for Future Use

0 — Reserved for Future Use

*NOTES

1. When the temperature sensor is selected, user code must select internal reference via XREF1 bit above and clear the UNI1 bit (ADC1CON.3) to select bipolar coding,.
2. The temperature sensor is factory calibrated to yield conversion results 8000H at 0°C.
3. A +1°C change in temperature will result in a +1 LSB change in the ADCI1H register ADC conversion result.

SF (Sinc Filter Register)

version time (typc) are shown in Table VII, the power-on default

The number in this register sets the decimation factor and thus
the output update rate for the Primary and Auxiliary ADCs.
This SFR cannot be written by user software while either ADC is
active. The update rate applies to both Primary and Auxiliary
ADCs and is calculated as follows:

1 1
fapc = 3 X SSEF X fauop

Where: fanc = ADC Output Update Rate
fuon = Modulator Clock Frequency = 32.768 kHz

SF= Decimal Value of SF Register

The allowable range for SF is 0Dhex to FFhex. Examples of SE
values and corresponding conversion update rate (fypc) and con-

value for the SF register is 45hex, resulting in a default ADC
update rate of just under 20 Hz. Both ADC inputs are chopped
to minimize offset errors, which means that the settling time for
a single conversion or the time to a first conversion result in
continuous conversion mode is 2 X tapc. As mentioned earlier,
all calibration cycles will be carried out automatically with a
maximum, i.e., FFhex, SF value to ensure optimum calibra-
tion performance. Once a calibration cycle has completed, the
value in the SF register will be that programmed by user software.

Table VII. SF SFR Bit Designations

SF(dec) SF(hex) fanc(Hz) tapc(ms)

13 oD 105.3 9.52

69 45 19.79 50.34

255 FF 535 186.77
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ICON (Current Sources Control Register)
Used to control and configure the various excitation and burnout current source options available on-chip.

SER Address D5H
Power-On Default Value 00H
Bit Addressable No
—_ BO ADCI1IC ADCOIC I2PIN I1PIN I2EN I1EN
Table VIII. ICON SFR Bit Designations
Bit Name Description
7 . Reserved for Future Use
6 BO Burnout Current Enable Bit

Set by user to enable both transducer burnout current sources in the primary ADC signal paths.
Cleared by user to disable both transducer burnout current sources.

5 ADCI1IC Auxiliary ADC Current Correction Bit

Set by user to allow scaling of the Auxiliary ADC by an internal current source calibration word.
4 ADCoIC Primary ADC Current Correction Bit

Set by user to allow scaling of the Primary ADC by an internal current source calibration word.
3 I2PIN' Current Source-2 Pin Select Bit

Set by user to enable current source-2 (200 uA) to external pin 3 (P1.2/DAC/IEXCI).
Cleared by user to enable current source-2 (200 pA) to external pin 4 (P1.3/AIN5/IEXC2).
) [1PIN’ Current Source-1 Pin Select Bit

Set by user to enable current source-1 (200 pA) to external pin 4 (P1.3/AIN5/IEXC2).
Cleared by user to enable current source-1 (200 pA) to external pin 3 (P1.2/DAC/AEXC1).
1 I2EN Current Source-2 Enable Bit

Set by user to turn on excitation current source-2 (200 uA).

Cleared by user to turn off excitation current source-2 (200 UA).

0 I1EN Current Source-1 Enable Bit

Set by user to turn on excitation current source-1 (200 uA).

Cleared by user to turn off excitation current source-1 (200 pA).

¥Both current sources can be enabled to the same external pin, vielding a 400 A current source.

ADCOH/ADCOM/ADCOL (Primary ADC Conversion Result Registers)
These three 8-bit registers hold the 24-bit conversion result from the Primary ADC.

SFR Address ADCOH High Data Byte DBH
ADCOM Middle Data Byte DAH
ADCOL Low Data Byte D9H

Power-On Default Value 00H All Three registers

Bit Addressable No All Three registers

ADCIH/ADCIL (Auxiliary ADC Conversion Result Registers)
These two 8-bit registers hold the 16-bit conversion result from the Auxiliary ADC.

SFR Address ADCIH High Data Byte DDH
ADCIL Low Data Byte DCH

Power-On Default Value 00H Both Registers

Bit Addressable No Both Registers
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OFOH/OFOM/OFOL (Primary ADC Offset Calibration Registers*)
These three 8-bit registers hold the 24-bit offset calibration coefficient for the Primary ADC. These registers are configured at power-

on with a factory default value of 800000Hex. However, these bytes will be automatically overwritten if an internal or system zero-scale
calibration is initiated by the user via MD2-0 bits in the ADCMODE register.

SFR Address OF0H Primary ADC Offset Coefficient High Byte E3H
OFOM Primary ADC Offset Coefficient Middle Byte E2H
OF0L Primary ADC Offset Coefficient Low Byte EIH

Power-On Default Value 800000H OF0H, OF0M, and OF0L, Respectively

Bit Addressable No All Three Registers

OF1H/OFI1L (Auxiliary ADC Offset Calibration Registers™*)

These two 8-bit registers hold the 16-bit offset calibration coefficient for the Auxiliary ADC. These registers are configured at power-on
with a factory default value of 8000Hex. However, these bytes will be automatically overwritten if an internal or system zero-scale
calibration is initiated by the user via the MD2-0 bits in the ADCMODE register.

SFR Address OFIH Auxiliary ADC Offset Coefficient High Byte E5H
OFIL Auxiliary ADC Offset Coefficient Low Byte E4H

Power-On Default Value 8000H OF1H and OF11. Respectively

Bit Addressable No Both Registers

GNOH/GNOM/GNOL (Primary ADC Gain Calibration Registers*)
These three 8-bit registers hold the 24-bit gain calibration coefficient for the Primary ADC. These registers are configured at power-on
with a factory-calculated internal full-scale calibration coefficient. Every device will have an individual coefficient. However, these

bytes will be automatically overwritten if an internal or system full-scale calibration is initiated by the user via MD2-0 bits in the
ADCMODE register.

SER Address GNOH Primary ADC Gain Coefficient High Byte EBH
GNOM Primary ADC Gain Coefficient Middle Byte EAH
GNOL Primary ADC Gain Coefficient Low Byte E9oH

Power-On Default Value Configured at factory final test, see notes above.

Bit Addressable No All Three Registers

GN1H/GNIL (Auxiliary ADC Gain Calibration Registers*)
These two 8-bit registers hold the 16-bit gain calibration coefficient for the Auxiliary ADC. These registers are configured at power-on
with a factory calculated internal full-scale calibration coefficient. Every device will have an individual coefficient. However, these

bytes will be automatically overwritten if an internal or system full-scale calibration is initiated by the user via MD2-0 bits in the
ADCMODE register.

SFR Address GNIH Auxiliary ADC Gain Coefficient High Byte EDH
GNIL Auxiliary ADC Gain Coefficient Low Byte ECH

Power-On Default Value Configured at factory final test, see notes above.

Bit Addressable No Both Registers

*These registers can be overwritten by user software only if Mode bits MD{O-2 (ADCMODE SFR) are zero.
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PRIMARY AND AUXILIARY ADC CIRCUIT DESCRIPTION

Overview

The ADuC824 incorporates two independent sigma-delta ADCs
{(Primary and Auxiliary) with on-chip digital filtering intended
for the measurement of wide dynamic range, low frequency
signals, such as those in weigh-scale, strain-gauge, pressure trans-

ducer or temperature measurement applications.

Primary ADC

This ADC is intended to convert the primary sensor input. The
input is buffered and can be programmed for one of 8 input ranges
from £20 mV to £2.56 V, being driven from one of three differ-
ential input channel options AIN1/2, AIN3/4, or AIN3/2. The
input channel is internally buffered allowing the part to handle
significant source impedances on the analog input, allowing R/C

the analog inputs if required. On-chip burnout currents can

also be tumed on. These currents can be used to check that a

transducer on the selected channel is still operational before
attempting to take measurements.

The ADC employs a sigma-delta conversion technique to realize
up to 24 bits of no missing codes performance. The sigma-delta

modulator converts the sampled input signal into a digital pulse
train whose duty cycle contains the digital information. A Sinc3

filtering (for noise rejection or REI reduction) to be placed on

programmable low-pass filter is then employed to decimate the
modulator output data stream to give a valid data conversion
result at programmable output rates from 5.35 Hz (186.77 ms)
to 105.03 Hz (9.52 ms). A Chopping scheme is also employed
to minimize ADC offset errors. A block diagram of the Primary
ADC is shown in Figure 18.
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REFERENCE
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Figure 18. Primary ADC Block Diagram
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Auxiliary ADC

The Auxiliary ADC 1s intended to convert supplementary inputs

such as those from a cold junction dio

de or thermistor. This ADC

is not buffered and has a fixed input range of 0V to 2.5V

(assuming an external 2.5 V reference). The single-ended inputs
can be driven from AIN3, AIN4, or AIN5 pins or directly from
the on-chip temperature sensor voltage. A block diagram of the
Auxiliary ADC is shown in Figure 19.
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Figure 19. Auxiliary ADC Block Diagram
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PRIMARY AND AUXILIARY ADC NOISE PERFORMANCE
Tables IX, X, and XI below show the output rms noise in uV
and output peak-to-peak resolution in bits (rounded to the
nearest 0.5 LSB) for some typical output update rates on both
the Primary and Auxiliary ADCs. The numbers are typical and

are generated at a differential input voltage of 0 V. The output
update rate is selected via the SE7-8F0 bits in the Sinc Filter
(SE) SER. It is important to note that the peak-to-peak resolu-
tion figures represent the resolution for which there will be no
code flicker within a six-sigma limit.

Table IX. Primary ADC, Typical Output RMS Noise (pV)

Typical Qutput RMS Noise vs. Input Range and Update Rate; Output RMS Noise in pV

SF Data Update Input Range
Word Rate (Hz) £20mV| =40mV | =80mV | =160mV +320mV | *=640mV +1.28V | £2.56V
13 105.3 1.50 1.50 1.60 1.75 3.50 4.50 6.70 11.75
69 19.79 0.60 0.65 0.65 0.65 0.65 0.95 1.40 2.30
255 535 0.35 0.35 0.37 0.37 0.37 0.51 0.82 1:25
Table X. Primary ADC, Peak-to-Peak Resolution (Bits)
Peak-to-Peak Resolution vs. Input Range and Update Rate; Peak-to-Peak Resolution in Bits
SF Data Update Input Range
Word Rate (Hz) +20mV | £40mV | £80mV | =160mV +320mV | 640 mV +1.28V | £2.56V
13 105.3 12 13 14 15 15 15.5 16 16
69 19.79 13 14 15 16 17 17.5 18 18.5
255 535 14 15 16 17 18 18.5 18.8 19.2
Table XI. Auxiliary ADC
Typical Qutput RMS Noise vs. Update Rate* Peak-to-Peak Resolution vs. Update Rate!
Output RMS Noise in pV Peak-to-Peak Resolution in Bits
SF Data Update Input Range SF Data Update Input Range
Word Rate (Hz) 2.5V Word Rate (Hz) 2.5V
13 105.3 10.75 13 105.3 162
69 19.79 2.00 69 19.79 16
255 5.35 1.15 255 5:35 16
*ADC converting in bipolar mode. NOTES

Analog Input Channels

The primary ADC has four associated analog input pins (labelled
AINI to AIN4) that can be configured as two fully differential
input channels. Channel selection bits in the ADCOCON SER
detailed in Table V allow three combinations of differential pair
selection as well as an additional shorted input option (AIN2-AIN2).

The auxiliary ADC has three external input pins (labelled AIN3
to AINS5) as well as an internal connection to the internal on-chip
temperature sensor. All inputs to the auxiliary ADC are single-
ended inputs referenced to the AGND on the part. Channel
selection bits in the ADC1CON SFR detailed previously in
Table VI allow selection of one of four inputs.

Two input multiplexers switch the selected input channel to the
on-chip buffer amplifier in the case of the primary ADC and
directly to the sigma-delta modulator input in the case of the
auxiliary ADC. When the analog input channel is switched, the
settling time of the part must elapse before a new valid word is
available from the ADC.

REV. B

'ADC converting in bipolar mode.
“In unipolar mode peak-to-peak resolution at 105 Hz is 15 bits.

Primary and Auxiliary ADC Inputs

The output of the primary ADC multiplexer feeds into a high
impedance input stage of the buffer amplifier. As a result, the
primary ADC inputs can handle significant source impedances and
are tailored for direct connection to external resistive-type sensors
like strain gauges or Resistance Temperature Detectors (RTDs).

The auxiliary ADC, however, is unbuffered, resulting in higher
analog mput current on the auxiliary ADC. It should be noted that
this unbuffered input path provides a dynamic load to the driving
source. Therefore, resistor/capacitor combinations on the input
pins can cause dc gain errors depending on the output impedance
of the source that is driving the ADC inputs.

Analog Input Ranges

The absolute input voltage range on the primary ADC is restricted
to between AGND + 100 mV to AVDD - 100 mV. Care must be
taken in setting up the common-mode voltage and input voltage
range so that these limits are not exceeded, otherwise there will
be a degradation in linearity performance.
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The absolute input voltage range on the auxiliary ADC is restricted
to between AGND - 30 mV to AVDD + 30 mV. The slightly
negative absolute input voltage limit does allow the possibility of
monitoring small signal bipolar signals using the single-ended
auxiliary ADC front end.

Programmable Gain Amplifier

The output from the buffer on the primary ADC is applied to the
input of the on-chip programmable gain amplifier (PGA). The
PGA can be programmed through eight different unipolar input
ranges and bipolar ranges. The PGA gain range is programmed
via the range bits in the ADCOCON SFR. With the external refer-
ence select bit set in the ADCOCON SFR and an external 2.5V
reference, the unipolar ranges are 0 mV to 20 mV, 0 mV to

40 mV, 0 mV to 80 mV, 0 mV to 160 mV, 0 mV to 320 mV,
O0mV to 640 mV, 0V to 1.28V, and 0 to 2.56 V, while the
bipolar ranges are £20 mV, £40 mV, £80 mV, £160 mV,
+320 mV, £640 mV, £1.28 V, and +2.56 V. These are the
nominal ranges that should appear at the input to the on-chip
PGA. An ADC range matching specification of 2 UV (typ) across
all ranges means that calibration need only be carried out at a
single gain range and does not have to be repeated when the
PGA gain range is changed.

Typical matching across ranges is shown in Figure 20 below,
Here, the primary ADC is configured in bipolar mode with an
external 2.5 V reference, while just greater than 19 mV is forced
on its inputs. The ADC continuously converts the DC input
voltage at an update rate of 5.35 Hz, i.e., SF = FFhex. In total,
800 conversion results are gathered. The first 100 results are
gathered with the primary ADC operating in the £20 mV range.
The ADC range is then switched to £40 mV and 100 more con-
version results are gathered, and so on until the last group of
100 samples are gathered with the ADC configured in the £2.56 V
range. From Figure 20, The variation in the sample mean
through each range, i.e., the range matching, is seen to be of
the order of 2 UV,

The auxiliary ADC does not incorporate a PGA and is configured
for a fixed single input range of 0 to Vygg.
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Figure 20. Primary ADC Range Matching
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Bipolar/Unipolar Inputs

The analog inputs on the ADuC824 can accept either unipolar or
bipolar input voltage ranges. Bipolar input ranges do not imply that
the part can handle negative voltages with respect to system AGND.

Unipolar and bipolar signals on the AIN(+) input on the primary
ADC are referenced to the voltage on the respective AIN(-) input.
For example, if AIN(-) is 2.5 V and the primary ADC is config-
ured for an analog input range of 0 mV to 20 mV, the input
voltage range on the AIN(+) inputis 2.5 V to 2.52 V. If AIN(-)
18 2.5 V and the ADuC824 is configured for an analog input range
of 1.28 V, the analog input range on the AIN(+) input is 1.22V
to 3.78 V (i.e,, 25V £ 1.28 V).

As mentioned earlier, the auxiliary ADC input is a single-ended
input with respect to the system AGND. In this context a bipolar
signal on the auxiliary ADC can only span 30 mV negative with
respect to AGND before violating the voltage input limits for
this ADC.

Bipolar or unipolar options are chosen by programming the
Primary and Auxiliary Unipolar enable bits in the ADCOCON
and ADCI1CON SFRs respectively. This programs the relevant
ADC for either unipolar or bipolar operation. Programming for
either unipolar or bipolar operation does not change any of the
input signal conditioning; it simply changes the data output coding
and the points on the transfer function where calibrations occur.
When an ADC is configured for unipolar operation, the output
coding 1s natural (straight) binary with a zero differential input
voltage resulting in a code of 000 ... 000, a midscale voltage
resulting in a code of 100 . .. 000, and a full-scale input voltage
resulting in a code of 111 ... 111. When an ADC is configured
for bipolar operation, the coding is offset binary with a negative
full-scale voltage resulting in a code of 000 ... 000, a zero
differential voltage resulting in a code of 100...000, and a
positive full-scale voltage resulting in a code of 111 ... 111.

Burnout Currents

The primary ADC on the ADuC824 contains two 100 nA con-
stant current generators, one sourcing current from AVDD to
AIN(+), and one sinking from AIN(-) to AGND. The currents
are switched to the selected analog input pair. Both currents are
either on or off, depending on the Burnout Current Enable
(BO) bit in the ICON SFR (see Table VIII). These currents can
be used to verify that an external transducer is still operational
before attempting to take measurements on that channel. Once
the burnout currents are turned on, they will flow in the exter-
nal transducer circuit, and a measurement of the input voltage
on the analog input channel can be taken. If the resultant volt-
age measured is full-scale, this indicates that the transducer has
gone open-circuit. If the voltage measured is 0 V, it indicates that
the transducer has short circuited. For normal operation, these
burnout currents are turned off by writing a 0 to the BO bit in
the ICON SFR. The current sources work over the normal abso-
lute input voltage range specifications.
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Excitation Currents

The ADuC824 also contains two identical 200 UA constant
current sources. Both source current from AVDD to Pin #3
(IEXC1) or Pin #4 (IEXC2). These current sources are con-
trolled via bits in the [CON SFR shown in Table VIII. They
can be configured to source 200 pA individually to both pins or
a combination of both currents, i.e., 400 pA to either of the
selected pins. These current sources can be used to excite exter-
nal resistive bridge or RTD sensors.

Reference Input

The ADuCRg24’s reference inputs, REFIN(+) and REFIN(-),
provide a differential reference input capability. The common-
mode range for these differential inputs is from AGND to AVDD.
The nominal reference voltage, VREF (REFIN(+) — REFIN(-)),
for specified operation is 2.5 V with the primary and auxil-
iary reference enable bits set in the respective ADCOCON
and/or ADC1CON SFRs.

The part is also functional (although not specified for perfor-
mance) when the XREFO or XREF1 bits are ‘0,” which enables
the on-chip internal bandgap reference. In this mode, the ADCs
will see the internal reference of 1.25 V, therefore halving all
input ranges. As a result of using the internal reference volt-
age, a noticeable degradation in peak-to-peak resolution will
result. Therefore, for best performance, operation with an exter-
nal reference is strongly recommended.

In applications where the excitation (voltage or current) for the
transducer on the analog input also drives the reference voltage
for the part, the effect of the low-frequency noise in the excita-
tion source will be removed as the application is ratiometric. If the
ADuC824 is not used in a ratiometric application, a low noise
reference should be used. Recommended reference voltage sources
for the ADuC824 include the AD780, REF43, and REF192.

It should also be noted that the reference inputs provide a high
impedance, dynamic load. Because the input impedance of each
reference input is dynamic, resistor/capacitor combinations on
these inputs can cause dc gain errors depending on the output
impedance of the source that is driving the reference inputs.
Reference voltage sources, like those recommended above (e.g.,
AD780) will typically have low output impedances and therefore
decoupling capacitors on the REFIN(+) input would be recom-
mended. Deriving the reference input voltage across an external
resistor, as shown in Figure 53, will mean that the reference
input sees a significant external source impedance. External
decoupling on the REFIN(+) and REFIN(-) pins would not be
recommended in this type of circuit configuration.

Reference Detect

The ADuC824 includes on-chip circuitry to detect if the part has a
valid reference for conversions or calibrations. If the voltage
between the external REFIN(+) and REFIN(-) pins goes below
0.3 V or either the REFIN(+) or REFIN(-) inputs is open circuit,
the ADuC824 detects that it no longer has a valid reference. In
this case, the NOXREF bit of the ADCSTAT SFRis set to a 1. If
the ADuC824 is performing normal conversions and the NOXREF
bit becomes active, the conversion results revert to all 1s. Therefore,
it Is not necessary to continuously monitor the status of the
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NOXREEF bit when performing conversions. It is only necessary
to verify 1ts status if the conversion result read from the ADC Data
Register is all 1s.

If the ADuC824 is performing either an offset or gain calibration
and the NOXREF bit becomes active, the updating of the respec-
tive calibration registers 1s inhibited to avoid loading incorrect
coefficients to these registers, and the appropriate ERRO or ERR1
bits in the ADCSTAT SFR are set. If the user is concerned
about verifying that a valid reference is in place every time a cali-
bration is performed, the status of the ERR0 or ERR1 bit should
be checked at the end of the calibration cycle.

Sigma-Delta Modulator

A sigma-delta ADC generally consists of two main blocks, an
analog modulator and a digital filter. In the case of the ADuC824
ADCs, the analog modulators consist of a difference amplifier,
an integrator block, a comparator, and a feedback DAC as illus-
trated in Figure 21.

DIFFERENCE

ANALOG COMPARATOR
INPUT AMP HIGH-
FREQUENCY
INTEGRATOR p— BITSTREAM
TO DIGITAL
FILTER

{ DAC
N

Figure 21. Sigma-Delta Modulator Simplified Block Diagram

In operation, the analog signal sample is fed to the difference
amplifier along with the output of the feedback DAC. The differ-
ence between these two signals is integrated and fed to the
comparator. The output of the comparator provides the input to
the feedback DAC so the system functions as a negative feedback
loop that tries to minimize the difference signal. The digital data
that represents the analog input voltage is contained in the duty
cycle of the pulse train appearing at the output of the comparator.
This duty cycle data can be recovered as a data word using a
subsequent digital filter stage. The sampling frequency of
the modulator loop is many times higher than the bandwidth of
the input signal. The integrator in the modulator shapes the
quantization noise (which results from the analog-to-digital con-
version) so that the noise is pushed toward one-half of the
modulator frequency.

Digital Filter

The output of the sigma-delta modulator feeds directly into the
digital filter. The digital filter then band-limits the response to a
frequency significantly lower than one-half of the modulator
frequency. In this manner, the [-bit output of the comparator
is translated into a band-limited, low noise output from the
ADuC824 ADCs.

The ADuC824 filter is a low-pass, Sinc’ or (sinx/x)’ filter whose
primary function is to remove the quantization noise introduced
at the modulator. The cutoft frequency and decimated output data
rate of the filter are programmable via the SF (Sinc Filter) SFR
as described in Table VIL
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Figure 22 shows the frequency response of the ADC chan-
nel at the default SF word of 69 dec or 45 hex, yielding an
overall output update rate of just under 20 Hz.

It should be noted that this frequency response allows frequency
components higher than the ADC Nyquist frequency to pass
through the ADC, in some cases without significant attenuation.
These components may, therefore, be aliased and appear in-band
after the sampling process.

It should also be noted that rejection of mains-related frequency
components, i.e., 50 Hz and 60 Hz, is seen to be at level of
>65 dB at 50 Hz and >100 dB at 60 Hz. This confirms the
data sheet specifications for 50 Hz/60 Hz Normal Mode Rejec-
tion (NMR) at a 20 Hz update rate.
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Figure 22. Filter Response, SF = 69 dec

The response of the filter, however, will change with SF word as
can be seen in Figure 23, which shows >90 dB NMR at 50 Hz
and >70 dB NMR at 60 Hz when SF = 255 dec.
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Figure 23. Filter Response, SF = 255 dec
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Figures 24 and 25 show the NMR for 50 Hz and 60 Hz across
the full range of SF word, 1.e., SF = 13 dec to SF = 255 dec.
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Figure 24. 50 Hz Normal Mode Rejection vs. SF
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Figure 25. 60 Hz Normal Mode Rejection vs. SF

ADC Chopping

Both ADCs on the ADuC824 implement a chopping scheme
whereby the ADC repeatability reverses its inputs. The deci-
mated digital output words from the Sinc? filters therefore have a
positive offset and negative offset term included.

As a result, a final summing stage is included in each ADC so that
each output word from the filter is summed and averaged with the
previous filter output to produce a new valid output result to be
written to the ADC data SFRs. In this way, while the ADC
throughput or update rate is as discussed earlier and illustrated
in Table VII, the full settling time through the ADC (or the time
to a first conversion result), will actually be given by 2 X typc.

The chopping scheme incorporated in the ADuC824 ADC results
in excellent dec offset and offset drift specifications and is
extremely beneficial in applications where drift, noise rejection,
and optimum EMI rejection are important factors.
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Calibration

The ADuC824 provides four calibration modes that can be pro-
grammed via the mode bits in the ADCMODE SFR detailed in
Table IV. In fact, every ADuC824 has already been factory
calibrated. The resultant Offset and Gain calibration coefficients
for both the primary and auxiliary ADCs are stored on-chip
in manufacturing-specific Flash/EE memory locations. At power-
on, these factory calibration coefficients are automatically
downloaded to the calibration registers in the ADuC824 SFR
space, Each ADC (primary and auxiliary) has dedicated calibration
SERs, these have been described earlier as part of the general
ADC SFR description. However, the factory calibration values
in the ADC calibration SFRs will be overwritten if any one of
the four calibration options are mnitiated and that ADC i1s enabled
via the ADC enable bits in ADCMODE.

Even though an internal offset calibration mode is described
below, it should be recognized that both ADCs are chopped. This
chopping scheme inherently minimizes offset and means that an
internal offset calibration should never be required. Also, because
factory 5 V/25°C gain calibration coefficients are automatically
present at power-on, an internal full-scale calibration will only
be required if the part is being operated at 3 V or at temperatures
significantly different from 25°C.

The ADuC824 offers “internal” or “system” calibration facilities.
For full calibration to occur on the selected ADC, the calibration
logic must record the modulator output for two different input
conditions. These are zero-scale and full-scale points. These
points are derived by performing a conversion on the different
input voltages provided to the input of the modulator during
calibration. The result of the zero-scale calibration conversion is
stored in the Offset Calibration Registers for the appropriate
ADC. The result of the “full-scale” calibration conversion is
stored in the Gain Calibration Registers for the appropriate
ADC. With these readings, the calibration logic can calculate
the offset and the gain slope for the input-to-output transfer
function of the converter.

During an “internal” zero-scale or full-scale calibration, the re-
spective “zero” input and full-scale input are automatically
connected to the ADC mput pins internally to the device. A
“system” calibration, however, expects the system zero-scale and
system full-scale voltages to be applied to the external ADC pins
before the calibration mode is initiated. In this way external ADC
errors are taken into account and minimized as a result of system
calibration. It should also be noted that to optimize calibration
accuracy, all ADuC824 ADC calibrations are carried out auto-
matically at the slowest update rate.

Internally in the ADuC824, the coefficients are normalized before
being used to scale the words coming out of the digital filter. The

offset calibration coefficient is subtracted from the result prior to
the multplication by the gain coefficient. All ADuC824 ADC
specifications will only apply after a zero-scale and full-scale
calibration at the operating point (supply voltage/temperature)

of interest.

From an operational point of view, a calibration should be treated

like another ADC conversion. A zero-scale calibration (if required)
should always be carried out before a full-scale calibration. System
software should monitor the relevant ADC RDY0/1 bit in the
ADCSTAT SER to determine end of calibration via a polling
sequence or interrupt driven routine,
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NONVOLATILE FLASH/EE MEMORY

Flash/EE Memory Overview

The ADuC824 incorporates Flash/EE memory technology on-chip
to provide the user with nonvolatile, in-circuit reprogrammable,
code and data memory space.

Flash/EE memory is a relatively recent type of nonvolatile memory
technology and is based on a single transistor cell architecture.

This technology is basically an outgrowth of EPROM technology
and was developed through the late 1980s. Flash/EE memory takes
the flexible in-circuit reprogrammable features of EEPROM and
combines them with the space efficient/density features of EPROM
(see Figure 26).

Because Flash/EE technology is based on a single transistor cell

architecture, a Flash memory array, like EPROM, can be imple-
mented to achieve the space efficiencies or memory densities

required by a given design.

Like EEPROM, Flash memory can be programmed in-system at
a byte level, although it must first be erased; the erase being per-
formed in page blocks. Thus, Flash memory is often and more
correctly referred to as Flash/EE memory.

EPROM EEPROM
TECHNOLOGY TECHNOLOGY
SPACE EFFICIENT/ IN-CIRCUIT
FLASH/EE MEMORY
TECHNOLOGY

DENSITY REPROGRAMMAELE
Figure 26. Flash/EE Memory Development

Overall, Flash/EE memory represents a step closer to the ideal
memory device that includes nonvolatility, in-circuit programma-
bility, high density, and low cost. Incorporated in the ADuC824,
Flash/EE memory technology allows the user to update program
code space in-circuit, without the need to replace one-time
programmable (OTP) devices at remote operating nodes.

Flash/EE Memory and the ADuC824

The ADuC824 provides two arrays of Flash/EE Memory for user
applications. 8 Kbytes of Flash/EE Program space are provided
on-chip to facilitate code execution without any external discrete
ROM device requirements. The program memory can be pro-
grammed using conventional third party memory programmers.
This array can also be programmed in-circuit, using the serial
download mode provided.

A 640-Byte Flash/EE Data Memory space is also provided on-chip.
This may be used as a general-purpose nonvolatile scratchpad
area. User access to this area is via a group of six SERs. This space
can be programmed at a byte level, although it must first be
erased in 4-byte pages.

ADuC824 Flash/EE Memory Reliability

The Flash/EE Program and Data Memory arrays on the ADuC824
are fully qualified for two key Flash/EE memory characteristics,
namely Flash/EE Memory Cycling Endurance and Flash/EE
Memory Data Retention.
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Endurance quantifies the ability of the Flash/EE memory to be
cycled through many Program, Read, and Erase cycles. In real
terms, a single endurance cycle is composed of four independent,
sequential events. These events are defined as:
a. Initial page erase sequence — |
b. read/verify sequence A single Flash/EE
¢. byte program sequence —  Memory
d. second read/verify sequence Endurance Cycle

In reliability qualification, every byte in both the program and
data Flash/EE memory is cycled from 00 hex to FFhex until a
first fail is recorded signifying the endurance limit of the on-chip
Flash/EE memory.

As indicated in the specification pages of this data sheet, the
ADuC824 Flash/EE Memory Endurance qualification has been
carried out in accordance with JEDEC Specification A117 over
the industrial temperature range of -40°C, +25°C, and +85°C.
The results allow the specification of a minimum endurance figure
over supply and temperature of 100,000 cycles, with an endurance
figure of 700,000 cycles being typical of operation at 25°C.

Retention quantifies the ability of the Flash/EE memory to retain
its programmed data over time. Again, the ADuC824 has been
qualified in accordance with the formal JEDEC Retention Life-
time Specification (A117) at a specific junction temperature
(T; = 55°C). As part of this qualification procedure, the Flash/EE
memory is cycled to its specified endurance limit described above,
before data retention is characterized. This means that the Flash/
EE memory is guaranteed to retain its data for its full specified
retention lifetime every time the Flash/EE memory is repro-
grammed. It should also be noted that retention lifetime, based
on an activation energy of (.6 eV, will derate with T} as shown
in Figure 27.
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Figure 27. Flash/EE Memory Data Retention

Using the Flash/EE Program Memory

The 8 Kbyte Flash/EE Program Memory array is mapped
into the lower 8 Kbytes of the 64 Kbytes program space
addressable by the ADuC824, and is used to hold user code
in typical applications.

The program memory Flash/EE memory arrays can be pro-
grammed in one of two modes, namely:

Serial Downloading (In-Cirvcuit Programming)
As part of its factory boot code, the ADuC824 facilitates serial
code download via the standard UAR'T serial port. Serial down-
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load mode is automatically entered on power-up if the external
pin, PSEN, is pulled low through an external resistor as shown
in Figure 28. Once in this mode, the user can download code to
the program memory array while the device is sited in its target
application hardware. A PC serial download executable is pro-
vided as part of the ADuC824 QuickStart development system.
The Serial Download protocol is detailed in a MicroConverter
Applications Note uC004 available from the ADI MicroConverter
Website at www.analog.com/microconverter.

~ ADuC824
FSEN

TO CONFIGURE THE ADuC824

Figure 28. Flash/EE Memory Serial Download Mode
Programming

Parallel Programming

The parallel programming mode is fully compatible with conven-
tional third party Flash or EEPROM device programmers. A
block diagram of the external pin configuration required to support
parallel programming is shown in Figure 29. In this mode, Ports 0,
1, and 2 operate as the external data and address bus interface,
ALE operates as the Write Enable strobe, and Port 3 is used as a
general configuration port that configures the device for various
program and erase operations during parallel programming.

The high voltage (12 V) supply required for Flash/EE program-
ming is generated using on-chip charge pumps to supply the high
voltage program lines.

5V

T Voo PROGRAM
po ) pata
L|enD (D0-D7)
e ADuCs824
PROGRAM MODE
¢ P3 P PROGRAM
(SEE TABLE XII) ::I it il
(A0-A13)
CCENABLE —> P30 (P20 = AD)
P2 (P1.7 = A13)
NEGATIVE
EDGE —\_
ENTRY Pa.6 ALE l@—— WRITE ENABLE
SEQUENCE GND ——— | PSEN STROBE
Vpp —» RESET

Figure 29. Flash/EE Memory Parallel Programming
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Table XII. Flash/EE Memory Parallel Programming Modes

Port 3 Pins Programming

0.7 06 0.5 04 03 02 0.1| Mode

X X X X o 0 Erase Flash/EE
Program, Data, and
Security Modes

X X X X 0 0 1 Read Device
Signature/ID

X X X 1 0 1 0 Program Code Byte

X X X 0 0 1 0 Program Data Byte

X X X 1 0 1 1 Read Code Byte

X X X o0 0 1 1 Read Data Byte

X X X X 1 0 0 Program Security
Modes

X X X X 1 0 1 Read/Verify Security
Modes

All other codes Redundant

Flash/EE Program Memory Security

The ADuC824 facilitates three modes of Flash/EE program
memory security. These modes can be independently activated,
restricting access to the internal code space. These security
modes can be enabled as part of the user interface available on all
ADuC824 serial or parallel programming tools referenced on the
MicroConverter web page at www.analog.com/microconverter.
The security modes available on the ADuC824 are described
as follows:

Lock Mode

This mode locks code in memory, disabling parallel programming
of the program memory although reading the memory in parallel
mode is still allowed. This mode is deactivated by initiating a
“code-erase” command in serial download or parallel program-
ming modes.

Secure Mode

This mode locks code in memory, disabling parallel programming
(program and verify/read commands) as well as disabling the
execution of a ‘MOVC’ instruction from external memory,
which is attempting to read the op codes from nternal memory.
This mode is deactivated by initiating a “code-erase” command
in serial download or parallel programming modes.

Serial Safe Mode

This mode disables serial download capability on the device. If
Serial Safe mode is activated and an attempt is made to reset
the part into serial download mode, i.e., RESET asserted and
deasserted with PSEN low, the part will interpret the serial
download reset as a normal reset only. Therefore, it will not
enter serial download mode but only execute a normal reset
sequence. Serial Safe mode can only be disabled by initiating a
code-erase command in parallel programming mode.

Using the Flash/EE Data Memory

The user Flash/EE data memory array consists of 640 bytes that
are configured into 160 (00H to 9FH) 4-byte pages as shown in
Figure 30.
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oFH| BYTE1 | BYTE2 | BYTE3 | BYTE4

A

ooH| BYTE1 | BYTE2 | BYTE3 | BYTE4

Figure 30. Flash/EE Data Memory Configuration

As with other ADuC824 user-peripheral circuits, the interface to
this memory space is via a group of registers mapped in the SFR
space. A group of four data registers (EDATA1-4) are used to
hold 4-byte page data just accessed. EADRL is used to hold the
8-bit address of the page to be accessed. Finally, ECON is an
8-bit control register that may be written with one of five Flash/EE
memory access commands to trigger various read, write, erase, and
verify functions. These registers can be summarized as follows:

ECON: SFR Address: B9H
Function: Controls access to 640 Bytes
Flash/EE Data Space.
Default: 00H
EADRL: SFR Address: Co6H
Function: Holds the Flash/EE Data Page
Address. (640 Bytes => 160 Page
Addresses.)
Default: 00H
EDATA 1-4: SFR Address: BCH to BFH respectively
Function: Holds Flash/EE Data memory

page write or page read data bytes,
EDATAI1-2 —> 00H
EDATA3-4 —> 00H

A block diagram of the SFR interface to the Flash/EE Data
Memory array is shown in Figure 31.

Default:

FUNCTION:
HOLDS THE 8-BIT PAGE
ADDRESS POINTER

FUNCTION:
HOLDS THE 4-BYTE
PAGE DATA

BYTE 1|BYTE 2|BYTE 3| BYTE 4
Iy

EDATA1 (BYTE 1)
EDATAZ (BYTE 2)
EDATA3 (BYTE 3)
EDATA4 (BYTE 4)

00H | [BYTE 1|BYTE 2|BYTE 3| BYTE 4

ECON COMMAND
INTERPRETER LOGIC

FUNCTION;
RECEIVES COMMAND DATA

Figure 31. Flash/EE Data Memory Control and Configuration

FUNCTION:
INTERPRETS THE FLASH
COMMAND WORD
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ECON—Flash/EE Memory Control SFR

This SER acts as a command interpreter and may be written with
one of five command modes to enable various read, program and
erase cycles as detailed in Table XIII.

Table XIII. ECON-Flash/EE Memory Control Register
Command Modes

Command
Byte Command Mode
01H READ COMMAND

Results in four bytes being read into EDATA1-4
from memory page address contained in EADRL.
02H PROGRAM COMMAND

Results in four bytes (EDATA1-4) being written
to memory page address in EADRL. This write
command assumes the designated “write” page has
been pre-erased.

03H RESERVED FOR INTERNAL USE
03H should not be written to the ECON SFR.
04H VERIFY COMMAND

Allows the user to verify if data in EDATA1-4 is
contained in page address designated by EADRL.
A subsequent read of the ECON SFR will result
in a “zero” being read if the verification 1s valid;

a nonzero value will be read to indicate an invalid

verification,

05H ERASE COMMAND
Results in an erase of the 4-byte page designated
in EADRL.

06H ERASE-ALL COMMAND

Results in erase of the full Flash/EE Data memory
160-page (640 bytes) array.

07H to FFH| RESERVED COMMANDS
Commands reserved for future use.
Flash/EE Memory Timing

The typical program/erase times for the Flash/EE Data Memory are:

Erase Full Array (640 Bytes) — 2 ms

Erase Single Page (4 Bytes) — 2 ms

Program Page (4 Bytes) — 250 ps

Read Page (4 Bytes) — Within Single Instruction Cycle

Using the Flash/EE Memory Interface

As with all Flash/EE memory architectures, the array can be pro-
grammed in-system at a byte level, although it must be erased
first; the erasure being performed in page blocks (4-byte pages
in this case).

A typical access to the Flash/EE Data array will involve setting
up the page address to be accessed in the EADRL SFR, config-
uring the EDATA1-4 with data to be programmed to the array
(the EDATA SFRs will not be written for read accesses) and
finally, writing the ECON command word which initiates one
of the six modes shown in Table XIII.
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It should be noted that a given mode of operation is initiated as
soon as the command word is written to the ECON SFR. The
core microcontroller operation on the ADuC824 is idled until the
requested Program/Read or Erase mode is completed.

In practice, this means that even though the Flash/EE memory
mode of operation is typically initiated with a two-machine cycle
MOV instruction (to write to the ECON SFR), the next instruc-
tion will not be executed until the Flash/EE operation is complete
(250 ps or 2 ms later). This means that the core will not respond
to Interrupt requests until the Flash/EE operation is complete,
although the core peripheral functions like Counter/Timers will
continue to count and time as configured throughout this period.

Erase-All

Although the 640-byte User Flash/EE array is shipped from the
factory pre-erased, i.e., Byte locations set to FFH, it is nonethe-
less good programming practice to include an erase-all routine as
part of any configuration/setup code running on the ADuC824.
An “ERASE-ALL” command consists of writing “06H” to the
ECON SFR, which initiates an erase of all 640 byte locations in
the Flash/EE array. This command coded in 8051 assembly would
appear as:

MOV ECON, #06H ; Erase all Command
; 2ms Duration

Program a Byte

In general terms, a byte in the Flash/EE array can only be pro-
grammed if it has previously been erased. To be more specific,
a byte can only be programmed if it already holds the value FFH.
Because of the Flash/EE architecture, this erasure must happen
at a page level; therefore, a minimum of four bytes (1 page) will
be erased when an erase command is initiated.

A more specific example of the Program-Byte process is shown
below. In this example the user writes F3H into the second
byte on Page 03H of the Flash/EE Data Memory space while
preserving the other three bytes already in this page. As the user
is only required to modify one of the page bytes, the full page must
be first read so that this page can then be erased without the exist-
ing data being lost.

This example, coded in 8051 assembly, would appear as:

MOV EADRL, #03H ; Set Page Address Pointer

MOV ECON, #01H ; Read Page

MOV EDATA2,#0F3H ; Write New Byte

MOV ECON, #05H ; Erase Page

MOV ECON, #03H ; Write Page (Program Flash/EE)
REV. B
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USER INTERFACE TO OTHER ON-CHIP ADuC824
PERIPHERALS

The following section gives a brief overview of the various peripher-
als also available on-chip. A summary of the SFRs used to control
and configure these peripherals is also given.

DAC
The ADuC824 incorporates a 12-bit, voltage output DAC on-chip.
It has a rail-to-rail voltage output buffer capable of driving

10 k€/100 pF. It has two selectable ranges, 0 V to Vpgp (the inter-
nal bandgap 2.5 V reference) and 0 V to AVpp. It can operate in
12-bit or 8-bit mode. The DAC has a control register, DACCON,
and two data registers, DACH/L.. The DAC output can be
programmed to appear at Pin 3 or Pin 12. It should be noted
that in 12-bit mode, the DAC voltage output will be updated as
soon as the DACL data SER has been written; therefore, the DAC
data register should be updated as DACH first followed by DACL.

DACCON DAC Control Register
SFR Address FDH
Power-On Default Value 00H
Bit Addressable No
—_ —_ —_ DACPIN DACS DACRN DACCLR DACEN
Table XVI. DACCON SFR Bit Designations
Bit Name Description
7 — Reserved for Future Use
6 — Reserved for Future Use
5 — Reserved for Future Use
4 DACPIN DAC Output Pin Select
Set by user to direct the DAC output to Pin 12 (P1.7/AIN4/DAC).
Cleared by user to direct the DAC output to Pin 3 (P1.2/DAC/AEXC1).
3 DACS DAC 8-Bit Mode Bit
Set by user to enable 8-bit DAC operation. In this mode the 8-bits in DACL SER are routed to the
8 MSBs of the DAC and the 4 LSBs of the DAC are set to zero.
Cleared by user to operate the DAC in its normal 12-bit mode of operation.
2 DACRN DAC Output Range Bit
Set by user to configure DAC range of 0 -AVpp.
Cleared by user to configure DAC range 0 - 2.5 V.
1 DACCLR DAC Clear Bit
Set to ‘17 by user to enable normal DAC operation.
Cleared to ‘0’ by used to reset DAC data registers DACI/H to zero.
0 DACEN DAC Enable Bit
Set to ‘17 by user to enable normal DAC operation.
Cleared to 0’ by used to power-down the DAC.
DACH/L DAC Data Register
Function DAC Data Registers, written by user to update the DAC output.
SEFR Address DACL (DAC Data Low Byte) —>FBH
DACH (DAC Data High Byte) >FCH
Power-On Default Value 00H —>Both Registers
Bit Addressable No —>Both Registers

The 12-bit DAC data should be written into DACH/L right-justified such that DACL contains the lower eight bits, and the lower

nibble of DACH contains the upper four bits.
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ON-CHIP PLL
The ADuC824 is intended for use with a 32.768 kHz watch crys- 8 or 1.572864 MHz. The ADC clocks are also derived from the
tal. A PLL locks onto a multiple (384) of this to provide a stable PLL clock, with the modulator rate being the same as the crystal

required. The default core clock is the PLL clock divided by

12.582912 MHz clock for the system. The core can operate at oscillator frequency. The above choice of frequencies ensures
this frequency or at binary submultiples of it to allow power that the modulators and the core will be synchronous, regardless
saving in cases where maximum core performance is not of the core clock rate. The PLL control register is PLLCON.
PLLCON PLL Control Register
SEFR Address D7TH
Power-On Default Value 03H
Bit Addressable No
OSC_PD LOCK —_ LTEA FINT cD2 CD1 CDo
Table XV. PLLCON SFR Bit Designations
Bit Name Description
7 OSC_PD Oscillator Power-down Bit
Set by user to halt the 32 kHz oscillator in power-down mode.
Cleared by user to enable the 32 kHz oscillator in power-down mode.
This feature allows the TIC to continue counting even in power-down mode.
6 LOCK PLL Lock Bit
This is a read only bit.
Set automatically at power-on to indicate the PLL loop is correctly tracking the crystal clock. If the
external crystal becomes subsequently disconnected the PLL will rail and the core will halt.
Cleared automatically at power-on to indicate the PLL is not correctly tracking the crystal clock.
This may be due to the absence of a crystal clock or an external crystal at power-on. In this mode,
the PLL output can be 12.58 MHz + 20%.
5 — Reserved for future use; should be written with ‘0.’
4 LTEA Reading this bit returns the state of the external EA pin latched at reset or power-on.
3 FINT Fast Interrupt Response Bit
Set by user enabling the response to any interrupt to be executed at the fastest core clock frequency,
regardless of the configuration of the CD2-0 bits (see below). Once user code has returned from an
interrupt, the core resumes code execution at the core clock selected by the CD2-0 bits.
Cleared by user to disable the fast interrupt response feature.
2 CD2 CPU (Core Clock) Divider Bits
1 CDI This number determines the frequency at which the microcontroller core will operate.
0 CDo CD2 CD1 CDo Core Clock Frequency (MHz)
0 0 0 12.582912
0 0 1 6.291456
0 1 0 3.145728
0 1 1 1.572864 (Default Core Clock Frequency)
1 0 0 0.786432
1 0 1 0.393216
1 1 0 0.196608
1 1 1 0.098304
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TIME INTERVAL COUNTER (TIC)

A time interval counter 1s provided on-chip for counting longer
intervals than the standard 8051-compatible timers are capable
of. The TIC is capable of timeout intervals ranging from 1/128th
second to 255 hours. Furthermore, this counter is clocked by
the crystal oscillator rather than the PLL and thus has the
ability to remain active in power-down mode and time long
power-down intervals. This has obvious applications for remote
battery-powered sensors where regular widely spaced readings
are required.

Six SFRs are associated with the time interval counter, TIMECON
being its control register. Depending on the configuration of the
IT0 and I'T1 bits in TIMECON, the selected time counter register

TCEN 32.768kHz EXTERNAL CRYSTAL

8-BIT
PRESCALER

overflow will clock the interval counter. When this counter is equal
to the time interval value loaded in the INTVAL SER, the TII
bit (TIMECON.2) is set and generates an interrupt if enabled
(See IEIP2 SFR description under Interrupt System later in this
data sheet.) If the ADuC824 is in power-down mode, again
with TIC interrupt enabled, the TII bit will wake up the device
and resume code execution by vectoring directly to the TIC
interrupt service vector address at 0053 hex. The TIC-related
SFRs are described in Table XVI. Note also that the timebase
SFRs can be written initially with the current time, the TIC can
then be controlled and accessed by user software. In effect, this
facilitates the implementation of a real-time clock. A block
diagram of the TIC is shown in Figure 32.

HUNDREDTHS COUNTER
HTHSEC

| INTERVAL

TIMEBASE
SECOND COUNTER P
SEC

TIEN

MINUTE COUNTER
MIN

HOUR COUNTER
HOUR

INTERVAL TIMEOUT
TIME INTERVAL COUNTER
INTERRUPT

8-BIT
INTERVAL COUNTER
COMPARE
COUNT =INTVAL?
TIME INTERVAL
INTVAL

Figure 32. TIC, Simplified Block Diagram
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TIMECON TIC Control Register
SFR Address AIH
Power-On Default Value 00H
Bit Addressable No
—_ —_ ITS1 ITSO STI TII TIEN ICEN

Table XVI. TIMECON SFR Bit Designations

Bit Name Description
7 — Reserved for Future Use
6 - Reserved for Future Use. For future product code compatibility this bit should be written as a *1.”
5 ITS1 Interval Timebase Selection Bits.
4 ITS0 Written by user to determine the interval counter update rate.
ITS1 ITSo Interval Timebase
0 0 1/128 Second
0 1 Seconds
1 0 Minutes
1 1 Hours
3 STI Single Time Interval Bit

Set by user to generate a single interval timeout. If set, a imeout will clear the TIEN bit.
Cleared by user to allow the interval counter to be automatically reloaded and start counting again at
each interval timeout.

2 TII TIC Interrupt Bit

Set when the 8-bit Interval Counter matches the value in the INTVAL SFR.

Cleared by user software.

1 TIEN Time Interval Enable Bit

Set by user to enable the 8-bit time interval counter.

Cleared by user to disable and clear the contents of the interval counter.

0 TCEN Time Clock Enable Bit

Set by user to enable the time clock to the time interval counters.

Cleared by user to disable the clock to the time interval counters and clear the time interval SFRs.
The time registers (HTHSEC, SEC, MIN and HOUR) can be written while TCEN is low.

—44— REV. B



ADuC824

INTVAL
Function

SFR Address

Power-On Default Value
Bit Addressable

Valid Value

HTHSEC
Function

SFR Address

Power-On Default Value
Bit Addressable

Valid Value

SEC
Function

SFR Address

Power-On Default Value
Bit Addressable

Valid Value

MIN
Function

SFR Address

Power-On Default Value
Bit Addressable

Valid Value

HOUR
Function

SFR Address

Power-On Default Value
Bit Addressable

Valid Value

REV. B

User Time Interval Select Register

User code writes the required time interval to this register. When the 8-bit interval counter is equal
to the time interval value loaded in the INTVAL SFR, the TII bit (TIMECON.2) bit is set and
generates an interrupt if enabled. (See IEIP2 SFR description under Interrupt System later in this
data sheet.)

A6H

00H

No

0 to 255 decimal

Hundredths Seconds Time Register

This register is incremented in (1/128) second intervals once TCEN in TIMECON is active. The
HTHSEC SER counts from 0 to 127 before rolling over to increment the SEC time register.
A2H

00H

No

0 to 127 decimal

Seconds Time Register

This register 1s incremented in 1 second intervals once TCEN in TIMECON is active. The SEC
SER counts from 0 to 59 before rolling over to increment the MIN time register.

A3H

00H

No

0 to 59 decimal

Minutes Time Register

This register is incremented in 1 minute intervals once TCEN in TIMECON is active. The MIN
counts from 0 to 59 before rolling over to increment the HOUR tme register.

A4H

00H

No

0 to 59 decimal

Hours Time Register

This register is incremented in 1 hour intervals once TCEN in TIMECON is active. The HOUR
SFER counts from 0 to 23 before rolling over to 0.

A5H

00H

No

0 to 23 decimal
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WATCHDOG TIMER

The purpose of the watchdog timer is to generate a device reset or
interrupt within a reasonable amount of time if the ADuC824
enters an erroneous state, possibly due to a programming error,
electrical noise, or RFIL. The Watchdog function can be disabled by
clearing the WDE (Watchdog Enable) bit in the Watchdog Control
(WDCON) SFR. When enabled; the watchdog circuit will generate
a system reset or interrupt (WDS) if the user program fails to set
the watchdog (WDE) bit within a predetermined amount of time

(see PRE3-0 bits in WDCON). The watchdog timer itself is a
16-bit counter that is clocked at 32.768 kHz. The watchdog
time-out interval can be adjusted via the PRE3-0 bits in WDCON.
Full Control and Status of the watchdog timer function can be
controlled via the watchdog timer control SER (WDCON). The
WDCON SFR can only be written by user software if the double

write sequence described in WDWR below 1s initiated on every

write access to the WDCON SFR.

WDCON Watchdog Timer Control Register
SFR Address COH
Power-On Default Value 10H
Bit Addressable Yes
PRE3 PRE2 PRE1 PRE0 WDIR WDS WDE WDWR
Table XVII. WDCON SFR Bit Designations
Bit Name Description
7 PRE3 Watchdog Timer Prescale Bits
i} PRE2 The Watchdog timeout period is given by the equation: typ = (2 PRE s (2%/fp1 1))
5 PRE1 (0 <PRE < 7; fpr ;. = 32.768 kHz)
4 PRED PRE3 PRE2 PREI PREOTimout Period (ms) Action
0 0 0 0 15.6 Reset or Interrupt
0 0 0 1 31.2 Reset or Interrupt
0 0 1 0 62.5 Reset or Interrupt
0 0 1 1 125 Reset or Interrupt
0 1 0 0 250 Reset or Interrupt
0 1 0 1 500 Reset or Interrupt
0 1 1 0 1000 Reset or Interrupt
0 1 1 1 2000 Reset or Interrupt
1 0 0 0 0.0 Immediate Reset
PRE3-0 > 1001 Reserved
3 WDIR Watchdog Interrupt Response Enable Bit
If this bit is set by the user, the watchdog will generate an interrupt response instead of a system
reset when the watchdog timeout period has expired. This interrupt is not disabled by the CLR
EA instruction and it is also a fixed, high-priority interrupt. If the watchdog is not being used to
monitor the system, it can alternatively be used as a timer. The prescaler is used to set the timeout
period in which an interrupt will be generated. (See also Note 1, Table XXXIV in the Interrupt
System section.)
2 WDS Watchdog Status Bit
Set by the Watchdog Controller to indicate that a watchdog timeout has occurred.
Cleared by writing a ‘0’ or by an external hardware reset. It is not cleared by a watchdog reset.
1 WDE Watchdog Enable Bit
Set by user to enable the watchdog and clear its counters. If this bit is not set by the user within
the watchdog timeout period, the watchdog will generate a reset or interrupt, depending on WDIR.
Cleared under the following conditions, User writes ‘0,” Watchdog Reset (WDIR = “0°); Hardware
Reset; PSM Interrupt.
0 WDWR Watchdog Write Enable Bit
To write data into the WDCON SER involves a double instruction sequence. The WDWR bit must
be set and the very next instruction must be a write instruction to the WDCON SFR.
e.g., CLR EA i disable interrupts while writing
to WDT
SETB WDWR j allow write to WDCON
MOV WDCON, #72h ; enable WDT for 2.0s timeout
SET B EA ; enable interrupts again (if rgd)
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POWER SUPPLY MONITOR

As its name suggests, the Power Supply Monitor, once enabled,
monitors both supplies (AVDD or DVDD) on the ADuC824. It
will indicate when any of the supply pins drop below one of
four user-selectable voltage trip points from 2.63 V to 4.63 V.
For correct operation of the Power Supply Monitor function,

AVpp must be equal to or greater than 2.7 V. Monitor function

is controlled via the PSMCON SFR. If enabled via the IEIP2

SER, the monitor will interrupt the core using the PSMI bit in the

PSMCON SER. This bit will not be cleared until the failing
power supply has returned above the trip point for at least
250 ms. This monitor function allows the user to save working
registers to avoid possible data loss due to the low supply condi-
tion, and also ensures that normal code execution will not
resume until a safe supply level has been well established. The
supply monitor is also protected against spurious glitches trig-
gering the interrupt circuit.

PSMCON Power Supply Monitor Control Register

SFR Address DFH

Power-On Default Value DEH

Bit Addressable No

CMPD CMPA PSMI TPD1 TPDO TPA1 TPAO PSMEN
Table XVIII. PSMCON SFR Bit Designations

Bit Name Description

7 CMPD DVDD Comparator Bit
This 1s a read-only bit and directly reflects the state of the DVDD comparator.
Read ‘1”7 indicates the DVDD supply is above its selected trip point.
Read ‘0’ indicates the DVDD supply 1s below its selected trip point.

6 CMPA AVDD Comparator Bit
This is a read-only bit and directly reflects the state of the AVDD comparator.
Read ‘17 indicates the AVDD supply 1s above 1ts selected trip point.
Read ‘0’ indicates the AVDD supply is below its selected trip point.

5 PSMI Power Supply Monitor Interrupt Bit
This bit will be set high by the MicroConverter if either CMPA or CMPD are low, indicating
low analog or digital supply. The PSMI bit can be used to interrupt the processor. Once CMPD
and/or CMPA return (and remain) high, a 250 ms counter is started. When this counter times
out, the PSMI interrupt is cleared. PSMI can also be written by the user. However, if either com-
parator output is low, it is not possible for the user to clear PSMI.

4 TPDI1 DVDD Trip Point Selection Bits

3 TPDO These bits select the DVDD trip-point voltage as follows:
TPDI1 TPDo Selected DVDD Trip Point (V)
0 0 4.63
0 1 3.08
1 0 2.93
1 1 2.63

TPAL AVDD Trip Point Selection Bits

1 TPAOD These bits select the AVDD trip-point voltage as follows:
TPA1 TPAO Selected AVDD Trip Point (V)
0 0 4.63
0 1 3.08
1 0 2.93
1 1 2.63

0 PSMEN Power Supply Monitor Enable Bit
Set to ‘1° by the user to enable the Power Supply Monitor Circuit.
Cleared to ‘0’ by the user to disable the Power Supply Monitor Circuit.
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SERIAL PERIPHERAL INTERFACE

The ADuC824 integrates a complete hardware Serial Peripheral
Interface (SPI) interface on-chip. SPI is an industry standard syn-
chronous serial interface that allows eight bits of data to be
synchronously transmitted and received simultaneously, i.e., full
duplex. It should be noted that the SPI physical interface is shared
with the I°C interface and therefore the user can only enable one
or the other interface at any given time (see SPE in SPICON
below). The system can be configured for Master or Slave operation
and typically consists of four pins, namely:

MISO (Master In, Slave Out Data I/O Pin), Pin#14

The MISO (master in slave out) pin is configured as an input line
in master mode and an output line in slave mode. The MISO
line on the master (data in) should be connected to the MISO
line in the slave device (data out). The data is transferred as
byte wide (8-bit) serial data, MSB first.

MOSI (Master Out, Slave In Pin), Pin#27

The MOSI (master out slave in) pin is configured as an output line
in master mode and an input line in slave mode. The MOSI
line on the master (data out) should be connected to the MOSI
line in the slave device (data in). The data is transferred as byte
wide (8-bit) serial data, MSB first.

SCLOCK (Serial Clock I/O Pin), Pin#26
The master clock (SCLOCK) 1s used to synchronize the data
being transmitted and received through the MOSI and MISO data

lines. A single data bit is transmitted and received in each SCLOCK
period. Therefore, a byte is transmitted/received after eight
SCLOCK periods. The SCLOCK pin is configured as an output
in master mode and as an input in slave mode. In master mode
the bit-rate, polarity and phase of the clock are controlled by
the CPOL, CPHA, SPRO and SPR1 bits in the SPICON SFR
(see Table XIX). In slave mode the SPICON register will have
to be configured with the phase and polarity (CPHA and CPOL)
of the expected input clock. In both master and slave mode
the data 1s transmitted on one edge of the SCLOCK signal and
sampled on the other. It is important therefore that the CPHA
and CPOL are configured the same for the master and slave devices,

SS (Slave Select Input Pin), Pin#13

The Slave Select (SS) input pin is only used when the ADuC824
is configured in slave mode to enable the SPI peripheral. This line
is active low. Data is only received or transmitted in slave mode
when the SS pin is low, allowing the ADuC824 to be used in single
master, multislave SPI configurations. If CPHA = | then the SS
input may be permanently pulled low. With CPHA = 0 then the
SS input must be driven low before the first bit in a byte wide
transmission or reception and return high again after the last bit
in that byte wide transmission or reception. In SPI Slave Mode,
the logic level on the external SS pin (Pin# 13), can be read
via the SPRO bit in the SPICON SFR.

The following SFR registers are used to control the SPI interface.

SPICON SPI Control Register
SFR Address F8H
Power-On Default Value 04H
Bit Addressable Yes
ISPl WCOL SPE SPIM CPOL CPHA SPR1 SPRO
Table XIX. SPICON SFR Bit Designations
Bit Name Description
7 ISPI SPI Interrupt Bit
Set by MicroConverter at the end of each SPI transfer.
Cleared directly by user code or indirectly by reading the SPIDAT SFR.
6 WCOL Write Collision Error Bit
Set by MicroConverter if SPIDAT is written to while an SPI transfer is in progress.
Cleared by user code.
5 SPE SPI Interface Enable Bit
Set by user to enable the SPI interface.
Cleared by user to enable the I’C interface.
4 SPIM SPI Master/Slave Mode Select Bit
Set by user to enable Master Mode operation (SCLOCK is an output).
Cleared by user to enable Slave Mode operation (SCLLOCK is an input).
3 CPOL* Clock Polarity Select Bit
Set by user if SCLOCK idles high.
Cleared by user if SCLOCK idles low.
2 CPHA* Clock Phase Select Bit
Ser by user if leading SCLOCK edge is to transmit data.
Cleared by user if trailing SCLOCK edge is to transmit data.
1 SPR1 SPI Bit-Rate Select Bits
0 SPRO These bits select the SCLOCK rate (bit-rate) in Master Mode as follows:
SPR1  SPRO  Selected Bit Rate SPR1  SPRO  Selected Bit Rate
0 0 foorn2 0 fsony8
0 1 feore/4 1 feorg/16
In SPI Slave Mode, i.e., SPIM = 0, the logic level on the external SS pin (Pin# 13), can be read via the SPRO bit.

*Bits should contain the same values for master and slave devices.

48—

REV. B



ADuC824

The SPIDATT SER is written by the user to transmit data over the SPI interface or read by user

code to read data just received by the SPI interface.

SPIDAT SPI Data Register
Function

SFR Address F7H

Power-On Default Value 00H

Bit Addressable No

Using the SPI Interface

Depending on the configuration of the bits in the SPICON SFR
shown in Table XIX, the ADuC824 SPI interface will transmit
or receive data in a number of possible modes. Figure 33 shows
all possible ADuC824 SPI configurations and the timing rela-
tionships and synchronization between the signals involved.
Also shown in this figure is the SPI interrupt bit (ISPI) and how
it is triggered at the end of each byte-wide communication.

SCLOCK
{CPOL =1) | | ’ | | ’ | ’ ’ I ’ I|
I ]
SCLOCK
CPOL = 0) — b
¢ Y
) T T O T R S S R R R SRR
- ME %% %13 % |
SAMPLE INPUT
DATA OUTPUT ?lmse] it s]BiTs] B 4] BT s]BiT 2] BIT 1] LSB)
(CPHA=1)
RN NERERRRRI
gt | ] | | | ] I ] I .I
| TP L1

- ISP1 FLAG

-— |- —

SAMPLE INPUT
DATA OUTPUT —msBlBIT 6 | BIT SI BIT 4]BIT 3]BIT 2] BIT 1] LSB

(CPHA = 0)

— ISP1 FLAG

Figure 33. SPI Timing, All Modes
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SPI Interface—Master Mode

In master mode, the SCLOCK pin is always an output and gener-
ates a burst of eight clocks whenever user code writes to the
SPIDAT register. The SCLOCK bit rate is determined by
SPRO and SPR1 in SPICON. It should also be noted that the
SS pin is not used in master mode. If the ADuC824 needs to
assert the SS pin on an external slave device, a Port digital output
pin should be used.

In master mode a byte transmission or reception is initiated

by a write to SPIDAT. Eight clock periods are generated via the
SCLOCK pin and the SPIDAT byte being transmitted via MOSI.

With each SCLOCK period a data bit is also sampled via MISO.
After eight clocks, the transmitted byte will have been completely
transmitted and the input byte will be waiting in the input shift
register. The ISPI flag will be set automatically and an interrupt
will occur if enabled. The value in the shift register will be latched

into SPIDAT.

SPI Interface—Slave Mode .
In slave mode the SCLOCK is an input. The SS pin must
also be driven low externally during the byte communication.

Transmission is also initiated by a write to SPIDAT. In slave
mode, a data bit is transmitted via MISO and a data bit is received
via MOSI through each input SCLOCK period. After eight clocks,
the transmitted byte will have been completely transmitted and the
input byte will be waiting in the input shift register. The ISPI flag
will be set automatically and an interrupt will occur if enabled.
The value in the shift register will be latched nto SPIDAT only
when the transmission/reception of a byte has been completed.
The end of transmission occurs after the eighth clock has been
received, if CPHA = 1 or when S8 returns high if CPHA = 0.
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I’C-COMPATIBLE INTERFACE

The ADuC824 supports a 2-wire serial interface mode which is
I°C compatible. The I?°C-compatible interface shares its pins
with the on-chip SPI interface and therefore the user can only
enable one or the other interface at any given time (see SPE in

SDATA (P 27)
SCLOCK (Pin 26)

SPICON previously). An Application Note describing the
operation of this interface as implemented is available from
the MicroConverter Website at www.analog.com/microconverter.
This interface can be configured as a Software Master or Hard-
ware Slave, and uses two pins in the interface.

Serial Data IO Pin
Serial Clock

Three SFRs are used to control the I*C-compatible interface. These are described below:

I2CCON I’C Control Register
SFR Address EsH
Power-On Default Value 00H
Bit Addressable Yes
MDO MDE MCO MDI I2CM I2CRS 12CTX 12CI
Table XX. I2CCON SFR Bit Designations
Bit Name Description
7 MDO I°C Software Master Data Output Bit (MASTER MODE ONLY)
This data bit is used to implement a master I’C transmitter interface in software. Data written to this
bit will be outputted on the SDATA pin if the data output enable (MDE) bit is set.
i} MDE I°C Software Master Data Output Enable Bit (MASTER MODE ONLY)
Set by user to enable the SDATA pin as an output (Tx).
Cleared by the user to enable SDATA pin as an input (Rx).
5 MCO I°C Software Master Clock Output Bit (MASTER MODE ONLY)
This data bit is used to implement a master I°C transmitter interface in software. Data written to
this bit will be outputted on the SCLOCK pin.
4 MDI I°C Software Master Data Input Bit (MASTER MODE ONLY)
This data bit is used to implement a master I°C receiver interface in software. Data on the SDATA
pin is latched into this bit on SCLOCK if the Data Output Enable (MDE) bit is ‘0.’
3 [2CM I*’C Master/Slave Mode Bit
Set by user to enable I°C software master mode.
Cleared by user to enable I°C hardware slave mode.
2 I2CRS I°C Reset Bit (SLAVE MODE ONLY)
Set by user to reset the I°C interface.
Cleared by user code for normal I°C operation.
1 [2CTX I°C Direction Transfer Bit (SLAVE MODE ONLY)
Set by the MicroConverter if the interface is transmitting.
Cleared by the MicroConverter if the interface is receiving.
0 12CI I°C Interrupt Bit (SLAVE MODE ONLY)
Set by the MicroConverter after a byte has been transmitted or received.
Cleared automatically when user code reads the [2CDAT SER (see [2CDAT below).
12CADD I’C Address Register I2CDAT I2C Data Register
Function Holds the I°C peripheral address for Function The I2CDAT SER is written by the
the part. It may be overwritten by user to transmit data over the I°C
user code. Technical Note uC001 at mterface or read by user code to read
www.analog.com/microconverter data just received by the I°C interface
describes the format of the I°C stan- Accessing [2CDAT automatically
dard 7-bit address in detail. clears any pending I’C interrupt and
SFR Address 9BH the I12CI bit in the 2CCON SFR.
Power-On Default Value 55H User software should only access
Bit Addressable No I2CDAT once per interrupt cycle.
SFR Address 9AH

Power-On Default Value
Bit Addressable
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8051-COMPATIBLE ON-CHIP PERIPHERALS

This section gives a brief overview of the various secondary periph-
eral circuits are also available to the user on-chip. These remaining
functions are fully 805 1-compatible and are controlled via standard
8051 SFR bit definitions.

Parallel I/O Ports 0-3

The ADuC824 uses four input/output ports to exchange data with
external devices. In addition to performing general-purpose I/O,
some ports are capable of external memory operations; others are
multiplexed with an alternate function for the peripheral features
on the device. In general, when a peripheral is enabled, that pin
may not be used as a general purpose I/O pin.

Port 0 is an 8-bit open drain bidirectional I/O port that is directly
controlled via the Port 0 SFR (SFR address = 80 hex). Port 0
pins that have s written to them via the Port 0 SFR will be
configured as open drain and will therefore float. In that state,
Port 0 pins can be used as high impedance inputs. An external
pull-up resistor will be required on Port 0 outputs to force a
valid logic high level externally. Port 0 is also the multiplexed
low-order address and data bus during accesses to external pro-
gram or data memory. In this application it uses strong internal
pull-ups when emitting 1s.

Port 1 is also an 8-bit port directly controlled via the P1 SFR
(SFR address = 90 hex). The Port 1 pins are divided into two
distinct pin groupings.

P1.0 and P1.1 pins on Port 1 are bidirectional digital I/O pins with
internal pull-ups. If P1.0 and P1.1 have 1s written to them via the
P1 SER, these pins are pulled high by the internal pull-up resis-
tors. In this state they can also be used as inputs; as input pins
being externally pulled low, they will source current because of
the internal pull-ups. With 0s written to them, both these pins
will drive a logic low output voltage (VOL) and will be capable of
sinking 10 mA compared to the standard 1.6 mA sink capa-
bility on the other port pins. These pins also have various
secondary functions described in Table XXI.

Table XXI. Port 1, Alternate Pin Functions

Pin Alternate Function

P1.0 T2 (Timer/Counter 2 External Input)
P1.1 T2EX (Timer/Counter 2 Capture/Reload Trigger)

The remaining Port 1 pins (P1.2-P1.7) can only be configured
as Analog Input (ADC), Analog Output (DAC) or Digital Input
pins. By (power-on) default these pins are configured as Analog
Inputs, 1.e., ‘1’ written in the corresponding Port 1 register bit,
To configure any of these pins as digital inputs, the user should
write a ‘0’ to these port bits to configure the corresponding pin
as a high impedance digital input.

Port 2 is a bidirectional port with internal pull-up resistors directly
controlled via the P2 SFR (SER address = A0 hex). Port 2 pins
that have 1s written to them are pulled high by the internal pull-up
resistors and, in that state, they can be used as inputs. As inputs,
Port 2 pins being pulled externally low will source current because
of the internal pull-up resistors. Port 2 emits the high order
address bytes during fetches from external program memory
and middle and high order address bytes during accesses to the
24-bit external data memory space.
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Port 3 is a bidirectional port with internal pull-ups directly
controlled via the P2 SFR (SFR address = B0 hex). Port 3 pins
that have 1s written to them are pulled high by the internal pull-ups
and in that state they can be used as inputs. As inputs, Port 3
pins being pulled externally low will source current because of the
internal pull-ups. Port 3 pins also have various secondary func-
tions described in Table XXII.

Table XXII. Port 3, Alternate Pin Functions

Pin Alternate Function

P3.0 RXD (UART Input Pin)
(or Serial Data I/O in Mode 0)

P35.] TXD (UART Output Pin)

(or Serial Clock Output in Mode 0)
P52 INTO (External Interrupt 0)
P33 INT1 (External Interrupt 1)

P3.4 T0 (Timer/Counter 0 External Input)
B35 T1 (Timer/Counter 1 External Input)
P3.6 WR (External Data Memory Write Strobe)
P3.7 RD (External Data Memory Read Strobe)

The alternate functions of P1.0, P1.1, and Port 3 pins can only be
activated if the corresponding bit latch in the P1 and P3 SFRs
contains a 1. Otherwise, the port pin is stuck at 0.

Timers/Counters

The ADuC824 has three 16-bit Timer/Counters: Timer 0,
Timer 1, and Timer 2. The Timer/Counter hardware has been
included on-chip to relieve the processor core of the overhead
inherent in implementing timer/counter functionality in soft-
ware. Each Timer/Counter consists of two 8-bit registers THx and
TLx (x =0, 1, and 2). All three can be configured to operate
either as timers or event counters.

In “Timer’ function, the TLx register is incremented every machine
cycle. Thus one can think of it as counting machine cycles. Since a

machine cycle consists of 12 core clock periods, the maximum

count rate is 1/12 of the core clock frequency.

In ‘Counter’ function, the TLx register is incremented by a 1-to-0
transition at its corresponding external input pin, T0, T1, or T2.

In this function, the external input is sampled during S5P2 of
every machine cycle. When the samples show a high in one cycle
and a low in the next cycle, the count is incremented. The new
count value appears in the register during S3P1 of the cycle follow-
ing the one in which the transition was detected. Since it takes two

machine cycles (24 core clock periods) to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the core clock frequency.
There are no restrictions on the duty cycle of the external input
signal, but to ensure that a given level is sampled at least once
before it changes, it must be held for a minimum of one full machine
cycle. Remember that the core clock frequency is programmed
via the CD0-2 selection bits in the PLLLCON SFR.
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User configuration and control of all Timer operating modes is achieved via three SFRs namely:

TMOD, TCON:
T2CON:

TMOD

SEFR Address

Power-On Default Value
Bit Addressable

Control and configuration for Timers 0 and 1.
Control and configuration for Timer 2.

Timer/Counter 0 and 1 Mode Register
89H

00H

No

Gate

M1 MO Gate CIT M1 MO

Table XXIII. TMOD SFR Bit Designations

Bit

Name

Description

Gate

M1
Mo

Gate

M1
Mo

Timer 1 Gating Control

Set by software to enable timer/counter 1 only while INT1 pin is high and TRI control bit is set.

Cleared by software to enable timer 1 whenever TR1 control bit is set.

Timer 1 Timer or Counter Select Bit

Set by software to select counter operation (input from T'1 pin).

Cleared by software to select timer operation (input from internal system clock).

Timer 1 Mode Select Bit 1 (Used with MO Bit)

Timer 1 Mode Select Bit 0

M1 Mo

0 0 THI operates as an 8-bit timer/counter. TL1 serves as 5-bit prescaler.

0 1 16-Bit Timer/Counter. TH1 and TLI are cascaded; there is no prescaler.

1 0 8-Bit Auto-Reload Timer/Counter. TH1 holds a value which is to be
reloaded into TL1 each time it overflows.

1 1 Timer/Counter 1 Stopped.

Timer 0 Gating Control

Set by software to enable timer/counter 0 only while INTO pin is high and TR0 control bit is set.

Cleared by software to enable Timer 0 whenever TRO control bit is set.

Timer 0 Timer or Counter Select Bit

Set by software to select counter operation (input from T0 pin).

Cleared by software to select timer operation (input from internal system clock).

Timer 0 Mode Select Bit 1

Timer 0 Mode Select Bit 0

M1 Mo

0 0 THO operates as an 8-bit timer/counter. TLO serves as 5-bit prescaler.

0 1 16-Bit Timer/Counter. THO and TLO are cascaded; there is no prescaler.

l 0 8-Bit Auto-Reload Timer/Counter. THO holds a value which is to be
reloaded into TLO each time it overflows.

1 1 TLO is an 8-bit timer/counter controlled by the standard timer 0 control
bits. THO is an 8-bit timer only, controlled by Timer 1 control bits.
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TCON Timer/Counter 0 and 1 Control Register
SFR Address 88H
Power-On Default Value 00H
Bit Addressable Yes
TF1 TR1 TFo TRO IE1* IT1* IE0* ITO*

*¥These bits are not used in the control of timer/counter 0 and 1, but are used instead in the control and monitoring of the external INTU and TNTT interrupt pins.

Table XXIV. TCON SFR Bit Designations

Description

TF1

TRI

TFo

TRO

IE1

IT1

IE0

ITO

Timer 1 Overflow Flag

Set by hardware on a timer/counter 1 overtlow.

Cleared by hardware when the Program Counter (PC) vectors to the interrupt service routine.
Timer 1 Run Control Bit

Set by user to turn on timer/counter 1.

Cleared by user to turn off timer/counter 1.

Timer 0 Overflow Flag

Set by hardware on a timer/counter 0 overflow,

Cleared by hardware when the PC vectors to the interrupt service routine.

Timer 0 Run Control Bit

Set by user to turn on timer/counter 0.

Cleared by user to turn off timer/counter 0.

External Interrupt 1 (INT1) Flag

Set by hardware by a falling edge or zero level being applied to external interrupt pin INT1, depending
on bit I'T'1 state.

Cleared by hardware when the when the PC vectors to the interrupt service routine only if the interrupt
was transition-activated. If level-activated, the external requesting source controls the request flag,
rather than the on-chip hardware.

External Interrupt 1 (IE1) Trigger Type

Ser by software to specify edge-sensitive detection (i.e., 1-to-0 transition).

Cleared by software to specify level-sensitive detection (i.e., zero level).

External Interrupt 0 (INTO) Flag

Set by hardware by a falling edge or zero level being applied to external interrupt pin INTO, depending
on bit I'TO state.

Cleared by hardware when the PC vectors to the interrupt service routine only if the interrupt was
transition-activated. If level-activated, the external requesting source controls the request flag,
rather than the on-chip hardware.

External Interrupt 0 (IE0) Trigger Type

Ser by software to specify edge-sensitive detection (i.e., 1-to-0 transition).

Cleared by software to specify level-sensitive detection (i.e., zero level).

Timer/Counter 0 and 1 Data Registers
Each timer consists of two 8-bit registers. These can be used as independent registers or combined to be a single 16-bit register
depending on the timer mode configuration.

THO and TLO

Timer 0 high byte and low byte.

SFR Address = 8Chex, 8Ahex respectively.

THI1 and TL1

Timer 1 high byte and low byte.

SFR Address = 8Dhex, 8Bhex respectively.

REV. B

53—




ADuC824

TIMER/COUNTER 0 AND 1 OPERATING MODES

The following paragraphs describe the operating modes for timer/
counters 0 and 1. Unless otherwise noted, assume that these
modes of operation are the same for timer 0 as for timer 1.

Mode 0 (13-Bit Timer/Counter)
Mode 0 configures an 8-bit timer/counter with a divide-by-32 pre-
scaler. Figure 34 shows mode 0 operation.

CORE :
CLK* - 12
cT=0
INTERRUPT
o TLO | THo
1T |=ers)|@Brg)[ ™ T [+
| CiT=1
P3.4/T0
CONTROL
TRo
GATE
P3.2/iNTO

*THE CORE CLOCK IS THE OUTPUT OF THE PLL AS DESCRIBED ON PAGE 42.

Figure 34. Timer/Counter 0, Mode 0

In this mode, the timer register is configured as a 13-bit register.
As the count rolls over from all 1s to all Os, it sets the timer overflow
flag TFO. The overflow flag, TFQ, can then be used to request an
interrupt. The counted input is enabled to the timer when TR0 = 1
and either Gate = 0 or INT0 = 1. Setting Gate = 1 allows the timer
to be controlled by external input INT0, to facilitate pulsewidth
measurements. TRO is a control bit in the special function regis-
ter TCON; Gate is in TMOD. The 13-bit register consists of all
eight bits of THO and the lower five bits of TLO. The upper three
bits of TLO are indeterminate and should be ignored. Setting the
run flag (TRO) does not clear the registers.

Mode 1 (16-Bit Timer/Counter)
Mode 1 is the same as Mode 0, except that the timer register is
running with all 16 bits. Mode 1 is shown in Figure 35,

CORE
GLK* > 12
cT=0
INTERRUPT
-t o | THo
T°T|esms)| @) O >
Cf=1 4
P3.4TO
CONTROL
TRO
GATE
P3.2/NTO

*THE CORE CLOCK IS THE QUTPUT OF THE PLL AS DESCRIBED ON PAGE 42.

Figure 35. Timer/Counter 0, Mode 1
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Mode 2 (8-Bit Timer/Counter with Auto Reload)

Mode 2 configures the timer register as an 8-bit counter (TL0)

with automatic reload, as shown in Figure 36. Overflow from TT1.0
not only sets TEQ, but also reloads TLO with the contents of THO,
which is preset by software. The reload leaves THO unchanged.

CORE
CLK* —» 12
cT=0
TLo INTERRUPT
—o-rc @BiTs) [ TR0 ——>
| cT=1 T
P3.4/TO
CONTROL
TRO
RELOAD
GATE THo
P3.2/iNTG (8 BITS)

*THE CORE CLOCK IS THE OUTPUT OF THE PLL AS DESCRIBED ON PAGE 42.
Figure 36. Timer/Counter 0, Mode 2

Mode 3 (Two 8-Bit Timer/Counters)

Mode 3 has different effects on timer 0 and timer 1. Timer 1 in
Mode 3 simply holds its count. The effect is the same as setting
TR1 = 0. Timer 0 in Mode 3 establishes TLO and THO as two
separate counters. This configuration is shown in Figure 37. TLO
uses the timer 0 control bits: C/T, Gate, TR0, INT0, and TFo0.
THO is locked into a timer function (counting machine cycles)
and takes over the use of TRI and TFI from timer 1. Thus, THO
now controls the “timer 1” interrupt. Mode 3 is provided for
applications requiring an extra 8-bit timer or counter.

When timer 0 is in Mode 3, timer 1 can be turned on and off by
switching it out of, and into, its own Mode 3, or can still be used by
the senial interface as a Baud Rate Generator. In fact, it can be used,
in any application not requiring an interrupt from timer 1 itself.

CORE
CLK*

CORE

CLKA2
CiT=0
no [ INTERRUPT
- ° (8 BITS) >
| CiT=1 i
P3.4/TO

TR CONTROL

GATE
P2.2/INTD

INTERRUPT
CORE THO
CLKA2 ":E @it T »
1
TR1 I contrROL

*THE CORE CLOCK IS THE OUTPUT OF THE PLL AS DESCRIBED ON PAGE 42.

Figure 37. Timer/Counter 0, Mode 3
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T2CON

SFR Address

Power-On Default Value
Bit Addressable

Timer/Counter 2 Control Register
CsH

00H

Yes

TE2

EXF2

RCLK TCLK EXEN2 TR2 CNT2 CAP2

Table XXV. T2CON SFR Bit Designations

Bit

Name

Description

TF2

EXF2

RCLK

TCLK

EXEN2

TR2

CNT?2

CAP2

Timer 2 Overflow Flag

Set by hardware on a Timer 2 overflow. TF2 will not be set when either RCLK or TCLK = 1.
Cleared by user software.

Timer 2 External Flag

Set by hardware when either a capture or reload is caused by a negative transition on T2EX and
EXEN2 = 1.

Cleared by user user software.

Receive Clock Enable Bit

Set by user to enable the serial port to use Timer 2 overflow pulses for its receive clock in serial
port Modes 1 and 3.

Cleared by user to enable Timer 1 overflow to be used for the receive clock.

Transmit Clock Enable Bit

Set by user to enable the serial port to use Timer 2 overflow pulses for its transmit clock in serial
port Modes 1 and 3.

Cleared by user to enable Timer 1 overflow to be used for the transmit clock.

Timer 2 External Enable Flag

Set by user to enable a capture or reload to occur as a result of a negative transition on T2EX if
Timer 2 is not being used to clock the serial port.

Cleared by user for Timer 2 to ignore events at T2EX.

Timer 2 Start/Stop Control Bit

Set by user to start Timer 2.

Cleared by user to stop Timer 2.

Timer 2 Timer or Counter Function Select Bit

Set by user to select counter function (input from external T2 pin).

Cleared by user to select timer function (input from on-chip core clock).

Timer 2 Capture/Reload Select Bit

Set by user to enable captures on negative transitions at T2EX if EXEN2 = 1.

Cleared by user to enable auto-reloads with Timer 2 overflows or negative transitions at T2EX
when EXEN2 = 1. When either RCLK = 1 or TCLK = 1, this bit is ignored and the timer is
forced to autoreload on Timer 2 overflow.

Timer/Counter 2 Data Registers

Timer/Counter 2 also has two pairs of 8-bit data registers associated with it. These are used as both timer data registers and timer
capture/reload registers.

TH2 and TL2

Timer 2, data high byte and low byte.
SER Address = CDhex, CChex respectively.
RCAP2H and RCAP2L

Timer 2, Capture/Reload byte and low byte.
SFR Address = CBhex, CAhex respectively.

REV. B
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Timer/Counter 2 Operating Modes

The following paragraphs describe the operating modes for timer/
counter 2. The operating modes are selected by bits in the T2CON
SER as shown in Table XXVI.

Table XXVI. TIMECON SFR Bit Designations

RCLK (or) TCLK | CAP2 TR2 MODE

0 0 1 16-Bit Autoreload
0 1 1 16-Bit Capture

1 X 1 Baud Rate

X X 0 OFF

16-Bit Autoreload Mode

In ‘Autoreload’ mode, there are two options, which are selected
by bit EXEN2 in T2CON. If EXEN2 = 0, then when Timer 2
rolls over it not only sets TF2 but also causes the Timer 2 registers
to be reloaded with the 16-bit value in registers RCAP2L. and
RCAP2H, which are preset by software. If EXEN2 = 1, then
Timer 2 still performs the above, but with the added feature that
a 1-1t0-0 transition at external input T2EX will also trigger the
16-bit reload and set EXF2. The autoreload mode is illustrated
in Figure 38.

CORE

16-Bit Capture Mode

In the ‘Capture’ mode, there are again two options, which are
selected by bit EXEN2 in T2CON. If EXEN2 = 0, then Timer 2
is a 16-bit timer or counter which, upon overflowing, sets bit TF2,
the Timer 2 overflow bit, which can be used to generate an inter-
rupt. [f EXEN2 = 1, then Timer 2 still performs the above, but
a I-to-0 transition on external input T2EX causes the current value
in the Timer 2 registers, TL2 and TH2, to be captured into regis-
ters RCAP2L. and RCAP2H, respectively. In addition, the
transition at T2EX causes bit EXF2 in T2CON 1o be set, and
EXF2, like TF2, can generate an interrupt. The Capture Mode
is illustrated in Figure 39.

The baud rate generator mode is selected by RCLK = 1 and/or
TCLK = 1.

In either case if Timer 2 is being used to generate the baud rate,
the TF2 interrupt flag will not occur. Hence Timer 2 interrupts
will not occur so they do not have to be disabled. In this mode
the EXE2 flag, however, can still cause interrupts and this can
be used as a third external interrupt.

Baud rate generation will be described as part of the UART
serial port operation in the following pages.

cLk= [ +12 cff3=0
k- | T2 TH2 |
i ™ (8-BITS) | (8-BITS)
|
T2 cif2=1 :
PIN |CONTFIOL _J/\L _J/\L
TR2
RELOAD
TRANSITION
DETECTOR
RCAP2L RCAP2ZH
l [ TF2
. TIMER
OA/ INTERRUPT
T2EX »
28X —- R :c »| EXF2
1

| CONTROL

EXEN2

*THE CORE CLOCK IS THE OUTPUT OF THE PLL AS DESCRIBED ON PAGE 42.

Figure 38. Timer/Counter 2, 16-Bit Autoreload Mode

N
CLK® TZ=0
TL2 TH2
°’|(° ™ (8.BITS) | (8-BITS) TF2
T2 T2=1 ;
PIN CONTROL | |
TR2 N/
CAPTURE D.TIMEH
TRANSITION INTERRUPT
DETECTOR
l RCAP2L | RCAP2H
T2EX __, .
PIN E W °T° | EXF2
1
| CONTROL
EXEN2

*THE CORE CLOCK IS THE OUTPUT OF THE PLL AS DESCRIBED ON PAGE 42,

Figure 39. Timer/Counter 2, 16-Bit Capture Mode
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UART SERIAL INTERFACE

The serial port is full duplex, meaning it can transmit and receive
simultaneously. It is also receive-buffered, meaning it can com-
mence reception of a second byte before a previously received
byte has been read from the receive register. However, if the first
byte still has not been read by the time reception of the second
byte is complete, the first byte will be lost. The physical interface
to the serial data network is via Pins RXD(P3.0) and TXD(P3.1)

while the SFR interface to the UART is comprised of the fol-
lowing registers.

SBUF

The serial port receive and transmit registers are both accessed
through the SBUF SFR (SFR address = 99 hex). Writing to
SBUF loads the transmit register and reading SBUF accesses a
physically separate receive register.

SCON
SFR Address

Power-On Default Value
Bit Addressable

UART Serial Port Control Register
98H
00H
Yes

SMO

SMi1

SM2 TBS RBS TI RI

Table XXVII. SCON SFR Bit Designations

Bit

Name

Description

-1

SMo
SM1

SM2

REN

TBs

TI

UART Serial Mode Select Bits

These bits select the Serial Port operating mode as follows:

SMo SM1 Selected Operating Mode

0 0 Mode 0: Shift Register, fixed baud rate (Core Clk/2)

0 1 Mode 1: 8-bit UART, variable baud rate

1 0 Mode 2: 9-bit UART, fixed baud rate (Core_Clk/64) or (Core_Clk/32)

1 1 Mode 3: 9-bit UART, variable baud rate

Multiprocessor Communication Enable Bit

Enables multiprocessor communication in Modes 2 and 3. In Mode 0, SM2 should be cleared.
In Mode 1, if SM2 is set, RI will not be activated if a valid stop bit was not received. If SM2 is
cleared, RI will be set as soon as the byte of data has been received. In Modes 2 or 3, if SM2 is
set, RI will not be activated if the received ninth data bit in RB8 is 0. If SM2 is cleared, RI will
be set as soon as the byte of data has been received.

Serial Port Receive Enable Bit

Set by user software to enable serial port reception.

Cleared by user software to disable serial port reception.

Serial Port Transmit (Bit 9)

The data loaded into TB8 will be the ninth data bit that will be transmitted in Modes 2 and 3.
Serial Port Receiver Bit 9

The ninth data bit received in Modes 2 and 3 is latched into RB8. For Mode 1 the stop bitis
latched into RB8.

Serial Port Transmit Interrupt Flag

Set by hardware at the end of the eighth bit in Mode 0, or at the beginning of the stop bit in
Modes 1, 2, and 3.

TI must be cleared by user software.

Serial Port Receiver Interrupt Flag

Ser by hardware at the end of the eighth bit in mode 0, or halfway through the stop bit in
Modes 1, 2, and 3.

RI must be cleared by software.
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Mode 0: 8-Bit Shift Register Mode

Mode 0 is selected by clearing both the SMO0 and SM1 bits in
the SFR SCON. Serial data enters and exits through RXD. TXD
outputs the shift clock. Eight data bits are transmitted or received.
Transmission is initiated by any instruction that writes to SBUF.
The data is shifted out of the RXD line. The eight bits are trans-
mitted with the least-significant bit (LSB) first, as shown in
Figure 40.

MACHINE MACHINE
CYCLE 1 _"i"_ CYCLE 2

|S||S2|33|S4|35|36|S| |S2|33|S4|

WS e tiEE
|91|35|36|S| |32|33|S4|35|36|

CORE O M MMM UL

JUUnIrn
CLK

I_eJ_I Il 1

ALE _ ] | 1
RXD
DATADUT) X__DpataBito Y _DATABITI DATABIT 6} DATABIT7 X
TXD
(SHIFT CLOCK) 1 [ 1 — I

Figure 40. UART Serial Port Transmission, Mode 0.

Reception is initiated when the receive enable bit (REN) is 1 and
the receive interrupt bit (RI) is 0. When RI is cleared the data is
clocked into the RXD line and the clock pulses are output from
the TXD line.

Mode 1: 8-Bit UART, Variable Baud Rate

Mode 1 is selected by clearing SMO and setting SM1. Each data
byte (LSB first) is preceded by a start bit(0) and followed by a stop
bit(1). Therefore 10 bits are transmitted on TXD or received on
RXD. The baud rate is set by the Timer 1 or Timer 2 overflow
rate, or a combination of the two (one for transmission and the
other for reception).

Transmission is initiated by writing to SBUFE. The ‘write to SBUF’
signal also loads a 1 (stop bit) into the ninth bit position of the
transmit shift register. The data is output bit by bit until the
stop bit appears on TXD and the transmit interrupt flag (TT) is
automatically set as shown in Figure 41.

START STOP BIT

o /0o ot Y o2 }('os Y04 Y 05 Y oe Yo7 /

—

SET INTERRUPT
i.e, READY FOR MORE DATA

Figure 41. UART Serial Port Transmission, Mode 0.

Reception is initiated when a 1-to-0 transition is detected on
RXD. Assuming a valid start bit was detected, character reception
continues. The start bit is skipped and the eight data bits are
clocked into the serial port shift register. When all eight bits have
been clocked in, the following events occur:

Tl
{SCON.1)

The eight bits in the receive shift register are latched into SBUF
The ninth bit (Stop bit) is clocked into RB8 in SCON
The Receiver interrupt flag (RI) is set

if, and only if, the following conditions are met at the time the
final shift pulse is generated:

RI =0, and

Either SM2 = 0, or SM2 = 1 and the received stop bit = 1.

If either of these conditions is not met, the received frame is
irretrievably lost, and Rl is not set.
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Mode 2: 9-Bit UART with Fixed Baud Rate

Mode 2 is selected by setting SMO and clearing SM1. In this
mode the UART operates in 9-bit mode with a fixed baud rate.
The baud rate is fixed at Core_CIlk/64 by default, although by
setting the SMOD bit in PCON, the frequency can be doubled to
Core_Clk/32. Eleven bits are transmitted or received, a start bit(0),
eight data bits, a programmable ninth bit and a stop bit(1). The
ninth bit is most often used as a parity bit, although it can be used
for anything, including a ninth data bit if required.

To transmit, the eight data bits must be written into SBUF. The
ninth bit must be written to TB8 in SCON. When transmission is
initiated the eight data bits (from SBUF) are loaded onto the
transmit shift register (LSB first). The contents of TB8 are loaded
into the ninth bit position of the transmit shift register. The trans-
mission will start at the next valid baud rate clock. The T1T flag
is set as soon as the stop bit appears on TXD.

Reception for Mode 2 is similar to that of Mode 1. The eight
data bytes are input at RXD (LSB first) and loaded onto the
receive shift register. When all eight bits have been clocked in,
the following events occur:

The eight bits in the receive shift register are latched into SBUF
The ninth data bit is latched into RB8 in SCON

The Receiver interrupt flag (RI) is set

if, and only if, the following conditions are met at the time the
final shift pulse is generated:

RI =0, and
Either SM2 = 0, or SM2 = 1 and the received stop bit = 1.

If either of these conditions is not met, the received frame is
irretrievably lost, and Rl is not set.

Mode 3: 9-Bit UART with Variable Baud Rate

Mode 3 is selected by setting both SM0O and SM1. In this mode
the 8051 UART serial port operates in 9-bit mode with a variable
baud rate determined by either Timer 1 or Timer 2. The opera-
tion of the 9-bit UART is the same as for Mode 2 but the baud

rate can be varied as for Mode 1.

In all four modes, transmission is initiated by any instruction that
uses SBUF as a destination register. Reception is initiated in Mode 0
by the condition RI = 0 and REN = 1. Reception is initiated in
the other modes by the incoming start bit if REN = 1.

UART Serial Port Baud Rate Generation

Mode 0 Baud Rate Generation
The baud rate in Mode 0 is fixed:

Mode 0 Baud Rate = (Core Clock Frequency*/12)

*In these descriptions, Core Clock Frequency refers to the core clock frequency
selected via the CDO-2 bits in the PLLCON SFR.

Mode 2 Baud Rate Generation

The baud rate in Mode 2 depends on the value of the SMOD bit
in the PCON SFR. If SMOD = 0, the baud rate is 1/64 of the core
clock. If SMOD = 1, the baud rate is 1/32 of the core clock:

Mode 2 Baud Rate = (25M9P/64) x (Core Clock Frequency)

Mode 1 and 3 Baud Rate Generation

The baud rates in Modes 1 and 3 are determined by the overflow
rate in Timer 1 or Timer 2, or both (one for transmit and the
other for receive).

REV. B



ADuC824

Timer 1 Generated Baud Rates
When Timer 1 is used as the baud rate generator, the baud rates

in Modes 1 and 3 are determined by the Timer 1 overflow rate and
the value of SMOD as follows:

Modes 1 and 3 Baud Rate = (25M°P/32) x (Timer 1 Overflow Rate)

The Timer | interrupt should be disabled in this application. The
Timer itself can be configured for either timer or counter opera-
tion, and in any of its three running modes. In the most typical
application, it is configured for timer operation, in the autoreload
mode (high nibble of TMOD = 0100Binary). In that case, the baud
rate is given by the formula:

Modes 1 and 3 Baud Rate =
(25MOD/323 x (Core Clock/(12 x [256-TH1]))

A very low baud rate can also be achieved with Timer 1 by leaving
the Timer 1 interrupt enabled, and configuring the timer to run
as a 16-bit timer (high nibble of TMOD = 0100Binary), and using
the Timer 1 interrupt to do a 16-bit software reload. Table XXVIII
below, shows some commonly-used baud rates and how they
might be calculated from a core clock frequency of 1.5728 MHz
and 12.58 MHz. Generally speaking, a 5% error is tolerable
using asynchronous (start/stop) communications.

Table XXVIII. Commonly Used Baud Rates, Timer 1

Timer 2 Generated Baud Rates

Baud rates can also be generated using Timer 2. Using Timer 2 is
similar to using Timer | in that the timer must overflow 16 times
before a bit is transmitted/received. Because Timer 2 has a 16-bit
autoreload mode a wider range of baud rates is possible using
Timer 2.

Modes 1 and 3 Baud Rate = (1/16) x (Timer 2 Overflow Rate)

Therefore, when Timer 2 is used to generate baud rates, the timer

increments every two clock cycles and not every core machine cycle
as before. Hence, it increments six times faster than Timer 1, and
therefore baud rates six times faster are possible. Because Timer 2
has [6-bit autoreload capability, very low baud rates are still possible.

Timer 2 is selected as the baud rate generator by setting the TCLK
and/or RCLK in T2CON. The baud rates for transmit and receive
can be simultaneously different. Setting RCLK and/or TCLK puts
Timer 2 into its baud rate generator mode as shown in Figure 42.

In this case, the baud rate is given by the formula:

Modes 1 and 3 Baud Rate
= (Core CIk)/(32 x [65536 — (RCAP2H, RCAP2L)])

Table XXIX shows some commonly used baud rates and how they
might be calculated from a core clock frequency of 1.5728 MHz
and 12.5829 MHz.

Ideal Core | SMOD | TH1-Reload | Actual | % Table XXIX. Commonly Used Baud Rates, Timer 2
Baud | CLK | Value Value Baud Error
Ideal Core RCAP2H | RCAP2L | Actual | %
9600 1258 | 1 =7 (F9h) 9362 25 Baud | CLK Value Value Baud Error
2400 12.58 | 1 —27 (E5h) 2427 1.1 -
1200 1258 | 1 -55 (C9h) 1192 0.7 19200 | 12.58 -1 (FFh) | -20 (ECh) | 19661 2.4
1200 1.57 1 ~7 (F9h) 1170 2.5 9600 12.58 —1 (FFh) | —41 (D7h) | 9591 0.1
2400 12.58 —1 (FFh) —164 (5Ch) | 2398 0.1
1200 12.58 -2 (FEh) | -72 (B8h) 1199 0.1
9600 1.57 —1 (FFh) -5 (FBh) 9830 2.4
2400 1.57 —1 (FFh) —20 (ECh) | 2458 2.4
1200 1.57 —1 (FFh) —41 (D7h) 1199 0.1
TIMER 1
OVERFLOW
MNOTE: OSC. FREQ. IS DIVIDED BY 2, NOT 12.
%'325 n cT2=0 =i TIMER 2
o’(c | TL2 TH2 OVERFLOW _
h ™ (8-BITS) | (8-BITS) >
5 f cTZ=1 ! RX
PIN  d CLOCK
a3
TR2
RELOAD
™
CLOCK
RCAP2L | RCAPZH
MNOTE AVAILABILITY OF ADDITIONAL
EXTERNAL |NT<:nuPT
X N T | M
1
| CONTROL
TRANSITION
DETECTOR
EXEN2
*THE CORE CLOCK IS THE OUTPUT OF THE PLL AS DESCRIBED ON PAGE 42.
Figure 42. Timer 2, UART Baud Rates
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INTERRUPT SYSTEM

The ADuC824 provides a total of twelve interrupt sources with two priority levels. The control and configuration of the interrupt
system is carried out through three Interrupt-related SFRs.

IE: Interrupt Enable Register.
IP: Interrupt Priority Register.
IEIP2: Secondary Interrupt Priority-Interrupt Register.
1IE Interrupt Enable Register
SFR Address A8SH
Power-On Default Value 00H
Bit Addressable Yes
EA EADC ET2 ES ET1 EX1 ETO0 EX0
Table XXX. IE SFR Bit Designations
Bit Name Description
7 EA Written by User to Enable ‘1”7 or Disable ‘0" All Interrupt Sources
6 EADC Written by User to Enable ‘1” or Disable ‘0" ADC Interrupt
5 ET2 Written by User to Enable ‘1’ or Disable ‘0" Timer 2 Interrupt
4 ES Written by User to Enable 17 or Disable ‘0 UART Serial Port Interrupt
3 ET1 Written by User to Enable 1° or Disable ‘0° Timer 1 Interrupt
2 EX1 Written by User to Enable ‘1° or Disable ‘0’ External Interrupt 1
1 ETo Written by User to Enable ‘1° or Disable ‘0° Timer 0 Interrupt
0 EX0 Written by User to Enable ‘1° or Disable ‘0’ External Interrupt 0
15 Interrupt Priority Register
SFR Address BsH
Power-On Default Value 00H
Bit Addressable Yes
—_ PADC PT2 PS PT1 PXi1 PTO PXo0
Table XXXI. II” SFR Bit Designations
Bit Name Description
7 — Reserved for Future Use
6 PADC Written by User to Select ADC Interrupt Priority (‘17 = High; ‘0’ = Low)
5 PT2 Written by User to Select Timer 2 Interrupt Priority (‘17 = High; ‘0" = Low)
4 PS Written by User to Select UART Serial Port Interrupt Priority (1’ = High; ‘0’ = Low)
3 PT1 Written by User to Select Timer 1 Interrupt Priority (‘17 = High; ‘0" = Low)
2 PX1 Written by User to Select External Interrupt 1 Priority (‘1 = High; ‘0’ = Low)
1 PTo Written by User to Select Timer 0 Interrupt Priority (‘1° = High; ‘0° = Low)
0 PXo0 Written by User to Select External Interrupt 0 Priority (‘1 = High; ‘0’ = Low)
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IEIP2 Secondary Interrupt Enable and Priority Register

SFR Address A9H

Power-On Default Value AOH

Bit Addressable No

— PTI PPSM PSI — ETI EPSM ESI

Table XXXII. IEIP2 SFR Bit Designations

Bit Name Description

7 — Reserved for Future Use

6 PTI Written by User to Select TIC Interrupt Priority (‘1° = High; ‘0° = Low).

5 PPSM Written by User to Select Power Supply Monitor Interrupt Priority (1’ = High; ‘0’ = Low).

4 PSI Written by User to Select SPI/I?C Serial Port Interrupt Priority (‘1° = High; ‘0’ = Low).

3 - Reserved, This Bit Must Be 0.’

2 ETI Written by User to Enable “1° or Disable ‘0’ TIC Interrupt.

1 EPSM Written by User to Enable ‘1’ or Disable ‘0" Power Supply Monitor Interrupt.

0 ESI Written by User to Enable €17 or Disable ‘0° SPII?C Serial Port Interrupt.

Interrupt Priority Interrupt Vectors

The Interrupt Enable registers are written by the user to enable
individual interrupt sources, while the Interrupt Priority registers
allow the user to select one of two priority levels for each interrupt. An
interrupt of a high priority may interrupt the service routine of a low
priority interrupt, and if two interrupts of different priority occur
at the same time, the higher level interrupt will be serviced first. An
interrupt cannot be interrupted by another interrupt of the same
priority level. If two interrupts of the same priority level occur simulta-
neously, a polling sequence is observed as shown in Table XXXIII.

Table XXXIII. Priority within an Interrupt Level

Source Priority Description

PSMI 1 (Highest) | Power Supply Monitor Interrupt
WDS 2 Watchdog Interrupt

1E0 3 External Interrupt 0
RDYO/RDY1 | 4 ADC Interrupt

TFo 5 Timer/Counter 0 Interrupt

IE1 6 External Interrupt 1

TF1 7 Timer/Counter 1 Interrupt
12CI + ISPI 8 I*C/SPI Interrupt

RI+ TI 9 Serial Interrupt

TF2 + EXF2 | 10 Timer/Counter 2 Interrupt

TII 11 (Lowest) | Time Interval Counter Interrupt

REV. B

When an interrupt occurs the program counter is pushed onto the
stack and the corresponding interrupt vector address is loaded into
the program counter. The interrupt vector addresses are shown
in Table XXXIV.

Table XXXIV. Interrupt Vector Addresses

Source Vector Address
IEO 0003 Hex
TEO 000B Hex
IE1 0013 Hex
TF1 001B Hex
RI + TI 0023 Hex
TE2 + EXF2 002B Hex
RDYWRDY1 (ADC) 0033 Hex
I1°C + ISPI 003B Hex
PSMI 0043 Hex
TII 0053 Hex
WDS (WDIR = 1)* 005B Hex

*The watchdog can be configured to generate an interrupt instead of a reset when it
timnes out. This is used for logging errors or to examine the internal status of the
microcontroller core to understand, from a software debug point of view, why a
watchdog timeout occurred. The watchdog interrupt is slighty different from the
normal interrupts in that its priority level is always set to 1 and it is not possible
to disable the interrupt via the global disable bit (EA) in the IE SFR. This is
done to ensure that the interrupt will always be responded to if a watchdog
timeout occurs. The watchdog will only produce an interrupt if the watchdog
fimeout is greater than zero.
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ADuC824 HARDWARE DESIGN CONSIDERATIONS

This section outlines some of the key hardware design consider-
ations that must be addressed when integrating the ADuC824
into any hardware system.

Clock Oscillator

As described earlier, the core clock frequency for the ADuC824
is generated from an on-chip PLL that locks onto a multiple
(384 times) of 32.768 kHz. The latter is generated from an inter-
nal clock oscillator. To use the internal clock oscillator, connect
a 32.768 kHz parallel resonant crystal between XTALI and
XTAL2 pins (32 and 33) as shown in Figure 43.

As shown in the typical external crystal connection diagram in
Figure 44, two internal 12 pF capacitors are provided on-chip.
These are connected internally, directly to the XTAL1 and
XTAL2 pins and the total input capacitances at both pins is
detailed in the specification section of this data sheet. The value
of the total load capacitance required for the external crystal
should be the value recommended by the crystal manufacturer
for use with that specific crystal. In many cases, because of the
on-chip capacitors, additional external load capacitors will not
be required.

ADuCs824
XTAL1
£7) g
32.768kHz
= v
33 TO INTERNAL
XTAL2 12pF

Figure 43. External Parallel Resonant Crystal Connections

External Memory Interface

In addition to its internal program and data memories, the
ADuC824 can access up to 64 Kbytes of external program memory
(ROM/PROM/etc.) and up to 16 Mbytes of external data
memory (SRAM).

To select from which code space (internal or external program
memory) to begin executing instructions, tie the EA (external
access) pin high or low, respectively. When EA is high (pulled up
to Vpp), user program execution will start at address 0 of the
internal 8 Kbytes Flash/EE code space. When EA is low (tied to
ground) user program execution will start at address 0 of the
external code space. In either case, addresses above 1 FEF hex
(8K) are mapped to the external space.

Note that a second very important function of the EA pin is
described in the Single Pin Emulation Mode section of this
data sheet.

External program memory (if used) must be connected to the
ADuC824 as illustrated in Figure 44. Note that 16 I/O lines

(Ports 0 and 2) are dedicated to bus functions during external
program memory fetches. Port 0 (P0) serves as a multiplexed
address/data bus. It emits the low byte of the program counter
(PCL) as an address, and then goes into a float state awaiting
the arrival of the code byte from the program memory. During the
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time that the low byte of the program counter is valid on PO, the
signal ALE (Address Latch Enable) clocks this byte into an
address latch. Meanwhile, Port 2 (P2) emits the high byte of
the program counter (PCH), then PSEN strobes the EPROM
and the code byte is read into the ADuC824.

ADuC824 EPROM
po kN DO-D7
{INSTRUCTION)
LATCH N Ao-a7
ALE
p2 N AB-A15
¥
PSEN OE

Figure 44. External Program Memory Interface

Note that program memory addresses are always 16 bits wide, even
in cases where the actual amount of program memory used is less
than 64 Kbytes. External program execution sacrifices two of the
8-bit ports (PO and P2) to the function of addressing the program
memory. While executing from external program memory, Ports
0 and 2 can be used simultaneously for read/write access to exter-
nal data memory, but not for general-purpose I/O.

Though both external program memory and external data memory
are accessed by some of the same pins, the two are completely
independent of each other from a software point of view. For
example, the chip can read/write external data memory while
executing from external program memory.

Figure 45 shows a hardware configuration for accessing up to
64 Kbytes of external RAM. This interface is standard to any 8051
compatible MCU.

ADuC824 SRAM
Do-D7
PO C:‘,T{j:: (DATA}
LATCH
:") AD-AT
ALE
p2 Y AB-A15
"D oF
WA WE

Figure 45. External Data Memory Interface (64 K Address
Space)
If access to more than 64 Kbytes of RAM is desired, a feature
unique to the ADuC824 allows addressing up to 16 Mbytes
of external RAM simply by adding an additional latch as illustrated
in Figure 46.
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ADucCs24 SRAM
D0-D7
Ra (DATA)
LATCH '; AO—AT
ALE
P2 N As-A15
Ld
LATCH R
|—|'> ) Al6-A23
RD OE
WR WE

Figure 46. External Data Memory Interface (16 MBytes
Address Space)

In either implementation, Port 0 (P0) serves as a multiplexed
address/data bus. It emits the low byte of the data pointer (DPL) as
an address, which is latched by a pulse of ALE prior to data being
placed on the bus by the ADuC824 (write operation) or the
SRAM (read operation). Port 2 (P2) provides the data pointer
page byte (DPP) to be latched by ALE, followed by the data
pointer high byte (DPH). If no latch is connected to P2, DPP is
ignored by the SRAM, and the 8051 standard of 64 Kbyte external
data memory access is maintained.

Detailed timing diagrams of external program and data memory
read and write access can be found in the timing specification
sections of this data sheet.

Power-On Reset Operation

External POR (power-on reset) circuitry must be implemented to
drive the RESET pin of the ADuC824. The circuit must hold
the RESET pin asserted (high) whenever the power supply
(DVpp) is below 2.5 V. Furthermore, Vpp must remain above
2.5V for at least 10 ms before the RESET signal is deasserted
(low) by which time the power supply must have reached at
least a 2.7 V level. The external POR circuit must be opera-
tional down to 1.2 V or less. The timing diagram of Figure 47
illustrates this functionality under three separate events: power-
up, brownout, and power-down. Notice that when RESET is
asserted (high) it tracks the voltage on DVpp.

)] )1
144 i

2.5V MIN
DVpp
1.2V MAX 1oms 10ms 1.2V MAX
MIN MIN
RESET / \
31 3}

144 L49

Figure 47. External POR Timing

The best way to implement an external POR function to meet
the above requirements involves the use of a dedicated POR chip,
such as the ADM809/ADMS8 10 SOT-23 packaged PORs from
Analog Devices. Recommended connection diagrams for both
active-high ADMB810 and active-low ADM809 PORs are shown
in Figure 48 and Figure 49 respectively.
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POWER SUPPLY

(ACTIVE HIGH)

v
Figure 48. External Active High POR Circuit

Some active-low POR chips, such as the ADMS809 can be used with
a manual push-button as an additional reset source as illustrated
by the dashed line connection in Figure 49,

POWER SUPPLY ADuC824

1k

POR
{ACTIVE LOW)

v

_|6 OPTIONAL
MANUAL RESET
PUSH-BUTTON

Figure 49. External Active Low POR Circuit

Power Supplies

The ADuC824’s operational power supply voltage range is 2.7V
to 5.25 V. Although the guaranteed data sheet specifications are
given only for power supplies within 2.7 V to 3.6 V or +5% of
the nominal 5 V level, the chip will function equally well at any
power supply level between 2.7V and 5.25 V.

Separate analog and digital power supply pins (AVpp and DVpp
respectively) allow AVpp to be kept relatively free of noisy digital
signals often present on the system DVDD line. In this mode the
part can also operate with split supplies; that is, using different
voltage supply levels for each supply. For example, this means that
the system can be designed to operate with a DVpp voltage level
of 3 V while the AVpp level can be at 5 V or vice versa if required.
A typical split supply configuration is show in Figure 50.

DIGITAL SUPPLY ANALOG SUPPLY

é%ww

Figure 50. External Dual Supply Connections
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As an alternative to providing two separate power supplies, AVpp
quiet by placing a small series resistor and/or ferrite bead between
it and DVpp, and then decoupling AVpp separately to ground. An
example of this configuration is shown in Figure 51. With this
configuration other analog circuitry (such as op amps, voltage
reference, etc.) can be powered from the AVpp supply line as well.

DIGITAL SUPPLY

@ i 10pF

6
jra—
BEAD

1‘61"1 10pF %

Figure 51. External Single Supply Connections

Notice that in both Figure 50 and Figure 51, a large value (10 pF)
reservoir capacitor sits on DVpp and a separate 10 UF capacitor
sits on AVpp. Also, local small-value (0.1 uF) capacitors are
located at each VDD pin of the chip. As per standard design prac-
tice, be sure to include all of these capacitors, and ensure the
smaller capacitors are closest to each AVpp pin with trace lengths
as short as possible. Connect the ground terminal of each of these
capacitors directly to the underlying ground plane. Finally, it
should also be noticed that, at all times, the analog and digital
ground pins on the ADuC824 should be referenced to the same
system ground reference point.

Power Consumption

The “CORE” values given represent the current drawn by DVpp,
while the rest (“ADC,” and “DAC”) are pulled by the AVpp pin
and can be disabled in software when not in use. The other
on-chip peripherals (watchdog timer, power supply monitor, etc.)
consume negligible current and are therefore lumped in with the
“CORE” operating current here. Of course, the user must add
any currents sourced by the parallel and serial I/O pins, and that
sourced by the DAC, in order to determine the total current
needed at the ADuC824’s supply pins. Also, current draw from
the DVDD supply will increase by approximately 5 mA during
Flash/EE erase and program cycles

Power-Saving Modes

Setting the Idle and Power-Down Mode bits, PCON.0 and
PCON.I respectively, in the PCON SFR described in Table II,
allows the chip to be switched from normal mode into idle mode,
and also into full power-down mode.

In idle mode, the oscillator continues to run, but the core clock
generated from the PLL is halted. The on-chip peripherals con-
tinue to receive the clock, and remain functional. The CPU status
is preserved with the stack pointer, program counter, and all other
internal registers maintain their data during idle mode. Port pins
and DAC output pins also retain their states, and ALE and
PSEN outputs go high in this mode. The chip will recover from
idle mode upon receiving any enabled interrupt, or on receiving
a hardware reset.
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In power-down mode, both the PLL and the clock to the core
are stopped. The on-chip oscillator can be halted or can continue
to oscillate depending on the state of the oscillator power-down
bit (OSC_PD) in the PLLCON SFR. The TIC, being driven
directly from the oscillator, can also be enabled during power-
down. All other on-chip peripherals however, are shut down.
Port pins retain their logic levels in this mode, but the DAC output
goes to a high-impedance state (three-state) while ALE and
PSEN outputs are held low. During full power-down mode,
the ADuC824 consumes a total of 5 UA typically. There are five
ways of terminating power-down mode:

Asserting the RESET Pin (#15)

Returns to normal mode all registers are set to their default state
and program execution starts at the reset vector once the Reset
pin is de-asserted.

Cycling Power
All registers are set to their default state and program execution
starts at the reset vector.

Time Interval Counter (TIC) Interrupt

Power-down mode is terminated and the CPU services the TIC
interrupt, the RETT at the end of the TIC Interrupt Service
Routine will return the core to the instruction after that which
enabled power down.

FPC or SPI Interrupt

Power-down mode is terminated and the CPU services the I°C/
SPI interrupt. The RETT at the end of the ISR will return the
core to the instruction after that which enabled power down. It
should be noted that the I°C/SPI power down interrupt enable
bit (SERIPD) in the PCON SER must first be set to allow this
mode of operation.

INTO Intervupt

Power-down mode is terminated and the CPU services the
INTO interrupt. The RETT at the end of the ISR will return the
core to the instruction after that which enabled power-down. It
should be noted that the INTO0 power-down interrupt enable bit
(INTOPD) in the PCON SFR must first be set to allow this
mode of operation.

Grounding and Board Layout Recommendations

As with all high resolution data converters, special attention must
be paid to grounding and PC board layout of ADuC824-based
designs in order to achieve optimum performance from the ADCs
and DAC.

Although the ADuC824 has separate pins for analog and digital
ground (AGND and DGND), the user must not tie these to two
separate ground planes unless the two ground planes are con-
nected together very close to the ADuCR824, as illustrated in the
simplified example of Figure 52a. In systems where digital and
analog ground planes are connected together somewhere else
{at the system’s power supply for example), they cannot be con-
nected again near the ADuC824 since a ground loop would result.
In these cases, tie the ADuC824’s AGND and DGND pins all
to the analog ground plane, as illustrated in Figure 52b. In systems
with only one ground plane, ensure that the digital and analog
components are physically separated onto separate halves of the
board such that digital return currents do not flow near analog
circuitry and vice versa. The ADuC824 can then be placed between
the digital and analog sections, as illustrated in Figure 52c.
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Figure 52. System Grounding Schemes
In all of these scenarios, and in more complicated real-life appli-
cations, keep in mind the flow of current from the supplies and
back to ground. Make sure the return paths for all currents are
as close as possible to the paths the currents took to reach their
destinations. For example, do not power components on the
analog side of Figure 52b with DVpp since that would force
return currents from DVpp to flow through AGND. Also, try to
avoid digital currents flowing under analog circuitry, which could
happen if the user placed a noisy digital chip on the left half
of the board in Figure 52¢. Whenever possible, avoid large
discontinuities in the ground plane(s) (such as are formed by a
long trace on the same layer), since they force return signals to
travel a longer path. And of course, make all connections to the
ground plane directly, with little or no trace separating the pin
from its via to ground.

If the user plans to connect fast logic signals (rise/fall time < 5 ns)
to any of the ADuC824’s digital inputs, add a series resistor to
each relevant line to keep rise and fall times longer than 5 ns at
the ADuC824 input pins. A value of 100 Q or 200 Q is usually
sufficient to prevent high-speed signals from coupling capacitively
into the ADuC824 and affecting the accuracy of ADC conversions.

ADuC824 System Self-Identification

In some hardware designs it may be an advantage for the soft-

ware running on the ADuC824 target to identify the host Micro-
Converter. For example, code running on the ADuC824 may be
used at future date to run on an ADuC816 MicroConverter host
and the code may be required to operate differently.

The CHIPID SFR is a read-only register located at SFR address
C2 hex. The top nibble of this byte is set to ‘0’ to designate
an ADuC824 host. For an ADuC816 host, the CHIPID SFR
will contain the value ‘1’ in the upper nibble.
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OTHER HARDWARE CONSIDERATIONS

To facilitate in-circuit programming, plus in-circuit debug and
emulation options, users will want to implement some simple
connection points in their hardware that will allow easy access
to download, debug, and emulation modes.

In-Circuit Serial Download Access

Nearly all ADuC824 designs will want to take advantage of the
in-circuit reprogrammability of the chip. This is accomplished by a
connection to the ADuC824’s UART, which requires an external
RS-232 chip for level translation if downloading code from a PC.
Basic configuration of an RS-232 connection is illustrated in
Figure 53 with a simple ADM202-based circuit. If users would
rather not design an RS-232 chip onto a board, refer to Application
Note, uC006 — A 4-Wire UART-t0-PC Interface®, for a simple
(and zero-cost-per-board) method of gaining in-circuit serial
download access to the ADuC824,

In addition to the basic UART connections, users will also need
a way to trigger the chip into download mode. This is accom-
plished via a 1 kQ pull-down resistor that can be jumpered
onto the PSEN pin, as shown in Figure 53. To get the ADuC824
into download mode, simply connect this jumper and power-
cycle the device (or manually reset the device, if a manual reset
button is available) and it will be ready to receive a new program
serially. With the jumper removed, the device will come up in
normal mode (and run the program) whenever power is cycled or
RESET is toggled.

Note that PSEN is normally an output (as described in the Exter-
nal Memory Interface section) and it is sampled as an input only
on the falling edge of RESET (i.e., at power-up or upon an external
manual reset). Note also that if any external circuitry uninten-
tionally pulls PSEN low during power-up or reset events, it could
cause the chip to enter download mode and therefore fail to begin
user code execution as it should. To prevent this, ensure that no
external signals are capable of pulling the PSEN pin low, except
for the external PSEN jumper itself.

Embedded Serial Port Debugger

From a hardware perspective, entry to serial port debug mode is
identical to the serial download entry sequence described above. In
fact, both serial download and serial port debug modes can be
thought of as essentially one mode of operation used in two differ-
ent ways.

Note that the serial port debugger is fully contained on the
ADuC824 device, (unlike “ROM monitor” type debuggers) and
therefore no external memory is needed to enable in-system
debug sessions.

Single-Pin Emulation Mode

Also built into the ADuC824 is a dedicated controller for
single-pin in-circuit emulation (ICE) using standard production
ADuC824 devices. In this mode, emulation access is gained by
connection to a single pin, the EA pin. Normally, this pin is hard-
wired either high or low to select execution from internal or
external program memory space, as described earlier. To enable
single-pin emulation mode, however, users will need to pull the
EA pin high through a 1 kQ resistor as shown in Figure 53, The
emulator will then connect to the 2-pin header also shown in
Figure 53. To be compatible with the standard connector that

*Application note uC006 is available at www.analog.com/microconverter
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Figure 53. Typical System Configuration

comes with the single-pin emulator available from Accutron Limited
(www.accutron.com), use a 2-pin 0. I-inch pitch “Friction Lock”
header from Molex (www.molex.com) such as their part number
22-27-2021. Be sure to observe the polarity of this header. As
represented in Figure 53, when the Friction Lock tab is at the
right, the ground pin should be the lower of the two pins (when
viewed from the top).

Enhanced-Hooks Emulation Mode

ADuC824 also supports enhanced-hooks emulation mode. An
enhanced-hooks-based emulator is available from Metalink
Corporation (www.metaice.com). No special hardware support
for these emulators needs to be designed onto the board since
these are “pod-style” emulators where users must replace the chip
on their board with a header device that the emulator pod plugs
into. The only hardware concern is then one of determining if
adequate space is available for the emulator pod to fit into the
system enclosure.

Typical System Configuration

A typical ADuC824 configuration is shown in Figure 53. It sum-
marizes some of the hardware considerations discussed in the
previous paragraphs.
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Figure 53 also includes connections for a typical analog mea-
surement application of the ADuC824, namely an interface to
an RTD (Resistive Temperature Device). The arrangement
shown is commonly referred to as a 4-wire RTD configuration.

Here, the on-chip excitation current sources are enabled to excite
the sensor. An external differential reference voltage is generated
by the current sourced through resistor R1. This current also
flows directly through the RTD), which generates a differential
voltage directly proportional to temperature, This differential
voltage is routed directly to the positive and negative inputs of
the primary ADC (AIN1, AIN2 respectively). A second external
resistor, R2, is used to ensure that absolute analog input voltage
on the negative input to the primary ADC stays within that
specified for the ADuC824, i.e., AGND + 100 mV.

It should also be noted that variations in the excitation current
do not affect the measurement system as the input voltage from
the RTD and reference voltage across R1 vary ratiometrically with
the excitation current. Resistor R1 must, however, have a low
temperature coefficient to avoid errors in the reference voltage
over temperature.
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QUICKSTART DEVELOPMENT SYSTEM

The QuickStart Development System is a full featured, low cost
development tool suite supporting the ADuC824. The system

consists of the following PC-based (Windows-compatible) hard-
ware and software development tools.

ADuC824 Evaluation Board, Plug-In
Power Supply and Serial Port Cable

8051 Assembler C Compiler
(2 Kcode Limited)

ADSIM, Windows MicroConverter
Code Simulator

Hardware:
Code Development:
Code Functionality:

In-Circuit Code Download: Serial Downloader
In-Circuit Debugger: Serial Port Debugger

CD-ROM Documentation and Two
Additional Prototype Devices

Miscellaneous Other:

Figures 54 shows the typical components of a QuickStart Devel-
opment System while Figure 55 shows a typical debug session.
A brief description of some of the software tools’ components in
the QuickStart Development System is given below.

&

— 1
“u‘.‘-k‘ﬁ‘c:: Copme?

= g AT
gys\

=

Figure 54. Components of the QuickStart Development
System
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Download—In-Circuit Serial Downloader

The Serial Downloader is a software program that allows the user
to serially download an assembled program (Intel Hex format file)
to the on-chip program FLLASH memory via the serial COM1
port on a standard PC. An Application Note (uC004) detailing
this serial download protocol is available from www.analog.com/
microconverter.

DeBug—In-Circuit Debugger

The Debugger is a Windows application that allows the user to
debug code execution on silicon using the MicroConverter UART
serial port. The debugger provides access to all on-chip periph-
erals during a typical debug session as well as single-step and
break-point code execution control.

ADSIM—Windows Simulator

The Simulator is a Windows application that fully simulates all
the MicroConverter functionality including ADC and DAC
peripherals. The simulator provides an easy-to-use, intuitive, inter-
face to the MicroConverter functionality and integrates many
standard debug features; including multiple breakpoints, single
stepping; and code execution trace capability. This tool can be
used both as a tutorial guide to the part as well as an efficient way
to prove code functionality before moving to a hardware platform.

The QuickStart development tool-suite software is freely
available at the Analog Devices MicroConverter Website
www.analog.com/microconverter.

Figure. 55. Typical Debug Session
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OUTLINE DIMENSIONS

Dimensions shown in mm and {inches).

52-Lead Plastic Quad Flatpack MQFP

(S-52)
1415 (0.557)  _
2.29(0.094) | 1365 (0537 |
2.1510.068) 10.11(0.398) |
NO— . r_ 9.91 (0.390) .
065 0026)F ‘szHHHHHHHHHHHH x|
c—{ePIN 1 — I
SEATING = = Sla oo
PLANE == =33 5|8
E=| ToPvEw |E=Sg|Sg|S
== (PINsSDOWN)  [ES S| T 5l
== ==t Rk
o O Claxle
. = %_}_
0.30(0.012) 13 27
0.15 (0.006) B
0.20 (0.008) _|i > e
0.15 (0.008) 0.65  0.35(0.014)

-
2.09 (0.082) (0.026}  p.25(0.010)
1.97 (0.078) c

CONTROLLING DIMENSIONS ARE IN MILLIMETERS: INCH DIMENSIONS (IN PARENTHESES) ARE
ROUNDED-OFF MILLIMETER EQUIVALENTS FOR REFERENCE ONLY AND ARE NOT APPROPRIATE
FOR USE IN DESIGN

Revision History

Location Page
5/02—Data Sheet changed from REV. A to REV. B.
Edits to SPECIELC A TTON S o e et e e e e e e e 3
3/01—Data Sheet changed from REV. 0 to REV. A.
Edits:to-RESET Descrption: i sevasin i a saedas s ard ues s ayyaiasors s a s svanip B mess: wavasms 19
Edits to:-Figure 12 reovusrvys ooy ianan v il Sre B S iam o My ea sl sre s s nnss 21

—-68-

REV. B

C02345-0-5/02(B)

PRINTED IN U.S.A.



National
Semiconductor

LMC7660

Switched Capacitor Voltage Converter

General Description

The LMC7660 is a CMOS voltage converter capable of
converting a positive voltage in the range of +1.5V to +10V to

February 2005

Features

m Operation over full temperature and voltage range
without an external diode

the corresponding negative voltage of —1.5V to —10V. The  m Low supply current, 200 pA max
LMC7660 is a pin-for-pin replacement for the industry-  m Pin-for-pin replacement for the 7660
standard 7660. The converter features: operation over full  w \yide operating range 1.5V to 10V
temperature and voltage range without need for an external g g70, Voltage Conversion Efficiency
diode, low quiescent current, and high power efficiency. m 95% Power Conversion Efficiency
The LMC7660 uses its built-in oscillator to switch 4 power g Eaqy t6 use, only 2 external components
Mai)ﬁofswnches and charge two inexpensive electrolytic ca- m Extended temperature range
P ’ m Narrow SO-8 Package
Block Diagram
Dse 9 Level s3
2 Translator Cap= Cap+
OSC F-9 F P F
v
Re Substrate
Reg g Logic S4 I—_l
Yout Gnd
00813601
Pin Configuration
N/
N/¢ [ B v*
Cap+[2] Osc
6nd 3] 6] LV
Cap - [4] 5] Vout

Ordering Information

00813602

Package Temperature Range | NSC Drawing
Industrial
-40°C to +85°C
8-Lead Molded DIP LMC7660IN NO8E
8-Lead Molded Small Outline LMC7660IM MO8BA
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LMC7660

Absolute Maximum Ratings (ote 1)

Power Dissipation (Note 3)

If Military/Aerospace specified devices are required, Dual-In-Line Package 1.4W
pl_eas_e contact the l!alic:-r_nal Semiconc_ll_lclo_r Sales Office/ Surface-Mount Package 0.6W
Distributors for availability and specifications. T, Max (Note 3) 150°C
Supply Voltage 10.5V 8,4 (Note 3)
Input Voltage on Pin 6, 7 Dual-In-Line Package 90°C/W
(Note 2) -0.3V to (V* + 0.3V) Surface-Mount Package 160°C/W
for V* < 5.5V Storage Temp. Range -85°C <T <150°C
(V* - 5.5V) to (V* + 0.3V) Lead Temperature
for v* > 5.6V (Soldering, 5 sec.) 260°C
Current into Pin 6 (Note 2) 20 pA ESD Tolerance (Note 7) + 2000V
Qutput Short Circuit
Duration (V* < 5.5V) Continuous
Electrical Characteristics (Note 4)
LMC7660IN/
Symbol Parameter Conditions Typ LMCsz:i:)IM :::::ti
(Note 5)
I Supply Current R === 120 200 LA
400 max
V*H Supply Voltage R, = 10 k2, Pin 6 Open 3to 10 3to 10 A
Range High (Note 6) Voltage Efficiency = 90% 3to 10
VL Supply Voltage R, =10 kQ, Pin 6 to Gnd. 1510 3.5 1.510 3.5 A
Range Low Voltage Efficiency = 90% 1.5t03.5
Rout Output Source I =20 mA 55 100 Q
Resistance 120 max
V=2V, I.=3mA 110 200 Q
Pin 8 Short to Gnd. 300 max
| Oscillator 10 kHz
Frequency
Perr Power Efficiency R =5kQ 97 95 %
20 min
Vo o Voltage Conversion R === 99.9 97 %
Efficiency 95 min
[ Oscillator Sink or Pin 7 = Gnd. or V* 3 LA
Source GCurrent

Note 1: Absoclute Maximum ratings indicate limits beyond which damage to the device may oceur. DC and AC electrical specifications do not apply when operating
the device beyond its rated operating conditions. See Note 4 for conditions,

Note 2: Connecting any input terminal to voltages greater than V¥ or less than ground may cause destructive latchup. Itis recommended that no inputs from sources
operating from external supplies be applied prior to “power-up” of the LMCYE60.

Note 3: For operation at elevated temperature, these devices must be derated based on a thermal resistance of 85 and Tj max, Tj = Ta + 8j3 Pp.

Note 4: Boldface numbers apply at temperature extremes, All other numbers apply at Ta = 25°C, V* = 8V, Coee = 0, and apply for the LMC7660 unless otherwise
specified. Test circuit is shown in Figure 1.

Note 5: Limits at room temperafure are guaranfeed and 100% production tested, Limits in boldface are guaranteed over the operating temperature range (but not
100% tested), and are not used to calculate oulgoing quality levels.

Note 6: The LMCVEE0 can operate without an external diode over the full femperature and voliage range. The LMC7660 can also be used with the external diode
Dx, when replacing previous 7660 designs,

Note 7: The test circuit consists of the human body model of 100 pF in series with 15000,

www.national.com 2



Typical Performance Characteristics

0OSC Freq. vs OSC
Capacitance Vour V8 g @ VF = 2V



Typical Performance Characteristics (continued)

POWER EFFICIENCY (%)
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Application Information (continued)

In the circuit of Figure 2, S1 is a P-channel device and S2,
S3, and S4 are N-channel devices. Because the output is
biased below ground, it is important that the p~ wells of S3
and S4 never become forward biased with respect to either
their sources or drains. A substrate logic circuit guarantees
that these p~ wells are always held at the proper voltage.
Under all conditions S4 p~ well must be at the lowest poten-
tial in the circuit. To switch off S4, a level translator generates
Vasa = OV, and this is accomplished by biasing the level
translator from the S4 p~ well.

An intemal RC oscillator and + 2 circuit provide timing sig-
nals to the level translator. The built-in regulator biases the
oscillator and divider to reduce power dissipation on high
supply voltage. The regulator becomes active at about V* =
6.5V. Low voltage operation can be improved if the LV pin is
shorted to ground for V* < 3.5V. For V* = 3.5V, the LV pin
must be left open to prevent damage to the part.

POWER EFFICIENCY AND RIPPLE

It is theoretically possible to approach 100% efficiency if the
following conditions are met:

1. The drive circuitry consumes little power.
2. The power switches are matched and have low R,,.

3. The impedance of the reservoir and pump capacitors

are negligibly small at the pumping frequency.
The LMC7660 closely approaches 1 and 2 above. By using
a large pump capacitor C,, the charge removed while sup-
plying the reservoir capacitor is small compared to C_'s total
charge. Small removed charge means small changes in the
pump capacitor voltage, and thus small energy loss and high
efficiency. The energy loss by C,, is:

E = %Cp (V12 — V22)

Typical Applications

CHANGING OSCILLATOR FREQUENCY

It is possible to dramatically reduce the quiescent operating
current of the LMC7660 by lowering the oscillator frequency.
The oscillator frequency can be lowered from a nominal 10
kHz to several hundred hertz, by adding a slow-down ca-
pacitor C,., (Figure 3). As shown in the Typical Performance
Curves the supply current can be lowered to the 10 pA
range. This low current drain can be extremely useful when
used in pPower and battery back-up equipment. It must be

By using a large reservoir capacitor, the output ripple can be
reduced to an acceptable level. For example, if the load
current is 5 mA and the accepted ripple is 200 mV, then the
reservoir capacitor can omit approximately be calculated
from:

dv
Is = C,—
Cr dt
Vii . 0.5 mA
5 g DRIE DD , = ————— = 10 uF
4/Fosc 0.5V/ms
PRECAUTIONS
1. Do not exceed the maximum supply voltage or junction
temperature.

2. Do not short pin 6 (LV terminal) to ground for supply
voltages greater than 3.5V.

3. Do not short circuit the output to V*.

4. External electrolytic capacitors C, and G, should have
their polarities connected as shown in Figure 1.

REPLACING PREVIOUS 7660 DESIGNS

To prevent destructive latchup, previous 7660 designs re-
guire a diode in series with the output when operated at
elevated temperature or supply voltage. Although this pre-
vented the latchup problem of these designs, it lowered the
available output voltage and increased the output series
resistance.

The National LMC7660 has been designed to solve the
inherent latch problem. The LCM7660 can operate over the
entire supply voltage and temperature range without the
need for an output diode. When replacing existing designs,
the LMC7660 can be operated with diode Dx.

understood that the lower operating frequency and supply
current cause an increased impedance of C, and C,. The
increased impedance, due to a lower switching rate, can be
offset by raising C, and G, until ripple and load current
requirements are met.

SYNCHRONIZING TO AN EXTERNAL CLOCK

Figure 4 shows an LMC7660 synchronized to an external
clock. The CMOS gate overrides the internal oscillator when
it is necessary to switch faster or reduce power supply



Typical Applications (Continued)

INCREASING OUTPUT VOLTAGE

Stacking the LMC7660s is an easy way to produce a greater
negative voltage. It should be noted that the input current
required for each stage is twice the load current on that
stage as shown in Figure 6. The effective output resistance

is approximately the sum of the individual R, values, and
so only a few levels of multiplication can be used.

It is possible to generate —15V from +5V by connecting the
second 7660's pin 8 to +5V instead of ground as shown in
Figure 7. Note that the second 7660 sees a full 20V and the
input supply should not be increased beyond +5V.

lv“
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=
E
+-I =

a0\ 3_J

2 7
+|1Upf 5| vc7seo |
T v 5

—

CrE 0 uF
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FIGURE 5. Lowering Output Resistance by Paralleling Devices

SPLIT V* IN HALF

Figure 8 is one of the more interesting applications for the
LMC7660. The circuit can be used as a precision voltage
divider (for very light loads), alternately it is used to generate
a V2 supply point in battery applications. In the %2 cycle when

51 and S3 are closed, the supply voltage divides across the
capacitors in a conventional way proportional to their value.
In the 2 cycle when S2 and S4 are closed, the capacitors
switch from a series connection to a parallel connection. This
forces the capacitors to have the same voltage; the charge



Typical Applications (Continued)

redistributes to maintain precisely V*/2, across C, and C.. In
this application all devices are only V*/2, and the supply
voltage can be raised to 20V giving exactly 10V at V.

GETTING UP ... AND DOWN

The LMC7660 can also be used as a positive voltage multi-
plier. This application, shown in Figure 9, requires 2 addi-
tional diodes. During the first %2 cycle 82 charges C.1
through D1; D2 is reverse biased. In the next 'z cycle S2 is

open and $1 is closed. Since C_1 is charged to V* -V, and
is referenced to V* through S1, the junction of D1 and D2 is
at V* + (V* =Vp;). D1 is reverse biased in this interval. This
application uses only two of the four switches in the 7660.
The other two switches can be put to use in performing a
negative conversion at the same time as shown in Figure 10.
In the ¥ cycle that D1 is charging C,1, C.2 is connected
from ground to -V, via S2 and S4, and C,2 is storing C_2's
charge. In the interval that S1 and S3 are closed, C,1 pumps
the junction of D1 and D2 above V*, while C,2 is refreshed
from V*,

N
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C ——
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FIGURE 8. Split V* in Half
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FIGURE 9. Positive Voltage Multiplier

THERMOMETER SPANS 180°C

Using the combined negative and positive multiplier of Fig-
ure 11 with an LM35 it is possible to make a pPower ther-
mometer that spans a 180°C temperature range. The LM35
temperature sensor has an output sensitivity of 10 mV/°C,
while drawing only 50 pA of quiescent current. In order for

the LM35 to measure negative temperatures, a pull down to
a negative voltage is required. Figure 11 shows a thermom-
eter circuit for measuring temperatures from -55°C to
+125°C and requiring only two 1.5V cells. End of battery life
can be extended by replacing the up converter diodes with
Schottky's.
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Physical Dimensions inches (milimeters)

unless otherwise noted
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LMC7660 Switched Capacitor Voltage Converter

Physical Dimensions inches (millimeters) unless otherwise noted (Continued)
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National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and National reserves
the right at any time without notice to change said circuitry and specifications.

For the most current product information visit us at www.national.com.

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 systems 2. A critical component is any component of a life support
which, (a) are intended for surgical implant into the body, or device or system whose failure to perform can be reasonably
(b) support or sustain life, and whose failure to perform when expected to cause the failure of the life support device or
properly used in accordance with instructions for use system, or to affect its safety or effectiveness.

provided in the labeling, can be reasonably expected to result
in a significant injury to the user.

BANNED SUBSTANCE COMPLIANCE

National Semiconductor manufactures products and uses packing materials that meet the provisions of the Customer Products
Stewardship Specification (CSP-9-111C2) and the Banned Substances and Materials of Interest Specification (CSP-9-111S2) and contain
no “Banned Substances” as defined in CSP-9-11182,

& National Semiconductor National Semiconductor National Semiconductor National Semiconductor
Americas Customer Europe Customer Support Center Asia Pacific Customer Japan Customer Support Center
Support Center Fax: +48 (0) 180-530 85 86 Support Center Fax: 81-3-5638-7507

Ernail: new.feedback @nsc.com Email: europe.support@nsc.com Email: ap.support @nsc.com Email: jpn.feedback @nsc.com
Tel: 1-800-272-9959 Deutsch Tel +48 (0} 69 9508 6208 Tel: 81-3-5639-7560

English Tel: +44 (0) 87024 0 2171
www, national.com Frangais Tel: +33 (0} 1 41 91 8790




