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4. CONCLUSIONS

Adequate choice of analysed wavelengths used for CO and O, concentration measurement in
the layer close to the power boiler's walls is not simple. It requires consideration of many factors
coming, both from design of analyser and environment of measurement. Analysis of these factors
leads to the following conclusions:

e spectral band above 2,5um is not considered in the proposed design of analyser because light
sources emitting in this band have insufficient power, need cooling systems and are expensive;

e within near infrared band absorption spectra of gases in considered layer overlap, what
complicates measurement technique as well as choice of analysed wavelengths;

e extraction of components of interest from gas mixture requires application of special
techniques, for example correlation ones,

e considering the commercia availability of light sources and optical components spectral
band within 1,55 and 1,60um is most appropriate for measurement of carbon monoxide
concentration and vicinity of 0,76um for oxygen;

e Optical components of analyser (fibres, filters, and detectors) have to be optimised for the
selected wavelengthsin to efficiently utilise optical power of the light source.
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1. INTRODUCTION

Modern advanced electronic equipment widely uses the multilayers structures. The very
important part of the structure is the glass insulators and crossovers. Their physical and electrica
properties are becoming very important while high voltage is applied. This paper presents the
results of high ohmic measurements of wide range of glass layers which are applied as insulators
or crossoversin the multilayers structures.
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2. MATERIALSAND TEST PROCEDURE

Four different dielectric pastes has been manufactured for this paper [1-3]. The properties of
the dielectric layers such as. chemical composition, temperature expansion coefficients, melting
points, firing temperatures are shown in Table 1 and the main electrical properties of the layers are
shown in table 2.

Table 1
The physico-chemical propertiesof the dielectric layers.
Properties of the glass D-421 D-304 c-BN D-301
layers
Chemical composition PbO, Al,Os, SiO,, Zn0O, c-BN, Bi,03, PO, SIO,,
SiOz, BaTi03, BaO, B,O; B-Os, SiOg , Zn0O, TiOg,
Zn0O, T|02 A|203, T|02 CdO, L|20 A|203, MgO,
ZrO,, CdO, SiO,, BaO
Temperature expanSl on Oo00 ¢ = 4.57 | 03pp=5.2 0Ol20-300 = 10.1 0l300=8.5
‘L -6 4,0
coefficient, 10° 1/-C Olsoo ¢ = 5.02 005=5.28
Ol.q00C = 5.52
Ot5oo:5.40
Density of the glass, g/lem® 3.65 4.25 - 4.78
Melting temperature, °C 720°C 730°C - 465°C
Firing temperature, °C 850°C 850°C 850°C 760°C
Other properties crystallizing | lesscrystalli- | good thermal low
glass, heat zing glass conductivity | temperature
insulator than D-421 of firing

The elaborated pastes were screen printed on 96 % alumina substrates, and fired with the
use of standard thick film profile. Single and double layers were deposited on the substrates and
when double the layers were fired separately or coffired.

Seven probe resistor pieces were taken into consideration. They were formed on flat ceramic
substrate plates and furnished with silver contacting strips along the glass layer's ends. The
dimensions of tested resistors are also specified in the Table 3.

Table 2
Electrical propertiesof theglasslayers
Properties D-421 D-304 c-BN D-301
Breakdown Voltage, for 60um thickness, >700V > 800V > 300V > 500V
\%
Dielectric constant 14 12 30 16
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sensor

sensor

Fig.1 The scheme of the measuring circuit

Table 3
Description of thetest layers
Test number | Description of the test Glass layer No of squares
thickness, um
1 Al,O3 + double layer of fired 48 1,28
separately dielectric D-421
2 Al,Os+ single layer dielectric 30 1,28
D-421
3 Al,O3 + single layer dielectric 17 0,76
D-3041
4 Al,O3 + double layer of fired 38 0,76
separately dielectric D-3041
5 Al,O3 + single layer dielectric based 28 3,06
on cubic boron nitride (c-BN)
6 Al,O3 + double layer of coffired 38 1,26
dielectric D-3014
7 Al,O3 + double layer of fired 42 1,26
separately dielectric D-3014
Monitor PC Printer
GPIB
Keithley
6517A
_:_
Rx o«
N
Hum. Test chamber Temp.

The measuring circuit consisted of special Keithley 6517A low current electrometer
furnished with a precise DC voltage source, a measuring chamber, a PC, monitor and printer
(Fig. 1) [4]. The principle of the sole resistance measuring process is based on current value
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readout, realized after several time constants, beginning from the moment of the DC voltage
applying on the probe (Fig. 2).

_ . C Circuit
Keithley | capacitances

Fig. 2. The principle of the sole resistance measuring process.

3.RESULTS

The basic time constant is represented by measured resistance and capacitances spread over
the circuit, especially those parallel to this resistance. After several time constants the capacitive
currents become negligible in comparison with the resistive one and the resistive current readout
may be done with sufficient accuracy. The resistance value is then calculated from the known
100V applied DC voltage value and the current readout. The measuring results are specified in the
Table 1.The current and time plots for tested seven glass insulators are presented on Figures 3to 9.

Table4

The measuring results

Probe number | Calculated probe resistance value
1 2,5-10°Q
1.0 10°Q
1,25-10°Q
1,25-10"°Q
1,43-10°Q
3,3-10°Q
3.510°Q

N oo~ W|DN




Current (amps)

Current (@mps)
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4. DISCUSSIONS AND CONCLUSIONS

The examined dielectric layers fulfil the requirements for dielectric or crossover thick film
materials. All the presented glass type layers have sufficient insulating properties while used as
under— or overglaze films for various applications in resistor manufacturing processes.

The dielectric layers despite from different chemical compositions, different firing
temperatures, etc. exhibit similar electrical properties which enables them to be applied in thick
film multilayers. According to the dielectric constant and breakdown voltage parameters — the D-
304 layer seems to have much better practical properties than the c-BN one. Also very interesting
would be resistance measurements of idle substrate plates furnished only with contact strips. The
resistance of the substrate evidently acts as parallel to the main one.
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