Designing and testing of a sensor based on a magnetoresistive manganese
perovskite thick film
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In this paper we report on the growth of thick films of magnetoresistivg;88,;MnO; by using

spray and screen printing techniques on various substrltg®; and ZrQ,). The growth conditions

are explored in order to optimize the microstructure of the films. The films display a
room-temperature magnetoresistance of 0.0012%/Oe in the 1 kOe field region. A magnetic sensor
is described and tested. @997 American Institute of PhysidsS0021-897697)65308-4

Due to the existence of a colossal magnetoresistance, i1 um. In order to get the adequate printability, ceramic
recent years there has been an extraordinary interest grains have been suspended in an organic vehicle made by
the manganese perovskites; LA,MnO; (L=La,Pr,...; therpineol and ultrasonically dispersed for 15 min. The rela-
A=Ca,Sr,Pb,.).}? Practical applications of magnetoresistive tive concentration of perovskite to therpineol depends on the
manganese perovskites, however, have not been yet activelyethod used to make the film. It turns out that for the spray
explored. Two obvious reasons are that the maximal magneechnique the ratio of 70/30%/leads to the best spraying
toresistive response takes place at the Curie temper@iture characteristics of the mixture whereas for the screen printing
and the reported colossal changes of resistivitya 80/20%W is enough. It will be shown in the following that
[p(H=0)—p(H)]/p(H)~10P) are only observed whehf, is this difference of concentrations has significant influences on
very low (about 70—100 Kand under fields of the 1DOe  the properties of the films. The Sr-based ceramics have been
range. sprayed or screen printed onto polycrystalline, polished

It is clear that a magnetic sensor should be operated &l,0; (A) and ZrG (Z) substrates(10X10x1 mn?) at
temperatures close B, due to the fact that, at this tempera- room temperature.
ture, field sensitivity is higher and thermal stability effects The subsequent thermal treatment involved three steps.
are expected to be weaker. Extensive use in technology wilh the first one, the films are slowly heatésD °C/h up to a
require room-temperature devices and, therefore, due to themperaturél 4 and kept at this temperature to allow decom-
fact that the magnetoresistive response becomes weakposition of the organic carrier. Two different decomposition
whenT_ increases, the possible applications of these perovéemperature$T4=218 °C (10 min), and 250 °C(60 min)]
kites are challenging. The field sensitivity is also a key issuehave been checked. In the second step, the films are heated
as it is expected that sensors should be operated under mu¢300 °C/h up to T;=1400 °C. Finally, the samples are al-
lower fields, at most in the kOe range and preferably lowerlowed to cool down to room temperature at 300 °C/h. All

On the other hand, materials are most conveniently usedteps are performed under flowing ifferential scanning
in thin-filmlike form, in order to be easily manufacturable, to calorimetry(DSC) has been used to determine the decompo-
allow a convenient definition of the sensitive area and, evensition temperature of the organic carrier.
tually, to tailor appropriately its impedance. Finally, low cost Structural characterization of the films has been per-
deposition techniques are desirable. To that purpose, thickormed by using a Rigaku x-ray diffractometer and scanning
films offers considerable advantages. electron microscopySEM) inspection. The x-ray diffraction

In this paper, we report on the preparation of thick filmspatterns of the grown films can be indexed on the basis of a
of Lay;3Sr,sMnO3 by spray and screen printing techniquesrhombohedral cell R-3c) and it is identical to that of the
on various substrate@\l,0; and ZrG). At room tempera- precursor ceramics. In Fig. 1, we show the pattern corre-
ture, resistivity changes up to 1.2% can be obtained undesponding to the LgsSr;sMnO; (T4=218 °Q film. The re-
fields of about 1 kOe. We will demonstrate that this sensifined cell parametersi=5.4655) A, «=60.38° are in good
bility is high enough to fabricate useful magnetic devicesagreement with other literature repottslo structural differ-
that can compete favorably with existing ones, and protoences have been observed for films grown eitheAaor Z
types of proximity detector devices have been constructed.substrates. The SEM images of Fig. 2 show the formation of

Ceramic La;3Sr,3MnO; powders have been prepared by large grains, larger than Bm, and a rather porous structure
standard solid-state reaction techniques starting from the apvith underlying grains well connected. The connectivity re-
propriate mixtures of oxides. A detailed account of the ex-sults are much better for the films grown @nthan those
perimental procedure and conditions can be foundyrown onA. The final thickness of the sprayed films is about
elsewheré.Here we will only mention that the maximal fir- 10 um. In spite of the superior microstructure of thAdilms,
ing temperatures for the Sr-based ceramics is 1400 °C andtiechnical exploit would prefeA films rather thanzZ films.
is performed under oxygen atmosphere. X-ray diffraction ofConsequently, in the following we will report on develop-
the as-prepared ceramics shows the presence of the rhombuoent of devices based ok films.
hoedrally distorted perovskite structure. Electrical resistivity measurements have been performed

Ceramic samples have been grounded down to a size @i patterned pieces of these films by using dc techniques. To
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FIG. 1. X-Ray diffraction patterns corresponding to the,4%r;,;MnO;
(Tt=1400 °Q film. The substrate holder peaks are marked with asterisks.
Inset: The differential scanning calorimet(SC) of a perovskite and ther-
pineol (70/30%iv) mixture.

that purpose, narrow tracks of about 1 mm wide have been
simply patterned by using a scalpel. Contacts have been
made by using silver paste. Due to the porosity of the films,
absolute values of the resistivity can only be taken as ap-
proximate. The field dependence of the resistivity has been
measured by using the four-probes method under fields up to
4 kOe. This low-field range has been selected because for
many applications permanent magnets are going to be used.
In Fig. 3 (inseh we show the results obtained at room tem-
perature(300 K) for the A-grown film. The overall variation

of resistivity is about 1.2%, that is a magnetoresistance of
0.0012%/Oe in the 1 kOe field region. This variation com-
pares with those obtainddt room temperature and under the
same field rangeon La—Sr-based ceramics and thin filfns.
Here, it is convenient to recall that for the Co/Cu multilayers,
the change per unit field is about 0_007%/band in FIG. 2. SEM imageq20 kV) of the Sr-based thick films grown orta)
permalloy/Au multilayers values of about1%/Oe have Al20sand(b) ZrO; substrates. The marker corresponds toubs

bee%:ounds. q q £ th istivity of Ah among the screen and sprayed films mentioned above can be
e temperature dependence of the resistivity ofAhe interpreted as due to the distinct concentration of therpinol

films are S'?°WT‘ in Fig. 3. Inspection of these data revealg oy ang to the fact that low-temperature decomposition
that the resistivity peak commonly observed at the ferromagy, o s to somewhat reducing conditions

netic ordering temperature occurs at temperatures close to
room temperatur€T .~280 K) and it is lower for theA film

grown by spray than for thé film grown by the screen 1.2 " T " T

printing technique. When compared with existing data ob- | L2 i |
tained on bulk samples of the same nominal composition, it ® .,W
turns out that in all cases the resistive peak appears at tem- < 0.9} % ..gBoO 1
peratures significantly lower than those we have measured in § % g e 4 bg)ﬁoo

the corresponding bulk samples, and which are in the 310— s (kOe) bbt?’

330 K range. We do believe that these differences arise from = 0.6 ..O-b'ob o T =250K

a distinct effective doping that can be related to some reduc- o m“...ggéoo

tion effect associated to the firing of the organic carrier. To [ e Tz=218K
check for this hypothesis, we have grown sprayed films and 0.3 . I . L .
performed the organic decomposition step at higher tempera- ) 0 100 200 300
ture. In fact, as shown in the DSC results of Fidirtsed, the T (K)

therpineol decomposition ends up at about 250 °C. In Fig. 3

we mCIUCjed th'ep(T) data for theA film . prepared at FIG. 3. The temperature dependency of the resistivity of the Sr films grown
(Td:250_ O. Itis clear that the maximum ”i_’(T) OCCUrs  (1,=218°C and T4=250°0 onto ALO, substrates. Inset: room-
now at higher temperature. Therefore, the difference$.in temperature field dependence of the magnetoresistanees).
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2 versus distance at various airga3)( As it can be clearly
15 d p Vout appreciated, the observed response fits nicely to the expected
one, and even more the sensitivity is still large enough when
the scalpel is moved with an air gap bf=3.5 mm. Under
the present experimental conditions, the lateral resolution of
the device aD=1 mm is of about 50Q«V/mm and in the
central part of the sensor the response is linear over about 2
mm length.

Notice that by using this configuration, the device is also
sensitive to the direction of motion of the iron piece and,
thus, can be used as a digital revolution counter, a linear
displacement sensor, a direction dependent contactless
switch, angular encoder, etc.

FIG. 4. Output voltageV,,, vs distance ) at various airgaps[¥) for a In summary, we have shown that 445r;,;MnO; thick
singlg app_roa(_:hing scalpel. Inse_t: The sensor's setup and the measuriggyg of magnetoresistive manganites can be grown by spray
electrical circuit and the schematic output voltage,. o . . . .
and screen printing techniques onto alumina or zirconia sub-
strates. High-temperature firing of deposited La—Sr-based
aFeramics leads to films of the appropriate structural and
TBhemical composition that display a significant room-

effects and to optimize the magnetoresistive response. ¢ ; ist We h q irated that
that purpose, the device is to be operated preferably in one Jpmperature magnetoresis ance. We have demonstrated tha
even at room temperature the field sensitivity of the resistiv-

two active arms of a bridge configuration. The magnetoresis:  th ites is high h and. th ff
tive circuit is formed by tracks patterned on the films; they'ty of these manganites Is high enough and, thus, offers op-

are series coupled as a voltage divider and the tracks a':%ortunltles for a faster development of magnetic sensors and

geometrically adjusted to produce the appropriate resistan pevices.
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