DESCRI PTI ON METAL OXI DE FI LM RESI STOR TECHNI CAL FI ELD The invention
relates to a netal oxide filmresistor having a final resistance of 100 k
[err] and nore, a small tenperature coefficient of resistance (TCR) and a
good reliability. BACKGROUND ART As shown in Fig. 8, the netal oxide
filmresistor generally conprises a rod-like insulating substrate 1 of
mullite, alumna or the like, a nmetal oxide film 10 of tin oxide or
antinmony doped tin oxide (ATO which is forned on the surface of said
substrate, netallic cap term nal DPESCGRIPTIOMI ch are pressed in both ends of

sai d subs d to said termnals, and a protective
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descri bed,
in both ends of said substrate, leads 7 and 8 welded to said terminals, and a

protective film 9 formed on the surface of the resistor.

By the way, considering materials which can be used as a metal oxide
film, the single phase of tin oxide has a too large resistivity and an
extremely large negative temperature coefficient of resistance, and therefore,
the using conditions are strictly limited and said single phase of tin oxide

“has no practical use. For such reasons, generally, ATO having a small
resistivity and a TCR of positive or nearly 0 is put to practical use as a
material of the metal oxide film. In these materials, the carrier density is
high. During the rise of the temperature, the scattering effect of the carrier
due to the lattice vibrations is larger than the increase of the carrier density
due to the excitation energy of heat, and therefore, the TCR is positive and
the metallic electric conduction can be obtained. Thus, generally, the
material having a small resistivity has a high carrier density and a TCR
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which is positive or nearly 0. On the other hand, the material having a large
resistivity has a low carrier density and a TCR which is negative and large.
The method for producing a metal oxide film resistor as described
above generally includes a chemical process for forming a film such as a
spraying and a chemical vapor deposition. According to these methods, the
vapor of aqueous solution or organic solution containing stannic chloride and
antimony trichloride is atomized to the rod-like substrate 1 of mullite-
alumina in the furnace in which the temperature is 600 to 800C, to form

ATO film (metal oxide film 10) on the surface of the substrate. Then, the



above general ly includes a chem cal process for formng a filmsuch as a
sprayi ng and a chem cal vapor deposition. According to these nethods, the
vapor of aqueous solution or organic solution containing stannic chloride
and antinony trichloride is atom zed to the rod-1ike substrate 1 of
mullite- alumna in the furnace in which the tenperature is 600 to 800 C
to formATO film (nmetal oxide film 10) on the surface of the substrate.
Then, the netallic cap termnal 5 and 6 are pressed in both ends
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of the film must be reduced considerably to raise the resistance value. At

this time, because of the distortion of the film itself and the increase of the

ratio of the depletion layer in the surface of the film to the whole film, there

was a problem that TCR was liable to be negative and large.

Further, because of the low initial resistance of ATO film, in the case of
requiring the final resistance of 100k Q and more, the turn number of the

trimming with a laser must be increased, with the result that the trimming
requires extremely much time and the interval of trimming is too narrow.
And therefore, there was another problem that the trimming of the film was
physically impossible.

As described above, if the thickness of the film is too thin or the
interval of the trimming is too narrow, the cross-sectional area of the electric
conduction path is reduced and the area in contact-with the outside is
increased. Because of electrical stress, humidity or the like, the resistance of
the film itself changes under the influence of moisture and the alkali ions in
the insulating substrate. And therefore, it was difficult to obtain a reliable
metal oxide film resistor.

Then, it is an object of the present invention to provide a reliable metal
oxide film resistor which is not influenced by moisture or the alkali ions in
the insulating substrate and in which the resistance of the film itself does
not change.



trimmng with a |aser nust be increased, with the result that the trinmng
requires extrenely nmuch tinme and the interval of trimmng is too narrow.
And therefore, there was another problemthat the triming of the filmwas
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filmis too thin or the interval of the trinmng is too narrow, the
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a first %%er%ﬁpeecgeifﬁ&nt of resistance which is formed on said layer;
{ 2) said metal oxide resistive film may comprise a second metal oxide

layer having a positive temperature coefficient of resistance which is formed
on the insulating substrate, and a first metal oxide layer having a negative
temperature coefficient of resistance which is formed on said layer; or

3) said metal oxide resistive film may comprise a first metal oxide
layer having a negative temperature coefficient of resistance which is formed
on said substrate, a second metal oxide film having a positive temperature
coefficient of resistance which is formed on said first layer, and a third metal
oxide layer having a negative temperature coefficient of resistance which is
formed on said layer having a positive temperature coefficient of resistance.

According to a more preferred embodiment, the metal oxide film having
a positive temperature coefficient of resistance may contain as a principal
component any one of tin oxide, indium oxide or zinc oxide.
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According to a second aspect of the invention, there is provided a metal
oxide film resistor which comprises an insulating substrate, a metal oxide
resistive film comprising at least a metal oxide layér having a positive
temperature coefficient of resistance and/or a metal oxide layer having a
negative temperature coefficient of resistance, and a metal oxide insulating
film, |

According to a preferred embodiment,

1) said metal oxide resistive film resistor may comprise a metal oxide
insulating film formed on said substrate and a metal oxide resistive film
formed on said insulating film;

2) said metal oxide resistive film resistor may comprise a metal oxide
resistive film formed on said substrate and a metal oxide insulating film



havi ng a negative tenperature coefficient of resistance which is fornmed on
the insulating substrate, and a second netal oxide filmhaving a positive

tenperature coefficient of resistance which is forned on said |ayer;

2y .said netal oxide resistive filmmay conprise a second netal oxide |ayer
having a positive tenperature coefficient of resistance which is fornmed on
the insulating substrate, and a first netal oxide |ayer having a negative

tenperature coefficient of resistance which is forned on said |ayer; or
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conprise a metal oxide resistive filmfornmed on said substrate and a mnet al
oxide insulating film 3

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a vertical sectional view which illustrates a general
construction of a metal oxide film resistor according to an embodiment of the
invention.

Fig. 2 is a vertical sectional view which illustrates a general
construction of a metal oxide film resistor according to another embodiment
of the invention.

Fig. 3 is a wvertical sectional view which illustrates a general
construction of a metal oxide film resistor according to still another

‘ embodiment of the invention. '

' Fig.- 4 is a vertical sectional view which illustrates a general
construction of a metal oxide film resistor according to still another
embodiment of the invention.

Fig. 5 is a vertical sectional view which illustrates a general
construction of a metal oxide film resistor according to still another
embodiment of the invention.

Fig. 6 is a vertical sectional view which illustrates a general
construction of a metal oxide film resistor according to still another
embodiment of the invention.

Fig. 7 is a vertical sectional view which illustrates a general
construction of a apparatus for forming a metal oxide film according to an
embodiment of the invention.



formed on said resistive film or 3) said netal oxide resistive film
resistor may conprise a first netal oxide insulating filmforned on said
substrate, a nmetal oxide resistive filmforned on said insulating film and
a'second netal oxide insulating filmfornmed on said resistive film _
According to a nore preferred enbodi nent, the thickness of the netal oxide
insulating filmformed on said substrate may be smaller than the surface
roughness of said substrate. And said netal oxide resistive film my
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The first metal oxide film resistor is characterized by comprising an
insulating substrate and a metal oxide resistive film, which is formed on
said substrate and comprises at least a metal oxide layer having a positive
temperature coefficient of resistance and a metal oxide layer having a
negative temperature coefficient of resistance.

According to a first preferred embodiment, the metal oxide film resistor
comprises an insulating substrate and a metal oxide layer having a positive
temperature coefficient of resistance as a principal resistive member.
Further, a metal oxide layer having a negative temperature coefficient of
resistance is formed between said substrate and said layer to prevent the
diffusion of alkali ions which causes a decline in reliability in the case of a
reduced thickness of the high resistance film.

According to a secondary preferred embodiment, the metal oxide film
resistor comprises an insulating substrate, a metal oxide layer having a
positive temperature coefficient of resistance as a principal resistive
member which is formed on said substrate, and further a metal oxide layer
having a negative temperature coefficient of temperature which is formed on
said layer to prevent some change in quality of said layer having a positive
temperature coefficient of resistance due to moisture which causes a decline
in reliability in the case of a reduced thickness of the high resistance film.

According to a third preferred embodiment, the metal oxide film

resistor comprises aninsulating substrate and a metal oxide layer having a
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construction of a netal oxide filmresistor according to still another
enbodi frent of the invention. Fig. 7 is a vertical sectional view which
i ] lrustrates a general construction of a apparatus for formng a netal oxide
firlmaccording to an enbodi nent of the invention.

4 Fig. 8 is a vertical sectional view which illustrates a
general construction of a conventional netal oxide filmresistor. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS In this text, the netal oxide
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resistance may contain as a principal component any one of tin oxide, indium
oxide or zinc oxide. Addition of an element such as antimony, tin, indium,
aluminum, titanium, zirconium and silicon to said metal oxides can make a
metal oxide layer to have a positive TCR, a good electric conductance and a
high carrier density.
The second metal oxide film resistor according to the present invention
is characterized by comprising an insulating substrate, a metal oxide
resistive film which comprises at least a metal oxide layer having a positive
temperature coefficient of resistance and/or a metal oxide layer having a
negative temperature coefficient of resistance, and a metal oxide insulating
film.
According to a first preferred embodiment, the metal oxide film resistor
comprises an insulating substrate and a metal oxide resistive film which
- comprises a metal oxide film having a positive temperature coefficient of

~~

resistance and/or a metal oxide film having a negative temperature
coefficient of resistance as a principal resistive member. The metal oxide
insulating film is formed between said substrate and said resistive film to
prevent the diffusion of alkali ions which causes the decline in reliability in
the case that the thickness of the film is reduced to enhance the resistance.
According to a second preferred embodiment, the metal oxide film
resistor comprises an insulating substrate, a metal oxide resistive film
which comprises a metal oxide layer having a positive temperature
coefficient of resistance and/or a metal oxide layer having a negative
temperature coefficient of resistance and which is formed on said substrate,
and a metal oxide insulating film formed on said resistive film to prevent
the change in quality of said resistive film due to moisture which is the other



negative tenperature coefficient of resistance. According to a first
preferred enbodi nent, the netal oxide filmresistor conprises an insulating
substrate and a netal oxide |layer having a positive tenperature coefficient
of .resistance as a principal resistive nenber. Further, a netal oxide |ayer
havi ng a negative tenperature coefficient of resistance is fornmed between
said substrate and said |layer to prevent the diffusion of alkali ions which
causes a decline in reliability in the case of a reduced thickness of the
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{ resistive film due to moisture.

The thickness of said metal oxide insulating film is smaller than the
surface roughness of the substrate, that is, the film is thin, to enable the
contact of the metal oxide resistive film with the cap terminal, resulting in
elimination of the special means to conduct electricity between both.

Said metal oxide film having a positive temperature coefficient of
resistance and/or said metal oxide layer having a negative temperature
coefficient of resistance may contain any one of tin oxide, indium oxide or
zinc oxide as a principal component. Addition of an element such as
antimony, tin, indium, aluminum, titanium, zirconium and silicon to said
metal oxides makes a metal oxide resistive film material to have a positive
or negative TCR and a relatively high electric conductance.

Said metal oxide insulating film may contain as a principal component
at least one selected from the group consisting of tin dioxide, zinc oxide,
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antimony oxide, aluminum oxide, titanium dioxide, zirconium dioxide and
silicon dioxide to prevent not only the diffusion of alkali ions which causes a
decline in reliability in the case that the thickness of the film is reduced to
enhance the resistance, but also the change in quality of said resistive film
due to moisture. Moreover, there is a little mutual diffusion at the contact
interface between the metal oxide resistive film containing as a principal
component tin oxide, indium oxide, zinc oxide or the like and the metal oxide
insulating film, and therefore, said resistive film combines closely with said
insulating film electrically, chemically and physically to prevent a decline in
reliability due to the enhancement of resistance, with the result that a
reliable metal oxide film resistor having a high resistance can be obtained.
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having a posjtive 515 &ure coe iclent o tance an
oxi de | ayeTHARRAG \é}; § piper Hhpad 40 Ghe reanting tybent] Bhrovghinipad®: and

whi ch i s The stHependabfl the'DehERLL tuBBdl B i§Rbahe @¥4 4R 1S ekBALS@rf 21 M for ned
on saidr Iﬁ%%‘iﬁ%fl I% o prevent the change in quality of said resistive

filmdue ‘ch is the other
6 To form a metal oxide film on the surface of the substrate using this

apparatus, first, the substrate is put into the reacting tube 11 and set as
shown in Fig. 7. The substrate is heated by the electric furnace 14. While the
temperature is kept at the temperature at which said composite to form a
metal oxide film decomposes thermally and over, the reacting tube 11 is
rotated. In this state, the carrier gas is fed from the gas supplier 17 into the
raw material supplier 16 through the pipe 18, and the vapor or the mist of
the composite to form a metal oxide film is supplied to the reacting tube 11
through the pipe 19. Said vapor or mist supplied to the reacting tube 11

N

comes in contact with the substrate and decomposes to form a metal oxide
film on the surface of the substrate. The undecomposed composite to form a
metal oxide is sucked, cooled and collected by the gas exhauster 21. Air,
oxygen, nitrogen or aninert gas such as argon is used as a carrier gas which
is supplied from the gas supplier 17.

The flow rate of the carrier gas can control the amount of supply of said
vapor or mist. The amount of supply of said vapor or mist can be also
controlled by heating the raw material supplier 16 or by applying ultrasonic
waves to the raw material supplier 16.

The reason for rotating the reacting tube 11 is to form a metal oxide
film uniformly on the substrate. The mechanical vibrations can be applied to



reason of a decline in reliability in the case that the thickness of the
filmis reduced to enhance the resistance. According to a third
preferred enbodi nent, the nmetal oxide filmresistor conprises an insulating
substrate and a netal oxide resistive filmwhich conprises a netal oxide

| ayer having a positive tenperature coefficient of resistance and/or a
nmetal oxide | ayer having a negative tenperature coefficient of resistance
as a resistive nmenber. The netal oxide insulating filmis formed between
sai d substheateactimg tsdied Ir esitedd verdtatingandt drnstaparticadady ineeedsarmtbo

T f' Pi s .. .
el abi | 1Pt bS8 b 128 IR PnE exfnb ol 90 AR FHRER I fiRBE0 '
enhance t¥@atienicitheseactingtubesld.t he change in quality of said resistive

fiimdue to igslliea metal bifle! A AERIoLL RS n &IF1d BEHhBL I NG

filmis smaller than e surface roughness of t strat e, _1's, the
filmis t¥vention. dhgptoastistionrafdde ormple wil e described dai eomngetionl m wit h
the cap t®itH 13 fighgsul ting in elimnation of the special neans to conduct
electricity between both, . Said netal oxi filmhaving a positive

t enper at ur e c%%f %oy this ﬁw%ttgﬁé%e@idﬁ%ie g.’iﬁndr%éﬁté’lr Qf)@%@ePFW@F havi ng
a _nggat i vinveatiparceimprésesaaf iﬂsﬁlgﬂ”ihg @ﬁbsteéml,arla:.memycﬁ@atmm zglwviﬁge 0]1: tin
oxi de, i ndi | r_zinc. oxide.as a .princi onponent . . tign of an
el enent s%é%%@%gf?ﬁo‘ﬁéfcaﬁs%r@ﬁﬁiwa@l i]’ﬁﬁsﬁ{)?%‘f’ ]tp’iatng‘h‘?n‘&ﬂ]omﬁr gkﬁ‘h m and
silicon tbhavaga petitive HGRIsdhicnisdormedenalaibiilde, nestiailic vep tetmimadserial to
nave a pogididg @hidhCAl biSeLin kAo hdd 8F LA ¥ullRi S IBERL 1L RANGUCt ance.
Said nmetal oxide insulatfng fil'mmy contaln as a princ¢ipal conponéent at

| dast oneWhidheatecweldedrior sad gerninadarands ainrgtestive ifdma P oxigh is foymedxi de,

antinony @xtkiesudh e biihe %y, titani um di oxi de, zirconium dioxide and
silicon di OXirfﬁ%tO prevent not only the diffusion of alkali .iqns which

causes a decl IResame efergpre nupber depignatesctheidentipel elemantdndigs: the film

I s reducegh 6 andriignge the resistance, but also the change in quality of

said resisti V&t ielastcnthe surface of the substrate may be insulated. The substrate is
preferably made of porcelain such as mullite, alumina, cordierite, forsterite
and steatite. And said film 2 is to prevent alkali ions from diffusing into
said film 3. Said film 2 has a lower electric conductance than said film and
may be made of the material to form a metal oxide film having a negative
TCR. Said film preferably contains as a principal component tin oxide,
indium oxide or zinc oxide. Moreover, said film 3 may be made of the
material to form a metal oxide film having a positive TCR, a high electric
conductance and a high carrier density. Said film preferably contains as a

SN

principal component tin oxide, indium oxide or zinc oxide. The element such
as antimony, tin, indium, aluminum, titanium, zirconium and silicon is
doped to these metal oxides to obtain a metal oxide resistive film material
having a positive TCR, a high electric resistance and a high carrier density.
Antimony, phosphorus, arsenic or the like may be doped to tin oxide. Tin,
titanium, zirconium, silicon, cerium or the like may be doped to indium oxide.
Aluminum, indium or the like may be doped to zinc oxide.

The composite to form a metal oxide film 2 having a negative TCR and
the composite to form a metal oxide film 3 having a positive TCR were

synthesized in a way as described below.
In a 200m1l conical flask, 5g of stannic chloride (SnCls - 5H20) and 10

mol% (an equation of M/(Sn+M) )of silicon tetraethoxide (Si(OCH2CHz)4 )



due to noisture. Mreover, there is a little nmutual diffusion at the
contact interface between the netal oxide resistive filmcontaining as a
princi pal conponent tin oxide, indiumoxide, zinc oxide or the |ike and the
nmetal oxide insulating film and therefore, said resistive film conbines
closely with said insulating filmelectrically, chemcally and physically
to prevent a decline in reliability due to the enhancenent of resistance,
with the result that a reliable nmetal oxide filmresistor having a high

r esi st anckere aveigbed latrdi disdolved in 75ml of methanol to synthesize a composite 7

Exanpl es ¢ 'as?ﬂwaq Jmm ), An8-in/a 0045 £3ER, AR ﬁgg&%ﬁg chigidi no a
Tt Siké aCley ”zga@aan Lt Gy z%qzaémnamfz\ér@nﬁvmb A
;3;3{ fg ! eﬂoy&@% @@13) wore U&?g(ﬁe?aﬁd pgsbﬂ}ag ik %s@d& &%Fh%aai Lﬁd'zﬂnphlxg g we

t he pack|0ﬁgoq®mtratteﬁélyd§¢@ﬂmg@mﬂzboméheﬁlzqaa;pmmosntnéOJ@m S@@%éi I which
is inserygd in the electrlc furnace 14 is driven by the driving apparatus

whi ch t t t t |
epeed in t” oL SRR BB S 116 2% ) Gl RRGAPHSPIR Bhg A0 00!
accommodatlesmd., &?:mrﬁbél lzemlS Wwas pufrmtathetedctmgtléefaridmh@commnmtﬁ tal to the
I th t h h th 18 d. th
Peact! no foibeald AP (AR5 phBrbihihe 3R AL St HE ARG SFibe 11° s
connect ecpparatus ﬁ)rhﬁaumﬁng a2fiirh hersosigiwnt e Rig g A was used @sf mrcarderret al

oxi de fi lé@soﬂlé %ﬁs Sfﬂ” ke Wastf%t@ffgﬁ{lr FheE tH8 'H&g’u‘n@ &mperature of the
{ substrate 1 was 800 C.The heating temperature of the substrate 1 may be

the deforming temperature of the substrate or the melting point of said film
2 or below them. The higher the heating temperature is, the better the

guality of said film obtained is. The heating temperature is preferably 400
t0 900C.

The substrate 1 in the reacting tube 11 was kept at 800C for 30

minutes and 3gof said compdsite to form a film (2) was fed into the reacting
tube 11 for 20 minutes to form said film 2. Thereafter, the resulting film was
kept at 800C for 10 minutes as it was. The thickness of said film 2 formed
in such a way was generally several tens to several thousands nm, however,
in this example, the thickness of said film 2 was about 250nm.

In the same way, the substrate 1 on which said film 2 was formed was
put into the reacting tube and the composite to form said film (3) was poured
into the raw material supplier 16, using said apparatus for forming a film.

N

Air was used as a carrier gas, the gas flow rate was 1 liter/min, and the
heating temperature of the substrate 1 was 800°C. The heating temperature
of the substrate 1 may be the deforming temperature of the substrate 1 or
the melting point of said films 2 and 3 or below them. The higher the heating

temperature was , the better the quality of said film 3 obtained was. The
heating temperature was preferably 400 to 900C.

The substrate 1 in the reacting tube 11 was kept at 800°C for 30

minutes and 1g of said composite to form said film (3) was fed into the

reacting tube 11 for 5 minutes to form said film 3. Thereafter, the resulting
film was kept at 800°C for 10 minutes as it was. The thickness of said film

3 formed in such a way was generally several tens to several thousands nm,
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apparatus, first, the substrate is put into the reacting tube 11 and set as
shawn in Fig. 7. The substrate is heated by the electric furnace 14. Wile
the tenperature is kept at the tenperature at which said conposite to form
a‘netal oxide film deconposes thernmally and over, the reacting tube 11 is
rotated. In this state, the carrier gas is fed fromthe gas supplier 17
into the raw material supplier 16 through the pipe 18, and the vapor or the
m st of the conposite to forma nmetal oxide filmis supplied to the '
react i ng hawsyen, lintthis exdmphes the phickfessSaisaid fihmr3 wasnibsat 16ppki.ed to t he

reacting tub :C.C [ C pth t t n ec 0 to form
et al ot dee TEiTEted tERTLAL beolh ip (dRntS o 3R £0E SERTRAPEL
conposi t ath engsrefthesswhstoatiedt onswhichlsadd fidms| 2 dndndl were femned, Bhet he gas
exhaust eryegditidy EubsbrieeRas B i ' 9% i LS used
as a carrie gggs I I ch isaguﬁﬁl@ggﬁlﬁ%ﬁgggg?suppﬁ%&laﬁ(?ﬁ ?8&3 he flow
rate of t thereager.gde dnpla papper feadmp amd dwesesisldedto saidicampor or
m st. ThetegiiBnals Pf asdi®p|Dhedtap abfmUBAOT5 Ands ShaGaik BeyHrOwtesy 59! | ed by
heating the raqv&v ter.(lial 5%{3}"#]” 16 or ﬂ¥ applyiing ultrasonic waves to the
raw mat erfPHPed Bgl%lsé”rl Fgsistive kg d qﬁ’é‘é’% gt lepdnd ank8ayaley tube 11
is to forimanyrehaivhicli hecohnketedrtb saiditap turntinglsshbat wadlemichiig. mechani cal
vibrations c g sta@%i 21% %g)f o i - I 8
the reactin ?u 1ty J0p paste, of fhermosatting yesin 1% 2ppbigd topthe; ?‘&’if?%?r ef
necessar yoai@ gt 3t drieteandbeatedmt 1507 fortifemaxatepite formancimsalating 12 i s
fixed to I L T at:at | l:0g. .t 1 . Fl g, .S a netal
oxide fi Iﬁr}%??_é ilr%stzlgir;m clgoér (%Er%i g %{agr{{ lglfglgé_n% eroo;{l%ﬁ%é rg%%r{ﬁvgﬂﬁo&mhe
canst r uctiesistyie fike Sananblecany dre whichds insuating andarsistivedn moisture.
Resin alone or resin containing an inorganic filler may be used as a material
to form a protective film. Rays such as visible rays and ultraviolet rays
may be used for curing instead of heat.
(Example 2)

Fig. 2 illustrates a metal oxide film resistor according to an example of
the invention. The construction of the example will be described in
connection with this figure.

As shown in this figure, the metal oxide film resistor of the present
invention comprises an insulating substrate 1, a metal oxide film 3 having
a positive TCR which is formed on said substrate 1, a metal oxide film 4
having a negative TCR which is formed on said film 3, metallic cap
terminals 5 and 6 which are pressed in both ends of said substrate, leads 7
and 8 which are welded to said terminals, and a protective film 9 which is
formed on the surface of the resistor.

Said film 4 is to prevent the change in quality of said film 3 due to
moisture and has a lower electric conductance than said film 3. Said film
may be made of any material to form a film having a negative TCR and
preferably contain as a principal component tin oxide, indium oxide or zinc
oxide.

Ina 200m] conical flask, 5g of stannic chloride (SnCls - 5H20), 9 mol%
(an equation of M/(Sn+M) ) of antimony trichloride (SbClz ) and 10 mol%
(an equation of M/(Sn+M) ) of ferric chloride (FeCls) were weighed and

dissolved in 68ml of methanol and 8ml of concentrated hydrochloric acid to
synthesize a composite to form said film (4).
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with this figure. As shown in this figure, the netal oxide film
resistor of the present invention conprises an insulating substrate 1, a
net-al oxide film2 having a negative TCR which is forned on said substrate
1, . a netal oxide film3 having a positive TCR which is formed on said film
2, metallic cap termnals 5 and 6 which are pressed in both ends of said
substrate, leads 7 and 8 which are welded to said termnals, and a
protective film9 which is formed on the surface of the resistor. The
sanme refer encﬂmcnrbposmeto@mealdﬁhnl(ﬂ)awhs@"@dnftbeheméadtmg-'ﬂtgﬁ IILfdiIO 6 and

Fig. 8. f £ Suhst e_insu d The
subst r at e 98 ﬁug%}ga&bfiy}% %32%38% g]]"ﬁ @Iﬁ% 3% lrfﬁ”sg}ffgppg%

cor di eri tforming aifdm t'ﬁleaﬂdc]smmtqftsald Aesistize filii 3 of the Isremmmnﬁfeamional kal i
i ons fromgds bbbt BOOIdHO sai d film3. Said film2 has a |ower electric

conduct ance t saldfllm may be made of the material to forma netal
oxide filmh ﬂy‘» SapegWeyy er@RbsfssatQj It o whiek saidiresistivatfiliom 3 wasa

pri nci pal foemrAoRges puti iAt®Xhe @eadtim bkﬁBé)éhﬂﬁth@rcoﬁiﬂbﬁn‘éXﬁodﬁ)rrdVQélﬁoﬁ% sai d
film3 be rrad ﬁfth mat eri al a tal, oxi q?fllm avin

positive Fervas, ]@tg 8% m’ﬂfﬁﬁ‘taéﬁélﬁp REI 18 NPipE saa ralp@larél*@%ﬁsfql‘y Sal d
filmpr efferm@g xdiltmi Alr amsauped nei @aéaxempgaserthetgam foideatd ReHisum oxi de

or zinc OXfedBnin %cﬁﬂ%'ﬁ@&fﬁ%‘%@nﬁ)%r %db@grdt@dl Whs S00'"ENYH,

titanium zirconium and Si on I's net'al oxides to Obtain a
netal oxikeatiegtemperatuie of ﬂwtmbsaraﬁeal/maykm thesddforneinp@emperniaglie &fl ectric

resi st an%e@(}fﬁs@xaﬂegﬁoxcﬂ{er h%&lﬂgﬁﬁiﬁtyotf sfa?ci KR aR&‘%?*B%ié{g ’q'ur? ﬁ,'rﬂ ¢ or the

i ke may be runm zirconr um cerium
or{ the | ilégh %3*; he heagingitamperadnmenvins, dhe better thengualityi ofsaid fikm Bi ke may
be doped dldamiaicwasi The heating Tovdpepaues v prefdrabli 200Mes 8b0Wxi de film 2

h th t f tal | p3 h
2 posit 1 ve. TeRaSPBERRRE L " RRGag po e o BaP: B e I Bor By o' ™
200mM  conmimitet| sk, 1H0f ehids bamposite ooforae sa Eler icl wabkiZey e the ol %
(an eq““ﬂeﬁ&iﬁ&t%ﬁﬁé@ 1?’)%1r§ﬁtlels ot rtn(la tsrzuaif {' P Xli&%e ea{i{e%lt_geaflgglﬁ%ing

film was kept at 800°C for 10 minutes as it was. The thickness of said film

4 formed in such a way was generally several tens to several thousands nm,
however, in this example, the thickness of said film 4 was about 100nm. The
same process as that of Example 1 except the process described above was
repeated.

(Example 3)

Fig. 3 illustrates a metal oxide film resistor according to an example of
the invention. The construction of the example will be described in
connection with this figure.

As shown in this figure, the metal oxide film resistor of the present
invention comprises an insulating substrate 1, a metal oxide film 2 having a
negative TCR which is formed on said substrate 1, a metal oxide film 3
having a positive TCR which is formed on said film 2, a metal oxide film 4
having a- negative TCR which is formed on said film 3, metallic cap
terminals 5-and 6 which are pressed in both ends of said substrate, leads 7
and 8 which are welded to said terminals, and a protective film 9 which is
formed on the surface of the resistor.

In a 200ml conical flask, 5g of stannic chloride (SnCls - 5Hz0), 9 mol%
(an equation of M/(Sn+M) ) of antimony trichloride (SbCls ) and 10 mol%
(an equation of M/(Sn+M) ) of chromium trichloride (CrCls - 6H20) were

12



were wei ghed and di ssolved in 75m of nethanol” to synthesize a conposite to
formsaid film(2). And in a 200m conical flask, 5g of stannic chloride
(snCferr] 5H20) and 3 nol % (an equation of M(Sn + M ) of antinony
trichloride (SbCferr]) were weighed and dissolved in 68m of nethanol and
8m of concentrated hydrochloric acid to synthesize a conposite to form
said film(3). The cylindrical substrate 1 of 92% al um na (outer
dianeter: 2mm[err] X 10ml, Ra: 0.3 u n) was put into the reacting tube
and the coaghed: endo disgolverhiid BBmh 02)metimmpduard 8mioof kencentratder i al

supplier ' | Al S ] I hown in Fig. 7.
Al Iropwas u%g%mgglog&c%?g?%r gas%i#h%gé%géﬁf%}wgﬂgﬁegdvl\gsrﬂ 1? F‘?)t er/mn, and the
heating t enpeta¢ Ghbstmte Heom which aaml filma2 a8d®B frere fEmah avaseput moto
t enper at i i1 ' t fetihe
subt rat E.“%ﬁ‘?ﬁ%"*‘%éﬁ??ﬁlgz 85 118 DY 186 chiifots o6 BAGREIPALA o) il b er (e
heating t¥#pdharaneiing tube,d1dex {8 mimses; eing saidrapparates fon fopmanged i s.
Ih'enhteﬁte i fim| SRR 85 Béren is&i@&ﬁhﬁmamréh%r;e ?}%@QQAflgirﬁi%Sﬁlm was Smgﬁ d%tg;t g ?t e
i i .

said corrp%gggte: F%#%%ﬁnné%?%lﬁgév\gée ?@‘gk}lﬁ%&tst?éd QC?}OESE? 88?11; for 20
?Ogl[ﬂ es] texdmple wasdbdutrid) pifhdi‘l&aéagrxﬁé ,prtr)lé_e@ﬁ raegsnnatt}df@;faéﬁ?ge}l\@%g@tt a'é .

err S ;s it was. i ckness of sai ilm ornmed in
such a wegdIe rg%gsé%%r%ltrﬁvds%?é{?ﬁas[’ée%a%é{sever al thousands nm however, in
t hi s exan§lamparadivenExkmgds 1pf said fil m 2 was about 250nm In the
sane way, th . | | ¢ fo for ut,,into the
reacti né t ubgr‘zg%ﬁpﬁgé g%?rhpgg}e\#/(egxggn I%Sl g%,%ns%)%agﬁ 5 %GY%%E é% Sﬁge%\%&pgﬁ to the
rdw nat eriesistonppGosmpamtivesixampls 3 hayprg amesal oxidedilmi planeidf kwoAi r was

used as akigA&Idfh e oxidd'B1HESwdd ﬁ\é{d@%{;ﬁh&@@t}é Aﬁa@raﬁa@ 1A folifedeat i ng
t enper at ufg of the substrate was 800[err]| C. The_heating tenperature of
the substt 3% Z8St GPRFTINCLIOR W RS SRTAG) 26 dhpkPLE¥a®@PE 2t he substrate 1 or the

nel ting p@othpafativd Bxhidpl® 2P and 3 or bel ow them The higher the heating
BREHEE EE RIS R CRERE N S
2 was made.
To be concrete, 0.5g of the composite to form a metal oxide film was fed
into the reacting tube 11 for 8 minutes. The thickness of said film of the
example was about 80 nm. The rest construction was the same as that of
Comparative Example 1.
Table 1 shows the results of Examples 1 to 3 and the results of

Comparative Example 1 and 2. The rate of change is the rate of change in
resistance at the time when the humidity test was conducted at 60C and

( 95% RH for 100 hours.
Table 1
initial final resistance TCR rate of change
_ resistance (Q) &k Q) (epm/C) (%)
Example 1 260 520 -120 -0.23
Example 2 320 640 -47 -0.31
Example 3 480 960 -180 -0.14
Com. Ex. 1 34 68 140 -0.26
Com. Ex. 2 650 1300 -900 -5.63

As shown in Table 1, the resistor of Comparative Example 1 has a final
resistance of 100 k Q and less, and on the basis of such a fact, the
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The substrate 1 in the reacting tube 11 was kept at 800[err]C for 30

m nutes and 1g of said conposite to formsaid film(3) was fed into the
reacting tube 11 for 5 mnutes to formsaid film3. Thereafter, the
resulting filmwas kept at 800[err]C for 10 mnutes as it was. The

thi ckness of said film3 forned in such a way was generally several tens to
several thousands nm 10

however, in this exanple, the thickness of said film3 was about 150nm

The ti n- pperfernanes of thes resistor of {Pormnpardtivd Exsmphel 16manr be pdesisead ton bot h
ends of t r : | : ' | . J T

resul ti ngk%utf)dsf? rﬁgtcgﬁﬁ?aétlét}%l\r%’r@;éégpovlf ?‘Fégwﬁgﬁtﬁ%@g‘ %e“gpnl\sg%?h %%%g%%%%gﬁut ter

and ther elta 8lm vae ahantpene-fogrto phehat efilompanadive Bermple(ldeddt thesai d cap
term nal sfifaprubisbanth WasRriBhY l‘ﬁgh éwa{??r, @hé@% &the P Ee YPE e
I'm 'y and the |leads 7 an

connected,tQ said resjstive fi ohm ca “may al so
be any on¥difates that égﬁ ,p@g%pgapge ehithe egistozotiGrmpamtiveiEsannie Zaid y .
At |ast, liaBlepisdlaingt Witk appaattis not rasdblel S applied to the surface of said
1m .o edo, a0 Aspled ol GSOLER 90 0 BIMLES 1 9 e arpitput o | n
The resi stesietamicerafolffyk b8 amyd vrwemai smalk TOR uand i mgoaddreliabidityve to
e 5 ot eF VRO RO istoE BE BRI o h 1B bl BER el trce il ool g
ul t ravi ol eeliahility.may be used for curing instead of heat. (Exanple 2)
L 2 Lo m R alaeridenfal ogeln inasieiding e 1w © o
connect i ofilme veredpemed gwp-dold or three-fold. However, it is to be understood that
the invention is not intended to be limited to the specific examples. The
construction in which only one film comprising a part having a positive
temperature coefficient of resistance and the other part having a negative
temperature coefficient of resistance is formed on the surface of the
substrate may be used. And said construction may be combined with the
above-mentioned multi-fold films.
(Example 4)

Fig. 4 illustrates a metal oxide film resistor according to an example of
the invention. The construction of the example will be described in
connection with this figure.

As shown in this figure, the metal oxide film resistor of the present
invention comprises an insulating substrate 1, a metal oxide insulating film
22 which is formed on said substrate 1, a metal oxide resistive film 23 which
is formed on said insulating film 22, metallic cap terminals 5 and 6 which
are pressed in both ends of said substrate, leads 7 and 8 which are welded to
said terminals, and a protective film 9 which is formed on the surface of the
resistor.

At least the surface of the substrate may be insulated. The substrate is
preferably made of porcelain such as mullite, alumina, cordierite, forsterite
and steatite. And said insulating film 22 is to prevent alkali ions from
diffusing into said resistive film 23. Said insulating film 22 preferably
contains as a principal component tin dioxide, zinc oxide, antimony oxide,
aluminum oxide, titanium dioxide, zirconium dioxide or silicon dioxide.
Moreover, said resistive film 23 may be made of the material having a high
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As shown in this figure, the netal oxide filmresistor of the present

I nvention conprises an insulating substrate 1, a netal oxide film 3 having
a, positive TCR which is fornmed on said substrate 1, a netal oxide film4
havi ng a negative TCR which is fornmed on said film3, netallic cap
termnals 5 and 6 which are pressed in both ends of said substrate, |eads 7
and 8 which are welded to said termnals, and a protective film9 which is
formed on the surface of the resistor. Said film4 is to prevent the
change i nelgctadd dopdattamiechrid 4 high chteleb:(denmtyISIaﬂﬁJﬂﬁipha&rablyOc@Itaﬁisect ric

2T i hods n%@ Cortpbibat R bR il FEE e J I e O O
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of et hanAlnh@ﬂi&ﬁ@ho@fyh@ﬂféC%@ééxﬁE%‘ hR AR RE h 5 b @e&ieﬁ tPtRY BAidBS TER, @

conposi te_to .form.said osite to form said

film(3) lflé"bl 41¥ﬂ°6‘1‘flﬁesﬁl’§é’ét Gexfm @ the kike @aﬁg b2 1 ugs oxigdef or m
sai d resi&hinifndrh) iﬁdiuﬂﬁmnﬂmslﬂtéjnﬁ@ﬂw @6 toGfind @;hﬂbng a film The

t hi ck f d t ti baout 300
o ©<"65S 0F PhE Sah FRHALAIE o il iy be BnBlote P hich ok peed i 490 | 9
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film(4) é’éﬁﬁle&%la{t%dsdh@tcﬁgggﬁnf s%rﬁﬂ?%&mﬁ @ i er usi ng sai d apparatus

for formn as a carrre as the as flowrate was 1
liter/mn, anElItSIﬁeth?e@qmn@Glt%m)ébm @rmebdl oxide snbshartmgeiglhrnv%% agdothe. The

heating t@RSsAtE i bR N A& idtieRIR D F RErdST AL JLAP AL Ur € Oof
as described below.
In a 200ml conical flask, 10 ml of silicon tetraethoxide (Si(OCH2CHzs)s)
were weighed and dissolved in 40ml of methanol to synthesize a composite

to form said insulating film. And in a 200ml conical flask, 5g of stannic
chloride (SnCls - 5H20) and 0.09 (in mole of metal M, obtained from an

equation of M/(Sn+M) ) of antimony trichloride (SbClg) were weighed and
dissolved in 68ml of methanol and 8ml of concentrated hydrochloric acid to
synthesize a composite to form said resistive film.

Next, using the apparatus as shown in Fig. 7, the metal oxide
insulating film and the metal oxide resistive film was formed sequentially

on the surface of the cylindrical substrate 1 containing 92% of alumina
(outer diameter : 2mm, length : 10mm, surface roughness Ra : 0.3 « m)ina

way as described below.

Said substrate 1 was put into the reacting tube 11 and the composite to
form an insulating film was poured into the raw material supplier 16. Air
was used as a carrier gas, the gas flow rate was 1 liter/min, and the heating
temperature of the substrate 1 was 800°C. The heating temperature of the
substrate 1 may be the deforming temperature of the substrate or the
melting point of an insulating film to be formed or below them. The higher

the heating temperature is , the better the quality of said insulating film
obtained is. The heating temperature is preferably 600 to 900C.

The substrate 1 in the reacting tube 11 was kept at 800TC for 30

minutes and 7gof the composite to form an insulating film was fed into the
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the substrate 1 or the nelting point of said films 3 and 4 or bel ow them
The hi gher the heating tenperature was, the better the quality of said film
3. obtained was. The heating tenperature was preferably 400 to 900[err]C
The substrate 1 in the reacting tube 11 was kept at 800[err]C for 30

m nutes and 1g of said conposite to formsaid film(4) was fed into the
reacting tube 11 for 15 mnutes to formsaid film4. Thereafter, the
resulting filmwas kept at 800[err]C for 10 minutes as it was. The

t hi cknesdJea¢tingtabé illfor 3Daniredes ho farahan inaylaving fileneadd thessidhad tens to

e LB i id film
several tofeus Fubstryte. THOLMHYer, the r@éxﬁt{g%ﬂﬁg ]‘fw;g(g%\f g‘t%'be%p@§' .

4 was about | QOnm, The same process as t | 1 exce e process
descri bed2HBHO® ajdt Waspdae ddickneranhsaidinsulatingfilgn 22 forhedtinateh @ net al

Ser s . . | Lo omacnates
constr uLt‘?%%“%fssgﬁée‘%%%’%ﬁ’% fefoh SR tholbahdl ol BRE, il i, o
figure. eXampieg ness of 531 fHlm 2iwies pbewt 30Rume Thenmn the saoe of t he

A e it L R R AT L
: ich,is k > 1,
f ﬂ/ Imng ﬁéﬁf‘ﬁ@“éa\%% iRg %’berg#e %Hi gﬁe Fempgfite do dorm A resiphve film asal oxi de
film4 hpouned toedmtiawe mECBriehisapplicr I&Utmﬁ@v&{jlu@%i} 8s i daMidr gtH'Q,t 'fﬁeé I feggg ;
' ' ends S substrate,
and '8 winees TR lae R B EaRE R8T the Bealtnd s tirc o Subsbraty Juni ch 1 s
f or med or’f"”c%%ogh&fa& eoneqting rieapparature of thp suboate donhﬁ”ﬁl(béldﬂj 5]9 of
' ' , Y tion of . Sp+ o]
a0t mony rnmi (oReBlie oAbl sibiBate 7 i BliPe ohoitt B (Beidy ) o
y ).
chromi umiRslaging i ZcAey ér Fgsistavpim\@d to be formed or below them. The

12 higher the heating temperature is, the better the quality of said insulating
film obtained is. The heating temperature is preferably 400 to 900°C.

The substrate 1 in the reacting tube 11 was kept at 800°C for 30

minutes and 1.2g of the composite to form a resistive film was fed into the
reacting tube 11 for 7 minutes to form a resistive film 23. Thereafter, the
resulting film was kept at 800°C for 10 minutes as it was. The thickness of
said resistive film 3 formed in such a way was generally several tens to
several thousands nm, however, in this example, the thickness of said film 38
was about 200nm.

The tin—plated stainless steel cap terminals 5 and 6 were pressed in
both ends of the substrate 1 on which said insulating films 22 and said

, resistive film 23 were formed. The resulting substrate was trimmed with 8
E' turns by means of a diamond cutter and thereafter, the tin-plated copper
leads 7 and 8 were welded to said cap terminals 7 and 8.

At last, the paste of thermosetting resin was applied to the surface of
said resistive film 23, dried, and heated at 150C for 10 minutes to form an
insulating protective film 9, resulting in a metal oxide film resistor of the
present invention. The protective film 9 may be any one which is insulating
and resistive to moisture. Resin alone or resin containing an inorganic filler
may be used as a material to form a protective film. Rays such as visible
rays and ultraviolet rays instead of heat may be used for hardening the
protective film.

(Example 5)
Fig. 5 illustrates a metal oxide film resistor according to an example of
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wei ghed and di ssolved in 68m of nethanol and 8m of concentrated
hydrochloric acid to synthesize a conposite to formsaid film(4). The
substrate 1 on which said film2 and 3 were forned was put into the
reacting tube 11 and 1.8 gof the conposite to formsaid film(4) was fed
into the reacting tube 11 for 10 m nutes, using said apparatus for formng
afilm so as to formsaid film4. Thereafter, the resulting filmwas kept
at 800 [err]C for 10 minutes as it was. The thickness of said film4 of the
present ewmmpheemidsnalfthe cbaStraotiod hef theeepimphsswils bdhadestribedarnl e 1
except th&nﬂ1§ﬁ8 ]9E§ﬁ j%ﬁggabove was repeated. (Conparative Exanple 1)

To conmpare W I n Exanpl e 2 as descri bed above, the
resi stor of Cﬁsﬁphﬁwnllm}@ﬁgprea the hmuaﬂmgxralerﬁinalremstaie)ffthbmxanqﬂens of two

kinds of pRtabnPlbAfihd biBa ﬁo%qﬁ F’Y@té}qﬂlce%a%xﬂ%%ﬁﬁl m@&é ?iﬁ’% f or med.

The rest constructiqQn was t sane as -t
Exanpl e 2§t the e%nﬁéﬁﬁ'@ﬂ@%%hao‘@ﬁé&l @&dﬁpﬁé@tlvehﬁ medd sfpnnedfomhpar ative

Exanpl e 21ﬂ%§aﬂﬁ§§ubstlatér Q 41l E%éﬁﬁ%%deozréglegcﬁné???mcﬁfg&%é@ ohqsa.\@r ma

nmet al oxi de.fil nh into the reactin m nut es
t hi cknessYesistivg §lm; Sﬁi ing\atiag ik 34\A&§° aporentgbe phange én ity of

constr uctﬂwwﬁ&ﬁ@&il&ar@ a&ettlaaﬁuoeé‘tu@fmaﬂ}ﬁt LiXE aRgapRl R &f the sadbl e 1
shows the suli ;1 é g.:} and. t he results of Conparative Exanple
1 and 2. °Pa 383 é’?‘ﬁiﬁg 28 PN 3F F¥hAnge in resistance at the tine
when the humi b & 200asl conical dlanity @ teesf aaumﬁﬁ{xmr ¢Hl6ride ABCH) Widsfweighe® hours.
Table 1 fi n resi stance r at f change
reS| ot ancs % ésrsr ged in §(m Q]:l&x]e?hanol tos mz)e a composﬁ:e,éo %og)am%cai
e msuiacmg -0.23 Exanple 2 320
640 1% sa(%e way as %Qaﬁfble Qﬂgeangapparatus Uhown in Fig. 7, 960
-180 %&) % '13 . 140
-0.26 Cothe sabstrate in thee@gctmgtube 11 wapskgpt at 800C for hminutes ands g3
then, 2.5g of the composite to form a resistive film, which is the same as that
of Example 1, in the raw material supplier 16 was fed into the reacting tube
11 for 15 minutes to form a resistive film 23 on the surface of the substrate.
Air was used as a carrier gas, the gas flow rate was 1 liter/min. Thereafter,
the resulting film was kept at 800°C for 10 minutes as it was. The thickness
of said resistive film formed in such a way was about 400nm.
Next, the substrate 1 on which the resistive film 23 was formed was
put in the reacting tube 11 and kept at 800C for 30 minutes. Then, 1g of

said composite to form an insulating film in the raw material supplier 16

was fed into the reacting tube 11 for 5 minutes to form an insulating film 24

on the surface of the resistive film 23. Air was used as a carrier gas, the gas
flow rate was 1 liter/min. Thereafter, the resulting film was kept at 860C

Fanie

for 10 minutes as it was. The thickness of said insulating film 24 formed in
such a way was about 50nm.
(Example 6)

Fig. 6 illustrates a metal oxide film resistor according to an example of
the invention. The construction of the example will be described in
connection with this figure.

As shown in this figure, the metal oxide film resistor of the example is
different from the one as described above, since the metal oxide insulating
film 22, the metal oxide resistive film 23 and the metal oxide insulating film
24 were formed sequentially on the insulating substrate 1.
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As shown in Table 1, the resistor of Conparative Exanple 1 has a final

resi stance of 100 k [err] and | ess, and on the basis of such a fact, the
13- performance of the resistor of Conparative Exanple 1 nay be
identical to that of the conventional resistor. In Conparative Exanple 2,
the thickness of the filmwas about one-fourth of that of Conparative
Exanple 1 and the final resistance was certainly high. However, the results
of the rate of change indicates that the perfornance of the resistor of
Conpar ati ve EReerpizes2of pattisadd showndhafigereni4 bo #garaandt iadwapgs coslecabl e.

On th . f ' f | . h Q. final
e 1 g i S G S B bR
Especi al |ihe resisties fidmo 23 oHomexem | considesingt the facyhbat thesisfhanof thad a good
l'iabili ' - di Ki nd f
ot al BXE%"ébsgf"i‘tr?si b FOREATEREAIAD LRl R ARt HIE 16 thiFhTso 1 108, 0
under st od¥bitRECaPHErMipalanishsed iman the fidwge4 removr a part vé ghe &ilmn34specific

. exanpl es. ardd8oaeRfilcoHeddt With PheVhdsidtiv it PBe1bdtkBUAPNPr i sing a part having
a positive t er a?nbe coeffi ci ent kofl Ig@l z)%an,ce and the other part having
f i

a negative tefpet aflPBlcFopIRL; abcaun f GetFRdsQTOPPEdS Ur f ace
of the sulli(Q@EIKCHYCER)) veh whighetlaiadldc@izsblvedtinonOfyobencthaibngd Wi th
(ne 70 SIRLRSbAsed LA Bl Gy ting i 5,21 LUSUIELeS @
const ruct i on Jnfthehsanes avegt &s Wikhinple 4dasing dredpparatos rescttiosm i Fig.thi s
figure. the substrate on which the insulating film 22 and the resistive film 23 were

formed sequentially was put in the reacting tube 11 was kept at 800C for

30 minutes. Then, 4g of said composite to form an insulating film in the raw
material supplier 16 was fed into the reacting tube 11 for 20 minutes to

form a resistive film 23 on the surface of the insulating film 24. Air was used

as a carrier gas, the gas flow rate was 1 liter/min. Thereafter, the resulting

film was kept at 800°C for 10 minutes as it was. The thickness of said
insulating film 24 formed in such a way was about 100nm. '
(Comparative Example 3)

The resistor was made in the same way as Example 5 except that the
metal oxide insulating film 24 was not formed.
(Comparative Example 4)

The resistor was made in the same way as Comparative Example 3
except that 1g of the composite to form a metal oxide film was fed into the
reacting tube for 5 minutes to obtain a resistive film 23 having a thickness
of about 100 nm.

Table 2 shows the comparative results of the properties of the resistors
according to Examples 4 to 6 and Comparative Example 3 and 4. Each final
resistance is about 200 times that before the trimming. The rate of change is
the rate of change of the resistance after the resistor was kept at 60 C and

95% RH for 100 hours to the resistance before that. The temperature
coefficient of resistance (TCR) is obtained at 25 to 125TC.
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As shown in this figure, the netal oxide filmresistor of the present

I nvention conprises an insulating substrate 1, a netal oxide insulating
fillm22 which is formed on said substrate 1, a netal oxide resistive film
23 which is fornmed on said insulating film22, nmetallic cap termnals 5 and
6 which are pressed in both ends of said substrate, |leads 7 and 8 which are
wel ded to said termnals, and a protective film9 which is fornmed on the
surface of the resistor. At | east the surface of the substrate may be

i nsul at ed. _The substrate is preferabhleide of porcelain such as mullite,

alum na, fcordierite ﬁﬁgfgsgthh@e @@)St?@*ﬂﬁ&m sa g fl ul akd:E film22

et ol 1 a1 h 23. Sai d

IS tO pr VA RLY UI.I r\&TI I\JII\J II\JIII\.‘ T

i nsul ati ngXampieZQ pr ef er al840 cont ai s as a0ﬁr| nc paI cemibﬁnent tli n

di oxi de, zr_;\ ne g, antinp oxl de, lal um oxl fle, tit um di gxi de,
zi r coni u-el ﬁﬁi\:%-egr SsH-e6o Oﬂi Ox-de- !\.brégﬂgja,;sa-i—'d—peé%-ue—f—i-l m 23 may

be made ()fExaimplaaﬁerl al ha\8203 a high -450 -0.09

14 C ﬁct Ijlc conductgnce and [a hrgh Sarrl er - dens . Sald film
pr ef er abl QI | prrrnnnn tin bxide "{-Hdi um odi de or
Zi nc oxi (leCoﬁﬁhExeAL ment sugBs@s anti nDny, -10011), i nHium a8.8gi num |[titani um

zirconiumand SiITircon 1S dOped to these netal oxides to obtainm a netal
oxide resistive filmmterial having a positive TCR, a high electric

resi stance andls ashtwghin@abilé 8y titeresistyr of Dbnparytivo ERspipds 8shasad Sigalc or the
i ke may fRgidianed 40100k Ol Gind Tid, dhid 381 B bALICQARI itk 81 HefORne CET T UM
or the Iike may be doped t0|n I um OXI um num I ndiumor th | ke may
be doped Performmancexofithe resistoriod GoampamtivenBampleaddnsy heyidestiaal tone whi ch
i s connecfipd Jf@hé%l%éﬂ%ﬁjﬁq r¥8efdrl 1 QoRBTL£EYd ¥x2RP14 BEHE RnbsBRE 8 MBY

al so be any ogne
the film is about one-fourth of that of Comparative Example 3 and the final

resistance is certainly high. However, the results of the rate of change

indicate that the performance of the resistor of Comparative Example 4 is
liable to change with age and is not reliable.

On the contrary, any one of the resistors of Examples 4 to 6 has a final
resistance of 100 k O and more, a small TCR and a good reliability.
Especially, the resistor of Example 6 has the highest resistance and a good
reliability.,

In the examples as described above, the different kinds of metal oxide
resistive film and metal oxide insulating film were formed two-fold or three-
fold. However, it is to be understood that the invention is not intended to be
limited to the specific examples. The construction in which only one metal
oxide insulating film comprising a part composed of a metal oxide resistive
film and the other part composed of a metal oxide insulating film is formed
on the surface of the substrate may be used. And said construction may be
combined with the above-mentioned multi-fold films.

In the examples as described above, the metal oxide resistive film and
the metal oxide insulating film were formed using CVD method. The
physical method such as sputtering and vacuum evaporation and the
chemical method such as spraying and dipping may be used in combination
with one another. '

POSSIBILITY OF INDUSTRIAL UTILIZATION
As described above, according to the present invention, there is
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connected to said cap terminals 5 and 6 ohm cally. First, the
conposite to forma netal oxide insulating film22 and the conposite to
farma netal oxide resistive film23 were synthesized in a way as descri bed
bel ow. In a 200m conical flask, 10 ml of silicon tetraethoxide

(S (OCH2CH err]) were weighed and dissolved in 40m of nethanol to

synt hesi ze a conposite to formsaid insulating film And in a 200m conica
flask, 5g of stannic chloride (SnCferr] 5H20) and 0.0Q‘éin nol e of nmetal M
obt ai nedpfovadedin metal ¢xode Slmuessitonmhaying a zesistaney of widnrangeiandsbCerr])
wer e wei ghed) ok dvaRAlY %g; 1RaBRMo &e ARINBPWr pisliSHblfRFe GRATENEEAL €d
hydrochloric acid_to s%nt 5§|ze a conposite to formsaid resistive film
Next , uspﬁﬁmﬁﬁénaﬁﬁﬁFétG@VH§Sshomn in Fig. 7, the nmetal oxide insulating
filmand the netal oxide resistive filmwas formed sequentially on the
surface of the cylindrical substrate 1 containing 92% of alum na (outer
dianeter: 2mm length: 10mm surface roughness Ra: 0.3 [err] n) in a way as
descri bed bel ow. Sai d substrate 1 was put into the reacting tube 11
and the conposite to forman insulating filmwas poured into the raw
material supplier 16. Air was used as a carrier gas, the gas flow rate was
1 liter/mn, and the heating tenperature of the substrate 1 was 800[err]C
The heating tenperature of the substrate 1 nay be the deform ng tenperature
of the substrate or the nelting point of an insulating filmto be forned or
bel ow them The higher the heating tenperature is , the better the quality
of said insulating filmobtained is. The heating tenperature is preferably

600 to 900[err]C. The substrate 1 in the reacting tube 11 was kept at
800[err]C for 30 mnutes and 7g of the conposite to forman insulating film
was fed into the 15

-
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reacting tube 11 for 30 mnutes to forman insulating film22 on the

surface of the substrate. Thereafter, the resulting fitmwas—kept_at 800
[err]C for 10 minutes as it was. The thickness of said insulating film 22
formed in such a way was generally several tens toﬂsveSh&tHisgeéﬁqg s nm
however, in this exanple, the thickness of said f|| Onm
Then, in the same way, the substrate 1 on which the @I m 22 was
formed was put into the reacting tube 11 and the conp m an

resistive filmwas poured into the CBAIMEE eri al suppli er 16 A| r was used

as a carrier gas,a Io [ a s 1lliter/mn, and.the ti.ng

t enper at uire of the su stﬁ}z{i1 g 1% Itegbsg@ &om?ﬁlgl%gpl %%%ré’t% t8f t he

subst r at eanid gayndaial tdmdeje‘émBMVagﬁhnrﬁﬁnadmre safd shbstxabst wheminrsadide

For med-or 2o oo hace Sig i Rublild £E1AE s TisE o) KR AR LMD T e

quality of r@ﬁﬁtnver@mmmﬁgrer FCPQfﬁ@llQPthﬁe‘ﬂSlﬁganC!!h@ld]@aﬁqqutleﬁt)@r axidee i s

pr ef er abl MydPBamgh BQ%ﬁEQemperatu-E@%oéffﬁ?éx{t%Tf?eslsﬂa@lc&he reacting tube 11

oo stiveli | m e Peirl Hge, R EvioR Foreisind fofgaim i Whewsn &ifor m a

resistiv ‘fllm t r f ®3N1R1florm a

r1 83| sti vembtdlnoRide fﬂsﬁtﬁ@‘ E‘lﬁm ﬁdx’ﬁgnl’sef lt!hblf}jl@t fmbtﬁlvﬁﬁd%@ﬁ&eﬁham arr]C fOL
m nut et ne of .sai i sfive meq in suc

a way vva?g% ex}reaﬁe\lé@ﬁ%r@g W n€8f§9@}%ﬁaéllce Hlf?; g"e? in this

exanpl e, theesedondkmedal okldiealayefrlhamﬂg\aapoammteﬂqshrature coefﬁbxentldf pl at ed

st ai nl essre%is%ﬁhmif&ﬁﬁ&{ %Qﬂdsﬁ?starﬂgtﬁfo&ﬁegla%zessed I n both ends of the

substrat Insulatin and said resistive film 23
were fornkd. The Aangtali pyideubbnr msesiwasacmndmm@dovwlahml twhereibysaidans of a

di anond CbY oARE rUREARIARH colrifidds 1Rl 6l GRRAP bxl RISl MAEhPa Ve ©

wel ded to saj.d cap termnals_7
t her mos etR9SHY Ve dempearatugfoefiagentook lfeél%r%@émﬂ @asauf e%b%t@atﬁe apg| m 23,

dried, aﬂdlehﬁﬁéﬁdn@ﬁalléﬁﬂérlab& flﬁivui% anBP4 6 temiperathae tdefRéisht Nsf
protectlvefllmg estfltln in L qefllmre5|stor of the present
i nvent | orFeS¥EiAn pt fra %SH ?ﬁcgn?iré@etﬁ é‘ﬁﬁ ®fE-which is insulating and
resi stived.t o noi A unetalReside ﬁlmnﬁesosrtof ecordiontai daitg Arwheweigasdid filler
may be u S EJ rma e e f s.such as visible
rays and%ﬁ%%aeiﬁgwe%%sat&e &i(ri a‘aPBFg%géf %If‘ﬁﬁg xﬂgéadscgagagpyeraﬁam%a t he

negative temperature coefficient of resistance formed on said substrate, the

second metal oxide resistive layer having a positive temperature coefficient

of resistance formed on said first metal oxide layer, and a third metal oxide

layer having a negative temperature coefficient of resistance formed on said

second metal oxide layer.

5. A metal oxide film resistor according to any one of the preceding

Y

claims wherein said metal oxide layer having a positive temperature
coefficient of resistance contains at least one selected from the group
consisting of tin oxide, indium oxide and zinc oxide as a principal component.
6. A metal oxide film resistor according to any one of the preceding
claims wherein the metal oxide insulating film is formed on and/or under
said metal oxide resistive film.

7. A metal oxide film resistor according to claim 6 wherein the
thickness of the metal oxide insulating film formed on said substrate is
smaller than the surface roughness of said substrate.

8. A metal oxide film resistor according to Claims 6 or 7 wherein
said metal oxide insulating film contains as a principal component at least
one selected from the group consisting of tin dioxide, zinc oxide, antimony

* (o L ] S *
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protective film (Exanple 5) Fig. Sillustrates a netal oxide film

resistor according to an exanple of

16 . the invention. The construction of the exanple will be

described in connection with this figure. As shown in this figure, the

nmetal oxide filmresistor of the exanple is different fromthe one as shown

in Fig. 4, since the netal oxide filmresistor of the exanple conprises a

nmetal oxide resistive film23 forned on the insulating substrate 1 and a

met al oxi dmdenaaﬂmmunngl foixl d, Mta‘munfdiwmdsalzikcmmnstdﬁm&e lamid Salicbn

i nsul ating;fkddn 24 is to prevent the change in quality of the resistive

film23 due to nmoisture or the |ike and nade of the sane material as the

i nsul atin§- fil m a8 mpelboxide fly. resistor acconding m:)any cnendictile prexsling g of

al um num el WiRero hetlokdonte Syilith 406 the Biinflind Qlifd fé‘ofv%ﬁ}i etgPt hanol
& NSUrar |

to synthesize a conposite to

the sane Wea’éﬁsﬁa‘fﬁpﬁ@n4 said imet ak roxigep imsulating filon cand Sald:llgSUl'ﬂtlng'le
substr at esunsttrb@e A MateDey 4 tHe S8R iRk B0N &ft"wle‘é 8t Bhees and
t hen, Eg qq osHetoforma resistive \ﬁh hlst e sane as
t hat -of gf‘?‘ﬁlaé‘ 1Su #%e raw material supplier 16 was fed into the
reacting tube 11 for 15 mnutes to forma resistive film23 on the surface
of the substrate. Air was used as a carrier gas, the gas flowrate was 1
liter/mn. Thereafter, the resulting filmwas kept at 800[err]C for 10
mnutes as it was. The thickness of said resistive filmfornmed in such a
way was about 400nm Next, the substrate 1 on which the resistive film
23 was formed was
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put in the reacting tube 11 and kept at 800[err]C for 30 m nutes. Then, 1g
of .said conposite to forman insulating filmin the raw material supplier
16 .was fed into the reactingtube 11 for 5 minutes to form aninsul atingfilm
24 on the surface of the resistive film23. Air was used as a carrier gas,
the gas flowrate was 1 liter/mn. Thereafter, the resulting fil mwas kept
at 800[err]C for 10 mnutes as it was. The thickness of said insulating
film24 formed in such a way was about 50nm (Exanple 6) Fig. 6
illustrates a netal oxide fiImIW%ABSERAEEEording to an exanple of the

wih this i o bR b dhelent MpRiBTMERY pronfadiER Sheelonds o' o
resi stor R@Slstthe\?@)aahwbmprss@l ahenenlating)ﬁubMatmea asetdd sxddadsmbiee, since

the netal fgxig gﬁmﬂ'ﬁﬁ%aéﬂ Iégsﬁ Il fﬁe%%l okidg f?ﬂqlagﬁgégf})&s?ﬁbéttbiﬁg)e&%hﬂeZB and

t he net al OXI eIt nsulfatin wer e
i nsul at i rpe gm;éxerqsmtance and/or a metal oxide 1m having a negative

The si zestehpdiAthfe asefARAND of telisgah@s aﬂdroe £ nfdt8l BQfdeaiﬁﬁ%Yémﬁgrﬁﬁ’ft

Parti cul show t hat ps 5 an not "i n_cont act
with t hea’ﬂaérﬂﬁtaggxadﬁfﬂ@swmw aﬁéﬁ@ﬂﬁmmﬁ@t’mw aflali iope imdecyr f ace
of the Suilmhlaﬁﬁg %ub§trh%lgméi@§lsléfﬁm%ldf'fh@‘ﬁlfxﬂiﬂ%@l’f duesSaotdchuipet Mee | S
thin and Sota? h%%ﬁagge sreﬁrmnalslgﬁf zn on the film24 renove a part
of the fiTRialO%ide TG Resstor i exixemas; 1o ]@II? resistive film23 electrically.
In a 200m conical flask, 10m of titaniumtetrai sopropoxide

(Ti(OCH(CH err])CH err]) was wei ghed and di ssolved in 40m of nethanol to
synt hesi ze a conposite to forma netal oxide insulating film

{
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In the same way as Exanple 4, using an apparatus as shown in Fig. 7, the
substrate on which the insulating film22 and the resistive film23 were
formed sequentially was put in the reacting tube 11 was kept at 800 C for
30 .m nutes. Then, 4g of said conposite to forman insulating filmin the
raw material supplier 16 was fed into the reacting tube 11 for 20 m nutes
to forma resistive film23 on the surface of the insulating film24. Ar
was used as a carrier gas, the gas flowrate was 1 liter/mn. Thereafter
the resulting filmwas kept at 800[err]C for 10 mnutes as it was. The

t hi ckness of said insulating film24 formed in such a way was about 100nm

(Conpar ative Exanple 3) The resistor was nade in the sane way as
Exanpl e 5 except that the netal oxide insulating film 24 was not forned.
(Conpar ati ve Exanpl e 4) The resistor was nade in the sanme way as

Conpar ati ve Exanple 3 except that 1g of the conposite to forma netal oxide
filmwas fed into the reacting tube for 5 mnutes to obtain a resistive
film23 having a thi cknea& of ab?ut 100 nm Tabl e 2 shows the
conparative results of t e/pgope ties of the resistors according to
Exanples 4 to 6 and Conparative Exanple 3 and 4. Each final resistance is
about 200 tines that before the trimmng. The rate of change is the rate of
change of the resistance after the resistor was kept at 60 [err]C and 95%
RH for 100 hours to the resistance before that. The tenperature coefficient
of resistance (TCR) is obt5i ned at 25 to 125[err]C g
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Table 2 final resistance (k [err]) TCR (ppm[err]C) rate of
640 -400

change* (% Exanple 4 -0.12
Exampl e 5 400 -500 -0.18 Exanple 6
82Q -450 . -0.09 Com Ex. 3 72

130 0.06 Com Ex. 4 1360 -1000

-5.22 As shown in Table 2, the resistor of Conparative Exanple 3 has a

final resistance of 100 k [err] and |l ess, and on the basis of such a fact,

t he perfornmance of the resistor of Conparative Exanple 3 may be identica

to that of the conventional resistor. In Conparative Exanple 4, the

t hi ckness of the filmis about one-fourth of that of Conparative Exanple 3
and the final resistance is .certapnly high. However, the results of the
rate of change indicate t af §he%erfor mance of the resistor of Conparative
Exanple 4 is liable to change with age and is not reliable. On the
contrary, any one of the resistors of Exanples 4 to 6 has a final

resi stance of 100 k [err] and nore, a small TCR and a good reliability.
Especially, the resistor of Exanple 6 has the highesg resistance and a good

reliability. In the exanpl es as descri bed above, the different kinds of
netal oxide resistive # ; ’ Y N mwere fornmed
two-fold or three- folg PN VS that the invention
is not intended to be } g ¥ I'he construction in
whi ch only one netgl ' A UG T N K OO X artg conposed of a
met al oxi de resisti vejhi antk; t' B -oKhe N patt Ngolposs asmetal oxide
insulating filgd At e, s f. e’ hhesUlish e used. And
sai d constructh gbNpetk Wi w1 de “abo é%.,é; | -fold
filns. In the exal as -desch bed. abovey te, Al oxi de resistive
filmand the netal ox ] NGV R P g CVD net hod. The
physi cal nethod such (% and the
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chem cal nmethod such as spraying and di pping nmay be used in conbi nation

wi't.h one another. POSSIBILITY OF | NDUSTRI AL UTI LI ZATI ON As descri bed
above, according to the present invention, there is
19 . provided a netal oxide filmresistor having a resistance of

wi de range and a small TCR, which is applicable to the resistor for public
wel fare and for the circuit of industrial devices.

Fig.4
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CLAI MS 1. A nmetal oxide filmresistor conprising an insulating
substrate and a netal oxide resistive filmforned on said substrate,
wherein said netal oxide resistive filmconprises at |least a first netal
oxi-de | ayer having a negative tenperature coefficient of resistance and a
second netal oxide |layer having a positive tenperature coefficient of

resi stance. 2. A netal oxide filmresistor according to claim 1
wherein said netal oxide resistive filmconprises the first nmetal oxide

| ayer having a negative tenperature coefficient of resistance forned on
said substrate and the second netal oxide |ayer having a positive
tenperature coefficient of resistance forned on said first netal oxide

| ayer. 3. A netal oxide filmresistor according to claim 1 wherein
said netal oxide resistive fil npr/ises the second netal oxide |ayer
havi ng a positive tenpef@ature coef fi¢i ent of resistance forned on said
substrate and the first tAl oxide Igypr having a negative tenperature

coefficient of resistance flformed on saipd second netal oxide |ayer. 4.
A netal oxide filmresistor, according/tp claim 1 wherein said netal oxide
resistive filmconprises the first al] oxide layer having a negative
t enperat ure coeffici enQof i sta fprmed on said substrate, the second
met al oxi de resistive (dyeyf/ having a\pokitive tenperature coefficient of
resi stance forned on sal irst netal oxide layer, and a third netal oxide
| ayer having a negative t erature coefficient of resistance fornmed on
said second netal oxide |ayer. 5. A netal oxide filmresistor
according to any one &k resedi ng clains wherein said netal oxide |ayer
havi ng a positive tenpe re-edefficient of resistance contains at |east
one selected from tHe OLLU nsisting of tin oxide, indiumoxide and zinc
oxi de as a principal dd E 6. A nmetal oxide filmresistor
according to any ong f\t ecgdi ng clains wherein a netal oxide
insulating filmis Ror/fpedyen fndie+—arder
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said netal oxide resistive film 7. A netal oxide filmresistor
aceording to claim 6 wherein the thickness of the netal oxide insulating
fimforned on said substrate is smaller than the surface roughness of said
substrate. B. A nmetal oxide filmresistor according to Clains 6 or 7
wherein said netal oxide insulating filmcontains as a principal conponent
at | east one selected fromthe group consisting of tin dioxide, zinc oxide,
anti nony ) 21 oxi de, al um num
oxi de, titanium dioxide, zirconiumdioxide and silicon dioxide. 9. A
metal oxide filmresistor according to any one of the preceding clains
wherein the elenents which are the principal elenents of said netal oxide
resistive film said nmetal oxide insulating filmand said insulating
substrate diffuse nmutually at the contact interfaces between the two of
said filnms and substrate.

Fig.8
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Substitute sheet - 1 October 1999

T

1. A metal oxide film resistor comprising an insulating substrate
and a metal oxide resistive film formed on said substrate, wherein said
metal oxide resistive film comprises at least a first metal oxide layer having
a negative temperature coefficient of resistance and a second metal oxide
layer having a positive temperature coefficient of resistance.

2. A metal oxide film resistor according to claim 1 wherein said
metal oxide resistive film comprises the first metal oxide layer having a
negative temperature coefficient of resistance formed on said substrate and
the second metal oxide layer having a positive temperature coefficient of
resistance formed on said first metal oxide layer.

3. A metal oxide film resistor according to claim 1 wherein said
metal oxide resistive film comprises the second metal oxide layer having a
positive temperature coefficient of resistance formed on said substrate and
the first metal oxide layer having a negative temperature coefficient of
resistance formed on said second metal oxide layer.

4, A metal oxide film resistor according to claim 1 wherein said
metal oxide resistive film comprises the first metal oxide layer having a
negative temperature coefficient of resistance formed on said substrate, the
second metal oxide resistive layer having a positive temperature coefficient
of resistance formed on said first metal oxide layer, and a third metal oxide
layer having a negative temperature coefficient of resistance formed on said
second metal oxide layer.

5. A metal oxide film resistor according to any one of the preceding
claims wherein said metal oxide layer having a positive temperature
coefficient of resistance contains at least one selected from the group
consisting of tin oxide, indium oxide and zinc oxide as a principal component.
6. A metal oxide film resistor according to any one of the preceding
claims whereini%}e metal oxide insulating film is formed on and/or under
said metal oxide resistive film.

7. A metal oxide film resistor according to claim 6 wherein the
thickness of the metal oxide insulating film formed on said substrate 1s
smaller than the surface roughness of said substrate.

8. A metal oxide film resistor according to Claims 6 or 7 wherein
said metal oxide insulating film contains as a principal component at least

one selected from the group consisting of tin dioxide, zinc oxide, antimony
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