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Report:

Aim of the experiment:

The objective of this experiment was to investighte possibility of using the micro-beam x-rayfidi€tion
technique in order to measure the residual strass@adio Frequency Micro-Electro-Mechanical System
(RE-MEMS) devicesMore precisely the experiment aimed at deterngiiotal crystalline properties and
spatial mapping of the residual stresses occuwitiggn the membrane of RF-MEMS under various fadig
conditions andunder operating conditions.

First, we expected to identify specific criticalsitions in the membrane which show high residuedsst
Secondly we wanted to establish a correlation betwihe local residual stresses and the fatigudef t
membrane. These results would bring valuable inédion on the mechanical behaviour of the membrane i
devices and it is also expected that the studiasptay a key role in the improvement of the falima
process of the next generation RF-MEMS devices|[1,2]

Experimental conditions:

The x-ray beam of energy E= 9.8 keV was focus@iguBe- compound refractive lenses (CRLS) to a efze
(b um x 5 um (FWHM). The rather large beam size was requingel to the particularity of the sample: the
membrane consisting of a pattern of holes withaangiter of a few pm. The choice to investigate lg¢hk
properties of the membrane was carried out by yamg an area of a few 10 |inocated at strategic
positions on the membrane (corners, edges, cenjrd he experiment has been satisfactorily peréat with
this particular set-up and under appropriate coort

A bidimensional detector (Medipix) was used foistBkperiment. The setup was greatly simplified symai
this detector: better statistics was obtained (om@ag diffraction rings) and a full@curve is measured in
one shot. 4 Bragg angles - 2 for Au and 2 for Také needed to determine the residual stress watRitia
method. Moreover the simff method needs the measurement of each diffracitighan a wide range ap
angle. The trajectory of the detector was calcdlateorder to follow the Au and TiW diffraction ks fory
from 0° to 70°.



A 6-20 scan was first performed to determine tfieBtagg angles of Au (111), Au(200), Tiw(110) and
TiW(211) as specified previously. The samples wpre-positioned into the x-ray beam using a high
resolution optical microscope pointing at the ceofehe diffractometer. The diffraction angles weet in a
such way to scan at least one of the Bragg peakdioned above, and the sample position was layerall
scanned (x and y translations) while recordingraage at each point (Bragg peak intensity). Forviry
same object, several probe signals (characteBstigg peaks) can be recorded on the same image af¢a
detector. The resulting xy map (figure 1) allows firecise positioning of the investigated pointhi@ X-ray
beam. We assumed that the membrane is totally symemieasurements have then been performed at 10
selected positions on one quarter of the membiEmen, at each of the 10 points of interest, adifftaction

ring is collected with the detector.

Figurel : 2-dimensional maps
performed on thevirgin RF-MEMS
at the characteristic peak of
TiW(110), Au(200) and Au(111)

Thanks to the use of the 2-dimensionnal detectonwere able to carry out exhaustive measurements for
different cases:

(a) Reference powers CeO

(b) RF-MEMS without membrane

(c) Virgin RF-MEMS: this device has never beenattd

(d) RF-MEMS activated prior the experiment (2 diinras were studied)

(e) RF-MEMS activated by the application of a canstDC voltage (membrane pulled down),

and after the activation (membrane released)

In order to eliminate possible geometrical errorogtly due to the diffractometer angular movemerds)
Ce( reference powder was used and images of sevefad diffraction rings were recorded. By grouping
and converting all these data into a sindleR dataset it is possible to extract 'defects' ofdifieactometer
movements - indeed the scattered signal is expeactegpear along perfectly circular rings. Any dénn
from the circle shape is attributed to the instrotrend corrected. The geometrical corrections éfaaind
angular positions of the detector with respecth® ihcomming beam direction and the illuminatechare
the sample) are taken into account according tptbeedure mentioned above.

Figure 2 presents results obtained at the TiW (Id€gk on the RF-MEMS before the activation. By
comparing the CeO2 reference curve with the medstiM (110) curve on the RF-MEMS membrane, we
can conclude that for the bi-metallic membranes ThW layer is under stress.
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Figure2: Deviation tothe TiW (110)
Bragg angle measured on the membrane
of the RF-M EM S befor e activation (blue
-0.05 line)- and reference CeO2 powder (red
line) (deviation to thiscurveisdirectly
attributed to residual stressin the layer)
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TiW (110) on the membrane
of the RF-MEMS before activation
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Note that in this case the measurement of theagtifsn ring is donavithout moving the sample (not in
angle nor in lateral position) but, it is done lege@ssing the diffraction ring using the angular eraents of
the detectord andy) and by applying the corrections deduced fromnigasurement of the reference GeO
powder. In this way, for the whole measurement,ensure the illumination dhe very same area of the
sample, which is difficult or almost impossible to acheewith um focused X-ray beams if the samyple
angle has to be moved (0-90° range) for the claksitfyy method.

The initial results presented here show the vighdlf this technique for stress measurement ohteenbrane
structures. However, work is still under progressully exploit the measurement that has been edrout

for each of the mentioned cases. The interpretatiahcomprehensive exploitation of the measured @at
carried out using an in-house procedure and thsbeaa particularly fastidious process. However,dee
expect to be able to reconstruct the residual stmregpping of the membrane in the different caseg time

measured data have been fully explored.

Conclusion:

In summary, we can say that the micro-beam x-réiyadtion technique can be used to measure thduaki
stress in_micronic devices such as RF MEMS. Thegsed experimental set-up, conditions and good
performance of the beam line have validated thsiliday of this investigation in accordance withetinitial
objectives. A more thorough understanding of tinesst phenomenon can be obtained once the measieed d
have been fully exploited.
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