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TexHosoriss BUrOoTOBJIEHHSI KepaMikM, BianajieHOI NpH HM3BKiN Temmneparypi
(HTK), no3BoJisie peajiisyBaTu Pi3HOMAHITHI CTPYKTYPH JJIS iX 32CTOCYBAHHSI B CEHCO-
pax. Ilpukiaaam ceHcopiB, siki BUToTOBJIeHI Ha Kadeapi riopuaHoi MikpoeaIeKTPOHIKH
dakyabTery esekTpoHikM i inpopmaruku Texniunoro YuiBepcurery B Kommme, ae-
MOHCTPYIOTb BHCOKY fIKiCTh i MoxamBicTh 3actocyBanHss HTK B pisHomaHiTHMX
TOBCTOILIIBKOBHUX ceHcopax. CeHcoOpH /ISl iHIIOr0 BUKOPHCTAHHA MOXKYTh OyTH peaJii-
3oBaHi Ha ocHOBI cneniaabHux HTK 0araTomapoBux cTpykryp.

Potential of Low Temperature Cofired Ceramic (LTCC) multilayer technology
allows to realize different structures for sensor applications. Examples of sensors
realized at the Department of Hybrid Microelectronics Faculty of Electrical Engi-
neering and Informatics Technical University in KoSice have shown the quality of
being potential or possibility of developing of LTCC for wide field of thick film sensor
applications. Other sensor applications were realized on special shaped body based on
LTCC multilayer.

1. INTRODUCTION

Low Temperature Cofired Ceramics (LTCC) technology offers great design flexibility over
conventional thick film, thin film and high-temperature cofired technologies. LTCC technology is
revolutionary in that it embeds all of this functionality onto one multi-layered ceramic module,
thus marrying ceramic and silicon. Because of the difficulties of integrating passive components
onto silicon, LTCC is the best way to move to higher levels of integration and miniaturization.

The introduction of LTCC into thick film technology (TFT) brings anew quality, which
enables the production of 3D structures. It has an impact not only on the electronics applications
but also much more on the non-conventional TFT applications in the field of sensors. LTCC as
“high-tech” micro electronic material is often used for attractive flexibility of shape in conditions
enabling multi-layered applications, which are far beyond the hybrid technology. The field of
attention includes developments in the technology of substrates for microelectronics and the new
multilayer 3D structures for sensors. This article presents an idea of unconventional application of
LTCC in the development of some thick film sensors, which was realized on Du Pont DP951
Green Tape™. Presented results of investigations and simulations have been realised on the model
of three types thick film sensors based on LTCC:

e On pressure sensor for vacuum sensing and on non-invasive pressure sensor for medical
application, which measure the tissue pressure.

¢ On organometallic gas sensor. In article is presented multilayer heating system based on
LTCC for shaping of temperature field distribution, where effects of number of resistors, their
geometry as well as arrangement in the system on the temperature distribution have been analysed.
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Possibilities of creation the specia sensor carriers based on LTCC for testing in high temperature
operation is realised.

¢ Another idea presented in this article presents results of investigations and simulations that
were realised on multilayer models of various shaped structures based on attractive flexibility of
LTCC.

2. PRESSURE (VACUUM) SENSOR BASED ONLTCCC

The cylindrical configuration of the pressure
(P) or vacuum sensor with the bridge system of the
layer resistorsis shownin Figure 1 [2].

The voltage U at a diagonal of the bridge is
the output signal of the sensor. The characteristics
of the sensor based on the piezoresistive effect are
hysteresisess and shown linearity conversion of
pressure into voltage (P/U). The sensitivity and a
range of measurement of the pressure (force) are [lj
conditioned by material and dimensions of the
membrane. The sensor is appropriated for measure-

ments of vacuum (pressure) in the range of Fig. 1. Vacuum (pressure) sensor:
0 + 100...500 hPa (0 + 100...500 mbar) with the 1- substrate, 2 —resistive layers,
sengitivity of 0.5...1 hPa/mV. It resulted from con- 3- conductive layers

siderable technological difficulties with the realisation of the sensor (large diameter, small
thickness of membrane, GTD 851AT and 951LT CDT etc.).

The large operational stability of the sensor in relation to time and temperature has been
confirmed by the results of the investigations. Perceptible changes of the shape of the characte-
ristics were not observed after 1000 cycles of changes of pressure in the full measurement range.
The sheet resistance of the compositions for manufacturing of the bridge resistors has been
determined by a compromise between the bridge sensitivity and the immunity of the sensor in
relation to interference signals.

An adequate hybrid microcircuit located on the surface of the multilayer LTCC substrate
with ainternal chamber of the pressure sensor is the essence of the integrated pressure/frequency
converter (P/f). The structure of the converter system is shown in Figure 2. All resistors of the
sensor bridge have been made with the use of the composition of sheet resistance R. = 100 kQ. It
is the top limited value of the resistance taking into account the interference in the bridge system.
The bridge output signal (in uV) is amplified by an instrumental amplifier.

The hybrid microcircuit includes. the
instrumental amplifier, the voltage/frequency
converter and the power supply circuit. In
another version, the system can be provided with

“—Board of converter

e e e 4— V ACUUM SENSOI

a specidised IC (eg. AD 7710) for digital T +LTCC ceramics
conversion of the bridge output signa into the %Omput Vacuum
standard vol tage one. of vacuum chamber

In practical solution, the op-amp LM chamber

6218 produced by National Semiconductor asan  Fjg. 2. Construction of converter as hybrid
amplifier of the bridge voltage signal has been LTCC structure
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applied. Additionaly, the amplifier plays the role of alow-pass filter and gives a possibility of the
gain control, the temperature compensation of sensor characteristics, the resistance matching of the
circuits and the correction of an offset voltage. The specialised integrated circuit AD 654 (Analog
Devices) has been utilised as the voltage/frequency converter.
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Fig. 3. Changes of output signal frequency of converter system
VS vacuum pressure
The basic characteristics of the converter (Fig. 3.) shown a good linearity in the full assumed
measurement range (0....100 hPa). Typical sensitivity of the elaborate system is equal to 2 Hz/hPa
and 2 mV/hPawith the converter AD 7710.

3. NON-INVASIVE PRESSURE SENSOR FOR MEDICAL APPLICATION

An advantage of LTCC as an interconnect is its ability to construct various geometry by
layer cut-outs. This capability of LTCC enables the constructing of thick film pressure hybrid
multi-layer sensors which find application in the area of medicine for measurement of
“compartment syndrom“ sensors as well as formation of other types of thick film sensors.
Activities are oriented on the anaysis of stability characteristics of non/conventionaly shaped
multi-layer modules and determination of their marginal condition, tenzometrical determination of
residual tensile and pressure strain in compact and hole status, investigation of the interna
multilayer conductive interconnections,

Compartment syndrome (CS) is a condition, witch by the increase of interstitial tissue
pressure in enclosed, relatively rigid space is leading to both blood circulation and function in
compartment disorder. Diagnostic difficulties may appear if compartment syndrome was not
examined or if it was not brought into account. The main and typical CS subjective symptom is a
rapid and intensifying acute pain accompanied by spasmodic attacks, which are localized not only
in affected muscle groups but also peripherally in the area of a sensitive nerve. Subjective
establishing of the smooth tissue rigidity depends on the personal experience of the doctor. That's
why there is a natural effort to objectively quantify the stiffness of the soft tissue of the affected
compartment. On the basis of requirements of the medica practice, we have developed a non-
invasive sensor for the measurement of the tissue pressure based on LTCC ceramics, which was
used and tested at the clinics of injury surgery [3].
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The construction of the pressure sensor (Fig. 4.) is based on previous experimental me-
asurements regarding the requirements of the praxis, i.e. the dimensions of the membrane, the
range of measurable pressure, sensor encapsulation etc., with the possibility of data processing and
interpretation using a computer.

Fig. 4,a. Topology of tissue pressurethick film sensor

The pressure sensor consists of membrane 1 (LTCC) with diameter [1 = 18 mm, thickness
200 [m after firing, on which four thick-film resistors 2 are deposited by means of screen-printing
using resistive paste R = 100 k[ [] The terminals 3 of the Wheathstone bridge are situated on the
edge of the membrane, two terminals are for bias voltage [1111V and two are for output signal from
the bridge. Thin conductors with the conductive surface 4 on the ceramic plate 5, on which serialy
paralel resistors 6 are embedded, connect the terminals 3, in the second ramification is the resistor
7 in form SMD. Their resistivity is calculated from the value of the output non-zero voltage with
zero pressure. Resistors 6 and 7 provide stable zero output voltage with zero pressure. Circular
membrane 1 with the ceramic plate 5 are placed in a metal container 9, witch consists of two parts
and is connected by screws 10.

From hardware point of view the data acquisition from the pressure sensor is realized by
means of |EC 1625 interface. Considering the purpose of the measurement, the devel oped software
provides these functions. adjustment of the referential pressure levels, pressure measurement in
automatic mode with adjustable time interval of measurement, pressure measurement in manual
mode by pressing a key, displaying the measured data and reference level on display in graphical
and numeric form, storing of the measured data and referential levels on files on hard disk,
displaying the measured data in graphical form, setting the data about patient and their
actualization during measurement.
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Fig. 4,b. Scheme of tissue pressure thick Fig. 4,c. Metal container of the medical
film medical sensor sensor
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During the measurement, the function of

U [mV] 40

35 B the display is to show besides the measured
30 | data also the name of the patient, his birth
| number, date and current time. From this state
15 L it is possible to adjust the referential pressure
10 ¢ level and filling in the data about the patient
(5)" R anytime. The command for stopping the
0 1 2 3 4 5 6 7 8 9 measurement is entered from the keyboard.
P kPal Fig. 4,d shows the graphical output from
Fig. 4,d. Change of output signal voltage non-invasive measurement of tissue pressure.
of medical sensor vs, tissue pressure The output depicts two pressure levels, 1 and 2.
in non-invasive measurement The above-mentioned pain of burning character

appears during pressure level 2.
In that caseit is necessary to open the plaster, which will prevent much more serious problems.

4. UNCONVENTIONAL UTILISATION OF LTCCIN THICK FILM GAS SENSOR

One of the important features of LTCC technology is the possibility of fabricating 3D
structures using multiple layers of LTCC tapes. In this article we show the potential of ceramic
tape technology for implementation of gas sensors, for multilayer heating systems based on LTCC
with the aim of shaping of temperature fields distribution and for unconventional utilisation based
on its attractive flexibility.

4.1. Multilayer heating structurebased on LTTC

Generaly the heater has an important role in organometallic gas sensors because the
working temperature for methane is relatively high — in the range from 420 to 470°C. The
distribution of heating field on the substrate surface is for exact sensors sensitivity very important
factor, too. The results of temperature field distribution by the computer simulation made for the
multilayer structure with one additional heating resistor placed on the top of whole heating system
based on LTCCisintheFig. 5.

The presented examples of simulations confirm the correctness of a proposed idea of using
the multilayer systems for manufacturing different heating systems with a given temperature field
distribution. However, these constructions require very precise selection of the shape of particular
heating elements, values of dissipated powers as well astheirs mutual arrangement inside the men-
556.68
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Fig. 5. Temperature field distribution in multilayer structure.
Heat conductivity A = 2,3 W/mK, substrate thicknessz = 22010°m
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tioned structure. The applied simulation method based on multilayer LTCC alows to obtain fast
and relative accurate results which could be employ in some other models, where stabile
distribution of temperature field is needed.

4.2. Special Sensor Carrier System for Testing and Measurement Based on LTCC

The specia sensor carrier system for testing and measurement of the thick film gas sensor
based on the LTCC was developed. The sensor carrier frame made of the LTCC tape enables to
create a necessary shape including the open window for sensor unit assembly using standard wire
bonding technology. Moreover it enables to use the standard thick film technology for the
realisation of a necessary conductive layout for power supply, for the ASIC assembly and/or for
realisation of electrical interconnections with another signal processing (i.e. computerised numeri-
cal control). This assembly solution eliminates the temperature loss and secondary solves the need
for regular eectrica connections with additional electronics devices or equipments (ASIC or its
computer simulation). The ceramic gas sensor units were mechanically fixed by standard wire
bonding technology in special sensor carrier system.

5. ADDITIONAL POSSIBILITIESOF LTCC APPLICATIONS

Other sensor applications demand a special shaped body of LTCC multilayer. Unfired LTCC
multilayer could be transformed by bending, pressing or deep drawing. The following chapter
should give an overview about some additional possibilities for the realization of sensor structures
by LTCC technology with modified materials and three-dimensional shaped set-up.

A mechanical bending process could be utilized for specia shaped multilayer sensor. The
lamination of common bending LTCC tape alows aso the realization of different shaped
multilayer as well as multilayer with toplayer or innerlayer structures. The realization of bending
structures demands two or more lamination steps for the different multilayer parts and is
fabricating under angle of dip from 0 to 90°. But notice, the quality of the transforming process
depends on the behavior of the unfired laminate, especialy easticity, plasticity and tensibility. A
higher transforming temperature about the lamination temperature is advantageous by the most
materials. The application of such a transforming process requires the possibility of a cofiring of
all thick film pattern on the multilayer and the ceramic.

The applications of these methods are to be found in liquid sensors, flow sensors,
microfluidic elements, sensor carriers[6].
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Fig. 6. Dependence of capacity vs frequency in the plane and in the bending structure
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Changes of output signal of conductivity vs frequency represents a small difference between
plane and bending structure which contains 8 tape layers. The most noticeable results are evident
from the Fig. 6. where is comparison of the dependence capacity on frequency in the plane and in
the bending layer multilyer (8 layers) structure based on LTCC. Dependence of voltage cross talk
signal vsfrequency in the plane and in the bending structure (8 layers) arein the Fig. 7.
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Fig. 7. Dependence of voltage cross talk signalvs frequency in the plane
and in the bending structure

a b
Fig. 8: a— Failure of bending structure; b — Failure of conductor signal
in bending multilayer structure

Investigation shown that bending under angle 80° is possible. Further bending up to angle
80° is critical and as is shown in the Fig. 8. there can be broken either thick film conductor line or
whole bending LTCC multilayer (2-8 layers structure).

6. CONCLUSION

LTCC has aunique capability for integrating interconnection circuitry, hermetic packaging, and
many passive components into a single monolithic structure. The benefits are reduced size, improved
reliability, improved performance and lower cost. Results of investigation of unconventiona using
LTCC have shown that LTCC is reliable and advantageous materid that can be produced in a many
types of thick film sensors. An andysis of the expected results have shown that bending technology
predicts and demonstrates stabile bending multiplayer signal up to angles 80°. The approach to this
analysis brings interesting results and experience that could be used in the further research work. New
materials and processes under development will improve the range and performance of thick film
sensors. LTCC brings new quality in the investigation of the thick film sensors.
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B.M. MatomuHn, P.B. MapTuniok
3anopi3bKuii JepKaBHUN TEXHIYHUIN YHIBEPCHUTET,
Kaeapa MIKpOEJIEKTPOHIKU

BIIJIUB ATOMIB BOJHIO HA CUCTEMY Ni-Ge
© Mamiowun B.M., Mapmunwoxk P.B., 2001

Hocaimxyerbess nmpouec rerepoaudysii B repmanii mig BIUVIMBOM aTOMAapPHOIO
BO/JIHIO HA OCHOBI MoaeabHOI cucteMu Ni-Ge. Po3riisinyro BIUIMB npouecy aedeKTo-
YTBOPEeHHsI HAa NpoOTikaHHA Audy3ii aTOMIiB HiKe/Jll0 B NPHUIOBEPXHIX NpomapkKax
repmaniro. Po3paxoBaHo po3noaiyi KoHueHTpauii HikeJ0 B repManii. 3anponoHoBaHo
¢iznuny Moaenb mnpouecy CTHUMYJHBAHHS rerepoaudysii aTomapHuM BOJHeM 3
YpaxyBaHHSIM BILIMBY JedeKTiB.

Based upon a model system Ni-Ge, research of diffusion stimulated by hydrogen
atoms is held. It is shown that defect creation processes caused by hydrogen-atom-
recombination have a great effect on nickel diffusion in germanium subsurface layers.
The nicke-in-germanium concentration distribution is calculated. The physical model
of chemistimulated diffusion is suggested.

Beryn

OpHi€ero 3 HalBaXXIIMBIIIUX 3a/1a4 €IEKTPOHHOT TEXHOJIOT1] € 3HIKEHHSI TeMIIEpaTypu Mmpole-
cy nudysiiinoro neryBanss. [IpoBeeHO TOCTIKEHHS 13 CTUMYITIOBaHHS TU(Y3ii aTOMIB IOMIIITKH
B HaIIBIPOBIAHUKAX 3a JOMOMOTOI0 €HEPTii )KMYTy BHCOKOCHEPTreTHUHUX 4acTok [1-3] (pamiariii-
HO cTuMynboBaHa audy3is — PCJl) abo enekTpomMarHitHoro BumnpominioBanHs [4-8] (hoTocTumy-
npoBaHa qudysis — OCJI).

Meron PCJI no3Bossie 3HM3UTH Temneparypy audysii mo 573 — 773 K [2-3], npoTe depe3
HEOOXigHICTh Bimnany paaianidHux nedextiB mpu 1173 K BiH He Mae MEpCIEKTUBU SK CaMo-
CTIMHHI METOJ JIETYBaHHs, ajie MOXe OyTH BUKOPUCTAHUH I PO3TOHKH JTOMIIIKY TICIIA i1 3aroH-
KM METOJIOM TepMiuHOoi qudy3ii abo ionHOI immutadTariii. Cepen metoaiB ®CJ] Benuki mepcrneKkTu-
BU Ma€ JlazepHe TBepaodasHe JeryBaHHs, 10 NMPU3BOIUTH A0 3HIKEHHS TeMiieparypu audysii 1o
673 — 773 K i 103BOJIsIE CTBOPIOBATH HAIIBIIPOBITHUKOBI CTPYKTYpH 3a Iyxke Maiuid 9ac (1 c).



