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1. INTRODUCTION

One of the most desirable characteristics of a resistor
is temperature independency. The resistance values of
almost all the resistors, however, change by self-heating
and/or by a fluctuation of atmospheric temperature.
The temperature coefficient of resistor (TCR) becomes
larger as the resistance decreases, especially in thick
film resistors. Therefore, the improvement of this
property has been greatly desired and various kinds of
methods of getting TCR zero are being investigated
now. For example, in the case of thick film resistors,
there is a method of doping some materials such as
CuO, CdO, Fe2Oa, etc. with conductive elements or
glass frits.2

In some experiments on improving the electrical
properties of the thick film resistors, we have found
that some, the TCRs of which are nearly zero, can be
made easily by doping with MnO: the conductive
element RuO2 of the thick film resistors, and this
MnO:-doped resistor posesses a low TCR; they all
have the same low TCR, from low to high resistivity.

2. EXPERIMENTS AND RESULTS

The composition and the preparation of the speci-
mens used in this study is as follows. The main
conductive element of the resistor was RuO:
powder having an average particle size of 370 A. To
this RuO2 was added in various ratios. The ratio of
dopant to the conductive element was varied between
zero and 12 wt%. The composition of the glass frits
was 52PbO-35SiO:-10B2Oa-3Al:Oa in weight per-
cent (wt%) ratio and had a softening point at 600 C,
specific gravity of 3.74 g/cm, and average diameter
of particles of 3 m.

The conductive powders were mixed with the glass
frits at RuO: to Glass= 50:50, 25:75, 15:85 and 10:90
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in wt% ratio. Then the powdered mixtures of conduc-
tive materials and glass frits were evenly dispersed into
some organic vehicles to produce printable thick film
resistor pastes. Resistor pastes having four kinds of
resistivity were obtained. The resistivity of each resis-
tor paste was about 20 2/sq. at a mixing ratio of
50:50,500 2/sq. at 25:75, 4 k2/sq, at 15:85 and
30 k2/sq, at 10:90, after firing at 850C for 8
minutes. The current noise of the specimen was found
to be at a very low level, under -5 dB.

Before screen printing and firing of the resistor
pastes, AuPt or PdAg thick film conductors were
printed on the 96% alumina substrate. These resistor
pastes were printed on the substrates using a 200
mesh stainless screen mask and dried in forced air at
150C for 20 minutes. This was followed by firing at
a peak firing temperature of 850C for 8 minutes in
an overall 55 min. cycle in a belt furnace. Four differ-
ent peak firing temperatures, 700 C, 800C, 850C and
900C, were also used to study the firing temperature
sensitivity. Throughout, the total firing cycle was kept
constant at 55 minutes. In order to examine the
interrelated effects of resistor geometry, five kinds of
test patterns, x 0.5 mm, x mm, x 2 mm,

4 mm, and 2 x 4 mm in area with a thickness of
about 12/zm, were used.
How the content of MnO: affects the resistivities

and TCRs of the specimen was then examined. The
results are shown in Figure 1. The relation between
hot TCR (room temperature through 125C) and
resistivity in Figure is nearly the same as the charac-
teristics of cold TCR (-55C through room
temperature). The tight TCR spread (usually 30
through 50 ppm/C) between the hot and cold side
average values, is one of the excellent characteristics
of this resistor system. Undoped specimens have
similar characteristics with respect to the firing
temperature variations of 700vC through 900C as
seen in this figure. This means that the specimens are
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FIGURE 1 Fig. shows the relation between the resistance
and TCR of the MnO doped RuO thick film resistors.
(a) firing temperature at 700 C, (b) 800C, (c) 850C and
(d) 900C. A indicates the mixing ratio RuO vs. Glass
50:50, B 25"75, C 15"85 and D 10:90.

insensitive to the firing temperature. On the other
hand the slope of the TCR vs. sheet resistivity curves
of the MnO2-doped specimens change considerably
with an increase in the content of MnO2 and due to

raising the firing temperature. In general, on raising
the firing temperature the TCR will shift to less nega-
tive and thus more positive value. But, in the case of
our specimens, an increase of the firing temperature
from 700C to 900C shifts the TCR from positive to
negative value. By doping with MnO2 the TCR also
shifts to negative values even at the same firing
temperature. Higher doping gives more negative
values for TCR. The slope of the curves gradually
becomes less with a higher content of MnO2.

At a firing temperature of 800C through 900C,
as the content of MnO reaches 5 through 12 wt%, a
peculiar phenomenon appears. The curves that
express the relation between TCR and resistivity of
the specimens run approximately parallel to the hori-
zontal axis indicating a zero value of TCR. This resis-
tor system thus exhibits the same TCR values from
low to high resistivity. For instance, a resistor having
zero TCR can be produced by doping with 5 through
6 wt% MnO2 and by firing at 850C. TCR values
between 202/sq. and 30 k2/Sl, of the resistor are
generally within 0 -+ 100 ppm/VC. However, given
that the content of MnO2 is kept constant, an
increase of firing temperature from 800C to 900C
shifts the TCR by 50 to 100 ppm/C in the negative
direction.

At low resistivity, with a resistor composition ratio
of RuO2 to Glass 50:50, the resistance is almost
insensitive to the content of MnO: and the TCRs are
close to zero. Both resistance and TCR of higher resis-
tivity materials decrease on increasing the content of
MnO:. At the composition ratio RuO2 to Glass 10:90,
the resistor exhibits a very great resistance change on
adding MnO2. The TRC of RuO2-based thick film
resistor varies over a wide range according to the
content of MnO2. Thus resistance values having the
desired TCR, can be made with ease.
We studied how a resistor having higher resistivity

can be made without losing the good TCR characteris-
tics of the specimen. It was determined how the resis-
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FIGURE 2 Fig. 2 shows the results of how the resistivities
and TCRs change by adding Sb20.
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tivities and TCRs change by adding 0.1 wt% through
0.3 wt% of Sb2Os. Figure 2 indicates the results. It
was found that the TCRs of MnO2-doped and undoped
resistors shift toward negative values from 50 to
150 ppm/C.

The type of conductor and the size of resistor also
can have effects. These effects were studied. Our resis-
tor pastes have few geometric effects and have ohmic
contact with the electrode. In particular, chemical
reactions with the resistor materials and diffusion
into them does not occur when PtAu terminals are
used. Therefore, one can easily manufacture a very
small size resistor having any resistivity. We can thus
have a high packaging density on a substrate when
this resistor system is used.

Accelerated stability tests are now going on. The
resistance drift observed after 1000 hrs of a high
temperature test at 150C is within approximately
0.1%.

Further studies, especially of the TCR shift mecha-
nism by MnO:-doping, are being pursued and will be
published in the near future.
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