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METHOD OF MANUFACTURING ZINC OXIDE SINTERED COMPACT BODY . 

This invention relates to a method of manufacturing a 

zinc oxide sintered compact body used in a zinc oxide varistor, 

which is applied for removing induction noise of lightning, noise 

of electric· source arising 'in various electric and electronic 

appliances, noise of steep pulse, or surge. 

Recently, a zinc oxide varistor has been used more and 

more in order to assure the safety and operating stability of 

electronic and electric appliances against, for example, various 

surge or pulse. noise or induced lightning, and also to cope with 

reinforcement of various noise regulations. A conventional zinc 

oxide varistor will now be explained. The operating voltage of a 

zinc oxide varistor is the voltage at the time when 1 mA of 

electric current runs in the varistor. Depending on the types of 

circuits electronic and electric appliances have, the operating 

voltage ranges from several tens of V to several tens of thousand 

V. However, the operating voltage is basically determined by the 

number of psi.rticles present between electrodes, and it is known 

that the operating voltage per one particle is about 3V. Except 

for high voltage products with high operating voltage, low 

voltage products have a fixed thickness, so that the operating 

voltage is dependent upon the diameter of particles, that is, the 

number of particles. 
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When ceramics are sintered. the density starts to 

increase in the initial stage without so much accompanying growth 

of particles. As soon as the increase stops. growth of 

particles. called a secondary recrystallization particle growth. 

will then take place. This process often creates abnormally 

large particles, which is called an abnormal particle growth, 

that causes distribution in operating. voltage. Therefore. a 

product with operating voltage of 100 V and higher, which may 

have small particles, had ·around 33 particles and more in the 1 

mm thickness. Statistically, this product comprised a proper 

mixture of large particles· and small particles, and distribution 

in operating voltage did not become so large as to interfere with 

production. In the case of a. low voltage product of 100 V and 

lower, it was necessary to allow particles to grow. Therefore, 

it was common to slow down the programming rate and to fire for 

many hours. 

For the purpose of securing reliability; and also by 

estimating drifting during the. firing, a zinc oxide varistor is 

prov1ded witp a large amount of oxide or carbonate to excess. so 

that additive elements are sufficiently present inside the 

particles and in the particle field. When the additives are 

fired, one of the compounds which can be present in the end is a 

solid solution of zinc oxide spine!, and these compounds which 

are present in the particle field affect the distribution in the 
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diameter of particle. Furthermore. the increase of programming 

rate at the time of the debinder process (0 to 650°C) can lead to 

various reliability deteriorations, for example, distribution in 

operating voltage and. leakage current may increase because the 

debinder process is insufficiently performed and carbon remains. 

In addition, a rapid decomposition of .binder can cause, for 

example, cracks in products, so that this method was not suitable 

as a manufacturing method in the industry. 

However, in the conventional method mentioned above, 

giant particles of 100 µ m and larger which are trying to grow 

abnormally and smaller par:ticles with insufficient particle 

growth are coexisting, and a large number of particles with about 

20µm are also present. As a result, distribution in operating 

voltage were large, and ·it was difficult to attain the product 

specification of + 10% in operating voltage. Also, its low yield 

of around 50% was a big cost problem. Since additives which 

produce the solid solution of zinc spinel are present in the 

particle field in the form of microparticles, they prevent 

particles f~om growing, thereby causing distribution. Therefore, 

it is considered appropriate to control the amount of additives. 

However, it is necessary to add the additives to excess in order 

to secure reliability and to attain stable quality. 

It is an object of this invention to solve the above­

mentioned problems in the conventional system by providing a 
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method of manufacturing a zinc oxide sintered compact body for 

obtaining a high-quality varistor with low cost by allowing 

particles to grow uniformly and also by securing stable 

re-liability. 

In order to accomplish these and other objects and 

advantages, a method of manufacturing a zinc oxide sintered 

compact body comprises the step of firing a zinc oxide varistor 

composition at least containing zinc oxide at 78 mol% or more, 

magnesium oxide at 0 to 20 mol%, bismuth oxide at 0 .. 1 to 2 mol%. 

Ti02 at 0.1 to 2 mol%, and antimony oxide (as Sb203) at 0.01 to 

0.5 mol%, wherein the zinc oxide yaristor composition is fired at 

the programming rate of 175 to 500°C/hr in the temperature_r.ange 

of fTom 650 to 950°C comprising a primary phase temperature range 

of a solid solution of zinc oxide spine!, and at the programming 

rate of 30 to 500°C /hr in the range of from 950 to 1300°C . 

In the above~mentioned method, it is preferable that the 

zinc oxide varistor composition is provided with cobalt oxide (as 

CoO) at 0 to 3 mol%,. nickel ·oxide at 0 to 3 mol%, manganese oxide 

(as MnO) at 0 to 3 mol%, magnesium. oxide at 0 to 20 mol%, 

chromium oxide (Cr2o3) at 0 to 0.5 mol%, tin oxide (Sn02) at 0 to 

0. 5 mol%, and one substance at least containing aluminium or 

gallium which forms an oxide during the burning process at 0 to 

50 ppm mol%, for forming a solid solution of zinc oxide spine! 

essentially having the following formula (Formula 1). 



(Formula 1) 

zn3 (Sb, Ti, Sn, Cr, Mn) o4 -x x 

The reason why the solid solution of zinc oxide spinel 

can be shown only essentially as Formula 1 is that the spinel 

phase, being analyzed by the XMA analysis, was dissolved as a 

solid body in various atoms. and showed a large distribution of 

atoms contained, so that it was not possible to recite the 

precise formula. 

Furthermore, it is preferable that the firing temperature 

of zinc oxide ranging from 1025 to 1200°C is maintained for 2 

minutes to 100 hours. 

In addition, it is preferable that the burning process 

takes place after adding a binder at 2 to 10 weight % and press-

molding. 

It is preferable that the burning process takes place 

after adding a binder at 10 to 50 weight %, and forming a thin 

film by a dicoater method or a doctor blade method. 

Furthermore, it is preferable that the film formed by a 

dicoater method or a doctor blade method is .formed into a 

laminated chip before being fired . 

. Also, it is preferable that prior to performing the main 

firing in the primary phase temperature range, a debinder process 

is performed in advance at 350 to 650°C and also in an oxygen-

containing atmosphere, and then the main firing takes place after 
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the atmosphere is changed or in a separate furnace. 

In addition, it is preferable that at the time when the 

main firing in the range of primary phase temperature is 

performed, a debinder process is performed in advance at 350 to 

650°C and in an oxygen-containing atmosphere. 

Also, it is preferable that at least two types of oxide 

selected from the group consisting of cobalt oxide, manganese 

oxide, and nickel oxide are added. 

It is preferable that Cr ox~de and Sb oxide are each 

added at an amount of more than 0.01 mol%. 

Another invention is an zinc oxide varistor manufactured 

by the above-mentioned method. 

According to the above-mentioned configuration of this 

invention, by controlling the production of zinc spine! solid 

solution as much as possible, a uniform growth of particles can 

be accomplished. In particular, the programming rate is enhanced 

in the range of 650 to 950"C , tthich is a primary crystal 

temperature range of a zinc spine! solid solution, for allowing 

particles ~o grow uniformly. For further attaining uniform 

growth of particles, the temperature ranging. from 1025 to 1200"C 

is maintained for many hours, thereby obtaining good results. In 

addition, when the debinder process takes place at the 

temperature of 650°C and lower, it is possible to obtain a zinc 

oxide sintered compact body having even more uniformly formed 
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particles. 

The above-mentioned measures enable the reduction of 

distribution in the operating voltage of the zinc oxide sintered 

compact body. To be more precise, zinc oxide particles start 

firing at about 700°C in the presence of bismuth oxide, and the 

particles begin to grow around 1025°C . When other additives are 

not included, the particles grow mostly to the same size. 

However, by adding various additives for securing reliability, 

these additive create compounds which exist in the particle field 

and interfere with the particle growth. The composition of this 

invention ·consists mainly of zinc oxide particles, and the 

particle field includes a zinc oxide spinel solid solution and a 

mixture mainly of the bismuth oxide - titanium oxide - zinc oxide 

type. In this case, by enhancing the programming rate in the 

range of 650 to 950°C , which is a primary crystal . temperature 

range of a zinc oxide spinel solid solution, production of the 

zinc oxide spinel solid solution is restrained. In this way, the 

growth of zinc oxide particles is facilitated. At the 

temperature of 1025°C and higher, a liquid phase mainly composed 

of bismuth oxide - titanium oxide - zinc oxide produced in a 

large amount becomes dominant, and the production of zinc oxide 

spine! solid solution is restrained gradually, so that the 

influence on the particles is not particularly large. 

Next, inf 1 uence of the debinder · process wi 11 be 
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explained. An organic binder 1s used commonly for manufacturing 

ceramic compounds. During mass production, a large amount of 

products are processed, so that air diffusion is insufficient 

inside the products versus the surface. This can cause a small 

amount of carbon to remain in a non-uniform condition. In this 

case, not only can the reliability deterioration arise due to 

oxygen deficiency, but also the growth of particles can be 

restrained to cause distribution in operating voltage. Finally, 

when an appropriate amount of solid so.lution of zinc oxide spinel 

is present, by maintaining the temperature in the range of 1025 

to 1200°C for many hours, the boundary energy of particles can 

become naturally uniform· and the uniformly formed particles cause 

less distribution in operating voltage. 

·FIG. 1 (a) is a traced drawing of a SEM photo 

(magnification: about 100 times) showing a third firing method in 

Example 1 of this invention; FIG. 1 (b) is a traced drawing of a 

SEM photo (magnif~cation: about 100 times) showing a conventional 

firing method (smaller particles are larger in number). 

FIG .. 2 is a graph showing firing speed and distribution 

in operating voltage in one embodiment of the firing method of 

this invention. 

This invention will be described in detail by referring 

to the following examples and attached figures. The examples are 

illustrative and should not be construed as limiting . the 
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invention in any way. 

Example 1 

First, the following oxides were mixed: zinc oxide at 96 

mol%, oxide which mainly forms a solid solution of. zinc oxide 

spinel, other than titanium oxid~ and manganese oxide, at 0. 5 

mol% (Chromium oxide, antimony oxide, and tin oxide were added. 

Here, chromium oxide and tin oxide are not indispensable since 

their influence is limited to slight deterioration in a nonlinear 

coefficient: a or in pulse ·characteristics), titanium. oxide, 

bismuth oxide, and manganese oxide totaling to 1. 5 mol%; and 

nickel oxide and cobalt oxide totaling to 2 mol%. Then, aluminum 

nitrate was added at 10 ppm mol% (ppm=l0-6), and polyvinyl 

butyral 10 weight % liquid which was dissolved with a solvent 

such as butyl acetate was added as a binder at a weight ratio of 

35%. This substance was mixed in a ball mill for 20 hours, and 

then formed into a thin film using a doctor blade method or a 

dicoater method. Thereafter, the film was laminated and fired at 

1300°C for 2 hours, thereby attaining a thickness of 1 mm. 

Distribution in operating voltage were as follows: 

(1) Conventional firing method 

Firing temperature: 0 ....... 1300°C; programming rate: lOO°C /hr; 

after 2 hours of firing at 1300°C, operating voltage and 

distribution: (3 sigma) 60+ 12V (here, voltage of lmA running in 

a varistor); process yield: 50% (product standard + 10%; 
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Fluctuation in the process thereafter is included, which also 

affects the yield as to be discussed hereinafter. Here, by 

attaching importance to characteristics and reliability, the 

firing temperature and time were maintained for 2 hours at the 

highest temperature of each embodiment in the conventional firing 

method and the firing method of this invention. However, this 

procedure was omitted in the following examples). 

Furthermore, regardless of whether a debinder process was 

performed or not, a significant difference was not observed in 

the conventional examples. On the other hand, the examples of 

the invention attained more preferable results with a debinder 

process. 

(2) Firing method 1 in the e~ample of the invention 

No debinder process performed; programming rate from 0-650"C 

lOO"C /hr; programming rate from 650-- 950°C: 300"C /hr; 

programming rate from 950- 1300"C : lOO"C /hr; operating voltage 

and distribution: (3 sigma) 45+4.8V; process yield: 88% (product 

standard + 10%) . 

(3) Firing_method 2 in the example of the invention 

No debinder process performed; programming rate from o- 650"C 

lOO°C /hr; programming rate from 650-- 950°C: 300"C /hr; 

programming rate from 950- 1300°C : lOO"C /hr; maintained at 1025"C 

for 5 hours; operating voltage and distribution: (3 sigma) 43+ · 

4. 5V; process yield: 92% (product standard + 10%). 
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(4) Firing method ~ in the example of the invention 

No de binder process performed; programming rate from 0 ........ 650"C 

lOO"C /hr; programming rate from 650-- 950"C. : 300"C /hr; 

programming rate from 950-- 1300"C : 500"C /hr; operating voltage 

and distribution: (3 sigma) 45+5.0V; process yield: 86% (product 

standard + 10%) . 

(5) Firing method 4 in .the example of the invention 

No debinder process performed; programming rate from 0 ........ 650"C 

lOO"C /hr; programming rate from 650 ........ 950"C : 300"C /hr; 

programming rate from 950-- 1300"C : 500"C /hr; maintained at lOOO"C 

for 5 hours; operating voltage and distribution: (3 sigma) 43+ 

4. 7V; process yield: 90% (product ·standard + 10%). 

(6) Firing method 5 in the example of the invention 

No debinder process perf armed; programming rate f ram 0 ........ 650"C 

lOO"C /hr; programming rate from 650 ........ 950"C: 300"C /hr; 

programming rate from 950 ........ 1300"C : 30"C /hr; operating voltage and 

distribution: (3 sigma) 44+ 5.2V; proce~s . yield: 86% (product 

standard + 10%). 

(7) Firing _method 6 in the example of the invention 

No debinder process performed; programming rate from 0 ........ 650"C 

lOO"C /hr; programming rate from 650 ........ 950"C : 300"C /hr; 

programming rate from 950-- 1300"C : 30"C /hr; maintained at lOOO"C 

for 5 hours; operating voltage and distribution: (3 sigma) 42+ 

5. lV; process yield: 85% (p~oduct standard + 10%) ~ 
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(8) . Firing method 7 in the example of the invention 

Debinder process performed; programming rate from 0-- 650"C : 

lOO"C /hr; maintained at 450"C for 1 hour; programming rate from 

'650-- 950"C : 300"C /hr; programming rate from 950-- 1300"C : lOO"C /hr; 

operating voltage and distribution: (3 sigma) 45+ 3. lV; process 

yield: 100% (product standard + 10%). 

(9) Firing method 8 in the example of the invention 

Debinder process performed; programming rate from o-- 650"C: 

lOO"C /hr; maintained at 450"C for 1 hour; programming rate from 

650-- 950"C : 300"C /hr; programming rate from 950--1300"C : lOO"C 

/hr; maintained at 1025"C for 5 hours; operating voltage and 

distribution: (3 sigma) 42+ 2. 8V; process yield: 100% (product 

standard + 10%). 

(10) Firing method 9 in the example of the invention 

Debinder process performed; programming rate from o-- 650"C: 

lOO"C /hr; maintained at 450"C for 1 hour; programming rate from 

650-- 950"C : 300"C /hr; programming rate from 950-- 1300"C : 500"C 

/hr; operating voltage and distribution: (3 sigma) 45+3.3V; 

process yieid: 100% (product standard + 10%) . 

(11) Firing method 10 in the example of the invention 

Debinder process performed; programming rate from o-- 650"C : 

lOO"C /hr; maintained at 450"C for 1 hour; programming rate from 

650"' 950"C : 300"C /hr; programming rate from 950-- 1300"C : 500"C 

/hr; maintained at llOO"C for 5 hours; operating voltage and 
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distribution: (3 sigma) 42+3.lV; process yield: 100% (product 

standard ± 10%) . 

(12) Firing method 11 in the example of the invention 

Debinder process performed; programming rate from o-- 650°C : 

lOO°C /hr; maintained at 450°C for 1 hour; programming rate from 

650- 950°C : 300°C /hr; programming rate from 950-- 1300°C : 30°C /hr; 

operating voltage and distribution: (3 sigma) 45+ 3 .1 V; process 

yield: 100% (product standard + 10%). 

(13) Firing method 12 in the example of the invention 

Debinder process performed; programming rate from o-- 650°C : 

lOO°C /hr; maintained at 450°C for 1 hour; programming rate from 

650-- 950°C: 300°C /hr; programming rate from 950--1300°C: 30°C /hr; 

maintained at 1150°C for · 5 hours; operating voltage and 

distribution: (3 sigma) 42+ 2. 9V; process yield: 100% (product 

standard + 10%) . 

Furthermore, distribution in surge characteristics at 

short wave pulse of 2500A were reduced to 2/3 ! and the same 

effects were also confirmed in the examples to be mentioned 

hereinafter:. 

When aluminium or gallium was added at more than 50 ppm,· 

leakage· current increased, so that the product was no longer 

useful. It was not preferable to add cobalt oxide or manganese 

oxide or nickel oxide which is mainly soluble in zinc oxide as a 

solid body at more than 3 mol% was not preferable since 
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reliability, for example, pulse characteristics, deteriorated. 

Also, from the viewpoint of leakage current, it was advantageous 

to add at least two oxide types among cobalt oxide,· manganese 

oxide, ·and nickel oxide. When Cr oxide or Sb oxide forming the 

solid solution of zinc oxide spine! was each present at 0.01 mol% 

or less, the leakage current increased, and the increase of 

leakage current was also observed when Sn oxide was added at 0.03 

mol% or less. In addition, when more than 0.5 mol% was present, 

·the particles became so small that it was not effective to reduce 

distribution in operating voltage as in the examples: As for the 

above-mentioned additives, the same results were also obtained in 

other examples. When bismuth oxide or titanium oxide was added at 

0.1 mol% or less, the number of microparticles increased too 

much, so the effects were not so significant as in the examples. 

Also, the amount of more than 2 mol% proved to be an unpractical 

mixture since reliability such as pulse characteristics 

deteriorated or products fused together during firing. 

FIGS. 1 (a) and 1 (b) are traced drawings of SEM photos 

(magnif icati_pn: about 100 times) showing the third firing method 

in Example . 1 of this invention and the conventional firing 

method. FIG. 1 (a) is a SEM photo of the third firing method of 

this invention, and FIG .. 1 (b) is ·a SEM photo of the conventional 

firing method. The conventional method shown in FIG. 1 (b) has 

more smaller particles. It is clear from FIGS. 1 (a) and 1 (b) 
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that the particles become larger when the programming rate was 

increased to 300"C/hr, and that less microparticles are present. 

Th~ programming rate at 30"C /hr and lower in the range of 

950-1300"C proved to be disadvantageous to the productivity and 

also unsuitable as industrial conditions. The programming rate 

at 500"C /hr and higher proved to be unsuitable as a method of 

industrial production since the heater, the furnace material, and 

the sheath were greatly damaged. The same results were obtained 

also in the examples to be mentioned hereinafter, so the 

programming rate in the range of 950-1300"C will be omitted. 

Example 2 

First, the following oxides were mixed: zinc oxide at 80 

mo1%, oxide which mainly forms a solid solution of zinc oxide 

spine!, other than ti taniwn oxide and manganese oxide, at 0. 5 

mol%, titaniwn oxide, bismuth oxide, and manganese oxide totaling 

to 1. 5 mol%; nickel oxide and cobalt oxide totaling to 2 mol%; 

and magnesiwn oxide at 16 mol%. Next, aluminum nitrate was added 

at 10 ppm mol%, and then mixed in a ball mill for 20 hours and 

dried. Then, polyvinyl alcohol was added. The disk pressed was 

fired at 1300"C for 2 hours, -thereby attaining a thickness of 1 

mm. Distribution in operating voltage were as follows: 

When magnesium oxide was added more than 20 mol%, pulse 

characteristics were so bad that the product was no longer 

useful. 
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(1) Conventional firing method 

Firing temperature: d--1300°C; programming rate: lOO°C /hr; 

operating voltage and distribution: (3 sigma) 63+13V (voltage of 

1~ running in a varistor); process yield: 52% (product standard 

+ 10%). 

(2) Firing method 1 in the example of the invention 

No debinder process performed; programming rate from o- 650°C 

lOO°C /hr; programming rate from 650--·950°C: 300°C /hr; 

programming rate from 950-- 1300°C : lOO°C /hr; operating voltage 

and distribution: (3 sigma) 50+5.5V; process yield: 85% (product 

standard + i0%). 

(3) Firing method 2 in the example of the invention 

No debinder process performed; programming rate from 0 ...... 650°C 

lOO°C /hr; programming rate from 650-- 950°C : 300°C /hr; 

programming rate from 950--1300°C: lOO°C /hr; maintained at llOO°C 

for 5 hours; operating voltage and distribution: (3 sigma) 47+ 

5. 3V; process yield: 90.% (product standard ± 10.%). 

(4) Firing method 3 in the example of the invention 

Debinde,r process performed; programming rate from o-- 650°C : 

lOO°C /hr·; maintained at 450°C for 1 hour; programming rate from 

650-- 950°C : 300°C /hr; programming rate from 950-1300°C : lOO°C 

/hr; operating voltage and distribution: (3 sigma) 48+3.2V;· 

process yield: 100% (product standard + 10%) . 

(5) Firing method 4 in the example of the invention 
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Debinder process performed; programming rate from 0......, 650°C : 

lOO"C /hr; maintained at 450°C for 1 hour; programming rate from 

650...;.. 950°C : 300°C /hr; programming rate from 950-- 1300°C : lOO"C 

/hr; maintained at 1200°C for 1 hour; operating voltage and 

distribution: (3 sigma") 44+ i. 9V; process yield: 100% (product 

standard + 10%). 

In FIG. 2, effects in distribution of operating voltage 

(3 sigma /average value) using the mixture of Example 2 are shown 

when the programming rate was changed. 

Example 3 

First, the foliowing oxides were mixed: zinc oxide at 

94. 5 mol%, oxide which mainly forms a solid solution of zinc 

oxide spine!, other than titanium oxide and manganese oxide, at 

1.0 mol%, titanium oxide, bismuth oxide, and manganese oxide 

totaling to 1.5 mol%; nickel oxide and cobalt oxide totaling to 2 

mol%; and magnesium oxide at- 1 mol%. Next, aluminum nitrate was 

added at 10 ppm mol%, and then mixed in a ball mill for 20 hours 

and dried. Then, polyvinyl alcohol was added. The disk pressed 

was fired at 1300°C for 2 hours, thereby attaining a thickriess of 

1 mm. Distribution in operating voltage were as follo~s: 

(1) Conventional firing method 

Firing temperature: 0--1300°C ; programming rate: lOO°C /hr; 

operating voltage and distribution: (3 sigma) 70+ 13V (voltage of 

lmA running in a varistor); process yield: 55% (product standard 
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+ 10%). 

(2) Firing method 1 in the example of the invention 

No de binder process performed; programming rate from 0 ...... 650°C · 

lOO°C /hr; programming rate from 650-- 950°C : 500"C (hr; 

programming rate from 950 ...... 1300"C : lOO"C /hr; operating voltage 

and distribution: (3 sigma) 48+5~4V; process yield: 87% (product 

standard + 10%) . 

(3) Firing method 2 in the example of the invention 

No debinder process performed; programming rate from 0 ...... 650°C 

lOO"C /hr; programming rate from 650- 950"C : 500°C /hr; 

programming rate from 950--1300°C : lOO°C /hr; maintained at llOO"C 

for 1 hour; operating voltage· and distribution: (3 sigma) 47+ 

5. 2V; process yield: 89% (product standard + 10%) . 

(4) Firing method 3 in the example of the invention 

Debinder process performed; programming rate from o-- 650"C: 

lOO"C /hr; maintained at 450°C for 1 hour; programming rate from 

650-- 950°C : 500°C /hr; programming rate from 950- 1300°C : lOO°C 

/hr; operating voltage and distribution: (3 sigma) 45± 3.lV; 

process yield: 100% (product standard + 10%) . 

(5) Firing method 4 in the example of the inventiop 

Debinder process performed; programming rate from 0-650°C: 

lOO°C /hr; maintained at 450°C for 1 hour; programming rate from 

650 ...... 950°C: 500°C /hr; programming rate from 950 ...... 1300°C : lOO°C 

/hr; maintained at llOO"C for 1 hour; operating voltage and 
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distribution: (3 sigma) 44+ 2.9V; process yield: 100% (product 

standard + 10%). 

Example 4 

First, the following oxides were mixed: zinc oxide at 96 

mo!%, oxide which mainly forms a. solid solution· of zinc oxide 

spine!, other than titanium oxide and manganese oxide, at 0. 5 

mo1%, titanium oxide, bismuth oxide, and manganese oxide totaling 

to 1. 5 mo1%; and nickel oxide and cobalt oxide totaling to 2 

mol%. Next, aluminum nitrate was added at 10 ppm mo!%, and then 

mixed in a ball mill for 20 hours and dried. Then, polyvinyl 

alcohol was added. The disk pressed was fired .at 1300°C for 2 

hours, thereby attaining a thickness of 1 mm. Distribution in 

operating voltage were as follows: 

(1) Conventional firing method 

Firing temperature: o- 1300°C ; programming rate: lOO°C /hr; 

operating voltage and distribution: (3 sigma) 60+12v (voltage of 

lmA running in a varistor); process yield: 50% (product standard 

+ 10%). 

(2) Firing ~ethod 1 in the example of the invention 

No debinder process performed; programming rate from 0-650°C 

lOO°C /hr; programming rate from 650- 95-0°C : 150°C /hr; 

programming rate from 950- 1300°C : lOO°C /hr; operating voltage 

and distribution: (3 sigma) 53+ 9.6V; process yield: 62% (product 

standard + 10%). 
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(3) Firing method 2 in the·example of the invention 

No debinder process performed; programming rate from 0-650°C 

lOO°C /hr; . program.ming rate from 650- 950°C : 150°C /hr; 

programming rate from 950-- 1300°C : lOO°C /hr; maintained at llOO°C 

for 1 hour; operating voltage and distribution: (3 sigma) 52+ 

9.4V; process yield: 64% (product standard + 10%). 

(4) Firing method 3 in the example of the invention 

Debinder process performed; programming rate from o-- 650°C: 

lOO°C /hr; maintained at 450°C for 1 hour; programming rate from 

650-- 950°C : 150°C /hr; programming rate from 950-1300°C : lOO°C 

/hr; operating voltage and distribution: (3 sigma) 50+9.0V; 

process yield: 68% (product standard + 10%). 

(5) Firing method 4 in the example of the invention 

Del;>inder process· .performed; programming rate from o- 650°C : 

lOO°C /hr; maintained at 450°C for 1 hour; programming rate from 

650--950°C : 150°C /hr; programming rate from . 950-1300°C : lOO°C 

/hr; maintained at llOO°C for 1 hour; operating voltage and 

distribution: (3 sigma) 49+ 8. 9V; process yield: 69% (product 

standard + l0%). 

Example 4 proved to be unsuitable for stable production 

since large distribution in operating voltage were observed. 

Example 5 

First, the following oxides were mixed: zinc oxide at 96 

mol%, oxide which mainly forms a solid solution of zinc oxide 
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spine!, other than titanium oxide and manganese oxide, at 0. 7 

mol%, titanium oxide, bismuth oxide, and manganese oxide totaling 

to 1. 5 mol%; and nickel oxide and cobalt oxide totaling to 1. 8 

mol%. Next, aluminum nitrate was added at 10 ppm mol%, and then 

mixed in a ball mill for 20 hours and dried. Then, polyvinyl 

alcohol was. added. The disk pressed was fired at 13009C for 2 

hours, thereby attaining a thickness of 1 mm. Distribution in 

operating voltage were as follows: 

(1) Conventional firing method 

Firing . temperature: 0....., 1300°C ; programming rate: lOO°C /hr; 

operating voltage and distribution: (3 sigma) 60+ 12V (voltage of 

lmA running in a varistor); process yield: 50% (product standard 

+ 10%). 

(2) Firing method 1 in the example of the invention 

No debinder process performed; programming rate from 0....,650°C 

lOO°C /hr; programming rate from 650-- 950°C : 200°C /hr; 

programming rate from 950 ...... 1300°C : lOO"C /hr; operating voltage 

and distribution: (3 sigma) 51+5.5V; process yield: 95% (product 

standard + 10%). 

(3) Firing method 2 in the example of the invention 
. 

No debinder process performed; programming rate from 0....,650"C 

lOO°C /hr; · programming rate from 650....., 950"C : 200"C /hr; 

programming rate from 950--1300"C : lOO"C /hr; maintained at 1200"C 

for 1 hour; operating voltage and distribution: (3 sigma) 49+ 
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5.2V; process yield: 97% (product standard +10%). 

(4) Firing method 3 in the example· of the invention 

Debinder. process performed; programming rate from o-- 650"C: 

lOO°C /hr; maintained at 450°C for 1 hour; programming rate from 

650- 950°C : 200°C /hr; programming rate from 950- 1300°C : lOO"C 

/hr; operating voltage and distribution: (3 sigma) 48+4.4V; 

process yield: 99% (product standard + 10%). 

(5) Firing method 4 in the example of the invention 

Debinder proc~ss performed; programming rate from o-- 650°C : 

lOO°C /hr; maintained at 450°C for 1 hour; programming rate from 

650- 950"C : 200"C /hr; programming rate from 950- 1300°C : lOO"C 

/hr; maintained at 1200°C for 1 hour; operating voltage and 

distribution: (3 sigma) 46+4.2V; process yield: 100% (product 

standard + 10%). 

Example 6 

First, the following oxides were mixed: zinc oxide at 92 

mol%, oxide which mainly forms a solid solution of zinc oxide 

spine!, other than titanium oxide and manganese oxide, at 0. 5 

mol%, titanium oxide, bismuth oxide, and manganese oxide totaling 

to 1. 5 mol%; and nickel oxide and cobalt oxide totaling to 6 

mol%. Next, gallium nitrate was added at 10 ppm mol%, except for 

the case of firing method 5 in which gallium nitrate of 5 ppm and 

aluminum nitrate of 5 ppm were added, and then mixed in a ball 

mill for 20 hours and dried. Then,· polyvinyl alcohoi was added. 



23 

The disk pressed was fired· at 1300°C for 2 hours, thereby 

attaining a thickness of 1 mm. Gaps in operating voltage were as 

follows: 

(1) Conventional firing method 

Firing temperature: o- 1300°C ; programming rate: lOO°C /hr; 

operating voltage and distribution: (3 sigma) 63+ 13V (voltage of 

lmA running in a varistor); process yield: 52% (product standard 

+ 10%). 

(2) Firing method 1 in the example of the invention 

No debinder process performed; programming rate from 0-650°C 

lOO°C /hr; programming rate from 650- 950°C : 200°C /hr; 

programming rate from 950- 1300"C : lOO°C /hr; operating voltage 

and distribution: (3 sigma) 50+5.4V; process yield: 93% (product 

standard + 10%) . 

(3) Firing method 2 in the example of the invention 

No de binder process perf armed; programming rate from o- 650"C 

lOO"C /hr; programming rate from 650 ...... 950°C : 200°C /hr; 

programming rate from 950,.,,, 1300°C : lOO"C /hr; maintained at llOO°C 

for 1 .hour;_ operating voltage and distribution: (3 sigma) 48+ 

4. 9V; process yield: 95% (product standard + 10%) . 

(4) Firing method 3 in the example of the invention 

Debinder process performed; programming rate from o-- 650°C: 

lOO"C /hr; maintained at 450°C for 1 hour; programming rate from 

650-- 950°C : 200°C /hr; programming rate from 950-1300°C : lOO"C 
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/hr; operating voltage and distribution: (3 sigma) 46+4.0V; 

process yield: 100% (product standard + 10%) . 

(5) Firing method 4 in the example of the invention 

Debinder process performed; programming rate from 0-- 650"C : 

lOO"C /hr;. maintained at 450"C for 1 hour; programming rate from 

650 ....... 950"C : 200"C /hr; programming rate from 950-- 1300"C : lOO"C 

/hr; maintained at llOO"C for 1 hour; operating voltage and 

distribution: '(3 sigma) 45± 3.BV; process yield: 100% (product 

standard + 10%). 

(6) Firing method 5 in the example of the invention 

Debinder process performed; programming rate from 0 ....... 650°C: 

lOO"C /hr; maintained at 450"C for 1 hour; programming rate from 

650-- 950"C : 200"C /hr; programming rate from 950--1300°C : lOO"C 

/hr; maintained at llOO°C for 1 hour; operating voltage and 

distribution: (3 sigma) 47+ 3. 7V; process yield: 100% (product 

s tan'dard + 10%) . 

As mentioned eariler, only this firing method 5 in 

Example 6 used a mixture consisting of aluminum nitrate 5 ppm 

mol% and ga!lium nitrate 5 ppm mol% instead of aluminum nitrate 

10 ppm mol%. 

Even if gallium nitrate and aluminum nitrate were mixed 

optionally, almost the same effects were confirmed, and this also 

goes for other examples. The same effects were also attained by 

using an organic acid such as aluminum acetate, or an aluminum 
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metallic compound such as aluminum alkoxide, or aluminum sulfate, 

or aluminum hydroxide, or alumina. Dry blending showed good 

results with those surfacing through separation from water . . 
Almost the same tendency was observed also with gallium, and the 

same effects with aluminum were obtained. 

Example 7 

First, the following oxides were mixed: zinc oxide at 96 

mol%, oxide which mainly forms a solid solution of .zinc oxide 

spine!, other than titanium oxide . and manganese oxide, at 0. 5 

mo1%, titanium oxide, bismuth oxide, and manganese oxide totaling 

to 1. 5 mol%; and nickel oxide and cabal t oxide totaling to 2 

mol%. Next, gallium nitrate and aluminum nitrate were each added 

at 10 ppm mol%, and then mixed in a ball mill for 20 hours and 

dried. Then, polyvinyl alcohol was added. The disk pressed was 

fired at 1300°C for 2 hours, thereby attaining a thickness of 1 

mm. Distribution in operating voltage were as follows: 

(1) Conventional firing method 

Firing temperature: 0-1250°C; programming rate: lOO°C /hr; 

operating vo)tage and distribution: (3 sigma). 62.+ 12V (voltage of 

lmA running in a varistor); process yield: 52% (product standard 

+ 10%). 

(2) Firing method 1 in the example of the invention 

No debinder process performed; programming rate from 0 ........ 650"C 

lOO"C /hr; programming rate from 650 ........ 950°C : 200°C /hr; 
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programming rate from 950-- 1250°C: lOO°C /hr; operating voltage 

and distribution: (3 sigma) 54+5.6V; process yield: 90~ (product 

standard + 10%). 

(3) Firing method 2 in the example of the invention 

No debinder process performed; programming rate from 0 ...... 650°C 

lOO°C /hr; programming rate from 650,..., 950°C : 200°C /hr; 

programming rate from 950-1250°C: lOO°C /hr; maintained at llOO°C 

for 1 hour; operating voltage and distribution: (3 sigma) 53+ 

5.4V; process yield: 92% (product standard + 10%). 

(4) Firing method 3 in the example of the invention 

Debinder process performed; programming rate from 0,..., 650°C : 

lOO°C /hr; maintained at 450°C for 1 hour; programming rate from 

650- 950°C : 200°C /hr; programming rate from 950 ....... 1250°C : lOO°C 

/hr; operating voltage and distribution: (3 sigma) 52+4.3V; 

process yield: 100% (product standard + 10%). 

(5) Firing method 4 in the example of the invention 

Debinder process performed; programming rate from 0-650°C: 

lOO°C /hr; maintained at 450°C for 1 hour; progra_mming rate from 

650- 950°C : _ 200°C /hr; programming. rate from 950-- 1250°C : lOO°C 

/hr; maintained a,t llOO°C for 1 hour; operating voltage and 

distribution: (3 sigma) 50+ 4. lV; process yield: 99% (product 

standard + 10%). When maintained at llOO°C for 5 hours, the 

process yield reached 100%. 

Even if the firing temperature was varied in the range of 
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1200"" 1300°C, the effect was limited to a slight rise of 

operating voltage along with a decrease of temperature. This was 

also the same with other examples. 

Example B 

First, the following oxides were mixed: zinc oxide at 96 

mol%, oxide which mainly forms a solid solution of zinc oxide 

spinel, other than excluding titanium oxide and manganese oxide, 

at 0.5 mo1%, titanium oxide, bismuth oxide, and manganese oxide 

totaling to 1.5 mol%; and nickel oxide and cobalt oxide totaling 

to 2 mol%. Next, aluminum nitrate was added at 10 ppm_ mol%, and 

then mixed in a ball mill for 20 hours and dried. Then, 

polyvinyl alcohol was added. The disk pressed was fired at 1300°C 

for 2 hours, thereby attaining a thickness of 1 mm. 

Distribution in operating voltage were as follows: 

(1) Conventional firing method 

Firing temperature: 0 ....... 1300"C; programming rate: lOO"C /hr; 

operating voltage and distribution: (3 sigma) 60+ 12V (voltage of 

lmA running in a varistor); process yield: 50% (product standard 

+ 10%). 

(2) Firing method 1 in the example of the invention 

No debinder process performed; programming rate from 0 ....... 650"C 

150"C /hr; programming rate from 650 ....... 950"C : 200"C /hr; 

programming rate from 950 ....... 1300"C : 150"C /hr; operating voltage 

and distribution: (3 sigma) 52+6.SV; process yield: 82% (product 
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standard + 10%). 

(3) Firing method 2 in the example of the invention 

No debinder process performed; programming rate from 0 ...... 650"C 

150"C /hr; programming rate from 650- ·95o"C : 200"C /hr; 

programming rate from 950 ...... 1300"C : 150"C /hr; maintained at 960"C 

for 1 hour; operating voltage and distribution: (3 sigma) 50+ 

6. 5V; process yield: 85% (product standard + 10%). 

(4) Firing method 3 in the example of the invention 

Debinder process performed; programming rate from o- 650"C : 

150°C /hr; maintained at 450°C for 1 hour; programming rate from 

650 ...... 950"C : 200"C /hr; programming rate from 950 ...... 1300"C : 150"C 

/hr; operating voltage and distribution: (3 sigma) 48+4.6V; 

process yield: 95% (product standard + 10%). 

(5) Firing method 4 in the example of the invention 

Debinder process performed; programming rate from o- 650"C: 

150"C/hr; maintained at 450"C for 1 hour; programming rate from 

650 ...... 950"C : 200"C /hr; programming rate from 950-- 1300"C : 150"C 

/hr; maintained at 960"C for 1 hour; operating voltage · and 

distribution_: (3 sigma) 47+ 4. 3V; process yield: 98% fproduct 

standard + 10%). 

(6) Firing method 5 in the example of the invention 

Debinder process performed; programming rate from o-- 650"C : 

150"C /hr; maintained at 350"C for 1 hour; programming rate from 

650--950"C : 200"C /hr; programming rate from 950-1300"C : 150"C 
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/hr; operating voltage and distribution: (3 sigma) 49+ 4. 5V; 

process yield: 99% (product standard + 10%). 

(7) Firing method 6 in the example of the invention 

Debinder process performed; programming rate from 0,..., 650"C : 

150°C /hr; maintained at 640°C for 1 hour; programming rate from 

650,..., 950"C : 200"C /hr; programming rate from 950,..,, 1300"C : 150°C 

/hr; maintained at 1025"C for 1 hour; operating voltage and 

distribution: (3 sigma) 50+4.5V; process yield: 99% (product 

standard + 10%) . 

Example 9 

First, the following ox.ides were mixed: zinc oxide at 96 

mo1%, oxide which mainly forms a solid solution of zinc oxide 

spinel , other than titanium oxide and manganese oxide, at 0. 5 

mo1%, titanium oxide, bismuth oxide, and manganese oxide totaling 

to 1.5 mol%; and nickel oxide and cobalt oxide totaling to 2 

mol%. Next, aluminum nitrate was added at 10 ppm mol%, and then 

mixed in a ball mill for 20 hours and dried. Then, polyvinyl 

alcohol was added. The disk pressed was fired at 1300"C for 2 

hours, therepy attaining a thickness of 1 mm. Gaps in operating 

voltage were as follows: 

(1) Conventional firing method 

Firing temperature: o- 1300"C ; programming rate: lOO"C /hr; 

operating voltage and distribution: (3 sigma) 6Q+12v (voltage of 

lmA running in a varistor); process yield: 50% (product standard 
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+ 10%). 

(2) Firing method 1 in the example of the invention 

No debinder process performed; programming rate from o- 650"C 

20P"C /hr; programming rate fr9m 650 ...... 950"C : 200"C /hr; 

programming rate· from 950 ...... 1300"C : 150"C /hr; operating voltage 

and distribution: (3 sigma) 52+8.0V; process yield: 64% (product 

standard + 10%) ; large amount of leakage current, occurrence of 

blistering in the product, frequent occurrence of cracking and 

breaking in the subs~quent process. 

(3) Firing method 2 in the example of the invention 

No debinder process performed; programming rate from o-- 650"C 

200"C /hr; programming rate from 650- 950"C : 200"C /hr; 

prograJJllQing rate from 950....., 1300"C : 150"C /hr; maintained at llOO"C 

for 1 hour; operating voltage and distribution: (3 sigma) 50+ 

7. 6V; process yield: 72% (product standard + 10%); large amount 

of leakage current, occurrence of blistering in the product, 

frequent occurrence of cracking and breaking in the subsequent 

process. 

(4) Firing _method 3 in the example of the invention 

Debinder process performed; programming rate from o- 650"C : 

200"C /hr; maintained at 450"C for 1 hour; programming rate from 

650-- 950"C : 200"C /hr; programming rate from 950- 1300"C : 150"C 

/hr; operating voltage and distribution: (3 sigma) 51+6.2V; 

process yield: 78% (product standard + l,0%); large amount of 
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leakage current, occurrence of blistering in the product, 

frequent occurrence of cracking and breaking in the subsequent 

process. 

(5) Firing method 4 in the example of the invention 

Debinder process performed; programming rate from o- 650°C: 

200°C /hr; maintained at 450°C for 1 hour; programming rate from 

650- 950°C : 200°C /hr; programming rate from 950--1300°C : 150°C 

/hr; maintained at llOO°C for 1 hour; operating voltage and 

distribution: (3 sigma) 50+ 6.0V; process yield: 80% (product 

standard + 10%) ; large amount of leakage · cufrent, occurrence of 

blistering in the product, frequent occurrence of cracking and 

breaking in the subsequent process. 

Example 10 

First, the following oxides were mixed: zinc oxide at 96 

mol%, oxide which mainly forms a solid solution of zinc oxide 

spine!, other than titanium oxide and manganese oxide, at 0.5 

mol%, titanium oxide, bismuth oxide, and manganese oxide totaling 

to 1. 5 mol%; and nickel oxide and cobalt oxide totaling to 2 

mol%. Next,_ aluminum nitrate was added at 10 ppm mol%, and then 

mixed in a ball mill for 20 hours and dried. Then, polyvinyl 

alcohol was added. The d1sk pressed was fired at 1300°C for 2 

hours, thereby attaining a thickness of 1 mm. Distribution in 

operating voltage were as follows: 

(1) Conventjonal firing method 
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Firing temperature: 0--1300°C; programming rate: lOO°C /hr; 

operating voltage and distribution: (3 sigma) 60+ 12V (voltage of 

lmA running in a varistor); process yield: -50% (product standard 

+ 10%). 

(2) Firing method 1 i~ the example of the invention 

No debinder process performed; programming rate from .0 ...... 650°C 

lOO°C /hr; programming rate from 650-- 950°C: 300°C /hr; 

programming rate from 950-- 1300°C : 150°C /hr; operating voltage 

and distribution: (3 sigma) 46+5.3V; process yield: 90% (product 

standard + 10%); no change in process yield of 90% observed after 

maintaining the temperature at 975°C for 5 hours. 

(3) Firing method 2 in the example of the invention 

No debinder process performed; programming rate from 0 ...... 650°C 

lOO°C /hr; programming rate from 650-- 950°C : 300°C /hr; 

programming rate from 950 ...... 1300°C : 150°C /hr; maintained at 1200°C 

for 2 hours; operating voltage and distribution: (3 sigma) 45 + 

5 .1 V; process yield: 93% (product standard + 10%). 

(4) Firing method 3 in the example of the invention 

Debinder process performed; programming rate from o-- 650°C : 

lOO°C /hr; maintained at 640°C for 1 hour; programming rate from 

650-- 950°C : 300°C /hr; programming rate from 950-- 1300°C : 150°C 

/hr; operating voltage and distribution: (3 sigma) 45+3.lV; 

process yield: 100% (product standard + 10%) . 

(5) Firing method 4 in the example of the invention 
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_ Debinder process performed; programming rate from 0 ........ 650°C : 
. 

lOO°C /hr; maintained at 640°C for 1 hour; programming rate from 

650 ........ 950°C : 300°C /hr; programming rate from 950_; 1300°C : 150°C 

/hr; maintained at 1200°C for 2 hours; operating voltage and 

distribution: (3 sigma) 41+2.7V; process yield: 100% (product 

standard + 10%). 

Example 11 

First, the following oxides were mixed: zinc oxide at 95 

mol%, oxide which mainly. forms a solid solution of zinc oxide 

spinel, other than titanium oxide and manganese oxide, at 0.5 

mol%, titanium oxide, bismuth oxide, and manganese oxide totaling 

to 3. 5 mol%; and nickel oxide and cabal t oxide totaling to 1 

mol%. Next, aluminum nitrate was added at 10 ppm mol%, and then 

mixed in a ball mill for 20 hours and dried. Then, polyvinyl 

alcohol was added. The disk pressed was fired at 1300°C for 2 

hours, thereby attaining a thickness of 1 mm. Distribution in 

operating voltage were as follows: 
. 

(1) Conventional firing method 

Firing _temperature: 0 ........ 1300"C; progra~ing rate: lOO"C /hr; 

operating voltage and distribution: (3 sigma) 60+12v (voltage of 

lmA running in a varistor); process yield: 50% (product standard 

+ 10%). 

(2) Firing method 1 in the example of the invention 

No debinder process performed; programming rate from o ........ 650"C 
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lOO°C /hr; programming rate from 650- 950°C : 500°C /hr; 

programming rate from 950-1300°C : 150°C /hr; operating voltage 

and distribution: (3 sigma) 45+5.6V; process yield: 90% (product 

standard + 10%) . 

(3) Firing method 2 in the example of the invention 

No debinder proces~ performed; programming rate from o- 650°C 

lOO°C /hr; programming rate from 650- 950°C : 500°C /hr; 

programming rate from 950-- 1300°C : 150°C /hr; maintained at 1150°C 

for 1 hour; operating voltage and distribution: (3. sigma) 44+ 

5.0V; process yield: 92% (product standard + 10%). 

(4) Firing method 3 in the example of the invention 

Debinder process performed; programm~ng rate from 0 ....... 650°C: 

lOO°C /hr; maintained at 600°C for 1 hour; programming rate from 

650-- 950°C : 500°C /hr; programming rate from 950-- 1300°C : 150°C 

/hr; operating voltage and distribution: (3 sigma) 43+3.2V; 

process yield: 100% (product standard + 10%) . · 

(5) Firing method 4 in the example of the invention 

Debinder process performed; programming rate from o- 650°C: 

· lOO°C /hr; majntained at 600°C for 1 hour; programming rate from 

650- 950°C : 500°C /hr; programming rate from 950-- 1300°C : 150°C 

/hr; maintained at 1150°C for 5 hours; operating voltage and 

distribution: (3 sigma) 41 + 2. BV; process yield: 100% (product 

standard + 10%). 

(6) Firing method 5 in the example of the invention 
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Debinder process performed; programming rate from o-.. 650"C : 

lOO"C /hr; maintained at 600"C for 1 hour; programming rate from 

650-- 950"C : 500"C /hr; programming rate from 950--1300"C : 150"C 

/hr; maintained at 1150"C for 100 hours; operating voltage and 

dis tr i but ion: ( 3 sigma) 39 + 3. 2V; process yield: 95% (product 

·standard + 10%) . 

(7) Firing method 6 in the example of the invention 

Debinder process performed; programming rate from o-- 650"C : 

lOO"C /hr; maintained at· 600"C for 1 hour; programming rate from 

650-- 950°C : 500°C /hr; programming rate from 950 ...... 1300°C : 150°C 

/hr; maintained at 1150"C for 2 minutes; operating voltage ~nd 

distribution: (3 sigma) 42+ 3.0V; proc~ss yield: 100% (product 

standard + 10%) . 

Effects were not confirmed when the time maintained in 

the range of 1025 ...... 1200"C was shorter than 2 minutes and longer 

than 100 hours. 

When· the programming rate was 500"C /hr and higher, the .. 
damage done to the products was so great that this method could . 
not be consldered as an industrial production method. 

Example 12 

First, the following oxides were mixed: ·zinc oxide at 

93. 5 mol%, oxide which mainly forms a solid solution of zinc 

oxide spine!, other than titanium oxide and manganese oxide, at 

0.5 mol%, titanium oxide, bismuth oxide, and manganese oxide 
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totaling to 1.5 mol%; and nickel oxide and cobalt oxide totaling 

to 2 mol%. Next, aluminum nitrate was added at 10 ppm mol%, and 

then mixed in a ball mill for 20 hours and dried. Then, 

polyvinyl alcohol was added. The disk pressed was fired at 1300"C 

for 2 hours, thereby attaining a thickness of 1 mm. Distribution· 

in o\>9rating voltage were as follows: 

(1) Conventional firing method 

Firing temperature: 0-1300"C; programming rate: lOO"C /hr; 

operating voltage and distribution: (3 sigma) 57d:11V (voltage of 

lmA running in a varistor); process yield: 50% (product standard 

+ 10%). 

(2) Firing method 1 in the example of the invention 

No d~binder process performed; programming rate from 0--650"C 

lOO"C /hr; programming rate from 650-- 950"C : 175"C /hr; 

programming rate from 950-- 1300"C : lOO"C /hr; operating voltage 

and distribution: (3 sigma) 51+5.8V; process yield: 92% (product 

standard + 10%). 

(3) Firing method 2 in the example of the invention 

No debipder process performed; programming rate from 0--650"C 

lOO"C /hr; programming rate from 650-- 950"C : 175"C /hr; 

programming rate from 950-- 1300"C : lOO"C /hr; maintained at llOO"C 

for 1 hour; operating voltage and distribution: (3 sigma) 49+ 

5.5V; process yield: 95% (product standard + 10%). 

(4) Firing method 3 in the example_ of the invention 
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Debinder process performed; programming rate from 0 ....... 650"C : 

lOO"C /hr; maintained at 450°C for 1 hour; programming rate from 

650-- 950°C : 175"C /hr; programming rate from 950 ....... 1300"C : lOO"C 

/hr; operating voltage and distribution: (3 sigma) 47+ 3.9V; 

process yield: 99% (product standard + 10%). 

(5) Firing method 4 in the e~ample of the invention 

Debinder process performed; programming rate from 0 ....... 650"C : 

lOO°C /hr; maintained at 450°C for 30 minutes; programming rate 

from 650 ....... 950"C : 175"C /hr; programming rate from 950- 1300"C : 

lOO°C /hr; maintained at llOO°C for 1 hour; operating voltage and 

distribution: (3 sigma) 46+ 6.0V; process yield: 89% (product 

standard + 10%); The debinder process can be judged as being 

performed for too short a time. 

(6) Firing method 5 in the example of the invention 

Debinder process performed; programming rate from 0 ....... 650°C: 

lOO"C /hr; maintained at 350°C for 10 hours; programming rate from 

650 ....... 950"C : 175"C /hr; programming rate from 950--1300"C : lOO"C 

/hr; operating voltage and distribution: (3 sigma) 48+4.lV; 

process yield: 99% (product standard + 10%) . 

(7) Firing method 6 in the example of the invention 

De binder process performed; programming rate from o-- 650"C : 

lOO"C /hr; maintained at -250"C for 1 hour; programming rate from 

650-- 950°C : 175°C /hr; programming rate from 950-1300"C : lOO°C 

/hr; operating voltage and distribution: (3 sigma) 48+4.BV; 
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process yield: 92% (product standard + 10%) . 

Debinder effects were not confirmed when the temperature 

of the debinder process was 350"C or lower. Therefore, the 

pref er able de binder conditions comprise maintaining the 

temperature in the ra~ge of 350-- 650"C for more than 30 minutes. 

Data . obtained in the above-mentioned examples and 

comparative examples are shown in FIG. 2. In FIG. 2, the point 

at lOO"C indicates Example 1. - (1) (conventional example); the 

point at 150°C indicates Example 4 - (4); the point at 175"C 

indicates Example 12 - (4); the point at 200"C indicates Example 

8 - (4); the-point at 300°C indicates Example 10 - (4); and the 

point ~t· 500"C indicates Example 11 - (4). As clearly shown in 

FIG. 2, it was confirmed.that the sintered products manufactured 

by the methods of the invention showed only small distribution in 

operating voltage. 

As mentioned above, according to the examples of the 

invention, various additives which are used in a zinc oxide 

varistor for improvement of reliability mainly form a solid 

solution of _zinc oxide spinel at a relatively low temperature of 

650,..... 950"C - during the firing process. Therefore, when the 

programming rate is reduced in this temperature range, a large 

amount of these compounds will be present. These compounds exist 

in the particle field and interfere with the particle growth 

around the temperature in which particles grow to form secondary 
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recrystallization. When these compounds are present in excess, 

localization will take place, which causes the particles to grow 

ununiformly. Thus, by enhancing ·the programming rate in the 

temperature range of 650 to 950"C, the distribution in particle 

size can be reduced considerably. Similarly, by performing a 

debinder process to carbon which has negative effects, the size 

of particles became even more uniform. A further improvement can 

be attained ~Y maintaining the temperature range of particle 

. growth of 1025- 1200°C for many hours. As a result, it is 

possible to manufacture a zinc oxide varistor with particles 

which are relatively large and uniformly formed. In addition, in 

the process of firing the zinc oxide sintered compact body. the 

solid solutiori of zinc oxide spine! solid solution mainly control 

the growth of particles. Since a small amount is formed in the 

primary phase temperature of the solid solution of zinc oxide 

spinel ranging from 650- 950"C , the number is controlled by 

enhancing the programming rate. At the same time, by performing 

a debinder process and maintaining the temperature range of 1025-
• 

1200°C for ~any hours, the size of zinc oxide crystal is intended 

to become uniform. As a result, this invention was effective in 

reducing the distribution of operating vo.l tage to about 1/3, 

improving the yield from 50% to 100%, and also leading to 

improvement of distribution in surge characteristics at short 

wave pulse of 2500A to 2/3. 
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WHAT IS CLAIMED IS: 

1. A method of manufacturing a zinc oxide sintered 

compact body comprising the step of burning a zinc- oxide varistor 

composition comprising zinc oxide at 78 mol% or ·more, magnesium 

oxide at 0 to 20 mol%, bismuth oxide at 0.1 to 2 mol%, Ti02 at 

0 .1 to 2 mol%, and antimony oxide. (as Sb203 ) at 0. 01 to 0 ._5 mol%, 

wherein said zinc oxide varistor compound is burned at the 

programming rate of 175 to 500°C /hr in the temperature range of 

from 650 to 950°C comprising a primary phase temperature range of 

a solid solution of zinc oxide spine!, and at the programming 

rate· of 30 to 500°C /hr in the range of from 950 to 1300°C . 

2. The method of manufacturing a zinc oxide sintered 

compact body as claimed in claim 1, wherein the zinc oxide 

varistor composition is provided with cobplt oxide- (as CoO) at 0 

to 3 mol%, nickel oxide at 0 to 3 mol%, manganese oxide (as MnO) 

at 0 to 3%, magnesium oxide at 0 to 20 mol%, chromium oxide 

(Cr
2
o

3
) at 0 to 0.5 mol%, tin oxide (Sn02 ) at 0 to 0.5 mol%, and 

one substance at least containing aluminium or gallium which 

forms an oxide during the f_iring process at 0 to· 50 ppm, for 

forming ·a solid solution of zinc oxide spinel essentially having 

the following formula (Formula i>. 

(Formula 1) 

zn3_x (Sb, Ti, Sn, Cr, Mn)x o4 

3. The method of manufacturing a zinc oxide sintered 
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compact body as claimed in claim l, wherein the firing 

temperature of zinc oxide ranging from 1025 to 1200°C is 

maintained for 2 minutes to 100 hours. 

4. The method of manufacturing a zinc oxide sintered 

compact body as claimed in claim l, wherein the burning process 

takes place after adding a binder at 2 to 10 weight % and press-

molding. 

5. The method of manufacturing a zinc oxide sintered 

compact body as claimed in claim 1, wherein the burning process 

takes place after adding a binder at 10 to 50 weight %, and 

forming a thin film by a dicoater method or a doctor blade 

method. 

6. The method of manufacturing a zinc oxide sintered 

compact body as claimed in claim 5, wherein the thin film formed 

by a dicoater method or a doctor blade method is formed into a 

laminated chip before being fired. 

7 . The method of manufacturing a zinc oxide sintered 

compact body as claimed in claim 4, wherein prior to performing 

the main fjring in the primary phase temperature range, a 

debinder process is performed in advance at 350 to 650"C and in 

an oxygen-conta~ning atmosphere, and then the main firing takes 

place after the atmosphere is ch~nged or in a separate furnace. 

8. The method of manufacturing a zinc oxide sintered 

compact body as claimed in claim 4, wherein at the time when the 
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main firing in the range of primary phase temperature is 

performed, a debinder process is performed in advance at 350 to 

650"C and in an oxygen-containing atmosphere. 

9. The method of manufacturing a zinc oxide sintered 

compact body as claimed in claim 2, wherein at least two types of 

oxide selected from the group consisting of cobalt oxide, 

manganese oxide, and nickel oxide are added. 

10. The method of manufacturing a zinc oxide sintered 

compact body as claimed in claim 2, wherein Cr oxide and Sb oxide 

are each added at an amount of more than 0. 01 mol % up to 0. 5 

mol%. 


