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Abstract

In the middle of the 20™ century, with the growth of electronic systems, a
traditional test and measurement instrumentation started to rapidly evolve.
Stand-alone oscilloscopes, signal generators, logic analyzers and multimeters are
widely known traditional instruments that are used for test purposes. Later, when
computers became economically affordable, engineers started to exploit
computer software capabilities for controlling instruments, collecting and
analyzing data. The concept of using computer software for implementing the
core functionality of the instrument is known as virtual instrumentation.

During the last decade, systems under test (SUTs) undergo significant
changes. As transistors become smaller, integrated circuits may now
accommodate more functionality inside one chip. What was a big system ten
years ago, nowadays can easily be fitted into the one system-on-a-chip device.
Contemporary printed circuit board assemblies (PCBAs) are so densely
populated that there is practically no free space for test points. A vast part of
interconnections is placed in internal PCB layers, thus cannot be accessed from
the surface anymore. These changes shifted the instrumentation to an embedded
on-chip or on-board domain. Embedded instrumentation can also be divided into
traditional and virtual subclasses. In both cases instruments are incorporated to
the SUT itself and have an access to devices or signals under test from the
inside.

In this thesis, we concentrate on the analysis of embedded virtual
instrumentation (EVI) approach. We see a great potential of EVI for testing
emerging integration technologies, like 3D stacked chip or 3D stacked systems
in package. In this work we focus on the implementation of embedded virtual
instruments for the sake of improving test speed and test quality of printed
circuit board assemblies. As a platform for instruments we utilize nowadays
widely used FPGA devices.

The virtual instruments that we propose in this thesis are pre-compiled ready-
to-use test instruments capable to overcome limitations of many technologies.
These instruments are designed in a special way that allows on-the-fly
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adaptation of the instrument to test the particular product. The main advantage of
the presented EVI approach is that the compiled instrument (compiled FPGA IP
core) can be immediately used for every SUT and does not need to be
recompiled for a new product or after a product change.

During this work a complete EVI framework that combines both instruments
and corresponding supervisory software was developed. This research was
industry-driven from the beginning and was successfully integrated afterwards
into commercial test system. The obtained real life experimental results and
conducted industrial evaluation proved the efficiency of proposed instruments
over state-of-the-art test technologies. The developed instruments are applicable
in test cases where the conventional techniques do not work or are very time-
consuming.
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Kokkuvote

20. sajandi keskel toimus traditsiooniliste test- ja mootevahendite
(instrumentide) kiire areng. Eraldiseisvad ostsilloskoobid, signaaligeneraatorid,
loogikaanaliisaatorid ning multimeetrid on laialt tuntud traditsioonilised
instrumendid, mida kasutatakse siisteemide testimiseks. Hiljem, kui arvutid
muutusid odavamaks, hakkasid insenerid kasutama tarkvaralisi vahendeid
instrumentide juhtimiseks, andmete kogumiseks ning todtlemiseks. Arvuti-
tarkvara kasutamist instrumendi pShifunktsionaalsuse teostamiseks nimetatakse
virtuaalvahendite metoodikaks.

Selle aastakiimne jooksul on testitavad siisteemid tdielikult muutunud. Kuna
transistori suurus on vihenenud, vdimaldavad digitaalskeemid mahutada rohkem
funktsionaalsust iihele kiibile. Siisteem, mis oli suur kiimme aastat tagasi, voib
téna olla vabalt paigaldatud iihele kiibisiisteemile. Tanapédevased triikkplaadid on
nii tihedalt asustatud, et nendel praktiliselt ei ole vaba kohta testpunktide
lisamiseks. Suur osa iihendustest on paigutatud sisekihtidesse, mistottu pinnalt
nendele juurdepdisu enam ei ole. Need muudatused on viinud instrumendid kiibi
vOi plaadi sisse. Sardinstrumendid voib jagada ka traditsioonilisteks ja
virtuaalseteks. Mdlemal juhul on instrumendid ehitatud siisteemi sisse ning
tagavad sisemise juurdepdésu skeemidele ning signaalidele.

Antud viitekirjas keskendume sardvirtuaalvahendite (SVV) metoodika
analiiiisile. Ndeme SVV suurt potentsiaali tekkivate integratsioonitehnoloogiate
testimiseks, nditeks 3D kiibi testimiseks. Kdesolevas véitekirjas aga keskendume
sardvirtuaalinstrumentide rakendamisele, mis on suunatud triikkkplaatide
testimise kiiruse ning kvaliteedi tostmisele. Instrumendi platvormina on
kasutusele voetud tdnapéeval laialt levinud FPGA programmeeritavad skeemid.

Meie poolt pakutud sardvirtuaalinstrumendid on eelnevalt kompileeritud
valmis instrumendid, mis vdimaldavad {iletada mitmeid tehnoloogilisi piiran-
guid. Need instrumendid on disainitud viisil, mis voimaldab instrumendi
kohandamist konkreetse toote testimisele, kui instrument on juba ehitatud
siisteemi sisse. Arendatud SVV instrumentide peamine eelis on see, et
eelkompileeritud instrument sobib iga siisteemi testimiseks (seda ei ole vaja
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uuesti kompileerida teise siisteemi testimiseks, ka juhul, kui siisteemis toimuvad
muutused).

Kéesoleva t60 kéigus tootati vélja tiielik SVV raamistik, mis tihendab nii
FPGA instrumente kui ka vastava juhtiva tarkvara moodulit. Antud teadust66 oli
algusest peale suunatud todstusele ning sai pdrast arendamist ka edukalt
integreeritud toostuslikku testsiisteemi. Katsetulemused ning saadud toostuslik
hinnang tdestasid pakutud instrumentide efektiivsust, vdOrreldes teiste
niliiidisaegsete testimistehnoloogiatega. Arendatud instrumente on vdimalik
kasutada sellistes olukordades, kus traditsioonilised tehnoloogiad ei toimi voi
nende kasutamine on véga aegandudev.
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