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Abstract. The long-term stability of resistive gas sensor microheaters was investigated.The
microheaters were created as multilayered metallizations on a silicon oxide membrane. The
behavior of Cr/Au/Cr and Cr/Ni/Au stacks was studied. The resistance of the Cr/Ni/Au stack
stabilized after 15 hours of exposure due to gold burning into the chromium-nickel sublayer.
Resistance drift is less than 7% after 48 hours of continuous operation at 350°C and 12% at
500°C. However, Cr/Au/Cr metallization cannot be used in high-temperature sensors because
it degrades significantly at temperatures as low as 300°C. Stack capping with SiO, layer has low
influence on initial forming stage and improves long-term stability.
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Annoranua. MccnemoBaHa — JoJroBpeMeHHast — CTaOMJILHOCTH — MUMKpOHarpeBaTeseit
PE3UCTUBHBIX Ta30BBIX CEHCOPOB. MUKpOHarpeBaTe/iM CO3[aBajuCh B BMIE MHOTOCIOMHOM
MeTaJyIM3aly Ha MeMOpaHe okcuaa KpemHus1. M3yyeHno nmoBenenue crekoB Cr/Au/Cr u Cr/
Ni/Au Kak OTKpBITBIX, TaK M 3aKpbIThIX cBepXy cnoeM SiO,. Conporusienue creka Cr/Ni/Au
cTabunuaupyeTcs yepe3 15 4acoB BBIIEPKKY BCJIGACTBUE BXXUTAHUS 30JI0Ta B XPOMOHUKEJIEBBIN
noncioil. JanpHeHRImii apeiid CONMpOTUBICHUS TIPU IJIUTENbHOM 3Kcruryatanuu mpu 350°C
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cocraBisieT MmeHee 7%, npu 500°C — 12% 3a 48 yacoB HelpepbIBHOI paboThl. MeTalan3aLus
Cr/Au/Cr He MOXeT OBITh MCMOJIb30BaHa B BBICOKOTEMIIEPATYPHBIX CEHCOpPaX, ITOCKOJBKY
cymectBeHHO aAerpagupyetr yxe npu 300°C. IlokpbiTMe HarpeBaTess OKCUIOM KpPEMHUS
HE CKa3pIBaeTCd Ha €ero IIOBEJACHWM Ha HavaJlbHOW CcTaguW (OpMOBAHUS W YJIy4IIaeT
JTIOJITOBPEMEHHYIO CTAOUIBbHOCTbD.
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Introduction

Change of a semiconducting film resistivity after adsorption of molecules of an analyte is
widely used to produce resistive gas sensors. Operating temperature of such semiconducting active
layer varies in the range 40 to 900 °C [1—4]. Therefore, high requirements are imposed on long
term stability of heating elements. In order to minimize power consumption, thin membranes
are used as a substrate of the sensing layer, which in turn is heated by micro-electrodes deposited
directly on membrane [5]. At present, Pt is typically utilized as the heating layer material for
high temperature applications. In order to minimize cost of a microheating element production,
nickel, nichrome, gold and other materials are considered to substitute platinum. Noble metals
are preferable, since they do not oxidize in air during operation. The main problem with thin
coated electrodes is change in their parameters during high temperature exposure. Long-term
instability of heating elements is caused mainly by partial or complete destruction of metal layer
caused by solid state dewetting and diffusion. In this contribution, the influence of long-term
annealing of gold-based microheaters on the resistance of these electrodes is investigated.

Materials and Methods

Microelectrodes were deposited onto the planar SiO,/SiN membrane of a gas sensing chip
by e-beam evaporation and photolithography. Two material stacks, namely, Cr-Au-Cr and
Cr-Ni-Au, schematically drawn in the Fig. 1, a were formed. 5 nm thick chromium layer was
deposited first in all cases. Gold layer in both cases was 100 nm thick, the nickel layer between
gold and chromium was 20 nm thick, and the capping chromium layer was 5 nm thick. Fig. 1, b
presents topology of electrodes. Some of heating tracks were subsequently covered by SiO, layer
deposited by DC magnetron sputtering. Electric resistance of the as-grown electrodes varied from
300 to 500 Ohm.

a)

Au 100 nm Cr5nm

Ni 20 nm — Au 100 nm

CrSnm ~_CrSnm

Fig 1. Stacks (@) and topology (b) of microheating electrodes
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In order to investigate long term stability, artificial aging of the electrodes were used. Obtained
structures were subjected to furnace thermal annealing in air ambient to assess the change in the
heater resistance. The samples were loaded into furnaces preheated to required temperature and
then abruptly removed from the hot furnace. Annealing temperatures were in the range from 300
to 500 °C. This is working temperature range of sensors detecting the most flammable and toxic
compounds, so it is of interest to study the heater parameters at these temperatures.

Results and Discussion

Fig. 2 presents change in micro-heater resistances after annealing. It is seen from Fig. 2 that
resistance of the heating elements start to grow up. Even at low annealing temperature, resistance
of stack made of Cr/Au/Cr increases by an order of magnitude, which is more than others demon-
strate (see Fig. 2). An increase in resistance is initially observed in the case of Cr/Ni/Au stack
annealed at 350 °C (see Fig. 2, b). This process stops after 15 hours and only slight decrease in
resistance is observed during further investigation. Increase of a heater resistance goes faster at
500 °C. Contrary to previous case, at this high temperature initial forming is followed by signifi-
cant decrease in resistance (see Fig. 2, c), this process can be used to adjust the heating electrode
parameters before use at lower temperatures.

Coating with 150 nm silicon oxide capping has no effect on initial resistance increase and
improves heater stability during further annealing (compare Fig. 2, b, d). This capping prevents
accessing the microheater by gases from atmosphere preventing possible oxidation of thin layers
of Cr or Ni in the stack.
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Fig. 2. Resistivity of electrodes annealed at different temperatures, as indicated

The experimental results demonstrate a significant effect of long-term annealing on the resis-
tance of contact elements. According to previously published data, the main mechanism responsi-
ble for the change in resistance is dewetting — compression and partial destruction of a thin layer.
It is widely observed for thin layers of materials with low adhesion to the surface at temperatures
well below the melting point of the metal. Dewetting mechanisms for single-layer contacts made
of various materials with high chemical stability (Au, Pt, Ag) are presented in detail in [6]. In
our case of Cr/Au/Cr and Cr/Ni/Au stacks, same effect could appear leading to a decrease in
the cross-section of the conductive layer and as a consequence to an increase in resistance. It is
demonstrated that identical results of changing contact parameters.

When the annealing temperature of Cr/Ni/Au/SiO, stack is increased to 500 °C (see Fig. 2, ¢)
an initial sharp increase in resistance is observed due to dewetting, and a subsequent long-
term decrease due to the slow process of interdiffusion of the Ni sublayer into Au. For a stack
without an insulating layer of silicon dioxide, the trend of resistance change over time at a
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temperature of 500 °C is similar to the graph in Fig. 2, c¢. Conductive layer resistivity returns to its
original value as a result of overgrowing along the interface of the two metals, with the formation
of a Ni-Au solid solution similar to reported in [7].

Thus, the data obtained above show the need for a long-term temperature procedure for
micro-heating elements based on the presented stacks for their stable operation at elevated
temperatures.

>

Conclusion

Performance of Cr/Au/Cr and Cr/Ni/Au structures used as heating microelectrodes for gas
sensor and other microelectronic devices operating at temperatures ranging from 40 to 500 °C was
evaluated. The least suitable stack option for micro-heating elements is configuration Cr/Au/Cr.
Thin (~5 nm) chromium layer does not prevent the diffusion of gold into the substrate and the
disintegration of gold conductive layer during prolonged heating above 300 °C. The Cr/Ni/Au
layer is a good choice for applications operating at temperatures up to 350 °C. Aging at 500 °C
could be used for the resistance tuning. The obtained time characteristics can also be used to
recalculate the aging time of the sample at lower operating temperatures.
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