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In-situ monitoring
of phase transition by XRD

Monitoring phase transition of polycrystalline alloys in-situ is key to new process
development and yield enhancement in applications such as source-drain contact

formation, phase-change materials (PCM) and ferroelectric and piezoelectric
devices.

Context

The manulacturing of microelectronic
devices slarts from malerial processing
and engineering. Understanding what
happens to malerials in terms of their
microstructure  and  phase  during
processing 15 of paramount importance.
One example Is the phase formalion of
silicides during rapid thermal annealing
for chmic contacts in photeonic devices.
How the final phase 15 formed with
variable  content  of melal and
semiconductor? What temperature is
expecled and al which heating rale s
ideal to form thal phase given 3
minimum  thermal budget? These
queslions can be answered with in-silu
XRD.

The results

several types of samples and annealing
Qurocesses.

The challenge

The formalion of ohmic contacts In
microelectronics usually involves Lthe
diffusion of melal into one or more
layers of semiconduclor material during
thermal annealing, typically, rapid
thermal annealing [RTAl. In a RTA
process, temperalure Is risen in a very
shorl period of time, usually within a
minute. Monitoring phase transition
during this very short ime requires nol
only a good heating selup bul also a
very slrong X-ray beam which can only
be found al a synchrotron. Al ESRF
beamline BM03, fasl acquisition and the
very Dbright source available allow
monitoring  of phase transitions for

Tkanks to tne very Figh brilliznce of tne X-ray beams ava lanle at the FS=RF, phase traasitians in payorysialine
allay= were smoclhy abserved in rea. pracess canaitions. Several types of samples were stud ed wth differer:
metal cancertraiiaons in arder to uncerstand the imaact of metzl canlert in the phase t-ansformation. A tynical
sample stack is shown in F g 1. The sludy a.sc a mad to determire tne minirume therma. budge: reedec far the
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Picture showing phase transistion as a
function of temperature for RTA method.
Alt  intermediary phases are clearly
observed.

Conclusion

Phase transitions of the NiCoGeSn alloys
are clearly identified during different types
of annealing including RTA. Measurements
could be performed for fast heatings going
from room temperature to 600°C within 300
seconds. Using a lab X-ray source, 13 hours
of data acquisition were required to
perfarm the same measurement, revealing
a different transition against temperature.

The difference observed is attributed to the
low heating rate of the lab experiment.
Slow measurement using a lab source s
therefore not appropriate to study phase
transitions under rapid thermal annealing
pracess.
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The technique

> A strong synchrotron beam at high energy
Is focused on a small spot which shines the
sample area.

» A 2D detector is placed behind to collect
diffraction data coming fram the sample in
a Bragg-Brentano geometry.

» Using the high energy beam and 2D
detector available at ESRF allows for
increased signal to noise ration and

reduces measuring time.
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