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Temperature and humidity sensitive thick-film elements based on spinel-
type NiMn,04-CuMn,04-MnCo0,0, manganites with p- and n-types of
electrical conductivity and dielectric magnesium aluminate MgAl,O, were
prepared. These elements are shown to be successfully applied for integrated
temperature/humidity sensors of environment monitoring and control.
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Spinel-type ceramics based on mixed transition-metal manganites and/or
magnesium aluminates are known to be widely used for temperature measurement, in-
rush current limiting, liquid and gas sensing, flow rate monitoring and indication etc.
[1-5]. But their sensing functionality is sufficiently restricted because of bulk
performance allowing, as a rule, no more than one kind of application. The aim of this
work is to develop the high-reliable multifunctional sensors based on the above spinel-
type compounds, allowing integrated temperature-humidity sensitivity for effective
environment monitoring and control.

At the present time, a number of important problems connected with hybrid
microelectronic circuits, multilayer ceramic circuits, temperature sensors, thermal
stabilizers, etc. requires such resolution, when not bulk (e.g. sintered as typical bulk
ceramics), but only thick-film performance of electrical components (possessing the
possibility to group-technology route) is needed [5]. The well-known advantages of
screen printing technology revealed in high reproducibility, flexibility, attainment of
high reliability by glass coating as well as excellent accuracy, yield and
interchangeability by functional trimming are expected to be very attractive now, for
new-generation sensing electronics [6]. No less important is the factor of miniaturization
for developed thick-film elements and systems, realized in a variety of their possible
geometrical configurations. Thus, the development of high-reliable nanostructured thick
films and their multilayers based on spinel-type compounds for multifunctional
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environment sensors operating as simultaneous negative temperature coefficient
thermistors and integrated temperature-humidity sensors are very important task [6—8].

To fabricate the integrated temperature-humidity thick-film sensors, only two
principal approaches have been utilized, they being grounded on temperature
dependence of electrical resistance for humidity-sensitive thick films and/or on humidity
dependence of electrical resistance for temperature-sensitive thick films.

The first approach was typically applied to perovsite-type thick films like to
BaTiOz [9]. Within second approach grounded on spinel-type ceramics of mixed
Mn-Co-Ni system with RuO, additives, it was shown that temperature-sensitive
elements in thick-film performance attain additionally good humidity sensitivity [10].
Despite improved long-term stability and temperature-sensitive properties with character
material B constant value at the level of 3000 K, such thick-film elements possess only
small humidity sensitivity. This disadvantage occurred because of relatively poor
intrinsic pore topology proper to semiconducting mixed transition-metal manganited in
contrast to dielectric aluminates with the same spinel-type structure.

Thick-film performance of mixed spinel-type manganites restricted by
NiMn,04-CuMn,04,-MnCo,0, concentration triangle has a number of essential
advantages, non-available for other ceramic composites. Within the above system,
can be prepare the fine-grained semiconductor materials  possessing
p- (Cug1Nip;Mn,; ,Co, 404) and n-type of electrical conductivity (Cug ;NigsMn; 9C0g204).
So, a real possibility to prepare multilayer thick-film spinel-type structures for
principally new device application, such as temperature-sensitive p-n-type diode
junctions (thermoelectric transformers in a power supply, high-accurate temperature
sensors and compensators exploring current-voltage dependence, thick-film diode
structures, temperature difference detecting elements utilizing thermoelectromotive
force, etc.) seems to be a quite realistic one. In addition, the prepared multilayer thick-
film structures involving semiconductor NiMn,0,-CuMn,04-MnCo,0, and dielectric
MgAlL,O,4 spinels can be potentially used as simultaneous thermistors and integrated
temperature-humidity sensors with extremely rich range of exploitation properties.

The aim of this work is development and selection the high-reliable separate
temperature and humidity sensitive thick-film elements based on spinel-type ceramics
for multifunctional application in integrated temperature/humidity sensors.

Bulk temperature sensitive ceramics were prepared by a conventional ceramics
processing route using reagent grade cooper carbonate hydroxide and nickel (cobalt)
carbonate hydroxide hydrates [11]. Chemical composition of these ceramics and the
main points in their sintering schedules are presented in table 1.

Table 1
Characteristics of temperature sensitive bulk ceramics
Chemical Sintering Phase Bossss,
composition temperature/duration composition K
CUO,INi()’]COl,GMnL204 1040°C/4 h Spinel 3540
. 920 °C/8 h + 1200 °C/1 h spinel +
Cu()’lNl(),gCO(),le'll’904 4920 °C/24 h NiO (1 1,5 %) 3378

The bulk MgAl,O,4 ceramics were prepared via conventional sintering route as was
described in more details elsewhere [12, 13]. The pellets were sintered in a special
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regime with maximal temperature 7y 1 300 °C during 5 h. In a result, the humidity-
sensitive ceramics with a so-called trimodal pore size distribution and character values of
pore radiuses centered near ~2,5, 85 and 450 nm and surface area near 6,93 m3/g were
obtained.

Temperature sensitive Cuo,1Ni0,1C01,6Mn1,204/Cuo,1Ni0,gCoo,2Mn1,9O4—based and
humidity sensitive MgAl,04-based pastes were prepared by mixing powders of basic
ceramics (sintered bulk ceramics were preliminary destroyed, wet-milled and dried) with
ecological glass powders (without PbO), inorganic binder Bi,O; and organic vehicle
(see table 2).

Table 2

Composition of temperature/humidity sensitive pastes

Content, % mass
. CU() lNi() 1C01 6M1’11 204/
Constituents Cuy,Nio sboo 2’Mn1 9 04-b’a sed paste MgAl,O4-based paste
Basic ceramics 72,8 58
Bi,0; 2,9 4
Ecological glass 2,9 8
Organic vehicle 21,4 30

The prepared paste were printed on alumina substrates (Rubalit 708 S) with Ag-Pt
electrodes using a using a manual screen-printing device equipped with a steel screen.
Then, thick films were fired in furnace PEO-601-084. The typical planar type of design
of the prepared films was shown elsewhere [14].

The topology of the obtained thick films was investigated using 3D-profilograph
Rodenstock RM600. The electrical resistance of thermistor thick films was measured
using temperature chambers MINI SABZERO, model MC-71 and HPS 222. The
temperature constant Bys,gs for these thick films was calculated according to the Eq.[1]:

R\ T T,
B.. .. =2,3026-log| =L |- L2, (D
25/85 g( 2] T,-T
where R; and R, were corresponding resistance at 7; = 25°C and 7, =85 °C,
accordingly.

The humidity-sensitivity of thick-film elements based on MgAl,O, ceramics was
evaluated on dependence of electrical resistance from relative humidity (RH). The
measurements were performed at 20 °C and 1 000 Hz frequency in direction of RH
increase and in reverse one.

In respect to the obtained 3D-profilogramph data, the thickness of thick films based
on temperature sensitive Cug Nip;Co;¢Mn;,0, ceramics with p-type of electrical
conductivity, Cug ;NigsCog,Mn, 9O, ceramics with n-type of electrical conductivity were
56,16 and 66,67 pm, accordingly. The thickness of thick films based on humidity
sensitive dielectric MgAl,O,4 ceramics was 52,08 um.

All obtained separate temperature sensitive thick-film elements based on spinel-
type NiMn,O,4-CuMn,04-MnCo,0,4 ceramics have good electrophysical characteristics.
These thick-film elements show exponential temperature dependences of resistances
(fig. 1). The values of Bysg5 constant were 4 095 and 3 671 K for CuyNig ;Co; ¢Mn; ;04
and Cug ;NiggCop,Mn; O, ceramics, respectively. The both thick films possess good
temperature sensitivity in the region from 298 to 358 K. They are distinguished by well-
defined profile, but their flatness can be partially lost provided aged pastes were used for
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screen-printing. This effect is connected with increasing in the viscosity of the prepared
pastes. Therefore, only as-prepared pastes (aged no more a few weeks) should be used to
produce high-reliable thick-films elements.

The studied thick-film elements based on d-type MgAl,O, ceramics possess linear
dependence of electrical resistance from relative humidity (RH) in semilogarithmic scale
with minimal hysteresis in desorption cycle in the range of RH ~60-99 % (see fig. 2).
Thus, these thick-film elements are suitable for humidity sensors working in the most
important range of RH. These thick films are insensitive to low RH, which can be
attributed to bad Ag-Pt contacts between wires and defectiveness of thick film
connecting with their viscosity. However, these technological obstacles can be easily
removed by modifying screen-print process.
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Fig. 1. Typical work characteristics  for Fig. 2. Typical work characteristics for thick
temperature sensitive thick films based film based on MgAl,O,4 ceramics
on p-type Cuo‘lNi0‘1C01‘6Mn1‘2O4 and
n-type Cuyg NipsCog,Mn; yO,4 ceramics

Since all investigated separate components (p-, n- and d-type thick films) are of the
same chemical type (spinel-like) and possess high temperature/humidity sensitivities,
they will be positively distinguished not only by wider functionality (simultaneous
temperature-humidity sensing), but also unique functional reliability and stability. To
prepare such multifunctional temperature/humidity sensitive elements, we can use
typical design performance in respect to the scheme shown in fig. 3. In the case under
consideration, the main advantages proper to bulk transition-metal manganite ceramics
(wide range of electrical resistance with high temperature sensitivity) and humidity-
sensitive MgAl,O,4 ceramics will be transformed into thick-film multilayers, resulting in
a principally new and more stretched functionality. The spinel-type
CugNip;Mn; ,Co, 04 compound with p-type of electrical conductivity (yellow-
distinguished), Cug NipsMn,; ¢Co,04 compound with n-type of electrical conductivity
and dielectric magnesium aluminate d-MgAlL,O4 will be designed as overall integrated
structure shown in the topological scheme at right. It should be noted that only three
levels of basic spinels (p-, n- and d-type) should be interconnected by four commutation
levels to achieve the final temperature-humidity sensing functionality.
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Fig. 3. Topological scheme illustrating integrated humidity/temperature sensing in spinel-
type multilayer structures

Within proposed configuration (see fig. 3), a several simultaneous functions will be
available via resistance measurements between different points of this multifunctional
element: p-type thick-film element will be used as in-rush current limiter and
temperature sensors utilizing current-voltage dependence of thick-film p-n junction,
n-type thick film element will be used as temperature sensor and humidity sensor
utilizing thick-film capacitor p-d-n with water-sensitive dielectric layer d.

The separate temperature and humidity sensitive thick-film elements based on
spinel-type NiMn,04-CuMn,0,-MnCo,0, manganites with p- and n-types of electrical
conductivity and dielectric magnesium aluminate MgAl,O, were prepared using
ecological glass constituents. These thick-film elements can be used as starting
components to produce multifunctional integrated temperature/humidity sensors for
effective environment monitoring and control.
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BAT'ATO®YHKIIOHAJIBHA HIMNITHEJIBHA KEPAMIKA
JJIs1 CEHCOPIB HABKOJIMIIHBOI'O CEPEJOBHUIIA

I. KJli’z, IL.T ausaMaHI, 0. I[[nonmcl, M. prHHep3 , B. Baauupka™

’

' Haykoso-eupobnuue nionpuencmeo “Kapam’
eyn. Cmpuiicoxa 202, 79031 Jlveis, Yxpaina
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Jlepoicagruil yHigepcumem Oe3neKu HeummeoisibHOCmi
eyn. Knenapiscoxa 35, 79007 Jlvsis, Yxpaina

OTpuMaHO TeMIlepaTypHO Ta BOJIOTOYYTJIMBI TOBCTOIUTIBKOBI €JIEMEHTH Ha OCHOBI

mmiHenbHo1 kepamikd NiMn,O4-CuMn,04,-MnCo,04 3 p- Ta n-THNAMU €NIEKTPUIHOT
MIPOBIMHOCTI 1 mienekTpudaHoi kepaMiku MgAl,O,4. [TokazaHo, 1o Taki eIeMEHTH MOXYTh
YCHINTHO BUKOPHUCTOBYBATHCS SK IHTETPOBaHI TeMIIEpaTypHO/BOJOTOYYTINBI CEHCOPH
HaBKOJIMIIHBOTO CEPEIOBHIIIA.

Knouogi crosa: mmiHenb, TOBCTA IDTIBKA, CEHCOP, OararomrapoBa CTpyKTypa.
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MHOT O®YHKIIMOHAJIBHAS INIMUHEJBHASA KEPAMUKA
JIJIsI CEHCOPOB OKPY)KAIOIIEW CPE/IbI
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IomydeHs! TeMnepaTypHO M BIAro4yBCTBUTEIBbHBIC TOJCTOIUICHOYHBIC JIEMEHTHI
Ha OCHOBE MIMHUHEIbHON kepamuku NiMn,O4-CuMn,04-MnCo,0O4 U3 p- U n-THUIOB
AIIEKTPUUYECKOI MTPOBOANMOCTH M JUAJIEKTpruIeckoi kepaMmuku MgAl,O,. ITokazano, uro
Takhe DBJIEMEHTHl MOTYT YCHEUIHO  HCIOJIb30BaTbCcd KaK  HMHTETPUPOBAHBIC
TEMIIEPaTypHO/BIarO4yBCTBUTEIBLHBIE CEHCOPBI OKPY)KAIOIIEH Cpepl.

Kniouesvie cnosa: mmnuHens, ToncTas MIEHKA, CEHCOP, MHOTOCIOWHAS CTPYKTYpa.
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