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ABSTRACT: The authors studied the effects of potassium and sodium contents

in the porcelain substrate on the service life of film resistors. Cylindrical
substrates made of feldspar are used in metallic film and carbon film resistors. ;
The size of = substrate is determined by ihe load 1limit and rated power of the
film resistor. Substrates are generally polished and roasted at 1000C to

give high insulation resistance and chemical stability. Chemical analysis
showed that the insulation resistance of ceramic substrates is determined by
the alkalimetal content. Load tests on a model RT 41-2 47-kohm carbon

resistor at 40C showed that the d-c resistance variation under a d-c loading :
condition is about 20 times greater than the variation under ar a-c loading {
condition. Alkali metal oxide in the substrate is also responsible for :
insulation resistance at high temperatures. Tests on & model RJ 2-3 15-kohm
metallic film resistor at 70C showed that the initial rasistance variation

under & d-c load conditicon is semipermanent and electrochemical ceorrosion

of the film is gradual and relatively long. The authors point out that

the service life of film resistors depends on the lcad powar and the contents

~f alkali metals in the substrate., Experiments on & model RJ metal film

vesistor (2 w, 80 xohm) conducted by the authors showed that the higher the

Na20 and 20 content in the substrate, the higher will te the resistance

variation and the shorter will be the service life. The resistance stability
and service life may be improved by reducing the load power of the film
. resistors. The authors conclude that the insulation resistance of a
substrate varies with the operating temperature, TFilr resistors with a
¥ - feldspar substrate will have a higher resistance variation under a 4d-c
. loading condition. The resistance variation is reduced with the decreasing
ot alkali metal oxide conternit. A satisfactory resistance stability under
high-temperature load conditions can be obtained by using ceramic material
having a low alkali metal content in substrate production. Orig. art. has:
3 tables and 9 figures. English Translation: 14 pages.
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THE EFFECTSOV POTASSIUM ANu SODIUM CONTENTS IN Tie CERAMIC %g
SUBSTRATE ON ThE LOAD LIVES OF FIL{ RESISTORS £

You-gen Wu and Ivn-chung Gao }

Several film-resistor materials and the general requircmentse
for the surface of the substrate are described. The insulation
resistance of several substrates was measured., The effects of
various substrates upon the load lives of three kinds cf film re-

. sistors were investigated. It has been pointed out from the
tests of the metal film resistor that the initial changes of the
resistance were semipermanent on DC load and the electrochemical
corrosion of the films was gradual and relatively long. This ef-
fect had =zuch to do with the test conditions and could be slowed
down by derating. The different of idt and K+ in the substrate
showed quite different effects.

This paper presents sone poss1b1e methods f£or improving
the DC aging performance of film resistors. By comparing the
load lives of the newer and older substrates, it 1is considered
to be very effective to add alkali-earth metal oxides as the
flux for a ceramic substrate.
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1. Introduction

A film resistor is a thin film (100 A-10,000 A) [1-3] deposited on an insulat-

ing substrate with two lead wires counected at the two ends. This film presents
resistance to electric current and it has an engraved scale for adjusting the re-

sistivity and a protecting layer over it. Thevre ate many substances which car be

N

used for film resistors. Ve used only three of them for our experiment:

(1) An inexpensive metallic alloy. The 2lloy was ground to powder and
was deposited in a film on a ceramic substrate in a vacuum. It was
treated at approximately 600°C to ensure stability. The thickness
was in between 500 X and 1500 A.

(2) An evaporable saturated organic compound. This compound deposited
a glossy carbon filnm on the ceramic substrate in a high-tempecature
vacuum. The film possessed physical graphite properties.

(3) Stannous and antimonial ionic solution. The hydrolysis of these
solutions on a red-hot substrate (glass or ceramic) formed a metallic
oxide film.

The structure aad the electrical properties of the film depends mainly on the

FID-HT-67-242 1
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substance and the deposition technique (depree of vacuum, evaporation rate, thick-
ness of film, ctc.) and the surface condition of substrate and its cliemical composi-
tion. The former concept beyond our scope. The later concept has not been analyzed.
From our experimentel results we made an analysis on tie effects of potasgium and

sodfum contents in the ceramic substrate on thie load lives of film resistors.

2. General Requirements of Substratec

e —— —— e,

2.1. Surface treatment of substrates

The cylindrical substrate of felispar ceramics 1is presently used for manufac-
turing metallic film and carbon film resistors.

The geometrical size of the substrate depends on the characteristics, unit
ratio, load and rated power. Because the resistant filer is very thin, the charac-
teristics of the resistor depend greatly on the surface condition of the substrate.
Closed structure and uniform surface of the substrate are generally required. For
the ceramics of the metallic film reaistor used in the experiment, the surface had
been polished and annealed in high temperatures (about 1000°C) to mirror brightness.
The ceramics of the oxide film resistor had been polished too, only the ceramics
used for carbon film resistors had both been pclished and etched by dilute hydro-
fluoric acid solution.

2.2. Structure of substrates

As descrited above, the requirements of the metallic film resistor, carbon
film resistor and meta:lic oxide film resistor were different, but their chemical
compositlons were the same. Stbstrates must have insulation resistance and chemical
stability in high temperature. Therefore, ceramics are the most suitable substances.
Because metallic f£ilm resistors have high requirements on the surface conditions of
the ceramics, the mineral material (feldspar, quartz, clay, etc.) must be carefully
selected. We used four kinds of substrates of the same size. After carefully wash-
ing and cleaning, and then adding resistance caps, we measured their insulation

resistances at different temperatures. Table 1 presents the chemical analysis re-

sults of the contents of alkali metallic oxides'in four kinds of substrates.
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In Figure 1, several kinds of subs:rates presenied the same degreec of insula-
tion resistance at room temperature. The insulation resistance decrcased as the
testing temperature increased. Upon comparison with Table 1, we sec that the more
alkali mctalic oxide the substrate contained, the higher the amplitude, the higher
the tenrerature, and insulation resistance decreased. The microscopic structure of

the substrates must ba eclear before any explanation of the cause of the variction

in amplitude can he given.
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Figure 1. Relationship between
insulation and temperature.
Ceramics are composed of a crystal phase, pglass phase, and gas phase. I1ts
conductivity mainly depends on the combination layer between the glass crystal, {.e.,

the transition of alkali metal ions to the glass phase.

TABLE 1.
bitrate ) G
Feldspar Mole Talc. Glass
Coatent, %™~ e d \ i ™
2o Y 3.55 { el PR
Na O v.d7 vess i 0.23 . ceew
O NG i

8.32 ! [T

It is generally kaown that the structure of silicates is a connected lattice

structure of Si-0 bonds. The radius of an oxygen ion is more than three times

[N
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greater than that of a silicon ion. The ratio of radii of silicon and oxysen makes
4

a coonerative number of four (4), This daeteormines the tetvahedral (Siﬂa) to

e
LTS LAY 23323 QLT INNARTS LY Ll anTdlald <

tha fundamental struct
When an alkali metallic oxide (Nazn, KOZO) is introduced into the silicates,
oxygzen atoms join the crystalline structure. Me.allic ions are in che space be-
tween the crystalline structure. A monovalent alkali metal ion cannot join tegether
with two oxygen atoms; it then causes the comnected lattice structure to break (as
shown in Figure 2) [1]. ‘lonovaleat alkali metallic ions (K+, Na+) have a weal com-
bination force with oxygen. At high temperatures, transition would occur because
the excited energy of the ions increases. In a DC field, K+ and Na+ move to the
negative electrode; this forms ionic conductivity. The transition rate is a func-
tion of remperature; of course, when there is more content of alkali metallic oxide

(l1ike ordinary glass and feldspar substrate) the volumetric insulation resictance

decreases rapidly as the temperature increases.

Figure 2. Two-dimensional illustration
of how alkali (Nat) metal ions destroy
the continuous lattice structure of sili-
cate,
When a bivalent alkalic-earth metallic oxide (Ca0, Ba0, MgD) is introduced,
the condition is different. Bivalent metallic ions can join together with twe oxy-
gen atoms of the tetrahedral and no lattice breakage would occur. Because it has

two times as many charges as the alkali metal, the charges are not easily excited

and do not easily become loose ions even at high temperature. Therefore, the de-
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creasing of volumetric insulation rcsistance of talc ceramics and lolestone ceramics
still actually depends va the amount of the content of remaining alkali mctal (see
Table 1).

Through the measurement of the high-temperature insulation resistance of sub-
strates and the analysis of substrate structure, it is not difficult %o realize
that the volumetric insulation resistznce depends on the amount of content of alkali
metal. The effects of potassium and sodium ions in the film resistors is an im-
portant problem. Althouph there are some research reports discussing this, the
general description is still unclear. For an emphatic discussion of the effect of
potassium and sodium ions on the load lives of three kinds of film vesistors, we

performed the following experiments.

3. The Effect of Potassium and Sodium Cortents on the
DC Load Lives of Film Resistors

3.1. Load ratio of AC and DC
The type RT, 1W47K @ film resistor was selected as a sample for the AC~DC load
tests and DC load test at one-half rated power, all at a room temperature of 40°C;
after 800 hours of testing, we obtained the result as showr in Figure 3. For the

same load (1W), the change of DC load resistance is 20 times larger than the AC ones.
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Figure 3. AC and DC loading
of carbon £ilm resistors. Key:
(a) DC loading; (b) AC loading.
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aating current or direct current). As described in Section 2.2, the contents of

alkali metallic oxide have much to do with high-temperazture insulating resistance.
Masatugu Shimamune [5] had performzd a 50 rated power AC test on a carbon film
resigstor enclosed tightly in a glass tube. The resistivity remained the same as
before after the resistor vas cooled down from red hot. For the DC test, the situa-
tion was completely different; the resistivity increased irreversibly even for a
few times the rated load test for a short period of time. Figure 4 shows the posi-
tive and negative terminals of a carhon resistor after being loaded by a direct cur-
rent. Figure 4a shows the carbon £ilm of the negative terminal side of the engraved
line turned Irom brown to black. After a longer time, the change of color vanished
in the middle part and in the positive terminal side; it gathered some of the evapo-

rized aikali metal deposited on the glass wall at the negative terminal as shown in
Figure 4b.

Figure 4. The effects on the posi-
tive and negative terminal of a car-
bon film resistor after DC loading.

We discovered that these phenomena also occurred in metal film resistors and
oxide film resistors.
3.2. Test for changing the load polarities
At a room temperature of 70°C, we used a type RJ, 2W 15KQ metal film resistor

as sample for a 3W DUC load test. Part of the sample's polarities were changed after

rama— A —— ) A
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being loaded for 25, 50, 100, 150, 2GC and 300 hours. The result of the experiment
is shown in Fi~ure 5.

The experiment indicated: the resistivity variation for normal load Increascs
positively; after the changinq of polaritics the resistivity varies reverscly. The
earlier chanpging of the polarities is closer to initial values of resistivity (as
curves 2, 3, ctc. in Fipure 5). The resistivity presented semipermanent variation
during the initial loading period; at this time the thin film was not bLroken. After
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Figure 5. lNormal and changing po-

larities load test. Key: (a) nor-

mal; (b) changing polarities.
a comparatively long time (e.g., 250 hours) the resistance did not have the tendercy
of returning to its initial value by changing more rapidly. Part of the varnish
on the negative terminal side of the engraved line dropped off after a long period
of loading. The white color deposition on the negative terminal side of the en-
graved line had proved to be potassium and sodiuvm carbonate.

The curves in Figure 5 show: after changing polarities and continuing the
loading, a minimum resistivity variation would appear, and then, as time went on,
the variation increased again. Then the Jonger the time of loading, even if the
polarities were changed or not, the film would drop off gradually until an open
clrcuit occurred.

The exact explanation of the abuve phenomena is to be investigated. From rve-
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Cim an crosive compount
vhich would cause the carbon film resistivity and negative temperature coefficient
to increase. Our experiment used metal film resistors, but ended up with the same
resuit.

At a room temperature of 125°C, we used a type RJ, 24KQ 2W metal film resistor
for 220 V DC for a 200-hour loading test. The result of temperature and average

resistivity variation is shown in Table 2.

TABLE 2.

—

__ caek: QOTYN) VEREHIISS (5
before loading i 7 0
after loading v +4.9

3.3. The effect of alkali metal contents in the substrate on
the stability of resistors

In o¥der to find out the effect of alkali metal contents on DC aging of resis-
tors, we selected five feidspar substrates of different contents of Nazo and K20
(as in Table 3) to make a type RJ metal film resistor (2W 80 KR) for a 300-hour
DC loading test. The result indicates (see Figure 6) that the greater the contents

of Nazo and xzo, the greater the variation of resistivity and the steeper the curves.

The reverse is also true.

TABLE 3.

::Sggnggat1

\‘ 1 ' pd - < H
content, X~ !
2 : 2,35 ! F ERY 3.5 5.7
Noud H 592 ; s YT 3 137
S--N: 0t 3.87 ! 3.5 sl 5.99 A

At a room temperature of 125°C, we used a 2W, 16K resistor (No. 3 in Table 3

as substrate) for a 100-hour 3W DC accelecated aging test. From the liberated alkali

8
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metal, it was found that Na,0 (average 0.180 mg) was more than four times larger

+ +
than K,0 ((.029 mg), 1.e., the transition ratio of Na 1is preater than that of K':

Na+ has more effect on the bLreakage of film.

v = /.,
]
QL /[
ot o
3. 7 4
P ]
Vi 2t
U i
x >;: /xﬁzgé///
..-/ N L
lod Py 2
Loading time
(bours)

Figure 6. Loadine curves of dif-
ferent alkali metal ions contents
of substrates of resistors. (1,
2, 3, 4, 5 are curve numbers).
3.4. Load power
Section 2.2 hss pointed out that vhen temperature remains unchanged, if the
DC field intensity increases, then the transition rate of ions increases, which
means the degree of film destruction increases. Strons; field and high temperature
resulted in larger irreversible variation and shorter life cf resistors. Converse-
ly, suitable decreases of the loading power of resistors would result in higher
stability. Therefore, the type RTZ testing carbon film resistor has only half of
the loading power of the type RT general-purpose carbon film resistor; the type
RJJ precision metal film resistor has only one-fourth of the loading power of the
type RJ general-purpose metal fiim resistor.
From Figure 3 we see that the variation of resistivity is very great in the
1V carbon film resistor DC full-load test; but in the 1/21 load 800-hour test, the
resistivity varied very little. Therefore, the stability has a large variation for

different loading powers in the same type of resistor. Decreasing the operating

power of film resistors is a good way to obtain nigh stability.
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bon film resistors of new aged sub-
stratcs (room temperature = 40°C).

FPigure 7. DC loading curves of car-

3.5. Research on new substrates

Figures 7, 8 and 9 show the results of the vC load lives test of carbon film
resistors nade of feldspar, tele and mole ceramics and of metal film resistors and
4 oxide filu -3istors. From these curves we clearly see that the resistances of the

5 film resistors made of low alkali ceramic substrate varied very iittle in the wiole
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Figure 8. 1000-hour DC loading
curves of metal film resistors of
new aged substrates (room tempera-

0

Key: (a)} talc; (b) faldspar.

and carbon film resistors, it decreased.

filx resistors has been discussed in Sections 3.1, 3.2, and 3.3.

ture = 70°C), Key:

feldspar.
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Figure 9. DC loading curves of metal film
resistors (2W 32 KQ) of new aged substrates
(room temperature = 70°C). Key: (a) talc;
{b) loading time (hours); (c) feldspar.
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(a) talc; (b)

It is wo thwhile to peint out that for the oxide film resistor made of
feldspar substrate, the resistance decreased under DC loading, but for metal film
The change of resistance of the last twc
For the former
film, according to paper [6], the resistance decreagsed under wet loading and the

parts of the oxide film of the negative terminal side of the spiral engraved line
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were reduced.

Tin oxide makes up tiic main part of the conducting film; it is similiar to
a metallic reduction-type semicoiaductor indicated by SnOz_xf For oC loading, the
liderated alkali metallic ions were very active, caused the reduction of tin oxide,
and became tin; therefore, in the initial loading time the resistivity decreased
rapidly; because the reduced metal film dropped off gradually with time, the re-
sistivity went up again as shown in Figure 9. When talc substrate was used instead
of feldspar, the resistivity did not decrease for the whole loading period; this ex-
plained that the ionic e2ffect became secondary. The slight oxidization of the film
caused the main conducting action, so the resistance increased a little.

From the whole experiment, we know that the improvement of the aging stability
of film resistors depends on the selection and the research on new ceranics to take
the place of feldspar ceramics.

It is generally very difficult to eliminate the potassium and sodium ions in-
side the substrates. Feldspar itself contains 12-16% alkali metallic oxides. Us-
ing less amounts of feldspar can suitably reduce the content of alkali metals, but
it has a certain limit.

slamura Akira [7] has pointed out that if the content of potassium and sodium
oxides of the svbstrate of carbon film resistors is less than 1.57 of the alkali
ions, the transition effects are very insignificant. Although we cannot come to an
exact conclusion, we are sure that the less the content cf alkali metallic oxide
the better. To determine the content of alkali metallic oxides, we not only have
to consider the problem of ceramics, but we also must consider the unit ratio of
load power and resistance and the actual working conditions. It is better to select
potassium feldspar because the transition rate of Né+ is greater than that of Kf.

Using this ceramic for manufacturing resistors allows the film to be thicker

(or have more layers); covering the ceramic with a dielectric film before depositing
the resistance film can improve or lower the direct current aging effect.

It is better to use an alkali-earth metal as & flux or as the main part of the
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ceramics. It can replace the alkalil metallic oxide and would not rcsult in techni-
cal difficulties in the calcination. The calcination temperature raus. of tale is
very narrow (can be improved bty using mineralizers) according to its physical--chemi-
cal arrangement. The direct-current agzing of resistors made of talc ccramic sub--
strate is very stable. The moisture resistance of talc is not too rood, and it has
a stronger mechanical strength vhich makes it difficult to engrave.

Improvement and research on new substrates is the proper way for the direct-
current aging of film resistors. I¢ is obvious that this requires the cooperation

and extensive research of the substrate manufacturer and vesistor manufacturer.

4. Conclusions

1, The volumetric insulating resistance of a substrate decreases as the
temperature increases. The amplitude of decreasing depends on the contents of the
alkali metallic oxides of the substrates.

2. 1In film resistors made of feldspar ceramic substrate, the resistivity vari-
ation during high-temperature direct-current loading is much greater than that dur-
ing alternating-current loading. This difference occurs because tiie liberated alka-
11 metal ions have an erosive and destructive action.

3. For DC loading of film resistors made of feldspar substrate, the resis-
tance decreases as the content of alkali metal oxide decreases. Lowering load power
can result in satisfactory stability.,

4., The degree of erosion of liberated alkali metallic ions to the film de-
pends on the material of the film: the liberated K+ and Na+ in the metal film re-
sistor and carbon film resistor would combine with the film to form =rosive compounds
causing the resistance to increase; because of the reduction ‘n the oxide film re-
sistor, the resistance of loading decreases in the initial period, and increases
gradually afterward. For the metal film resistor, the change of the load polarities
can still have the tendency to restore resistance.

5. The less the alkali metal ions the substrate contains, the higher the

stability of the DC resistor loading. The effect of Na+ is greater than K+. The
FTD-HT-67-242 12

e

£ A M




amount of 2\'20 and NazO depencs on the ratio of loading to unit resistance and the
actual operating conditiens.

6. The stability of high-temperature loading becomes much better for usin;
new low-alkali ceramics. But talc has one disadvantage, in that suitable ceramics

rust be selected through compact and complete tests.
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