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Reactivity of MgB , with common substrate and electronic materials
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The reactivity of MgB with powdered forms of common substrate and electronic materials is
reported. Reaction temperatures between 600 and 800 °C, encompassing the range commonly
employed in thin-film fabrication, were studied. The materials tested for reactivity werg ¥ttba
stabilized zirconia, MgO, AlO3, SiO,, SrTiO;, TiN, TaN, AIN, Si, and SiC. At 600 °C, MgB

reacted only with Si@and Si. At 800 °C, however, reactions were observed for MgBh Al,Os,

SiO,, Si, SIC, and SrTiQ. The T, of MgB, decreased in the reactions with SiC and,@y.

© 2002 American Institute of Physic§DOI: 10.1063/1.1433915

MgB,, with a T, of 39 K,! may offer higher operating into pellets to enhance reaction rates. The pellets were placed
temperatures and device speeds than today’s Nb-based tean Ta foil, which was in turn placed on a dense®{ boat,
nologies for potential applications in thin-film electronic de- and heated in a quartz tube furnace under a mixed gas of
vices, and may have a simpler multilayer film fabrication95% Ar 5% H,. Each set of pellets was heated for 24 h at
process than high temperature superconductors. An extensieme of three temperatures: 600, 700, or 800 °C. Due to Mg
review of the progress in thin-film fabrication of Mglas  volatility and the relatively long heating time, 20% excess
been presentedFor electronics applications, it is desirable Mg was employed in these reactions. To get a clear test of
that films withT;s close to 39 K be made by a “single-step the reactivity at 800 °C, where the volatility of Mg in open
in situ” process, in which MgB is formed directly on sub- systems at long heating times is significAtiose tests were
strates. The majority of films to date have been made by aepeated by sealing the starting materials in stoichiometric
two-step process, in which a precursor film of either B orproportions in Ta tubes backfilled with Ar. Those tubes were
Mg+ B is annealed, typically either in Mg vapor at 900 °C, then sealed in evacuated quartz tubes and heated in a box
or in inert gas at about 600 °C, though some single-step prdurnace at 800 °C for 10 h. Reported results for stability at
cesses have also been reported. In all cases, the reactivity 80 °C are taken from those samples.

MgB, with substrate materials or insulating or metallic lay- The phases present after annealing were determined by
ers in multilayer circuits is an important factor in determin- powder x-ray diffraction(XRD) with Cu K« radiation at

ing both the conditions of film fabrication and the operatingroom temperature. The results of all the reactivity studies are
characteristics of the resulting device. Here we describe theummarized in Table | and Figs. 1-3. Mg#®as found to be
results of experiments in which fine powders of differentinert with respect to Zr@, YSZ, MgO, TiN, and AIN up to
materials were reacted with MgB in the 600—800 °C tem- 700 °C(only MgB, plus the reactant compound starting ma-
perature range relevant to device fabrication. It was founderial was observed in the XRD patteynk an earlier study

that MgB, is inert toward many common electronic and sub-it was shown that bulk MgB prepared at temperatures as
strate materials at 600 °Qwith the notable exceptions of
SiO, and S), but is highly reactive toward some of the most

. . TABLE I. Reactivity of MgB, with various electronic materials.
common substrate materialse., Al,O; and SrTiQ) by

800 °C, suggesting their limited usefulness if high fabricationElectronic material 600 °C anneal 800 °C anneal
temperatures must ultimately be used dunng film depo_smon. 710, No reaction No reaction

Polycrystalline samples of MgBplus various materials vSZ2 No reaction MgB, small amount of MgO
commonly used in thin-film devices were made by solid state MgO No reaction No reaction
reaction. Starting materials were bright Mg flakes, submicron ~ Al20s No reaction MgB with altered cell size,
amorphous B powder, and prereacted electronic materials _ . MgO, unknown

. . . - Sio, MgB,, MgO, Si MgB,, MgB,
obtained commercially. They were ZyO yttria stabilized MgO, Mg,Si, Si
zirconia(YSZ), MgoO, Al,O3, SrTiO;, TiN, TaN, AIN, Si0, SITiO; No reaction MgB, SrTiO;, MgO
(crystalling, Si, and SiC. Elemental MgB were employed _ _ SrBs, TiB,
in the reactions, rather than preformed MgBto better TSII\I M’\lngv M?ZS' MgBZN Mgzs'*t_Mngt

. . . . | O reaction O reaction
model f|Im.fabr|cat|on processes. The ra_mo of MQIB reac- Tan? No reaction No reaction
tant material was set to a 9:1 mole ratio. Starting materials AN No reaction No reaction
were mixed thoroughly in quarter-gram batches and pressed  sic No reaction MgB with altered cell size
#Zr0, is present the YSZ before reaction.

¥Electronic mail: taohe@princeton.edu bTaN, g is present in the TaN before reaction.
0003-6951/2002/80(2)/291/3/$19.00 201 © 2002 American Institute of Physics
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FIG. 3. Powder x-ray diffraction patteri€u K« radiation) of MgB, re-
acted for 10 h at 800 °C with finely divided powders of SiC, AIN, TaN, and

FIG. 1. Powder x-ray diffraction patteri€u K« radiation of MgB, re- TiN. The TaN,  was present in the “TaN" in its prereacted State.

acted for 10 h at 800 °C with finely divided powders of MgO, YSZ, and
ZrO, showing good chemical compatibility. The YSZ powder contained

ZrO, in its prereacted state. . - .
The chemical compatibility problems of MgBwith Al,O4

. ] and SrTiQ, which are among the most commonly used sub-
low as 550 °C displayed & equivalent to the bulk value of gyates are therefore serious. Clearly there were reactions

38-39 K, and the samig; was observed in the above cases.epyeen MgB and those two oxides, and caution should be
MgB, was found to be inert with respect to &5 only at taken when fabricating thin films.

500 °C. At highef temperatures, MgO was formed as areac- Figures 1 and 2 show the XRD data for the reaction of
tion product in the Mg B+Al,0; system, and the dlffrac- MgB, with six oxide substrate materialg€rO, and YSZ are
“0.” pattern for the Mggshowed g&gmﬁpant change n th? often employed as oxide buffer layg¢rat 800 °C. No reac-
u.r]l|t ce:I para:r:g tersf, :F.nilsiﬁml\\;lv ith t:\e l?corpglrgtmn of S19%on occurred when the substrates were £e0d MgO, sug-
hificant quantities of Al into the MgBstructure. Al incorpo- gesting them to be potentially good substrates for making

ration in MgB, is known to decreas@,.” MgB, was stable thin films. A small amount of MgO was formed in the sample

with respect to SITiQup to 700 °C. However, Sif MgB,, of MgB, reacted with YSZ, but it is also a good candidate
and several peaks due to unknown phases were found when

MgB, and SrTiQ were reacted at 800 °C, indicating that ubstrate. Si@is found to be highly reactive with Mg8

. . . even at 600 °C. This result implies that oxidized silica wafers
SITiO; and Mg, are not compatible at high temperatures'should not be used for MgBfilm devices unless a buffer

layer, such as MgO, YSZ, or ZtQs first deposited on the
SiO,. Figure 3 shows the XRD data for the reaction of
MgB, with four nonoxide materials, TiN, TaN, AIN, and

7000{  yog;
’ . ® SiC. MgB, as found to be fully stable with respect to the
a g . g
600 0o n O A AR . ° nitrides TaN, TiN, and AIN up to 800 °C. The nitrides are not
Xesio common substrates but are employed in thin-film devices
=Si0, e MgB,(®),Mg0 @) .
5000 o MgB, (3), Mg,Si (#) such as bolometers. In the case of SiC, however, the peaks of

MgB, were shifted, indicating that some reaction had oc-
curred. MgB was found to be highly reactive with Si at
temperatures of 600 °C and high@fig. 2), suggesting that
these materials are chemically incompatible. The study of the
compatibility of MgB, with Mg,Si (a cubic semiconductir
o the decomposition product formed during the reaction,
MgB,:X=9:1 would be of interest to see whether a buffer layer of,8lig
800°C, 10n, Ta tube might passivate the surface of Si in multilayer devices with
MgB,.

To determine the effect of the reactions on the supercon-
ducting transition temperature, the low temperature magneti-
zation was measured for all the samples made in Ta tubes at
800 °C. Samples were measured in the form of loose pow-
ders in a Quantum Design PPMS magnetometer with an ap-
plied dc field of 15 Oe. The zero-field cooled dc magnetic
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FIG. 2. Powder x-ray diffraction patteri€u K« radiation of MgB, re-
acted for 10 h at 800 °C with finely divided powders of SrJjQAl,Os,
crystalline SiQ, and Si, showing extensive chemical reaction.
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FIG. 4. Magnetic characterization of the superconducting transitions for

samples of MgB reacted with the oxides AD;, Si0,, MgO, Zr0,, YSZ, FIG. 5. Magnetic characterization of the superconducting transitions for

and SrTiQ at 800 °C. samples of MgB reacted with Si, SiC, and the nitrides AIN, TaN, and TiN
at 800 °C.

susceptibility data for the MgBreacted with six oxide ma- formance. Important exceptions to this overall character are
terials are presented in Fig. 4. Except for the case ¢O4\ SiO, and Si, where r_eactivity is observed even at 600 °Q, and
the MgB, present in reactions with the other four oxide sub-Al20s, where reaction was observed at 700°C. At higher
strate materials had a superconductifigof about 38 K, émperatures, MgBis also quite reactive with SrTiQ) but is
which is just theT, of pure MgB,.* SrTiO; and SiQ, al- stable against some oxides and all the nitrides tested, with
though reacting with MgB and causing partial decomposi- MJO, Zr0,, and YSZ particularly promising as potential
tion, had no effect on th@, of any MgB, present. The substrates and buffer layers. MgBhows much more overall
sample reacted with AD;, however, showed a broad super- reactivity at 800 °C, however. This increased reactivity of
conducting transition with a suppressionTof of about 3 K, MgB, at 800 °C iIIustra.lt.es the importance of pursuing efforts
consistent with the partial substitution of Al for Mg in the 0 reduce MgB deposition temperatures to 600 °C or lower
MgB,. The zero-field cooled dc magnetic susceptibility datafor thin film device fabrication.
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