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Obnovitev ¢lanstva v strokovnem drustvu MIDEM in iz tega
izhajajoCe ugodnosti in obveznosti

Spostovani,

V svojem vec¢ desetletij dolgem obstoju in delovanju smo si prizadevali narediti
drustvo privlia¢no in koristno vsem ¢lanom.Z delovanjem drustva ste se srecéali
tudivi in se odlogili, da se v drustvo vélanite. Zivljenske poti, zaposlitev in strok-
ovno zanimanje pa se z leti spreminjajo, najrazliénejsi dogodki, izzivi in odloditve
so vas morda usmerili v povsem druga podrocja in vas interes za delovanje ali
Clanstvo v drustvu se je z leti mo¢no spremenil, morda izginil. Morda pa vas
aktivnosti drustva kljub temu Se vedno zanimajo, ¢e ne drugace, kot spomin
na prijetne Case, ki smo jih skupaj preziveli. Spremenili so se tudi naslovi in
nacin komuniciranja.

Ker je seznam Clanstva postal dolg, ocitno pa je, da mnogi nekdanji ¢lani ni-
majo vec interesa za sodelovanje v drustvu, se je lzvrsilni odbor drustva odlodil,
da stanje Clanstva uredi in vas zato prosi, da izpolnite in nam posljete
obrazec priloZzen na koncu revije.

Naj vas ponovno spomnimo na ugodnosti, ki izhajajo iz vasega ¢lanstva. Kot
Clan strokovnega drustva prejemate revijo »Informacije MIDEM«, povabljeni
ste na strokovne konference, kjer lahko predstavite svoje raziskovalne in raz-
vojne dosezke ali sreCate stare znance in nove, povabljene predavatelje s po-
drocja, ki vas zanima. O svojih dosezkih in problemih lahko poroc¢ate v stroko-
vni reviji, ki ima ugleden IMPACT faktor.S svojimi predlogi lahko usmerjate
delovanje drustva.

Vasa obveza je pladilo ¢lanarine 25 EUR na leto. Clanarino lahko pladate na
transakcijski racun drustva pri A-banki : 051008010631192. Pri nakazilu ne
pozabite navesti svojega imenal

Upamo, da vas delovanje drustva se vedno zanima in da boste &lanstvo ob-
novili. Zal pa bomo morali dosedanje ¢lane, ki élanstva ne boste obnovili do
konca leta 2006, brisati iz seznama ¢lanstva.

Prijavnice posljite na naslov:
MIDEM pri MIKROIKS
Stegne 11

1521 Ljubljana

Liubljana, junij 2006

[zvrsilni odbor drustva
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NACRTOVANJE PREIZKUSLJIVOSTI MESANIH ANALOGNO-
DIGITALNIH INTEGRIRANIH VEZIJ

Uros Kac

Institut Jozef Stefan, Ljubljana, Slovenija
Kjuéne besede: nadriovanje preizkusljivosti, mesana analogno-digitalna vezja, vgrajen samodejni preizkus, oscilacijska metoda

1zvle&ek: V &lanku je obravnavana problematika nac¢rtovanja preizkusljivosti mesanih analogno-digitalnih integriranih vezij. Predstavijeni so osnovni prin-
cipi naértovanja preizkusliivosti, ki jih je mozno vgraditi v radunainidka naértovalska orodja preko takoimenovanih nadzornikov pravil nacrtovanja (ang.
design rule checker). Omenjene so metode, ki temeljijo na meritvah parametrov integriranega vezja, kot na primer meritev mirovnega napajalnega toka.
Sledi opis tehnik, ki zagotavljajo dostop do globoko vgnezdenih podsklopov. Obravnavani sta tudi problematika generiranja in vrednotenja analognih
signalov v vezju ter zasnova vgrajenega samodejnega preizkusa. Zadnji del prispevka povzema osnovne znacilnosti oscilacijske preizkusne metode.

Design for test of mixed-signal integrated circuits

Key words: design for test, mixed-signal integrated circuits, built-in self-test, oscillation based test

Abstract: The proliferation of consumer electronics increasingly determines the course of development of semiconductor technology. In this context
analog and mixed-signal integrated circuits and systems are regaining importance as electronic devices heavily rely on analog signal processing tech-
niques. The semiconductor industry follows market demands by developing increasingly complex application specific integrated circuits and systems.
This introduces new challenges in the process of circuit design and results in numerous difficulties in assuring adequate product quality. The latter is
becoming a severe problem as the established analog test procedures already represent one of the bottlenecks in the development of complex mixed-
signal systems. Consequently, research of new technigues supporting a structured approach to the design of testable analog integrated circuits is
increasing steadily. Due to the diversity of analog and mixed-signal designs various solutions are being explored. The main trends are described in the

paper.

The problem of circuit testing is tightly related to the circuit design process. The implementation of tast structures can be simplified and the quality of the
-test procedure can be increased by applying design rules and procedures or design for testability (DfT) techniques. Numerous DfT technigues for mixed-
signal integrated circuits have been proposed in recent years. Although the basic concepts of various technigues can differ substantially, we can roughly
classify them into design of support structures for implementation of external analog measurement methods and the design of structures for the imple-
mentation of analog built-in self-test (BIST). The second group of DfT techniques is expected to play a crucial role in future complex integrated circuits and
systems as it eliminates some limitations related to the use of conventional automated test equipment and increases product reliability throughout its life

cycle.

The oscillation based test method (OBT) described in the last part of the paper belongs to the second group of DT techniques. The method is based on
the assumption that the tested circuit can be reconfigured into an oscillator. Faulty circuits can then be identified by simply measuring the oscillation
frequency and comparing it to a reference value obtained from a fault-free (i.e., “golden”) circuit under the same operating conditions. The method
assumes that the oscillation frequency is sensitive to those component parameters which determine the relevant characteristics of the tested circuit. The
main issue in oscillation based circuit testing is the design of testability structures and circuit reconfiguration schemes, which provide for an efficient test
implementation. In the paper, general principle of OBT is described and some more details are given on its application in analog filter testing.

V tem prispevku uvodoma povzemamo osnovne principe
nacrtovanja preizkusljivosti (angl. Design for Testability, ali
okrajsano DfT), v nadaljevanju pa opisujemo izbrane pristo-
pe preizkusanja mesanih analogno-digitalnih vezij, ki so
dosegli ustrezno pozornost v strokovni javnosti in se uvel-
javili v praksi. Zadnji del prispevka je namenjen oscilacijski
preizkusni metodi, pri kateri smo tudi sami prispevali teor-
etske rezultate in jo uspesno uporabili v praksi.

1 Uvod

Z narad¢anjem kompleksnosti ter vse tezjim dostopom do
globoko vgnezdenih analognih podsklopov postaja preiz-
kusanje integriranih vezij vse vecji problem, zato jih je
potrebno nadrtovati tako, da jih bo mozno ucinkovito preiz-
kugati. V industriji in akademskih ustanovah narasca stevi-
lo raziskav, katerih cilj je razvoj ustreznih tehnik in postop-
kov strukturiranega nacrtovanja preizkusljivih analognih
vezij. Pristope v grobem razdelimo na realizacijo struktur 2
za izboljSanje vodiljivosti (angl. controllability) in spremljivosti
(angl. observability) notranjih vozli§¢ analognih podsklop-

Tehnoloski izziv

Pomanijkanje strukturiranih DfT tehnik nadértovanja analog-

ov ter na nadrtovanje struktur, ki omogocajo izvedbo vgra-
jenega samodejnega preizkusa v integriranem vezju. Zara-
di obseznosti podrodja ne gre iskati splosne resitve za vsa
analogna vezja, temveé je bolj smiselno iskati uéinkovite
tehnike preizkusanja za posamezne razrede analognih vezij.

nih podsklopov postaja ena poglavitnih ovir nadaljnjemu
razvoju mesanih integriranih sistemov. Ker jih proizvajalci
praviloma preverjajo s funkcionalnim preizkusanjem, je op-
timizacija postopkov tezavna in zahteva izkudene inZenirje
z odli¢nim poznavanjem problematike. Hkrati je zelo tezko
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oceniti kvaliteto postopka, saj se funkcionalni preizkusi ne
nanasajo neposredno na strukturne napake. Raziskovalci
iz industrije in akademskih ustanov so si zato enotni, da je
potrebno razviti ustrezne DfT tehnike, ki bi omogodéile struk-
turiran pristop k problemu preizku8anja analognih podsk-
lopov Ze od zadetnih faz nac¢rtovanja proizvoda, /1/, /2/,
/3/,/4/. Nadalje bi razvoj ucinkovitih analognih BIST struk-
tur omogocil uporabo popolnoma digitalnih avtomatskih
preizkuSevalnih naprav (ang. Automatic Test Equipment -
ATE), kar bi bistveno poenostavilo in pocenilo postopke
proizvodnega preizkudanja. Iz napovedi Zdruzenja industri-
je polprevodnikov /5/, lahko razberemo predvidene trende
razvoja mesanih analogno-digitalnih DfT tehnik ter njihovo
uporabo v bodocih kompleksnih SoC vezjih.

V skladu z naraséajoimi potrebami industrije se je v pre-
teklih nekaj letih obcutno povecalo stevilo raziskav na tem
podro¢ju. V znanstveni in strokovni literaturi lahko tako zasle-
dimo $tevilne prispevke, ki obravnavajo razli¢ne analogne
oziroma mesane DfT tehnike. Predlagani pristopi se med-
sebojno precej razlikujejo, kar izhaja predvsem iz lastnosti
ciline aplikacije, vendar pa je njihov skupni cilj izbolj$anje
preizkusljivosti kompleksnih mesanih integriranih vezij. Sli-
ka 1 skusa povzeti nekatere najbolj pogoste DfT tehnike in
primere njihove uporabe.

3 Nacrtovanje preizkusljivosti
mesSanih analogno-digitalnih vezij

3.1 Splosna DIT pravila

Vecina splodnih DT pravil izhaja iz uveljavijenih tehnik naér-
tovanja analognih vezij oziroma iz predhodno pridobljenih
nacrtovalskih izkusenj. Osnovna pravila so:

- vezja delimo na podsklope (makro celice),

- zagotovimo vodljivost vhodov podskiopov,

- zagotovimo spremljivost izhodov podsklopov,

- omogocimo izkljucitev povratnih zank v analognih pod-
sklopih,

- vgradimo digitalne spominske celice v sti¢iséa ana-
lognih in digitalnih podsklopov,

- uporabimo standarden digitaini preizkusni vmesnik za
izbiro nacina delovanja vezja (normalno obratovanje
ali preizkusanje).

Tovrstna pravila je mozno vgraditi v radunalniska nacértoval-
ska orodja, kjer lahko njihovo upostevanje spremljamo pre-
ko t.i. “nadzornikov pravil nacrtovanja” (ang. design rule
checker). Poleg splonih DT pravil iahko v to skupino uvrsti-
mo tudi ukrepe, kot je upostevanje pravil oziroma omejitev
pri fizicnem razvrs¢anju elementov vezja. S tem lahko zman-
j8amo verjetnost pojava dolo¢enih napak in tako izbolj$a-
mo preizkusljivost vezja /6/.

3.2 Podpora zunanjim merilnim metodam

Drugo skupino DIT tehnik predstavljajo strukture za pod-
poro postopkom preizkusanja, ki temeijijo na zunanjih merit-
vah parametrov integriranega vezja. Meritev mirovnega na-
pajalnega toka (Ippa preizkusanje) je uveljavijena tehnika
proizvodnega preizkusanja digitalnih vezij /7 /. Njegova up-
orabav mesanih integriranih vezjih zahteva upostevanje us-
treznih strategij delitve vezja na podskiope ter moznost
lo¢ene izkljucitve analognih jeder. To zagotavlja minimalen
vpliv le-teh na mirovni tok vezja med preizkusanjem digital-
nih podsklopov.

Po drugi strani je mozno meritve toka uporabiti tudi za preiz-
kusanje analognih podsklopov vezja. Ker so nekatere ana-
logne strukture, kot so tokovna zrcala ali generatorji
precnega (ang. bias) toka ali napetosti, posebej ob&utljive
na nakljuéno spreminjanje parametrov proizvodnega proce-
sa, lahko pride tudi pri praviino delujodih vezjih do ob&ut-
nih odstopanj v velikosti elektri¢nih tokov v vezju. Posledi-
ca je maskiranje napak v vezju, Semur se lahko izognemo
s ponovitvami meritev napajalnega toka ob vhodnih signa-
lih nasprotne polaritete. Mozna resitev je tudi realizacija
dodatnih struktur v nekaterih tipi¢nih analognih podskiopih.
Avtorji v /8/in /9/tako predlagajo izvedbo dodatnih toko-
vnih zrcal v transkonduktanénih operacijskih ojadevalnikih
(QTA), slika 2, s katerimi omogo&imo meritev mirovnega
toka analognega vezja z zunanjimi merilnimi instrumenti ali
z vgrajenimi tokovnimi senzorji.

Razvrstitev Primeri uporabe

Hierarhi¢ni nivo

upoltevanjem preizkusljivosti

Pravila nacrtovanja z

_{—b Optimizacija razmestitve
SN ’.

Nadértovanje struktur za

uporabe

Strukture za podporo specifidnim

» lddx preizkuganje

merilnim postopkom

Fizi¢ni opis vezja

Postopki za izboljianje
vodijivosti / spremijivosti

Sw- Opamp strukture
IEEE 1149.4 vodilo

Shematski opis

DIT tehnike

Naknadne spremeribe

za ‘Zﬁgna Opis na nivou » vezia H._,\I:: ADCgigr, Pllpigr, AGC
podskiopov Delni / popoini samodejni BIST nasx
Opis na nivoju d preizkus Y
sisterma Rekonfiguracija vezja

| Cdsema Il

Sodasni preizkus ; Samodejno preverjanje

Slika 1: DIT tehnike za me$ana analogno-digitaina integrirana vezja
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Prelzkus:

Koy - Elgly <1,

_ . Dodatno tokovno
Simetriénl OTA zrealo

Slika 2: Dodatna tokovna zrcalna struktura v
simetricnem OTA

3.3 Dostop do globoko vgnezdenih
podsklopov

V to skupino DfT tehnik uvré¢amo nadrtovalske ukrepe za
izboljdanje vodljivosti in spremljivosti analognih podskiopov.
V pretezno digitalnih mesanih integriranih vezjih za dostop
do analognih podsklopov pogosto uporabljamo obstojede
A/D in D/A pretvornike. Taksen pristop omogocéa popol-
noma digitalno povezavo med preizkusevalno napravo in
preizkusanim vezjem /10/, kar bistveno poenostavi celo-
ten postopek preizkusanja. Kadar obstojec¢e zmogljivosti
ne zadoscajo, je potrebno realizirati namenske A/D ali D/
A pretvornike izkljuéno za potrebe preizku$anja, to pa lahko
pomeni obcutno povecanje polprevodniske povrSine.
Mozna je tudi realizacija posebnih kontaktnih ploskev na
polprevodniku, ki merilni napravi omogoc¢ajo dostop do iz-
branih vozli§¢ integriranega vezja. Uporaba te tehnike je
tezavna in zahteva uporabo dragih preizkudevalnih vmes-
nikov, vendar pa je véasih edina mozna resitev. V tem
primeru skuSamo kontakte realizirati na najmanj obdutljivih
vozlisCih vezja, kot so izhodi ojadevalnikov ter druga nizko
impedancna vozlisca.

V literaturi so bili predstavljeni tudi razliéni pristopi, ki temelj-
ijo na rekonfiguraciji posameznih analognih podskiopov.
Ena izmed tehnik temelji na t.i. sw-opamp strukturah /11/.
Pri teh gre dejansko za operacijske ojacevalnike, ki lahko
delujejo v normalnem nacinu, ali pa kot ojacevalniki z enot-
nim oja¢anjem in dodatnim vhodom. Prednost pristopa je
v majhnem vplivu preizkusne infrastrukture na prenosno
funkcijo analognega vezja. Kot je razvidno iz slike 3 so stika-
la, s katerimi lahko analogni podskliop izoliramo od okolice
ter zagotovimo dostop do njegovega vhoda oz. izhoda,
namescena med diferencialno vhodno in moénostno izhod-
no stopnjo ojacevalnika. Zaradi majhnih amplitud signala
lahko uporabimo MOS tranzistorje majhnih dimenzij, s ée-
mer se zmanjsa vpliv parazitnih kapacitivnosti na karakter-
istiko ojadevalnika. Avtorji so v /12/predlagali zamenjavo
vseh operacijskin oja¢evalnikov v vecstopenjskem ana-
lognem vezju s sw-opamp strukturami. Ce vse stopnje, ra-
zen trenutno preizkudane, obratujejo v nadinu enotinega
ojaCevalnika, se vzpostavi posredna povezava med primar-
nim vhodom/izhodom vezja in vhodom/izhodom preizkusane
stopnje. Narazli¢nih primerih so tudi pokazali, da je vpliv preiz-
kusne infrastrukture na prenosno funkcijo vezja minimalen.

Dodaton diterancialna stopnfa
2 enotino povratno zanko

Slika 3: operacijski ojaéevalnik z moZnostjo
rekonfiguracije (sw-opamp)

Podobno resitev, ki temelji na rekonfiguraciji posameznih
stopenj analognega filtra v navadne ojacevalne stopnje,
predlagajo tudi avtorji v /13/. Ker je v tem primeru rekon-
figuracija izvedena s stikali v osnovni poti signala, je lahko
vpliv nelinearnih upornosti in parazitnih kapacitivnosti stikal
na prenosno funkcijo sistema precejSen. Taksna resitev
zato zahteva podrobno analizo in upostevanje vpliva stikal
Zze med postopkom nacrtovanja osnovnega analognega
vezja.

Med pogosteje uporabljane tehnike sodi realizacija namen-
skih preizkusnih analognih vodil. Nacrtovalci z realizacijo
le-teh omogocijo vodljivost in spremljivost analognih vozlisé
na nivoju integriranega ali tiskanega vezja oziroma na nivo-
ju sistema. Ceprav je osnovni princip uporabe preprost,
pa je dejanska izvedba precej zahtevna. Pri nacrtovanju
tovrstnih struktur zato uporabljajo razliéne tehnike, kot so
diferencialna vodila, vgrajeni gonilniki signalov (prilagoditev
naimpedanco oz. kapacitivno obremenitev vodila), iocevan-
je vodil za razli¢ne analogne podsklope (NF, RF) ter ozem-
liene oklopne plasti nad in pod vodili, ki lahko pripomorejo
k zmanj$anju motenj v merilnem postopku. Pri naértovanju
paje pomembna tudi uporaba standardnega preizkusnega
vmesnika, ki lahko precej olaj$a pripravo potrebnega meril-
nega okolja in prenosljivost obstojedih preizkusnih program-
ov na nove aplikacije.

3.4 Standard IEEE 1149.4

Konec leta 1999 je bil dokonéno potrien industrijski stand-
ard IEEE 1149.4 za mesano preizkusno vodilo (ang. Mixed-
Signal Test Bus, /14/), ki se navezuje na Zze obstojediin v
praksi uveliavljeni standard za nacértovanje digitainih vezij z
robno preizkusno linijo (IEEE 1149.1 - Test Access Port
and Boundary-Scan Architecture). Standard doloca last-
nosti analognega preizkusnega vodila in predpisuje os-
novno preizkusno infrastrukturo sistema (slika 4). Bistvena
znacilnost standarda so t.i. analogne robne celice (ang.
Analog Boundary Module - ABM), ki so names$cene med
funkcionalne prikljucke analognega jedra in vhodne/
izhodne sponke vezja ter omogocajo povezavo analognih
vozlis¢ z zunanjimi merilnimi instrumenti brez uporabe
ob¢utljivih merilnih sond. Standard poleg analogne infras-
trukture predpisuje tudi obvezno krmilno logiko in osnovne
nacina delovanja analognih robnih celic. Poleg tega do-
pusca tudi razli¢ne razsiritve infrastrukture, npr. z vgradnjo
struktur za izvedbo analognega samodejnega preizkusa.
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Slika 4: arhitektura IEEE 1149.4 meSanega preizkusnega vodila

Upostevanje standarda omogoca bolj strukturiran pristop
k nacrtovanju preizkusljivih mesanih analogno-digitalnih ve-
zij, vendar pa ima predlagana infrastruktura tudi nekatere
slabosti. Med temi sta relativno omejeno frekvenéno in im-
pedanéno merilno obmocdje, ki sta doloceni predvsem z
nacinom izvedbe vgrajenega analognega vodila in pripada-
jocih analognih stikal v robnih celicah. Izbira najustreznej-
$e tehnike je zato prepuscena nacrtovalcu, ki mora pritem
upostevati vpliv dejavnikov, kot so konéne upornosti in
parazitne kapacitivhosti MOS stikal, ali pa enosmerna
odstopanja (offset) ojadevalnikov, tako na natancnost meri-
tev kot na osnovne parametre analognega vezja.

3.5 Generiranje in vrednotenje analognih

sighalov v vezju

Generiranje in vrednotenje analognih signalov z zunanjo
merilno opremo vnasa nekatere omejitve v postopek preiz-
kusanja vezij. Te so posledica omejenega frekvencnega ali
amplitudnega obmocija signalov, ki jih lahko prenasamo med
merilnimi napravami ter integriranim vezjem (oziroma vhodi
in izhodi vgnezdenih analognih podsklopov), ob&utljivosti
prenosnih poti signalov na motnje ipd. Mozno resitev tega
problema predstavija generiranje oziroma vrednotenje ana-
tognih signalov v samem integriranem vezju. V tem primeru
poteka prenos preizkusnih podatkov in merilnih rezultatov
med vezjem in zunanjo preizkusevalno napravo v digitalni
obliki. Ceno za moznost uporabe preprostejsih digitalnih
preizkusevalnih naprav pladamo z dodatno povrsino pok
prevodnika, ki je potrebna za realizacijo ustreznih analognih
preizkusevalnih struktur v samem integriranem vezju.
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Izbira generatorja signala je odvisna od vrste preizkusa, ki
ga zelimo opraviti. Medtem, ko za preizkus dolo¢enih tipov
vezij, kot so npr. analogno/digitaini (A/D) pretvorniki zadosca
en sam vhodni signal, pa pri vezjih, kot so analogni filtri, obiCa-
jno uporabljamo postopek preizkusanja z vecfrekvenénimi
vhodnimi signali. Haurie in Roberts stav /15/predstavila iz-
vedbo sinusnega oscilatorja, ki temelji na LDI {(ang. Loss-
less Discrete Integrator) rezonatorju in AX modulatorju (sli-
ka 5). Oscilator je mozno skoraj v celoti realizirati z relativho
preprostimi digitalnimi elementi, kot so registri, sestevalniki,
multiplekseriji in pomikalni registri, medtem ko je uporaba
analognih struktur omejena na 1-bitni digitalno/analogni{(D/
A) pretvornik (zadrzevalnik ni¢tega reda) in preprost nizko-
prepustni filter. Predlagano strukturo odlikuje visoko razmerje
signal/sum (ang. Signal to Noise Ratio - SNR) kot tudi
moznost generiranja vectonskih signalov.
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Slika 5: Generator sinusnega signala na osnovi DS
modulatorja

Preizkus A/D pretvornikov obi¢ajno obsega dolocitev inte-
gralne (INL) in diferencialne nelinearnosti (DNL) ter napake
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ojaéanja in enosmernega odstopnaja pretvornika. Te para-
metre lahko dolo¢imo z analizo v frekvencnem ali v Cas-
ovnem prostoru kar vpliva tudi na izbiro oblike vhodnega
signala. Pri meritvah v ¢asovnem prostoru Zelimo na vhodu
pretvornika uporabiti po¢asen, linearno narasc¢ajoci signal.
Primer realizacije generatorja tovrstega signala je predstav-
lien v /16/. Pri histogramskem (frekvenénem) preizkusu
/17 /belezimo Stevilo ponovitev posameznih digitalnih kod
na izhodu pretvornika ob periodi¢nem vhodnem signalu z
znano amplitudno distribucijo, npr. sinusnemu ali trikotne-
mu signalu /18/.

Vrednotenje odziva analognega vezja otezuje vsebovana
nenatancénost analognih signalov. Zaradi tega moramo pri
analizi odziva vezja na dani vhodni signal upostevati vplive
Suma in odstopan] v generatorju signala kot tudi dopustnih
odstopanj parametrov preizkusanega vezja. Vcasih lahko
pri vrednotenju odziva preizkusanih podsklopov izkoristi-
mo obstojece D/A pretvornike in DSP jedra v integriranem
vezju /19/, /20/. Kadar to ni mozno, je potrebno realizira-
ti namenske preizkusne zmogljivosti, pri cemer pa skusa-
mo &im bolj omejiti potrebno povrsino polprevodnika /21/.
Realizacija A/D pretvornika visoke casovne in amplitudne
resolucije je obi¢ajno v nasprotju z zahtevo po majhni povr-
Sini: na eni strani poznamo hitre a velike flash A/D
pretvornike, na drugi pa pocasne pretvornike na osnovi
sukcesivne aproksimacije, ki sicer zasedejo manjso povr-
$ino polprevodnika. Pod dolo¢enimi pogoji pa je mozno
realizirati pretvornike, pri katerih resolucija ni obratno sora-
zmerna hitrosti pretvorbe. Avtorji v /22/in /23/tako izko-
ris¢ajo periodic¢en odziv analognega vezja, ki tudi potas-
nim sukcesivnim A/D pretvornikom omogoc¢a doseganje
¢asovne resolucije, ki je primerljiva tistim pri veliko visjih
frekvencah vzoréenja. Poleg klasi¢nih A/D pretvornikov
lahko za analizo preizkusanega vezja uporabimo tudi druge
strukture. Eno izmed moznosti predstavljajo t.i. analogni
nadzorniki (ang. analogue checker). S pomodjo le-teh
preveriamo dolo¢ene parametre vezja glede na znan vhodni
signal. Nadzorniki iz odziva vezja izlocijo vrednost iskanega
parametra in jo primerjajo z dvema referen¢nima vrednos-
tima (Pun , Pua ), Ki ustrezata zgornji in spodnji meji do-
pustnega odstopanja parametra od zeljene vrednosti, re-
zultat pa je preprost digitalni signal, ki javi prisotnost na-
pake (go/no-go preizkus). Analogni nadzorniki obic¢ajno
sestojijo iz vezja za izloCanje iskanega parametra in pri-
padajocega primerjalnika, vendar pa se dejanska izvedba
nadzornika razlikuje glede na vrsto obravnavanega ana-
lognega vezja, /24/, /25/, /26/.

Ker je v praksi nemogode loceno primerjati vsako vzoréeno
vrednost izhodnega signala z zeljeno vrednostjo, upora-
bljamo postopke komprimiranja analognih signalov. Zelje-
na lastnost struktur za komprimiranje analognih signalov
je, da za dva razli¢na vhodna signala ustvarijo dve razlicni
signaturi, hkrati pa za dopustna odstopanja vhodnega preiz-
kusnega signala tudi signatura ostaja v mejah pricako-
vanega obmodja. ¢eprav je mogoce signaturo doloditi s
klasi¢no A/D pretvorbo izhodnega signala in uporabo
digitainih tehnik komprimiranja z veévhodnimi signaturnimi

registri (ang. Multiple Input Signature Register - MISR),
so se nekatere druge strukture, /27/, /28/, izkazale za
ucinkovitejSe glede na potrebno povrsino polprevodnika.
V /29/so0 avtorji predstavili izvedbo generatorja analogne
signature, v SC (ang. Switched-Capacitor) tehnologiji, ki
lahko hkrati sluzi tudi kot generator preizkusnih signalov
(slika 8). Potrebno povrsino polprevodnika lahko dodatno
zmanj$a souporaba funkcionalnih elementov vezja v preiz-
kusni shemi.
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Slika 6: ABILBO - vgrajen observator analognih blokov

3.6 Vgrajen samodejni preizkus

Z vgradnjo ustreznih zmogljivosti v integrirano vezje lahko
omogoc¢imo popolnoma avtonomno izvajanje preizkusnega
postopka, ki ne zahteva nobene dodatne podpore s strani
zunanje merilne opreme, z izjemo prozenja zacetka in
spremljanja koncnega rezuhtata preizkusa. Prednost tak-
$nega pristopa je v zmanjSanju kompleksnosti (in cene)
zunanje preizkusevalne naprave in moznosti soc¢asne izvr-
sitve ve¢ locenih vgrajenih preizkusov ter posledi¢no skraj-
Sanju Gasa celotnega preizkusa. Slabost je vsekakor pove-
Canje polprevodniske povrsine vezja zaradi dodatne preiz-
kusne infrastrukture ter omejena moznost obdelave ana-
lognih signalov. Pristopi k izvedbi vgrajenega samodejnega
preizkusa analognih podsklopov se razlikujejo predvsem
glede na njihov vpliv na funkcionalne elemente vezja ter
glede na tehniko generiranja preizkusnih signalov in vred-
notenja odziva preizkusanega analognega vezja. Razliku-
jemo lahko tudi med bolj ali manj strukturiranimi pristopi k
nacrtovanju BIST struktur. Prvi so bolj splosne narave in
pripomorejo k skrajsanju nacrtovalskega ¢asa, obi¢ajno na
racun vecje potrebne povrsine polprevodnika. Nestrukturi-
rani pristopi so prilagojeni specificnim analognim vezjem in
lahko ob manjsi dodatni povrsini polprevodnika obdéutno iz-
boljsajo preizkusljivost vezja. Prilagoditev struktur specificne-
mu vezju po drugi strani zahteva dalj$i ¢as nacrtovanja.

Najve& pozornosti je bilo do sedaj posvedene izvedbi BIST
struktur za A/D in D/A pretvornike, /31/, /32/, /33/, sgj
gre za pogosto uporabljane mesane analogno-digitaine
podsklope s Sirokim naborom parametrov (oja¢anje, INL,
DNL, enosmerno odstopanje), ki po drugi strani zahtevajo
obsezZen in drag postopek preizkusanja. Primer strukfuri-
ranega pristopa k preizkusanju vezij, ki vsebujejo tako A/D
kot D/A pretvornike je t.i. hibridni BIST (HBIST), kigajev/
30/predlagal Ohletz. Samodejni preizkus se izvede z vz-
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postavitvijo povezave med izhodom D/A in vhodom A/D
pretvornika, medtem ko vhode D/A pretvornika vzbujajo
vzorci iz vgrajenega LFSR (ang. Linear Feedback Shift
Register) generatorja psevdo-nakljuénih vrednosti. Soc¢as-
no se v digitalni domeni izvaja analiza signature na izhodih
A/D pretvornika.

Med analognimi BIST pristopi velja posebej omeniti komer-
cialne resitve podijetij LogicVision ter Fluence Technology.
Avtorja Sunter in Nagi iz podjetja LogicVision sta razvila
adcBIST tehniko namenjeno preizkusanju A/D pretvorni-
kov /34/, ki zahteva uporabo nekaterih dodatnih elemen-
tov: analognega multiplekserja na vhodu pretvornika, R-C
vezja za glajenje vhodnega signala ter digitalnega bloka za
generiranje preizkusnih vrednosti in procesiranje rezulia-
tov pretvorbe. Elemente vkljuéujemo v nacrtovano vezje
na nivoju blokov, zato pristop ne zahteva posegov v struk-
turo A/D pretvornika (slika 7). Digitalno vezje skrbi za generi-
ranje vhodnega preizkusnega signala in za izra¢un koefi-
centov polinoma tretjega reda. Slednji so dolo¢eni na pod-
lagi najmanjse vsote kvadratov tako, da zagotavijajo prile-
ganje polinoma dani sekvenciizhodnih vrednosti pretvorni-
ka. Koeficienti vsebujejo vso potrebno informacijo za
dolocitev enosmernega odstopanja, oja¢anja ter har-
monicénega popacenja drugega in tretjega reda. lzradun
parametrov se izvede digitalno in lahko poteka v ali izven
integriranega vezja. Prednost pristopa je njegova odpor-
nost na sum, variacije v proizvodnem procesu in nelinear-
nosti navhodu pretvornika, med slabosti pa sodi predvsem
ne-izracunavanje dinamiéne in integralne nelinearnosti
pretvornika. Poleg adcBIST ponujajo pri LogicVision tudi
resitev za preizkusanje digitalnih in analognih PLL struktur
pod imenom plIBIST /35/.

AMUX

adcBIST

{

Preizkusni vmesnik

Slika 7: Shematski prikaz adcBIST pristopa

Podjetje Fluence Technology trzi skupino analognih BIST
resitev pod skupnim imenom BISTmaxx. Skupina proizvo-
dov obsega strukture za preizkusanje A/D (ADCBIST) in
D/A (DACBIST) pretvornikov ter PLL struktur (VCOBIST).
Medtem ko ADCBIST temelji na vgradnji namenskih zmo-
gliivosti, ki omogocajo izvedbo klasi¢nega histogramske-
ga preizkusa, pa DACBIST uporablja t.i. oscilacijsko teh-
niko za dolocitev pomembnih parametrov preizkusanega
vezja. Oscilacijska tehnika temelji na moznosti pretvorbe
preizkusanega vezja v oscilator, /36/, /37/, in na pred-
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postavki, da napake v vezju vplivajo na frekvenco oscilacij.
Naravna frekvenca transformiranega vezja je tako odvisna
od dodanih zunanjih komponent ter od vecine parametrov,
ki dolo¢ajo frekvencno karakteristiko oziroma ¢asovni odziv
vezja. DACBIST predvideva transformacijo D/A pretvorni-
ka poljubne resolucije v eno-bitni D/A pretvornik ter prik-
ljucitev negativne regulacijske povratne zanke na preizku-
Sano vezje. Frekvenco oscilacij dolo¢imo s preprostim
vezjem, ki obsega eno-bitni A/D pretvornik (primerjainik)
in digitalni stevec, preizkusna infrastruktura pa vkljucuje se
integrator analognega signala in ustrezno krmilno logiko
(slika 8). Nekaj dodatnih besed namenjamo oscilacijski
metodi in njeni uporabi pri preizku$anju analognih filtrov v
naslednjem poglavju.

Pri uporabi tehnik vgrajenega samodejnega preizkusanja
analognih vezij lahko na koncu ugotovimo, da se s selitvijo
preizkusnih zmogljivosti v samo integrirano vezje ustrezno
poveduje tudi potrebna povrsina polprevodnika, kljub temu
pa je za doloCene aplikacije to ena izmed ugodnejsih re-
Sitev, predvsem zaradi povedanja ucinkovitosti preizkusnega
postopka, skrajSanja ¢asa preizkusanja vezja in pogosto tudi
moznosti izvajanja preizkusov med obratovanjem sistema.
Hkrati tudi trenutni trendi razvoja cedalje bolj nakazujejo
potrebo po uporabi tovrstnih tehnik pri naériovanju zanesljivin
a cenovno ugodnih mesanih integriranih vezij in sistemov.
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Slika 8: Primer izvedbe DACBIST strukture

3.7 Oscilacijska metoda

Oscilacijsko metodo /36/, /37/, /38/je mozno uporabiti
za preizkusanje razliénih razredov analognih vezij. Pri tej
metodi vzpostavimo pogoje, da vezje, ki ga zelimo preiz-
kusiti, zaoscilira. lzmerimo frekvenco oscilacij in jo primer-
jamo s frekvenco izmerjeno pod enakimi merilnimi pogoji
na referenénem vezju, za katerega vemo, da je brez na-
pak. Ob predpostavki, da se morebitne napake v vezju
odrazajo v frekvenci oscilacij, tako lahko odkrivamo vezja z
napakami. Splosni pristop k uporabi oscilacijske preizkusne
metode je podan na sliki 9. Preizkusano vezje obi¢ajno
delimo na manjse podsklope, znotraj katerih izvedemo us-
trezne ukrepe za vzpostavitev nestabilnega stanja in posle-
di¢no oscilacij na izhodu podsklopa.

Oscilacijska metoda je posebej privia¢na za realizacijo vgra-
jenin samodejnih preizkusov saj obi¢ajno zahteva relativno
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omejene posege v strukturo preizkudanega vezja, hkrati
pa se izognemo potrebi po realizaciji namenskih struktur
za generiranje preizkusnih signalov. Za vrednotenje odziva
vezja pa zadoséa Ze zelo preprosta struktura, ki jo lahko
realiziramo z detektorjem nivoja analognega signala in
digitalnim &tevcem.
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Slika 9: Splosni pristop k uporabi oscilacijske metode

Preizkusanje analognih filtrov pogosto temelji na dinamicnih
meritvah frekven&nega odziva vezja na vhodni signal spre-
menljive frekvence. Uginkovitost taksnega postopka je v
veliki meri odvisna od izbire ustrezne oblike vzbujanja ter
nadina vrednotenja odziva. V primeru naértovanja vgrajen-
ega samodejnega preizkusa zahteva realizacijo ustreznih
namenskih struktur, ki lahko obdéutno povecajo potrebno
povrsino polprevodnika, poleg tega vecina aplikacij zaht-
eva uporabo generatorjev analognih signalov visoke stabil-
riosti in moznost generiranja vec¢frekvencnih signalov.

V zadnjih letih je bilo objavljenih vel prispevkov, ki
obravnavajo uporabo oscilacijske metode pri preizkusanju
aktivnih analognih filtrov /38/. Predstavljene so bile neka-
tere resitve za izbrane razrede aktivnih R-C filtrov, ki temeljijo
na pretvorbi preizkusanega vezja v oscilatorsko strukturo s
pomocjo vgrajenih stikal in dodatnih pasivnih elementov
/39/, ali pa z uporabo zunanjega vezja, /40/. Poleg tega
naletimo tudi na nekatere resitve, ki obravnavajo specific¢-
na aktivna R-C vezja, /41/, /42/, in dokazujejo prakticno
uporabnost postopka v proizvodnem preizkusanju in-
tegriranih analognih filtrov.

Uporaba oscilacijske metode je e posebej smiselna v
primeru preizkusanja SC vezij, saj le ta Ze v osnovi vkljucu-
jejo analogna stikala, torej je vezje pogosto mozno trans-
formirati brez vedjih posegov v strukturo samega vezja ozi-
roma Ze z zagotovitvijo ustreznih (digitalnih) krmilnih sig-
nalov. Huertas et al. sov /43/in /44/predstavili preizkus-
ni postopek za specificno SC filtrsko vezje, ki temelji na
uporabi oscilacijske metode. Oscilacijska struktura je zas-
novana z uporabo dodatnega zunanjega vezja, ki v preiz-
kusnem nadinu zagotavija obratovanje preizkudanega pas-
ovnoprepustnega SC filtra v mejno stabilnem obmocju. Na
podlagi analize pokritosti napak so tudi ugotovili, da lahko
kakovost preizkusa izbolj$ajo z dodatnim preverjanjem am-

plitude izhodnega signala. V /45/je predlagana rekonfi-
guracijska shema oscilacijskega preizkusa pasovnopre-
pustne SC stopnje, ki se nanasa na univerzalno Fleischer-
Laker-jevo stopnjo drugega reda. Delo predstavija pos-
plogen pristop k naértovanju struktur za izvedbo oscilaci-
iskega preizkusa v tipicnih topologijah SC filtrskih stopen.

4  Zakljucek

Redevanje problema preizkudanja je tesno povezano s
postopkom nadrtovanja vezja. Z upostevanjem pravil,
postopkov in tehnik naértovanja, ki jih skupno ozna¢ujemo
kot nadrtovanje preizkusljivosti, lahko bistveno olajsamo
izvedbo in poveéamo udinkovitost preizkusnega postop-
ka. Na podrodju naértovanja preizkusljivosti v mesanih ana-
logno-digitalnih integriranih vezjih so bile v preteklih letih
predstavijene Stevilne resitve, vendar pa so se le redke
uveljavile v praksi. Posamezne tehnike se po svoji zasnovi
precej razlikujejo, vendar jih lahko v grobem razdelimo na
nadrtovanje struktur za podporo zunanjim merilnim meto-
dam in na nadrtovanje struktur za izvedbo vgrajenega
samodejnega preizkusa vezja. Cilj nadega prispevka je bil
predstaviti glavne sodobne Ze uveljavljene preizkusne me-
tode, hkrati pa pokazati tudi na nekatere zanimive ideje in
izhodis¢a za razvoj novih udinkovitih resitev.
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Abstract: The purpose of this paper is to test the efficiency of the modified orthogonal simulated annealing algorithm. The method is compared with the
COMPLEX method on a set of mathematical functions. The method is then used on three real-world cases of integrated circuits and compared with a

modified COMPLEX method that uses intelligent initial points selection.

Optimizacija integriranih vezij z algoritmom
simuliranega ohlajanja

Kjuéne besede: parametriéna optimizacija, simulirano ohlajanje, nadrtovanje integriranih vezij.

lzviedek: Namen prispevka je preizkusiti ucinkovitost modificiranega ortogonainega simuiranega ohlajanja. Primerjamo ga z metodo COMPLEX na
skupini matematiénih funkcij. Metoda je nato uporabliena na treh realnih primerih integriranih vezij in primerjana z modificirano metodo COMPLEX, ki

uporablja pametno izbiranje zacetnih tock.

1 Introduction

Optimization problems arise in virtually every field of engi-
neering, science, and business. The parametric optimiza-
tion problems are usually presented in the following form:

min f (x)

xeR"
f:R" >R (1)
xe[LU]

where f is the so-called cost function (CF) and x is a vec-
tor of parameter values. L and U are vectors of lower and
upper parameter bounds, respectively. Unfortunately ana-
Ivtical solutions to (1) can only be obtained for some very
simple and small problems. Most practical problems are
complex and often include simulations and measurements,
which are very expensive and time consuming. The com-
plexity of the optimization problem depends on the dimen-
sionality (i.e. the number of optimization parameters) and
on the shape of the CF. The size of the solution space
increases exponentially with the problem dimensionality,
so locating good solutions becomes increasingly more dif-
ficult. But the real challenge arises from the CF itself. In
most real-world applications the CF is nonlinear and has
many local minima. Often the value of the CF is a result of
numerical simulations or measurements that introduce
noise to the CF. Noise makes the fast deterministic gradi-
ent based methods useless and derivative free direct meth-
ods become more attractive. Direct methods are usually
divided in two major groups. Deterministic methods always
produce the same final solution when they start with the

same initial guess. One method from this group is the sim-
plex method which is well known and popular due to its
simplicity and speed. But the simplex method is a local
downhill search method and its solution greatly depends
on the initial guess. Stochastic methods, on the other hand,
introduce randomness to the search process and are ca-
pable of escaping from the local minima in order to find
better solutions. Simulated annealing is a stochastic meth-
od. In this paper we describe a recent version of simulated
annealing referred to as Orthogonal Simulated Annealing
(OSA) /1/ and compare it with a modified simplex method
also known as COnstrained siMPLEX (COMPLEX) /2/. The
comparison is done on a set of mathematical test func-
tions. OSA and modified COMPLEX methods are then used
on three real-world integrated circuit (IC) design problems.
The purpose of comparison is to establish the feasibility of
circuit optimization with OSA.

The paper is organized as follows. In section 2 a brief de-
scription of the basic simulated annealing algorithm is giv-
en and in section 3 the OSA algorithm is described in de-
tail. Section 4 compares the algorithm with the COMPLEX
method on a set of mathematical test functions. In section
5 OSA is compared with a modifed COMPLEX methods
on three cases of IC design. Section 6 gives the conclu-
sions.

2  Simulated annealing algorithm

Downhill methods can easally get trapped in local minima.
To escape from a local minimum uphill moves must be al-
fowed from time to time to give the algorithm a chance to
move to unexplored parts of the solution space. Simulated
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annealing /3/ was developed for this purpose. It always
accepts downhill moves but occasionally uphill moves are
also accepted. The basic features of the algorithm come
from the analogy with the movement of atoms in metal.
When metal is heated up to a very high temperature, at-
oms can move freely even to a state with higher energy.
When the material is cocled down slowly, atoms are more
likely to move to low energy states. If the annealing is slow
enough, the resulting metal has an uniform structure with
very few defects and minimal free energy. The simulated
annealing method mimics this process by introducing an
artifical parameter to the search process often referred to
asthe temperature (T) which controlls the acceptance prob-
ability for the uphill moves. At the beginning of the search
it is set to a high value and most transitions to higher CF
values are accepted. As the search progresses, the tem-
perature is slowly decreased so that the uphill moves be-
come less frequent. If the annealing is done in a sufficient-
ly slow manner, the final solutions reached by the algo-
rithm are near the global minimum of the CF. The CF is an
analogy of the free energy of the atoms in a metal. The
basic steps of the simulated annealing algorithm are:

1 initialize - set algorithm parameters, inital point

2. generate new point - generation mechanism

3. acceptance criterion ~ transition

4. continue with 2 until end of temperature stage

5. annealing - cooling schedule (decrease temperature)
6. continue with 2 until stopping condition is met

These steps must be chosen carefully in order to ensure
the probabilistic convergence to the global optimum. The
obtained algorithms, however, are not very efficient in prac-
tice because the required cooling schedules are too slow
or the generation mechanisms are too inefficient to get
any useful result in a reasonable amount of time. That is
why most practical versions of the algorithm use modified
generation mechanisms and cooling schedules. This way
the convergence proofs (i.e. /5/) no longer apply but good
solutions can still be obtained in a reasonable amount of
time.

3  Orthogonal simulated annealing
algorithm (OSA)

Recently a new version of the simulated annealing algo-
rithm was developed /1/, taking advantage of a carefully
designed set of experiments at every iteration that helps to
choose a good point for the next iteration. Since the re-
sults reported in /1/ were encouraging, this method was
chosen for implementation and testing. All steps of the al-
gorithm are described in this section.

3.1. Initialization

In the initialization step basic algorithm parameters are set.
For this purpose several points (in our case 100) are ran-
domly chosen and evaluated. The best of these points is
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set as the starting point for the algorithm. The initial value
of the temperature parameter T is set to the standard devi-
ation of CF values at these points. Our method differs slight-
ly from the original one /1/. Instead of using the same
parameter (temperature) for the acceptance criterion and
the generation meachanism we use a separate parameter
for generation of random moves. The allowed intervals /L,
U/ for different optimization variables can vary considera-
bly so the generation mechanism must use a separate pa-
rameter for each variable. For this reason we introduce
another vector parameter referred to as the range (R). The
initial values of the components of R are set to allowed
interval widths of optimization variables. Another parame-
ter that needs to be set is the number of moves at each
temperature stage N:. In theory it must be large enough
for the algorithm to reach thermal equlibrium in every tem-
perature stage. In our case N;is set to 10.

3.2. Generation mechanism

The algorithm uses orthogonal experimental design (OED)
to choose good candidates for the next iteration. A care-
fully designed set of experiments allows for an efficient fac-
tor analysis. The main idea is to evaluate a small number of
points in order to estimate factor effects on the given CF.
The selection of these points is done with the help of or-
thogonal arrays. In this context orthogonal means statisti-
cally independent so that the estimation of the effect of
one factor does not affect the estimation of the effects of
others. An example of such an experimental design for
three factors and three levels per factor is given in table 1,
which contains the generated orthogonal array and figure
1, which shows the distribution of the corresponding ex-
perimental points.

Table 1: Orthogonal array for 3 factors and 3 levels per

factor.
experiment | factor I | factor2 | factor3
number level level level
1 1 1 1
2 1 2 2
3 1 3 3
4 2 1 2
5 2 2 3
6 2 3 1
7 3 1 3
8 3 2 1
9 3 3 2

There isatotal of 9" =3 = 27 combinations of factor lev-
els for this example, where Q is the number of levels per
factor and Ny is the number of factors. In our case only
nine experimental points have to be evaluated and the use
of the orthogonal array assures that these points are even-
ly spread around the search space. The algorithm for gen-
eration of orthogonal arrays can be found in /4/.
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Fig. 1: Distribution of experimental points when the
orthogonal array from Table 1 is used.

The use of orthogonal arrays also has drawbacks. The
method works very well when there are no interactions
between different factors. Unfortunately this is usually not
the case. Furthermore optimization problems often include
many optimization variables so the number of required ex-
periments for an efficient factor analysis is large. There-
fore the Ny variables are randomly grouped into Ny factors.
The two most extreme cases are when Ny= Nyand Nf= 1.
In the former case there are many factors but because of
the interaction effects between factors, the estimation of
factor effects is less accurate. In the latter case there is
only one factor and the estimated effect is accurate, but
the optimization requires more iterations. A compromise is
needed. The formula for determining the number of fac-
tors for a given problem is:

Nf _ (3|_log3(2-Nv+1)_[ _ 1)/2 2)

At the beginning of every iteration the variables are ran-
domly divided into Nf groups and every group is consid-
ered as one factor. Then a random perturbation vector is
generated according to a specified probability distribution
(in our case the Cauchy distribution). For every optimiza-
tion parameter x; the probability distribution of perturba-
tion dx; is:

R,
dx,) = i i=12,.N,
p(dx;) W (3)

where Ry is the range parameter of the j-th variable in the
current temperature stage. To generate a random variable
from this distribution the inversion method is used:

dx, =R, -tan(u - (U ~1/2)) i=12,.N,

where U is an uniformly distributed random number from
the interval /0,1/. After generating the perturbation vector
dx, the three levels for every optimization variable are de-
termined as:

X, =X

i

i
x =x{+dx,, i=12,.N

v (5)
xi2 =x; —dx,

where x¢ is the current value of the i-th variable. If x; or x]
violates box-constraints /L; Ui/, its value is chosen ran-
domly from this interval. Since variables are grouped into
factors, setting one factor to some level means setting all
the variables x; from that factor to the corresponding level
(x!, x; or x}). This way the orthogonal array is converted
into experimental points, which are then evaluated. The
main effects of all factor levels are obtained by the follow-
ing formula:

Sj,k:Zyt'F: (6)
t

where Sjx denotes the effect of the k-th level of the j-th
factor and y; is the value of the CF from the #-th experi-
ment. F: has only two possible values. It is 1 if in the t-th
experiment the j-th factor has k-th level. Otherwise F;is O.
The new candidate solution can now be generated. For
every factor {j) the level (k) with the minimum S; is cho-
sen. The CF of the new candidate solution is then evaluat-
ed. The best of all the experimental points and the candi-
date solution is then submitted to the acceptance criterion
as a potential solution for the next iteration. This process is
repeated N; times in every temperature stage.

3.3. Acceptance criterion

Most versions of the simulated annealing algorithm use the
same transition acceptance criterion which is known as
the Metropolis criterion. Downhill transitions are allways
accepted. Uphill transitions are accepted with the proba-
bility:

where y and y are the CF values at the new and the cur-
rent point, respectively, and T is the value of the tempera-
ture parameter. At high temperatures almost all transitions
are accepted but when the temperature is close to zero
most of the uphill moves are rejected and the algorithm
acts as a downhill method.

3.4. Annealing

The next step of the algorithm is the cooling schedule. Sev-
eral schedules have been developed but the best known
and also very popular is the original schedule of Kirkpatrick
/3/. The temperature decreases exponentially:

T)=Tk-1)o, oelol] (8)

where k is the temperature stage index. Large values of &
mean slow convergence but more reliable search for the
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global optimum whereas smaller values mean fast conver-
gence with the increased risk of getting trapped in a local
minimum. The empirically chosen value for ¢ was 0.99. At
the end of every temperature stage the number of moves
Nt in a temperature stage is also decreased by

N, (k)=N,(k-1)-o (9)

The probaility distribution for random moves must also be
adapted. The range parameter R is reduced at the end of
every temperature stage:

R(k)=R(k~1)a, i=12,.N, (10

3.5. Stopping criterion

Several stopping criteria can be used. In our case the al-
gorithm stops when the temperature reaches user speci-
fied minimal value Tmin (in our case10°®) orwhen the number
of CF evaluations exceeds the maximum allowed number
of evaluations.

4 Optimization of mathematical test
functions

Orthogonal simulated annealing was compared with the
COMPLEX method /2/ on a set of mathematical functions.
The set includes unimodal functions, functions with a small
number of local minima (considered as moderatelly diffi-
cult problems) and difficult problems with many local mini-
ma, noise, nonlinearity and strong interactions between
variables. All of the tested functions can be found in /4/.
The optimization was repeated 50 times for every function
with randomly chosen initial points. Both methods had the
same limited number of CF evaluations (60000 and 70000
for problems with Ny, = 30 and N, = 100, respectively).
The optimization results are given in table 2.

The results show that the OSA method is promising when
compared to COMPLEX. The COMPLEX method exhibits
very fast convergence but gets stuck in a local minimum in
almost every tested case. It outperforms the OSA method
in some cases of unimodal functions and functions with
strong noise. The latter is not unexpected since the meth-
od maintains a population of points between iterations.
Simulated annealing, on the other hand, starts every itera-
tion from a single point. On multimodal functions OSA out-
performed the COMPLEX method in terms of global search
capabilities. Due to the modified generation mechanism
and cooling schedule the algorithm was not able to locate
the global minimum in all optimization runs, but the solu-
tions that were found were still fairly good when compared
to the global minimum.

5 Optimization of integrated circuits

Since the OSA performance on mathematical functions was
very promising, the next step was to test it on real-world
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N, | COMPLEX OSA global

minimum

£l 30 | -9596.2 -12569.5 -12569.5
-3012.3 -12569.5

£ |30 6.9709 3.5527-10% 0
224.67 1.9899

£ | 30 | 16714107 | 1.5234-107 0
3.93447 2.7337-107

f, | 30 [22362:10° | 1.7375:107 0
3.04840 1.6971-10""

£ | 30 | 2.1584-10° | 1.6672:107° 0
1.59433 2.0732:10"

/. | 30 | 19551107 | 3.1601-10° 0
6.99148 1.0987-10”

7, | 100 [ -61.124 -98.861 -99.2784
-29.261 -97.860

f, | 100 | -70.408 -78.332 -78.33236
-63.311 -78.331

fio | 100 113.13 283.59 0
196.95 795.04

£ | 30 | 2.598110° | 5.4955.10° 0
5.3587-10° | 8.2124-10°"

fio | 30 | 4.1618:107 | 2.4360-107 0
2.0489-10° | 1.5660-10"

fi, | 30 ] 19705107 | 1.8169-107 0
3.6034 8.2303-107

S | 30 | 8.9943.107 102.83 0
39.777 1928.0

fie | 30 1.8026 1.2809-10° 0
9.4910 8.4080-10"!

Table 2. Table shows the best and the worst solution
found in 50 optimization runs. The functions
used are defined in [4].

electronic circuit design problems and compare its per-
formance with the COMPLEX method. For this purpose
SPICE OPUS circuit simulator was used /6/. In SPICE
OPUS a modified COMPLEX method is already integrated
as one of the available optimization methods. Since the
original method has very fast convergence, restart with
intelligent initial points selection is conducted every time
the basic method reaches its stopping criterion /7/. This
process is repeated untill the given limit of CF evaluations
is reached. The final result is the best solution of all the
runs. The OSA method had to be implemented in C langu-
nage and added as one of the available optimization meth-
ods in SPICE OPUS.

Three cases of electronic circuit design were considered.
The first circuit was a simple delay element, the second an
operational amplifier, and the third a rather complex ampli-
fier circuit. Circuit topologies for all three cases are given
in figures 2, 3, and 4. The key properties of all three opti-
mization problems are given in table 3.

Optimization parameters were resistances, capacitances
and transistor channel lengths, widths, and multiplier fac-
tors. For every circuit several design goals were set. A sin-
gle CF is constructed as a combination of all the design
goals /8/. Optimization is conducted across several cor-
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Fig. 4: Topology of the third circuit.

Table 3: Summary of the optimization cases: number of
optimization parameters, number of design
goals, and number of corner points.

case N, design goals | corner points
1 12 7 1
2 15 14 14
3 17 32 17

ner points to account for different envirenmental conditions
(supply voltage, temperature, process parameter variations,
...). Since every CF evaluation requires a separate circuit
simulation for each corner point, a large number of simula-

tions is expected resulting in very long run times. There-
fore every circuit was optimized only once. The results of
the optimization are given in table 4.

Table 4: Optimization results: number of function
evaluations (FE) to find a solution of the given
quality, and final solutions. For modified
COMPLEX method the number of the run in
which a solution was found, is also given in

brackets.
mdified
case COMPLEX OSA
FE until cost < 100:10° 253 (1) 1011
FE until cost < 20-10° 660 (1) 12758
1 best cost 6.39-10° 11.3-10°
FE until best cost 21409 (28) 14703
final FE > 100 000 16122
FE until cost <50 124 (1) 58
FE until cost <10 2483 (2) 33595
2 best cost 8.07 7.37
FE until best cost 96912 (69) 47605
final FE > 100 000 47768
FE until cost < 10 3672 (3) 32014
FE until cost < 1 26688 (21) 34248
3 best cost 0.282 0.088
FE until best cost 41131 (32) 43877
final FE > 45 000 44164

Since the modified COMPLEX method uses restarts and
can explore several local solutions within the given number
of CF evaluations, the number of the run in which a solu-
tion was found is given in brackets. The number of CF eval-
uations after which the COMPLEX method was manually
stopped, is also given. The OSA method stopped auto-
matically when the temperature reached its final value. Both
tested methods were compared in terms of the solution
quality and the number of CF evaluations (FE).

The first case is the most simple of the three cases consid-
ered. It only has a few design goals and does not include
corner points. It also has the least optimization variables.
All this makes the solution space smaller and the CF less
complex. For this case the modified COMPLEX method
performed considerably better than OSA. It did however
require more CF evaluations and several restarts to reach
a good solution. In the second case multiple corner points
and more design goals were considered. OSA outper-
formed the modified COMPLEX method in terms of solu-
tion quality and number of required CF evaluations. The
third case has the largest number of optimization variables,
design goals, and corner points. In this case OSA was also
more successfull than the modified COMPLEX method.
These results show that for simpler cases the modified
COMPLEX method clearly is a better choice. But when it
comes to complex circuits, many design goals, and, above
all, alarge number of corner points, it does not perform as
good as OSA. Not even restarts helped the COMPLEX
method to find a better solutions than the one OSA found
in a single run.
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6 Conclusions

A recently developed optimization method called Orthog-
onal Simulated Annealing (OSA) is described and com-
pared against a version of the simplex algorithm (COM-
PLEX method). Both methods are first tested on a set of
mathematical test functions. The results showed that OSA
performs better when the CF has many local minima. On
the other hand, the COMPLEX method is a good choice
when finding a local minimum quickly is more important
than finding a global minimum. OSA and modified COM-
PLEX method were then tested on three IC design cases.
The results showed that on the simpler case the modified
COMPLEX method using restarts outperformed the OSA
method. As the problem complexity increased, the ability
of the OSA to explore the search space more thoroughly
resulted in better performance (compared to the modified
COMPLEX method). But in order to obtain a good solution
in a reasonable amount of time, probabilistic global con-
vergence of the algorithm had to be sacrificed {modified
generation mechanism and cooling schedule). Therefore
there is no guarantee as to when and if the global mini-
mum will actually be found. Nevertheless OSA is well suit-
ed to IC optimization and design, particularly for problems
with many variables and corner points.
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A METHODOLOGY FOR OPTIMUM DELAY, SKEW, AND
POWER PERFORMANCES IN AN FPGA CLOCK NETWORK

Mohd S Sulaiman

Faculty of Engineering, Multimedia University, Selangor, Malaysia
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Abstract: A methodology for FPGA clock network optimisation is presented. The algorithms for optimisation of clock skew, delay, and power considering
slew rate constraint for an FPGA fixed-clock network are implemented and verified on SX 32 FPGA chip. Measurements indicated a 60% reduction in
clock slew rate and a 22% improvement in power dissipation when compared to the results of the initial, un-optimised chip.

Metodologija za doseganje optimalne zakasnitve, porazdelitve
signala in porabe moc¢i urinega omrezja vezij FPGA

Kjuéne besede: CMOS, FPGA, urina vezja, nacrtovanje integriranih vez, naértovanje vezij z majhno porabo, CMOS

lzvlegek: V prispevku predstavijamo metodologijo za doseganje optimalnega delovanja urinega omrezja znotraj vezij FPGA. Algoritmi za optimizacijo
zakasnitve, popadenja signala in porabe modi so bili uvedeni in preverjeni na vezju SX 32 FPGA. Meritve pokaZejo 60% zmanjdanje v popaceniju signala
in 22% zmanjéanje porabe modi v primerjavi z rezultati pred optimizacijo.

1 Introduction

Modern high performance VLS| systems are designed to
work at a specific maximum clock frequency depending
on their applications and the process technology used.
One of the constraints in achieving maximum clock fre-
quency is clock rise time (slew rate). The longest rise time
in the clocking network limits the clock frequency (clock
period) /1/.

A clock network is responsible for distributing clock signal
from an input pad to the clock input of each block inan IC
(sink). The clock net should be able to maintain the clock
signal integrity. The distribution of clock signal on the chip
must be done while minimizing the clock delay, clock skew,
and slew rate /3/. Clock delay is defined as the maximum
delay from the clock source to the input of any logic block.
Maximum clock skew is defined as the difference between
‘the longest clock delay and the shortest clock delay in the
system.

To achieve minimum slew rate while maintaining clock sig-
nal integrity, minimum number of buffers are added into
the clock tree. This technique also helps to reduce clock
delay and clock skew. Proper buffer placement and buffer
sizing minimizes the slew rate. Capacitive load of the driv-
en gates/logic blocks (gate load) and parasitic loads of
signal line (wiring load) are among the factors that affect
clock slew rate, delay and power dissipation. Since power
consumed by the clock network contributes a major por-
tion of the total chip's power consumption /4/, reducing
the clock net power consumption will have tremendous
effect in system’s overall power consumption.

Research works in the buffered clock network mainly fo-
cused on the minimization of clock delay and clock skew.
As far as this work is concerned, previous works have not
addressed the problem of clock delay, skew, and power
optimisation with slew rate constraint. Work in /1/ empha-
sized on generating a clock network and optimising clock
delay and skew without considering power performance
while work in /3/ focused on inserting minimum number
of buffers in clock trees with skew and slew rate constraints.
The latter assumes that the clock tree will be buffered by a
single type CMOS buffer. No doubt, this strategy helps to
reduce clock skew and skew sensitivity to process varia-
tion. It, however, requires a balanced tree network, which
is not applicable to FPGAs. The simultaneous change of
buffer size and wire width to optimise performance and
power in /5/ assumes that buffer locations are already giv-
en; i.e. clock tree is already buffered. This technique is
useful in minimizing delay and power but it does not con-
sider any slew rate constraint. Although the work done.in
/6/ can significantly reduce the clock delay and clock
skew, it does not consider the effect buffer insertion has
on slew rates and power dissipation. Additional capacitive
loading imposed by adding buffers into the clock tree will
increase the slew rates and power dissipation, which is not
desirable, especially for high-speed mobile applications.

. Based on these observations, this paper proposes an op-

timisation methodology for optimum clock delay, skew, and
power performances for a given slew rate constraint.

For this work, several constraints are considered and a
few assumptions are made:

- Buffers can be inserted at tree nodes only due to the
FPGA physical layout constraint.
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- The maximum clock slew rate is 0.5 ns, and the max-
imum allowable clock delay is 2.5 ns for CMOS 0.35-
um technology.

- The clock tree will be buffered by buffer of different
sizes due to loading considerations.

The outline for the remainder of this paper is as follows. Prob-
lem formulation is discussed in Section 2. In Section 3, the
algorithm that solves the initial buffer insertion problem is
presented. Algorithm for delay and slew rate optimisation by
changing buffer position is discussed in Section 4. Section
5 discusses the buffer sizing strategy for simultaneous clock
delay, skew, slew rate, and power optimisation. Section 6
exptains the wire width sizing technique for delay reduction.
Section 7 contains the simulation results and comparisons.
Conclusions are presented in Section 8.

2.1 Definitions

The definitions of the terms that will be used in the later

sections are as follows:

- Unbuffered Clock Tree (UBT): a clock tree T(V,E)
consisting of wires (edges) E and nodes V with no
buffers between the source and sink nodes (initial
clock tree).

- Buffered Clock Tree (BFT): a clock tree T(V,E) after
buffer insertion.

- Wire (E): an internal signal line connecting logic block’s
input to its output.

- Node (V). a point that connects two logic blocks to-
gether

An FPGA is made up of z number of logic blocks (x rows X
y columns, where x xy = z, input-output (I/0) blocks, and
programmable interconnects (see Fig. 1). Logic blocks can
be either logic modules or flip-flops (see Fig. 2 (a) and (b),
respectively). The circuit models for this work are as shown
in Fig. 3 and Fig. 4. Each clock tree branch (vertical col-
umn) consists of logic blocks and a driver to drive the clock
signal to all the logic blocks in the column (see Fig. 4).
Logic blocks are modelled as a series RC-circuit while the
vertical wires are modelled as a n-RC circuit (see Fig. 3).
The resistance R for the two models (series n-RC and RC)
is given by the following formula:

where L = [ength of Logic Module

W= width of vertical track for the path of clock signal inside
the logic block

r = sheet resistance of signal path
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The capacitance in the RC-circuit that models the logic block
for CMOS 0.35-um technology is 21.2 fF (calculated based
on the 3D modelling technique described in /7/).

If0BLOCKS

il
PROGRAMMABLE
INTERCONNECT

T

[t s Y o o o

LOGIC BLOCKS PATH3  PATHI

Fig. 1. FPGA Building Blocks

Horizontal wires are modelled as a PI-RC circuit (see Fig.
3). Wire resistance is calculated as follows:

L,
R=—p +R,
W
where Ly = horizontal length of logic module

int erconnect (2)

Wh = horizontal width of logic module
r = sheet resistance of signal line
Rinterconnect= resistance of interconnect

The capacitance is found to be 23 fF (based on the meth-
od described in /7/).

Figure 5 shows the sketch of the proposed technique for
simultaneous optimisation of clock delay, skew, and pow-
er with slew rate constraint. The overall algorithm is shown
in TABLE 1.

i. Initial Buffer Insertion:

inserts different number of buffers in each source-to-sink
for a UBT depending on the slew rates of that path.
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Fig. 3. RC Model for Logic blocks and wire

ii. Delay & Power Optimisation (Slew Rate Constraint)
- modified /6/

Buffer locations are optimised to minimize clock delay.
Buffer sizes in the BFT are changed accordingly to mini-
mize slew rate, should there be a need to do so.

jii. Delay & Skew Optimisation by Buffer Sizing-proposed
by /5/ and /6/, modified to consider slew rate constraint

Logic
module

Logic
module

1= rm3x ,_§
¢ = c¢m3x/2 .
| Logic

pa module

1

Logic
module

L
i
I

Fig. 4. Column model
Path by path, buffer sizes are changed to change the de-
lay of each path/column.

iv. Wire sizing approach to optimise power, skew, and
delay

Wire widths are changed to see the effect on clock delay,
skew, and optimisation.

Table 1 - Overall optimization algorithm

Get slew rates and delay of every path
Do Initial Buffer Insertion

while flag = TRUE
Do Delay and Power Optimization
(Buffer Positions)

if slew rates <t ..
Do Delay & Skew Optimization (Buffer Sizing)

flag =FALSE
clse
flag = TRUE
Do Slew Rate Minimization (change size of By ;)
end
end

Do Skew & Power Optimization (Wire Sizing)
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Inthis section, Initial Buffer Insertion problem is discussed.

Initial Buffer Insertion Problem: Given a UBT and a
maximum clock delay, clock skew, and slew rates, deter-
mine the number of buffers to be inserted in each path
(source to sink) such that slew rate is less than tmax of 0.5
ns. That is, number of buffers in each path = f(slew rate)

To solve the initial buffer insertion problem, given a slew
rate constraint, the paths are first sorted in ascending or-
der according to the maximum path clock delay, i.e. tdelay p1
(tpath_min) < tdelay,F’Q <. < tdelay_P2O < JfdelayﬁPZW (tpath_max)-
Next, the size of column driver is reduced by a factor of
two.

We then measure the maximum slew rate of every path,
starting with the shortest delay path, i.e. path 1. If the slew
rate is less than tmax, no buffer is inserted in that path.

However, if the slew rate is greater than tmax, one buffer is
inserted right in the middle of the clock path. The maxi-
mum slew rate for the path is then measured. If it is still
greater than tmax or if the rise time improvement is less than
15%, we remove the buffer and start increasing the size of
column driver until the goal is achieved.

If there is at least 15% improvement in path slew rate but it
is still greater than tmax,, another buffer is inserted. This
time the two buffers are placed such that they divide the
clock path in three equal-length sections. The buffer in-
sertion step is repeated until the siew rates for all paths are
less than tmax. In general, if we have k buffers in a path,
they should be arranged such that they divide the path in
k+1 equal sections.

Forinstance, consider three paths in the FPGA chip shown
in Fig. 1. Initially, the slew rates for paths 1, 3, and 21 are
482 ps, 583 ps, and 940 ps, respectively. After the size
of column driver has been reduced by a factor of two and
one buffer has been inserted in path one, the slew rate is
reduced by only 5%. Therefore, we remove the buffer in
path 1 and start increasing the size of column driver (see
Fig. 4). The final result for path 1 is that the slew rate is
less than 0.5 ns. Path 3 needs one buffer while path 21
{the longest path, not shown in Fig. 1) needs two buffers.

We, then, continue the optimisation process with the si-
multaneous optimisation of clock delay, slew rate, and
power by changing buffer positions.

The algorithm selects a buffer from source to sink (depth-
first) and move its position to reduce the clock delay. If the
delay is reduced, the buffer is moved to the new location,
otherwise it stays at its original position. After all buffer
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Fig. 5. Optimisation Approach

positions have been optimised, we check the slew rate. A
buffer is selected from sink to source (bottom-up). i the
slew rate at input of buffer B is greater than 0.5 ns, we
increase the size of buffer Bi.1 until the slew rate is less
than tmax.

TABLE Il displays the Buffer Positioning Algorithm for si-
muftaneous optimisation of clock delay and power with slew
rate constraint. The original algorithm developed by /6/
was modified to consider the slew rate constraint.
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Table 5 displays the algorithm used for optimising clock
delay and skew. This original technique was developed by
/6/, and then was modified 1o take into account the slew
rate constraint.

Step 1: The algorithm arranges the path according to its
delay in ascending order; tdetay_p1 (tpath_min) < tdelay P2 < ...
< tdelay_PZO < tdelay~P21 (tpath_max)-

Step 2: Starting with tpamn_min, it selects a buffer from source
to sink (depth-first).

Step 3: The buffer size is changed by As. If the delay is
reduced, we then check the slew rate. We stick with the
new size should the slew rate be less than tmax,. Other-
wise, the buffer size is not changed.

Step 4: If delay is reduced and slew rate'is less than tmax,
repeat step 3 until there is no further improvement.

Wire width sizing strategy for delay, skew and power opti-
misation is as described below:

Step 1: Given a maximum wire width due to chip area con-
straint, vertical and horizontal wire widths are increased.

Step 2: If clock delay, and skew are reduced, then change
the widths.

Step 3: Otherwise, reduce wire widths. If delay and skew
is decreased, keep reducing the wire widths. Else stop.

The results of the algorithms developed were verified on
an FPGA chip where the clock tree is neither balanced
nor of equal length. All the logic blocks in the FPGA chip
have fan-out of one for worst-case capacitive loading im-
posed on the clock tree.

Table 4 presents the results of clock delay, skew, slew
rates, and power before and after the clock tree is opti-
mised. Chip area savings of 765 um? is achieved with the
new optimised clock tree. Power dissipation is improved
by 22%. For all paths, the slew rates are reduced to within
the scope of 500 ps (tmax). These values range from 366
ps to 463 ps.

Table 2 - Delay & Power optimization algorithm

Input: Buffered Clock Tree (BEFT) with n
paths and k; level of buffers in path 1.
n = no. of paths
Ax: buffer moving step (single-node step)

Output: Optimized clock path (position-wise)

Procedure: PathDelayMinimization (Path i, k;,
Ax, n) '
forpath =1ton
// optimize delay (move buffer position)
for buffer level i = 1 to k (depth-first approach)
move buffer 1, B; up Ax
check path clock delay

if delay 1s reduced
stay at new location
keep moving up Ax until no further
improvement
else
go back to old location
move buffer i, B; down Ax
check path clock delay
if delay is reduced
stay at new location
keep moving down Ax
until no improvement
else
back to old location
end
end

end

// minimize slew rate
for buffer j =k to 1 (bottom-up)
if slew rate at input of B; > 500 ps
increase size of B,
end
end
end
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Table 3 - Delay and skew minimization with slew rate

constraint

Input: BFT with optimized buffer position

As: buffer size increase
n = no. of paths

Output: Optimized buffer sizes for delay, skew,

slew rate and power.

Procedure: BufferSizing (Path 1, k;, As, n)

for path =1 ton (i.e. Tpath_min 1O Tpath_max)
for buffer leveli=1tok

// increase buffer size
while increase_buffer size = TRUE
increase size of buffer i, B; by As

if delay is reduced
if slew rate <t ..
buffer size = new size
increase buffer size = TRUE
clse
buffer size = old size
increase_buffer_size = FALSE
end
end

/! reduce buffer size
while reduce buffer size = TRUE
reduce size of buffer i, B; by As

if delay is reduced
if slew rate <t .
buffer size = new size
reduce_buffer size = TRUE
else
buffer size = old size
reduce_buffer size = FALSE
end
end

end

// need additional buffers?
if delay > 2.5 ns (t,.)
add another buffer in the path
go to PathDelayMinimization
end

end // end of main for loop

// end of 274 for loop

In this paper, a methodology for optimisation of clock de-
lay, clock skew and power with slew rate constraint is pre-
sented. This method is effective especially when dealing
with trade-offs among delay, skew, power, and slew rate
for an FPGA chip.

The results presented in this paper have shown convinc-
ingly that the method developed yields sharper rise and
fall edges and reduces power dissipation with practically
no penalty in the clock delay.
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Table 4 - Comparison of clock delay, skew, slew rate, power dissipation, and buffer area between the unoptimised

design and the optimized design

Initial Clock Tree Optimised Clock Tree %
Improvement

Shortest Longest Shortest Longest Overall

Path (1) | Path (21) | Path (1) | Path (21) (Path 21)
Rise Time (ps) 481.1 939.5 463.5 362.8 61.4
Fall Time (ps) 493.0 842.9 456.3 385.7 54.2
Clock Delay (ns) 1.43 2.35 1.38 2.26 3.8
Maximum Clock Skew (ns) 0.92 0.88 4.3
Power (mW) 112.7 87.4 22.4
Area occupied by Buffers & 5145 4380 14.9
Column Drivers (um®)
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Abstract: Smart-home conception has emerged in recent years and played a very important part in the formation of future houses. Making our current
homes more adaptable and self-directed is the main focus of smart home research. Achieving these goals won't be possible without giving our today’s
home enough intelligence to make rational decisions to operate itself which usually we as inhabitants of the home make these decisions in our everyday
life to manage our home and achieve comfort that we desire. In this paper we present prototype of a system that overcomes this problem by giving the
home enough intelligence to adapt to its inhabitants life style without the need for the inhabitants to exercise authority. The system makes use of multi-
agent and prediction techniques to provide intelligent smart-home appliances automation. The final prototype will be downloaded into FPGA chip.

Pametni dom na osnovi umetne inteligence

Kjuéne besede: Inteligentni dom, VHDL, vedagentni sistemi , FPGA, napoved

Izvleek: Koncept inteligentnega doma se je pojavil v zadnijih letih in je odigral pomembno vlogo pri naértovanju bodocih his. Glavni cilj raziskav na
podrogju inteligentnega doma je ustvariti bolj prilagodijivin samo-upravljiv dom. Takega cilia ne bo mogoce dosedi brez, da bi domu dali dolo¢eno mero
inteligence, s pomodjo katere se bo lahko odlo¢al in se upravijal, kar je do sedaj bila izkljuéno domena stanovalcev. V prispevku predstavimo prototip
sistema, ki domu omogoca dovolj inteligence, da se prilagodi Ziviienskemu slogu stanovalcev brez potrebe po njihovem avtoritativnem posredovanju.
Sistem uporablja vedagentne tehnike in tehnike napovedi za avtomatizacijo delovanja naprav znotraj inteligentnega doma. Koncni prototip bo izveden kot

vezje FPGA.

1. Introduction

Smart-home is a structure that is equipped with technolo-
gy that makes it possible for the home inhabitant to oper-
ate the house using special techniques. These techniques
might include programming an array of home appliances
or by using remote control schemes. Recently many high
profiled researches discrete such as IBM, MIT and Micro-
soft started to setup smart-homes to be used as test beds
by researchers /1/.

The Artificial Intelligence (Al) designation; is the ability of a
computer to perform rational tasks, such as reasoning and
learning that human intelligence is capable of doing /2/.
The aim of Al is to utilize the abilities of the human brain
into computer powered devices. One of these devices is
the smart-home appliance that can automatically adjust it-
self fo the desire of the home inhabitants.

The physical picture of a home being rational is very plau-
sible. A home that is capable of making coherent deci-
sions could possibly offer a level of self-sufficiency that is
not available in the current home environment. By auto-
mating the home many residents prefer that home tasks
such as security and power consumption can be carried
out by the smart-home systems automatically with out their
need for exercising authority. The essence of smart-home
study lies in the creation of smart environment saturated
with computing and communication capability, yet grace-
fully enhanced integrated with the human users The com-

plexity of a Smart Home solution lies in the variety of differ-
ent protocols and media involved, and the requirements of
the various services provided such as automation, securi-
ty and power management etc.

During the past years many home appliances automation
projects has emerged /3, 4, 5/. Although previous sys-
tems achieve the required home mechanization needs but
on the other hand most of previous systems were software
based and expensive to be implemented and commercial-
ized and that's probably the main reason why previous sys-
tems were not used by the general public. In this paper we
present a portable, low cost and fast hardware prototype
of a multi-agent system that is designed to provide home
automation without the need to be programmed.

In the next section we will look into the detail of the tech-
niques used in our system and at the end we will illustrate
the expected performance of the system and furthermore
future work will be discussed.

2. BResearch methodology

The system main goals are to achieve high operational
speed and efficiency and at the same time making it cost
effective and portable. Due to the mentioned goals the
system is implemented on hardware rather than software.

The system makes use of multi-agent techniques; each
agent will be responsible to control a section of the home
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and automate the devices appliances usage according to
the life style of the inhabitants. The agents are homogene-
ous and non-communicative; the only communication that
the agents can perform is to share the overall environment
state of the whole smart-home so as to make better pre-
dictions and device automations.

To correspond with the outside world the system makes
use of X10 protocol to send and receive messages from
and to the home appliances. The system has two mod-
ules; one of the modules is used to generate X10 packet
and the other is responsible to receive and translate an
X10 packet. Based on the information contained in the
packet, the unit generates a message to each agent envi-
ronment state maintainer. When the device state maintain-
er receives the message it updates the local view of the
agent devices state.

The system s event driven. The events are themselves time
driven and are controlled by a system clock. The time frame
of the events is adjustable by the home occupants. Each
time an event trigger is generated the agents will issue a
device command based on their learned knowledge that
were gathered by monitoring the users everyday device
interactions.

The agent consists of three main units; prediction unit,
decision unit and communication unit. The prediction unit
is designed by using Active-Lezi algorithm /6/, the unit is
responsible for predicting the future environment state
based on the current environment state. On the other hand
the decision unit is modeled using techniques of Reinforce-
ment learning, the algorithm used for modeling the unit is
Q-Learning.

The use of prediction unit with the decision unit makes
better system performance since it is sometimes undesir-
able to directly predict and operate a particular home ap-
pliance. That's why we need the reinforcement learning
technigues to be used so that the agent learns from previ-
ous experience and not letting the prediction unit perform
unnecessary action. Finally the communication unit is re-
sponsible to handle the communication between the agents
as illustrated in Fig.1

Before putting the system into operation the system needs
to be trained. The training is done by collecting devices
usage patterns of the home inhabitants, after data gather-
ing phase the data is fed to the system. The system per-
formance is improved by using more accurate training data.
For detailed system superficial overview refer to Fig.2.

3. Decision unit

The decision unit of the system is responsible for perform-
ing rational decision. The unit is modeled according to Q-
Learning algorithm. Q-learning is a reinforcement learning
technique where action value function is used to assign
values to actions that the system performs at a given state.
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Fig. 2 Superficial illustration diagram of the system

Given the environment devices states as [S], and the de-
vice actions that can be taken on a given environment state
as [A], we can form the Q value array of reinforcement learn-
ing as shown in equation 1.

O=85x4 (1

According to Q-Learning algorithm the Q value array is used
to store the rewards the agent has received by performing
a particular action at a given environment state. Each time
the agent makes a correct decision; the agent is given a
positive reward or a negative reward. The reward is calcu-
lated based on the user feedback to the agents performed
action, which can be sensed by the system through mon-
itoring the devices state constantly.

The Q value function will be calculated as shown in equa-
tion 2.

0 (ra)=(-w)Q (xa)+a(r+y/ () @

where Q* is the Q-learning value function, x is the environ-
ment states, a is the action that can be taken, « is the
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learning rate, yis the value of future reinforcement and V*
is the future Q-learning value function.

4. Prediction unit

The prediction unit is very important unit; due to the rea-
son that it can minimize the error rate by predicting the
future environment state, thus allowing the decision unit to
take actions based on the predicted future state. The unit
is modeled using an online predictor Active-Lezi.

Active-LeZi algorithm is an enhancement of both LZ78 and
LeZi-Update algorithms /6/. It incorporates a sliding win-
dow approach to address the drawbacks of both LZ78 and
LeZi-Update. This approach also demonstrates various
other desirable characteristics given below.

- The core model of Active-Lezi algorithm is Growing-
Order-Markov model based on 1.Z78 algorithm, there-
fore Active-Lezi accomplish optimal predictability.

- Active-Lezi stores more information, which implies that
as the input sequence (the experience) grows, the
algorithm performs better. This is a desirable charac-
teristic of any learning algorithm.

After simulating Active-Lezi algorithm by using input data
pattern with high noise. We can see that the result gained
from the simulation is very desirable since the algorithm
achieves prediction of 100%. The simulation result is shown
in Fig.3.

o0 _ J‘/V\-"\/\/\/\‘\/\/\”\/\r\,\—-/\u\// ™
i

0 500 1000 1500 2000
Number Training instances

Fig. 3  Graph showing the prediction accuracy of
Active-lezi

5. Results and discussion

The purpose of the research is to implement a home appli-
ances automation system by using multi-agent techniques.
The system will be later hardware synthesized. At the mo-
ment our system is still under development, so the testing
of the system that we have so far performed has been done
using software simulation.

During our testing phase we have implemented a synthet-
ic data generator to generate training data to train the sys-
tem. The synthetic data generator is used to produce de-
vices usage pattern that accurately symbolize an actual
home occupant devices usage routine. The data simply

include the time, place and action of the event that is hy-
pothetically performed by a particular home resident as
shown in Table 1. After the data is generated it is convert-
ed into an accurate X10 protocol packets and then is fed
to the system using the system training unit.

Table 1 Sample Synthetic Data Used To Train The Multi-
Agent System

Date and Time Action Device Location
2006-03-03/09:21  On Lampl Living Room
2006-03-03 /10:26  Off Fanl Bedroom
2006-03-03/10:29  On Tvl Living Room
2006-03-03 /18:21  Off Lampl Living Room
2006-03-03/20:22  Off Tv2 Bedroom

The system has been simulated and tested using our syn-
thetic data generator. Since the system is hardware based
we have used Model-Sim VHDL simulation software to sim-
ulate the design. Based on our simulation results we real-
ize that the system can perform accurately and the error
rate is reduced by using more training data as shown in
Fig.4.

Simulation Results

a Accurag;l
@ Error Rate]

Monthly Data

Fig. 4  Graph lllustrate The Simulation Results

Since the system is modeled using the techniques of rein-
forcement learning, there are few some important point
need to be mentioned. In order to accommodate the home
inhabitant preferences and learn accurately form the inter-
action of inhabitant devices, we decided to give a small
reward value to every accurate action that the decision-
making unit performs and a larger value to a particular ac-
tion that the user performs. These make the system to adapt
the inhabitant preferences faster and more accurate.

Since the actions are increased according to the number
of home appliances, thus more the appliances installed in
the home, the more complicated the decision making proc-
ess becomes. The simulation results shows that the sys-
tem without prediction unit has a dramatically fall in the
performance. This proves that the prediction unit is highly
important to minimize the number of actions to be per-
formed on the predicted next environment state.
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6. Conclusion

The purpose of this research is to implement a revolution-
ary home automation system that automates the home
devices appliances usage based on the inhabitant’s life
style. The methodology used in this system is based on
techniques of Al in particular multi-agent techniques. This
system will be realized on hardware to overcome problems
faced by other systems such as cost and portability. More-
over making use of muti-agnet techniques will make the
system performs faster than previous home automation sys-
tems due to the fact that parallelism of multi-agent can help
deal with limitations imposed by time-bounded reasoning
requirements.
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Abstract: The presented paper deals with a computerized measuring system for evaluating magnetic properties of soft-magnetic ring cores (in compli-
ance with the IEC60404-2 standard). A measuring set-up with a feedback power amplifier is introduced. lts basic operation is explained and an upgraded
version is presented. Its main feature is a superior control loop based on a repetitive action control method which assures an accurate and stable
secondary induced sinusoidal voltage waveform without voltage zero-crossing distortion caused by a large magnetizing current. Two variants of the
repetitive method are presented which provide more realistic measurements of magnetic field strength H at the specified amplitude of the secondary
induced voltage. Measurements done without and with the repetitive action corrector are presented and discussed. Reasons for choosing one variant are
given and results that confirm the improvement over a conventional approach without the repetitive controller are shown.

Merjenje lastnosti mehkomagnetnih materialov pri visoki
stopnji magnetnega nasicenja

Kjuéne besede: toroidno jedro, mehkomagnetni material, merilni sistem, DSP, nizko popacenje, faktor oblike, B-H krivulja

lzvleéek: V &lanku je predstavijen mikrokrmilnisko nadzorovan merilni sistem za merjenje parametrov mehkomagnetnih jeder z zaklju¢eno magnetno potjo
(po predpisih, ki jih doloda standard [EC60404-2). Opisano je osnovno merilno vezie, ki temelii na linearnem mocnostnem ojacevalniku z negativno
povratno zanko. Razlozeni so temelji njegovega delovanja. Predlagana je nadgradnja merilnega sistema z nadrejeno regulacijsko zanko z regulatorjem, ki
temelji na repetitivni korekcijski metodi. Sledniji je posebno primeren za zagotavijanje stabilne sinusne oblike sekundarne inducirane napetosti brez
popacenja pri prehodu skozi niclo, ki ga povzroca velik magnetiini tok. Predstavljeni sta dve razlicici repetitivne korekcijske metode, ki omogocata realnej-
$e posredno merjenje magnetne poljske jakosti H. Obe razli¢ici usinkovito zmanjaujeta konico magnetilnega toka ter poslediéno magnetne poljske jakosti,
pri tem pa ohranjata amplitudo sekundarne inducirane napetosti nespremenieno. Predstavijene so primerjalne meritve, opravljene na opisanem merilnem
vezju brez in z uporabo nadrejene regulacijske zanke z repetitivnim regulatorjemn. Podani so razlogi za izbiro ene od izvedb ter pridobljeni rezultati.
Opravijene meritve potriujejo izbolj$ave, ki jih doprinese regulirani sistem v primerjavi z nereguliranim.

mean all the difference when considering the material to
choose.

Introduction

In the field of soft-magnetic cores manufacturing the meas-
urement of magnetic field strength H at a predefined mag-
netic flux density B is of outmost importance to determine
the quality of assembled magnetic cores. The measure-
ment deviations, set by the standards regulating this field
/1 -2/, are relatively tolerant and allow various methods
or power supply assemblies for achieving them. Nonethe-
less, the common denominator of all such devices is that
they should keep the secondary induced voltage waveform
sinusoidal even when the device undertest(D.U.T.) requires
high flux density. Such a device should be able to:

- perform B-H curve measurement of soft-magnetic
cores which are used in low and medium- frequency
applications such as voltage and current transform-
ers, yokes for motors or line filters,

To obtain magnetic parameters of soft-magnetic materials,
measurements are usually done using standard 25 cm (Ep-
stein) test core assemblies /3 - 5/ consisting of several
steel strips. In practice, however, it is desired to perform
magnetic measurements not only on magnetic strips, but
also to perform production quality control tests on ring
cores after they have been assembled /6/.

The standards that regulate the field of magnetic measure-
ments demand a secondary induced voltage of stable
amplitude and accurate shape. During measurements, the
voltage and frequency variations should not exceed + 0.2 %
of the required value. For the determination of:

- the specific total losses,
- the specific apparent power and

- perform hysteresis loss measurement, which is cru-
the rms value of the magnetic field strength,

cial for minimizing core losses and so enabling re- -

duction in size of magnetic devices. L .
the form factor FFy (which is the ratio of the rms value of

the signal to its average rectified value) of the secondary
voltage us must be maintained in a range of 1.111 + 1%

The accurate measurement of magnetic field strength H
becomes especially important when estimating cores that

are measured in high saturation region. A couple percents
deviation of the measured value from the actual value can

otherwise the above measurements (and other derivate
quantities) are not valid. The given requirements can be
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met in two different ways: solely with a feedback power
amplifier and by using a superior digital control loop. Both
cases are presented in this paper.

Theory

Parameters of a soft-magnetic ring core are usually meas-
ured in a well known measurement set-up, where the D.U.T.
is magnetized by an alternating primary current ip, causing
a magnetic field strength /2/:

H=ip Np/ I, (1)

where Np is the number of primary turns and /e the effec-
tive magnetic path of the D.U.T., which can be calculated
from the dimensions (the outer and inner ring diameters)
of the ring core. As a consequence of the magnetic flux
density B, voltage is induced in a secondary winding:

Us=-Ns- Sk - dB / dt, (2)

where Ns and Sre stand for a number of secondary turns
and cross-sectional area of the D.U.T., respectively.

To minimize the impact of the shape of the primary current
ir to the measurement of the specific apparent power and
the rms value of H, the international standard implies that
the measurement should be made with a sinusoidal mag-
netic polarization B /1, 2/. In this case, the rms value of
the induced voltage us, becomes proportional to the max-
imum value of B:

Us=4.44 . é - f-Sre+ Ns, (3)

where f is the frequency of the induced voltage.

The main problem when measuring a B-H curve is actually
the deviation of the secondary induced voltage (or mag-
netic flux density B) from an ideal sinusoidal waveform,
which is caused by a high (peak) current flowing when the
soft-magnetic core is in a magnetic saturation. A deformed
secondary induced voltage yields a higher peak current
and consecutively declines the secondary voltage wave-
form from the optimal one, so corrupting the measurement
of magnetic field strength. By correcting the shape of the
induced voltage us, the peak current can be diminished
and measurement of H improved!

System Description

One possible method to fulfill the required voltage shape
criteria (FFy) involves a power amplifier with an attached
primary winding of the D.U.T. to its output, while the sec-
ondary voltage is fed back to its negative input in order to
instantaneously control the secondary voltage waveform
(Figure 1).
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Figure 1: Principle of the power amplifier assisted

measurement set-up

The voltage drop in the primary winding of the above set-
up is compensated through the contro! of a power ampilifi-
er. Unfortunately, the DC offset voltage of the power am-
plifier (resulting in the pre-magnetized magnetic core) caus-
es incorrect measurement results. Another potential prob-
lem is the power amplifier instability appearing at low im-
pedance loads.

The problem of DC offset voltage can be successfully
solved with the measurement set-up shown in Figure 2
/7/. Its main idea is to use an additional matching trans-
former (Tr.) placed between the power amplifier (PA) and
the D.U.T. The matching transformer prevents the D.U.T.
from being pre-magnetized with the remaining DC voltage
offset at the PA output, which is left uncompensated
through the use of a low-pass (LP) filter (fc = 2 Hz). Since
the transformer is a part of the control loop, no special
requirements have to be met during its design stage, ex-
cept that the possible pre-magnetization has to be taken
into consideration. To keep the matching transformer size
in reasonable limits, the primary feedback loop of the PA is
upgraded with a low-pass filter. Due to its low cut-off fre-
quency, it forces only the DC component of the PA output
voltage into the summation point, thus reducing the DC
pre-magnetization of the D.U.T. In addition, the matching
transformer with a proper turn ratio adjusts the low imped-
ance of the device’s primary winding to the PA and there-
fore provides its nominal burden in spite of the primary turns
Np as well as secondary turns Ns reduction.

A request for the measurement set-up is that it must cover
a wide range of ring core assortments with the possibility
of the secondary voltage as well as primary magnetizing
current swinging in wide dynamic ranges. Attempts to fui-
fill this demand can lead to PA instability or to measure-
ment inaccuracy due to the insufficient signal to noise ra-
tio. In order to raise the measurement accuracy, depend-
ing basically on the sensitivity of the magnetic flux evalua-
tion that is obtained by means of numerical integration of
the induced secondary voltage /3/, and expand the meas-
urement range, programmable gain amplifiers (PGA) were
installed in both measurement paths terminated with 12-
bit analog-to-digital converters (ADCs) as well as in the
negative feedback control loop.
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Figure 2:

Upon the given core data (outer diameter (O.D.), inner di-
ameter (1.D.), height (H) and filling factor) and the preferred
magnetization level, the appropriate gain is set by a digital
signal processor {DSP). The same DSP also cares for data
capturing and the generation of a sinusoidal reference volt-
age Uin.

Because the described system already comprises a DSP
controller, an additional superior control loop is implement-
ed in it, which further improves the overall accuracy of the
secondary induced voltage us.

Superior Control Loop Design

The superior control of the described system is comprised
of two successive controllers which are not active at the
same time. The first is an I-like fuzzy logic controller (FLC)
which oversees the magnitude of the reference voltage uin
necessary to achieve the desired amplitude of the induced
secondary voltage us. It is activated every time the refer-
ence voltage is changed and deactivated when the sec-
ondary voltage us reaches the desired value. The second
controller (enabled when the FLC is deactivated) is based
on a repetitive (integral) action method which corrects the
shape of the generated reference signal uj, in order to
achieve a sinusoidal induced secondary voltage with a THD
as low as possible. The requirement for minimal THD is a
consequence of the desired form factor FFy. The correc-
tor basically adds a correction waveform ucor to the sine
reference voltage effectively forming the input waveform
Uin'.

Fuzzy Logic Controller

Because of the design of the system it is impossible to
accurately predict the amplitude of the secondary induced
voltage in relation to the voltage applied on the primary
winding. This is made worse by the DSP not knowing what
kind of soft-magnetic material is being analyzed. The only
known fact is that the ratio of the secondary induced volt-
age to the primary applied voltage (k) varies from almost 1
to approximately 0.8, in dependence of the D.U.T., number
of primary and secondary winding turns and gain factor of
the power amplifier's feedback control loop.

Because of stated reasons behind the uncertainty of the
amplitude of secondary voltage an I-like FLC is used to
control the amplitude of the primary voltage uj,. There are
two demands it must fulfill:

- it must convey the secondary induced voltage to its
predestined value in at least ten periods and

- it must not overshoot.

The first demand is based on the maximum measurement
time allowed, while the second is inherent of the measure-
ment method itself: because the D.U.T. is in an unknown
state (usually pre-magnetized) it must be demagnetized
before the first measurement could take place. This is
achieved by bringing the device close to saturation and
then back down to zero. The problem arises if/when the
D.U.T. enters deep into the saturation region and the cur-
rent exceeds all anticipated values. At this point the induced
secondary voltage is not sinusoidal any more and ampli-
tude measurement/calculation becomes impossible thus
hindering the functioning of the FLC.

The Hike FLC is of SISO type: the (single) input is the de-
gree of deviation of the amplitude of the secondary induced
voltage us from the desired value usrer (Which is an internal
DSP value send by the PC). The deviation is calculated as:

€ = Usref - Us, (4)
where:
Us =X - Ui (5)

The (single) output of the FLC (ujn) is the scaled (internal)
sinusoidal reference waveform Uyer:

Uin = O+ Uret. (6)

The gain « of the Hike FLC is altered until the voltage ujn
produces the desired secondary induced voltage us (e = 0)
in which case the attenuation of the system « is complete-
ly compensated.

The action of the FL.C is divided in dependence of the er-
ror e infourregions: L, M, S and Z. If the deviation e is very
large (region L), the increase (or decrease) of the refer-
ence voltage ujy is large (meaning a small integral constant)
and if the deviation is small (region S), the increase (or
decrease) of the reference voltage is small (large integral
constant). When the amplitude of the secondary induced
voltage coincides with the desired value, the FLC sets the
integral constant to zero and so effectively disabling itself
and starting the repetitive action controller (see next chap-
ter).

The cross points of the five regions are calculated from the
known parameters of the source and the D.U.T. and their
values are set to bring the secondary voltage to its final
value in about ten periods. The initial integral constant of
the FLC is calculated approximately and is chosen in a way
to cause a change of secondary voltage of not less then
about 12.5 % (taking into account an approximation of the
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system attenuation). All the subsequent incrementations
(or decrementations) can be only equal to or smaller than
the initial value.

Repetitive Control Method

The proposed control method for the pertinent systemis a
variant of a repetitive action control method /8/, which is
especially suitable for correcting periodic signals (of volt-
age and/or current). In the past, repetitive control meth-
ods have seen extensive application where correction of a
periodic waveform is required /9 - 12/ (e.g. motor con-
trol applications and PWM switching power supplies like
UPS devices), mainly because of their reliable operation,
low cost and ease of implementation. In our case, we chose
an integral repetitive action control method since the out-
put waveform of the amplifier and the disturbance are al-
ways periodic, even when a nonlinear load is supplied by
the voltage power amplifier /8, 13/. The control principle
moreover does not depend on internal control loops of the
voltage power amplifier nor does it require any special
knowledge about its parameters. Besides the periodic
occurrence of disturbances, the only condition that must
be met for the implementation of the control principle is
the stability of the amplifier.

A simplified representation of the voltage power source is
shown in Figure 3. The periodic disturbances causing out-
put voltage distortions are summarized in a load-depend-
ent disturbance signal d, which is chosen intentionally to
simplify the analysis. It is especially appropriate when ana-
lyzing the impact of periodic disturbances and nonlinear
distortion of output voltage of a power supply with a nonlin-
ear load.

load

Described system in z domain with
disturbance signal d.

Figure 3:

Regardless of the type of repstitive control mechanism,
they all rely on operation of a discrete number of period-
based correctors. Figure 4 shows a plug-in repetitive con-
troller /14/ processing the error g, which is (at least in the

first correction period) the difference between the input
reference waveform uj, and the actual output waveform
us. The calculated and stored values of the error g, 1) are
used to form a periodical correction waveform uco,, which
is added to the original (in most cases a sine wave) refer-
ence waveform uin, thus effectively reducing the error of
the output waveform of the amplifier/compensating the
disturbance d.

The basic idea of the repetitive controller is that a period T
of the reference (and sampled output) voltage is divided in
N discrete intervals of duration t{where T = N - 7). In each
interval n, the acquired sample of the amplifier output volt-
age Us(n, 1y is subtracted from the reference value ujyyy. The
calculated error g,,1) at the present discrete interval nin a
particular period T is then stored twice: unmodified in a
table of correction values (which has N different positions)
at the position corresponding to the discrete interval n,
and scaled by Gz in a second correction table (with N
positions) at position n too. The same procedure is ap-
plied to all the intervals in a given period of the generated
waveform.

In the next period (T + 1), the unmodified value of the error
of a particular interval n (of the previous period) is scaled
by the factor K, and added to the other (already scaled)
value of error of the previous period interval n. The sum of
both values form a quant of the correction waveform:

i=T
Ucortn,1) = Kr - €1y + 2 G- En,j)s (7)
i=0
which is summed up to the reference voltage ujnn) and the
result is a new input waveform:

Uin'tn,T+1) = Uin(n) *+ Ucor(n,T)- (8)

The output voltage usm,7+1) of the amplifier is meanwhile
sampled again and the new error &g 7+1) in a specific inter-
val is recalculated. It is stored unmodified in the first table
and scaled by Gz, summed to the previously scaled and
stored error &n, 1) of the n-th interval and stored again at
the corresponding position in the (second) table of cor-
rection values for subsequent use in the following period
(T + 2).

Owing to the repeating execution of the correction proce-
dure, the (second) table of scaled errors contains the sums
of all past errors &y of all specific correction intervals n
independently. Consequently, the correction waveform

Y.
N

load

G(z)'Z N

A

Ep

Figure 4.
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Block diagram of a classic repetitive action control method in z domain.
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Ucorin,T) behaves as if it is formed with the help of N correc-
tors, each correcting the value of one interval n. Due to
the nature of the control method, a sub-cycle response is
impossible, meaning that the error detected in a certain
period can be suppressed at best in the following period.

Figure 4 shows a block diagram of the described control
method in z domain, where the time delay unit z™ delays
the computed correction waveform for one entire period T
(composed of N samples). Similarly, a time delay unit z!
delays the execution for one sample. The key element of
the repetitive action controller is the inner loop with the
internal model G-z ™. Its closed loop transfer function is:

l

E = (9)

@T1_G oz

@
where Gz can be a constant or a function of z, e.g. a low-
pass filter /15/ or a second order filter. In the time do-
main, this internal model is an integrator (if Grz = 1) sum-
ming up the error ¢ of the n-th correction interval from the
first to all successive periods. As explained before, this
sum is used to correct the n-th interval of the reference
waveform.

While the implemented correction method was tried out
and found to be good, at some point it aroused concerns
linked with the usage of data memory space of the DSP in
which the calculations where executed. Consecutively, a
modified version of the correction method was implement-
ed (Figure 5), which required one memory table less then
the previous method and had some other modifications:

- the function Gz of the closed loop model /) was
chosen to be/set to one so effectively making the

closed loop model /i) a proper integrator,

- an additional proportional model Q, used before the
closed loop model /iy was introduced, which regu-
lates the export of the error € which is added to the
already stored errors,

- the constant K; was dropped,
- two time advance units (z9 and z") were added.

Although it was later found out, that the memory concerns
were groundless, the correction method was retained. Its
advantages were shorter calculation time and reduced data
memory usage while having better stability and roughly the
same ability to suppress waveform distortions (or lower
THD).

Repetitive Action Control Method
Implementation

Both described control methods (classic and adapted) were
implemented in the described B-H analyzer and tested.
They work well, although with some distinctions in speed
and accuracy. While the first is a little better in terms of the
ability to reduce THD, the second allows for a wider devia-
tion of the parameters of the regulator from the optimal
value with minimal deterioration of THD.

The reference signal uj, in both implementations consists
of 1000 samples per period. This was also the sampling
rate of the AD converter, meaning that the correction wave-
form ucor is also formed of the same number of intervals.
Taking into account the Nyquist theorem, frequencies up
to 50 kHz were sampled and corrected.

The implemented correction method has also two time
advance units:

- z%in the direct path, which is used for correcting the
various time delays (caused by the sampling time of
the ADC, the conversion time of the digital-to-analog
converter (DAC) and other time delays) and without
which the actual realization of the correction method
would not work,

- z™in the feedback branch, which implementation is
not necessarily required, but it is useful to reduce
the amplitude of the correction waveform ucor caused
by the phase shift between the input and output of
the system.

Measurements

All the following measurements were made on an experi-
mental model of the described B-H analyzer. The frequen-
cy domain analyses were made by means of a dynamic
signal analyzer HP35665A. The measured frequency range
was O to 3.2 kHz and a flat top windowing method was
selected. For the THD calculation the harmonic compo-
nents up to the 64" were observed and averaged over 30
measurements. The D.U.T. was a thin metal MO silicon-
iron toroidal core O.D./I.D./H.: 53/39/18 mm with two
primary and two secondary winding turns.

Figure 6 shows test conditions without and with the repet-
itive action control method enabled and after the desired
value of the secondary voltage amplitude has been set by

Uin ?

N
- = ’ > Z
¥ QX
- .
us' 4N

Iy Ew

Uin '@ P
+ +
> z° i s load
Ucor Uin’
us'
< P(z) <

Figure 5:

Block diagram of the implemented repetitive action control method in z domain.
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the FLC. Shown are the secondary induced voltages, which
are proportional to magnetic flux density B (3), and cur-
rents, which are proportional to magnetic field strength H
(1). The voltage waveform uscor is shifted up by 0.2 of a
division because off a better visual distinction from the us
waveform, while currents ip are not.

The voltage was set to 120 mV peak, which for the D.U.T.
corresponds to a magnetic flux density of 1.600 T. The
D.U.T. was clearly in magnetic saturation. In the case of
uncorrected secondary voltage the calculated form factor
FFy was 1,113 % (which is well within the parameters pre-
scribed by the standard). The effective value of magnetic
field strength in this instance was 28.3 A/m.

/

- Uscor

Y < N

uCOf

/

\J

Secondary voltages us, corrected
secondary voltage uscor, primary currents
ip and correction waveform Ucor

(kus = 200 mV/div, kip = 2 A/div,

kucor = 2 mV/div, t = 2 ms/div)

Figure 6:

In the second case, with the correction enabled and the
same reference magnetic flux density, the calculated form
factorwas 1.1108 %. The measured effective value of mag-
netic field strength was 27.7 A/m. From the given values
we can calculate, that a 0.2 % change in the form factor
contributes to a 2.16 % decrease in the magnetic field
strength.

Figure 6 shows also a fifth signal which is the correction
waveform ucor Nneeded to achieve the low-distortion sec-
ondary induced voltage uscor. The waveform is again shift-
ed down by 2.5 divisions because of clarity.

Both secondary voltage waveforms were analyzed in the
frequency domain and their relative frequency spectra are
shown in Figures 7 and 8. The first figure shows the fre-
quency spectrum of the uncorrected and corrected volt-
age waveform of Figure 6 when the gain factor (Z) of the
power amplifier's feedback loop was set to 1. The gray
curve is the frequency spectra of the uncorrected voltage
us. The measured THD is about 1.656 % and it was caused
mainly by odd higher harmonics components between the
3 and the 23™. The black curve represents the condi-
tions of the corrected system. The measured THD was
0.04 %. A slighter increase in the 52" and 53" higher
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harmonics can be observed which were preliminary ab-
sent.
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Figure 7:

Another set of the same measurements was done, but with
the gain of the power amplifier's feedback loop (Z) set to
4. The THD was in overall lower: 0.408 % with the correc-
tion disabled and 0.017 % with the correction enabled.
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Figure 8: Frequency spectrum of an uncorrected

and corrected system (Z = 4)

As can be seen from the figure above, the use of the gain
factor in the power amplifiers feedback loop can greatly
improve the THD factor because it forces a larger input
voltage uin, which can be set with greater accuracy. On
the other hand, the gain factor must be used with care
because of system stability concerns.

The following figure shows a B-H curve of the D.U.T. used
for the presented measurements measured with the de-
scribed system and with the repetitive action controller
enabled.

As stated before, the same measurements were also done
on a system controlled with a classical correction method
{as seen in Figure 4). The acquired figures are not record-
ed in this paper because they deviate only minimally from
the already presented. The measured form factor was the
same while the calculated THD with correction enabled
was actually a bit better: 0.016 %.



G. Modrijan, M. Petkovsek, P. Zajec, D. Vonéina:

Precise Characterization of Soft-magnetic Materials at High Saturation

Informacije MIDEM 36(2006)2, str. 95-101

s

14 : e et sl

L2 /

i VAR
/

Bmax
& 2
&3

“ /400 N S S N (S N W
O S S s s
v ; : :
60 50 40 20 -1 10 20 40 50 &0
Hef
Figure 9: B-H curve of the D.U.T.

Conclusion

The aim of the presented paper was the comparison be-
tween an uncorrected measurement set-up suitable for
measuring magnetic field strength H, which was based on
afeedback power amplifier and was already compliant with
the tolerances imposed by the standard defining magnetic
measurements, with the same supply set-up, but upgrad-
ed with a superior digital control loop. Two repetitive ac-
tion control methods were implemented. Their goal was to
achieve a better, more faithful reproduction of a sinusoidal
waveform secondary induced voltage.

The first tested was a classical repetitive action correction
method. Its use proved to be very effective in reducing the
THD level of the secondary induced voltage us. The draw-
back was the fine tuning of parameters that it required for
achieving the best results and possible problems with sys-
tem stability if they were mismatched.

The second correction method was a modified version of
the previous one, which required less parameters optimiza-
tion. It yielded slightly worse error correction (greater THD),
but it was much more robust. Nonetheless, the achieved
results of form factor improvement were very good and at
the end it was the chosen one because of ease of imple-
mentation and usage. The slightly greater THD it produced
was so small, thet it did not weigh up its other advantages.

With the use of the repetitive action control method im-
provement on magnetic field strength H measurements are
more than perceivable. Although a couple of percents im-
provement (reduction) of H can not seem much, it can aid
the end user's decision making process when choosing a
soft-magnetic core.
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MERITVE SVETLOBNO-TEHNICNIH VELICIN

Grega Bizjak

Univerza v Ljubljani, Fakulteta za elektrotehniko, Laboratorij za razsvetljavo in
fotometrijo, Ljubljana, Slovenija

Kju€ne besede: fotometrija, svetlobni tok, svetilnost, svetiost, osvetlienost, meritev svetlobe

Izvlecek: Svetloba je fizikalno gledano elektromagnetno valovanje. Je pa tudi medij, ki omogoéa nas vid in dojemanje sveta. Pri tem sodelujejo nase odi,
zivéni sistem in mozgani in pokaZe se, da ta sistem ni enako obéutljiv za vse valovne dolzine. Zaradi tega je bilo poleg radiometrije, ki se ukvarja z
merjenjem elektromagnetnega valovanja, vpeljati tudi fotometrijo, ki pa svetlobo meri tako, kot jo dojema nas vidni sistem. V &lanku so zato najprej opisane
osnove dojemanja svetlobe in osnovne fotometriéne velicine. V nadaljevanju pa sledi opis fotometriénih merilnih priprav torej fotometrov. Podana je tudi
kratka zgodovina fotometriénih normal, predvsem normale za svetilnost. Na koncu pa je dodan ée kratek opis Laboratorija za razsvetljavo in fotometrijo, ki
ze skoraj 80 let deluje v sklopu Fakultete za elekirotehniko na Ljubljanski univerzi.

Measurements of Photometric Quantities

Key words: photometry, luminous flux, luminous intensity, illuminance, luminance, measurement of light

Abstract: Light is part of the electromagnetic radiation and therefore a physical quantity. On the other hand, light is also a human sensation in similar
fashion to sound, taste, smell and warmth. Light can so be considered as a radiation or as our response to it. As a radiation, light can be measured with
the help of radiometry and radiometric quantities like radiant flux, radiant intensity, irradiance or radiance. But light as a response to this EM radiations
involves also the behavior of our visual system (eye, nerves, brain). Our visual system, like other physical detectors of radiation, reacts only to a certain part
of the spectrum. Moreover the sensitivity of the human eye to radiation is not the same for each of the wavelengths of the light. So the photometry was
introduced to measure light in such a way that the results correlate with visual sensation that would be experienced by a human observer exposed to the
same radiation. In order to fulfill the mentioned aim of photometry, a special function V() was introduced, which describes the relative spectral sensitivity
of the (average) human eye. This function enables us, to calculate the photometry quantities like luminous flux, luminous intensity, ifluminance and
luminance from the radiometry ones.

In the paper first the photometry quantities and units are presented. Further the development of photometer, the device for measuring photometrical
quantities, is described. Both visual and physical photometers are mentioned. At the end of chapter 3 the modern photometers, based on semiconductor
photo-voltaic cell are introduced and its use for measurement of illumination, luminous intensity, luminous flux and luminance are described.

Chapter 5 deals with definitions of photometric units, especially with candela, the unit for luminous intensity. In this chapter also the photometric standards
are introduced. The history of candela standard is described from use of candle to the realization of candela with a high accuracy cryogenic radiometer.
Also the luminous flux standards and luminance standards are mentioned. In the last chapter some information about the Laboratory of lighting and
photometry are given. The Laboratory, which has a 80 years long tradition, is part of the Faculty of Electrical Engineering at the University of Ljubljana,

Slovenia.

Fotometrija in fotometriéne
veli¢ine

1. Uvod 2.

Svetloba je elektromagnetno valovanje. Svetiobo lahko torej

fizikalno obravnavamo enako, kot vsa elektromagnetna
valovanja in jo enako lahko tudi merimo. Torej s pomoé&jo
radiometrije. Vendar pa je svetloba tudi medij, ki nam
posreduje preko 80% informacij iz nasega okolja. Doje-
manje svetiobe vkljucuje ¢loveske odi, zivéne povezave in
mozgane. Pokaze se, da se na$ vidni sistem ne odziva na
vse valovne dolzine svetlobe (elektromagnetnega sevanja)
enako. Zato pri opisovanju oziroma merjenju svetlobe za
potrebe vida ne moremo uporabiti radiometrije. Vpeljana
je bila fotometrija, ki pri vrednotenju svetlobe uposteva tudi
obdutljivost ¢loveskega vidnega organa na posamezne
valovne dolzine svetiobe.

102

Fotometrija je torej znanost, ki se ukvaria z merjenjem svet-
lobe. Kot re¢eno, svetlobo lahko opigemo fizikalno kot del
elektromagnetnega sevanja. In kot tako jo lahko tudi ust-
rezno merimo s pomodjo radiometrije in radiometriénih
enot: sevalnega toka, jakosti sevanja, obsevanosti in seval-
nosti.

Cloveske odi se ne odzivajo na vse valovne dolzine ele-
ktromagnetnega valovanja, ampak samo na valovne dofzine,
ki so (grobo) omejene z 380 nm in 780 nm. Pravzaprav
lahko le elektromagnetno valovanje s temi valovnimi
dolzinami imenujemo svetloba. PokaZe pa se, da se
Cloveske oéi tudi ne odzivajo na vse valovne dolZine svet-
lobe enako. S poskusi in meritvami je bilo dokazano, da
rumeno-zelena svetloba v mozganih izzove vediji obéutek
svetlosti kot recimo rdeca ali modra svetloba z enako ener-
gijo. Na podlagi teh raziskav je bila dolodena krivulja spek-
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tralne obdutljivosti &loveskega o¢esa, ki jo obi¢ajno oznacu-
jemo z V(A).

V,
vy -~
X fotopski (dnevai) vid
skotopski
(noéni) vid

08
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i i
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Valovna dolzina A(nm)

Relativna spektralna oblutljivost

Slika 2: Krivulji spektraine obdutljivosti Cloveskega
od&esa V(A) in V'(A)

Tabela1: Relativna obé&utljivost ¢loveskega oCesa na
posamezne valovne dolZine pri fotopskem
(dnevnem) vidu

Valovna Vrednost Valovna Vrednost Valovna Vrednost
dolzina krivulje dolZina krivulje dolZina krivulje
(nm) V(M (nm) V(A (nm) V(M)
380 0,000.04 520 0,710 650 0,107
390 0,000.12 530 0,862 660 0,061
400 0,000.4 540 0,954 670 0,032
410 0,001.2 550 0,995 680 0,017

420 0,004.0 555 1,000 690 0,008.2

430 0,011.6 560 0,995 700 0,004.1

440 0,023 570 0,952 710 0,002.1

450 0,038 580 0,870 720 0,001.05
460 0,060 590 0,757 730 0,000.52
470 0,091 600 0,631 740 0,000.25
480 0,139 610 0,503 750 0,000.12
490 0,208 620 0,381 760 0,000.06
500 0,323 630 0,265 770 0,000.03
510 0,503 640 0,175 780 0,000.015

Krivulja V(A) ima pri valovnih dolzinah pod 380 nm in nad
780 nm vrednost ni¢, vrh pa doseze pri 555 nm. Nanasa
se na spektralno obcutljivost ¢epnic in torej velja pri
dnevnem (fotopskem) vidu. Podobno je definirana tudi kriv-
ulja spektralne obéutljivosti pali¢nic V'(A), ki se nanasa na
nod¢ni (skotopski) vid in doseze vrh pri 507 nm.

2.1 Svetlobnitok

Na podlagi omenjene krivulje dobimo iz radiometri¢nih
velidin &tiri osnovne fotometriéne velicine in enote: svet-
Jobni tok, svetilnost, osvetljenost in svetlost. Preracun seval-
nega toka v svetlobni tok lahko opravimo po spodnji enac-
bi:

«©

@:Km.fdgj

0

V) "

Kjer je @ svetlobni tok, @e sevalni tok in K konstanta z
vrednostjo 683 Im/W.

Svetlobni tok (angledko: luminous flux) je merilo za kolici-
no energije, ki jo vir seva v prostor. Je ekvivalent modi v
“Wattih” vendar z upostevanjem obdutljivosti oci na svetlo-
bo posameznih valovnih dolzin. Enota za svetlobni tok je
lumen z oznako Im. Za primerjavo: navadna 100W zarnica
ima priblizno 1300 Im, fluorescenéna sijalka moci 58 W
oddaja priblizno 5200 Im, 90 W nizkotlacna natrijeva sijal-
ka pa kar 13500 Im.

2.2 Svetilnost

Svetilnost (anglegko: luminous intensity) odgovarja v radi-
ometriji jakosti sevanja. Predstavlja torej delez svetiobne-
ga toka v doloGeni smeri oziroma v doloCenem prostor-
skem kotu.

_do
dQ

1

Slika 3: Predstavitev svetilnosti s pomocjo svetlobnega
toka in prostorskega kota

Vsota (integral) svetilnost v vseh smereh okoli vira, oziroma
v polnem prostorskem kotu, je torej enaka svetlobnemu
toku. Enota za svetilnost je kandela (oznaka: cd), ki je tudi
ena od osnovnih enot SI merskega sistema. Zadnja definic-
ija kandele je iz leta 1979 in pravi: 1 kandela (cd) je svetil-
nost v dolo&eni smeri vira z monokromatsko svetlobo frek-
vence 540 x 102 Hz, ki ima jakost sevanja v tej smeri
1/683 W/sr.
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Svetilnost je odvisna od izbrane smeri, zato jo najveckrat
podajamo v polarnih diagramih. Nekaj karakteristiénin vred-
nosti: sveda ima svetilnost 0,6 do 1,1 cd, navadna zarnica
priblizno 110 cd, sonce zunaj atmosfere pa kar 3 x 1027
cd.

l v
2403 < c/kim (20

270° 807

00
L.300° e0°

oo

ano

B |

Slika 4: Prikaz kotne porazdelitve svetilnosti v polarnem
diagramu

A ]

2.3 Osvetljenost

Osvetlienost (angledko: illuminance) je podana kot kolidi-
na svetlobnega toka, ki konc¢a na dologeni ploskvi in jetorej
ekvivalent obsevanosti v radiometriji. Enota za osvetljenost
je torej Im/m? oziroma luks (Ix).

dA
Osvetlienost pa je mozno doloéditi tudi s pomocjo svetil-
nosti. Zvezo podaja fotometriéni zakon oddaljenosti, ki ga
lahko, ob predpostavki, da je ploskev, na kateri opazujemo
osvetlienost, pravokotna na smer $irjenja svetlobe, za-
pisemo kot:

I
bE=— (4)

7"2

Osvetlienost je fotometriéna velidina, i jo je najlaze izmer-
iti, zato se jo tudi najve& uporablja. Standardi, priporogila
in predpisi podajajo takc na primer minimalne vrednosti
osvetljenosti na delovnem mestu. Se nekaj karakteristi¢nih
vrednosti: osvetlienost poletnega travnika pri jasnem nebu
opoldne je okoli 100.000 Ix, v senci drevesa pa okoli
10.000 Ix, osvetlienost pisaine mize v pisarni je 500 Ix,
osvetlienost ploénika ponodi pri uporabi ustrezne cestne
razsvetljave doseze do 20 Ix, na travniku v mesedini pa bi
izmerili 0,05 Ix.

2.4 Svetlost

Svetlost (opazovane tocke) je definirana s pomocdjo svet-
lobnega toka, ki ga tocka na izbrani ploskvi oddaja vizbran
prostorski kot. Dologimo jo lahko po enadbi:

104

A
dA-cosy -dQ

Pritem je d @ del svetlobnega tokav prostorskem kotu d£2,
dA je del pioskve, ki vsebuje izbrano todko in ¥ je kot med
normalo te ploskve in smerjo snopa.

(5)

Slika 5: Prikaz definicije svetlosti

Kadar je opazovana tocka del svetleée povrsine (vira svet-
lobe), lahke enacbo preoblikujemo tako, da svetlost izraz-
imo s pomocjo svetiinosti:

dl

L=———
dA-cosy (®)

Podobno lahko svetlost izrazimo tudi s pomocdjo osvetljenos-
ti, Ce je opazovana tocka del osvetliene povrsine.
dE

Le——
cosy -dQ )

Svetlost {anglesko: luminance) je tudi edina fotometricna
veli¢ina, ki jo lahko vsaj priblizno ocenimo z oCmi, sajje v
povezavi z obcutkom svetlosti (anglesko: brightness), ki gav
ocesu povzrodajo svetle ali osvetljene povrsine. Nekaj kara-
kteristi¢nih vrednosti: povrina sonca ima svetlost 1 .600.000
kcd/m2, Zariina nitka navadne Zarnice 15.000 ked/m?,
povrdina fluorescencne sijalke 10 ked/m?, plamen svece
priblizno 8 ked/m2 in mesec (luna) 2.5 ked/m?.

Vse stiri glavne fotometridne velidine so med seboj pove-
zane z ustreznimi enacbami. Povezave so grafiéno prika-
zane na spodniji sliki,

Slika 6: Prikaz povezav med osnovnimi fotometriénimi
enotami
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3. Fotometer

Indtrument, s katerim lahko izmerimo katero od
fotometricnih velicin, v sploSnem imenujemo fotometer. Prvi
opis fotometra se pojavi v letu 1729 v delu “Essai d'optique
sur la gradation de la lumiere” Pierra Bouguera (1698-
1758), profesorja v Havre. Fotometer, ki je prikazan na
spodniji sliki, je temeljil na primerjavi svetlosti dveh povrsin,
ki ju osvetljujeta dva razlicna svetlobna vira. Na podlagi
enakih svetlosti obeh povréin je mozno sklepati o enaki
osvetlienosti, ki ju je, s pomodcjo znanih (kvadratov) odd-
aljenosti od enega in drugega vira, mozno preracunati v
svetilnost neznanega vira. Seveda ob poznavanju svetilnosti
drugega vira.

‘Referenéni
Neznani vir ¥ vir svetlobe

svetlobe

~—

Prosojen
papir

Slika /: Shika prvega Bouguerjievega totometra,
objavijena leta 1760

Opisani princip subjektivne fotometrije se je kasneje po-
javil $e v mnogih drugih znanstvenih delih znanih avtorjev s
tega podrodja kot so Lambert, Thompson, Wedge Trotter
in drugi. Zaradi lazjega in to¢nejSega doloc¢anja razdalje
so v merilni postopek vpeljali Se fotometri¢no klop, tako da
ja priprava za meritev svetilnosti neznanega vira izgledala
tako, kot je prikazana na spodniji sliki.

Slika 8: Fotometriéna kiop (A) s subjektivnim
fotometrom (B), neznanim in referenénim
svetlobnim virom (C) in zaslonkami (D).

Vendar pa opisane subjektivne merilne metode, kljub na-
tan¢nosti izdelave opticnih inStrumentov, kmalu niso veé
zagotavljale ustrezne toénosti.

Danes govorimo o objektivni fotometriji, ki temelji predvsem
na optoelektronskih pretvornikih, kot so fotocelica,

fotopomnozevalka, fotoupor in fotodioda. Vendar pa se v
zadnjem ¢asu uporabljajo skoraj izkljucno le se silicijeve
fotodiode. S pomodjo posebnih opti¢nih filtrov je mozno
njihovo spektralno obcéutljivost ustrezno prilagoditi spek-
tralni obcutljivosti Sloveskin o&i. Ob ustrezni povezavi foto-
diode z merilnikom toka tako dobimo merilnik osvetljenosti
ali lux-meter.

Slika 9: Laboratorijski lux-meter razreda to¢nosti L.

Ostale tri osnovne fotometriéne velidine je prav tako mozno
meriti s fotodiodo oziroma luks-metrom. Seveda ob uposte-
vanju dologenih fizikalnih povezav in zakonov. Svetilnost
merimo obi¢ajno na fotometriéni klopi ob upostevanju
razdalje med virom in fotoelementom, kot je to Ze bilo opisa-
no pri subjektivni fotometriji.. V kolikor pa nas zanima ko-
tna porazdelitev svetilnosti, lahko uporabimo goniofotom-
eter.

Slika 10:Gonjofotometer z zrcalom
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Svetlobni tok se prav tako da izmeriti z goniofotometrom in
integracijo svetilnosti po celotnem prostorskem kotu. Hitrej-
Sa metoda pa je uporaba integrirne (Ulbrichtove) krogle.
Opazovani svetlobni vir se namesti v sredino integrirne kro-
gle. Premaz notranje stene krogle z ustreznimi refleksijski-
mi lastnostmi zagotavlja, da je notranja povrsina enakomer-
no osvetljena. Ce del notranje povréine krogle nadomesti-
mo z fotodiodo oziroma lux-metrom, lahko iz izmerjene
osvetljenosti in poznavanja velikosti krogle izraCunamo svet-
lobni tok vira. Lahko pa meritev opravimo tudi primerjalno z
virom, katerega svetlobni tok poznamo.

Slika 12:Merilnik svetlosti

Z fotodiodo lahko izmerimo tudi svetlost, in sicer tako, da z
ustrezno opticno napravo omejimo kot, pod katerim svet-
loba pada na povrsino fotodiode. Taki merilni pripravi
recemo merilnik svetlosti. 1zvedba je lahko enostavnejsa,
tako da optic¢ni objektiv samo nataknemo za glavo lux-me-
tra. Lahko pa je merilnik svetlosti izdelan tudi z ustreznim
okularjem, ki omogoda, da skozi objektiv tudi vidimo po-
drocje, katerega svetlost merimo. Opazovani kot je pri
merilnikih svetlosti obi¢ajno velik 1 © ali 3 °. Za meritve
svetlosti na podrocju cestne razsvetljave pa se uporabljajo
tudi merilniki z manjsimi koti opazovanja (20 ‘ (lo¢nih minut)
ali tudi samo 8 ).

Zares prenosna fotometra sta samo merilnik osvetljenosti
(lux-meter) in merilnik svetlosti. Zaradi tega standard DIN
5032, ki podaja osnove merjenja svetlobe, navaja samo

Slika 11:integrirna krogla

Tabela 2: Dovoljeni maksimalni pogreSki za posamezne razrede tocnosti pri merilnikih osvetljenosti po standardu

DIN 5032
Razred inStrumenta
oznaka

Pogresek (po DIN 5032) L A B C

prilagoditev V(A) krivulji 1 1,5% 3% 6 % 9%
UV obgutljivost u 0,2 % 1% 2% 4%
IR obcutljivost v 0,2 % 1% 2% 4%
prilagoditev cos ¢ krivulji b L5%] 15% 3% 6 %
vrednotenje E) fao 10 % 10 % 15% 20 %
vrednotenje £, foz 5% 5% 10 % 15%
vrednotenje £, fon 5% 5% 10 % 15%
pogre§ek linearizacije 5 0,2 % 1% 2% 5%
pogresek kazalnika 4 0,2 % 3%1 45% 15%
utrujenost 15 0,1 % 0,5 % 1% 2%
temperaturni koeficient Oy, Olzs 0,1 %/K{0,2%/K!| 1%K| 2%K
modulirana svetloba fr 0,1 % 0,2 % 0,5 % 1%
pogresek odklona fu 0,1 % 0,5% 1% 2%
skupni pogresek Joes 3% 5% 10 % 20 %
spodnja frekvenéna meja fu 40Hz| 40Hz| 40Hz| 40Hz
zgomja frekvenéna meja /o 10°Hz! 10°Hz| 10°Hz| 10°Hz
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Tabela 3: Dovoljeni maksimalni pogre$ki za posamezne razrede to¢nosti pri merilnikih svetlosti po standardu DIN
5032
Razred inStrumenta
oznaka

Pogresek (po DIN 5032) L A B C

prilagoditev V krivulji fi 2% 3% 6% 9%
UV obcutljivost u 0,2% 1% 2% 4 %
IR oblutljivost r 0,2% 1% 2% 4%
prostorsko vrednotenje g 2% 3% 6% 9%
vpliv svetlosti okolice fo(uw) 1% 1,5% 2% 4%
pogresek linearizacije L 0,2 % 1 % 2% 5%
pogre§ek kazalnika J4 0,2 % 3% 45%1 T5%
utrujenost fs 0,1%, 0,5% 1% 2%
temperaturni koeficient Olg, 025 0,1 %/K | 0,2%/K| 1%K| 2%K
modulirana svetloba 17 0,1%, 02%| 0,5% 1%
| pogredek zaradi polarizacije fs 0,2 % 1% 2% 4%
pogresek odklona Ju 0,1%| 0,5% 1% 2%
pogresek izostritve 2 0,4 % 1% 1% 1%
skupni pogreSek Jees S%| 15% 10 % 20 %
spodnja frekvenéna meja Jfu 40Hz| 40Hz| 40Hz, 40Hz
zgornja frekvenéna meja fo 10°Hz| 10°Hz| 10'Hz| 10°Hz

razrede tocnosti za ta dva inStrumenta. Tako za merilnik
osvetljenosti kot za merilnik svetlosti so v standardu navede-
ni &tirje razreditoGnosti: L, A, Bin C. Dovoljeni skupni pogre-
8ki so za posamezne razrede podaniv tabeli 2.

Normale fotometri¢nih enot

Zgodovina normal v fotometriji se zacne v zacetku devet-
najstega stoletja, ko so zaceli uporabljati plamen svece kot
normalo za svetilnost. Od tod tudi ime enote za svetilnost
(kandela), ki izhaja iz angleske besede candle za sveco.
Taka normala je zadosc¢ala le kratek éas, saj so z izboljsa-
nimi fotometri kmalu odkrili, da je svetilnost plamena svece
zelo tezko reproducirati, pa &eprav se predpisali sestavo,
obliko in hitrost gorenja svece.

Slika 13:Hefnerjeva svetilka

Zato so svedo kmalu nasledile svetilke s plamenom, ki so
uporabljale razli¢ne vrste goriva. Poznanih je bilo vec vrst,
med bolj znanimi pa je bila Hefnerjeva svetilka. Vendar pa

se je z razvojem fotometrov tudi pri svetilkah pokazala ista
slabost torej slaba ponovljivost svetlosti plamena. Zato so
ob koncu devetnajstega stoletja zaceli razmisljati o drugacni
vrsti normale, ki bi temeljila na ¢rnem sevalu znane povrs-
ine in temperature. Pojavila so se prva sevala s stalieno
platino, imenovana tudi Violla normale. Vendar pa so se
tudi pri teh sevalih pojavijale tezave zaradi necistoc v plati-
ni, ki so povzrocale razlike v svetlosti povrsine in s tem tudi
v svetilnosti normale. V zacetku dvajsetega stoletja so nekaj
¢asa razmiljali, da bi normalo za svetlost izdelali v obliki
elektricne Zarnice. Vendar pa se je pokazalo, da ni mozno
dovolj natan¢no opredeliti in izdelati zarnico, ki bi lahko
sluZila kot absolutna normala. So se pa zarnice uveljavile
kot sekundarne normale za svetlost.

Leta 1909 so raziskovanja pripeljala do prvega standarda
“mednarodne kandele”, ki je temeljil na sevalu iz Cistega
torija, potoplienega v platino pri temperaturi trojne tocke
(2042 K). Platino so segrevali v visokofrekvenéni peci moci
7 kW. To normalo je leta 1921 sprejela tudi mednarodna
komisija za razsvetljavo (CIE), leta 1948 pa tudi Mednar-
odna konferenca za mere in utezi. Ob tem so tudi spreme-
nili ime enoti iz candle v candela.

Leta 1979 pa je Mednarodna komisija za mere in utezi
sprejela novo definicijo kandele. Ta pravi, da je kandela
svetilnost v dani smeri vira z monokromatskim sevanjem
frekvence 540x10' Hz, ki ima v tej smeri jakost sevanja
1/683 W/sr. Frekvenca 540x10" Hz odgovarja valovni
dolzini 555,016 nm v standardnem zraku, to pa je svet-
loba, na katero so &loveske oéi najbolj obcutljive. Tako
danes enota za kandelo ni ve¢ predstavlijena s sevalom,
pac¢ pa na podlagi absolutne obcutljivosti ustreznega de-
tektorja (npr. visoko-to¢ni kriogeni radiometer). Se vedno
pa je kandelo mozno predstaviti tudi z &rnim sevalom.
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Slika 14:Elektri¢na Zarnica kot normala za svetilnost

Poleg normal za svetilnost uporabljiamo v fotometriji Se
normale za svetlobni tok ter normale za svetlost. Normale
za svetlobnitok so vecinoma izvedene v obliki Zarnic. Lahko
pa uporabimo tudi druge elektricne svetlobne vire, na prim-
er fluorescenéne sijalke. Vendar pa moramo vtem primeru
uporabiti tudi ustrezno umerjeno predstikalno napravo.
Normale za svetlobni tok se uporabljajo pri primerjalnem
merjenju svetlobnega toka v integrirni krogli. Sicer pa sled-
nja omogoca tudi absolutno merjenje svetlobnega toka,
tako da normala ni vedno potrebna.

Na podobnem principu kot integrirna krogla deluje tudi
normala za svetlost. Sestavijena je iz manjse krogle v kat-
eri je namescéen vir svetlobe, obicajno Zarnica. Notranja
stena je obdelana s premazom, z visoko odsevnostjo z
Lambertovo kotno porazdelitvijo, zaradi ¢esar je os-
vetlienost notranje povrsine krogle enakomerna. Nato man-
j8i del stene krogle nadomestimo okencem, ki je lahko
prekrito s prosojnim materialom. Povrsina okenca ima zaradi
enakomerne osvetljenost tudi enakomerno svetlost. Tako
normalo se da umeriti s pomodjo merilnika osvetljenosti
pri znani razdalji med njima in njuni geometriji.

Ne poznamo pa normale za osvetljenost. Merilnike os-
vetljenosti (lux-metre) zato umerjamo s pomocjo normale
za svetilnost in znane razdalje med njima v skiadu s
fotometri¢énim zakonom oddaljenosti (enaéba 4).

Laboratorij za razsvetijavo in fotometrijo

Laboratorij za razsvetljavo in fotometrijo se nahaja na
Fakulteti za elektrotehniko Univerze v Ljubljani. Je eden
od slovenskih merilnih laboratorijev z najdaljsSim stazem.
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Slika 15:Normala za svetlost

Ustanovljen je bil Ze jeseni leta 1921, ko se je Elektroteh-
niski oddelek takratne Tehniske fakuitete preselil v nove
prostore na Askercevi. Laboratorij se danes sicer nahajav
drugih prostorih, vendar je $e vedno tako kot takrat “ves v
¢rnem, ne le stene ampak tudi pod in oknice, ki zastirajo
svetlobo, so érne” (citat iz knjige Zgodovina slovenske uni-
verze v Ljubljani do 1929, izdane 1929).

Slika 16:Notranjost laboratorija

Vse od takrat se laboratorij uspesno razvija. Danes lahko v
laboratoriju izvajamo prakticno vse fotometriéne meritve.
Za merjenje svetlobnega toka je na voljo ve¢ normalnih
zarnic in integrirna krogla. Meritev svetilnosti je mozna na



G. Bizjak:
Meritve svetlobno-tehniénih velicin

Informacije MIDEM 36(20086)2, str. 102-109

fotometriéni klopi dolzine 2 m ob uporabi razlicnih normal-
nih zarnic. lzdelali smo tudi preprost goniofotometer, ki
omogoga osnovno merjenje kotne porazdelitve svetilnosti.
Merjenje osvetljenosti je mozno s precizijskim luks-metrom
razreda L ter z razliénimi prenosnimi luks-metri. Svetlost
pa lahko izmerimo s pomocijo kombiniranega merilnika svet-
fosti, ki je hkrati tudi spektroradiometer. Torej nam omogoca
tudi meritve spekiraine vsebine svetlobe, barve svetlobe
in indeksa barvnega videza. Na voljo so tudi stabilizirani viri
enosmerne in izmenicne napetosti ter merilni indtrumenti
elektricnih velic¢in.

Z opremo v laboratoriju (normalnimi Zarnicami in
fotometriéno klopjo) je mozno umerjati merilnike os-
vetljenosti. V laboratoriju izdelane normale za svetlost pa
omogodajo tudi umerjanje merilnikov svetlosti. Z uporabo
normalnih Zarnic, fotometricne klopi in integrirne krogle je
mozno umetrjanje delovnih normal za svetlobni tok in svetil-
nost.

Poleg z meritvami, se v laboratoriju ukvarjamo tudi z razvo-
jem merilne opreme. Eden zadnjih projektov je razvoj mer-
iinika svetlosti na osnovi digitaine kamere. Prednost take-
ga merilnika je, da omogo¢a tudi merjenje svetlosti majh-
nih povrsin, na primer presvetlienih piktogramov na stika-
lih. Del dejavnosti pa predstavlja tudi projektiranje razsvetl-
jave in izraduni osvetljenosti in svetlosti v notranjih in zu-
nanjih prostorih.

Laboratorij za razsvetljavo in fotometrijo trenutno $e ni
akreditiran za kalibracijo fotometriénih instrumentov, se pa
trudimo, da bi ta korak ¢im prej opravili.
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O MERILNI TEHNOLOGIJI Z VIDIKA PODJETNISKEGA
MIKROOKOLJA

Rudi Zorko

Metrel d.d., Horjul, Slovenia

Kjuéne besede: meritev, inovacija, metrologija, podijetje, globalnost, dodana vrednost, strogek, povezovanje, strategija, mikrookolje, makrookolje

Opisani so vidiki poloZaja podijetia v panogi merilne tehnike in v obdobiju globalizacije.Posebej so poudarjeni notranji poslovni procesi v
podjetju,polozaj podietja v globalnem okolju in pomen povezav in sodelovanja.lzraziteje so opredeliene spremembe v vsebini in delovanju mikrokolja v

podjetju.

About metrology from entrepreneurial microenvironment
point of view

Key words: measurement, innovation, metrology, globalisation, added value, cost,price, interconnection, strategy, microenvironment, macroenviron-
ment

Era of globalisation at one hand and possibilities of positioning of the hightech company in the field of measurement technology on other hand
is described. Integration of measurement in sophisticated engineering solutions is present in new produts and services. Therefore, there are more and
more equipment with analysing and diagnostics perfornamance present on the market, Industry metrology is driving force for new products and services.

Quality should be measured and it is done by measurement of parameters and characteristics.

A company on global market is affected by different pressure like dangers and opportunities, Technology itself is not enough for the succes of the
company. Management of the intellectual property in the company is a key issue to the success.

Open innovation circle is very important to realise most competitive solutions with best inputs and resources. Innovations portfolio in the company shows
the presence of various innovation steps like continuous, by leaps and radical, innovation. All the time Business Opportunity Evaluation is part of decision
making process. Collaboration of the company with the partners is very important but it must be part of core stratey, vision and goals. Analysig of mistakes
in cooperation is very useful to improve relatioships. Only 30% business relationships are succesful, nearly 70% are finished premature.

Microenvironment of the company is most oriented to this categories of creations:
- permanet innovating - cell manufacturing

- strategyc planning - standartisation activities

- customer is first - products placing

- R&D processes - purchasing marketing

- Manufacturing process - management of reductions

- Total predictive maintenance - continuously improvements
- six sigma quality criteria - measurement of succes

Danes opazamo, da se je meritev sama, kot fizikalna opera-
cija enostavno skrila v celovitost resitve inzenirskega izziva

Uvod

Poslovno udejstvovanje na podrodju ustvarjanja dodane
vrednosti v povezavi z izdelki in storitvami merilne tehnologi-
je sodiv podrocje takoimenovanih »visokih tehnologij«. Tudi
zato in ne samo zato je to podrodje, ki je v intenzivnem
razvoju in kot tako tudi zelo razéirjena strokovna disciplina
v vecini podrogij ¢lovekovega ustvarjanja in projektiranja
naprav moderne dobe.

Temeljne zakonitosti metrologije povezane z novimi teh-
nologijami in merilnimi metodami ob uporabi mikroproce-
sorjevin druge proracunalniske koncepcije nudijo vsak dan
nove naprave pa tudi nove do véeraj Se neaktualne storitve.
Nekatera podjetja delujejo tudi alternativno na povsem
novih principih lahko bi rekli nadkukorenéno.

To pomeni iskanje $e neodkritin priloznosti za dolodeno
skupino uporabnikov.
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na dolo¢enem pojavu. Ceprav je meritev veckrat prektrita
z procesiranjem, obdelavo signala in drugimi tehnologkimi
danostmi 8e vedno nastopa v svojem bistvu ko je merjenje
skupina eksperimentalnih postopkov, ki imajo za cilj
dolocitev ene velicine. Merjenje je tudi proces primerjave
vrednosti neznane veli¢ine z veli¢ino, ki je vzeta za enoto
mere.

Znanstvena disciplina, ki tudi podpira gospodarske ucinke
podjetnistva v podrodju merilnih tehnologij je Metrologija.
Metrologija je znanost, ki se ukvarja:

- z metodami merjenja veli¢in
- realizacijo in vzdrzevanjem etalonov fizikalnih velicin
- razvojem in izdelavo merilnih naprav

- obdelavo, analizo, pomnjnejm in prenosom merjenih
rezultatov
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Merjenje je nastalo kot rezultat potrebe za ugotavijanje
koliginskih (kvantitativnin) karakteristik naravnih pojavov in
je neposredno rezultat potrebe po primerjavi. Od samega
opazanja naravnega pojava na merjenje letega se je prislo
ravno zaradi razvoja znanosti v 17. stoletju/F. Bekon/.

Metrologija je razvejana na zakonsko, industrijsko in znan-
stveno metrologijo.

Zakonska metrologija je podrodje, ki ga doloca drzava z
zakoni in predpisi. Zakonska metrologija zagotavlja :mer-
sko enotnost v drzavi, razvoj metrologije v skladu s tehno-
logkim razvojem drzave, povecéanje kakovosti izdelkov in
storitev, zaséito potrodnikov v kupoprodajnih odnosih in
nadzor zasédite ¢lovekove bivaine in delovne sredine.

Industrijska metrologija je podrocje, ki omogoca, da se in-
dustrijski in drugi proizvodi izdelujejo v skladu z mednarod-
nimi standardi/SIST, IEC, VDE, ISO, CE,. . . /Kakovost
izdelka predstavijajo lastnosti s katerimi se ustvarja kakov-
ost dela in Ziviienja. Ocenjevanje kakovosti se opredeljuje
Z meritvami karakteristik parametrov oziroma veli¢in.

Znanstvena metrologija je podrocje, ki povezuje razvojno
in raziskovalno delo, ki vkljucuje merjenje najvelje toénos-
ti in natanénosti v metroloskih laboratorijih.

Nekater klju¢ne besede za podroc¢je merilne tehnike so
predvsem:toénost, preciznost, locljivost, linearnost, obcut-
ljivost, prag delovanja, stabilnost, ponovljivost, histereza,
vhodna in izhodna impedanca.

Podjetje v globalnem okolju

Polozaj podjetja iz dejavnosti merilne tehnologije je vezano
tako na nevarnosti kot tudi na priloznosti na trzis¢u. Med
nevarnosti lahko stejemo zasic¢enost trga, vojna cen,
konkurenca, nova zakonodaja, itd.

Kljuéno je, da podjetje vedno znova preverja in ugotavlja
pretok denarja, dohodkovnost oziroma dodano vrednost.
V globalnem prostoru tudi za panogo merilne tehnologije
obstojijo izzivi in priloznosti a seveda tudi nevarnosti.

Tehnologija sama po sebi $e ne dolo¢a uspeha manage-
menta upravijanja inovacij. Za uspeh je potrebnih Se vec
parametrov. Predvsem stalna inovacija v podietju je zelo
pomembna za uspeénost plasmana izdelkov. Svoje mesto
v razvojnem procesu ima stalna, skokovita pa tudi radikal-
na inovacija. Kupci pravzaprav niso pretirano zainteresira-
ni za tehnidke lastnosti izdelka, ved jim pomenjo prodajni
argumenti v katere so preoblikovne tehnigke lastnosti, ki
prepridliivo kazejo na vrednost izdelka v vrednostni verigi
kupca. izdelki in storitve (instrumenti, testerji, umerjanje) v
panogi merilne tehnologije so del poslovnih modelov, kiso
zazanamovani predvsem z:

- naravnanim trznim segmentom

- vrednoto za uporabnika vezano na aktualno zasnovo
in tehnologijo

Mnogo podjetji se znajde v zanki
(toda tega se Se ne zavedajo)

Stalne nevarnosli

; « Zasi¢enost trga
\  * ZasiCenostcen

pretok denarja

Podjetje X w277

£
'?;? Motnje v sistemu

+ Konkurenca
+ Nova zakonodaja
* etc.

Slika 1: Nevarnosti in motnje, ki prezijo na podjetje

- usmeritvijo na klju¢no vrednoto ponudbe
- definiranjem verige vrednosti za oblikovanje ponudbe
- vzdrznim modelom dospetja placil racunov

- vzpostavitvijo prilagajanja vrednot za obstoj poslovnega
modela

Portfolio inovacij v podjetju je slejkoprej vezano na presek
dejavnikov med trziséem oziroma uporabnikom in tehnolog-
ijo oziroma izdelkom

Zaprt inovacijski sistem

Temeljna - N . - i
Znanost Ve ws e et e 00T STniste

i Tehnologija e " A N . iy :

H S. A - . B

Raziskave Razvoj Novi izdelki in trZisce

Slika 2: Proces inoviranja v industrijskem okolju

Narava dela in stalnih izbolj$av zahteva v inovativnem pod-
jetju vse vidike stalnega optimiranja programa:

- lijak idej novih poslov

- zametki novih poslov

- atraktivnost inovacij in izboljsav

- ustvarjanje projektov novih poslov
- ustanovitev novih podjetij

- ustanavljanje poslovnih enot

Sestavni del portfolia inoviranja so tudi naslednje situacije
ter ukrepi:

- hitrost inovativnega procesa

- soodenje s tveganjem in stroski

- izloGanje nezanesljivih trgov in tehnologij
- odloditev o vlaganju in stevilu projektov

- priprava poslovnega nacrta
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Poslovne priloznosti naj bi bile predmet staine evaluacije

predvsem z vidika merljive atraktivnosti za uporabnika na

eni primerljivosti za podjetie na drugi strani. Opredelitev

podjetja do inovacije je obi¢ajno ena od naslednjih

odlocitev:

- izlocitev ideje

- podpora ideje

- odprodaja inovacije na doloceni stopniji

- oblikovanje partnerstva na inovaciji ali ustanovitev
podietja

- formiranje nove dejavnosti v podjetju

Portfolio inovacij pri razvoju
izdelkov in storitev

novo

Sty ....,w,,,,_.m._.;,z%éi = prilagajanje

obnova

i 1 skokovitost

i vizieno podrodje

Tehnologija / produkt

sedanjost

sedanjost obnova novo

Trg f uporaba

Slika 3: Stopnje inovativnosti v odnosu na razmerje med
izdelkom in njegovo uporabnostjo

Ob klasi¢nem notranjem razvojno-raziskovalnem krogu se

v podjetju uveljavija tudi razvojno-raziskovalni krog, ki je

obrnjen navzven. Pri navznoter naravnanem inovacijskem

krogu obstoje nekaksne skrite predpostavke izvajalcev in

sicer:

- v kolikor to odkrijem bom sam nasel trzigce

- vkolikor to odkrijem prvi bo to moja last

- predvidevam, da je pomembna tehnologija, ki je
potrebna tudi na voljo

- predvidevam da najboljsi ljudje na tem podroc¢ju dela-
jo za nas

In kaj se je spremenilo z ozirom na povedano?

- vedno vec je na voljo mobilnih strokovnjakov in de-
lavcev z vrhunskimi sposobnostmi

- vedno ve¢ je kvalitetnih centrov znanja predvsem uni-
verz

- manjsi je tehnoloski vpliv velesil

- prisotno je trzno prerazporejanije najvedjih dobaviteljev

- veC je na voljo startnega in tveganega kapitala

Povedano pa narekuje potrebo , da podjetje podvzame
ukrepe in reagira na ziom klasidnega inovacijskega kroga.
Predvsem je to odnos do uvajanja odprte inovativnosti tudi
z zapolnitvijo vrzeli z zunanjo tehnologijo oziroma znanjem.
Le tako je mozno ustvariati vrednostno inovacijo, ustvarjati
nove izdelke in storitve za nova trzigéa in se vsaj nekolko
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izogniti uni¢evalni tekmi s konkurenco za vsako ceno na
enakih ali podobnih izdelkih.

Klasi¢en RR krog

Dosezki lemsinjih toholog

v
Vecanje viaganj v RR Novi izdetki in odlike

«
Vedanja prodaje in dobicka na obstojedem
poslovnem modetu

Slika 4: Razvojno raziskovalni krog v industrijskem
podjetju

Logika odprte inovacije pomeni predvsem spoznanje, da
so danes dobre ideje zelo razsirjene in da ni monopola
nad uporabo znanja. Posebej je treba gospodariti oziroma
upravijati z industrijsko lastnino ter blagovno znamko. Za
plemenitenje lastnega poslovnega modela-potrebujemo
tudi vzpostavitev odnosa z zunanjo industrijsko lastnino.
Na drugi strani pa moramo iskati priloZznosti, da se ustvaria
dobicek tudi v drugih poslovnih modelih z nago industri-
jsko lastnino. Vedno pa moramo vedeti da ne delajo naj-
pametnejsi ljudje samo za nas.

Evaluacija poslovnih priloZnosti

Niekn Atraktivnost viska

Visoka

Ustreznost ,
podjetju

Horka
e

€ ) w1 Pemt Odpowi U RIVENSS e dgaaon 3 POl
/ K - Vo Sencu ;oveumw

Slika 5: Shema upravljanja s poslovnimi priloZnostmi

Vse to je potrebno zaradi iskanja novih neodkritih a
obetavnih trgov in tehnologij za stopnjevanje poslovnega
portfelja podjetja. Prav tako moramo ustvarjati verigo vred-
nosti s katero vsopamo v strateska poslovna zaveznistva.
Odprta inovativnost nam omogoda tudi ustvarjanje zuna-
njih in notranjih zametkov dejavnosti na razliénin stopnjah
razvoja in tehnologij. Tudi dejavnosti, ki (3e) niso v jedru
poslovne dejavnosti podjetja morajo ustvarjati prihodek od
rezultatov dejavnosti.

V Evropi naj bi nastala najbolj konkurenéna druzba,
temeljeCa na znanju na svetu. Veliko pobud in politik posku-~
Sa delovati v tej smeri a zaenkrat so makro kot tudi mikro
gospodarski parametri pod tezo bremen druzbe, ki is¢e
svojo priloznost.
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Dejstvo je, da tehnologija sama po sebi 8e ne doloca us-
pesnosti inovacij, dogaja se tudi da velik del dobi¢konos-
nih inovacij ni vezan na znanje temeljece na znanosti. Vprasa-
nje ali nizkozahtevne tehnoloske inovacije temeljijo na znan-
ju dobi odgovor na tisti strani, ko je znanje tudi podjetnistvo,
inovagcija izdelka, iznajdljivost, prodornost in manj zanstveno
pogojeno Kreativnost. Za inovativnost v nizkozahtevnih teh-
noloskih panogah pa je znadilen tisti del inovativnosti, ki se
odraza s povezavo podijetij in izobraZzevalnega sistema (ne
samo univerz). Take povezave pa bistveno spreminjajo
odnos do uporabnega znanja.

Povezovanje podjetja s subjekti zunanjega okolja je zelo
bistveno za doseganje poslovnih u¢inkov. Seveda mora
podijetje imeti poslovno naravnanost, cilje, smotre, vizijo in
strategijo. Da bi bili pripravijeni na kvalitetna partnerstva pa
moramo posebno pozornost nameniti pripravi na sklepa-
nje takih povezav. Te priprave pomenijo opredelitev nasled-
njih pojmov:

- strategija poslov podjetja

- strategija predvidene povezave

- stranke v povezavi

- nadin delovanja povezave

- pogoji za stalno napredovanje povezave

- identifikacija kompetenc v povezavi

- spremljanje razvoja in poslanstva razvoja povezave

- dopolnjevanje strategije povezave

Da bi bile povezave ¢imbolj kakovostne je smiselna analiza
na nacin kot kaze slika 6

Odprta inovativnost v podjetju:

Rast novega posla in dobicka ter dobicek iz licenc
Polnitev vrzeli z zunanjo tehnologijo

T Novo |
uzise -

Tehnoloski proboj

| Notranja
i tehnoloska .
i baza

| zunanp
i tebnolodka -
baza

Licenca za tehnologijo
> Vi lehnolagije

Zunanji raziskavaini projekti  Notanji razvoj Reatizaciia tehnologije

Slika 6. Proces inoviranja v poindustrijskem okolju

Pri vzpostavljanju poslovnopartnerskih povezav je zelo
pomembno: priprava, izbira poslovnega partnerja, vzajem-
ni strateski cilj, pogajanja, vodenje sodelave pa tudi staino
preverjanje dosezkov poslovnega partnerstva.

V Evropi so $e posebej aktualne povezave, ki so razvojno
naravnane. Sem sodi lahko vstopanje podjetja v Tehno-
loske platforme, Tehnoloske parke, 7. Evropski okvirni raz-
vojni program, Eureko in tudi druge.

Analiza napak

30% . Povezave-koaperacije . 70%

» -
Uspeh : Napake
Ciliso ! .
doseZeni 0% - . 30% -

o
Relativni faktorji Bistveni faklor]i:
Odnosi med Pozicioniranje,
fjudmi, kultura stratogija

prizadevanj

60-70% vseh povezav se kon&a preddasno

Slika 7: Nujnost povezovanja podjetij in analiziranje
tezav v povezovanju

Na svetovnem trgu uveljavljeno podjetje iz programa mer-
iine tehnologije naj bi svoj, poslovni proces snovalo na naj-
sodobnejsih principih delovanja in med klju¢ne besede

sodijo naslednje aktivnosti:
- inovacija kot stalnica Poudarjanje vrednot
- Stratesko nacrtovanje Delo na standardih
- Planiranje kooperacij Vodenje redukcij
- Upostevanje kupca Lansiranje izdelka
- Razvojno inovacijski sistem  Strategija nabavne
verige
- Proizvodni proces Proces izboljsav

Obvladovanje
sprememb-KAIZEN
Sprotno ugotavijanje
uspesnosti

- Celovito vzdrzevanje
- Kakovost po»six sigma«
- Modeliranje proizvodnih celic  Materialni tokovi

lzvajanje poslovnega
sistema podijetja

- Tehnike usposabljanja

Poseben poudarek pripada naslednim dejavnostim:
*Procesu razvoja talentov v podijetju

*Organizaciji planiranja

*Usposabljanju za vrhunsko voditeljstvo
*Vzodbujanju Sampionskega navdiha voditeljev
*Upravljanju z blagovno znamko

*Upravljanju industrijsko lastnino

Seveda pa moramo vedeti, da je hrbtenica poslovnosti v
podjetju pogojena z:

LJUDMI, NACRTOVANJEM, UCINKI, KUPCI,
KAKOVOSTJO, STROSKI IN INOVACIO

Seveda moram posebej poudariti pomen najvisjih vodilnih
v podjetjuin s tem v zvezi pomen menedzmenta v podjetju.
Ob tem velja v razmislek citirati Fredmunda Malika
(menedzerski svetovalec in profesor na Univerzi v St. Gal-
lenu).
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»Neoliberalnemu polovicnemu znanju je treba pripisati, da
ie gospodarstvo v svojih temeljih ogrozeno. Pravi liberal-
izem ne zahteva, da so vsi cilji podrejeni gospodarstvu.
Tisto kar liberalizem res zahteva pa je, da je vsak odgov-
oren za svoje ravnanje. To mora veljati tudi za menedzerje.
Stevilna nacela liberalizma so bila preobrnjenav svoje nas-
protje. . Zmotno je ljudem pridigati, daje trzno gospodarstvo
cudovit sistem. Trzno gospodarstvo je slab sistem, tudi zato,
ker ga ljudje iz dneva v dan kot takega dozivijajo. Dozivijajo
ga kot brutalnega, neusmiljenega, nedloveskega in ne-
pravicnega. MenedZerii bi morali trzno gospodarstvo sicer
braniti, ne pa ga hvaliti. Tudi oni vedo da je trzno gospo-
darstvo slabo in neucinkovito. Vedo pa tudi, da so vsi drugi
sistemi se veliko slabsi in manj ucinkoviti.

Naivno je reci, da bo vse uredil trg. Ta namrec ne prinasa
nobenega gospodarskega ucinka, ne prepredi nobene
napake, temved jih kaznuje potem, ko so se Ze zgodile.
Da bi lahko popravili slabosti in skodo, ki jo prinasa trg,
potrebujemo dobre menedzerje, ki poslanstva podijetij ne
bi reducirali na intersese delni¢arjev in maksimiranje do-
bicka. «

Podlaga za dinamiéne inovacije je prav gotovo znanje in
sposobnost dojemanja temeljnih raziskav in Se posebej
aplikativnih raziskav po tehnoloski in trzni strani. Inovacija
je vedno ¢asovno opredeljena, okvirom dodane vrednosti
in tudi geografski namembnosti. Poudariti moramo $e
pomen oblikovanja (designa), patentov pa tudi standardov
in tehni¢ne regulative ter s komercialnega vidika ceno in
predprodajno pa tudi poprodajno podporo uporabnikom.

Izvedijivost razvojnega projekta v globaliziranem podijetju
merilne tehnologije je vezana na izvedljivost tehnologije,
ekonomike in pravne regulative. S pravnega vidika so
pomembne tudi nacionalne zakonodaje, patenti pa tudi
predpisi o eventuelnih nekomercialnih barierah. Studija iz-
vedljivosti projekta je kljuéna za izvedbo glavne faze razvoj-
nega projekta. Seveda je bistveno, da pridemo do izdelka
z dobro trzno pozicijo, le tako se lahko nadejamo dobri
prodaji. Parametrov, ki vplivajo na trzno pozicijo je seveda
vec, prav gotovo pa ne moremo mimo funkcionaine vred-
nosti izdelka ali storitve, cene, uveljavljenosti blagovne
znamke pa tudi obsega ponudbe drugih proizvajalcev
(konkurence).

V visoko tehnoloski dejavnosti kar merilna tehnika zago-
tovo je, je pomembno tudi posredovanje aplikativnega znan-
ja za izdelek do uporabnika. Organiziranje pred in popro-
dajne podpore je zelo bistveno za penetracijo izdelka na
trgu. Posredovanje znanja na seminarijih in tudi preko ele-
ktronskega medija pa je stalna praksa za tekoc¢i program in
Se posebej za nove izdelke.

Merilna tehnika sodi v visckotehnolosko trzno nigo in fak-
tor ¢asa v procesu inovacije $e posebej pomembno viogo.
Posebej moramo poudariti estetske in ergonomske vidike
pravo¢asnega oblikovanja izdelka. Poleg oblikovanja se tudi
v industriji merilne tehnike realizira tehniéni razvoj na
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dolo¢enih programskih vsebinah, ki jih opredeljuje poslov-
ni nacrt podjetja.

PritehniCnem razvoju v panogi meriine tehnike so pomem-
bna znanja predvsem eksaktnih ved fizike, mehanike, ele-
ktrotehnike in elektironike, kemije, programske opreme,
aparaturne opreme in drugih. V samem tehnié¢nem razvoju
s0 RR (raziskovalno-razvojne) aktivnosti realizirane v simbi-
ozi inZenirjev v Tehniénem razvoju in tudi inZenirjev v Mar-
ketingu. Faze razvoja so predvsem: priprava in izdelava
tehni¢nega zahtevnika, eksperimentaini razvoj, funkcio-
nalno modeliranje, izdelava prototipa, izvajanje preskusanja,
razvojna serija in poskusna serija.

Podroéja uporabnosti konénih izdelkov v Merilni tehniki so
najveckrat opredeljene z naslednjimi klju¢nimi besedami:
instrument, tester, analizator v povezavi z diagnostiko mon-
itoringom, testiranjem, merjenjem, analiziranjem, presku-
Sanjem, primerjanjem, presojanjem in drugimi moznostmi,
ki jih merilna tehnika nudi.

Analiza napak

i Pri o Nibilo jasnih ciljev;
i Priprava : Manjka win-win siratagija?
i Partner je izbran prehilro, brez lemehnjitih

| lzbira partnerja i priprav i analiz prmernosti

{ " Bomanjkanje zaupania Ty
Cilii niso kompatibiln, i
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| Pogajanja * Nibito ustreznib priprav.

i Odlaganie leZjih tem na kasneje }

H " Bomanjkanje pravil
Vodenje Pomanjkanje komunikaci) H

B : feksibilnosti I
. . Brez jasne perspeklive i
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Slika 8: Vzroki za teZave v povezovanju

Koncipiranje designa v merilni tehniki
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Slika 9: Izreden pomen snovanja »designa« za izdelke,
pribor in dodatke

Brez meritev, kot so danasnje, ne bi bil Clovek pametni - nikdar stopit
na Luno, brez njih ne bi nikdar zvedel kako je na Marsu, Jupitru,
Veneri, brez njih ne bi nikdar spoznal Ze grozljivo veli¢astnih dogajan
s snovjo Vesolja, vsega tega kar je, kar je kdaj bilo in kar kdaj $e bo.

(prof. dr. F. Avgin,)

Uvodnik “"Novicam na pot"drustva za merilno procesno tehniko (1978

Slika 10:Uvodnik »Novicam na pot«



R. Zorko:
O merilni tehnologiji z vidika podjetniskega mikrookolja

Informacije MIDEM 36(2006)2, str. 110-115

Smoter podjetja v merilno tehniéni branzi je snovati in real-
izirati izdelke oziroma storitve, ki ustrezajo zahtevam trzis¢a
in temeljijo na interdisciplinarnih tehnoloskih resitvah za
razli¢ne uporabnosti pri sodobnih tehniénih sistemih. Meril-
na tehnika je najveckrat integrirana v moderne tehnoloSke
reditve in uvrda se v takoimenovano visoko tehnolosko
dejavnost.

Vsekakor pa moram pudariti tudi pomen makrookolja za
podjetje in podjetnistvo. V ¢asu globalnega delovanja, ko
je bistvena vrhunska specialnost je racunati na zanesljivo
in podjetju prijazno okolje. V kolikor makrokolje ne priteg-
ne k strategiji visokotehnoloskih podijetij potem bode pod-
jetja postala del tradicionalne panoge z vsemi tezavami niz-
ke produktivnosti.

Kar se tice makrookolja v Evropi je zanimiva navedba o
hipoteticnem izradunu glede zaostajanja Evrope za ZDA,
ki ga je podal dr Sicherl (3). Izradun pokaze, da bi drzave
skupine EU-15 ujele ZDA pri kazalcu R&R na prebivalca v
letu 2123, e bi bila njegova stopnja rasti v Evropi za 0, 5
odstotka vigja kot v ZDA. Pri enoodstotni razliki pa bi to
pomenilo leto 2063. Tako velike razlike se ne morejo zman-
jSevati z vztrajanjem pri zastarelih vzorcih prakse.

Osebno mislim, da je nase ozje makrokolje smiselno primer-
jati s podobnimi ekonomijami obsega, kot so na primer: Fin-
ska, Irska, Cegka, Danska, Svedska, itd.

Tehnoloski razvoj je pogoj za inovacijsko uspesnost gosp-
odarstva. Vendar je to samo eden od pogojev. Pogoj je
tudi boj za odli¢nost duha, ko prezema vecino zaposlenih
ambicioznost ustvarjalnosti, odpor do zastarelih miselnih
vzorcev in rutine, volja do izboljsav in novosti, do odlike,
izrednosti, edinstvenosti ter enkratnosti.

Mag. Rudi Zorko univ. dipl. el. inZ
Metrel d. d.

Ljubljanska cesta 88

1354 Horjul

rudi. zorko@metrel. si

Prispelo (Arrived); 24, 04. 2006, Sprejeto (Accepted): 29. 05. 2006
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Porocila s konferenc
Conference reports

Cetrti evropski simpozij o mikroelektroniki in montazi elektronskih vezij EMPS-2006

(22. 5 do 24. 5. 2006) in satelitska delavnica “Feroelektri¢ne tanke in debele plasti,
priprava in njihova uporaba v mikroelektromehanskih sistemih (MEMS)” (21. 5.

2006), Terme Catez

Od ponedeljka, 22. 5. 2006 do srede, 24. 5. 2006 je v
Termah Catez potekala 4. evropska konferenca o mikroe-
tektroniki in montazi elektronskih vezij EMPS-2006. Dan
prej, vnedeljo 21. 5., smo organizirali satelitsko Delavnico
o pripravi feroelektri¢nih tankih in debelih plasti in njihovi
uporabi v mikroelektromehanskih sistemih (MEMS).

EMPS je ena od dveh konferenc, ki ju organizira evropski
IMAPS (International Microelectronics and Packaging So-
ciety). Obe konferenci sta dvoletni. Prva, ki poteka v lihih
letih (npr. 2003, 2005) predvsem v drzavah nekdanje za-
hodne Evrope, je EMPC (European Microelecronic and
Packaging Conference), druga, ki poteka v sodih letih (npr.
2004, 2006) v drzavah nekdanje vzhodne Evrope, pa
EMPS (European Microelectronic and Packaging Sympo-
sium).

Delavnica o pripravi feroelektri¢nih tankih in debelih
plasti in njihovi uporabi v mikroelektromehanskih
sistemih (MEMS) (21. 5. 20086)

Satelitsko delavnico, posvedeno tankim in debelim feroe-
lektricnim plastem ter njihovi uporabi, smo organizirali kot
aktivnost centra odlicnosti SICER, ki je projekt 5. okvirega
programa Evropske komisije in deluje v okviru Odseka za
elektronsko keramiko Instituta Jozef Stefan. Delavnico sta
delno financno podprli tematska mreza POLECER (5. okvir-
ni program) in mreza odli¢nosti MIND (6. evropski okvirni
program). Delavnico je najprej pozdravila predsednica
EMPS Marija Kosec (Institut Jozef Stefan, Ljubljana), nato
pa zadela predsednica delavnice Barbara Mali¢ (Institut
Jozef Stefan, Ljubljana).

Delavnico je sestavljalo Sest vabljenih predavanj. Paul Mu-
ralt (Ecole Polytechnique Federale de Lausanne - EPFL,
Svica) je predaval o piezoelektricnih tankih plasteh na sil-
icijevih podlagah in njihovi uporabi v MEMSih. Mark Stew-
art (National Physical Laboratory, Teddington, Velika Britan-
ija) je predaval o razliénih nacdinih meritev piezoelektriénih
plasti in o problemih, povezanih s karakterizacijo plastnih
struktur. Robert Dorey (Cranfield University, Velika Britan-
ija) je govoril o integraciji tankih plasti na silicijevih podla-
gah v MEMSe,. Philippe Gaucher (Ecole Centrale Paris,
Francija) je predstavil predvsem teoretic¢ni pristop k izradu-
navanju piezoelektricnih karakteristik plasti in monokrista-
lov, Dou Zhang (University of Birmingham, Velika Britanija)
je predaval o debelih plasteh na osnovi (Ba,Sr)TiO3z z nizko
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temperatiro sintranja in o piezoelektricni keramiki v obliki,
trakov, zvitih v spirale, ki dosezejo pomike do nekaj cen-
timetrov. Jun Akedo (National Institute of Advanced Indus-
trial Science and Technology, Tsukuba, Japonska) je pre-
daval o nanasanju keramicnih plasti mikrometrskih debelin
z novo metodo aerosolnega nanasanja, ki omogoca
zgoscevanje ze pri sobni temperaturi.

Simpozij EMPS-2006 (22. do 24. 5. 2006)

Simpozij EMPS-2006 sta organizirala MIDEM - Strokovno
drustvo za mikroelektroniko, elektronske sestavne dele in
materiale, in Institut Jozef Stefan. Sponzorja simpozija sta
bila Slovenska raziskovaina agencija in HYB d.o.0, Sen-
tiernej, Slovenija. Sodelovalo je okrog 130 udelezencev iz
18 drzav.

Simpozij so s pozdravi, kratkimi nagovori in informacijami
zaceli predsednik drustva MIDEM Slavko Amon (Fakulteta
za elektrotehniko, Univerza v Ljubljani), predsednik IMAPS-
Europe Paul Collander (Poltronic, Finska), predsednik teh-
nicnega programskega odbora Darko Belavic (HIPOT,
d.o.o, Sentjernej) in predsednica konference M. Kosec
(Institut Jozef Stefan, Ljubljana). Paul Collander je predla-
gal "starosto” organizacije IMAPS, Petra Barnwella, za éast-
nega ¢lana, kar je bilo seveda sprejeto z aplavzom.

Simpozij se je zacel s plenarno sekcijo z vabljenimi preda-
vatelji. Philippe Gaucher (Ecole Centrale Paris, Francija)

Simpozij
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Strokovna diskusija

je v predavanju o funkcionalnih materialih v elektroniki pred-
stavil tako teorijo kot moznosti uporabe tankih in debelih
plasti na silicijevih rezinah. Franc Dolenc (Iskratel, d.d.,
Kranj) je opisal probleme in strategije njihovega podjetja
na podrodju telekomunikacij v sedanji atmosferi globaliza-
cije. Predsednik krovne organizacije IMAPS Jim Drehle iz
Zdruzenih drzav Amerike je predstavil zgodovino organiza-
cije od njenega zacetka leta 1967. Takrat se je imenovala
[SHM (International Society of Hybrid Microelectronics) in
se je preimenovala v IMAPS leta 1997. Opisal je sedanje
stanje in poudaril izzive, ki ¢akajo organizacijo v prihod-
nosti.

Na simpoziju je bilo predstavijenih okrog 70 prispevkov,
od tega 50 referatov in 21 postrov. Referati so bili pred-
stavljeni v 12 vzporednih sekcijah.

Naslovi sekcij so bili:

Sekceija 1: Materiali in procesi

Sekcija 2. Polprevodne strukture in vezja

Sekcija 3: Napredek na podrocju keramike z nizko
temperaturo zganja LTCC

Sekcija 4: Mikroelektronske aplikacije

Sekcija 5:  Debele in tanke plasti

Sekcija 6: LVgrajene” aktivne komponente

Sekcija 7: Tehnologije povezav

Sekcija 8: Montaza

Sekcija 9:  Temperaturno nacrtovanje in kvaliteta

Sekcija 10 in

sekcija 12;:  Materiali brez svinca in okolje

Sekcija 11:  Naértovanje in simulacija

V posebni sekciji so, pod vodstvom Barbare Mali¢ in Paula
Collandra, predstavili sodelovanje v okviru evropskih mrez.
Wanda Wolny (Ferroperm, KvistgardDanska) je predstavi-
la tematsko mrezo o polarni elektronski keramiki POLEC-
ER. . Mreza ima 81 ¢lanov iz univerz, raziskovalnih organ-
izacij in industrije, in 19 pridruzenih &lanov. Mreza je zage-
la delovati 1. aprila 2001 in se bo konc¢ala 31. marca 2007.

Organizatorji, WLC in Sponzor HYB

Potem bodo aktivhosti prenesene v mrezo odlicnosti MIND
o multifunkcijskih in piezoelektricnih integriranih elemen-
tih, ki jo je predstavil Marc Lethiecq (Universite Tours, Fran-
cija). Mreza ima 11 parnerjev, od tega 5 univerzitetnih lab-
oratorijev, 3 raziskovalne organizacije in 3 industrijske lab-
oratorije. Namen mreze je integracija evropskih raziskav
na podroéju piezoelektricnih materialov in njihove uporabe.
Matej Mozek (Fakulteta za elektrotehniko, univerzav Ljublja-
ni) je predstavil mrezo MINOS-EURONET (Micro-Nano
Systems European Network). MreZa je pravzaprav grozd
osmih projektovv 6. okvirnem programu in jo sestavlja 159

Razstava
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SreCanje starih znancev in sklepanje novih poznanstev.

organizacij. Slovenski ¢lani so Univerza v Ljubljani, Institut
Jozef Stefan, Politehnika Nova Gorica in Zavod TC SEM-
TO. Poudarek mreze je na enem od strateskih ciljev I1ST
(Information Society Technologies), to je na mikro in nano
sistemih. Miran Ceh (Institut Jozef Stefan, Ljubljana) je pred-
stavil razsirjieno mrezo ESTEEM (Enabling Science and
Technology for European Electron Microscopy). Mreza je
del integrirane infrastrukturne iniciative v 6 ckvirnem pro-
gramu Evroske komisije na podrodéju elektronske mikrosko-
pije. Projekt, v katerem sodeluje 11 partnerjev, bo potekal
v obdobju od 2006 do 2011.

V torek popoldne je bil v okviru druzabnega programa, ki
ga je finan¢no omogodilo podijetie HYB, organiziran ogled
galerije cisterijanskega samostana v Kostanjevici.
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Udelezenci so si ogledali razstave treh slovenskih umet-
nikov - slikarjev in kiparjev. V cerkvi v samostanu je bil kon-
cert Adoramus okteta in Clarifour klarinetskega kvinteta.
Prvi je predstavil v glavnem ljudske motive, drugi pa pred-
vsem klasiCne skladbe. Zvecer je bila skupna vederja za
vse udelezence v prijetnem gosti§cu Zolnir.

EMPS simpozij se je koncal v sredo zgodaj popoldne. Ob
zakljucku sta Darko Belavi¢ in Marija Kosec na kratko pov-
zela dogajanje na simpoziju. Paul Collander je udelezence
povabil na naslednjo EMPC konferenco, ki bo leta 2007 v
Oulu-ju, Finska. Po zaklju¢ku simpozija je bil organiziran
ogled sponzorja, proizvajalca hibridnih debeloplastnih vezij
in senzorjev, HYB Sentjerne;.
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NOVICE
NEWS

European Commissioner Janez
Potoénik visits IMEC

Flemish Minister Fientie Moerman and European Com-
missioner Jonez Poto¢nik,

OnJanuary 26, 2008, European Commissioner for Science
and Research, Janez Poto¢nik, and Flemish Minister for
Science and Innovation Fientje Moerman visited IMEC. The
European Commissioner highlighted the importance of both
regional developments and cross-border initiatives in the
creation of the European knowledge economy.

In his speech, European Commissioner Poto¢nik pointed
out the importance of knowledge regions such as Flan-
ders, and Leuven in particular, in the creation of the Euro-
pean knowledge economy. The presence of several lead-
ing universities gives Flanders an excellent position to seize
the many opportunities within the European Framework
Programs. But not only regional development is important.
Potodnik also stressed the necessity of cross-border initi-
atives, such as the European research platform for nano-
electronics, ENIAC, in which IMEC plays a vital role. Ac-
cording to Potoénik, one of Europe’s contributions would
have to be to create an attractive environment in which the
mobility of researchers is encouraged and facilitated.

Flemish Minister Moerman underlined some recent initia-
tives that were realized in Flanders in order to boost the
knowledge-based economy. In 2008, she will submit an
international cooperation action plan to the Flemish gov-

ernment, in which the importance of international collabo-
ration is emphasized.

The European Commissioner also visited the K.U.Leuven,
where he was informed about the university's policy and
had the chance to talk with young researchers.

Semi reports 2005 global
semiconductor sales of $32,88 billion

SEMI, reported that worldwide sales of semiconductor
manufacturing equipment totalled $32.88 billion in 2005,
representing a year-over-year decrease of 11 percent, data
from the Worldwide Semiconductor Equipment Market
Statistics (SEMS) Report.

Compiled from data submitted by members of SEMI and
the Semiconductor Equipment Association of Japan (SEAJ),
the Worldwide SEMS Report is a summary of the monthly
billings and bookings figures for the globalsemiconductor
equipment industry. The report, which includes data for sev-
en major semiconductor producing regions and 22 product
categories, shows worldwide billings totalled $32.88 billion
in 2005, compared to $37.08 billion in sales posted in 2004.

“This past year marked an anticipated decline in the global
semiconductor equipment industry following a farge ex-
pansion in 2004, said Stanley T. Myers, president and
CEO of SEMI. “However, 2005 still posted the third all-
time strongest year for the semiconductor equipment in-
dustry.”

The South Korean market region grew the most in 2005,
rising 26% to US$5.8 billion, surpassing Taiwan to become
the second largest equipment market behind Japan. Ja-
pan, contracted 1 % to about US$8.2 billion. The Rest of
World region, ‘ which aggregates Singapore, Malaysia, Phil-
ippines, other areas of Southeast Asia and smaller global
markets, declined 36% with the market in China experi-
encing a 50% decrease. Taiwan, which led world growth
in 2004 with a 166% expansion in equipment spending
declined 23% in 2005. Equipment markets in Europe and
North America decreased 5 % and 20% in 2005.

2004-2005 Semiconductor Capital Equipment Market by ‘World Reglon
(Dollars in U.S. Miillons; Percentage Year-over-Year)

119



Informacije MIDEM 36(2006)2, Ljubljana

Informacije MIDEM
Strokovna revija za mikroelekironiko, elektronske sestavine

dele in materiale

Informacije MIDEM
Journal of Microelectronics, Electronic Components and
Materials

NAVODILA AVTORJEM

Informacije MIDEM je znanstveno-strokovno-drustvena pub-
likacija Strokovnega drustva za mikroelektroniko, elektron-
ske sestavne dele in materiale - MIDEM. Revija objavlja pris-
pevke s podroc¢ja mikroelekironike, elektronskih sestavnih
delov in materialov. Ob oddaji ¢lankov morajo avtorji predia-
gati urednistvu razvrstitev dela v skladu s tipologijo za vode-
nje bibliografij v okviru sistema COBISS.

Znanstveni in strokovni prispevki bodo recenzirani.

Znanstveno-strokovni prispevki morajo biti pripravljeni

na naslednji nadin:

1. Naslov dela, imena in priimki avtorjev brez titul, imena
institucij in firm

2. Kljuéne besede in povzetek (najve¢ 250 besed).

3. Naslov dela v anglesaini.

4. Kljucne besede v anglecini (Key words) in podaljani
povzetek (Extended Abstract) v anglescéini, e je ¢lanek
napisan v slovensdini

5. Uvod, glavni del, zakijudek, zahvale, dodatki in Iiteratu-
ra v skladu z IMRAD shemo (Introduction, Methods,
Results And Discsussion).

6. Polna imena in priimki avtorjev s titulami, naslovi in-
stitucij in firm, v katerih so zaposieni ter tel./Fax/Email
podatki.

7. Prispevki naj bodo oblikovani enostransko na A4 stra-
neh v enem stolpcu z dvojnim razmikom, velikost &rk
namanj 12pt. Priporocena dolzina &lanka je 12-15 stra-
ni brez slik.

Ostali prispevki, kot so poljudni célanki, aplikacijski ¢lanki,
novice iz stroke, vesti iz delovnih organizacij, institutov in
fakultet, obvestila o akcijah drustva MIDEM in njegovih
¢lanov ter drugi prispevki so dobrodosii,

Ostala splosna navodila

1.V ¢&lanku je potrebno uporabljati Sl sistem enot oz. v
oklepaju navesti alternativne enocte.

2. Risbe je potrebno izdelati ali iztiskati na belem papirju.
Sirina risb naj bo do 7.5 0z.15 cm. Vsaka risba, tabela
ali fotografija naj ima $tevilko in podnapis, ki oznaduje
njeno vsebino. Risb, tabel in fotografij ni potrebno lepi-
ti med tekst, ampak jih je potrebno logeno priloziti
Clanku. V tekstu je treba oznaditi mesto, kjer jih je
potrebno vstaviti.

3. Delo je lahko napisano in bo objavljeno v slovenséini
ali v anglesdini.

4. Urednidki odbor ne bo sprejel strokovnih prispevkov,
ki ne bodo poslani v dveh izvodih skupaj z elektronsko
verzijo prispevka na disketi ali zgoséenki v formatih AS-
Gil ali Word for Windows. Grafi¢ne datoteke naj bodo
priloZzene lo¢eno in so lahko v formatu TIFF, EPS,
JPEG, VMF ali GIF.

5. Avtorji so v celoti odgovorni za vsebino objavljenega
sestavka.

Rokopisov ne vratamo. Rokopise posljite na spodnji naslov.

Urednistvo Informacije MIDEM
MIDEM pri MIKROIKS

Stegne 11, 1521 Ljubljana, Slovenia
Email: Iztok.Sorli@guest.arnes.si

tel. (01) 5133 768, fax. (01) 5133 771

120

INSTRUCTIONS FOR AUTHORS

Informacije MIDEM is a scientific-professional-social publica-
tion of Professional Society for Microelectronics, Electronic
Components and Materials - MIDEM. In the Journal, scientific
and professional contributions are published covering the field
of microelectronics, electronic components and materials.
Authors should suggest to the Editorial board the classifica-
tion of their contribution such as : original scientific paper,
review scientific paper, professional paper...

Scientific and professional papers are subject to review.

Each scientific contribution should include the following:

1. Title of the paper, authors’ names, name of the institu-
tion/company.

2. Key Words (5-10 words) and Abstract (200-250
words), stating how the work advances state of the art
in the field.

3. Introduction, main text, conclusion, acknowledgements,
appendix and references following the IMRAD scheme
{Introduction, Methods, Results And Discsussion).

4. Full authors’ names, titles and complete company/in-
stitution address, including Tel./Fax/Email.

5. Manuscripts should be typed double-spaced on one side
of A4 page format in font size 12pt. Recommended length
of manuscript (figures not included) is 12-15 pages

6. Slovene authors writing in English language must sub-
mit title, key words and abstract also in Slovene lan-
guage.

7. Authors writing in Slovene language must submit title,
key words and extended abstract (500-700 words)

also in English language.

Other types of contributions such as popular papers, ap-
plication papers, scientific news, news from companies,
institutes and universities, reports on actions of MIDEM
Society and its members as well as other relevant contribu-
tions, of appropriate length , are also welcome.

General informations

1. Authors should use Sl units and provide alternative units
in parentheses wherever necessary.

2. Mlustrations should be in black on white paper. Their
width should be up to 7.5 or 15 cm. Each illustration,
table or photograph should be numbered and with leg-
end added. {llustrations, tables and photographs must
not be included in the text but added separately. How-
ever, their position in the text should be clearly marked.

3. Contributions may be written and will be published in
Slovene or English language.

4. Authors must send two hard copies of the complete
contributon, together with all files on diskette or CD, in
ASCII or Word for Windows format. Graphic files must
be added separately and may be in TiFF, EPS, JPEG,
VMF or GIF format.

5. Authors are fully responsible for the content of the paper.

Contributions are to be sent to the address below.

Urednistvo Informacije MIDEM

MIDEM pri MIKROIKS

Stegne 11, 1521 Ljubljana, Slovenia

Email: Iztok.Sorli@guest.arnes.si

tel.+386 1 5133 768, fax.+386 1 5133 771



