e len ".. -
::’:. .: 2:-| Experiment title: Structure and transport proper- Experiment
+%%g9%*.. | ties on Thick Film Resistors (TFRs) number:
S T YA } "
ESRF : HE-515
Beamline: | Date of Experiment: Date of Report:
Bm29 from: 28-10-1998 to: 1-11-1998 _February 24, 1999
Shifts: Local contact(s): Received at ESRF:
21 M. Borowski

Names and affiliations of applicants (*indicates experimentalists):

M. Prudenziati, INFM Dip. di Fisica Univ. di Modena - Via G. Campi 213/A 1-41100 Modena, [taly
C. Meneghini*, INFM - ¢/o INFN (PULS} Via E. Fermi 40, I-00044 Frascati, Italy
R. Benedetti*, INFM Dip. di Fisica Univ. di Modena - Via G. Campi 213/A 1-41100 Modena, Italy

Report:

‘Thick film resistors (TFRs) play a relevant role in hybrid microelectronics and sensors. From a founda-
mental point of view they are an axcellent example of nanostructured systems with distinctive electrical
characteristics in compatison with those of their "parent” components. Till now does not exist a satis-
factory model for their electrical transport. The most used resistors are composed of binary Ru oxides
(RuO,) and high-lead silicate glass deposited on Aly0j substrate

This experiments has been performed with the aim to investigate the effect played by different prepa-
ration methods on the local structure of Pb and Ru and relate it to the TFR properties. RuQ, based
TFRs were prepared acting on the composition, substrate and firing temperature. XAFS experiment
on real TFR, can be complicated due to the low Ru content, that requires fluorescence data acquisition
geometry, and sample inhomogeneity. So a large number of TFR were “printed” for each composi-
tion then the samples were scaped from substrate, the powders were mixed with cellulose matrix and
pressed to obtain pellets. In such a way we were able to obtain very homogeneous samples to measure
high quality EXAFS spectra in transmission geometry (fig. 1) at the Ru K (22.117 KeV) and Pb Ly,
(13.055 KeV) edges.

4 samples of different composition (A, B, C, D) x 8 temperatures (RT, 450, 700, 750, 800, 850, 900,
950 and 1000 K} x 2 edges { Ru K and Pb L;;; ) = 64 EXAFS spectra were recorded at 80°K to reduce
the effects of thermal disorder on the EXAFS oscillations.

The four kind of samples differed as concerning their substrate, glass type and vehicle used for printing.
Samples A, C and D were deposited on A1,05 while the B samples on a BeO substrate. For the samples
A, B, D a glass rich in PbO and poor in Al,0; was used while the samples C were prepared using a glass
with an high content of Al;0;. Finally the D samples differed from the others as concerning the vehicle
employed for prioting, water instead of the standard organic vehicle (ethil-cellulose in a-terphinol).
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Only minor differences have been observed in the four kinds of samples revealing a weak i inf
substrate, Al;O; content in glass and vehicle on the RuQ, short-range order. A more accu

analysis, based on multiple scattering approach, is in progress to quantify better these gﬂ'eé;s
On the contrary samples fired at different temperatures show different EXAFS amphtude'm
trend, the same whatever the substrate, glass and vehicle were. In fig.1a EXAFS oscllla.tlo
different firing temperatures (T,) are shown. Their Fourier Transformer exhibits an evident ik
ing amplitude rising T;. This trend can be connected with a sintering of the RuQ, grams, gw‘fn".ﬁ" '
explanation of the observed increasing TFRs' resistivity versus Ty. “?S

As concerning Pb K-edge a larger effect was observed: the EXAFS amplitude decreases and &eque:%j
shifts rising Ty (see fig.1b), giving evidence of great structural change in glass matrix.

Fig.1 EXAFS oscillations at the Ru K-edge (a) and at the Pb Lyz;-edge (b} for some sa.mples ﬁredfa
different temperatures
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