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INDUSTRIAL CO., LTD., a Japanese
Company of 1006 Kadoma, "Osaka, Japan,

_do hiereby declare thie “invention for “which'
pray that a patent may be graited to us:
andthemethodby which it is to be per-

formed to be particulaily described m and
by the following statement:—

This invention is concerned with voltage
dependent resistors of the bulk type.

Various voltage dependent resistors such
as silicon carbide varistors, selenium rectifiers

and germanium or silicon p-n junction diodes,
have been widely used in the past for the

stabilization of voltage or current in .elecirical

. circuits. The electrical charactmstlcs of such

20

25

30

35

voltage dependent resistors can be exprmsed
by the formula:

I=(—p
“(C)

where V is the voltage across the resistor, I
is the current flowing through .the resistor,
C is a constant corresponding to the voltage
at a given current, and » is a number greater
than. 1. Thevalucofncanbecalculatedfrom
the followmg equation:

10810(12/ 11)

T T e———————
logo(V2/ V:)

where V, and. V, are the voltages at given
currents I, -and I, respectively. The given
currents I, and I, are conveniently 0.1 mA
and 1 mA, respectively. The desired value
of C depends upon the kind of use to which

the resistor is to be put. It is ordinarily

-dwrableﬂwtthevalueofnbeashrgeas

possible since ‘the size of » determines the
extent to which the resistors depart from
Ohm’s law.. .

Voltage dependent resistors which compnse
a sintered body of zinc oxide (with or without
additives) and silver paint electrodes applied
thereto, are known. The non-linearity of these
[Price 25p)

We, MATSUSHITA ELECTRIC-

varistors is atm'rbuted to thﬂ mterface between-

the sintered’ bedy and the ‘silver” paint elec-
trode .and is. controlled ‘mainly by changing
the: composition of ' the sinitered body and/or

silver paint electrode. Thus, it is ot edsy to-

control the C-value over a wide range after

45

the sintered body has been prepared. Similarly,
in varistors campnsmg germm11um or silicor-

p-n junction diodes, it is difficult to control
the C-value over a wide range because the
non-linearity of these varistors is attributed
_not to the bulk but to the p-n ;unctwnn-_ On
“the other hand, ‘silicon carbide varistors have
non-linearity due to the contact between indi-
vidual grains of silicon carbide bonded together
‘by a ceramic_binding miaterial, ie. to the
bulk, and the C-value is comrolfed by chang-
ing a dimension in the direction in which the
current flows through the varistors. The
silicon carbide varistors, however, have a
_ relatxvely low n value, usually from 3 t0 6. .
We have now devised a sintered body
_useful for a voltage dependent resistor of the
bulk type, and from which body resistors’ can
‘be made which are characterized by =& high
C-value, a high » value and high: stability 't
temperature,
Further, resistors can be made from the sin-
tered bodies of the inventiom, which have
a high resistance to surge cutfent.
~ According to the. mvenwon, ‘there is’ pro'
vided a mnuered bod§y consisting essennallv ‘of
a major proportion of ZnO and a minor
proportion ‘of an ‘additive which is from 0.05
to 20.0 mole percent Si0, and ftom 0.05 to
18.0 mole percent, in total,” of one or more
of the -oxides Bi,0,, CoO, MnO, BaO, SrO;
PbO, Sb,0;, Cr.0,, and NiO, each of the
_ latter exides not being present in' an amount
of more than 10.0 mole percent.

Unless otherwise stated, all the mole per<
centages given Herein are based on the whole
of the sintered body. |

Preferably, Sb,0s, G‘l'go” or NiO or a
mixture of two or more thereof are present
only when Bi,O, is present.

The invention also includes a voltage
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by the follow ng statenment: -
germaniumor silicon This invention is concerned with voltage

In varistors conprising
p-n junction

diodes, it is difficult to control 10 dependent resistors of the bulk
t ype. the C-value over a w de range because the 50 Various voltage
dependent resistors such non-linearity of these varistors is attributed as

not to the bulk but to the
t he ot her

silicon carbide varistors, seleniumrectifiers
p-n junction. On and germani-umor silicon p-n Junctlon di odes,

hand, silicon ;_car bi. de vari stors have haygghggen W deI y used i n the pastzfor

the non-|ipgarty—dte— .' e . : - -

vol tage or currERRCE CWW%&I _

together 55 cigEly "tﬂ. Eg mg @’?ﬁ%ﬁeﬂ’%&m ' \gamc
sged

bi ndi ng mat eri Al L e . o resustors can be expre
bul k, and thé- anﬁoaeﬂlesad@am o$IOedn<bynecWa g

c) |adkﬁnve consists 30 -
|ngad|menS|o_-‘f“' #ﬁé%@@cﬂ”@n%%m%t %ﬁ mggg_zn ﬁ’éﬁg@e
varistors. The: frﬂghm'nvaluwcanbeobmmed5| 16 Qoo MO S Ve | ‘hfafesof 01 . -

however, have : smy\balmle tol30) aolle \pefcind 86,5 B1 Go 30émddav e

now devi sedl‘hsé%tm;%? d§1020ﬂndwh iﬁg :ﬁ@ agboéévé%mﬂhemm 35
resistor, nt Stivk NEonld T ENT
: ﬁausam ol)ﬁ%élmt‘% ¥

f1ow ng througmxtdlasepi&ﬁﬂ n@rfmm Mp&le M;re:e&ksto;;s can
Cis a constantpmttr espondi ng to the vol ta eltobiaomddgerwmlbma,amemeole

characterizelf En\n' Othgr snteed dodiey e t'E,eur t C%g:é? 3§m % Eaf"er
‘mo. z s’

G val ue, ‘a hig het] o Gt md,étst n can
be cal cul at ed fd’sﬁﬁﬂeﬂy beoPes B0l fmble phrddit gid,.y oamﬁsomonwmcboa
0.1 - t0-3.0 mole percent Bi,Os; and one or Table 1 hereinafter shows some optimum
20 more of 0.1+to 3.0 mole:percent 8b,0,,. 0.1 additive compositions for producing a voltage: 45
to 3.0 mole- percent: Crg(),, and 0.1 t030 dependent resistor having a high » value, a
high -C value, a high stability to temperature,
humndm:y and electric Iload and a Ingh

. mole percent NiO;: _ _
. (b) those. wherem the - addmve COﬂSlStS'

essent:ally of 0.1 to 10.0 mole percent SiO,,
01 to 30 mole percent Ble,,, 01 to 3.0

TABLE 1

resistance . to sm'ge current., - -

Optlmum Composmon of Addmves (mole %)

500 [ 50, [ o0 | mm0 | so0r | 0w | o
0.1~10 | 0.1~3.0 | — = a0 | = | =
0.1~10 | 0.1~3.0 | — - — |o1~0 | —
0.1~10 '_':__'_b.‘_l';_'_a.q__." R — — o~ 0.1~3.0
0.1~10 | 0.1~3.0 | — —  Joi~30 [0ass0 | —
01010 | 0.1~3.0 | — — " oa~zo | T~ | o130 |
0:ni0 | 04n30 [ — — | = ] 61~3.0 ] 01~3.0
'p'_;'i~'16""_' 0d~30 [ = | —— 0.1~3.0 |.0.1~3.0 | 0.1~3.0
[0.1~10"| ‘0.1~3,0 | 01830 — 0.1~3.0 - —_—

lo1~10 | 01430 | 0.130 | = — 0.3~3.0 —
0.1~10 | 0.1~3.0 | 0.1~3.0.| — - = | 0a~30
01~10 | 0.1~3.0 | 0.1~3.0 | — 0:1~3.0 | 0.1~3.0 | —

Toa~10 [ oams0 [ 0030 | = Joaes0 | —  [oaes0

--,.}61',:.1_,;'1'0'_' C0.1~3.0 | 0.0x3.0 | — — | 01~3.0 | 0.1~30

10.1~10 | 0.1~3.0 | 0.1%3.0 [ — 0.1~3.0 | 0.1~3.0 | 0.1~3.0°
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made fromthe
a high resistance to surge current.

si n-

the foll ow ng equation:

tered bodies of the invention,

IuvcuLlUH

tttere s pro- [err]

Furt her,

resistors can be
whi ch have [err]

70 According to the

vided a sintered body

consisting essentially of a major proportion of ZnO and a m nor where

[err]

and [err]

are the voltages at given

is fromO.05 currents ferr] and [err],

nol e pércent [err]

respectively. The given

to 20.0

and from 0. 09,35848275 currents [err] and [err3] are

conyeniently 0.1 mA

15. 0 nol e percent,

I'n total

of one or

"mA, Tespectively. The desiredARIE L (comiuadhe oxi des [err],
SrO, af .C depends upon the kind of use to which PbQ, err] :
each ofIhgo,hq ragest or icgot o beppgt - |1 tgpl, Of didgy, | -
-bei ng pr n—an-agount de$irble that the Lalue’of
mor e t hapP-191Q ﬂe3¢bncenr 0.1~3.0 (BD~®QS>Lbke-sinceffhe_
determn tLie Unl£9s otherM all the e, per- 35 ¢
. 1L 0.153, ~3.0 193 981 - 22
whi ch the resi gt ors depart’ fror OS?c"éntélges give rIP.__ereln are bal
whol e Chpe.3~kaW. 0.1~3.0 .| — 0.1~3.0 =E>of +he piont~e3/@d
Vol t age ﬁg resj gtors mhi%r C I S 'réﬁea'b y, [err
a sinter e‘g?ﬁ ay {’)‘fl"'?r&ng oxTde fﬁgt?rj vﬂ'f’ﬁ%’&t &{‘ﬁre of two
t hereof po.e~po gsent.3 B9 additiyem)~a/d|so.lusn bai nt. el pai r.0sl@s
only wheh kerr] IS pregent 40 {thereto are-kn?mn. The|{ non-1in
these |%ha!l fvBdcidh al sT i n¢l Wded-0a)volTage| 0-1~3.0 | 0.1~3.0
' 0.1~10 | 0.1~3.0 - 0.1~3.0 | 0.1~3.0 [ 0.1~3.0 | 0.1~3.0
0.1~10 | 0.1~3.0 | 0.1~3.0 | 0.1~3.0 | 0.1~3.0 - —_
0;1~10. | 0.1~3.0 | 0.1~3.0 | 0.1~3.0 _ 0.1~3.0 —
0.1~10. | 0.1~3.0 | 0.1~3.0 | 0.1~3.0. — — 0.1~3.0
) 0:1~10 | 0.1~3.0 | 0.1~3.0 | 0.1~3.0 | 0.1~3.0 | 0.1~3.0 | ' —
0.1~10 | 0.1~3.0 | 0.1~3.0 | 0.1~3.0 | 0.1~3.0 | — | 0.1~3.0
) 0.1~10 | 0.1~3.0 | 0.1~3.0 | 0.1~3.0 - 0.1~3.0"| 0.1~3.0
0.1~10 | 0.1~3.0 | 0.1~3.0 | 0.1~3.0 | 0.1~3.0 | 0.1~3.0 01~30
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One form of resistor of the mventmn 'is
illustrated, merely by way of example, in the
accompanying drawing which is a partly

cross-sectonal view thereof. Referning to the

drawing, - the voltage dependent resistor 10
comprises, @s its active element, & sintered
bodylhawngapaarofelecﬁrodesZandS
applied to opposite surfaces thereof. The sin-
tered body 1 is prepared in a manner herein-
after described and is in any shape such as
circular, square ar rectangular plate form.
Wire lwds 5 and 6 are attached to the elec-
trodes 2 and 3, respecnvely, by a connection
means 4, such as solder.

The smtered bodies of the invention can

~be ‘prepared by well known sintering tech-

niques. . Thus, for example, the components
are mixed in a wet mill to produce a homo-
geneous mixture. The mixtures are dried and
pressed in a mould to the desired shape at
a pressure from 100 kg/cm2 to 1000 kg/cm®.
The bodies are sintered in air at

1000°C to 1450°C for from 1 to 10 hours,
and then furnace-cooled to room tempm‘atm'e
(about 15° to about 30°C).

“The mixture can be preliminarily calcined

at 700° to 1000°C and pulverized for easy
fabncatxm m the subsequent pmsmg step.

The mixture to be pressed can include a
suitable binder such as water or polyvinyl
alcohol.

It is advantageous that the sintered body

‘be lapped at the opposite surfaces by abrasive

powder such as silicon carbide gmerally with

. a particle size of from 10 to 53 microns.

The sintered bodies may be provided, . at
opposite surfaces thereof, with electrodes for
example, of aluminium and/or copper by any

. available and suitable method, for example,

by spray metallization, -
Izadwuescanbeattachcdtotheelec—
trodes in a conventional manner, for example
by using solder having a low melting point.
It is often convenient to employ a conductive
adheswe compnsmg silver powder and resin
in en organic solvent in .order to connect the

-lead wires to the electrodes.

Voltage dependent resistors according " to
this invention have a high stability to tem-

_perature and in the load life test, which is

carried out at 70°C at a power rating for
1000 hours. The # value and C value do not
change much’ after heating cycles and the
load life test. Similarly, voltage dependent
resistors according to this invention show a
high surge resistance. It is advantageous for

proportion of an additive which

r nore 30 and 1
.CoO, MO BaO
[err] and N Q

oxi des not

| arge as
ize of n
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[Price 25p] 2 . . 1, 358, 482.

2 dependent resistor which conprises a sin- nole percent CoO and one or
nore of 0.1 tered body according to the invention and a to 3.0 nole
percent [err], 0.1 to 3.0 nole pair of electrodes in contact with said
body. = -percent [err] and 0.1 to 3.0 nole percent In one preferred
sintered body of the NGO 5: invention, the additive is [err] and one or
(c) those wherein the additive consists 30 nore of [err] CoO MO BaQ
SrO and essentlally of 0 1 to 10 0 nnlgﬁmemﬁent [err] PbO 4
01to 3.0 : — et ' _ i

be obt ai ned 'E: fohy (Stakilf ﬁmﬁ & el?cﬁéd%d‘ﬂqtd?ev
consi sts essenm “ easperﬁ?&ha ﬁitrﬂw mv&m:ﬂ-m&ﬁb@-.(&:j@sg) 0

10 to 10 nol eapepa@ﬁwn[arph}noafedndn& 'ovalumrtfelly msteud; tl@édiﬂi!}lmgfﬁﬂdnpﬂbs

nol e percent 3 ) HOHNND and PbQ
t he amount of while > es ift | mms aﬁf IeViEix
consi sts oxi deSmhies Bl the elvﬂgemp - oﬁSSl@rﬂ:Ts. meﬁe& 1t
10. 0 nol e per C eintered chody} esCcibmt the nonhnemrty drmd and pmsed in a mould into adisofl 200
3.0 nol e perkoer?fg ?1 &% % afa @/%ﬂéﬂ“é‘!ﬂ’!%
bodi es of the & 37381 ¢ epl’%%‘mt
| TABLE 2
-Compommondemtued S I t " ‘Blectrical -
Body (mol %) . ~ Characteristics
-+ : : Furthet : Temp. ‘| Thickness | € :
700 | 50, | Additves | (C) | (umy | @rIma) | =
L o 20 | e |62
945 } 5 |B,0, 05 1™ | 15 | 26 |63
10 | 8 | 61
o5 5 fco® 05| 126 f 15 [ B3 | 74
| 1w k2 73
_ | 2.0 224 8.0
[oaes5f 5 |Moo 05| 1% | 5 | 7 [81 |
il ‘e [ om fsa |
‘a5 | 5 [BO 05| 1m0 | 15 | 23 |74 |
o SR XA R /N O XN
- _ 1. 20 30 |54 |
loas | 5 [so 05| a0 | 15 | 25 |53
1 o re | it |54 |
S DU o [ z2e | om0 59 |
945 | 5 [P0 05 1200 | 1.5 | 50 |59 |
| SR ER L e ] e | 58 |

The pressed body is- smtered in-air for 1 carblde abrasive havmg -a pamclc size . of 30
25 hour at the tempesnature.shown. in Table 2, about 28 microns. The. opposite surfaces: of
and- then firnace-coolsd. to room temperature thesmtcreddmscare*prowdedwxﬂzaspmy
(about 15°C. te. about - 30°C): . The sintered metallized film of aluminium in the conven-
disc is lapped to the thickness listed in Table tional manner. Lead wires are attached to the

2 at the opposite surfaces thereof by silicon aluminium electrodes by means of conductive 35

2



i nvention are as foll ows:

nol e percent (a) those wherein the additive consists
nol e percent [err],
——t-0-3-0--1pl-e—percent

and one or nore of

[err], O.
and essentially of 0.1 to 10.0 nole percent [err] 0.1

NrO~ 0.1 to 3.0 nole percent [err], and one or

0.1to 3.0
1to 3.0

Tabl e

1 hereinafter shows sone optimum 20 nore of 0.1 to 3.0 nol e percent
[err],

percent [err]
nDIe pﬁrcent Ni O

0.1 additive conpositions for
and .0.1 to 3.0 dependent
1,358,482

produci ng a vol tage
resi stor having a high
hi gh C val ue,

45 to 3.0 nol e

n val ue, a

a highsstability to

ratyre D) 1 L n.LN [V SIStsS _Nu d]I and
e T o PR R SRS
re5| Staﬂf:ﬁlltbeuﬁldﬂ% ms:tl‘;.‘lﬂ:eﬂngza{lﬁlg kepD ewermnht {eﬁpﬂ&e}- 3%01 to 3.0
TABL ﬁ%?¢%%ﬂ]€@wﬁb Sp ﬁmﬁmﬂl YW @) ‘MO
[errF;P . N|C)O ég%gg. i& 3]
_ U 7 Lrd G Qeo times 8><20' i
O.l[err]aﬁiﬁ'wselgllliﬂmsamemannmasdmbeﬂ) peak f%ﬁg}g Gmpﬁgs)‘ % %5 -
0.1 E?:R [ 10 1-3 a curggne] of3 ampqps 3.
0.1 Fgﬁimlz Eglhﬁzigghlssmze- :if&gzmq?mms Egl o hahdee-O
0. 1[ e I Jesoldd to: room temperature (abaut 101 I'stodd that o{';j a lngh n value,
0.1] e”]“M3°°°) The Smmm[@ial’i’ea @ O méleﬂr‘]am@ at & Qivh] G0l mA O, 1[err] 3.0
0. 1- 31 ﬁ anm tggreof using a silicon ' 40
5 ing a particle size .of
about 28 micrens, The resulting sintered disc .- Example 3.
is 10 mm in diameter and 1.5 mm thick. The - The materials shown in Table 4 “are

20

25

- opposite surfaces of the sintered disc are pro-

vided with a spray metallized film of

aluminium. Lead wires are attached to the -

aluminium electrodes by means of conductive
silver paint. The resultant resistors are tested
in -accordance with methods widely used in
the electronic components field. The load life
test is carried out at 70°C ambient tempera-
ture at 1 5 watt power rating for 1000 hours.

pressed, fired, lapped, attached to clectrodes
and then tested in the same mammer as in
Example 2. The electrical characteristics off
‘the resultant resistors are shown in Table 4.
It will be understood that the resistors with
a -composition givenr in Table 4 have -a high
n value, high C value and excellent stability,
particularly for the impulse test.

45

50
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0.1[err]3.0

3

0.13.0
Ni O0.1[err]10
Herr]

0.1[err]3.0

3
0-

4

3 TABLE 1 (continued) [err] "

0.1[err]3.0
0.1[err]3.0
0.1[err]3.0°

[err]

[err]

0.1[err] 3. O4,35848.1[err] 3.0 0. 1[err] 10

0.1[err] 3.0 .
0.1[err]3.0
O IferTisTo

P

0.1[err]3.0

MhO

0.1[err]3.0 O0.1[err] 10

0.1[err]3.0
0.1[err]3.0
0.1[err]3.0 "

6

CoO

0.1[err]3.0

0.1[err]3.0 0.1ferr]10 O0.1[err]3.0 O0.1f[err]3.0

0.1[err] 10
0.1[err] 10
0.1[err] 3.0
1, 358, 482
0.1[err] 3.0
0.1[err]3.0
0.1[err] 10

[err]
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merely by way of exanple,

in the 1368,48bl

e bi nder such as water  @r

0.1[err] 10 0.1[err]3.0 0.1[err]3.0 0.1[err]3.0 0.1[err]3.0
0.1[err]3.0 - 0.1err] 10 0.1[err]3.0 0.1[err]3.0
0.1[err]3.0 0 1[err] 3.0 - 0.1[err]3.0 0.1f[err] 10
—01 F3:0~ 0 1[err[3.0 0.1[err] 3.0 - 0.1[err] 3.0
0.1[err]3.0 O. l[err]lo 0.1[err] 30 0.1[err] 3.0 0.1 [err]3.0
0.1[err]3.0 0.1[err]3.0 0,1[err]3.0 One formof resistor of the
invention is The mxture t'o be pressed can include a 30 illustrated,

p0|YK~, acconpanying drawi ng which 1s a partly alconol. 5
cross~Sectonal view thereof. Referring to the - It is advantageous that
t he S|ntered body drawnng, the voltage dependent resistor 10 be |apped- at
t he op urfaces by abrasTve CoONMpriSES, —as TS dactTve el enmemnt] a
si ntered| - ef [suckh as siliecos aarhide, genesald y i bh &35 bedywli having a
pair of Od( Z*an? 3‘ a{ pafrtmcl*‘p 5‘1 q‘ o‘P‘ Tro’ml;'o %0 '153'?nc"rpns.
applied osiite surfaces thereof The fhe si ntered bod| es may
be provif t 30 tered body 1 1s prepa ed in a manner herein- ppposite
sur f aces|t @b, °=W|rh Bl et Ppdes ore af ¢R descni kedmang i i ahy shape
such as 18| Jof Tal TiniThi &n EndForT c&ppdr By Fhnyt ciff ¢l &, Balafe ar
rectangular}ipliate form available apd suitable nethod, for exanple, 40
Wre | eafis, §and are attached to the elec- by spray netalllzatlan.
trodes. 2| &h E,Zr%p&tive&yh bz agGcdpnéet Qon L,ga@:wueg cgn beZpltached
to the el@&ct315 " |neards 4, ‘buch ds $ol - derl I ltrbddslin a
convehtiﬂﬁb Jrerer—ef CXGﬂ?LC—Ihe-DL“*Tr ed bud.e u%—%he Havertt-on can
by using | roqul g g lewreltigg ._pm«m b & R&enared Ry yeld knpwn
sinteringSegh-Z |t ks &f t&n dorvesdi et (# a6 C ﬂ1ﬂd6v%'ﬂ5 '
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ni ques. Thus, for exanple, the conponents adhesive conprising silver
powder and resin are mxed in a wet mll to produce a honb- in an organic
solvent in order to connect the 20 geneous m xture. The m xtures are
dried and lead wres to the electrodes. pressed in a nould to the desired
shape -at Vol t age dependent resistors according to a pressure from 100
[err] to 1000 kg/cnR2. this invention have a high stability to tem 50 The
pressed bodies are sintered in air at perature and in.the load life test,
which is [errg to [err] for from1l to i@sdmprs, carried out at [err]gat a
power ratlng"fUT—25"“Hnd_ThEﬂ—fUTnHCE——UUUfEd“TU‘TUUﬂTTEﬂpETHTUTE‘”TGGQh)
hours. The n value and C val ue do not (about 15 to about 30[err]).

change much after heatlng cycles and the The mi xture can be preI|n1nar1Iy

cal ci ned | oagtt+if st Strt-ar-tys Vuniagc o
lgOO[er][]ba_nd Dpl Jg_rlzemfp.rbaasy JESJ skors ag¢ ordbng.,tg:t@s.\l ngen,tlgn_..
o o SaoeD PR goyeaper! R egeiqu . orf e of 1gegtante
4 achi everrent ¢f pEW O StabrTity To AUM Oty he parrier Dermeen tne
el ectrodes and __t-ha’_g"k@t l~th¢=:- folv age ~depermend |rcestst@r e be: € nberepdr
body. enbedded]in| @ |hdmiidi By Fropf ¥ e§i nTsuth psY I njorfed tRatFehp ¢
I nvention may be phorle "n epoxy resin_or phenol) resin. The n value fully
under st ood, thafjoglomﬁng Exanpl es are 15 ' :
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5 1is independent of the thickness of the sintered given by way of
illustration only. body, while the C value varies in proportion
Exanple 1. to the thickness of the sintered body. The The materials

'isted in Table 2 are m xed variation in the C value with thickness of the
in awt mll for 5 hours The mixture is sintered body indicates that the
non-linearity dried and pressed in a nould into a disc of - 20 10 of the
vol t age dependent resistor is.attributable 13 mmin dianeter and 2.5 mmin
thi cknes® to the bul k of the sintds3884830ody and not to at a pressdre of 340
kg/[gr]. TABLE 2 Conposition of Sintered

‘Electrleal Body (nol. %

Char actieri stics Sintering Purther Tenp.  Thi ckness C ZnQ Si 2
AdditiV?é (Terr]) (. (at Tnh) n 2.0 170
6.2 94. % o Pa '-ﬁerr]_q 0. 5~ w1209 ¥ &5 0« n 126
6.3 1.0 [_33 <] 8% T 6.7T94. 8 59 Cdp .5 % 250
1.5 9153 .4 1.0 1.2 7.3 2.0 224
8.0 94.% |&5 MO 0.5 1250 1. 5 167
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1.0 8.1 2.0 340 7.5 94.5 5 BaO 0.5
| 300 253 7.4 1.0 170 7.4 2.0

300 5.4 94.5 5 SroO 0.5 1250 1.5 225
5.3 1.0 151 5.4 2.0 720 5.9 94.5 5

PbO 0.5 1200 1.5 540 5.9 1.0 355

5.8 . The pressed. body is sintered in air for 1 carbide abrasive having a

particle size of

30 25 hour at the tenperture shown

“in Table 2,

about

28 mcrons. The opposite sufaces of and;3sé¢s2 furnace-cooled to room 10 .

t enperature

about 30[err]).
disc.is |apped to the thickness lis
are attached to the 2
al uni ni um el'ectrodes H
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TABLE 3 (continued)

rovi
The sintered netallized filmof alumniumin the Conven-
tional manner. Lead W.res

ted in Table
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silver paint The electrical characteristics of

carried out by the resultant resistor

times a cycle in which the It will

“resitstors are kept at [err] anbient tenpera-
of the sintered ture for 30 mnutes,

body. N

tenperature for 30 Exarrple 2.

are shown in Table 2.

m nut es.

The heating cycle test

IS
repeating 5

be understood that the C val ue changes
in proporion to the thickness
cooled rapidly to -200[err]
and then kept at this
Furt her,
impul & test is-carried The mat b#384f% shown in Table 3 are mi xEd

30 5

t he
out by

‘appliying 100 tines 8X20 [err]

i mpul ses "and pressed in the sane manner as

“descri bed - g—3500-tA—peak—{that—i-s—i-ApH-ses—havi-rg—ir—bBampl e 1.
a peaki_gurrent &f %00 aﬂperes)«wThe eleg|[o3% 18 tq I epck fase, the
pressed body li's s_i[-mte%d}q‘ ﬂ‘rl‘{ial‘“ cﬁ‘arﬁct‘ér Bt Mt sSof Tt Hp festl fant resistor
‘in-air at 1250 ¢rrg H-e4—1—heur—anad—then—+ ﬁnacc are shewa—+n Table 3. It
wi Il be readijl yjun 45 @oobedwtmr@orrr t-ermratube Cabouts 15:[ err] to stood
that the resilst ¢rsiha¢Ta i gt ﬁ*vﬁ1u§ ROt Orbr?]), The,s ntered disc
i s | apped at-| @S '5 Hre—at—a—eH-v-eh Upf$ent F—3+—+rA—+he—ppposi te
surfaces therefgf_.-.gjsi_‘ ngleoa silacon <amd q |m gk skabel ity<e o
40 15 carbideg 35 adiqeSha¥iny & pgrticl ¥ sTz§ of a‘f,iodf ZIB Fﬁ crons. The
resul ting - sirteleddc —bargh-e—3—+5—30—Fr- aneter and
1.5 mmthi ck. gh' J e: Mgt exi ad s sshewn=ije Tabke 4 areqop:ppsite surfaces
of the sinter s'_é a a‘ pio-T piesdsed, YifrgdT | Jpp¥d,TatR athed to _
el ectrodes vilded - S ne%a##% , nen tested in
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12.

eLL¢.te

It wll

rating

resistors are
7 1

anbi ent tenpera-

‘50 ture at’ 1.5 watt power

1,358,482

resistors are tested

t he resul tant
hi gh C val ue and excel | ent

n val ue,
Is carried out at 70[err]

pai nt The resultant

7

silver
6
[err]

t est

_a conposition given in Table 4 have a high the electronic
25

in Tabl e 4.
1000 hour g2
1,358,482 [err]

1, 358, 482

in
conponents field. The load life

stability,

be understood that the resistors with in accordance with nmethods w dely

al um ni um el ectrodes by neans of conductive

shown
particularly for the inpul se test.
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6. A sintered body according to claim 2, 9. A sintered body of the
conposition wherein the additive consists essentially of —heretn—specified

in Table 1. 0.1 to 10.0 nole percent [err], 0.1 to 3.0 it er ed
body of the conposition 25 nole percent [err], O. 1” | uﬂ ;‘E‘Eent
herein specified in Table 2, 3 or 4. 5 ‘CoO and one L .1x10 3.0

nol e 1. A voltage dependent resiﬁgéégi}.,Mi ch percent [err], 0.1, 10
3.0 mole percedf [err] conprises a.hndj\zl__ efined in any of claipg and ™
0.1 to 3.0 nole percent N O 1 to 10 and a pair of electrodes jn -
contact 7. A sint-greg—bogy—peccorctdng—to—ctarnr3; wth said body.
30, wherein the addi t veg ;%shstvs €Ssent Fal ty f 12. A resistor
according to c¢lailm |1% 70.7 tP ID. 0 nBl efdercent [err], 0.1 to 3.0
wherein the el ectrodé¢s gorpfrse—a—fF++m—of—motq percent [err], 0.1 to 3.0
nol e percent al urpi nj ung&3dndjer {opper? oR ofpRijte surfaces MO and one or
more of 0.1 to 3.Q mpl e3 Fai'§ bpdy; perGeny |[err], 0.1 to 3.0 mole
percent [err], B —AvyetHtage—tdependent—restgt or substan- 35 and 0.1 to
3.0 nol e percent NP2 i ghl yast herenn descri bgd withareferegce to
15 8. A sinterdd é‘:ly & ¢qr diindi't & ¢mai i 15 | the accBnpanyifg drawng.
wherein the additifve|- 8 3i-s{-s—essentatty—of 14. gAXolda eb.deneigd:e t
resi stor substan- %:-%%5 1018 mal expet cent «f evr(] , Oég_g 850" i.aa%IEy; gg
herein described i|fdamy qfa{Re Tol§ per&enfy [Frf], 8=iSE @."CE mg gonereent
Exanpl es. : 46—6e6- 0. 18 %'.g)g@wegagro@%tg MO
and one Al Al THIRNTEN & GO =26 or more afcOnf {0,310 gggéjg
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0.1 to 3.0 nole percent [err],
3.0 nole percent Ni O
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6. A sintered body acoordiﬂg to chaim 2,

" wherein the additive consists essentially of
percent Si0;, 0.1 to 3.0°
mole percent Bi;Oy, 0.1 to 3.0 mole percent

CoO and one or more of 0.1 to 3.0 mole
percent Sb.0,, 0.1 to 3.0 mole percent Cr;Oy
and 0.1 to 3.0 mole percent NiO.

7. A sintered body according to claim 2,
wherein the additive consists essentially of
0.1 to 10.0 mole percent Si0p, 0.1 to 3.0
mole percent Bi;0,, 0.1 to 3.0 mole percent
MnO and one or more of 0.1 to 3.0 mole
percent Sb,0s, 0.1 to 3.0 mole percent Cr.O,,
and 0.1 to 3.0 mole percent NiO. :

8. A sintered body according to claim 1,
wherein the additive consists essentially of
0.1 to 10.0 mole percent Si0,;, 0.1 to 3.0
mole percent Bi;Os, 0.1 to 3.0 mole percent
CoO, 0.1 to 3.0 mole percent MnO and one
or more of 0.1 to 3.0 mole percent Sb,Os,

0.1 to 3.0 mole percent Cr,0,, and 0.1 to
3.0 mole percent NiO.

9. A sintered body of the composition
herein specified in Table 1.

.10. A sintered body of the composition

herein specified in Table 2, 3 or 4.
- 11. A voltage dependent resistor which
comprises a body as defined in any of claims
1 to 10 and a pair of electrodes in contact
with said body.

12. A resistor acconding to claim 11,
wherein the electrodes comprise a film of
aluminium and /or copper on opposite surfaces
of said body.

13. A voltage dependent resistor substan-
tially as herein described with reference to
the accompanying drawing.

14. A voltage dependent resistor substan-
tially as herein described in any of the
Examples.

A. A. THORNTON & CO.,
Chartered Patent Agents,
Northumberland House,

303—306 High Holborn, London, W.C.1.
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