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ABSTRACT

Developments in Integrated Circuits technology
are primarily aiming at more complex and better
performing circuitry while optimizing silicon realstate.
To meet these ambitious targets, today, the IC simgu
continuous to shrink the critical dimensions of Csi@nd
Bipolar structures (180 — 65 nm) but also introduce
various novel materials that may help to push thesieal
limits even further. While reduced feature size andel
materials help to improve the intrinsic characterss of
the IC, also new reliability problems show up tlaaé
related to more important stress levels generatethe
structures.

Transistor isolation, nowadays, is realised by
shallow and deep trenches in Si that are filledhwit
dielectric material (Fig. 1). The sharply edgedtaagular
structures and the thermal mismatch between Si and
dielectric make that high 3-D stress componentst ¢kat
may relax through the generation of silicon defeGisen
the small device dimensions, the as such creattattde
can have a detrimental effect on device yield (B)gand
thus, require utmost attention from process enginee

In the process backend, the electrical wiring is
realised in many Copper metal levels seperatedédwy n
intermetal dielectric materials (low-K dielectrics)
Without appropriate stress engineering of the cetepl
stack, the combination of new metal and isolation
materials and reduced line width may again shoneex
stress levels that can cause yield killing evenishsas
material cracking, delamination or metal voiding.

To master above mentioned problems,
developers turn more and more to physical
characterisation methods such as Transmission retect
Microscopy (Fig. 3), X-ray techniques and Raman
spectroscopy to characterise material propertiggss
levels and stress induced defects.

In this presentation, the application of such
techniques in avanced IC technology is illustratedl
results are discussed. A special emphasis is givgn-
Raman spectroscopy applied to X-sectioned device
structures. The impact of cleavage and milling loé t
silicon substrate on (3D) stress relaxation is destrated
by u-Raman spectroscopy, results that may putferdift
light on stress quantification using TEM basedrdifion
methods (CBED).

Figure 1. Bipolar transistors separated by Deep Trenclatswl
(DTI). The active transistor area is indicated g tircle. Stress
induced silicon dislocations are revealed primaailyhe bottom
part of the deep trenches but also near the ttansegion.
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Figure 2. Gummel plot of an array of ~10000 Bipolar tratwis
isolated by Deep trenches (DTI) filled with diffeateamounts of
TEOS oxide and poly-crystalline silicon. Abnormaartsistor
characteristics (high leakage currents) are obdeffee the
trenches that are filled with oxide rather thaicesit (array 300
and array 400), i.e. for structures exhibiting thé&ghest
mechanical stress.

Figure 3. TEM analysis of DTI structures. Left: direct TEM
observation of silicon dislocations around the g¢rerbottom.
Right: TEM diffraction image of same zone. The ¢gés around
the trench bottom are indicative for high locaéss level.



