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Abstract

Local thermal probing has become a major tool fludying transport phenomena at micro and nanostalels, detecting
hot spots and failures of microelectronic devicesneasuring surface temperature distribution atséhescales. If contact
point measurement of a local tip is expected tovipk® the best spatial resolution, the fundamensgleat of the interaction
between the probe tip and the sample remains thep&imt on which any quantitative measurement selifle focus on the
calibration procedure that will allow measuring thibermal response (error) of a contact probe used témperature
measurement on a surface. For this purpose, a ntiotplate made of platinum heater suspended on sticon nitride
(SIN) membrane represents an interesting tool. ®hgctive is to develop heated reference samplés lwcalized
temperature sensors embedded on its surface tceptd temperature during the probe contact. We ntepio the thermal
design of low-power calibration chip and the firssults obtained when contacting wire based mibexinocouple Scanning
Thermal Microscope (SThM) probes.

strength may have a role and the environment (vacuu

1 Problematic ambient etc...).

In order to monitor and calibrate the SThM probdae

interactions in temperature measurement mode, eactiv LR R S,

calibration samples are required. The calibration

methodology was already presented using standard s
hotplates not specifically designed for that pug¢s].

We report here on optimized devices with low power ‘
consumption and integrated temperature sensor to s
precisely adjust and measure temperature on aiedal

area on which the probe tip is put in contact. éithh a 1K
contact area remains quasi-punctual (some tens of 225 um
nanometers square), the resulting thermal pertorbat

area is much larger so that a resistance temperatur 2K

detector (RTD) is a possible mean to directly derilre
temperature of a perturbed area below the probe tip
Figure 1 presents the temperature disturbance @rea
platinum heater similar to the present device wilaen
micro-thermocouple tip is on contact [2]. It is atethat
the perturbed area is much larger than the coptaat, a
typical diameter of 10 um being relevant for inagria
local temperature measurement. ’

During the contact, different temperatures are Ivead

due to the heat sink effect of the probe and tffferdint
thermal resistances encountered. Figure 2 dephas t
thermal configuration of a general case of a cdirngc
probe on a thin device such as a suspended membrane
According to the heat flux that is dissipated frahe
surface to ambient through the tip, one can defiimee
thermal resistances including the probe itsel,(Ee tip-
to-surface contact R and the surface disturbance effet
(Ry) which is analogous to the usual macroconstriction
effect [1].

Consequently, during the measurement, any probe
provides a value that relies on its own charadtesigR.),

on the surface nature (R but also on the coupled effects
of the tip-to-surface topography §Rn which the contact

Figure 1. Surface temperature disturbance (a) aiedi
by subtracting near-infrared thermographs beforedan
during the contact of a 1.3 um wire thermocouplebgr
(b). The sample is a platinum film deposited oriliaos
nitride membrane (see below).

This makes a contact measurement really hard to
implement and a calibration procedure one of thg ke
points for improving present techniques of SThM.eTh
development of calibration devices representssi §irep
toward this objective. The idea is to measure tinee”
surface temperature, with or without contact. Thread
comparison of these values, in addition to ambéect the
probe itself, lead to relevant ratio that charazés the
“quality” of the sensor.



As shown in Figure 2, the main ratio is given fythe
“probe thermal response” as a global parameteudiiog
the three mentioned effects.
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Figure 2. Thermal configuration of a contacting psoon
a thin surface, dissipating a heat flow noted Qrfrthe
surface to ambient.

One can also use a ratio that is less dependinthen
surface naturep = R/R. that should ideally tend to zero
for a perfect temperature sensor [3]. It is inténgsto
notice that these ratios are given by the measured
temperatures whereas the heat flux Q is more diffio
extract. This could however lead to the knowledféhe
resistance values which remains a further objective

2  Experimental setup

2.1 Electrother mal device

Figure 3 presents the measurement principle, taikitg
account the SThM probe and the local temperatursose
(Figure 3a). The electrothermal device is compaosied
thin insulating membrane of silicon nitride (2x5@@n
thick) in which both platinum heater and resistance
temperature detectors (RTD) are embedded. Thenpiati
heater (150 nm thick) generates a hot central layelule
effect whereas two symmetrically located RTDs paevi
their local temperature (50 nm thick). AccordingFigure
2, RTD values provideland T, before and during SThM
tip contact respectively.
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Figure 3. a) Side view, b) Top view of the device
integrating a local temperature sensor on the hatpl
suspended membrane.

Figure 4 presents a closer view of the centraldrgdig.

4a) and the RTD patterned using e-beam lithogréplgy

4b) for which the sensing area is 10x10°uFabricated
devices have been characterized by determining
experimentally the temperature coefficient of thsistive
elements and by measuring temperature evolutioh wit
respect to hotplate power consumption. DifferentDRT
geometry and fabrication techniques have beendédsit
only e-beam RTD results are presented in thislartic
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Figure 4: a) Images of low-power Joule heater with
RTDs; b) example of e-beam lithography RTD geometry

The temperature dependence of the different heatrss
RTDs implemented has been measured. A climatic
chamber has been used to measure the resistatagovar
between 30 and 200°C. The temperature coefficiént o
resistance (TCR) is measured for each fabricateicele
Extracted values of TCR are in the range 2.F ®02.5
102 K for the e-beam lithography RTD whereas between
3 10°%and 3.3 10 K™ for the standard lithography RTDs.

2.2 Temperatur e probes

For years, we have developed and used thin wire
thermoelectric couples as local temperature prdbes
SThM applications [1,4]. Wollaston wires (Platiniand
Platinum-10% Rhodium) are used to provide a S type
junction obtained by a sparking technique. Différen
diameters can be used, mainly 5 pm and 1.3 pm.
Furthermore, the obtained junction can be etchéuwgus
Focused lon Beam (FIB) to insure a reproducible tip
shape as shown in the Figure 5. Figure 5a presehijgm
junction and Figure 5b depicts the 1.3 um junctdier

FIB etching.



a) Institut FEMTO-ST

b) Institut FEMTO-ST

Figure 5. Thermocouple junction aspect after FIB
etching; a) 5 um probe and b) 1.3 um probe.

For SThM applications, these micro-thermocouples ar
embedded on a tuning fork resonator so that thatpoi
contact is easily detected [5].

2.3 Simulation and test

Electrothermal devices (calibration chip) are stengm
from usual micro-hotplate designs [6]. Their maiterest

in the objective of calibration system relies oneasily
tunable temperature at a very low consumption leiel
their development, ComsolMultiphysics® simulaticare
used to optimize the geometry of the heater and the
position of the RTDs. In parallel, main thermoplogsi
parameters are adjusted regarding experimental
measurements obtained with our thermocouple probes.
Figure 6 presents a typical result of simulaticompared
with thermocouple probe measurements. A top view of
surface temperature is shown in Figure 6a while the
supplied power is 25 mW. The central temperature
reaches 290°C as confirmed by local measurements
presented in the Figure 6b. Transverse scans Have a
been performed with a 1.3 um thermocouple probe
following the dashed white line of Figure 6a. Résalre
depicted in Figure 6c¢ for three different powers.
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Figure 6. Comparison of simulations and measurement
a) Top view of Comsol simulation at 25 mW, b) satad
and measured central temperature versus power, @nd
lateral profiles at different powers. Measuremeai®
obtained with a 1.3 um thermocouple probe (see réigu
5b).

Central temperature distributions versus the hgaderer

are in good agreement but quite dissimilar aroumsl t
membrane limit. This is due to the simplified apgrb of

the modeling. Indeed, to decrease the computing &nd

the required memory capacity, only the membrane has
been taken into account. In these simulations, the
membrane thermal conductivity is supposed as 20°Wm

! whereas the platinum heater and RTD are supposeel t
identical to bulk material (thermal conductivity @& Wm
’K™). The dissipation of the generated Joule heating i
mainly due to the external global constant coedfiti
fixed to 1000 WrifK™ above and below the membrane.
These values have to be discussed. However,
complementary measurements and simulations will be
performed in order to improve the reliability ofigh
approach, including the effect of the contactinghyer tip.



3 First resultsof calibration principle

Functionality of the calibration chip was validatadth
coupled SThM and RTD temperature measurements.
Measurements have been performed at different mappl
power and the resulting points led to fitted cunas
shown in the Figure 7. Figure 7a presents a miegggof

a 5 um TC probe approaching the RTD area (righe)sid
Figure 7b and 7c present the extracted curves fimam
measurement points of the 5 ym and 1.3 pm probe
respectively. From these curves and knowing thei@mb
temperature, one can easily calculate the theresgplanse

T of both probes, and their ratip It is interesting to
notice the difference between the two probes duhdo
size. A perfect probe would indicate a thermal oese
equal to 1 whereas@@ratio near zero.
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Figure 7. Experimental results: a) 5 um TC prob@ame
contact RTD area; b) 5 pm probe results; ¢) 1.3 um
results; d) Extracted values @fand ¢for both probes.

Among the series of measurements already made, the
different 5 um probes led to similar values whertdas

1.3 um exhibits large variations that can be du¢hto
uncertainty on its actual location regarding theDRT

Another point that can be relevant to extract,his heat
power disturbance due to the presence of the prolibe
calibration device. Figure 8 depicts a comparisetwben
the two tested probes. This is the difference beihwthe
heater Joule power supplied with and without cangdc
the same RTD temperature.
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Figure 8. Disturbance power of both probes regagdin
surface RTD temperature.

This power difference does not corresponds exaatthe
dissipated power Q mentioned above since the device
thermal balance should be mastered to be stridtigtical
before and during the probe contact. However, ithia
clear indication of the degree of disturbance pfabe.

4  Conclusion

These first results demonstrate the interest tcausgcro-
hotplate as a calibration device for SThM probemotde

of temperature measurements. The major interdbaitsa
single measurement while contacting the probegiven
power is able to provide the thermal response epiiobe

or its ratio @ which represent important calibration
parameters. Different designs of chips are beirsgete
with different measurement configurations and RTD



sensors. First results show that the variabilityaoted
when using the smallest probes (1.3 um thermocpuple
needs to be studied. It may simply be related ® th
difficulty to precisely locate the tip on the RTBrsor, or
the inadequacy between their respective thermalacon
areas. Improvements of simulations, including thebp
contact may help to clarify this aspect.
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