16 July 2004 1 5 10 RESI STOR AND METHOD FOR MANUFACTURI NG THE SANME

TECHNI CAL FIELD The present invention relates to resistors g4

manuf acturi ng methods, and nore particularly to fine resistors and their
manufacturing nmethods: BACKGROUND ART One known resistor of this type is
di scl osed in Japanese Lai d-open Patent No. H4-102302. 15 The conventi onal
resistor and its manufacturing nethod are _described below wth reference
to drawings. Fig. 53 is a section view of Ythis conventional resistor. In
Fig. 53, discrete substrate I made of ceram c such as al um na has

i nsul ation resistance. A pair of first upper electrode |ayers is provided
on both left - 20. and right ends of the top face of discrete substrate 1.
Resistor layer 3 is provided on the top face of discrete substrate 1 such
that a part of resistor layer 3 overlaps the pair of first top el ectrode
layers 2. -First protective layer 4 is provided such as to cover only and

all resistor ri IS Cr ' | and
first prot ect RISISTORARE) METIIONR 0 R MEASUFACTRING Fictve
‘layer 6 js 25 provided only on the top face of first protective layer 4. A
pai r of *second top electrode layers 7 is provided on the top face of the
pair of first top el ectrode |ayer STRC kBcond top el ectrode | ayers
7 extend fully to the width of substrate strip 1. A pair of side electrode
| ayers 8 is provided on both side faces of discrete substrate 1. 16 July
2004 2 The present invention relates to resistors and their manufacturing methods,

and more particularly to fine resistors and their manufacturing methods.
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BACKGROUND ART
One known resistor of this type is disclosed in Japanese Laid-open Patent No.
H4-102302.
15 The conventional resistor and its manufacturing method are described below

with reference to drawings.
Fig. 53 is a section view of this conventional resistor.
In Fig. 53, discrete substrate 1 made of ceramic such as alumina has
insulation resistance. A pair of first upper electrode layers is provided on both left
20 and right ends of the top face of discrete substrate 1. Resistor layer 3 is provided on
the top face of discrete substrate 1 such that a part of resistor layer 3 overlaps the pair
6f first top electrode layers 2. First protective layer 4 is provided such as to cover
only and all resistor layer 3. Trimming groove 5 is created on resistor layer 3 and
first protective layer 4 for adjusting a resistance. Second protective layer 6 is
25 provided only on the top face of first protective layer 4. A pair of second top
electrode layers 7 is provided on the top face of the pair of first top electrode layérs 2
“such that second top electrode layers 7 extend fully to the width of substrate strip 1.

A pair of side electrode layers 8 is provided on both side faces of discrete substrate 1.




A pair of nickel-plated layers 9 and a pair of solder-plated |ayers 10 are
provided on the surface of the pair of second top electrod@bhj ﬁﬁﬁ-7 and
the pair of side electrode .|ayers 8. Solder-plated | ayers reat a

| ower | evel than second protective |ayer 6. A nethod for manufacturing the
conventional resistor as configured above is 5 described next with
reference to drawings. Figs. 54 (a) to 54 (f) are process charts
illustrating how to nmanufacture the convehtional resistor. As shown in
Fig. 54 (a), the pair of first top electrode layers 2 is applied on both
|l eft and right ends of the top face of discrete substrate 1 having

i nsul ation 10 resi stance. Then, as shown in Fig. 54 (b), resistor |layer 3
is applied on the top face of discrete substrate | such that a part of
resi stor | apgraiBof sickekplagddilagersthaendaipairadf soldegtplateddapdre dOravel provagted en2.
Next, as shown in Fig. 54 (c), first protective layer 4 is applied so as to

cover 15 otheyuafde alflthe pair ol eecdralyiep Sectenit labers 7 anditienmigoade ckcirade
created on resistor layer 3 and first protective layer 4, typically using

a laser, subigeis@it Sboldet-plaitd leg2is @aeatad lowadesdldhan sgendProwctise ayep 6a
predeterm ned resi stance range. Then, as shown in Fig. 54 (d), second

protective |ayer A méthatdbi atinaficyudng thedeortventibagleresistdriassionfipotedcaione is
| ayer 4. 20 As shown in Fig. 54 (e), the pair of second top el ectrode
| ayers & i sdesepibed dekbwithhrefdromcd tacdraofinghe pair of first top el ectrode
| ayers 2 to .fully cover the width of substrate strip 1. As shown in Fig.
54 (f), the pair Bigssh4léa)abedd (fpdee praypessscifirisdllagpitirrhow to neanubadturecthe
'Eiggst top el ectrode layers 2 and both left and right side faces of discrete
16 Jul y 200oreatibpalr@sistorl such that side el ectrode |ayer 8 are
electrically coupled to the pair of first _ ' )
As shown in Fig. 54 (a), the pair of first top electrode layers 2 is applied on
both left and right ends of the top face of discrete substrate 1 having insulation
10 resistance.
Then, as shown in Fig. 54 (b), resistor layer 3 is applied on the top face of
discrete substrate 1 such that a part of resistor layer 3 is overlaid on the pair of first
top electrode layers 2.
Next, as shown in Fig. 54 (c), first protective layer 4 is applied so as to cover -
15 only and all resistor layer 3, and then trimming groove 5 is created on resistor layer 3
. ) and first protective layer 4, typically using a laser, such that the total resistance at
resistor layer 3 falls into a predetermined resistance range.
Then, as shown in Fig. 54 (d), second protective layer 6 is applied only on
the top face of first protective layer 4.
20 As shown in Fig. 54 (e), the pair of second top electrode layers 7 is applied to
the top face of the pair of first top electrode layers 2 to fully cover the width of
substrate strip 1.

As shown in Fig. 54 (f), the pair of side electrode layers 8 is applied to the

pair of first top electrode layers 2 and both left and right side faces of discrete




and second top electrode |layers 2 and 7. Lastly, the surfaces of the pair
of second top electrode |layers 7 and the pair of side equ@n&@gcb yers 8
are nickel plated, and then soldered to forma pair of nickel ted

| ayers and a pair of solder-plated |ayers 10 to conplete the conventi onal
resistor. The above resistor has been radically downsized, and a very snal
resistor of L 0.6 mmx WO0.3 nmx T 0.25 nmis currently being

manuf actured. Problens with the above convegntional configuration and net hod
in 10 manufacturing a very small resistor of L 0.6 nrmx WO0.3 nmx T 0.25
mm are described next. In the conventional insulated substrate sheet nade
of ceram c such as alumna, a substrate-splitting groove is created on the
i nsul at ed substrate sheet before baking; the substrate is then baked to

form the i ngubaies byl that SidekRe&krodbIanNG@adi ddedtiicali odpled té eepaipbf firiing
groove previously made on the insul ated substrate sheet nmay have variations

in its di meaadeesondueplefediiciiétigyetaniaidpns in the . conposition of the
i nsul at ed substrate sﬁeet and mnute variations in the baking tenperature

of the insulated Byt tisd QuEReof thd Pais @f dbsmidSiopaéctvld RyeRMPanththe Jateh
about 0.5 mmin an insulated substrate sheet of about 100 nm x 100 nm) 20

When an ext glerlloctiodeday@s i8dre hidke! phited agiduhed soldlenal ®nforimsa!paik of nickel-
substrate sheet havi ng such di mensional variations, the dinensions of each

substratse npkted IaPrbfs arcl @psit o ecldepplitbiMBRra D0 tobGinpldts thd ddrvearbnginel y
m nut e di nensi onal ranks, and screen printing nmasks corresponding to each
di mensi onal rgsigtde. need to be prepared for top el ectrode | ayer 2, resistor
izyer 3, and first protective layer 4. In addition, 25 individual nmasks
need to be used sThaabbdwe ristdr lidschednrrdicalip dowminedpind ackryl 6madlllrysiRoo 614
substrate. As a result, the manufacturing process becones very conplicated.
(1f L0.6mmx W03 mmxT 0.25 mm is currently being manufactured.

Problems with the above conventional configuration and method in

10 manufacturing a very small resistor of L 0.6 mm x W 0.3 mm x T 0.25 mm are

described next.- |
In the conventional insulated substrate sheet made of ceramic such as

alumina, a substrate-splitting groove is created on the insulated substrate shect before
baking; the substrate is then baked to form the insulated substrate sheet.

15 Accordingly, the substrate-splitting groove previously made on the insulated substrate

J sheet may have variations in its dimensions due to minute variations in the

composition of the insulated substrate sheet and minute variations in the baking
temperature of the insulated substrate sheet. (These dimensional variations may
reach about 0.5 mm in an insulated substrate sheet of about 100 mm x 100 mm.)

20 When an extremely fine resistor is manufactured using an insulated substrate
sheet having such dimensional variations, the dimensions of each substrate need to be
classified lengthwise and widthwise into extremely minute dimensional ranks, and
screen printing masks corresponding to each dimensional rank need to be prepared

for top electrode layer 2, resistor layer 3, and first protective layer 4. In addition,

25  individual masks need to be used so as to match the dimensional rank of each




t he dinensions in horizontal and vertical directions are classified in 0.05
mm steps, there will be 25 ranks w dthw se and | engt hw se 156gﬁﬁ,%hvel Y,
resulting in about 600 ranks in total for |engthw se and wi dthw se
classification.) 5 The present invention ains to solve the above probl em by
elimnating the need for dinensional classifications of substrates.
Accordingly, one step, that of replacing a nask according to the

di mensi onal rank of the substrate requiredin the prior art, may be
elimnated, offering an inexpensive fine resistor. 10 SUMVARY OF THE
I'NVENTION I n order to achi eve the above objective, a resistor of the
present invention includes a discrete substrate which is divided into

pi eces by cutting an insulated 15 substrate sheet along a first slit

di vi di ng pogubstrateandsa sestlin thedmuiafaotnringy prooessisscpardiveny eomplicateé. f (Ifst
dividing portion; a pair of top electrode layers forned on the top face of
t he di scret#heslilnehsiohein Rorigsital &d Vayieal diesorioais awe blakdificd in 0 mimsieps,
overlaps the pair of top electrode |layers; a protective layer fornmed to
cover the thesd wilbbe Rayanks widthavigemand Rhgtliwise edspettively, deayléing in abput G00hg

ni ckel el ectrodes formed 20 on the side taces of individual discrete
substrat es mnkin teasl fohdsngaliwisel ancl widthwise classifidatidnt)o t he pair of top

el ectrode | ayers. The above resistor enploys a substrate which is made by
di vi di ng the i nsul'lat presestuistentiva sihseto solvaghe mboke probken bydilimitiatigg the
portion and the second dividing portion perpendicular to the first

di vi di ng pasgeidofor dimensiinaliclassiHcatioas néexibstrateany Afoddinglysicmeastep, that of
g&assi fication of substrates. Accordingly, the present invention 16 July
2004 5 abadlepkivay a mask amesdingf touthierdjmensimakl sankcof the substtate diquinadiiorthe
rank of each discrete substrate as in the case of the prior art, thus
of f eri ng arprioresthanayi be chimimated oo ering anosxpdisiye fimeaesistiost aspect of the
present invention, there is provided a

10

SUMMARY OF THE INVENTION
In order to achieve the above objective, a resistor of the present invention
includes a discrete substrate which is divided into pieces by cutting an insulated
15 substrate sheet along a first slit dividing portion and a second dividing portion
) perpendicﬁlar to the first dividing portion; a pair of top electrode layers formed on
the top face of the discrete substrate; a resistor layer formed such that it partially
overlaps the pair of top electrode layers; a protective layer formed to cover the
resistor layer; and a pair of side electrode layers comprising nickel electrodes formed
20  on the side faces of individual discrete substrates such that they are electrically
coupled to the pair of top electrode layers.
The above resistor employs a substrate which is made by dividing the insulated
substrate sheet along the first slit dividing portion and the second dividing portion
perpendicular to the first dividing portion. This eliminates the need for any

25 dimensional classification of substrates. Accordingly, the present invention




resistor conprising: a discrete substrate which is made into individual

pi eces by forming a plurality of first slit dividing portions and a
plurality of second dividing portions perpendicular to said first dividing
portions on an insul ated substrate sheet on which said first dividing
portions and said second dividing portions are not previously formed, said
first dividing portions being fornmed while processing this insulated
substrate sheet and said second dividing portions being formed{uix204 ast
step of said processing; a pair of top electrode layers formed on a top

of cai o FRURACARE PR ARG Sl DTSl el SpsioRddtbaboahracte,
sai d | Sabg i herd _ *a
Gl G- ol CAPHLAYS i ETRS, Dthe ARl W S BHERAER HRbel Rlne AR, T (e ace

of said discrete SAbédrﬂg\%eco_@ﬁf@ﬂgsﬁa@@opm@ﬁre@rﬁeﬁﬁeﬁﬁéﬁ,&h@ﬁe%!p?@viaai hod and
a sputtering nethod, said side electrode |ayers being electrically coupled

to sai depstor cahiptisipgel ectrode | ayers. According to a second aspect of the
present invention, there is provided a resistor canprising: a_discrete

fsubst ralte whi ch i sd ﬁ‘hiﬂ:éetPﬁtlBStrﬂéiWﬁH}}héﬁ nﬁﬂ@é@@f!@ﬁlwi@zﬁm@ceﬁbwm@gty of
ubstrate which | o . J°"a ! 16
suly: 2005 8 Ol diSRe EBRaR 4 blyfoflly SESSBRE itie BaiBht i ot e

subst r abenhdRlulfNto WHHIC Rirstaddidihi Sporfibdé Hnan PREGIARIS s@hdratdisleseeRNd
dividing portions are not previously forned, saird first dividing portions

bei ng f evhield safd |férsprdicielisg nurtibhs anidn saildatebnslu ditidaige pohbats are mosi d
@Ond (Ij)}e\:/\hgtllsqg ofllrlécil,osrz]tisd tf)i?ét'n 1VId?Ir1g%grtii(?nst ’geeinflg afts);[med while processing this
| insulated substrate sheet and said second dividing portions being formed in the last
step of said processing;
a pair of top electrode layers formed on a top face of said discrete
substrate;
a resistor layer formed such that a part of said resistor layer overlaps
said pair of top electrode layers;
a protective layer formed for covering said resistor layer; and
a pair of side electrode layers, which are nickel electrodes, formed
on a side face of said discrete substrate, using one of an electroless plating method
} | and a sputtering method, said side electrode layers being electrically coupled to
said pair of top electrode layers.
According to a second aspect of the present invention, there is provided a
resistor comprising: |
a discrete substrate which is made into individual pieces by forming

a plurality of first slit dividing portions and a plurality of second dividing portions




step of said processing; a resistor |ayer forned on a top face of said

di screte substrate; a pair of top electrode |layers fornmed such that a part
of said top electrode |ayers overlaps said resistor |ayer; a protective

| ayer formed for covering said resistor |ayer; and a pair of side electrode
| ayers, which are nickel electrodes, formed on a side face of said

di screte substrate, using one of an electroles plating nethod and a
sputtering method, said side electrode |ayers being el ectricallbubodided to
said pair of top electrode layers. Ackording to a third aspect of the
present invention, there js praovided a, nethod for, manufacturinpg a

resi st oPeIRsadiCuiRe fo darh sl dhvdmng periong on M dpslpteg sabshats shest ep

el ectrode. .l ayer. n,a.;.top face.,.of an insul ate ubstrate sheet: formng a
Feat st orith aid B ik e Hfhs AU AT R IR bBediBaats 2Ers P
said pl ?&@Jibﬁéi?f%nﬁ@ﬂ,réai&’fﬁrétodﬂyﬁiiﬁgEaro‘i’t‘?@nsl B %nﬁe@%ﬁﬂeoﬁm%egs%%ﬂﬁ@ st or

| ayer overl apping said each pair of top electrode [ayers;” applyihg trimm ng
for adj tﬂﬁddlatgdaubﬁsdtstsb_.memdmai&mﬂidieidﬁ@?sﬁiuns Heayef@niedtinakea @i d
plurality of pairs of top electrode |layers; formng a protective |ayer for
cover i ngtepofisaibprosassing,especti ve resistor layers; 16 July 2004 5b forning

et at e noer " cLeRHat 1ep Y B55 508 Bebh Seipafiis Fop”
el ectrode |ayers ?3?“&15?’?3["%?%&}&{3 ias%glr f&gﬁ{gﬁte%@oggm f\}éﬁ‘ﬁf%a?&it bstrate

sheet; formng a p pairs o I"'ayers on an i nner
face oklgdode PAyerablédapfsald fesist&d layedli vi di ng portions on said insul ated

@bSt rate sheet on a protective layer formed for covering said resistor layer; and
| a pair of side electrode layers, which are nickel electrodes, formed
on a side face of said discrete substrate, using one of an ¢lectroless plating method
and a sputtering method, said side electrode layers being electrically coupled to
said pair of top electrode layers.
| According to a third aspect of the present invention, there is provided a
method for manufacturing a resistor, said method comprising;
forming a plurality of pairs of top electrode layers on a top face of
‘an insulated substrate sheet;
forming a resistor layer respectively between cach pair of top
} electrode layers in said plurality of pairs of top electrode layers, a part of said
resistor layer overlapping said each pair of top electrode layers;
applying trimming for adjusting a resistance in respective resistor
layers between said plurality of pairs of top electrode layers;

forming a protective layer for covering at least said respective

resistor layers;




which said plurality of first slit dividing portions are fornmed, said side
el ectrode |layers being electrically coupled to said plurality of pairs of
top electrode layers; and formng a plurality of pair of second dividing
portions perpendicular to said first slit dividing portions for dividing
the insul ated substrate sheet into discrete substrates by separating said
plurality of groups of top electrode |ayers, resistor |ayer, and side

el ectrode layers on said insulated substrate sheet to indivi dfaluly?®4ps.
According to a fourth aspect of the phesent invention, there is provided a
met hod for manufacturing a resistor, said nethod conprising; .formng a
plurality of resistommgyapuightyof dust slilediyiding D%ﬂn%tf@dg%@%r%ﬁl sheet ;

cach painsulpdi3hbitau p8Rshin Har o Wulis st 4 QiDL BRE DY R bistyBaE s o
bl ur al i t3yer@hnd §3dYeGHS1dr BRE i QR A oI L siRedkuSt i ng @ resi stance

in said respective resistor |ayers between each pair 1n said plurality of

pairs of top el ect rfodringay plsalityfafipaingfaside oleetrbily tayledy en ahdnneofseei ng at
| east said respective resistor |ayers; 16 July 2004 5¢c form []sgl a plurality
of firswofshid plirslityi ofgfipsdslit divgdimgr pettiensiongsasd iasulaed sabsigiate sheet ame sheet

| ;Fdas:g?%"ﬁjg@itsi‘]?jpﬁugéﬁl%{irft’%ﬁ?%ts%%@ail% pAdisrat s r@%%s@:?%i@%"(fréége?ﬁ%ﬂ%ﬁyfLS a
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on whighdsaid plurality of first slit dividing portions are fornmed, said
side el ectrode

N formmg a plurality of 'pair of second dividing portions
perpendicular to said first slit dividing portions for dividing the insulated substrate
sheet into discrete substrates by separating said plurality of groups of top electrode
layers, resistor layer, and side electrode layers on said insulated substrate sheet to
individual groups.

According to a fourth aspect of the present invention, there is provided a
method for manufacturing a resistor, said method comprising:
forming a plurality of resistor layers on a top face of an insulated
substrate sheet; |
forming a plurality of pairs of top electrode layers such that a part
) of each pair of top electrode layers overlaps respective both ends of said plurality
of resistor layers;
applying trimming for adjusting a resistance in said respective

-resistor layers between each pair in said plurality of pairs of top electrode layers;

forming a protective layer for covering at least said respective

resistor layers;




| ayers being electrically coupled to said plurality of pairs of top

el ectrode layers; and formng a plurality of second dividing portions
perpendicular to said first slit dividing portions for dividing the

i nsul ated substrate sheet into discrete substrates by separating said
plurality of groups of top electrode |ayers, resistor |ayer, and side

el ectrode layers on said insul ated substrate sheet to individual groups.
According to a fifth aspect of the present invention, there islfplun2tdd a
nmet hod for nmanufacturing a resistor, iaid met hod conprising: formng a

plurality of pairs of top electrode ers and a plurality of _ resistor
| ayers on a top fa(f@ff@mgaﬁﬂ F)étoécfl@ Bl Flﬁftl@ngﬁééﬂon%iﬁﬁ divgging) wdd r ode

ey nd SRR S ERe ooy SEACH AN cEaP PuBHk e hns R ) B o et ween
each pa'e[ec'tﬂ&dé%ﬁ:r@bﬁ'd §Juﬂtr¥319tfor P@e‘i%xf?;ft oh%ﬁldeilngﬁltaféa%bgﬁéﬁ%rsﬁeetf ormng a

protective layer” covering at sal d respective resistor layers; formng

a resist layer on ﬁom&g afpl@.mlair ofgiatrsi ofsidatledtrsdd yead en ahdaher fhbe Jul y
2004 5d formng a plurality of first slit dividing portions for dividing

said i nob |s&1deﬂlusalt£§tofaﬁr§t shedividimghpamigns tOIﬂaSalé ipdulated isupstodte phoeipen of a

pair of to ctro ers d resistor |ayer,exist on said inpsylated
Subst r aPdH iy UG R Bavidig Bedlonsye TRielorg il Flertate and

ookl Cwsg;yaeﬂ%m e
i nner fagg of said pl ural ity of fi rst slit dividing portions; patterning
fﬂ d plurality of ?oainnrilslg (e)tfphii*a(ljiiy (e)lf ggc:'[orn(zlddeivild?gg Iragrtitgllls %%%einrgl?cular to said
first slit dividing portions for dividing the insulated substrate sheet into discrete
‘substrates by separating said plurality of groups of top electrode layers, resistor
layer, and side electrode layers on said insulated substrate sheet to individual
groups.
According to a fifth aspect of the present invention, there is provided a
method for manufacturing a resistor, said method comprising:
forming a plurality of pairs of top electrode layers and a plurality of
resistor layers on a top face of an insulated substrate sheet, said top electrode layers
and said resistor layers being electrically coupled,
_} applying trimming for adjusting a resistance in respective resistor
layers between each pair in said plurality of pairs of top electrode layers;
forming a protective layer covering at least said respective resistor
layers;

forming a resist layer on a rear face of said insulated substrate sheet;




said resist layer; and formng a plurality of second dividing portions
~perpendicular to said first slit dividing portions for dividing the

i nsul ated substrate sheet into discrete substrates by separating said
plurality of groups of top electrode |ayers, resistor layer, and side

el ectrode | ayers to individual groups. According to a sixth aspect of the
present invention, there is provided a nethod for manufacturing a
resistor, said method conprising: forming a plurality of pairsi6oluin294

el ectrode layers and a plurality of &%ksistor |layer on a top face of an

i nsul ated substrate sheet, said top electrode, | ayers, and sai d resistor
layers being el ect fp@aingya quuralidy - ofafipt sl gividinginogtiony fomjdigdinggsaid
resi stan i.n .4 _respective resistor, l.ayvers between eac air in said
o ar ol | S0P e SRET S ol T By Y S Gy B pRBLBP et v
COVErT Nayihs i sistér yELERRCI VAQIARIFOSubRMRE Shodk0T M NG @ PLUTAITLY Of

first slit dividing portions for dividing sal i nsul at ed substrate sheet

such that a plural ifosmiag gsideRiconfode lpwdrrmade bDpne o€ alicket and Indsled alland
resistor |ayer exist on said insulated substrate sheet; 16 July 2004 5e

di sposi by spuHeERE 6n axrepefacefafdbe atsudated subrttate sleaet onbxhichtseidplaglityofnhi ch
said pl lity,.of..first.slit dividing.,portiong are.forned; .form .

ol ur al | £YSloHtglividing pogias asp detPadany dpcnueriase o S @hualiogpE st it

ni ckel : .tering on a rear face of the insulated substrate sheet
and an ia;\‘hgisrh%oggeo > said plurality of first slit dividing portions while

said mask  being dpsaaii seﬁégﬂﬁfdlfﬂy oA shifgBsK side 0dTe¢thedd BAfers B epefingai d
insul ated substrate sheet; an
e said resist layer; and ‘
forming a plurality of second dividing portions perpendicular to said
first slit dividing portions for dividing the insulated substrate sheet into discrete
substrates by separating said plurality of groups of top electrode layers, resistor layer,
and side electrode layers to individual groups.
According to a sixth aspect of the present invention, there is provided a
method for manufacturing a resistor, said method comprising:
forming a plurality of pairs of top electrode layers and a plurality of
resistor layer on a top face of an insulated substrate sheet, said top electrode layers
and said resistor 'layers being electrically coupled;
J applying trimming for adjusting a resistance in said respective resistor
layers between each pair in said plurality of pairs of top electrode layers;
forming a protective layer for covering at least said respective resistor
layers;
forming a plurality of first slit dividing portions for dividing said
insulated substrate sheet such that a plurality of groups of a pair of top electrode

layers and resistor layer exist on said insulated substrate sheet;




formng a plurality of second dividing portions perpendicular to said

first slit dividing portions for dividing the insul ated substrate sheet
into discrete substrates by separating said plurality of groups of top

el ectrode | ayers, resistor layer, and side electrode |ayers to individual
groups. According to a seventh aspect of the present invention, there is
provided a nmethod for manufacturing a resistor, said nmethod conprising:
forming a plurality of pairs of top electrode |layers and a pl uBajuly 3004
resistor layers on a top face of an ilsul ated substrate sheet, said top

el ectrode layers and said resistor |ayers heing electrically coupled;

appl yi ng trinming ﬂéﬁpoam&ﬁmaﬁbcal aégars‘fiaa@]@g spigl mghaé"mqbétra s‘:l@@gpn | ayers

bet ween _eac airs . el ectrode | ayers;
form ng QB%%&IW@ bﬁfﬁ Sﬁ{‘ajc i 593]?3 il.l‘g?g d respective resistor
| ayers; for mng a FhMhidgl 4 1&511@' &6 1% bt sfabva@etﬂmepﬁg;éﬂsqmdé 8f oflk \ordi ng

. a
said insulated substrate heet suc}?u that a plurality”of groups of a pair

of top @idel aadaickehyutios bgnsbut&smgt@r alreytefacexif she dzudaed subwsratatlostt
substrate; 16 July 2004 5f formng a netal filmnmade of one of nickel and
ni ckel anfloan smeardaemof said phwalitycef Gestishié dividingpetionsbahilersaidkmesk on

whi ch s |d urality of first slit dividing portions are formed, by using
one of ﬁ@#ﬁﬂg method and an electroless plating; forming a plurality

of pairs of side e#é?ﬁ&{rid’l eJx@Xﬁés}y ﬂ?{;l%{ S%'Peﬁ'aﬁ’% oé@a?&%su%@d%ﬁé‘t?zhea'b;oy

on an inner face of sal ura ividin portions

usi ng ORRedH aidhe sputteri ng nmet hod and el ectrol ess plating nethod; formng
/ Qol urality of pairs of rear electrode |ayers by renoving an unrequired

b tion of said mefeimihglaplfialite of secandediznting porteens geapendi¢ulgniaisaidsul at ed

first slit dividing portions for dividing the insulated substrate sheet into discrete
substrates by separating said plurality of groups of top electrode layers, resistor
layer, and side electrode layers to individual groups.

According to a seventh aspect of the present invention, there is provided
a method for manufacturing a resistor, said method comprising:

forming a plurality of pairs of top electrode layers and a plurality of
resistor layers on a top face of an insulated substrate sheet, said top electrode layers
and said resistor layers being electrically coupled;

| applying trimming for adjusting a resistahce in respective resistor
\) - layers between each pair in said plurality of pairs of top electrode layers;

forming a protective layer for covering at least said respective
resistor layers;

forming a plurality of first slit dividing portions for dividing said
insulated substrate sheet such that a plurality of groups of a pair of top electrode

layers and resistor layer exist on said insulated substrate;



substrate sheet by laser; and formng a plurality of second dividing
portions perpendicular to said first slit dividing portions for dividing
the insul ated substrate sheet into discrete substrates by separating said
" plurality of groups of top electrode |ayers, resistor layer, side

el ectrode |l ayers, and rear electrode |layer fromsaid insul ated substrate
sheet to individual groups. According to an eighth aspect of the present
invention, there is provided a nmethod for manufacturing a reslisiuy200ai d
met hod conprising: forming a plurality of pairs of netal layers on a top
face of an insulated substrate_ sheet; fornin? a plurality of pairs of top
el ectrode |ayers ad@ring ametaliflngmadecal ene pf nigkst and mighed allgy 9man of

idi .ated b . Sh i, d I . bej .
ol ect i GHNTS e prent i Ll SRt HuhEE wid BETaReCEt By iyer s
and A . - ol _
:Bpl y?ﬁgg‘{lri %‘YE nlgb?gbr ad) ugtg’: %u%hﬁ%&?ﬁ%&!@étt?ﬁﬂ%ai g ?%%E)dééﬁl%{/%gggess?gt or
| ayers bédtigen each pair in said plurality of pairs of top el ectrode

| ayers; formng a protective |ayer for covering at |east said respective
‘resistor layers; fdoiing aphiralityl of gaitst of side eledtiadedpyérdimedeef ohews f or

dividing.th insul at ed substrate sheet hy separating i lutal j.ty of
pai s ofighet And avi#“f@ o100 e s ok g dﬂu@ﬁ%&f ﬁifs(gaﬁlﬁa@wl%?gnet al
| ayers, jf | i I r Lst, said
ol ur at | PGTEtsy P apinor® b S BER IR SR TRl p B BRNE . §
plurality of pairs fgimiaBtalphirair 8f Pairk ¢ 1das WiditRleShPels By @emboRig an
mm ng a plurality of pairs of "side el ectrode |ayers nmade of one o

ckel amgequivkdeporionoyf sand aretalnfilen fomeed on thaedtiyd wanfadeyofofaid insdatedi t
di vi di ng Borti OHS

substrate sheet by laser; and

forming a plurality of second dividing portions perpendicular to said
first slit dividing portions for dividing the insulated substrate sheet into discrete
substrates by separating said plurality of groups of top electrode layers, resistor layer,
side electrode layers, and rear electrode layer from said insulated substrate sheet to
individual groups. |
According to an eighth aspect of the present invention, there is provided a
method for manufacturing a resistor, said method comprising:
' forming a plurality, of pairs of metal layers on a top face of an insulated
) substrate sheet;
forming a plurality of pairs of top electrode layers and a plurality of
resistor layers on the top face of said insulated substrate sheet, said top electrode
layers being electrically coupled to said metal layers, and said top electrode layers and

said resistor layers being electrically coupled;




on the insul ated substrate sheet on which said plurality of first slit
dividing portions are forned; and formng a plurality of second dividing
portions perpendicular to said first slit dividing portions for dividing
the insul ated substrate sheet into discrete substrates by separating said
plurality of groups of a pair of netal layers, a pair of top electrode

| ayers, resistor layer, and a pair of side electrode |ayers on sHi Qly 2004

i nsul ated substrate sheet to individual groups. According to a ninth
aspect of the present invention, there P8 provi ded a nethod for

manufacturing a re +$a - ri skag: ¥ Lty ,.Of
pairs of netal Iayéb@fygég 5 10 pnggéggglpggﬁgﬁn%%%%%% %@&ﬁ%&é%ﬁj&%@ér
formng lﬁ?f&‘slﬂeﬁk/éélye&hﬁﬂi&ﬁsaﬂi pIu%’lit%r! &%alil%(iff tbﬁ%%c&oﬁ@%@rﬂ' urality of
resistor Tayers on the top face of said’insulated substrdte.” sheet, said

top el ectrode 16 Jdbymiz@Cdpiltectivaylayer forccovaridg metiedst kaderspdativegesistor
electrically coupled to said netal |ayers, and said top electrode |ayers
and saj dayesi st or | ayers being electrically coupled; applying trimmng for

a1 in Sard ptur anvegiogr e gty OF Gt RuL Rt ppdST ol AR BRE
G vi i ng "t iated S ralb By SaBtAliy LA ol O o, bt Bl AcH Yoty 1

pai rs ofa phirality 8y greusuchathdi of anplalinaydrt.ya phaigodufs etict@ddpalayesf anét al
| ayers, a pair of top electrode |ayers, and U resistor |ayer exist, said
first sltesiswrdayirraxigiosaid glurabigy g fret sitddivnlipg portseisdbeing farmed osty pai r s

ofy metal | rs.on the insul ated substrate sheet after said trinmng;
Ror m ng SIGPEIES PafEs g sicsek Ayersi oy B dnsdRied Svertrag bl east sai d
respective resist ok, [ 3Yerslurality of pairs of side electrode layers made of one of

nickel and nickel alloy on an inner face of said plurality of first slit dividing portions
-on the insulated substrate sheet on which said plurality of first slit dividing portions
are formed; and
forming a plutality of second dividing portions perpendicular to said
first slit dividing portions for dividing the ‘insulated substrate sheet into discrete
substrates by separating said plurality of groups of a pair of metal layers, a pair of top
electrode layers, resistor layer, and a pair of side electrode layers on said insulated
substrate sheet to individual groups.
\} According to a ninth aspect of the present invention, there is provided a
| method for manufacturing a resistor, said method comprising:
forming a plurality of pairs of metal layers on a top face of an insulated
substrate sheet;
forming a plurality of pairs of top electrode layers and a plurality of

resistor layers on the top face of said insulated substrate sheet, said top electrode




formng a plurality of pairs of side electrode |ayers made of one of

ni ckel ~and nickel alloy on an inner face of said plurality of first slit
dividing portions on the insulated substrate sheet on which said plurality
of first slit dividing portions are fornmed; and formng a plurality of
second dividing portions perpendicular to said first slit dividiQ%
portions for dividing the insulated substrate sheet into di scr et July 2004
substrates by separating said pIuraIité of groups of a pair of netal

| ayers, a pair of top electrode |ayer b resistor layer, and a pair of side

el ectro y.erss 140 J £10..1L.neh Vi pSs.
BRI EF DAY B RN sl o] I ELEE sl kB e i RHET
aCCOfda%ﬁ efdctdde 1hyers an@%EIPled]sYor 18088 Vel éleOirichll CI%FE%E“ I nvention. 16
July 200451 Fig. 2is atopviewillustrating the state in which an

i neffective area i applyingptimmitpdoendjusingeriegbenye o saiderespeativatresistor
substrate sheet used for manufacturing the resistor |n accqordance with the
first edlayyshewesnsachamir infsaihplppbBaent Dol el fam electigde 1aygrs)ing spigd (e)
are secti,on .\{i S I. Itl ufa.tg’r ating manufacturing processes of the resistor in
accor darlBafity At {$515t0T [A¥e™ax enpl ary enbodi ment of the present invention.

Figs. 4 (a) to 4 ( I i i X afid : i es of
the resistor in acg%rrngggcg %ﬂ{%h?\kll\gf fqrég'?llfe%{r%%ég er%g%%j;fﬁn%%‘/fg‘i%ﬁgé
present ihsuiettisabstrite @hectdhy epatatidy {add phurelisest pairs vf sissalilhyers sueh thag
‘manuf acturing processes of the resistor in accordance with the first

exenpl ary phwblayi o gromss ohe prieoémetal hayens,i dpaitFpf4op @lecpdedagersdpndr e
B0 or darBustoE (¢t i Sl Pt gmarbutoR HErSropRed SPbah SRRt
of pairs of metal layers on the insulated substrate sheet after said trimming;
forming a plurality of protective layers for covering at least said
respective resistor layers;
forming a plurality of pairs of side electrode layers made of one of
‘nickel and nickel alloy on an inner face of said plurality of first slit dividing portions
on the insulated substrate sheet on which said plurality of first slit dividing portions
are formed; and
forming a plurality of second dividing portions perpendicular to said
first slit dividing portions for dividing the insulated substrate sheet into discrete
\J substrates by separating said plurality of groups of a pair of metal layers, a pair of top
electrode layers, resistor layer, and a pair of side electrode layers on said insulated

substrate sheet to individual groups.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a section view of a resistor in accordance with a first exemplary

embodiment of the present invention.




Figs. 7 (a) to 7 (c) are section views illustrating manufacturing processes
of the resistor in accordance with the first exenplary enbodi nent of the
present invention. 16 July 2004 6 Figs. 8 (a) to 8 (c) are plan views
illustrating manufacturing processes of the resistor in accordance with
the first exenplary enbodi nent of the present invention. Fig. 9 is a top
‘viewillustrating the state in which an ineffective area is for

end of the insulated substrate sheet us for manufacturing the resistor 5
in the first exenplary enmbodi ment of the'present invention. Fig. 10 is a

t SUREE AN R t ot th . . . g
borh ends of the i oo aieaTof iyt MuBafide Bl VAR HbGhI R ikt ive hRTRY O
resi st orforied b thé &stire ?rég?iné]@ of e PRl fIubataté BifeeP GESPIY nhdmEthiriiy: thEl 9.

11 is atop viewillus g the state in which an ineffective area is 10
f or med omsistor éeacoeddancé withethe fisstlcatmglasy beibodinect lnd ¢ie presmht froention.

manuf acturing the _resistor in the first exenplary enbodi pent, of the
present invention. Frgsy3 (8dtq 3 (&) arséevtiwwwsgﬁmtatmagnma@ﬂa%prcwemsch an

i neffect] area is. for on t.he entire periphery of,the insulate

subst r atdl Dieoba Rt ip (BFORERG il 0 e cREGPBRG emiRbaitndy B ile “Miebspt o
second exeMplsary enbodi nent of the present 15 invention. Figs. 13 (a) to 13
- (e) are section views illustrating manufacturing processes of the resistor
in accordance w t hFigse4qerand (exaroplar yvieantibdstrating mindfheuping peovesses of

i nvention. Fi.%s.' 14 (a) to 14 (e) are plan views illustrating, manufacturing
pr ocess dbe sgsistagn ppeordaniesvigh therfirsfomemplany embiodimenof Shecprasené weeption.y

£npodi ment of the present, | ntion..Figs. 15 (a). to 15 .are section
Pows 111ustrat | ng i aRBLIS (g g Baiws Tustiding nauthcilif prooeics

of the resistor in accordance with the first exemplary embodiment of the present

invention.
Figs. 6 (a) to 6 (d) are plan views illustrating manufacturing processes of
the resistor in accordance with the first exemplary embodiment of the present invention.
Figs. 7 (a) to 7 (c) are section views illustrating manufacturing processes
of the resistor m accordance with the first exemplary embodiment of the present

mvention.




of the resistor in accordance with the second exenpl ary enbodi nent of the
present invention. 16 July 2004 7 Figs. 16 (a) to 16 (d) arﬁB]?l ag dé ews
illustrating manufacturing processes of the resistor in acco lﬁ%\ Q& i th
t he second exenpl ary enbodi ment of the present invention. Figs. 17 (a) to

17 (c) are section views illustrating manufacturing processes 5 of the
resistor in accordance with the second exenpl ary enbodi nent of the present
invention. Figs. 18 (a) to 18 (c) are plafd views illustrating

manuf acturing processes of the resistor in accordance with the second

exenpl ary enbodi nrent of the present invention. 10 Fig. 19 is a'top view
illustrating the state in which an ineffective area is fornmed on one end
of the insul ated substrate sheet used for manufacturing the resistor in

the second exenpl Bigs. 8rtapti §rée)tare bldiheeps dHasttatinpymiahufaoturkigpro2sses of thep
viewillustrating the state in which an ineffective area is fornmed on both

ends of thergsixtor il subosddie veitle tieh@et exsraglaip entbadivhent of the grédeat inbVention.
resistor in the second exenpl ary enbodi ment of the present invention. Fig.
21 is a top view Fid. gsikmabpview fidusitating the staie dhwich mefifeffeictive assacs i s
fornmed on three ends of the insulated substrate sheet used for

manuf act ur i figniddeon oss ead of theninshlatakbubattatexshiept ased fornadivfacturing thdeesistor
present invention. Fig. 22 is atop viewillustrating the state in which an

i nef f ectd veirpthedinsse@nplaryrembodinhdre ofiihe peespar inyeetipnof the i nsul at ed
substrate sheet used for manufacturing a resistor in accordance with a
third exenpl ary eRigodDiieatoptidvhdlyptiatngithe statenin which 46 msffe2tvd ajeatio 23
{7 agcor danfarmeddn bofl ardsre tximsplzded ntath stet no6d frampdeiuring the.
HISP ax g
resistor in the first exemplary embodiment of the present invention.
Fig. 11 is a top view illustrating the state in which an ineffective area is
10 formed on three ends of the insulated substrate sheet used for manufacturing the
resistor in the first exemplary embodiment of the present invention. |
| Fig. 12 is a top view illustrating the state in which an ineffective area is
formed on the entire periphery of the insulated substrate sheet used for manufacturing
a resistor in accordance with a second exemplary embodiment of the present
15 invention.
) Figs. 13 (a) to 13 (e) are section views illustrating manufacturing processes
~of the resistor in accordance with the second exemplary embodiment of the present
invention. |
Figs. 14 (a) to 14 (e) are plan views illustrating manufacturing processes of
20  the resistor in accordance with the second exemplary embodiment of the present
invention.
Figs. 15 (a) to 15 (d) are section views illustrating manufacturing processes

of the resistor in accordance with the second exemplary embodiment of the present

invention.



I nvention. 16 July 2004 8 Figs. 24 (a) to 24 (e) are plan views

Il lustrating manufacturing processes of the resistor in a wth
the third exenplary enbodi nent of the present invention. FIgs. (a) to
25 (d) -are section views illustrating manufacturing processes 5 of the
resistor in accordance with the third exenplary enbodi nent of the present

I nvention. Figs. 26 (a) to 26 (d) are plan views illustrating manufacturing
processes of the resistor in accordance with the third exenplary

enbodi ment of the present invention. 10 Figs. 27 (a) to 27 (c) are section
views illustrating manufacturing processes of the resistor in accordance
with the third exenplary enbodi nent of the present invention. Figs. 28 (a)
to 28 (c) are plan views illustrating manufacturing processes of the
resistor in accorkigackd (@)ith 16Hd) ate planeasiews ilhsjrating cainvdactughgiprecgsseseht

15 invention. Fig. 29 is a top viewillustrating the state in which an

i nef f ect i vetharesistios in hovordaneewishdhe pebonid exemplagydnbetimenbof the pres¢mdet

used for manufacturing the resistor in the third exenplary enbodi ment of

t he presentinvemtaen.ion. Fig. 30 is a top viewillustrating the state in
which an ineffective area is 20 formed on both ends of the insul ated _
substrate sheet UJdgs Foea)naddf(ararerdention ivéews dbistrating imanuifectuting gresessgs ary
enbodi nent of the present invention. Fig. 31 is a top viewillustrating the
state i B woighe zesistoein aecdrdancerwithithe ssaondeskenplatyresebalioenbof thegpresent

i nsul at ed substrate sheet used for manufacturing the resistor in the third
exenpl ary diberigibnt of the present invention. .

_ Figs. 18 (a) to 18 (c) are plan views illustrating manufacturing processes of
the resistor in accordance with the second exemplary embodiment of the present
invention. o

10 Fig. 19 is a top view illustrating the state in which an ineffective area is
formed on one end of the insulated substrate sheet used for manufacturing the resistor
in the second exemplary embodiment of the present invention.

Fig. 20 is a top view illustrating the state in which an ineffective area is
formed on both ends of the insulated substrate sheet used for manufacturing the
15  resistor in the second exemplary embodiment of the present invention.

) Fig. 21 is a top view illustrating the state in which an ineffective area is
formed on three ends of the insulated substrate sheet used for manufacturing the
resistor in the second exemplary embodiment of the present invention.

Fig. 22 is a top view illustrating the state in which an ineffective area is

20 formed on the entire periphery of the insulated substrate sheet used for manufacturing

| a resistor in accordance with a third exemplary embodiment of the present invention.
Figs. 23 (a) to 23 (e) are section views illustrating manufacturing processes
of the resistor in accordance with the third exemplary embodiment of the present

invention.




16 July 2004 9 Fig. 32 is atop viewillustrating the state in which an
I neffective area is forned on the entire periphery of the f@nﬁﬁl ed

substrate sheet used for manufacturing a resistor in accorcdarttk % h a

fourth exenplary enbodi nent of the present invention. Figs. 33 (a) to 33

(e) are section views illustrating manufacturing processes of the resistor
I n accordance with the fourth exenpl ary enbodi ment of the present
invention. Figs. 34 (a) to 34 (e) are plarBviews illustrating manufacturing

processes of the resistor in accordance with the fourth exenplary

enbodi nent of the present invention. 10 Figs. 35 (a) to 35 (c) are section
views illustrating manufacturing processes of the resistor in accordance
with the fourth exenplary enbodi nrent of the present invention. Figs. 36
(a) to 36 (c) areFighaM ()av24i(e) usd plahivigwsrihustacihgrmagfocnempgescested of
resistor in accordance with the fourth exenplary enbodi nent of the present
15 inventi ofhe rEsig®r i dcé@itlabee wih(the tisie es@nplaon enibeddmeht ofStheqtresent

manuf acturi ng processes of the resistor in accordance with the fourth
exenpl ary einvediioent of the present invention. Figs. 3 8 (a) to 3 8 (c¢)

are plan views illustrating manufacturing processes of 20 the resistor in
accordance wi th thigsf2ii(4)ho 25€dp s sectivhodews tustfatingempngfaetiring proeedseon.
Fig. 39 is atop viewillustrating the state in which an ineffective area

is formed efthenesisind iwhcddrdanceswithithe tisivd skemplary badbodiment éfothe present

manuf acturing the resistor in the fourth exenplary enbodi nent of the

present I nviawentdon. 16 Jul y 2004

\~} Figs. 26 (a) to 26 (d) are plan views illustrating manufacturing processes of
the resistor in accordance with the third exemplary embodiment of the present
invention.

10 - Figs. 27 (a) to 27 (¢) are section views illustrating manufacturing processes
of the resistor in accordance with the third exemplary embodiment of the present
invention.

Figs. 28 (a) to 28 (c) are plan views illustrating manufacturing processes of
the resistor in accordance with the third exemplary embodiment of the present
15  invention.

\) Fig. 29 is a top view illustrating the state in which an ineffective area is
formed on one end of the insulated substrate sheet used for manufacturing the resistor
in the third exemplary embodiment of the present invention.

Fig. 30 is a top view illustrating the state in which an ineffective area is

20 formed on both ends of the insulated substrate sheet used for manufacturing the
resistor in the third exemplary embodiment of the present invention.

Fig. 31 is a top view illustrating the state in which an ineffective area is

formed on three ends of the insulated substrate sheet used for manufacturing the

resistor in the third exemplary embodiment of the present invention.




10 Fig. 40 is a top viewillustrating the state in which an ineffective
area is forned on both ends of the insulated substrate shegt WS for
manuf acturing the resistor in the fourth exenplary enbodi lﬂuy he
present invention. Fig. 41 is atop viewillustrating the state in which an
ineffective area is 5 forned on three ends of the insulated substrate
sheet used for manufacturing the resistor in the fourth exenplary

enbodi nent of the present invention. Fig. 92 is a section view of a

resi stor manufactured using a nethod for manufacturing a resistor in a
fifth exenplary enbodi nent of the present invention. Fig. 43 is a top view
iI'llustrating the state in which an ineffective area is 10 fornmed on the
entire periphery of the insulated substrate sheet used for manufacturing

the resistor in aPBg?BQei@%ﬁtog’iv‘(iéa\y‘ilmstraftiin ]Et%ic St whicholiPRelelive afcatibe

present invention. ~ Figs. 4 to 44 are section views illustrating

manuf act uri RgnRIPGE AREMEE pfeﬁﬁhéﬁséﬁh@ indulated SAbSANE Sho¥t iled F6r thihlifacturin
exenpl ary enbodi nent of the presént 3.5 invention. Figs. 45 (a) to 45 (f%

are plan vi gygsiitol %&é@rﬁﬁhﬂ:ﬁﬂﬁfa%hﬁhie%n@ﬂ epgRflifknt bhtheResd Mvention.
accordance with the fifth exenplary enbodi ment of the present invention.

Figs. 46 (a) to 4Bjdsd}3 #5PtoSErid) @fe ¥ectivh views fhistiating manifhamiing precesses

processes 20 of the resi'stor 1h accordance with the fifth exenplary

enbodi ment  of tHehRsBEF SR RechrMaAtS W thEifesrth ¢€etplary entboditlsntedfthp paesent ews
Il lustrating manufacturing processes of the resistor in accordance with

twhe fifth exgenatisny enbodi nent of the present invention. 16 July 2004 11
“*) | Figs. 34 (a) to 34 (e) are plan views illustrating manufacturing processes of
| the resistor in accordance with the fourth exemplary embodiment of the present
invention.

10 Figs. 35 (a) to 35 (c) are section views illustrating manufacturing processes
of the resistor in accordance with the fourth exemplary embodiment of the present
invention.

Figs. 36 (a) to 36 (c) are plan views illustrating manufacturing procésses of
the resistor in accordance with the fourth exemplary embodiment of the present
15  invention.

\) Figs. 37 (a) to 37 (¢) are section views illustrating manufacturing processes
of the resistor in accordance with the fourth exemplary embodiment of the present
invention.

Figs. 38 (a) to 38. (c) are plan views illustrating manufacturing pfocesses of

20 the resistor in accordance with the fourth exemplary embodiment of the present
invention. |

Fig. 39 is a top view illustrating the state in which an ineffective area is
formed on one end of the insulated substrate sheet used for manufacturing the resistor

in the fourth exemplary embodiment of the present invention.




Figs. 48 (a) to 48 (c) are section views illustrating manufacturing
processes of the resistor in accordance with the fifth exe{go‘LL@J

enbodi ment of the present invention. Figs. 49 (a) to 49 (c) 4 %qoé‘n Vi ews
illustrating manufacturing processes of 5 the resistor in accordance with
the fifth exenplary enbodi ment of the present invention. Fig. 50 is a top
view illustrating the state in which an ineffective area is fornmed on one
end of the insulated substrate sheet used ifpor manufacturing the resistor
in the fifth exenplary enbodi mrent of the present invention. 10 Fig. 51 is a
top viewillustrating the state in which an ineffective area is fornmed on
both ends of the insulated substrate sheet used-for nanufacturing the '
resistor in the fifth exenplary enbodi ment of the present invention. Fig.

52 is a top view "Eﬁdéuﬁﬁ Fs%ttbpgzié\b?llﬁét?dtﬁlg'gﬂe‘é’tﬂtém MhidA {iRFfeMOe afeds! S
formed on three ends of the insul ated substrate sheet used for

manuf act ur i erh&®on betl &fdssdBhe ifsuldted kibdifhie X8aBhREd fa Rk ABRkinef thi:he
present invention. Fig. 53 is a section view of a conventional resistor.

Figs. 54 (akedistoPh {HefoRfth RBMPRATIMBONIBNEOf tHeYibicdl imeniRnuf act uring
processes of the conventional fesistor. 20 DETAI LED DESCRI PTI ON OF THE

PREFERRED EMBODI MEWT 3 1Hk lahp SASFRIldtdatRBtRE isid in Shi@Sibineffedfide hied is
manuf acturing nmethod in a first exenplary enbodi nent of 25 the present

v g aevdgeah e e o S eISpe R oft SUTEmniAE 0N 12

of the presesidtor fivemifonfth exemplary embodiment of the present invention.

\‘) Fig. 42 is a section view of a resistor manufactured using a method for
manufacturing a resistor in a fifth exemplary embodiment of the present invention.

Fig. 43 is a top view illustrating the state in which an ineffective area is
10 formed on the entire periphery of the insulated substrate sheet used for manufacturing
the resistor in accordance with the fifth eXempla.ry embodiment of the present
i invention.
Figs. 44 (a) to 44 (f) are section views illustrating manufacturing processes of
the resistor ih accordance with the fifth exemplary embodiment of the present
15 invention.

} Figs. 45 (a) to 45 (f) are plan views illustrating manufaéturing processes of
the resistor in accordance with the fifth exemplary embodiment of the present
invention.

Figs. 46 (a) to 46 (d) are section views illustrating manufacturing processes
20  ofthe resistor in accordance with the fifth exemplary embodiment of the present
invention.
Figs. 47 (a) to 47 (d) are plan views illustrating manufacturing processes of

the resistor in accordance with the fifth exemplary embodiment of the present

invention.




In Fig. 1, a prebaked insul ated substrate sheet is made of alum na of 96%
purity. Discrete substrate 11 is nmade by cutting this substﬁﬁﬁﬁ ﬁaﬁgt al ong
~a first slit 5 dividing portion and a second dividing portio y
- perpendicular to the first dividing portion. A pair of top electrode |ayers
12, made mainly of silver, is forned on the top face of discrete substrate
11. Resistor layer 13, nmade of ruthenium oxide system is fornmed on the
top face of discrete substrate 11 such that it partially overlaps the pair
of top electrode layers 12. First protective layer 14, which is a precoat
glass 10 layer, is formed on the top face of resistor layer 13. Trinmng
groove 15 is provided to adjust a resistance of resistor |ayer 13 between
the pair of top electrode Ilayers 12. Second protective |ayer 16, nmade
mai nly of resin, Figsf4R @doUB @PURS sdctibhtviews dhiRehating havdhcthfingtpredeskés a
precoat glass layer. A pair of side electrode layers 17 is formed so as to
partially oyffheapsitide h@ﬁbéorﬁﬁné@@itﬁ'tﬁéﬁfﬂﬁ@cdn@l@l?%@@o@iﬁfhrﬁ'of@h@pm@éntﬁ
both side faces and both ends of the rear face of discrete substrate 11.
Sol der | ayemvedfdon.nade of tin, is formed so as to cover the pair of side
el ectrode layers 17 and a part of the pair of top electrode |ayers 12. A
met-hod for manuf aEEpEr4Nc)tBd9r(ey hsd flan viewd Bldstratibg examidhciuping ProctishENGf  as
configured above is described next with reference to drawings. 20 Fig. 2 is
a top visew thelresistodlin Becdrigncd with the fifth eengplbfedhbedinemt of dee presétr med  on
the entire periphery of the insulated substrate sheet used for
manuf act ur iingehifien. resistor in the first exenplary enbodi nent of the
gpgesent invention. Figs. 3 (a) to 3 (e), Figs. 4 (a) to 4 (e), Figs. 5 (a)
te 5 (d), Figs. @igaj0 iva boy diew Hhgtratidg (le) stz in Which aaridefiectiee al®afa) to 8
(c) are process charts of the manufacturing nethod of the resistor in 25
the first edfonmetdanyorendatofmbetinaflatedesupsiestesheetrused ttoomantifaciudiyg 8Résit®rAs
shown in Figs. 2, 3 (a), and 4 (a), prebaked insul ated substrate sheet 21
whi ch i s 0.i# thefifth etemplarieembodinentd thé pEBetpmventyon.i s prepared. Here,
i nsul at ed

10 Fig. 51 is a top view illustrating the state in which an ineffective area is

formed on both ends of the insulated substrate sheet used for manufacturing the
resistor in the fifth exemplary embodiment of the present invention.
Fig. 52 is a top view illustrating the state in which an ineffective area is
formed on three ends of the insulated substrate sheet used for manufacturing the
15  resistor in the fifth exemplary embodiment of the present invention.
J | Fig. 53 is a section view of a conventional resistor.
Figs. 54 (a) to 54 (f) are perspective views illustrating manufacturing

processes of the conventional resistor.

20
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

First exe embodiment
A resistor and its:manufacturing method in a first exemplary embodiment of

25  the present invention are described below with reference to drawings.




substrate sheet 21, as shown in Fig. 2, has ineffective area 2la which wll
not becone products, on its periphery. This ineffective ar gay %ﬁgks
configured in a frane shape. 5 Next, as shown in Figs. 2, 3 Y d 4 (b),
two or nore pairs of top electrode |ayers 22, made nmainly of silver, are
screen-printed on the top face of insulated substrate sheet 21. Insul ated
substrate sheet 21 is then baked according to a baking profile with a peak
tenperature of 850 Cto stabilize top el egerode | ayers 22. Next, as shown
in Figs. 2, 3 (c), and 4 (c), two or nore resistor |ayers 23 | o nade of

rut heni um oxi de system are screen-printed so as to bridge two or nore pairs
of top electrode |ayers 22. Insul ated substrate sheet 21 is then baked
according to a baking profile with a peak tenperature of 850 Cto
stabilize resi st opjg 3%8h%ecdFon VREP of B RERWE ih@hé:ﬁgﬁ-ex%nﬁﬂirg@ﬁ%dﬂi&@ht of
first protective |ayer 24 nmade of two or nore precoat glass layers is
screen-prinﬁﬁgnggﬂﬁ htiofisi stor layers 23. Insulated 15 substrate sheet
21 is baked adain followng a baking profile with a peak tenperature of

600 C to stabilizg Iﬁ"ﬂ\%‘rﬁ]ﬁaBféﬂak@&ﬁffﬁﬂét@bl%ﬁbﬁfat%ﬂ@et% midiR T fehila &t 969%
F 3 (e) and 4

| ayers. Next, as sho I n"Fi gs. (e), two or nore trinmng

grooves 25 . MESiScreRd AfbsatcABels thaddBY BatiiR s iRiraRNHest Albfg }atfﬁst slit

resi stance ‘of resistor layers 23 between pairs of top el ectrode | ayers 22

to a predet GRAAIAL Po¥ddrtSnd & Yedbid dividing PR¥fion PefpetificuPar(td)th& st @itiding t WO
or nore second protective layers 26, mainly nade of resin, are

screen-pri nhexfiohO AONAF of tdPélebir 088 Tyl 2, a1 Sde AAinly GIRAVEL, ifbrledRiaheat
ghass layers, aligned vertically on the drawi ng. The substrate sheet is

eut ed fol | opypTec@of Bistitde Rilskttadt@ 1M t RedisRRdkydrerB) efiatclo Rrutiend@ll dxidedsystem,
stabilizing second protective |layers 26. 16 July 2004 14 Next, as shown in

Fig. 5 (b) igfdrhiédonthd byp facwofdiscreeaubstiste 11 amich thatdy pasially overlaps the
screen-printed to cover Second protective |ayers 26, and first resi st

layers 27 gpdir oftophilbitzqdt hyetdM 2. ayFigstrprotectife 14y ndpmédiicli iso precoatrglassecond
resist |layers 28 are
' 10 layer, is formed on the top face of resistor layer 13. Trimming groove 15 is
provided to adjust a resistance of resistor 'layer 13 between the pair of top electrode
layers 12. Second protective layer 16, made mainly of resin, is formed to cover first
protective layer 14 which is a precoat glass layer. A pair of side electrode layers 17
is formed so as to partially overlap the pair of top electrode layers 12 and also cover
15  both side faces and both ends of the rear face of discrete substrate 11.  Solder layer
‘J 18, made of tin, is formed so as to cover the pair of side electrode {ayers 17 and a part
| of the pair of top electrode layers 12.
A method for manufacturing the resistor in the first exemplary embodiment
“as configured above is described next with reference to drawings. |
20 Fig. 2 is a top view illustrating the state in which a ineffective area is formed
on the entire periphery of the insulated substrate sheet used for manufacturing the
resistor in the first exemplary embodiment of the present invention. Figs. 3 (a)to 3
(e), Figs. 4 (a) to 4 (e), Figs. 5 (a) to 5 (d), Figs. 6 (a) to 6 (d), Figs. 7 (a) to 7 (c), and
Figs. 8 (a) to 8 (c) are process charts of the manufacturing method of the resistor in

25 the first exemplary embodiment of the present invention.




screen-printed on the rear face of insulated substrate sheet 21, and second
. resist 5 layers 28 are stabilized also by UV-ray curing. hb&g shown in
Figs. 2, 5 (c), and 6 (c), two or nore first slit dividing [ﬁyb&i@ﬁs 29 are
formed by dicing on insul ated substrate sheet 21, on which first resist
| ayers 27 and second resist |layers 28 are fornmed, except on ineffective
area 2la fornmed over the entire periphery of insulated substrate sheet 21.
First slit dividing 10 portions 29 are usgd for dividing insulated
substrate sheet 21 into substrate strips 21b by separating pairs of top
el ectrode layers 22. In this case, first slit dividing portions 29 are
formed at a pitch of 700 m with a width of 120 pm In addition, first
slit dividing portions 29 are through hol es which pass vertically through

i nsul ated substrap sﬁeﬁﬁtin%%gs. bnsybntad suhshredhkedigalatatlsiiistrate tREBRNS as

a sheet 15 even after ftirst slit di'viding portions 29 are forned by dicing

except on i Ref#Eel0.Y fumANRR, Ahde oPARAHEE TUE% pakie, Ei%gaie@&re%ﬂb HéwR, iBONAeH ed

by ineffective area 21a. Next, as shown in Fig and 6 (d), insulated

substrate sigfiratelsHest 2 EMs ghgwﬁ iRl 1B, Mist iReffeti@! arel 2B MVIALE SHllAlot Become
plating, by dipping insulated substiate sheet 21 into a plating bath to

form side eh@autRden 'il%%%?iﬁg@rﬂf Y incdrdcpive a?&é‘i‘iﬁﬁ-co%@ig\&?&ﬁnsd flame shape.

el ectrode layer 30 is d“by plating nickel onto the entire face of

i nsul at ed subst r aiigxs g Showa iRFig. 208 1(B), 908 Ap{b%} iwor fiode palreof tsidelctayde
30 is also forned on the rear face of 1 nsulatéd substrate sheet "21 through

the entire j08@12% agRledhainly b55ilvdrl drecdepi-pranted ol tA8 Sop? Pacettifiisulated
w ough hole"fromthe top flace of 1nsulate substrate sheet 21. This is

betause fir&ibsrhielshdev2 ol NEhshfitéd Oiltsstrale shext RRiotEh hukkdaicebrdidy tha pakihig
vertically through insul ated substrate sheet 21. In addition, side 16 July

2004 15 el esiofidelevithay pealdfinsergtuse af RSO PCab stahilizd toptdleceodelppers22. exposed
~and first resist layer 27 on the top face of insulated substrate sheet 21.

On the rear face Néxi, assh@vedn Figsh gl 8 {t) anlidelc) Aivo o meretesitonkgedsfer 30
covers second resist |ayer 28.
10 made of ruthenium oxide system are screen-printed so as to bridge two or more pairs
| of top electrode layers 22. Insulated substrate sheet 21 is then baked according to a
baking profile with a peak temperature of 850 °C to stabilize resistor layers 23.
Then, as shown in Figs. 3 (d) and 4 (d), first protective layer 24 made of two
or more precoat glass layers is screen-printed to cover resistor layers 23. Insulated
15  substrate sheet 21 is baked again following a baking profile with a peak temperature
\-} of 600 °C to stabilize first protective layer 24 made of the precoat glass layers.
Next, as shown in Figs. 3 (e) and 4 (e), two or more trimming grooves 25 are
made using a laser trimming method for adjusting the resistance of resistor layers 23
between pairs of top electrode layers 22 to a predetermined value.
20 Next, as shown in Figs. 5 (a) and 6 (a), two or more second protective layers
26, mainly made of resin, are screen-printed to cover first protective layer 24,
consisting of precoat glass layers, aligned vertically on the drawing. The substrate

sheet is cured following a curing profile with a peak temperature of 200 °C for

stabilizing second protective layers 26.




Next, as shown in Figs. 7 (a) and 8 (a), first resist layers (not
Illustrated) and 5 second resist layers (not illustrated) ﬁ;ﬁ{&jﬁ@fd for
_patterning two or nore pairs of side electrode |ayers 30. ,-ds shown
in Figs. 7 (b) and 8 (b), two or nore pairs of solder |ayers 31, nade of
tin, of about 4 to 6 min thickness, are electroplated to cover pairs of
side electrode |ayers 30 exposed and a part of pairs of top el ectrode

| ayers 22exposed by 10 peeling off first rldsist |ayers (not illustrated).
Thi ckness of side electrode |layer 30 is about 4 to 6 m but this is not
limted. Appropriate thickness of side electrode layer 30 is | to 15 m
Since side electrode layer 30 is nickel plated by electroless plating, a

| ayer whi ch does not have magnetic properties is forned. Accordingly, side
el ectrode | ayer 3Wenittds showneimdiig. fi(ghaddbFij. Ge(bs, tereadr mooaifiest yesist layers 27
achievable. Inproved reliability of vacuumholding the resistor with a
sucti on pi nafoscreensptintegl torcoasr sedondgirettctive fdyers 26,smdlst ressstHaygrs 27 are
nmountability. Solder layer 31 in the first exenplary enbodi nent is nmade of
tin. Howevestabilitvel lpr B¥eray ¢urimnt i Kurthesmuoe, twionort mdre secoind reSel ldgers 28yae 31
maybe made of a tin 20 alloy material. In this case, reliable soldering is
achi evabl e bygreeefgrinted oh dler reag faceMdli iasulated subptratesshieetolls andysecodrésistnmade
of a silver material and resistor |layer 23 is nade of a rutheni um oxide

mat eri al5 i nlayees 28 ast stebidizpd alsp bonJddiayeeuring. These assure resi st ance
characteristics with good heat resistance and durability. Furthernore, the
protective | ayer Wexthassbownsndigs.<, dr(c).aanek6 £3, tvgo ovnidrgdirstslitzBviding, t wo
layers: i) first protective |layer 24 which is a precoat glass | %er .
cevering 16potfignsASoare farmed by diging @ynensdatedr&ubsﬁrateﬁwnﬁl,mnowh i Tt resisdr
26, mainly made of resin, which. covers first protective |ayer 24 and .
trimming gr byess 2bandsecondpesiselayessel§ anpdonpad, grcepean ineffentive atea2 bt
cracking during laser_ trinmng to reduce current noise, and_, o
formed over the entire periphery of insulated substrate sheet 21.  First slit dividing
10 portions 29 are used for dividing insulated substrate sheet 21 into substrate strips 21b
by separating pairs of top electrode layers 22. In this case, first slit dividing
" portions 29 are formed at a pitch of 700 pm, with a width of 120 ym. In addition,
first slit dividing portions 29 are through holes which pass vertically through
insulated substrate sheet 21. Insulated substrate sheet 21 still remains as a sheet
15 even after first slit dividing portions 29 are formed by dicing except on ineffective
) area 21a, because substrate strips 21b are connected by ineffective area 21a.
Next, as shown in Figs. 5 (d) and 6 (d), insulated substrate sheet 21 is
entirely plated with nickel, using electroless plating, by dipping insulated substrate
~ sheet 21 into a plating bath to form side electrode layer 30 of about 4 to 6 wm thick.
20  'When side electrode layer 30 is formed by plating nickel onto the entire face of
insulated substrate sheet 21 by electroless plating, side electrode layer 30 is also
formed on the rear face of insulated substrate sheet 21 through the entire inner face of
first slit dividing portions 29 which is a through hole from the top face of insulated
substrate sheet 21.  This is because first slit dividing portions 29 are through holes

25  which pass vertically through insulated substrate sheet 21. In addition, side




second protective layer 26, mainly conprising resin, secures resistance
characteristics 5 with good humdity resistance by coverinq Ep ﬁﬁyire
~resistor layer 23. Lastly, as shown in Figs. 2, 7 (c), and § &ﬁ%, wo or
nore second dividing portions 32 are diced in a direction perpendicular to
first slit dividing portions 29 except on ineffective area 21 a fornmed on
the entire periphery of the insulated substrate sheet. This allows
resistor |ayers 23 on substrate strips 21 °in insulated 10 substrate sheet
21 to be separated into individual discrete substrates 21c. In this case,
second dividing portions 32 are formed at a pitch of 400 gm with a width
of 100 gm Since these second dividing portions 32 are forned by dicing on
substrate g%riaa 1 b, except on ineffective area 21 a, substrate strips 21
cirhdd

P
b are divid F&més spEcrsqpaat phiapseloatrods laysr 43 pxpesed g firstregishpyer
portion 32 z formed.  Substrate gtrips 15 divided into individual products
are separ at &8 °RiBefomiace of insplatgd sybsinate sheghd 1 e s therrepnfacsofinndeted
exenpl ary enhodi ment i s. manufactured using the above processes. The total
length and %@Fgﬁtwq@@hibfﬂ%@lep@gd% ayfer 3Qprersisscendrestitdayer@8de  t hr ough
t he above processes are precisely 0.6 ML x 0.3 nun W This is because 20
‘the pitch of fi r:k\efe%ﬁa as skewn diz Kigso dr@) and 848), Sisf teslshlarers (robillustistad) iaads
32 made by dj Ci{i’g arei acc rat,ﬁ (wi tHi n 10.8%5&0 and .t he thicknesses of
si de el &ct r F§E0E Xaist laysrs fnpf illyptgated) aggdaiee paiering byo Oxmote PBIE Ofer |
the patter ni.ﬁg ﬁCﬁuraH of%@op el ectrode | ayers 22 and resistor |layers 23
el i m nat es eleergde [ayers 3&nsi onal ranking of discrete substrates, and

bt rates wi t hi TNEHeaS SHBVETHEHE: 2ih] SRAAPAQYO FHEHORTIERNS Yol LS 30,
U1y 2004 418 B2l AN AR BN ORCAE g Lo B
s W BERl 0L S rag R vhE SR b UeRS s SEEIBAERY,
10  peeling off first resist {ayers (not illustrated).
Thickness of side electrode layer 30 is about 4 to 6 pm, but this is not limited.
Appropriate thickness of side electrode layer 30 is 1 to 15 pm. Since side electrode
layer 30 is nickel plated by electroless plating, a layer which does not have magnetic
properties is formed. Accordingly, side electrode layer 30 with extremely high
15  dimensional accuracy is achievable. Improved reliability of vacuum-holding the
) resistor with a suction pin for mounting in an automated mounter also assures high
mountability. |
Solder layer 31 in the first exemplary embodiment is made of tin. However,
the present invention is not limited to tin. Solder layer 31 may be made of a tin
20  alloy material. In this case, reliable soldering is achievable by reflow soldering.
Moreover, top electrode layer 22 is made of a silver material and resistor
layer .23 is made of a ruthenium oxide material in the first exemplary embodiment.
These assure resistance characteristics with good heat resistance and durability.

Furthermore, the protective layer which covers resistor layer 23 is configured

25  with two layers: i) first protective layer 24 which is a precoat glass layer covering




mmL x 0.24 M W which is about 1.6 tinmes larger in area. 5 Since first
slit dividing portions 29 and second dividing portions 32 a{® fg@(ﬁed by
di cing, insul ated substrate sheet 21 which does not require 14be onal
ranki ng of discrete substrates may be used. This elimnates the need for

. classifying discrete substrates by dinmensions as in the prior art, thereby
elimnating the conplicated process of replacing a mask in the prior art.
Di cing can al so be 10 perforned easily usildg a general dicing nmachine for
sem conductors or the like. Insulated substrate sheet 21 is franmed by

I neffective area 21 a which does not becone a product. In addition, first
slit dividing portions 29 and second dividing portions 32 are not forned
on this ineffective area 2la. Accordingly, substrate strips 21b are
connect ed t wesisterf kaget 23 end iig 3e@indapretestiveflhpsr 6o nminly diads bf sdsid, whivhdi ng
15 portions 29. This prevents insul ated substrate sheet 21 from being
separ at ed i abwers ifinsti prothetive dayes Odadirl stninfsy Zidove RBSmaiRitst groeoteskyger 24 e
thus i nplenented on insulated substrate sheet 21 with ineffective area 21
a even af t eprefvienistocstirenck uf dfackingoduringhse?@inunéng tr regliice theertnoise, and
contributing to the sinplification of process design. Furthernore, when
second di vi skoogdpootective 32r 26enfatmlyedmprizing sdséy ssolngt reditandeetar@efdtics
cut into discrete substrates 21c every tine second dividing portion 32 is
f or med. 5 Eawiithgicodriateidstytresistanee by coverihg the estire rpsisthwdayeri2$. t hus
separated fromineffective area 2la, thereby elimnating the process of
sorting ineffectilasthy enslisen am&Figy. Adlidey andfd @) viavader mSté bécomdrdividingle
ehectrode layers 30 are fornmed on insulated substrate sheet 21 25 because
rw?ie rs of sipertionsd2raoeldidedyinrasdisectamdpgrpendiculiar tofidsslit diradingbrtiors 29r med
on 16 July 2004 18 insul ated substrate 21 in the formof a sheet before
bei ng di vi dexfepion smaffestivedired 21 e fiomeilon thy etize beripheiyool the innilated | ayers
31 by electroplating may al so be reduced, thereby allow ng the fornmation
of stabl e sBibgknteshpel 3hhis allows resistor layers 23 on substrate strips 21b in insulated

10 substrate sheet 21 to be separated into individual discrete substrates 21c. In this
case, second dividing portions 32 are formed at a pitch of 400 pm, with a width of
100 pm. Since these second dividing portions 32 are formed by dicing on substrate
strips 21b except on ineffective area 21a, substrate strips 21b are divided into discrete
substrates 21c every time second dividing portion 32 is formed. Substratc strips
15  divided into individual products are separated from ineffective area 21a.
\) The resistor in the first exemplary embodiment is manufactured using the
above processes.
The total length and total width of the resistor, which is a produ'ct, made
through the above processes are precisely 0.6 mm L x 0.3 mm W. This is because
20 the pitch of first slit dividing portions 29 and second dividing portions 32 made by
dicing are accurate (within + 0.005mm) and the thicknesses of side electrode layer 30
and solder layer 31 are also accurate. Moreover, the patterning accuracy of top
electrode layers 22 and resistor layers 23 eliminates the need for dimensional ranking
of discrete substrates, and also the need to take into account dimensional variations in

25  discrete substrates within the same dimensional ranking. The effective area of



The first exenplary enbodi nent of the present invention describes the case
5 of formng ineffective area 21 a which does not becone a15§%qé2@ a
finished product on the entire periphery of insulated substr Yt W@heet 21
in a shape of a frane. However, ineffective area 2la may not need to frane
I nsul ated substrate sheet 21. For exanple, as shown in Fig. 9, ineffective
area 21 d may be forned on one end of insulated substrate sheet 21.

Al ternatively, as shown in Fig. 10, i neff&&tive area 21 e 10 may be forned
on both ends of insulated substrate sheet 21. Alternatively, as shown in
Fig. 11, ineffective area 21 If may be forned on three ends of insul ated
substrate sheet 21. Al these denonstrate the sanme effect as that of the
first exenplar enbodi nent of the present invention. The first exenplary
enbodi ment WSIS%IQTéaWé’s?elﬁtthﬂﬁbmﬁﬂﬁbﬂlaaltbﬂi efdbe prisgart. hdonsspesifecadly, ther ni ng
second dividing portions 32 by dicing. In other cases, for_exanple, second
di vi di ng poiesiskrdagz indhe peof axtneaboy &2 mmd- x el 2 oy W.eaResistor dayier @3 off

i nsul ated substrate sheet 21, using a_laser beam or dicing, while retaining
a thinned eresigar imtherast exemplagy embodinaentaf tha present investipaivebaids?y at e
sheet 21. In this case, _the insulated substrate sheets are not imedi ately
di vi ded i ntianpladd24 pyms Wy which Eabout bifdimes largeginarea ons but in two

steps. The first exenpl ary ephodi ment, al so describes the case of formng
first sBit dividiiAge ﬁtﬁﬁbdmclmgamraﬂns 39 end geeondsdividisp portiensed2 @ and
second resist |ayer 28.  However, first resist |ayer 27 and second resist

| ayer 28 rped by digagainselatedsyhstrgte sheet21 svhich does aptugqpise dimaasional | n
t'his case, however, . printing pressure for, screen 25 printing need to be
tdduced bedanksafdisgretesyontraies mayibewed. s s cminatgs the need; for classifyipg
2004 3.9 regduced en first resist layer 27, and second resist |gyer 28 are
screen-pri rfﬁgﬂ'e@fs\gg?tr%e%i’ idigensions ag [ thepriorarhdheysby iebimunaiong ti¢ ¢ her mor e,
second res Ic%&npll?c%?erd ;)Zr%cgsl%yo r%pia%gnngeg mlagﬁr? Itl% Sll‘i%r glftt ebicing can also be

10  performed easily using a general dicing machine for semiconductors or the like.
Insulated substrate sheet 21 is framed by ineffective area 21a which does not
become a product. - In addition, first slit dividing portions 29 and second dividing
portions 32 are not formed on this ineffective area 21a.  Accordingly, substrate strips
21b are connected to ineffective area 21a even after forming first slit dividing
15 portions 29. This prevents insulated substrate sheet 21 from being separated into
) - individual substrate strips 21b. Remaining processes are thus implemented on
insulated substrate sheet 21 with ineffective ai;ea 21a even after first slit dividing
portions 29 are formed, thereby contributing to the simplification of process design.
Furthermore, when second dividing portions 32 are formed, insulated substrate sheet
20 21 is cut into discrete substrates 21c every time second dividing portion 32 is formed.
Each discrete substrate 21c, which is a product, is thus separated from ineffective
area 21a, thereby eliminating the process of sorting ineffective area 21a and products
afterwards.
Still more, side electrode layers 30 are formed on insulated substrate sheet 21

25  because pairs of side electrode léyers 30 and pairs of solder layers 31 are formed on



formng the first protective layer, which is precoat glass |ayers. This
al so achieves 5 . the sane effect as that of the first exq@qur%?o
enbodi ment. Still nore, the first exenplary enbodi mrent of the S? sgnt
i nvention describes the case of peeling first resist |layer 27 and second
resi st layer 28 before formng solder layer 3 1. These resist |ayers may
al so be peeled after formng solder layer 3 1. Still nore., the first
exenpl ary enbodi nent of the present i nventi®on uses a 10 silver material for
the top el ectrode |ayer 22 and a rutheniurn oxide material for resistor
| ayer 23. The use of other materials also achieves the same effect as that
of the first exenplary enbodi nent of the present invention. The first
exenpl ary enbodi nent of the present invention also describes the case of
form ng fir#wsulated sehsiiate 3§ ipthe fosmsofzoshestbeforo hding dividledg Petentishs 32 by
.15 dicing. The sanme effect as that of the first exenplary enbodi nment is
al so achi ediBirenssydudng theofommation af sokler faysss 3l bastactioplatimgonay etsoftsr
making first slit dividing portions and second djviding portions. Also in
‘the first eksgedrtherabyodiowing thefgralatiosfofistgbleselder tayer Bhyers 12 is
formed on the top face of discrete substrate 11. Resistor layer 13 is then
formed to .20 coVhe fiasteyemplarytenabesdiment pf theppresen tinwemionadasegbapthe case
- Conversely, resistor |ayer 13 naY be forned on the top face of discrete
subst rat®’ 10f forming ieeffectiysiaren?la which dessrmstdecompar part of a finishedpaodact
cover a part of resistor layer 13. This also_achieves the same effect as
that of theoRihesgntagdepiphery ehivsulatassubstraterrhept 25 éha shapecefa fame.
Forthernmore, the first exenplary enbodi nent of the present invention_ 25
‘de'scri bes t HOWEXSE ingteciive aiga ﬁa saydiqtmegd (o fiamy wevleteshsbstateshieakl at ed
substrate July 2004 20 sheef, 21 after formn airs of top electraode
|l ayers 22, ¥esexangple gy, 1] %tg- Ps%ﬂef%PBY‘éé{qﬂv%({) ra%i@ formed pp pmesd of
grooves 25,, se i rst resi,s ers..27, and

second resi 5t a%% shtadios 21+ Salimaivai e Shgwpn Firid) M chive drsmale
10 may be formed on both ends of insulated substrate sheet 21.  Alternatively, as shown
in Fig. 11, ineffective area 21f may be formed on three ends of insulated substrate
sheet 21. All these demonstrate the same effect as that of the first exemplary
embodiment of the present invention. |
The first exemplary embodiment of the present invention aiso describes the
15  case of forming second dividing portions 32 by dicing. In other cases, for example,
\) second dividing portions 32 may be formed by cutting the top, rear, or center of
insulated substrate sheet 21, using a laser beam or dicing, while retaining a thinned
portion in the top, rear, or center parts of insulated substrate sheet 21.  In this case,
the insulated substrate sheets are not immediately divided into pieces by forming
20 second dividing portions but in two steps.
The first exemplary embodiment also describes the case of forming first slit
dividing portions 29 after forming first resist layer 27 and second resist layer 28.
Howevér, first resist layer 27 and second resist layer 28 may be formcd after forming

first slit dividing portions 29. In this case, however, printing pressure for screen

25 printing need to be reduced because the strength of insulated substrate sheet 21 is




for dividing the substrate into substrate strips 21b. However, the present
I nvention 5is not limted to processes in this sequence. F%'{@x | e,
first slit dividing portions 29 may be forned on insul at ed "sUbstradt e sheet
21 first or insulated substrate sheet 21 already provided with first slit
di viding portions 29 may be used for manufacture. Alternatively, first
slit dividing-portions 29 may be fornmed on insul ated substrate sheet 21
after formng pairs of top electrodes |laydfs 22 on insul ated substrate
sheet 21. 10 O, first slit dividing portions 29 nay be fornmed on insul ated
substrate sheet 21 after resistor layers 23 are forned on i-nsul ated
substrate sheet 21. O, first slit dividing portions 29 may be forned on
i nsul at ed substrate sheet 21 after pairs of top electrode |ayers 22 are
formed on i sedncad gchenufiest resiss lagree 7 @, seaonid résist layeri 28 are stweaswitad after
formed such that a part of resistor |layers 23 overlaps pairs of top
el ect rode | &gwpiggdirst i dividingpoitioas 29, first slit dividing portions 29 may
be formed on insul ated substrate sheet 21 after formng resistor |ayers 23
on insul at ed subsFughermoreesecandaesist laper 2hinay beaformeg imnexliateleaftayers 22
are formed such that a part of top electrode |layers 22 overlaps resistor
| ayers 23. @prmipgthe figstiprot@ictivellaygr, purich dnprezoangipstlayers: mithioalsoiachidvas ed
substrate sheet 21 after pairs of top electrode |ayers 22 and resistor
| ayers 20 2thesamg effeas@s shatiofdhe Srsexenpdanyzrebadisrent.21 and triming is
applied to adjust _the resistance in these resistor |layers 23 between pairs
of top el ectrode Btllanerepthe finst exemplaneembodimentafdhe presestimrention desdribes
achi evable gs that of the first exenplary enbodinent of the present

%@ a3se oh peelingdirsh resigdayrri 2eand sewond rgsigtieyer28 befioee farmingr
manuf act uri gﬁ albﬂ'qesi stor_in a second exenplary enbodi ment of Ing t he
present i nvENEIaYeE3 He sThessagsiselayersunanatsebsrpastesd afterdoawinggnlden layer31.s

atop viewill ustéaltli ng the state in which a ineffective area is
_ till more, the first exemplary embodiment of the present invention uses a

~Aventi on.

10  silver material for the top electrode layer 22 and a ruthenium oxide material for
resistor layer 23. The use of other materials also achieves the same effect as that of
the first exemplary embodiment of the present invention.

The first exemplary embodiment of the present invention also describes the
case of forming first slit dividing portions 29 and second dividing portions 32 by
15 dicing. The same effect as that of the first exemplary embodiment is also
) achievable by using other means such as a laser or water jet for making first slit
dividing portions and second dividing portions.
Also in the first exemplary embodiment, a pair of top electrode layers 12 is
formed on the top face of discrete substrate 11.  Resistor layer 13 is then formed to
20  cover a part of the pair of top electrode layers 12.  Conversely, resistor layer 13 may
be formed on the top face of discrete substrate 11, and then a pair of top electrode
layers 12 is formed to cover a part of resistor layer 13. This also achieves the same
effect as that of the first exemplary embodiment of the present invention.
Furthermore, the first exemplary embodiment of the present invention

25  describes the case of forming first slit dividing portions 29 on insulated substrate




formed on the entire periphery of an insulated substrate sheet used for
manufacturing 5 the resistor in the second exenplary enbod,jﬁrgerpt @4”‘9
present invention. Figs. 13 (a) to" 13 (e), Figs. 14 (a) to 14’%% . Fig. 15
(a) to 15 (d), Figs. 16 (a) to 16 (d), Figs. 17 (a) to 17 (c), and Figs.
18 (a) to 18 (c) are process charts of the manufacturing nethod of the
resistor in the second exenplary enbodi nent of the present invention. As
shown in Figs. 12, 13 (a), and 14 (a), pré@®aked insul ated substrate sheet
10 41 which is 0.2 inmthick, made of alum na of 96% purity, is prepared.
Here, insulated substrate sheet 4 1, as shown in Fig. 12, has ineffective
area 4 1 a which will not becone products, on its entire periphery. This
ineffective area 4 1 ais configured in a frame shape. Next, as shown in
Figs. 12, 1shqebP] adien farming)paitsvaf top elestrodpdiyess 82, tesistorlsyark 831 fiste | ayer s
42, made mainly of silver, are screen-printed on the top face of insulated
substrat e spiégctive layers 24atranming groeues Xheetonliprotective dayeak 26, first oesistng t o
a baking profile with a peak tenperature of 850 OC to stabilize top
el ectrode |Wyeiss27andsesend eesist hayions 28 whegsfirst glit disiding podivhs 29 4re)formed or
more resistor |ayers 43 nade of ruthenium oxi de systemare screen-printed
so as to bricigividing the swbstatedntossubatratsf stripp 2éb e c Hovevet, dhie peeséat investibat ed
substrate sheet 41 is then baked according to a baking profile with a peak
t enper adur elsdyot dinmiteddotprogesses In this sepicscer Fayexampls, fifihshit dividisggartions
. Figs. 13 (d) and 14 (d), first protective layer 44 made of two or nore
precoat gl maérﬁ@@ml@dml@@wa&di substratesheol/ 2t firdsir dnsrated pubsgirate sheet 21
;j}sul at ed ;ﬁPSt rate sheet, 41 is_baked again followi ng a baking profile with
apeak 16 JRlrspdyaugvided vaih Sirsiislit dividingqeprions28 maay be usedsfor manwfacturs. ve
| ayer 44 made of the precoat alass |ayers. Next, as shown in Figs. 13 (e)
and 14 (e) ,Xﬁ%aawe%ﬁéﬁtsﬂt dividigegrastions 29 sayahelormed ansingalated aglstrate
trimm ng net hod IOIEI a%’ usti ng_th$ resj stance of resistor | aalers
| sheet 21 atter forming pairs of top electrodes layers 22 on insulated substrate sheet 21.
10 O first slit dividing portions 29 may be formed on insulated substrate sheet 21 after
resistor layers 23 are formed on insulated substrate sheet 21.  Or, first slit dividing
portions 29 may be formed on insulated substrate sheet 21 after pairs of top electrode
layers 22 are formed on insulated substrate sheet 21, and then resistor layers 23 are
formed such that a part of resistor layers 23 overlaps pairs of top electrode layers 22.
15  Alternatively, first slit dividing portions 29 may be formed on insulated substrate
} sheet 21 after forming resistor layers 23 on insulated substrate sheet 21 and then pairs
— of top electrode layers 22 are formed such that a part of top electrode layers 22
overlaps resistor layers 23.  Or, first slit dividing portions 29 may be formed on
insulated substrate sheet 21 after pairs of tdp electrode layers 22 and resistor layers
20 23 are formed on insulated substrate sheet 21 and trimming is applied to adjust the
resistance in these resistor layers 23 between pairs of top electrode layers 22. In all
the above cases, the same effect is achievable as that of the first exemplary

embodiment of the present invention.

25 ' ' Second exemplary embodiment




5 43 between pairs of top electrode |layers 42 to a predeterm ned val ue.
Next, as shown in Figs. 15 (a) and 16 (a), two or nore seco&g Hﬁrg{)&f:tive

| ayers 46, mainly nmade of resin, are screen-printed to cove f ¥

_ protective |layer 44, consisting of precoat glass |ayers, aligned
vertically on the draw ng. The substrate sheet is cured followng a curing
profile with a peak tenperature of 200 C for 10 stabilizing second
protective |ayers 46. Next, as shown in Fi2d. 15 (b) and Fig. 16 (b), two or
nore resist layers 47 are screen-printed on the rear face of insulated
substrate sheet 41, and resist |layers 47 are stabilized by LTV-ray curing.
Next, as shown in Figs. 12, 15 (c), and 16 (c), two or nore first slit _
dividing 15 portions 48 are forned by dicing on insulated substrate sheet
41, on whi ch resi Atmethagdos méifiufacturfing awvesistox diepisecond aeintsialy sabadigeent bfa
formed over the entire periphery of insulated substrate sheet 41. First
slit dividithe presant amendi®nds destsiebditmlowi withirefgrericesoldedwihgsubst r at e sheet
41 into substrate strips 41b by separating pairs of top electrode |ayers

. 42. In this case,Iig 18ts skop vibwiltlishgtingrthé etase #Bwhich £ Gicffedtios afoadst ch 20
of 700 m with a width of 120 m In addition, first slit dividing portions
48 are t hrioumgledrol the entire beriplssy wémhiinsulbted subswale shestusetiedr aidhaficiitng
sheet 41. Insulated  substrate sheet 41 still remains as a sheet even after
first sisit theveslstoyipthe seonnd 48emphary earbueliment of thengesent éptentioni NdigedGi ve
area 4la, because substrate strips 41b are connected by ineffective area 4
1 a. 16 Jul() tod3 (@8 Figxil4 (aytesvbie), Fig. HiSg@) td 35 (d), Rigd 166aj ¢) 16 i) Figs.
electrode | ayer 49 of about 0.1 to I gmthick, nmade of nickel or nickel
all oy such b’l(aﬁit@llél(cbmmdriﬁgalll%a,) to 4 84 plategpredessaitarts toli¢he rmnufatering

i nsul ated substrate sheet 41 and the inner face of first slit dividing
portions 4gnethedicithe eesssdor i the setend excinplany embodihentefdhe present imentidace
of 5first- slit dividing portions 48 contacts and is electrically coupled:
to top el ectrode Asshown in Figs. 12, 13 (a), and 14 (a), prebaked insulated substrate sheet

10 41 which is 0.2 mm thick, made of alumina of 96% purity, is prepared. Here,
insulated substrate sheet 41, as shown in Fig. 12, has ineffective area 41a which will
not become products, on its entire periphery.  This ineffective area 41a is
configured in a frame shape.

Next, as shown in Figs. 12, 13 (b), and 14 (b), two or more pairs of top

15 electrode layers 42, made mainly of silver, are screen-printed on the top face of

o

insulated substrate sheet 41. Insulated substrate sheet 41 is then baked according to
a baking profile with a peak temperature of 850 °C to stabilize top electrode layers 42.
Next, as shown in Figs. 12, 13 (c), and 14 (c), two or more resistor layers 43
made of ruthenium oxide system are scréen—printed s0 as to bridge two or more pairs
- 20 oftop glectrode layers 42. Insulated substrate sheet 41 is then baked according to a
baking profile with a peak temperature of 850 °C to stabilize resistor layers 43.
Then, as shown in Figs. 13 (d) and 14 (d), first protective layer 44 made of
two or more precoat glass layers is screen-printed to cover resistor layers 43.

Insulated substrate sheet 41 is baked again following a baking profile with a peak



| ayer 42 formed on the top face of insulated substrate sheet 41. Next, as
shown in Figs. 17 (a) and 18 (a), resist |ayers (not i||UStﬁ§§ﬁV9g§¥‘3

peel ed for patterning two or nore pairs of side electrode |ayer’s . Next,
as shown in Figs. 17 (b) and 18 (b), two or nore pairs of nickel layers 10
50, made of nickel, of about 4 to 6 gmin thickness, and two or nore pairs
of solder |layers 51, nade of tin, of about 4 to 6 gmin thickness, are

el ectroplated to cover pairs of side el ec% ode layers 49 exposed and a
part of pairs of top electrode |ayers 42 exposed by peeling off resist.

| ayers (not illustrated). Thickness of sputtered side electrode |ayers 49
Is about 0.1 to 1 gm but this 15 is not |imted. Appropriate total
thi ckness of nickel |ayer 50 and solder layer 5lis 1 to 15 gm Sol-der
| ayer 51 i nlGmeeraiieod o8Q Shpiostabiling biastmsatective ayee 4émmadenof tiblqme@xmt glasise
present invention is not limted to tin. Solder layer 51 may be nade of a
~tin alloy €F5-al . In this case, reliable soldering is achievable by

refl ow sol dering._20 Mreover, top electrode |ayer 42 is nmade of a silver
material and resi Mgk as;shown indigs 13ues and 14 (ehiwernrunonsxrigaming groioaks #6
the second exenpl ary enbodi nent. These assure resistance characteristics
wi th good h&®imads sipgdasesitnuninganethod foradintingthesesistancerafiresiston dayeay er
whi ch coveri esistor |layer 43 is configured wth two |ayers: i) first
prot ect ive %%’E’FWQPE‘ Rasscof top electiodedayergdade alprpdetemainediviadps. resi st or

| ayer 43 and ii)dﬁecond rotective. |ayer 46, mainly made of resin, which
16 July 2004 24 chygsh &sshown %F&Seétsi(@iall%l@r(a)ﬂmgm nmoterseroRd grasestivess.

Fiyst protective |layer 44 revents occurrence of cracking during_|aser
1 mmi ng tgfa%f%f&u‘kée %P#Yéﬁﬁd‘gefgf‘é}n,&ﬁ@ scrggRpEinterd oy eqver Fisst prptactive layaiidd, y
conprising resin, secures resistance characteristic W th good humdity
resi st ance HRPSIHREQLRTCCM gi??ﬁﬁ?@r%@é}géleér"ew %BﬁleESlrE%[@ig-y,Th%S@Wﬁi n

Figs. 12, %a@? %S’CU%QC? fojl?ovgiclzl)g’a éuvfllongolr)ror%ﬂtra %vialeg (1)3[3] %ﬁ%e%t%ge 0f 200 °C for

10  stabilizing second protective layers 46.

Next, as shown in Fig. 15 (b) and Fig. 16 (b), two or more resist layers 47 are
screen-printed on the rear face of insulated substrate sheet 41, and resist layers 47 are
stabilized by UV-ray curing.

Next, as shown in Figs. 12, 15 (c), and 16 (¢), two or more first slit dividing

15  portions 48 are formed by dicing on insulated substrate sheet 41, on which resist

} layers 47 are formed, except on ineffective area 41a formed over the entire periphery

of insulated substrate sheet 41.  First slit dividing portions 48 are used for dividing
insulated substrate sheet 41 into substrate strips 41b by separating pairs of top
electrode layers 42. In this case, first slit dividing portions 48 are formed at a pitch

20 of 700 pm, with a width of 120 pm. In addition, first slit dividing portions 48 are
through holes which pass vertically through insulated substrate sheet 41. Insulated
substrate sheet 41 still remains as a sheet even after first slit dividing portions 48 are
formed by dicing except on ineffective area 41a, because substrate strips 41b are

connected by ineffective area 41a.



portions 52 are diced in a direction perpendicular to first slit dividing
portions 48 except on ineffective area 4 1 a forned over thghﬂw%&ﬁp

peri phery of insulated substrate sheet4l. This allows resistor Tayers 43
on substrate strips 41b in insulated substrate sheet 41 to be separated
into individual. discrete substrates 41c. In this case, second 10 dividing
portions 52 are forned at a pitch of 400 %g wth a wwdth of 100 pin. S
ince these s econd dividing portions 52 are® forned by dicing on substrate
strips 4 1 b except on ineffective area 4 1 a, substrate strips 4 1 b are
divided into discrete substrates 41c every time second dividing portion 52
is formed. Substrate strips divided into individual products are separated
fromineffective area 4 la. 15 The resjistor in the second exenpla%y

‘enbodi nent i s nani¥exbtasrsbavisindtigs.n (Bisedd idcdde electrvie layer 40 dfabgtn0dnd
total width of the resistor, which is a product, made through the above
processes at@lpiehisk) made of pikel ar nickehalowsuchrsaickel sbeene alloy s sputferedof
first slit dividing portigns 48 and second dividing portions 52 made by .20
di ci ng are gututhgrearface pf insulptod substgateplacet Hd andithe innes deceoof st lit

el ectrode | gyer, 49, nickel layer 50, and solder |ayer 51 are also

accur at e. MIradipgmortipes H&+ « by thingaseasidaredesfrasie leysy 49 formed dm amipses fue ofnd
resistor_|layers 43 el jmnates the need for, dinensional ranking of discrete
subst r at®s, Hstdlibsadingpastiens 48 contestsi andds slectiieally enuplerstostoplelectradst i ons
in discrete subgérates wi thin the sape dinensional ranking. 25 The
effective ald¥sr ¢ fomacdenthe topdaca of insulated substeteshach4h. t hat of the prior
Aary. Mre 16 JuIyEFOO4 25 specifically, the resistor layer in the prior art
¢ about 0.20 mm DNexk@s s @WHﬂﬂbvgiﬁgéﬁgﬁﬁdlﬁéﬁbﬁeﬂﬁﬂéyﬂﬁﬁ%ﬂﬁ@g$§ﬁ@d)WW t he
second exenpl ary .enbodi nent of the presenf .. .invention is about 0.25 nun L x
0.24 Mm W nﬁ?ﬁq‘é‘%f‘?rsp%&@gi‘.’@ qri REKS PpaiFs el side electrgde ByseedYi rst slit

e R T SN TR R RV,
' 10 50, made of nickel, of about 4 to 6 pm in thickness, and two or more pairs of solder
layers 51, made of tin, of about 4 to 6 um in thickness, are electroplated to cover
pairs of side electrode layers 49 exposed and a part of pairs of top electrode layers 42
exposed by peeling off resist layers (not illustrated).
Thickness of sputtered side electrode layers 49 is about 0.1 to 1 pm, but this
‘15  isnotlimited. Appropriate total thickness of nickel layer 50 and solder layer 51is 1
) to 15 pm.
Solder layer 51 in the second exemplary efnbodiment is made of tin.
However, the present invention is not limited to tin.  Solder layer 51 may be made of
a tin alloy material. In this case, reliable soldering is achievable by reflow soldering.
20 Moreover, top electrode layer 42 is madé of a silver material and resistor |
layer 43 is made of a ruthenium oxide material in the second exemplary embodiment.
These assure resistance characteristics with good heat resistance and durability.
Furthermore, the protective layer which covers resistor layer 43 is conﬁgﬁred

with two layers: i) first protective layer 44 which is a precoat glass layer covering

25  resistor layer 43 and ii) second protective layer 46, mainly made of resin, which




~ranking of discrete substrates may be used. This elimnates the need for
classifying discrete substrates by dinensions as in the pr1'60{]u| Sdaq t hereby
elimnating the conplicated process of replacing a mask int prior art.
Dicing can also be perfornmed easily using a general dicing machine for
sem conductors or the like. 10 Insul ated substrate sheet 41 is framed by
I neffective area 41 a which does not becaone a product. In addition, first
slit dividing portions 48 and second di vi cﬂ"ng portions 52 are not forned
on this ineffective area 41 a. Accordingly, substrate strips 41b are
connected to ineffective area 41 a even after formng first slit dividing
portions 48. This prevents insul ated substrate sheet 41 from bei ng
separated into 3-15 i ndi vidueil substrate strips 41b. Remai ning processes are
thus i npl en€RYEd st profeciivadlaerstiband wimming aroave 44 t H'irfiprotsctive layar 44 41
a even after first slit dividing, pqrtions 48 are formed, thereby
cont ri but i ngTEEIEhecarasce of Cx 8‘#1’1% lnses birgedng to reduge cHEenbRese, eimen
second dividing portions 52 are fqorned, insulated substrate sheet 41 is
. cut into diSg¥ rotskive daxss 491 mainlyomprising tesin hecanos irenistgnepoehdractetigtics
- formed. 20 Eagh discrete substrate 41c, which is a product, is thus
separated f Mg g‘i’féfﬁ‘é@! 1preRistanes bycoyeringdhe pytite repistartlayey 43ne process of
sorting ineffectiye area 4 1 g apd products afterwards. Still nore, side
el ect rooé: | ayers ﬁ'@sﬁéﬁs sBoWBARdaASHA 2% iglﬁPhtaBé 18 () ttwax @ mmpEeesecand gividing

required areas, because paiys of, side el ectrode |ayers_ 49, .nickel [|layer 50,
25 and pai rBO%PD&CﬁcHPq? direction pesperdicalar fo Higt slit drddwemartionu48i n
t? formof _a 12 Juléﬁ‘2004 26 atfe t before beinqg divided. Potenti al

it ference SRTFIPhGRIREIPAIEATED f LB Aonmedi@yen thy entirasperiphery: of tsulated substete by

R O M TN A,
of the pr esﬁﬂatet '4“8 %isgﬂar% o ﬂlit(? Fllsdiéiﬁ%ai discrete substrates 41c. In this case, second
10  dividing portions 52 are formed at a pitch of 400 pm, with a width of 100 pm.
| Since these second dividing portions 52 are formed by dicing on substrate strips 41b
except on ineffective area 41a, substrate strips 41b are divided into discrete substrates -
41c every time second dividing portion 52 is formed. Substrate strips divided into
individual products are separated from ineffective area 41a.
15 The resistor in the second exemplary embodiment is manufactured using the
) above processes.
The total length and total width of the resistor, which is a product, made
through the above processes are precisely 0.6 mm L. x 0.3 mm W. This is because
the pitch of first slit dividing portions 48 and second dividing portions 52 made by
20  dicing are accurate (within + 0.005 mm) and the thicknesses of side electrode layer
49, nickel layer 50, and solder layer 51 are also accurate. Moreover, the patterning
accuracy of top electrode layers 42 and resistortlayers 43 eliminates the need for
dimensional ranking of discrete substrates, and also the need to take into account
dimensional variations in discrete substrates within the same dimensional rankiné.

25  The effective area of resistor layer 43 is thus broader than that of the prior art. More




5 case of formng ineffective area 41 a which does not becone one end of a
finished product on the entire periphery of insulated subsfg‘ﬂﬁ);ez(ﬁﬁeet 41
in a shape of a frame. However, ineffective area 41 a nay not ‘need to
frame insul ated substrate sheet 41. For exanple, as shown in Fig. 19,
I neffective area 41 d may be fornmed on a part of insulated substrate sheet
41. Alternatively, as shown in Fig. 20, ineffective area 41e 10 maybe
formed on both ends of insulated substrat@3sheet 41. Alternatively, as
shown in Fig. 21, ineffective area 41f may be forned on three ends of
I nsul ated substrate sheet 41. Al these denpbnstrate the sane effect as
that of the second exenplary enbodi nent of the present invention. The
second exen%,l?ar, @jg!b()di ment of the 1?res.ent invention also describes 15 the
case of for ?f?gﬁ( oHie resisten layerparthe prisr Bzt igbautcd.29 mmil. shE} mma¥és, for
exanpl e, segond dividing portigons 52 may be fornmed by cutting the top,
rear, or cgﬁﬁlé‘ior dayer 4S e idhe aesistos in teesseshaé exeamplary empodithersterf the present
dicing, while retaining a thinned portion in the top, rear, or center
parts of i nE\yeBHeR st ladznundet 028 mmmW, which énshoutting timres dargerih area.
~ substrate sheets gre not inmediately divided into pieces by 20 fornng
second di vi di ng p%ﬁl@ﬁcfﬁ%t Hibdiyidingportioap 48 andesesernd dividingmuirtions 52rbeedi ment
al so descrif)es the case of forming first slit dividing portions 29 after
forming % es Oémeﬂgvéflﬁnm inguated substyate sheet dd ywhishalpes mayraguireatimensionaker
formng first slit dividing portions 48. In this case, however rinting
pressure fornk 15¢tiets URstgtes anasobe Bsedh d ublils ehisainates theaead foéﬁgftsﬁlﬁiiﬁlgm
Jujy 2004 27 insul %t ed s%bs Jate sheet 41 is reduced when resist |ayers 47
e screen-YFFRtceHbsiples byrdmensionsag 4 thg prlogar therehysiiminating fie
Furthernore, resist,|layers 47 y be formed i medi ately after formng the
first prot e@’i’lglécal%% Cg3s Oﬁ}ﬁpﬁlm%a&‘%atthﬁp‘é@‘é artay d}igingmnsalen be
achi eves the same 5 xiffect as that . of the second exenpl ary enbodi nent.
ormed easily

per using a general dicing machine for semiconductors or the like.

10 Insulated substrate sheet 41 is framed by ineffective area 41a which does not
become a product. In addition, first slit dividing portions 48 and second dividing
portions 52 are not formed on this ineffective area 41a.  Accordingly, substrate strips
41b are connected to ineffective area 41a even after forming first slit dividing
portions 48.  This prevents insulated substrate sheet 41 from being separated into

';5 individual substrate strips 41b. Remaining processes are thus implemented on
\} insulated substrate sheet 41 with incffective area 41a even after first slit dividing
portions 48 are formed, thereby contributing to the simplification of process design.
Furthermore, when second dividing portions 52 are formed, insulated substrate sheet
41 is cut into discrete substrates 41c every time second dividing portion 52 is formed.

20  Each discrete substrate 41c, which is a product, is thus separated from ineffective
area{ 41a, thereby eliminating the process of sorting ineffective area 41a and products
afterwards.

Still more, side electrode layers 49 may be formed on insulated substrate

sheet 41 at required areas because pairs of side electrode layers 49, nickel layer 50,

25  and pairs of solder layers 51 are formed on insulated substrate 41 in the form of a




Still nore, the second exenpl ary enbodi nent of the present invention

descri bes the case of peeling resist |ayer 47 before forning3m¥¥5@ﬁ | ayer
50 and solder layer 51. The resist |ayer may al so be peeled a t%orning
sol der layer 51. Still nore, the second exenpl ary enbodi nent of the present
I nvention uses a 10 silver material for the top electrode |ayer 42 and a
rut heni um-oxi de material for resistor |layer 43. The use of other nmaterials
al so achi eves the sane effect as that of %%e second exenpl ary enbodi nent
of the present invention. The second exenpl ary enbodi rent of the present

I nvention al so describes the case of formng first slit dividing portions
48 and second dividing portions 52 by 15 dicing. The sane effect as that

of the second exenpl ary enbqdi ment is al sg_ achieyvable by using other neans
such as a |ég%9ﬁ>&ggw3?eéﬁg Jﬁgﬂg%r hefentigl diffesence duringsiheifarmation of niskel kayer
second divi di,ng portiqgns. Furthernore, the second exenpl ary enbodi nent of
the present prﬂ%@rﬁoﬁ‘ﬁﬁﬁa}ﬁ‘@§éai edleeineplating myy alee b weduaeds theselhyt allivwingi thg
portions 48 _.0on insulf';\teg sybstrate =20 sheet 41 after form ng pairs of top
el ectrode | aygpatioporl stgkleqyiglel|layms 59 arsl seldexstayen St.ect i ve | ayers 44,
trimm ng grooves ﬁ#ésecocgd protective |ayers 46, and resist |ayers 47

i

when first slit d FRoPGeXeNPILY gubadenentafdhe poesent inventign drscrihesdke at e
into substrate strips 4lb.. However, the present invention is not limted to
process ﬁ F?‘Fet(?’ﬁ é’ffg'é%ﬁj mcdectipe areadlaswhicky q?¢e§tno§ Ibegomewingieng qf ey finished 48
maybe forned_ o 5 insul ated sybstrate sheet 41 first or .insulated
substrate sﬂ@éﬂlcﬁﬁn éllq‘? EaHKP Byt f Svfatquswlzﬂtsa@mt 48 miarsbepe pf & frame.

G001 78 Do e a0 AT e B e Lol e
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Zg_eeta 141 ¢ ?I é]?ﬁl)a{icfe(f étgqts Iraacli %%E%? .f' ?éﬁé’%“};& glgdshgxrz]mi igﬂjg%(idmg&gé}\;eaérga %q%et
10 . may be formed on both ends of insulated substrate sheet 41,  Alternatively, as shown
in Fig. 21, ineffective area 41f may be formed on three ends of insulated substrate
sheet 41.  All these demonstrate the same effect as that of the second exemplary
embodiment of the present invention.
The second exemplary embodiment of the present invention also describes
15  the case of forming second dividing portions 52 by dicing. In other cases, for
_} example, second dividing portions 52 may be formed by cutting the top, rear, or
center of insulated substrate sheet 41, using a laser beam or dicing, while retaining a
thinned portion in the top, rear, or center parts of insulated substrate sheet 41. In
this case, the insulated substrate shéets are not immediately divided into pieces by
20  forming second dividing portions but in two steps.
| The second exemplary embodiment also describes the case of forming first
 shit dividing portions 29 after forming resist layers 47. However, resist layers 47
- may be formed after forming first slit dividing portions 48. In this case, however,

printing pressure for screen printing need to be reduced because the strength of



formed on insul ated substrate sheet 41 after pairs of top electrode |ayers
42 are forned on insulated substrate sheet 41 and then res{esjd?rzb ers 43
are formed such that a part of resistor |ayers 43 overl aps pa|¥s of top

el ectrode | ayers 42. Alternatively, first slit dividing portions 48 nay be
formed on insul ated substrate .10 sheet 41 after resistor layers 43 are
formed on insul ated substrate sheet 41 and then pairs of top el ectrode

| ayers 42 are formed such that a part of t%?’p el ectrode | ayers 42 overl aps
resistor layers 43. O, first slit dividing portions 48 may be formed on

I nsul ated substrate sheet 41 after pairs of top electrode |ayers 42 and
resistor layers 43 are forned on insul ated substrate sheet 41 and tri mm ng
is applied to ?d' st _the 15 resistance in these resistor |ayers 43 between
pairs of topRg @Jéarsb}h%rqta%@eé 44 3s redncgwherissisbinyersohb aes, scr¢an-printedeffierct

I s achi evable as that of the second exenplary. enbodinent of the present

i nvention. Teim@edishalildiyiding pentinesd820 A nethod for manufacturing a
resistor in a third exenplary enbodinent of the present invention is
descri bed bel ow \Nlli: pEnQicerRsist deyens 4vinpmsbe forquedimmediately pltor foaming the
illustrating the state in which a ineffective area is fornmed on the entire
peri phery o%rﬁri’rp@ﬁl"ﬁll%f dtowhicis preecat glassdayens. nhhisfadsn achienges theeame
resistor_in hhe third exenpl ary enbodi nent of the present invention. Figs.
23 (a) 5 t6 §§W(Set§1?t | 46 seoond exemplapuembpdinggids. 25 (a) to 25 (d), Figs.
26 (a) to 26 (d), ,E{,9s. 27 16 July 2004 29 (a) to 27 (c), and Figs. 28 (a)
to 28 (c) are pro§8gg’ﬂ%l}?aﬂ}e§eﬁpnql rEempplay smbodiment P peesent tventieni st or

Fos. 22, 2NeCHPeR Hiiask ol preling bestdey o0 ralomufosawes piskel layees0 aad sohleeh
| msui at o0, SIER P Lt o1 EAgetSdaYe TR R s Rbe kAT AOTRiNE TOIGAT K61 Y ar ea 61
8 unich Wil not BRI YESd eXiinlaty Sboufnbit iAhS pescnt invention dass a ' C
10  silver materia] for the top electrode layer 42 and a ruthenium oxide material for
resistor layer 43.  The use of other materials also achieves the same effect as that of
the second exemplary embodiment of the present invention.
The second exemplary embodiment of the present invention also describes
the case of forming first slit dividing portions 48 and second dividing portions 52 by
15 dicing. The same effect as that of the second exemplary embodiment is also
j . achievable by using other means such as a laser or water jet for making first slit
dividing portions and second dividing portions.
Furthermore, the second exemplary embodiment of the present invention
describes the case of forming first slit dividing portions 48 on insulated substrate
20  sheet 41 after forming pairs of tbp electrode layers 42, resistor layers 43, first
protective 1ayérs 44, trimming grooves 45, second protective layers 46, and resist
Jayers 47 when first slit dividing portions 48 are formed for dividing the substrate
into substrate strips 41b. However, the present invention is not limited to processes

in this sequence. For example, first slit dividing portions 48 may be formed on

25  insulated substrate sheet 41 first or insulated substrate sheet 41 already provided with




configured in a frame shape. Next, as shown in Figs. 22, 23 (b), and 24
(b), two or nore pairs of top electrode |ayers 62, nmade nmyjg Qéoéilver,
are screen-printed on the top face of 10 insul ated substrate sheet 61

| nsul at ed substrate sheet 61 is then baked according to a baking profile
with a peak tenperature of 850 Cto stabilize top electrode |ayers 62.

Next, as shown in Figs. 22, 23 (c), and 24 (c), tw or nore resistor |ayers
63 nade of ruthenium oxi de system are scrden-printed so as to bridge two
or nore pairs of top electrode |layers 62. Insul ated substrate sheet 61 is
t hen baked according to a '15 baking profile with a peak tenperature of
850 Cto stabilize resistor layers 63. Then, as shown in Figs. 23 (d) and
24 (d), first protective |ayer 64 nmade of two or nore precoat glass |ayers
i s screen- phifsli i diddngrartipas#8 reay bayssdsfop Jnanufastutat edltemiativelys firss blet

61 i s baked agajn followng a baking profile wth a peak tenperature of
600 C to st &bifingepartipns 4pmaydes formedayrinselaterhsibstinte sheepd bafiat fahdsg 20
| ayers. Next, K as_shown in Figs. 23 (e) and 24 (e), two or nore trinmng
grooves 65 DPaieofiaeclgeirede layeussi on inswiated swiesttabelshiest 4adj @ fing stihdividing
resistance of resistor |ayers 63 between pairs of top el ectrode |ayers 62
to a predet BPFHsEHSmpy be Tomned ondnsated sibstritgshee2 9 1 (afjeransist26 ld4yays 43 are or
more second _protective 25 |ayers 66, mainly made of resin, are :
screen- pt i nf@adongisalated substigteoshest #le Oayfirst glit digidingportoss 4Dmay be
consisting qf precoat glass |ayers, aligned vertically on the draw ng. The
substrate GrsIngy subistrate sheebd b aftenpaipy of tapeclogtrodalayersid? are
tanperature,of 200 C for _stabilizing second protective |ayers 66. Next, as
‘sHown i n Fi fmedon nsulatad S%Hatp@(heﬁg 41 ang then mesistorlayers 43iare faimedisusy 5
portions 67,are forrPad .b i cing_on insulated substrate sheet 61, except on

i nef f ect i vell4F 8 RagOIFesiy ey &3 ovpdapspairsoliepilertradedpyensd. at ed

substrate sheet 61. T .
Aﬁerna%vely, first slit dividing portions 48 may be formed on insulated substrate

10 sheet 41 after resistor layers 43 are formed on insulated substrate sheet 41 and then
pairs of top electrode layers 42 are formed such that a part of top electrode layers 42 |
overlaps resistor layers 43.  Or, first slit dividing portions 48 may be formed on
insulated substrate sheet 41 after pairs of top electrode layers 42 and resistor layers
43 are formed on insulated substrate sheet 41 and trimming is applied to adjust the

15  resistance in these resistor layers 43 between pairs of top electrode layers 42. In all

\}  the above cases, the same effect is achievable as that of the second exemplary.

embodiment of the present invention.

[hird exemplary embodiment

20 A method for manufacturing a resistor in a third exemplary embodiment of
the present invention is described below with reference to drawings.
Fig. 22 is a top view illustrating the state in which a ineffective area is
formed on the entire periphery of an insulated substrate sheet used for manufacturing
the resistor in the third exemplary embodiment of the present invention. Figs. 23 (a)

25 to 23 (e), Figs. 24 (a) to 24 (e), Figs. 25 (a) to 25 (d), Figs. 26 (a) to 26 (d), Figs. 27




First slit dividing portions 67 are used for dividing insulated substrate

sheet 61 into substrate strips 61 b by separating pairs 0”&}4& &ftrode

| ayers 62. In this case, first slit dividing portions 67 are ftornmed at a

pitch of 700 m with a width of 120 m .10 In addition, first slit dividing

portions 67 are through holes which pass vertically through insul ated

substrate sheet 61. Insulated substrate s %Ft 61 still remains as a sheet

even after first slit dividing portions 67”are forned by dicing except on

i neffective area 61 a, because substrate strips 61b are connected by

i neffective area 6la. 15 As shown in Figs. 25 (c) and 26 (c), mask 68 nade

of a magnetic netal is disposed on the rear face of insulated substrate
portions 67 are forned. Magnet 69 is

sheet 61 on i first slit_dividi

di sposed on(%@?éﬁﬁﬁ 18- ﬁéﬂ\.j)ltaﬂgg%@%ﬂrﬁa@% charfs of tha mpagniachwingy mask
68 i d I ped iti,on. Then, h in Figs. 25 (d d 26 (d),
tuo or mor oTiILobeaPlon R dic kel txepepian RRbapERIT OF the Breschiavension. 20
typically nmade of ,ni ckel .or_.a njickel allqy such as nickel -chrom um all oy
are forned on th@Ss avvnflaéég%% Egiﬁ)ataéié 2483t prebakeshimsulated substratesheeher

| ayer 701 of hRIGhISthd i Bl deadegnt alirin of 96 T b sgensordi oHere?
he. t op 2t acsyaiqd Siishabisnet6F i Bowieia s 22 dessiae feetbimma Gtnatnicasil
e shown | Hab5Com Trpiaiscontg sty pnjoherio. olbRaRetpaivasTsr 0t el
salder o1 el LR BmE AR dbout 4 to 6 m ihi ck, are el ectropiated
om0, Pae, O X S AL 9024 B8 23 D0 B R B P
_ 0.1to 1 pmyiligle lag?&ts 62, made mainly of silver, are screen-printed on the top face of
10  insulated substrate sheet 61. Insulated substrate sheet 61 is then baked according to
- a baking profile with a peak temperature of 850 °C to stabilize top electrode layers 62.
Next, as shown in Figs. 22, 23 (c), and 24 (c), two or more resistor layers 63
méde of ruthenium oxide system are screen-printed so as to bridge two or more pairs
of top electrode layers 62. Insulated substrate sheet 61 is then baked according to a
15  baking profile with a peak temperature of 850 °C to stabilize resistor layers 63.
\} Then, as shown in Figs. 23 (d) and 24 (d), first protective layer 64 made of
two or more precoat glass layers is screen-printed to cover resistor layers 63.
Insulated substrate sheet 61 is baked again following a baking profile with a peak
temperature of 600 °C to stabilize first protective layer 64 made of the precoat gIaSs
20 layers.
Next, as shown in Figs. 23 (e) and 24 (e}, two or more trimming grooves 65
are made using a laser trimming method for adjusting the fesistance of resistor layers
63 between pairs of top electrode layers 62 to a predetermined value.

Next, as shown in Figs. 25 (a) and 26 (a), two or more second protective

25 layers 66, mainly made of resin, are screen-printed to cover first protective layer 64




the thickness is not limted to this range. Appropriate total thickness for
ni ckel layer 71 and solder layer 72 is | to 15 gm 10 Sol deIrBJuﬂ}'fd'ozL?Z in
the third exenplary enbodi nent is nade of tin. However, the priesent
invention is not limted to tin. Solder layer 72 nay be nade of a tin alloy
material. In this case, reliable soldering is achievable by refl ow

sol dering. Moreover, top electrode |layer 62 is nmade of a silver materi al
and resistor layer 63 is made of a ruthed%m oxide material. These assure
resi stance 15 characteristics with good heat resistance and durability.
Furthernore, the protective | ayer which covers resistor layer 63 is
configured with two layers: i) first protective layer 64 which is a
precoat glass l.ayer goverin resistor layer. 63 and ii) second protective

| ayer 66, nﬁ?‘?ﬁlﬁé}&ﬁ Seoatedipgs laygrscali vesticalls on phodewstinge Thysubdratand
trimmng groove,65. First protective |ayer 64 20 prevents occurrence of
cracki ng dufiesly eured f@ﬁ@?ﬁﬁg@ cung pmﬁ;é with ageak tanperatuned fYHOFHfor
“protective |layger .66, mainly conprising resin, secures resistance

characteri sft?“é’jlzmg Flectj’éiéd)fﬂﬁﬁﬁﬂﬂa)’eﬁégﬁ-stance by covering the entire
resistor |ayer 63, Lastly, as shown in Figs. 22, 27 (c), and 28 (c), two or
more second di vi iNGgE aﬁéﬁ@%ﬂ% Frgs. 32e28i(bhani 264 bj tvexor morpéirgetitdudiag t o
first slit dividi portions 67, 25 except on ineffective area 61 a forned
over the ent? @ﬂﬁggi%ﬁé‘i’@%fby diging pa dnsilafed substrate shegty61268de8 Dnsheet 61.
Thi s al |l ows, rﬁgi st or Iayerts 63.0n substrate strips 61b in insul ated
substrate LREEPUER ateg Gla foupad svetitheansire paripheryaof inseleedisubsiats sheetdsl .

6hc. In this case,.second .dividing porfions 73 are formed at a pitch of
‘\4?0 gm Wi tlﬁfé Sjﬁéﬁ‘ﬁﬁﬁlﬁ mﬁowgsﬁ%ﬂ{ %Eéjévléétg)mumtm_ hstraprosheebhb ime ar e
formed by dj¢i on.substrate strips 61b_ 5 except on ineffective area 61
a, subst %,atS %&%ep%“%ﬁgﬁb éy éemfaﬁ'agﬁaﬂﬁpg tep sleckpde dayses 624t ebn thas easey Brst

e second AL ESILLR T30 {ored, Supphisie Spes i videg Lo
| 10 In addition, first slit dividing portions 67 are through holes which pass vertically
through insulated substrate sheet 61. Insulated substrate sheet 61 still remains asa
sheet even after first slit dividing portions 67 are formed by dicing except on’
ineffective area 61a, because substrate strips 61b are connected by ineffective area
6la.
15 As shown in Figs. 25 (¢} and 26 (c), mask 68 made of a magnetic metal is
} disposed on the rear face of insulated substrate sheet 61 on which first slit dividing
portions 67 are formed. Magnet 69 is disposed on the top face of insulated substrate
sheet 61 for fixing mask 68 in a predetermined position. Then, as shown in Figs. 25
(d) and 26 (d), two or more pairs of side electrode layers 70, about 0.1 to 1 pm thick,
20  typically made of nicke! or a nickel alloy such as nickel-chromium alloy are formed
dn the rear face of insulated substrate sheet 61 and the inner face of first slit dividing
portions 67. In this case, side electrode layer 70 formed on the inner face of first slit

dividing portions 67 contacts and is electrically coupled to top electrode layer 62

formed on the top face of insulated substrate sheet 61.




The resistor in the third exenplary enbodi nent is manufactured using the
above processes. 10 The total length and total w dth of trmag§?&§@§¥, ich
is a product, made through the above processes are precisé‘y .6 M L X
0.3 M W This is because the pitch of first slit dividing portions 67 and
second dividing portions 73 made by dicing are accurate (within 0.005 mm
~and the thicknesses of side el ectrode Iayg{ 70, nickel layer 71, and

sol der layer 72 are al so accurate. Mboreov H} the patterning 15 accuracy of
top el ectrode | ayers 62 and resistor layers 63 elimnates the need for
di mensi onal ranking of discrete substrates and also the need to take into
account dinensional variations of discrete substrates within the sane

di mensi onal rankipg. The effective,area of istqr |ayer 63 is _thus

br oader than that qﬁf’nﬁ?es W‘bmcglﬁé@ﬁ@ean%s?&@ifm%ﬁ%ﬁw%ﬁ%m | ayer
inthe prior art js about 0.20 mmL x 0.19 mm W .20 Resistor |ayer 63 of
the resistof*F¢¥he third exenpl ary enbodi nent of the present invention is

Do 0,25 ™ L ol e R S ok AT et
RUE A S AT I R T RS T
Lhe need, T opehae At oot £l L) ek el bR S Sk, ™
Using a gendPariosibdkdialt P andiapark bF it SER et WS G, | neul at Lo
gapstrate sheet SRR A0 B Sl ea St ot o 555 Rk b
v 610 © BRGHBRET o o LI BR, BBl LGRS e ter
Mnoul at eq subat Sdek e 7o 1 ISR, Separated ho b
10 Solder layer 72 in the third exemplary embodiment is made of tin. However,
the present invention is not limited to tin. Solder layer 72 may be made of a tin
alloy material. In this case, reliable soldering is achievable by reflow soldering.
Moreover, top electrode layer 62 is made of a silver material and resistor
layer 63 is made of a ruthenium oxide material. These assure resistance
15  characteristics with good heat resistance and durability.

\} Furthermore, the protective layer which covers resistor layer 63 is configured
with two layers: i) first protective layer 64 which is a precoat glass layer covering
resistor layer 63 and ii) second protective layer 66, mainly made of iesin, which
covers first protective layer 64 and trimming groove 65. First protective layer 64

20  prevents occurrence of cracking during laser trimming to reduce current noise, and
second protective layer 66, mainly comprising resin, secures resistance characteristics
with good humidity resistance by covering the entire resistor layer 63.
Lastly, as shown in Figs. 22, 27 (c), and 28 (c), two or more second dividing

portions 73 are diced in a direction perpendicular to first slit dividing portions 67

25  except on ineffective area 61a formed over the entire periphery of insulated substrate




i ndi vi dual

first slit

substrate strips 61b. Renai ning processes are thus inplenented
on insulated substrate sheet 61 with ineffective area 61 a %ﬂ%@ter

dividing 10 portions 67 are formed, thereby contri to the

sinplification of process design. Furthernnre when second di vi di ng
portions 73 are fornmed, insulated substrate sheet 61 is cut into discrete

substrates

61c every tinme second dividing portion 73 is formed. Each

di screte substrate 61 c, which is a producti is thus separated from
ineffective area 61 a, thereby elimnating the process of sorting
i neffective area 61 a and products 15 afterwards. Still nore, side

el ectrode
required a

Iayers 70 may be forned on insulated substrate sheet 61 at

re cause pairs of side electrode |ayers 70, nickel layer 71,
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The total length and total width of the resistor, which is a product, made

through the above processes are precisely 0.6 mm L x 0.3 mm W, This is because

the pitch of first slit_ dividing portions 67 and second dividing portions 73 made by
dicing are accurate (within + 0.005 mm) and the thicknesses of side electrode layer
70, nickel layer 71, and solder layer 72 are also accurate. Moreover, the patterning
accuracy of top electrode layers 62 and resistor layers 63 eliminates the need for
dimensional ranking of discrete substrates and also the need to take into account
dimensional variations of discrete substrates within the same dimensjonal ranking,
The effective area of resistor layer 63 is thus broader than that of the prior art. More
specifically, the resistor layer in the prior art is about 0.20 mm L x 0.19 mm W.
Resistor layer 63 of the resistor in the third exemplary embodiment of the present
invention is about 0.25 mm L x 0.24 mm W, which is about 1.6 times larger in area.
Since first slit dividing portions 67 and second dividing portions 73 are
formed by dicing, insulated substrate sheet 61 which does not require dimensional
ranking of discrete subsirates may be used. This eliminates the need for classifying

discrete substrates by dimensions as in the prior art, thereby eliminating the



case of form ng second dividing portions 73 by dicing. In other cases, for
exanple, second dividing portions 73 may be fornmed by cutt1i n t%ﬁ) t op,
rear, or center of 10 insulated substrate sheet 6 1, using 9 Uy eam or
dicing, while retaining a thinned portion in the top, rear, or center
parts.of insulated substrate sheet 6 1. In this case, the insulated
substrate sheets are not imediately divided into pieces by formng second
di viding portions but in two steps. The ti¥d exenplary enbodi nent of the
present invention also describes the 15 case of using a silver materi al

for top electrode |ayer 62 and a ruthenium oxide material for resistor

| ayer 63. However, other materials may be used for achievenent the sane
effect as that of the third exenplary enbodi nent of the present invention.
The third egempligatedarboetismdneplatingteempsle srethte prioreart.i dDicihg oalakorticbes t he
20 case of formng first slit dividing portions 67 and second dividi ng
portions 73pesforried eagjly Ming spencrd déung aschive fdnisenhieomiuptors yr drebldics. ment

is al so achi evabl e % usi ng ot her neans such as a |laser or water |j et for
maki ng first slitIniwatad sgbsite sloet 61ds Graseabdingiffeictlve graads i whith does not
Furthernore, the third exenplary embodi nent of the present invention 25
~descri bes t hecarne @ predialr mimgdditiosy figstistit dividisigrpprfions 6dand 6&comd dinidihgt ed
substrate 16 July 2004 35 sheet 61 after formng pairs of top el ectrode

| ayers 62, pedionsgd arayet fomaed on this ingffestive miraeet | my ehecaidingly, isubstrage strips
grooves 65, and second protective |layers 66, when first slit dividing
portions 670kp argepnnsgtedde ineffeetivepren61s even afieefarnting fustsdit divddingt r i ps
B1b. However, the present invention is not limted to processes in this 5
‘sequence. FBYrioRs r@% | e, This pegvests inselataddiubgtrptershicoifsl fpmmbsingsepamtesidintm

i nsul ated substrate sheet 61 first _or insulated substrate sheet 61 already.
provi ded wi l‘flfinltS@}Strﬂteoﬁtvpﬁﬁh@ pBemagsg peoeassessre dhesdinmplementadi et ur e.

Alternatively, first slit dividing . X
méilated sutbstrate sheet 61 ngl ineffective area 61a even after first slit dividing

10  portions 67 are formed, thereby contributing to the simplification of process design.
Furthermore, when second dividing portions 73 are formed, insulated substrate shéet
61 is cut intq discrete substrates 61c every time second dividing portion 73 is formed.
Each discrete éubStrate 61c, which is a product, is thus separated from ineffective
area 61a, thereby eliminating the process of sorting ineffective area 6laand products
‘15  afterwards,
) | Still more, side electrode layers 70 may be formed on insulated substrate
sheet 61 at required areas because pairs of side electrode layers 70, nickel layer 71,
and pairs of solder layers 72 are formed on insulated substrate 61 in the form of a
sheet before being divided. Potential difference during the formation of nickel layer
20 71 and solder layers 72 by electroplating may also be reduced, thereby allowing the
formation of stablé nickel layer 71 and solder layer 72.
The third exemplary embodiment of the present invention describes the case
of forming ineffective area 61a which does not become a part of a finished product
on the entire periphery of insulated substrate sheet 61 in a shape of a frame.

25 However, ineffective area 61a may not need to frame insulated substrate sheet 61.




portions 67 may be formed on insul ated substrate sheet 61 after forn1ng
pairs of top electrode |ayers 62 on insulated substrate shge djsP%Pq

first slit dividing portions 67 10 may be forned on insul ate rat e
sheet 61 after resistor layers 63 are forned on i nsul at ed substrate sheet
61. O, first slit dividing portions 67 may be fornmed on insul ated
substrate sheet 61 after pairs of top elecjfode |ayers 62 are fornmed, and
then resistor layers 63 are forned such t at a part of resistor |layers 63
overlaps these pairs of top electrode |layers 62. Alternatively, first slit
di viding portions 67 may be 15 forned on insul ated substrate sheet 61 after
resistor layers 63 are forned on insulated substrate sheet 61 and then

ettt ode | o eRaRbRORs BYfhin g 4 HORIRRHEY o I Moo Rined ¥y ikt gta of”
Pop el oot ?Zé@ﬁ?‘%@gi@%’?gﬁﬁéﬁfﬂfi (Shelafyy Ao DalEeE ﬂgeéo Srefheiitiza e
These resi std pEHord.dn ottt e\t laRRUpSEut SpBllefS li‘gew“@v%“a” A
exempl oty oot ARV LIGES L RaP BO (GHAR B Hiree i o nsulled P s‘fwfe
embodi mest ifecte]y %@&éﬁd@n@%ﬁﬁ@tﬁ? satiBUfRr hy a?%f@é@@@ce};ﬁ%ggﬁd&gel ow

fourth exenplary enbodi ne esent |nven

wth refere An&kay a top viewillustrating the state in
which a i ne]‘gl?lgg?i v‘:éaH ar etl;@?res'é*nor meﬁtlgir%] the entire periphery of an insulated

.se:gbs" rate sheet uygd hipd eﬁ@fﬂgfa?‘ﬂe%oﬂﬂneét Sihe Predent ﬁg@h? &xrﬁ?s zgeg&% gs the

enpl ary enbodi nent of the present invention. *Figs.

Fige 37 (B re Sr (g ceond Rt ngods By U It 1 St

‘illustrate tdvendahividast poitides 7'3’%5!956%&&% %ﬁ’rt e'tBp Ll bPUEARy of
\qu EE:I gs. 5 33

exenpl ary enbodi nent of the present inventio
(a), and 34insalatedsisaktrkteassl Alstrl 8 Wkt beh@ c%*tﬁ@fng, while retaining a thinned

portion in the top, rear, or center parts of insulated substrate sheet 61. In this case,

the insulated substrate sheets are not immediately divided into pieces by forming
second dividing portions but in two steps.
Thé third exemplary embodiment of the present invention also describes the
‘15 case of using a silver material for top electrode layer 62 and a ruthenium oxide
) material for resistor layer 63. However, other materials may be used for
- achievement the same effect as that of the third exemplary embodiment of the present
invention, |
The third exemplary embodiment of the present invention also describes the
20 case of forming first slit dividing portions 67 and second dividing portions 73 by
dicing. The same effect as the third exemplary embodiment is also achievable by
using other means such as a laser or water jet for making first slit dividing portions
and second dividing portions.
Furthermore, the third exemplary embodiment of the present invention

25  describes the case of forming first slit dividing portions 67 on insulated substrate



10 81 which is 0.2 mmthick, made of alumna of 96% purity, is prepared.
‘Here, insulated substrate sheet 81, as shown in Fig. 32, L ective
area 8la which will not becone products, on its entire pe?ﬁ’f)%dei:yrgédcﬁhi s
ineffective area 81 a is <configured in a frane shape. Next, as shown in
Figs. 32, 33 (b), and 34 (b), two or nore pairs of top 15 electrode |ayers
82, made mainly of silver, are screen-printed on the top face of insulated
substrate sheet 81. Insul ated substrate sRSet 81 is then baked according to
a baking profile with a peak tenperature of 850 Cto stabilize top

el ectrode | ayers 82. Next, as shown in Figs. 32, 33 (c), and 34 (c), two
or nore resistor |layers 83 nade of ruthenium oxide system are
screen-printed so as to bridge two or nore pairs 20 of top el ectrode |ayers
82. | nsul at 8ect b affes fermingqain ofitep elestroda textrs 62 aredistar layera 63pfikstng
profile with a peak tenperature of 850 C to stabilize resistor |ayers 83.
Then, as shBiestivedngers 643 trimming groavesdS, ahd sstongr protaxtivedayeay 66, Ghemade

of two or nmpre precoat glass layers is screen-printed to cover resistor

| ayers 83. firstslit dividing piostions 67 srecfirmed fos dbviding thgaubstfate inteisobsteatbaki ng
profile with a peak 16 July 2004 37 tenperature of 600 C to stabilize first
protective tepsi6lba Haveevst, thapreseat inventipassnot kiméted to Neodessassindhizwn i n
Figs. 33 (e) and 34 (e), two or nore trimmng grooves 85 are nmade, using a
| aser t B mPGaYeRes: hddpor exsmpley tisst shigdividing peitsonsrcbmay bedormed onbnbdygteds 83
bet ween pai rlﬁi1 of ts%g electrode layers 82 to a predeterm ned.value. Next,
as shown i nSubsgate sheey &) figstordssylated subeirate shestd Isaleendy providedtwitte firstajier s
86, mainly made of resin, are screen-printed to cover first protective
f.ayer 84 c@ﬁ&ﬁ@g PREIQNS 2% way be used Jar magwfastura) | ddteanatisely, fist slitatividing
drawi ng. The subs eet is cured following a curing profile wth a

peak t enperBRIHPBS %Jf:’ %8@13 : qrgredion misykited sybsira t6 b efler Eanmisg pairs of tep .
electrode layers 62 on insulated substrate sheet 61.  Or, first slit dividing portions 67
10 may be formed on insulated substrate sheet 61 after resistor layers 63 are formed on
insulated substrate sheet 61.  Or, first slit dividing portions 67 may be formed on

insulated substrate sheet 61 after pairs of top electrode layers 62 are formed, and then

resistor layers 63 are formed such that a part bf resistor layers 63 overlaps these pairs
of top electrode layers 62.  Alternatively, first stit dividing portions 67 may be

15 formed on insulated substrate sheet 61 after resistor layers 63 are formed on insulated

J substrate sheet 61 and then pairs of top electrode layers 62 are formed such that a part

of these top electrode layers overlaps resistor layers 63. Or, first slit dividing
portions 67 may be formed on insulated substrate sheet 61 after pairs of top electrode
layers 62 and resistor layers 63 are formed on insulated substrate sheet 61 and

20 trimming is applied to adjust the resispance in these resistor layers 63 between pairs
of top electrode layers 62. In all the above cases, the same effeét is achievable as

that of the third exemplary embodiment of the present invention.

25 ' _ 0 exemplary embodiment



Next, as shown in Figs. 32, 35 (b), and 36( b), two or nore first slit
dividing portions 87 are fornmed by dicing on insulated subgf @* @peet 81,
except on ineffective area 81 a forned over the entire perlpﬂ y of
~ insulated substrate sheet 81. First dividing portions 87 are used for
~dividing insulated substrate sheet 81 into 15 substrate strips 8l b by
separating pairs of top el ectrode |ayers ﬁ% In this case, first slit
dividing portions 87 are fornmed at a pitch of 700 m with a width of 120 W
In addition, first slit dividing portions 87 are fornmed using through hol es
whi ch pass vertically through insul ated substrate sheet 81. Insul ated
substrate sheet 81 still remains as a sheet even after first slit dividing

because substrat Lﬂé%?%?yf § nipa i e sg%r‘c’»%‘yh? owth exemp B embodinnt of
hgwn Fi 6 I 88, d f kel
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o face o Lneabet R R S ULl A
I 89 d f ckel el 16 J 2004 38 1y
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pairs of solder A0 ﬂl ﬁp%ssgg %’? tag'd%ﬂ (g) prebakeﬁ mmated substrzﬁb st

for rred to cover pairs
10 81 whichis 0. 2 mm thick, made of alumina of 96% purity, is prepared. Here,

insulated substrate sheet 81, as shown in Fig, 32, has ineffective area 81a which will
not become products, on its entire periphery.  This ineffective area 81a is
configured in a frame shape.
Next, as shown in Figs. 32, 33 (b), and 34 (b), two or more pairs of top
15 electrode layers 82, made mainly of silver, are screen-printed on the top face of
?f:} - insulated substrate sheet 81. Insulated substrate sheet 81 is then baked according to
a baking profile with a peak temperature of 850 °C to stabilize top clectrode layers 82.
Next, as shown in Figs. 32, 33 (¢), and 34 (c), two or more resistor layers 83
made of ruthenium oxide system are screen-printed so as to bridge two or more pairs
20  oftop electrode layers 82. Insulated substrate sheet 81 is then baked according to a
baking profile with a peak temperature of 850 °C to stabilize resistor layers 83.
Then, as shown in Figs. 33 (d) and 34 (d), first protecti\}e layer 84 made of
two or more precoat glass layers is screen-printed to cover resistor layers 83.

Insulated substrate sheet 81 is baked again following a baking profile with a peak



side electrode layers 89 and a part of pairs of top electrode |ayers 82.
Wen pairs of side electrode layers 89 are sputtered, the fgygkagss of
side el ectrode layers 89 is about 0.1 to 1 m This requires the formation
of nickel layer 91 and solder layer 92. If pairs of side electrode |ayer
89 are electroplated, the formation of only solder 15 layer 92 is
sufficient because the thickness of side ctrode layer 89 is about 4 to 6
m Sol der layer 92 in the fourth exenplary ‘enbodi nent is nade of tin.
However, the present invention is not Iimted to tin. Solder |ayer 92 may
be made of a tin alloy material. In this case, reliable soldering is

achi evabl e by reflow soldering. 20 Modreover, top electrode |layer 82 is

made of a si terd resi.star |ayer .83.is de of rut heni u

oxt e rrat er (e eraREST D0 0 RS BB ies B of e Rogtpe

resi stance rdur ability. Furthernore, the protective |ayer which covers
resistor |a B3 is confi gured with two layers: i) first protective |ayer
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10 stabilizing second protective layers 86.
Next, as shown in Figs. 32, 35 (b), and 36( b), two or more first slit dividing
portions 87 are formed by dicing on insulated substrate sheet 81, except on
ineffective area 81a formed over the entire periphery of insulated substrate sheet 81.
First dividing portions 87 are used for dividing insulated substrate sheet 81 into
15 substrate strips 81b by separating pairs of top electrode layers 82. In this case, first
\:; slit dividing portions 87 are formed at a pitch of 700 pm, with a width of 120 pm.
In addition, first slit dividing portions 87 are formed using through holes which pass
vertically through insulated substrate sheet 81. Insulated substrate sheet 81 still
remains as a sheet even after first slit dividing portions 87 are formed by dicing
20  except on ineffective area 81a, because substrate strips 81b are connected by
ineffective area 81a. '
Next, as shown in Figs. 35 (c) and 36 (c), metal layer 88, made of nickel or
nickel alloy, is typically sputtered or electroplated over the entire rear face of

insulated substrate sheet 81 on which first slit dividing portions 87 are formed. In

25 addition, two or more pairs of side electrode layers 89 made of nickel or nickel alloy




width of 100 m Since these second dividing portions 93 are fornmed by
dicing on substrate strips 8lb except on ineffective area fla,ysagystrate
strips 8lb are divided into discrete substrates 81 c every tine second
dividing portion 93 is formed. Substrate strips divided into individual
products are separated fromineffective area 35 8la. The resistor in the
fourth exenplary enbodi nent i s manufactur using the above processes. The
total length and total width of the resistor, which is a product, nade

t hrough t he above processes are precisely 0.6 nmL x 0.3 nmW This is
because 20 the pitch of first slit dividing portions 87 and second
dividing portions 93 nmade by dicing are accurate (wwthin 0.005 nm and the
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general di Ciygr®CBF ALY t0°6 fint BNEY GhES of nickel, and two or more pairs of solder

1@ layers 92 of about 4 to 6 pm thick, made of tin, are formed to cover pairs of exposed

-

-side electrode layers 89 and a part of pairs of top electrode layers 82. When pairs of
- side electrode layers 89 are sputtered, the thickness of side electrode layers 89 is
about 0.1 to 1 pm. This requires the formation of nickel layer 91 and solder layer
92. If pairs of side electrode layer 89 are electroplated, the formation of only solder
15 layer 92 is sufficient because the thickness of side electrode layer 89 is about 4 to 6

pm.

Solder layer 92 in the fourth exemplary embodiment is made of tin.
However, the present invention is not limited to tin.  Solder layer 92 may be made of
a tin alloy material. In this case, reliable soldering is achievable by reflow soldering.

20 Moreover, top electrode layer 82 is made of a silver material and resistor

layer 83 is made of a ruthenium oxide material. These assure a resistance
charactetistic with good heat resistance and durability.

Furthermore, the protective layer which covers resistor layer 83 is configured
with two layers: i) first protective layer 84 which is a precoat glass layer covering

25  resistor layer 83 and ii) second protective layer 86, mainly made of resin, which




I nsul at ed substrate sheet 81 is franed by ineffective area 8la which does
not ' becone a product. In addition, first slit dividing porig Qsogy and
second dividing portions 93 are not formed on this |neffect|ve area 8la.
Accordi ngly, substrate strips 81b are connected to ineffective area 81 a
even after formng first slit dividing 15 portions 87. This prevents

I nsul at ed substrate sheet 81 from being s rated into substrate strips
8l b. Remaining processes are thus inplemented on insulated substrate sheet
81 with ineffective area 8la even after first slit dividing portions 87
are formed, thereby contributing to the sinplification of process design.
Furt hernore, when second dividing portions 93 are forned I nsul at ed
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shown in Fig. 40, tnefféctive area |
10 Inthis case, second dividing portions 93 are formed at a pitch of 400 pm, with a

width of 100 pm.  Since these second dividing portions 93 are formed by dicing on
.substrate strips 81b except on ineffective area 81a, substrate strips 81b are divided
into discrete substrates 81c every time second dividing portion 93 is formed.
Substrate strips divided into individual products are separated from ineffective area
‘15  8la.
} The resistor in the fourth exemplary embodiment is manufactured using the
above processes.
The total length and total width of the resistor, which is a product, made
through the above processes are precisely G.6 mmL x 0.3 mm W. This is because
20  the pitch of first slit dividing portions 87 and second dividing portions 93 made by
| dicing are accurate (within + 0.003 mrﬁ) and the thicknesses of side electrode layer
89, nickel layer 91, and solder layer 92 are also accurate. Moreover, the patterning
accuracy of top electrode layers 82 and resistor layers 83 eliminates the need for
dimensional ranking of discrete substrates in addition to the need to take into account

25  dimensional variations within the same dimensional ranking of the discrete substrates.




may be formed on both ends of insulated substrate sheet 81. Alternatively,
as shown in Fig. 41, ineffective area 81 If may be forned1yu&W?@ﬁ_ends of
i nsul ated substrate sheet 81. Al these denponstrate the sane effect as
that of the fourth exenplary enbodinent of the present invention. 15 The
fourth exenplary enbodi mrent of the present invention also describes the
case of form ng second dividing portions 93 by dicing. In other cases, for
exanpl e, second dividing portions 93 nay be formed by cutting the top,
rear, or center of insulated substrate sheet 81 using a | aser beam or
dicing, while retaining a thinned portion in the top, rear, or center
parts of insulated substrate sheet 81. In this case, 20 the insulated
substrate sheets.ar.e not i di at.el i vided into pieces by formng second
di vi di ng poﬁﬁe&?@%ﬁeﬁma ‘P%ﬁﬂ)@@}%&% isifaus bipader wan dbatofthe poiouartentMeote
t he present inventjon al so describes the case of using a silver material
for top el eéP?%ﬁgaI;bé TSR0\ gyer ‘Pdf‘ﬁ@ﬁ‘ioﬁ atosaheut 0rdd amdy x0eh9 mar W or

| ayer 83. wever ., ot teri,al s,mgy be used fqr achieving .25 the same
effect as t lsgch lpyer 43 IESIEop I“gﬁ})a g}\lﬁ@&wﬁawmb@img ehthe presenti on.
16 July 2004 42 .The fpurt xenmpl ary. enbodi nent of the present invention
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10  performed easily using a general dicing machine for semiconductors.

Insulated substrate sheet 81 is framed by ineffective area 81a which does not
become a product. In addition, first slit dividing portions 87 and second dividing
portions 93 are not formed on this ineffective area 81a. Accordingly, substrate strips
81D are connected to ineffective area 81a even after forming first slit dividing

15 portions 87. This prevents insulated substrate sheet 81 from being separated into
} substrate strips 81b. Remaining processes are thus implemented on insulated
- substrate sheet 81 with ineffective area 81a even after first slit dividing portions 87
are formed, thereby contributing to the simplification of proceés design.
Furthermore, when second dividing portions 93 are formed, insulated substrate sheet
20 81 is cut into discrete substrates 81c every time second dividing portion 93 is formed.
Bach discrete substrate 81c, which is a product, is thus separated from ineffective
area 81a, thereby eliminating the process of sorting ineffective area 81a and produots
afterwards.
Still more, side electrode layers 89 may be formed on insulated substrate

25  sheet 81 at required areas because pairs of side electrode layers 89, nickel layer 91,




However, the present invention is not limted to processes in this
sequence. For exanple, first slit dividing portions 87 nay1@gm¥95@@d on

i nsul ated substrate sheet 81 first or insulated substrate sheet 81 already
provided with first slit dividing portions 87 may be used for nmanufacture.
Alternatively, first slit dividing portions 87 may 15 be forned on

I nsul at ed substrate sheet 81 after pairs oiltOp el ectrode | ayers 82 are
formed on insul ated substrate sheet 81. O, first slit dividing portions 87
maybe formed on insul ated substrate sheet 81 after resistor layers 83 are
formed on insulated substrate sheet 81. Alternatively, first slit dividing
portions 87 maybe fornmed on insulated substrate sheet 81 after pairs of
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present B NVEo eR&mple, as shown in Fig: 39, ineffective area 81d may be formed on end of
10 insulated substrate sheet 81, Alternatively, as shown in Fig. 40, ineffective area 81¢
| may be formed on both ends of insulated substrate sheet 81. Alternatively, as shown
in Fig. 41, ineffective area 81f may be formed on three ends of insulated substrate
sheet 81.  All these demonstrate the same effect as that of the fourth exemplary
embodiment of the present invention.
15 The fourth exemplary embodiment of the present invention also describes the
) case of forming second dividing portions 93 by dicing. In other cases, for example,
second dividing portions 93 may be formed by cutting the top, rear, or center of
insulated subsfrate sheet 81 using a laser beam or dicing, while retaining a thinned
portion in the top, rear, or center parts of insulated substrate sheet 81. In this case, |
20  the insulated subsirate sheets are not immediately divided into pieces by forming
second dividing portions 93 but in two steps.
| The fourth exemplary embodiment of the present invention also describes the
case of using a silver material for top electrode layer 82 and a ruthenium oxide

material for resistor layer 83. However, other materials may be used for achieving

25  the same effect as that of the fourth exemplary embodiment of the present invention.




In Fig. 42, a prebaked insul ated substrate sheet is nmade of alum na of 96%
purity. Di screte substrate 101 is made by dividing this subﬁgJﬂ§go@peet
into individual pieces along a first slit dividing portion and a second

di viding portion 15 perpendicular to the first dividing portion. A pair of
nmetal layers 102, nmade mainly of gold, is fornmed on the top face of
discrete substrate 101. A pair of top el egyode |ayers 103, nmade mainly of
silver, is forned on the top face of discrete substrate 101 such that a
part of top electrode |ayers 103 overlaps the pair of netal |ayer 102:

Resi stor | ayer 104, nade of ruthenium oxide system is fornmed on the top
face of 20 discrete substrate 101 such that a part of resistor |ayer 104
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However, the present invention is not limited to processes in this sequence. For
example, first slit dividing portions 87 may be formed on insulated substrate sheet 81
first or insulated substrate sheet 81 already provided with first slit dividing portions
87 may be used for manufacture. Alternatively, first slit dividing portions 87 may

15  be formed on insulated substrate sheet 81 after pairs of top electrode layers 82 are

) formed on insulated substrate sheet 81.  Or, first slit dividing portions 87 may be

formed on insulated substrate sheet 81 after resistor layers 83 are formed on insulated
substrate sheet 81, Alternatively, first slit dividing portions 87 may be formed on
insulated substrate sheet 81 after pairs of top electrode layers 82 are formed on

20 insulated substrate sheet 81 and then resistor layers 83 are formed such that a part of
resistor layers 83 overlap fhese pairs of top electrode layers 82. O, first slit
dividing portions 87 may be formed on insulated substrate sheet 81 after resistor
layers 83 are formed on insulated substrate sheet 81 and then pairs of top electrode
layers 82 are formed such that a part of top electrode layers 82 overlaps resistor

25 layers 83. Or, first slit dividing portions 87 may be formed on insulated substrate



present invention. As shown in Fig. 43, Fig. 44 (a), and Fig. 45 (a),
prebaked insul ated substrate sheet 1 1 1 which is 0.2 mm t{g gk,ogfde of

al um na of 96% purity, is prepared. Here, 15 insulated substrate sheet 1
|1, as shown in Fig. 43, has ineffective area | | la, which will not becone
products, on its periphery. This ineffective area | 11 ais configured in
a frame shape. Next, as shown in Fig. 43, 48ig. 44 (b), and Fig.45 (b), two
or nore pairs of nmetal layer 112, made mainly of gold, are screen-printed
on the top face of insulated 20 substrate sheet I |I 1 so as to bridge
first dividing portions. Insulated substrate sheet IIl is then baked
according to a baking profile with a peak tenperature of 850 Cto

stabi | ize neshek 8l afier paitd af tdeefectrode Sdyer82 Budt&Sstof BiyefA8T foe foRed 4R (C) .
two or nore pairs of top electrode |ayers 113, nmade mainly of silver, are

screen- pri nimdlaed SiltgtratsHeac81 ahd 28! igfaﬁﬁlié@ﬂ%djﬁéﬁhé hefiktahcd inkhadch
that they are electrically coupled to pairs of netal "16 July 2004 45 | ayers

112. I nsul atesibterlagéns @Bebestween paikd of Soph HRBtroAK ReACSDY diall He Ahdikiabss,
profile wth a peak tenperature of 850 Cto stabilize top electrode |ayers

113. Next, the sahmeveffdcdiTadtevable adthd @F thefshribeddhplalyOmBodimés JreRd St or

| ayers 114 nmade of ruthenium oxide systemare screen-printed so as to
bri dge pBai rpresénttinpentionel ectrode | ayers 113. Insul ated substrate sheet 111
i's then baked according to a baking profile with a peak tenperature of 850
Cto stabilize resistor layers 114. Then, as shown in Figs. 44 (e) and 45
(e), first protective |ayer 115 made of two or nore precoat glass |ayers
i'Sy screen-printed to cover resistoFifiaegesmplar¢ embodimeat ed substrate sheet
111 is baked again following a baking profile with a peak 10 tenperature of
600 C to stabili zénidthed farmarefhactringy essistdbinmghasxehiidan @abedin@ness
| ayers. '
the present invention is described below with reference to drawings.
10 Fig. 42 is a section view of the resistor in the fifth exemplary embodiment of
the present invention. |
In Fig. 42, a prebaked insulated substrate sheet is made of alumina of 96%
purity. Discrete substrate 101 is made by dividing this substrate sheet into
individual piebes along a first slit dividing portion and a second dividing portion
15 perpendicular to the first dividing portion. A pair of metal layers 102, made mainly
__: ) ~ of gold, is formed on the top face of discrete substrate 101. A pair of top electrode
layers 103, made mainly of silver, is formed on the top face of discrete substrate 101
such that a part of top electrode layers 103 overlaps the pair of metal layer 102.
Resistor layer 104, made of ruthenium oxide system, is formed on the top face of
20 discrete substrate 101 such that a part of resistor layer 104 overlaps the pair of top
electrode layers 103,  First protective layer 105, which is a precoat glass layer, is
formed on the top face of resistor layer 104. Trimming groove 106 is provided to
adjust a resistance of resistor layer 104 between the pair of top electrode layers 103.
Second protective layer 107, made mainly of resin, is formed to cover first protective

25  layer 105 which is.a precoat glass layer. A pair of side electrode layers 108 is




Next, as shown in Figs. 44 (f) and 45 (f), two or nore trimmng grooves 116
are made using a trinmng nethod for adjusting a resistance;gf,f 8§isst o

| ayers 114 between pairs of top electrode |layers 113 to a predeterm ned
val ue. 15 Next, as shown in Figs. 46 (a) and 47 (a), two or nore second
protective |layers 117, mainly nmade of resin, are screen-printed to cover
first protective |ayer 115, -consisting ofggprecoat glass |ayers, aligned
vertically on the drawing. The substrate sheet is cured follow ng a curing
profile with a peak tenperature of 200 C for stabilizing second protective
| ayers 117. 20 Next, as shown in Fig. 46 (b) and Fig. 47 (b), two or nore
first resist layers 118 are screen-printed to cover second protective

layers 117, fadfed §uchitha®spalt JFRURS Slecttddt @&g@ssslt@%deg@&' tlli’é’géﬁ/bf §1§éﬁ§§e
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120 are fornmed at a pitch of 700 gm wtTh a w dt 120 n addi tion,
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sheet 111 sthiclrksiddr hieth ifthakempidigimiodiment dfthePresint $hvdntidny (ﬁi@g 44
portions 120 are forned by dicing except on ineffective area | | a,
because sub@ytatdt &),Figs. 45 (a)lto M54y RO EE) €646 d), Fisd. (cta) Y6 42187 Figd. | &
10 48 (a)to 48 (c), and Figs. 49 (a) to 49 (c) are process charts illustrating the
manufacturing method of the resistor in the fifth exemplary embodiment of the
present invention.
As shown in Fig. 43, Fig. 44 (a), and Fig. 45 (a), prebaked insulated substrate
sheet 111 which is 0.2 mm thick, made of alumina of 96% purity, is pfepared. Here,

15  insulated substrate sheet 111, as shown in Fig. 43, has ineffective area 111a, which

-1 } will not become products, on its periphery.  This ineffective area 111a is

configured in a frame shape.

Next, as shown in Fig. 43, Fig. 44 (b), and Fig.45 (b), two or more pairs of
metal laye: 112, made mainly of gold, are screen-printed on the top face of insulated

20  substrate sheet 111 so as to bridge first dividing portions. Insulated substrate sheet

111 is then baked according to a baking profile with a peak temperature of 850 °C to
stabilize metal layers 112,

Next, as shown in Figs. 43, 44 (c), and 45 (¢), two or more pairs of top
electrode layers 113, made méinly of silver, are screen-printed on the top face of

25  insulated substrate sheet 111 such that they are electrically coupled to pairs of metal




Next, as shown in Figs. 46 (d) -and 47 (d), insul ated substrate sheet | | |
iIs entirely. plated with nickel, using el ectrol ess platingﬂsjm@ﬁﬁdgping

i nsul-ated substrate 15 sheet | 11 into a plating bath to form side

el ectrode | ayer 121 of about 4 to 6 ttrn thick. Wen side electrode |ayer
121 is formed by plating nickel onto the entire face of insulated
substrate sheet | | | by electroless plati%g, side electrode layer 121 is
also formed on the rear face of insulate& substrate sheet |1 | | through
the entire inner face of first slit dividing portions 120 which is a
through hole fromthe top face of 20 insulated substrate sheet 111. This is
because first slit dividing portions 120 are through holes which pass
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-made of tiMngulated substrate sheet 111 is baked again following a baking profile with a peak
10  temperature of 600 °C to stabilize first protective layer 115 made of the precoat glass
layers.
Next, as shown in Figs. 44 (£) and 45 (f), two or more trimming grooves 116
‘are made using a trimming method for adjusting a resistance of resistor layers 114
between pairs of top electrode layers 113 to a predetermined value.
15 Next, as shown in Figs. 46 (a) and 47 (a), two or more second protective
) layers 117, mainly made of resin, are screen-printed to cover first protective layer 115,
consisting of precoat glass layers, aligned vertically on the drawing. The substrate
sheet is cured following a curing profile with a peak temperature of 200 °C for
stabilizing second protective layers 117.
20 Next, as shown in Fig. 46 (b) and Fig. 47 (b), two or more first resist layers
118 are screen-printed to cover second protective layers 117, and first resist layers
118 are stabilized by UV-ray curing. Furthermore, two or more second resist layers
119 are screen-printed on the rear face of insulated substrate sheet 111, and second

resist layers 119 are stabilized also by UV-ray curing.




However,. the present invention is not limted to tin. Solder |ayer 122 may
be made of a tin alloy material. In this case, reliable soiglgny pgg S

achi evabl e by reflow 15 sol dering. Mreover, netal layer 112 in the fifth
exenpl ary enbodinent is made of a gold material, top electrode |ayer 113
Is made of a silver material, and resistor layer 114 is nade of a

rut heni um oxi de material in the fifth exergg ary enbodi nent. These assure a
resi stance characteristic with good heat resistance and durability. .20
Furthernore, the protective |ayer which covers resistor layer 114 is
configured wwth two layers: i) first protective layer 115 which is a
precoat glass layer covering resistor layer 114 and ii) s econd protective

| ayer 117, mainl YNé%ﬁeas%hoﬁﬁﬁhrFigs.W,% (%)zvaﬁg?g; dcg,i%v&apﬁl%@ BY& shddRfidih

and trinuning groove 116. Firstprotective prevents occurreéencé& of
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second protective |ayer , i nl'yconprising resi Securés’ resi stance
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manuf actured using the
10  remains as a sheet even after first slit dividing portions 120 are formed by dicing
except on ineffective area 111a, because substrate strips 111b are connected by
ineffective area 111a.
Next, as shown in Figs. 46 (d)-and 47 (d), insulated substrate sheet 111 is
entirely plated with nickel, using electroless plating, by dipping insulated substrate
15  sheet 111 into a plating bath to form side electrode layer 121 of about 4 to 6 um thick.
) When side electrode lay.er 121 is formed by plating nickel onto the entire face of
insulated substrate sheet 111 by electroless plating, side electrode layer 121 is also
formed on the rear face of insulated substrate sheet 111 through the entire inner face
of first slit dividing portions 120 which is a through hole from the top face of
20 insulated substrate sheet 111. This is because first slit dividing portions 120 are
through holes which pass vertically throﬁgh insulated substrate sheet 111, In
| addition, side electrode layer 121 covers a part of exposed top electrode layer 113 and
first resist layer 118 on the top face of insulated substrate sheet 111.  On the rear
face of insulated substrate sheet 111, side electrode layer 121 is formed to cover

25  second resist layer 119.




above processes. 15 The total length and total width of the resistor, which
is a product, nmade through the above processes are preci sejgyy fogdn L X
0.3 M W This is because the pitch of first slit dividing portions 120
and second dividing portions 123 nmade by dicing are accurate (within f

0. 005mm and the thicknesses of side electrode |ayer 121 and sol der | ayer
122 are al so accurate. Mdreover, the pattegning accuracy of 20 netal |ayer
112, top electrode layers 113 and resistor layers 114 elimnates the need
for dinensional ranking of discrete substrates, elimnating the need to
take into account dinensional variations wthin the sanme di nensional
ranking of the discrete substrates as well as dinensional ranking of

di screte substrat d&ext, HyshehfeiRt Figs. 48 69 andf49 @3 SisPfesidy i
broader than that of the prior a}gt. I\/??e spec@?’i callﬁ/s, t eer% rtelgllls o?d)
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present i nvefisiderelédrafedayer®.123. nmL x 0.24 mm W which is about 1.6 tines
larger in area. Since first slit dividing portions 120 and second di vi di ng

portions 123 are Nest,medhbwndndipg 49 (b9 ahat4edb U & répﬁ% oilédllde‘ﬁgigﬁgrsse d

does not require dinensional 5 ranking of disCrete substrates my
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as in the prior art, elimnating the conplicated process of replating a
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di ci ng machi ne for sem conductors or the like. Insulated substrate sheet

111)1 i s franexpdsyd bygfeeling iofffiest eesist ldydrs @nvtillabirsledy 10 not becone a
product. In addition, first slit dividing portions 120 and second dividing

portions 123 are Hoickhessnefthideelebirode hykt 21 iivsb@iteriol 6 i bufaaoihidtg! V.
substrate strips 11 | b are connected to ineffective area i11a even after

forning firlimited! i Appropritite ghipkné¢ssafsideflectodslayeeV2NEs] 38 L edThe
substrate sheet 1 1 1 from being
10  configuration in the fifth exemplary embodiment achieves extremely high

dimensional accuracy.

Solder Iayer 122 in the fifth exemplary embodiment is made of tin.
However, the present invention is not limited to tin. Solder layer 122 may be made
of a tin alloy material. In this case, reliable soldering is achievable by reflow

‘15  soldering.

H) Moreover, metal layer 112 in the fifth exemplary embodiment is made of a
gold material, top electrode layer 113 is made of a silver material, and resistor layer
114 is made of a ruthenium oxide material in the fifth exemplary embodiment.
These assure a resistance characteristic with good heat resistance and durability.

20 Furthermore, the protective layer which covers resistor layer 114 is
configured with two layers: i) first protective layer 115 which is a precoat glass layer
covering resistor layer 114 and ii) second protective layer 117, mainly made of resin,
which covers first protective layer 115 and trimming groove 116.  First protective

layer 115 prevents occurrence of cracking during laser trimming to reduce current




separated into substrate strips 111b. Renmi ni ng processes are thus

I npl emented on 15 insul ated substrate sheet 111 with ineffqgkkmggﬁhea 11
a even after first slit dividing portions 120 are forned, thereby
contributing to the sinplification of process design. Furthernore, when
second dividing portions 123 are forned, insulated substrate sheet 11 1
is cut into discrete substrates 1 1 1 c eygry tine second dividing portion
123 is forned. Each discrete substrate 11 Ic, which is a product, is thus
separated from2 o ineffective area 111 a, thereby elimnating the process
of sorting ineffective area 111 a and products afterwards. Still nore,
side electrode layers 121 are fornmed on insul ated substrate sheet 11 1
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the present invention. The fifth exenplary enbodinent of “the presen
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by dicing. In other cases, for exanple, ‘
10  strips 111b are divided into discrete substrates 111c every time second dividing
portion 123 is formed. Substrate strips divided into individual products are
separated from ineffective area 111a. -

The resistor in the fifth exemplary embodiment is manufactured using the

above processes.
15 The total length and total width of the resistor, which is a product, made
B } through the above processes are precisely 0.6 mm L x 0.3 mm W. This is because '

the pitch of first slit dividing portions 120 and second dividing portions 123 made by
dicing are accurate (within + 0.005mm) and the thicknesses of side electrode layer
121 and solder layer 122 are also accurate. Moreover, the patterning accuracy of
20 metal layer 112, top electrode layers 113 and resistor layers 114 eliminates the need
for dimensional ranking of discrete substrates, eliminating the need to take into
account dimensional variations within the same dimensional ranking of the discrete
substrates as well as dimensional ranking of discrete substrates. The effective area
of resistor layer 114 is thus broader than that of the prior art. More specifically, the

25  resistor layer in the prior art is about 0.20 mm L, x 0.19 mm W. Resistor layer 114 of




15 second dividing portions 123 may be formed by cutting the top, rear, or
center of insulated substrate sheet 111, using a |aser beamegjyfh§idig
while retaining a thinned portion in the rear, top, or center parts of

i nsul ated substrate sheet 111. In this case, the insu!ated substrape_
sheets are not inmmediately divided into pieces by formng second dividing
portions 123 but in two steps. 20 The fiftgy exenplary enbodi ment al so
describes the case of formng first slit dividing portions 120 after
formng first resist layers 118 and second resist |ayers 119. However,
first resist layers 118 and second resi st layers 119 may be formed after
formng first slit dividing portions 120. In this case, however, printing
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the present-invention al so descri bes
Insulated substrate sheet 111 is framed by ineffective area 111a which does

10  notbecome a product. In addition, first slit dividing portions 120 and second
dividing portions 123 are not formed on this ineffective area 111a. Accordingly,
substrate strips 111b are connected to ineffective area 111a even after forming first
slit dividing portions 120. This prevents insulated substrate sheet 111 from being
separated into substrate strips 111b. Remaining processes are thus implemented on

'15  insulated substrate sheet 111 with ineffective area 111a even after first slit dividing
} | portions 120 are formed, thereby contributing to the simplification of process design.
Furthermore, when second dividing portions 123 are formed, insulated substrate
sheet 111 is cut into discrete substrates 111c every time second dividing portion 123
is formed. Each discrete substrate llllc, which is a product, is thus separated from
20  ineffective area 111a, thereby eliminating the process of sorting ineffective area 111a
and products afterwards.
Still more, side electrode layers 121 are formed on insulated substrate sheet
111 because pairs of side electrode layers 121 and pairs of solder layers 122 are

formed on insulated substrate 111 in the form of a sheet before being divided.




case of formng first slit dividing portions 120 and second divi di ng
portions 123 by dicing. The sane effect as that of the fif{dh, Xﬁﬂﬂ]ary
enbodi nent is also achievable by using other dividing portions creating
means such as a |laser or water jet for making first slit dividing portions
120 and second dividing portions 123. 20 Moreover, the fifth exenplary
enbodi nent describes the case of formng iqsistor | ayers 114 such that
they bridge pairs of top electrode |ayers 3 after formng pairs of top
el ectrode | ayers 113 on the top face of insulated substrate sheet 111. The
~sane effect as that of the fifth exenplary enbodi nent is al so achi evabl e

by formng pairs of top el ectrode |ayers 113 such that a part of top
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el ectrade | syews id Bil. 52, ineffective area 111f may be formed on three sides of insulated
substrate sheet 111.  All these demonstrate the same effect as that of the fifth
exemplary embodiment of the present invention.
The fifth exemplary embodiment of the present invention also describes the
case of forming second dividing portions 123 by dicing. In other cases, for example,
15  second dividing portions 123 may be formed by cutting the top, rear, or center of
J insulated substrate sheet 111, using a laser beam or dicing, while retaining a thinned
portion in the rear, top, or center parts of insulated substrate sheet 111. In this case,
the insulated substrate sheets are not immediately divided into pieces by forming
second dividing portions 123 but in two steps.
20 The fifth exemplary embodiment also describes the case of forming first slit
dividing portions 120 after forming first resist layers 118 and second resist layers 119.
However, first resist layers 118 and second resist layers 119 may be formed after

forming first slit dividing portions 120. In this case, however, printing pressure for

screen printing need to be reduced because the strength of insulated substrate sheet




by trimm ng. The fifth exenplary enbodi nent of the present invention al so
describes the case of formng first slit dividing portionsg q§¥

di vidi ng i nsul ated substrate sheet 20 111 into substrate strlps % b by
separating pairs of metal layers 112, only on these pairs of netal |ayers
112 after the steps of forning pairs of nmetal layers 112 on the top face
of insulated substrate sheet 111; forming pairs of top electrode |ayers 113
electrically coupled to netal |ayers and resistor layers 114 on the top
face of insulated substrate sheet 11 I; trimring for adjusting a
resistance in resistor layers 114 between 25 pairs of top el ectrode |ayers
113; and formng protective layers 115 so as to cover at 16 July 2004 53
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el ectrode layers Torned on the top face I'scre
resistor |ayxx. formed such that a part of the resistor |ayer overlaps the
Pt 10 Still more, the fifth exemplary embodiment of the present invention uses a
gold material for metal layer 112, a silver material for top electrode layer 113 and a
ruthenium oxide material for resistor layer 114. The use of other materials also
achieves the same effect as that of the fifth exemplary embodiment of the present
invention. |
15 The fifth exemplary embodiment of the present invention also describes the
\) case of forming first slit dividing portions 120 and second dividing portions 123 by
dicing. The same effect as that of the fifth exemplary embodiment is also
achievable by using other dividing portions creating means such as a laser or water
jet for making first slit dividing portions 120 and second dividing portions 123.
20 Moreover, the fifth exemplary embodiment describes the case of forming
resistor Iayeré 114 such that they bridge pairs of top electrode layers 113 after
forming pairs of top electrode layers 113 on the top face of insulated substrate sheet

111.  The same effect as that of the fifth exemplary embodiment is also achievable

by forming pairs of top electrode layers 113 such that a part of top electrode layers



lectrode layers; a protective |ayer fornmed to cover the resistor
F;yLSP :nd a pair gf si de glectrode | ayers whi ch are ni cke{g @liggigsodes
formed on a side face of the .20 discrete substrate so as to forman
el ectrical contact with the pair of top el ectrode |ayers. Since the ;
substrate sheet is made into individual pieces by dividing the insulate
substrate sheet along the first slit dividang portions and the second 4
dividing portions perpendicular to the first dividing portions, the nee
for dinensional classification of discrete substrates is el!mnated.f
Consequently, the process 16 July 2004 54 required in the prior art o
repl aci ng the mask according to the dinensional ranking of each discrete
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protective layers 117, first resist layers 118, and second resist layers 119 are formed
on insulated substrate sheet 111.  However, the present invention is not limited to
10 this configuration. For example, the same effect as that of the fifth exemplary
embodiment of the present invention is achievable when first slit dividing portions
120, for dividing insulated substrate sheet 111 into substrate strips 11b by separating
pairs of metal layers 112, are formed only on these pairs of metal layers 112 on
insulated substrate sheet 11 after forming pairs of metal layers 112, pairs of top
15  electrode layers 113, and resistor layers 114 on insulated subétrate sheet 111, and
: } adjusting a resistance in resistor layers 114 between pairs of top electrode layers 113
by trimming.
The fifth exemplary embodiment of the present invention also describes the
case of forming first slit dividing portions 120, for dividing insulated substrate sheet
20 111 into substrate strips 111b by separating pairs of metal layers 112, only on these
pairs of metal layers 112 after the steps of forming pairs of metal layers 112 on the
top face of insulated substrate sheet 111; forming pairs of top electrode layers 113
electrically coupled to metal layers and resistor layers 114 on the top face of insulated

substrate sheet 111; trimming for adjusting a resistance in resistor layers 114 between

25 pairs of top electrode layers 113; and forming protective layers 115 so as to cover at




a side face of said discrete substrate, using one of an electroless plating
method and a sputtering nethod, said side electrode |ayers1§€8i09004
electrically coupled to said pair of top electrode |ayers. 2. resi stor
conprising: a discrete substrate which is nmade into individual pieces by
formng a plurality of first slit dividing portions and a plurality of
second dividing portions. perpendicular tossaid first dividing portion on
an insul ated substrate sheet on which said first dividing portions and
sai d second dividing portions are not previously forned, said first

di viding portions being forned while processing this insulated substrate
sheet and sgid second dividing portions being forned in the |ast step of
said procedeastoesistor tayiess bY4.| dpieik nfarREuE ' !%1? i.Sere
substrate;, 56 16 JuI$§§OO4 a pair of top 2%2%?§§%ER?§§%$1 o #%éﬁ@%éﬁg
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protective |ayer fornmed for covering said resistor layer; and
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said pair of top el ect‘rO(EJe._I ayers. 3. A nethod for Tfenufacturing
resistor? s&umming fodadjosting tiengsistanee Betiech Pk dfitdy el%tr@ﬁé [a?rep% 1i0P
el ectrode Ia‘gfrs on a top face of an insulated substrate sheet; formng a
resistor |al S%eﬂﬁe@maminjzadbef%ﬁmm@gheﬁ@iﬁ t6thd & el&difsde cﬁlﬁi/l?ri@ firdk
said plurality of pairs of top electrode layers, a part of sald resistor
[ ayer over | spstens. sdnadditivm, paice only tnepal ¢hyres 102 ard NS HithoBPRIPAIBG:Sdd MM ng
for adjusting a resistance in respective resistor

layers 113, when first slit dividing portions 120 are formed on insulated substrate |

-

sheet 111, occurrence of burrs is preventable. The top face of the resistor is thus

10  smoothed, improving the mounting efficiency.

INDUSTRIAL APPLICABILITY
As described above, the resistor of the present invention includes a discrete
substrate which is made by dividing an insulated substrate sheet along first slit
15  dividing portions and second dividing portions perpendicular to first dividing

portions; a pair of top electrode layers formed on the top face of the discrete

substrate; a resistor layer formed such that a part of the resistor layer overlaps the pair
of top electrode layers; a protective layer formed to cover the resistor layer; and a pair
of side electrode layers which are nickel electrodes formed on a side face of the

20 discrete substrate so as to form an electrical contact with the pair of top electrode
layers. Since the substrate sheet is hlade into individual pieces by dividing the
insulated substrate sheet along the first slit dividing portions and the second dividing
portions perpendicular to the first dividing portions, the need for dimensional

classification of discrete substrates is eliminated. Consequently, the process




| ayers between said plurality of pairs of top electrode layers; formng a
protective |ayer for covering at |east said respective resi$40alybayers;
forming a plurality of first slit dividing portions for dividing said

i nsul ated substrate sheet such that a plurality of groups of said pair of
top electrode |layers and said resistor |ayer exist on said insulated
substrate sheet; formng a plurality of pa®4s of side electrode |ayers on
an inner face of said plurality of first slit dividing portions on said

i nsul ated substrate sheet on which said plurality of first slit dividing
portions are forned, said side electrode |ayers being electrically coupled
to.said plurality of pairs of top electrode layers; and forming a plurality
of pair of Jeawied m thediring apoof fepheinetheanaiicadoardingdo 318 dinhéristdnad kirikin
dividing portions for dividing the insulated substrate sheet into discgete
substrates Wf cgehdisstdtegubsiiate i elimiriatod, offegingupsinekpdmpyeligs épds: | ayers,
57 16 July 2004 resistor |ayer, and side electrode'?ayers on said

i nsul ated substrate sheet to individual groups. 4. A nethod for
manufacturing a resistor, said nethod conprising: formng a plurality o
resistor layers on a top face of an insulated substrate sheet; formng a
plurality of pairs of top electrode |ayers such that a part of each pair
of top electrode |ayers overl aps respective both ends of said plurality of
resistor layers; applying trimmng for adjusting a resistance in said
respective resistor |layers between each pair in said plurality of pairs of
top electrode |ayers; formng a protective |ayer for covering at |east said
{ébpective resistor layers; formng a plurality of first slit dividing
portions for dividing said




i nsul ated substrate sheet in a way that a plurality of groups of said pair
of top electrode |layers and said resistor |ayer exist on said insulated
substrate sheet; formng a plurality of pairs of side electrode |ayers on
an inner face of said plurality of first slit dividing portions on said

i nsul ated substrate sheet on which said plurality of first slit_dividing
portions are forned, said side electro | ayer s bei ng el ectricHy y%@ﬁbled
to said kﬁqﬁwgty of pairs of top electrode layers; and formng a plurality
of second di'viding portions perpendicular to said first slit dividing
portions for divi di}ngfd@g@%@i@ substrate sheet into discrete

substrates by separating said plurality of groups of top el ectrode |ayers,
resistor |ayer, arddistrdée ibsttteowhidhayensdecints aidividosupietedbp thsiingtae
sheet to . indjvi (}tfl groups. . 5. The nethod for manufacturing a resistor as
def i ned RlHrality pipdiest slih drading apgionsenda nlurality plasespad dividing portionst sl i t
dividin -0ns.. on_sai L.nsyl at ed.substrate eet is inplenented. to form
Sai d pl drapridiOUR RYsaR e OO EHuE ariO 0 87 SEnJA S8 6HONBUT SPeR o ite
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|-ayers, %?(1)(? ?nﬁﬁltg H%@Eﬁ@ﬁog%eﬂd §§igp?§cltoﬁg (th?l{dr%’{rlrg J{g?rﬂg%% %?Jr%?%égfrag%lgct ive

| ayers, foaindd, $aidsfirss|dividilig/ ipditihspbéinigofosmed whilk gsraeeksiny tills ingilagdsai d
insul ated substrate sheet such that a plurality of groups of a pair of top
el ect r odtbptagte sheetaadrsaid sacond|dayidingpogions bnugaﬁomlieg sl kit stop of saitle

- sheet by separating said plurality of pairs of top electrode |ayers. 6.
The net %ac%ﬁmgmnuf acturing a resistor as defined in Claim4, wherein

sajd step of form | d LST ' | vi di.ng ROId i GRSy aid
rsul at od subst rat & R R 08 dichre 1eR (ke o KR BBy 14 el
slit diwubsthge; portions on the insulated substrate sheet after said steps

of formng resistor layers, formng top electrode |ayers, applying
trimming, and for mangsiprootlexdri foembdyseck thatai part of said resistor layer overlaps

said pair of top electrode layers;

a protective layer formed for covering said resistor layer; and

a pair of side electrode layers, which are nickel electrodes, formed on
a side face of said discrete substrate, using one of an electroless plating method and a
sputtering method, said side electrode layers being electrically coupled to said pair of

top electrode layers.

D h 2. A resistor comprising:

a discrete substrate which is made into individual pieces by forming a
plurality of first slit dividing portions and a plurality of second dividing portions
perpendicular to said first dividing portion on an insulated substrate sheet on which
said first dividing portions and said second dividing portions are not previously
formed, said first dividing portions being formed while processing this insulated
substrate sheet and said second dividing portions being formed in the last step of said
processing;

a resistor layer formed on a top face of said discrete substrate;




~first slit dividing portions being formed for dividing said insulated
substrate sheet such that a plurality of groups of a pair of top

el ectrodes and resistor layer exist on said insulated substrate sheet by
separating said plurality of pairs of top electrode I|ayers. 7. A method
for manufacturing a resistor, said nethod conprising: formng a plurality
of pairs of top electrode layers and a§lurality of resistor aVbﬁ!y%ﬁp%a

top face of an insul ated bstrat e ,sheet aid.top,electrode layers, and
sai d resistor |ayersPBg ?1%?(51 gk{c},rpgsl Pﬁréoﬁmlgﬁ;sébp%fﬁgp?ﬁiﬁﬂa By
adj ust i rgge@f_rdd%qh?é@%%ﬂh f&fiél?@s‘i%tbi’% gsistor |ayers between each pair in

said plurality of pairs top electrode | ayers; forming a protective |ayer
covering at |east sgndtdceispesydriermesdi@toovetiny el rebigrorilmgraandsi st | ayer
on a rear face of said insulated substrate sheet; J 59 16 July 2004
forming a plurality [fir ¢f side ed¢atrodgilayass,nghisbrare oncked stectiiodesifogmediod

I nsul at ed .substrate. sheet such that that a plurality of. groups. of a pair of
top el e® Sr@%l@“%‘?f@@%?ﬁ?@ SEa, UFLgLIe iaéltelﬁ?ffr%lﬁﬁsdpliaﬁg«% Ingqtgﬁé &iBdirate
sheet; f ) | : f ' a '
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whi ch sabplewcgbaélgy)ér@f first slit dividing portions are fornmed and an

i nner face of said plurality of first slit dividing portions; patterning
said plurality of pairs of side electrode |ayers by peeling said resist

| ayer; and forming.a plurality of second dividing portions perpendicular to
said first slit dovidngodder W%Wméﬂ Yresistey. said mpthod SOBWPIISIREL r at e
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insulated substrate sheet;
forming a resistor layer respectively between each pair of top
electrode layers in said plurality of pairs of top electrode layers, a part of said resistor
layer overlapping said each pair of top electrode layers;
applying trimming for adjusting a resistance in respective resistor
layers between said plurality of pairs of top electrode layers;
forming a protective layer for covering at least said respective resistor
layers;
forming a plurality of first slit dividing portions for dividing said
) insulated substrate sheet such that a plurality of groups of said pair of top electrode
layers and said resistor layer exist on said insulated substrate sheet;
forming a plurality of pairs of side electrode layers on an inner face
of said plurality of first slit dividing portions on said insulated substrate sheet on
which said plurality of first slit dividing portions are formed, said side electrode
| layers being electrically coupled to said plurality of pairs of top electrode layers; and
forming a plurality of pair of second dividing portions perpendicular
to said first slit dividing portions for dividing the insulated substrate sheet into
discrete substrates by separating said plurality of groups of top electrode layers,




and side electrode |ayers to individual groups. 8 A nethod for

manuf acturing a resistor, said nmethod conprising: formng a plurality of
pairs of top electrode layers and a plurality of resistor layer on a top
face of an insulated substrate sheet, said top electrode |ayers and said
resistor |ayers being electrically coup 7ed; applying trimmng for adjpusting
a resistance in said respective resi st | ayers between each p%ﬁwlu'Yho%i d

plurality. i.1.S ] I |_ay. : rm rqt i Ve.l. r for
Coveri ngtupiordai al sBRIEER RN MG ins IR Bt AsRER HETURKE, of
first sldrbygd.viding portions for dividing said insulated substrate sheet
such that a plurality of groups of a pair of top electrode |ayers and
resistor |ayer exist on said insulated substrate sheet; disposing a nask on
a rear face of said insul ated substrate sheet on which said plurality of
first slit dividinghgoPistpkiofmeanusaciedns A sesistay saidmethadicompsisingi r s of
side el ectrode | ayers made of e ni ckel and nickel. al | o} ttering
on a rear face of t]{? s & @Péagﬂgtfgglferslﬂ(g ](:ap(g@t 0B %@? 5%ﬂey°§\é84l¥‘s n
inner fag®s@tesBb&:-plurality of first slit dividing portions while said
mask being disposéd; renoving said mask fromthe rear face of said

i nsul at ed subst r at efosinées a phndlifyosfpaigs af Wpuglatirbde Diveseanhdhgi ¥ ipditne
portions perpendicular to said first slit dividing portions for dividing

t he i ns¥rek @airsebin elcetrede dayarnyednpe respectiveibethr ands obyaideplarality raf sai d
plurality.of groups of top electrode |ayers, resistor layer, and side

el ectrocﬁé31ft8§g?3€€r¥o i ndi vi dual groups. 9. A nethod for manufacturing a

T%Ie}l stor, said met %ﬁgﬁggﬁrgﬁr?gg Oif’ofroﬁﬂ_?u@ﬁnﬁ‘ P RAY o R MRsfletdiP

s"ectrode | ayers a
resistor layers between each pair in said plurality of pairs of top electrode layers;

forming a protective layer for covering at least said respective resistor
layers;

forming a plurality of first slit dividing portions for dividing said
insulated substrate sheet in a way that a plurality of groups of said pair of top
electrode layers and said resistor layer exist on said insulated substrate sheet;

forming a plurality of pairs of side electrode layers on an inner face
of said plurality of first slit dividing portions on said insulated substrate sheet on
which said plurality of first slit dividing portions are formed, said side electrode

} layers being electrically coupled to said plurality of pairs of top electrode layers; and

forming a plurality of second dividing portions perpendicular to said
first slit dividing portions for dividing the insulated substrate sheet into discrete
substrates by separating said plurality of groups of top electrode layers, resistor layer,

and side electrode layers on said insulated substrate sheet to individual groups.

5. The method for manufacturing a resistor as defined in
Claim 3, wherein
said step of forming a plurality of first slit dividing portions on said

insulated substrate sheet is implemented to form said plurality of first slit dividing




resi stor Ia'y'ers on a top face of an insul ated substrate sheet, said top

el ectrode layers and said resistor |layers being electrically coupl ed;
applying trinmng for adjusting a resistance in respective resistor |ayers
bet ween each pair in said plurality of pairs of top electrode |ayers;
formng a protective |layer for covering_at |east said respective resistor

| ayers; formng a plurality of first slg‘iat di vidi ng portions forﬁiﬁYgs%

said | %&t&?&g ggsﬁig%hgﬂﬁfedsﬂﬂﬁrtraf‘é’ Elg?ett Nier%abd .lé{e?vlsi d¢ fo%&gé (#Sfﬁ lseéé)getaﬁlep alr

of top ayers and resis l"ayer  exi st on sai

subst r atlgyer$,Ofofinitgt: fesistdrcthyédrs| AppIpe teinMie, ahd %ﬁﬂﬁﬁ? ROGCHVE Kershigy on
an entire rear face of the insulated substrate sheet "on which’said

pl ur al i tiirsoslif divéding| partiods wettign fprpuoadt forndiviadting fsaidradulddyd webstatosheed a
sputterin thod and an electroless plating; formng a plurality of pairs
of side S&&é@ﬁ@oﬁgﬂraﬁw Pg grans dra paje obtop pleettade lavgrsmndkassistan layergaxisin

i nner face . Sali I ity of first slit djvidig rtions, usj ng one
of the ST R eEsibah i ot seBhaliv el pigg: Homset e Ritiso0s
form nglgy@g_urality of pairs of rear electrode |ayers by renoving an
unrequired portion of said netal filmformed on the entire rear face of
said insulated substrate sheet by laser; and formng a plurality of second
di viding portions perpendicular to said first slit dividing portions for
di vi di ng the insul & ddiesubsthogt efoshamanufactoriogs ot etresisteubas r edy in

separatifg. sgid,plurality of groups of top electrode |layers, resistor
| ayer, C@%‘&‘%ﬁer"é’@{%de | ayers, and rear electrode |ayer fromsaid insul ated
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insulated substrate sheet is implemented to form said plurality of first slit dividing
portions on the insulated substrate sheet after said steps of forming resistor layers,
forming top electrode layers, applying trimming, and forming protective layers, said
first slit dividing portions being formed for dividing said insulated substrate sheet
such that a plurality of groups of a pair of top electrodes and resistor layer exist on

 said insulated substrate sheet by separating said plurality of pairs of top electrode

‘layers.

7. A method for manufacturing a resistor, said method comprising:

J forming a plurality of pairs of top electrode layers and a plurality of
resistor layers on a top face of an insulated substrate sheet, said top electrode layers
and said resistor layers being electrically coupled;

_ applying trimming for adjusting a resistance in respective resistor
layers between each pair in said plurality of pairs of top electrode layers;
forming a protective layer covering at least said respective resistor
layers;

forming a resist layer on a rear face of said insulated substrate sheet;




said step of formng a plurality of first slit dividing portions on said
i nsul ated substrate sheet is inplenented after formng a plurality of pairs
of top electrode |layers on the top face of said insulated substrate sheet.
11. The method for manufacturing a resistor as defined in Caim4, wherein
said step of forming a plurality of first slit dividing portions on said
i nsul ated substrate sheet is |rrpl enente¥ after formng a pl ural16t~£ﬂ3(3?004

i st | the t fo khe i | at.ed t 12. Th
method for wanaf acraPiig & whERTy G HER A GRBERR P ddRs vl o
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I nsul at ed substrate sheet is inplenen mng-a

of top layastanddesiitaykiver exist be sdiddnfierdghbstaitd shegul at ed subst rate sheet;
and said plurality of reS|stor | ayers are fornmed such that a part of said

resistor |ayers ovdprming 85 ehatraglei ltayerdmaéapf gnofoftmcpkeélaadtmde@ alllayer s in
id st f 1. it t 004
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of top d@dqqg{gr iohggyers on the top face of said insulated substrate sheet ;
and said plurality of resistor | ayers are forned such that a part of said
resistor |ayers ovpaﬂt@tpm§aa1d phicalay i dfypaifs phiside déctrage ddyecs bydeeeliagers in
said step, of form said plurality of resistor |ayers. 14. The nethod for
‘manuf acf rﬁgshaﬁ‘é‘élﬂgfior as defined in Caim9, wherein

forming a plurality of second dividing portions perpendicular to said

first slit dividing portions for dividing the insulated substrate sheet into discrete
substrates by separating said plurality of groups of top electrode layers, resistor layer,

and side electrode layers to individual groups.

8. A method for manufacturing a resistor, said method comprising:

forming a plurality of pairs of top electrode layers and a plurality of
resistor layer on a top face of an insulated substrate sheet, said top electrode layers
and said resistor layers being electrically coupled;

applying trimming for adjusting a resistance in said respective resistor
| ) layers between each pair in said plurality of pairs of top electrode layers;

forming a protective layer for covering at least said respective resistor

| layers;
| forming a plurality of first slit dividing portions for &ividing said
insulated substrate sheet such that a plurality of groups of a pair of top electrode
layers and resistor layer exist on said insulated substrate sheet;

disposing a mask on a rear face of said insulated substrate sheet on
which said plurality of first slit dividing portions are formed;

forming a plurality of pairs of side electrode layers made of one of

nickel and nickel alloy by sputtering on a rear face of the insulated substrate sheet




said step of formng a plurality of first slit dividing portions on said

i nsul ated substrate sheet is inplenented after formng a plurality of pairs
of top electrode layers on the top face of the insulated substrate sheet;
and said plurality of resistor layers are forned such that a part of said
resistor layers overlaps said plurality of pairs of top electrode |ayers in
said step of formng said plurality off&esistor layers. 15. Tht6 JH f or

manuf act ur,i ng_a rgsi st.or. defin in. G aim3 erei.n said st of

For mi ng dgtrRet fe of Shidurgiey PF Grottuie AT e bosEt Fidle Gt mask Bafeg
substragﬁs@gg@t is inmplenmented after formng said plurality of pairs of top
el ectrodelayérs on a top face of said insulated substrate sheet and then

formng a resistogehaylly sildhmbblatfr@npietreaf faad &fT @sd Shallatedyaibsayer | aps
said plurality of pairs of top electrode |layers. 16. The nethod for
manuf actsheetngnd resistor as defined in Caim4, wherein 63 16 July 2004

said step of form a plurality of first s]jt dividing portions on said

i nsul ated substr at %apw?hé ehasond dividing P@thfﬁ%gge&'B%‘PdJP'éﬁaht@/S%‘ﬁ
resistor -on. a .sal do.nsul S t 4 t hen
form ng %%?%ﬁ%?iﬁﬁgf I}gta Pbic))[?m{)salfo&s&gffl ‘%ﬁ?g%‘ eellﬁl g%@ieodgﬁq’kg@%% gh %tcﬁ?? hdé{t epart

of sai d udBtrates b sepdatiny 84idl FIMANIRARS gftipd oFltdip alekinbde Myet £ T HhtoF 1dydY,ers.
17. The method for manufacturing a resSistor as defined in Claim 7, wherein
said st emdadidd eleofrode ypisuodhdivyduat gfoupst slit dividing portions on said

i nsul ated substrate sheet is inplenented after said plurality of pairs of
top electrode layers and said plurality of resistor |ayers are formed on

e 0B L ave of ooyt BHR SRR SRR RS e PhheR.
: forming a plurality of pairs of top electrode layers and a plurality of
- resistor layers on a top face of an insulated substrate sheet, said top electrode layers
and said resistor layers being electrically coupled;
applying trimming for adjusting a resistance in respective resistor
layers between each pair in said plurality of pairs of top electrode layers;
forming a protective layer for covering at least said respective resistor
layers;
forming a plurality of first slit dividing portions for dividing said
insulated substrate sheet such that a plurality of groups of a pair of top electrode
\) layers and resistor layer exist on said insulated substrate;

U forming a metal film made of one of nickel and nickel alloy on an
entire rear face of the insulated substrate sheet on which said plurality of first slit
dividing portions are formed, by using one of a sputtering method and an electroless
plating;

| forming a plurality of pairs of side electrode layers made of one of
nickel and nickel zﬂloy on an inner face of said plurality of first slit dividing portions,

by using one of the sputtering method and electroless plating method,;



18. The method for manufacturing a resistor as defined in Caim8, wherein
said step of formng a plurality of first slit dividing portions on said

i nsul ated substrate sheet is inplemented after said plurality of pairs of
top electrode |layers and said plurality of resistor layers are formed on
the top face of said insulated substrate sheet such that said to

el ectrode | ayers and said resistor layds are el ectrically coul§ &ty 206t
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T ot oo ot OF or AR & DMBif" Bt Bl o eht EleRROA Tare s ot Tl e G

; | at gghy | f
I nsul a O%.Igféd Iﬁoﬁ id thet Iﬁm}hﬁi} (5;}{ I eniftk ‘iIezBI fAcé OTISXIdCIIl?IﬂﬁIeIdS 0

top el ectr yers sal prurall resi stor ayers are fornmed

the top shbg@atetghealhjrlafa*ybm ed substrate sheet such that said top
el ectrode | ayers and said resistor layers are electrically coupled. 20.
The met hod for nandapingra phralityeef secondalividéeng pettions papendicdar Wheaidi n 64

I f f I f f I di vj.di
In;rf?ol% Tioh sl i PR (ot e éé?wélﬁq%m#%?é ofiee e e p
resi st J@%@%&%%%éﬁﬁ%s% P RS SR Sl Ry Sk RS e

el ectr odedd alefrsde Paers vdRAP ROl Wf@&hus’a!ld‘ﬁhﬁla{téé 'sﬁbﬁ:{'até%h@ﬁftbned in
G aim4, wherein sai'd step of formng & plurality of first slit dividing

porti onsndimdmigroupasul ated substrate sheet is inplenented after said step
of applying trimmng for adjusting a resistance in said respective
resistor |ayers between each pair in said pl urality of pairs of top

electrode | ayers. e rret f nmanu turl n Si stor efl ned in
aim 7, wherein 1%) -IIII1 fof manuI”ac Cedistor d&E ne%

Claim 3, wherein
said step of forming a plurality of first slit dividing portions on said
insulated substrate sheet is implemented after forming a plurality of pairs of top

electrode layers on the top face of said insulated substrate sheet.

11. The method for manufacturing a resistor as defined in
Claim 4, wherein

said step of forming a plurality of first slit dividing portions on said
insulated substrate sheet is implemented after forming a plurality of resistor layers on

) the top face of the insulated substrate sheet.

12. The method for manufacturing a resistor as defined in
Claim 7, wherein

said step of forming a plurality of first slit dividing portions on said
insulated substrate sheet is implemented after forming a plurality of pairs of top
electrode layers on the top face of said insulated substrate sheet; and

said plurality of resistor layers are formed such that a part of said
resistor layers overlaps said plurality of pairs of top electrode layers in said step of

formiﬁg said plurality of resistor layers.



said step of formng a plurality of first slit dividing portions on said

i nsul ated substrate sheet is inplenented after formng said plurality of
resistor layers on a top face of said insul ated substrate sheet; and said
step of formng a plurality of pairs of top electrode |ayers is

i nplenented to formsaid plurality of pairs of top electrode |ayers such
that a part of said top el ectrode | ayét%s overl aps said pl urali§Jubs 2004
resistor |ayers. 23. The nmethod for manufacturing a resistor as defined in
Claim8, wherein said step of formng a plurality of first slit dividing
portions on said i psulil el foR! enalfflutifig! P! RERME hedl i&inddorH N
said plurality of resistor Tayers on a top fate of saird insulate

subst r at@aihegtwheaeith said step of formng a plurality of pairs of top

el ectrode layers is inplemented to formsaid plurality of pairs of top

el ectrode | ayers sueoil steatofafopaung efplussdityl of dpsteslgcdivi [paytéons v eaidaps
said plurality of resistor |ayers. 65.16 July 2004 24. The pethod for
manuf acEDMINGU-UEEAR: Shockds AR TReDIPA altsTaformeng anBlarkysel Baut f P

form ng r.al.J fa.fl l v di rii n id insul ated
substr ategecgli?gee? J‘I ésrgi()?rﬁ)tpélrtrééf\#agg Og%?@rlﬁ?@?{r%%n%?’g{éjﬁ%%%F‘gtl’ gﬁ f@t y of resistor
layers on a top fagRr plurhR bhsdiatbe thyeiP ke FoANSNRBEL tRdtda JAldos gl Of
formng a plurality of pairs of top electrode layers is 1inplenmented to

f or m sairesigtion tafers pveflapmsaid phiiratitop o€lpans roddep ledgctrogledayérstinanichsteprdf of
said top, el ectrode | ayers overlaps said plurality of resistor |ayers. 25.
The net HeEningrsaphpluralety plirggstor la8Tst or as defined in Claim7, wherein

s@d step of formng a plurality of first slit dividing portions on said
imsul ated substrate sheet is inplenented after said step of applying

trimmng for  adj ugyi NGed HEMbE! HBFC rhdhuFaittHine SREClebfor " €81 SddtncaViRr S
bet ween each pair in said
Claim 9, wherein
said step of forming a plurality of first slit dividing portions on said
msulated substrate sheet is implemented after forming a plurality of pairs of top
electrode layers on the top face of the insulated substrate sheet; and
said plurality of resistor layers are formed such that a part of said
resistor layers overlaps said plurality of pairs of top electrode layers in said step of

forming said plurality of resistor layers.

) 15. The method for manufacturing a resistor as defined in
Claim 3, wherein _

said step of forming a plurality of first slit dividing portions on said

insulated substrate sheet is implemented after forming said plurality of pairs of top

electrode layers on a top face of said insulated substrate sheet and then forming a

resistor layer such that a part of said resistor layer overlaps said plurality of pairs of

top electrode layers.

16. The method for manufacturing a resistor as defined in

Claim 4, wherein




plurality of pairs of top electrode |ayers. 26. The nethod for

manuf acturing a resistor as defined in Caim8, wherein said step of
forming a plurality of first slit dividing portions on said insulated
substrate sheet is inplenmented after said step of applying trinmmng for
adjusting a resistance in said respective resistor |ayers between each pair
insaid plurality of pairs of top el e@¥ode | ayers. 27. The NETW?QQ‘P

manuf acturing a resjstor as.gdefi.ned i.n ai.m 9 rei.n said step of
forning. & pl or al |ty a8 Serr & Bt & ientfy Nechst oASEh e Mokl o afid
substr at hRtrh t: | f j 1, or
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in said atdpfagkiofsaief inpalatesl wibstrate sheeicindthen! fopaing. sadd plhealityl of pIRdbf 28. A
met hod for manufacturing a resistor, said nmethod conprising: formng a

pl ur al i tipp ebectinderlayers sueh Biat b ppgrof seid wptadecttadedapdrs averlaprsaidpbuality
substrate she?t; formng a plurality of pairs of top electrode |ayers and a
ol ural i t3F GPSITdayett-or [ayers on the top face of said insulated substrate

sheet, said top electrode |ayers being electrically coupled to said netal
| ayers, and said top electrode |layers and said resistor |ayers being

el ectrically coupl et Hphtingl for mahitchRngadirbsitiop dsalefi@el Shakan! 7 sai d
respective resistor |ayers between each pair in said plurality of pairs of

top el ectheasein baigdestsp 6D foimingaapphiraityi ot firay etit fdividiny grarignsatonl eaidt sai d
respecti,ve resi stor Iaéers,; formn aé%@ura.l ity of first slit dividing
por t i ondnstbatedsubsfraty shert 1s impliraead oiigs saidh Rlustyof pais Qf dpnelongrodsi d
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substrate sheet such that said top electrode layers and said resistor layers are

electrically coupled.

18. The method for manufacturing a resistor as defined in
Claim 8, wherein said step of forming a plurality .of first slit dividing portions on said
insulated substrate sheet is implemented after said plurality of pairs of top electrode
layers and said plurality of resistor layers are formed on the top face of said insulated
substratc sheet such that said top electrode layers and said resistor layers are

electrically coupled.

19. The method for manufacturing a resistor as defined in

Claim 9, wherein said step of forming a plurality of first slit dividing portions on said
insulated substrate sheet is implemented after said plurality of pairs of top electrode
layers and said plurality of resistor layers are formed on the top face of said insulated
substrate sheet such that said top electrode layers and said resistor layers ére

electrically coupled.

20. The method for manufacturing a resistor as defined in

Claim 3, wherein




resistor layer exist, said plurality of first slit dividing portions being
formed only on said plurality of pairs of netal |ayers on the insulated
substrate sheet; formng a plurality of pairs of side electrode |ayers nade
of one of nickel and nickel alloy on an inner face of said plurality of
first slit dividing portions on the insulated substrate sheet on which
said plurality of first slit dividing fdftions are formed; and& 824 a
plurality of second djvidi ortiaon rpendi cul,ar..to,.said .first slit

di vi di ng portions ot et oBoie, 2T uBRED SR Hrit Ut b B plridnst 31 §Pes o o
substr at; S i ! L4V, : 1 Lmﬂﬁ?a
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el ect r ocejustiygr s resistance i naid aésprctivebedisior dapdreHetweer RaElY ipdiraln g4idups.
29. A nethod for manufacturing a resistor, said nethod conprising: 67 16
July 20@urafigy af pajreaobtopraleqtradedayerai rs of netal layers on a top face of an
i nsul at ed substrate sheet; formng a plurality of pairs of top el ectrode

| ayers and a plurality of resistor layers on the top face of said

i nsul ated substrate;s t, g t | ayer.s..and _sai al. | ayers
bei ng el ectricall y%ébggﬁedné%bgaifgpngl{‘agﬁﬁcgyg@%, %anlrg&gg)l?d El§t ocgedé%gctlpode

| ayers a@ldimdl ¢/hegsihstor | ayers being electrically coupled; applying
trimring for adjusting a resistance in said respective resistor |ayers

bet ween each pair isaidsgtepl oflformingt y phirality of finst dlivplieidéng portmnsayessdi n

said plurality of resistor layers; formng a plurality of first slit
~di vi di n&%@ﬁ? &Hgstrﬁiﬁ heet s H@plwntﬁiﬁﬁeatw §tesoF applyang SiMmyingelsr at i ng

isaid pl i ' ' | h:t hat I l,ity. of gr. f
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exi st, phirdlify 655paifdl dfitoflic¥dcods 1RS 1 ons being formed only on said

pl urall?y of}‘ pairs of metal layers on the insulated substrate sheet after
said trimmng;

22. The method for manufacturing a resistor as defined in
Claim 7, wherein

said step of forming a plurality of first slit dividing portions on said
insulated substrate sheet is implemented after forming said plurality of resistor layers
on a top face of said insulated substrate sheet; and

said step of forming a plurality of pairs of top electrode layers is
implemented to form said plurality of pairs of top electrode layers such that a part of

J said top electrode layers overlaps said plurality of resistor layers.

23. The method for manufacturing a resistor as defined in
Claim 8, wherein

said step of fbnning a plurality of first slit dividing portions on said
insulated substrate sheet is implemented after forming said plurality of resistor layers on
a top face of said insulated substrate sheet; and

said step of forming a plurality of pairs of top electrode layers is
implemented to form said plurality of pairs of top electrode layers such that a part of

said top electrode layers overlaps said plurality of resistor layers.




formng a plurality of protective layers for covering at |east said
respective resistor layers; formng a plurality of pairs of side el ectrode
| ayers made of one of nickel and nickel alloy on an inner face of said
plurality of first slit dividing portions on the insulated substrate sheet
on which said plurality of first slit dividing portions are forped; and
formng a pIurinty of second dividing %%rtions per pendi cul ar t &6 duly 4004
first slit dividing portions for dividing the insulated substrate sheet
into discrete substrates by separating said plurality of groups of a pair

of metal layers, a PRITheOf mbRdd SfRCUNMFLANRES a § RIIIAON ad AYBfine®NEh @
pair of side electrode |layers on said Insulate substrate sheet to
i ndi vi du@laimgryuyserein
said step of forming a plurality of first slit dividing portions on said
insulated substrate sheet is implemented after forming said plurality of resistor layers
on a top face of the insulated substrate sheet; and
said step of forming a plurality of pairs of top electrode layers is
implemented to form said plurality of pairs of top electrode layers such that a part of

said top electrode layers overlaps said plurality of resistor layers.

25. The method for manufacturing a resistor as defined in
Claim 7, wherein said step of forming a plurality of first slit dividing portions on said -
insulated substrate sheet is implemented after said step of applying trimming for
adjusting a resistance in said respective resistor layers between each pair in said

plurality of pairs of top electrode layers.

26. The method for manufacturing a resistor as defined in

Claim 8, wherein said step of forming a plurality of first slit dividing portions on said

insulated substrate sheet is implemented after said step of applying trimming for

) adjusting a resistance in said respective resistor layers between each pair in said

~ plurality of pairs of top electrode layers.

27. The method for manufacturing a resistor as defined in
Claim 9, wherein said step of forming a plurality of first slit dividing portions on said
insulated substrate sheet is implemented after said step of applying tn'mming.for
adjusting a resistance in said respective resistor layers between each pair in said

plurality of pairs of top electrode layers.
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28. A method for manufacturing a resistor, said method
comprising:
forming a plurality, of pairs of metal layers on a top face of an
insulated substrate sheet;
forming a plurality of pairs of top electrode layers and a plurality of
resistor layers on the top face of said insulated substrate sheet, said top electrode
'Iayers being electrically coupled to said metal layers, and said top electrode layers
and said resistor layers being electrically coupled;
applying trimming for adjusting a resistance in said respective resistor
J layers between each pair in said plurality of pairs of top electrode layers;
forming a protective layer for covering at least said respective resistor
layers;
forming a plurality of first slit dividing portions for dividing the
insulated substrate sheet by separating said plurality of pairs of metal layers such that
a plurality of groups of a pair of metal layers, a pair of top electrode layers, and
resistor layer exist, said plurality of first slit dividing portions being formed only on
said plurality of pairs of metal layers on the insulated substrate sheet;
forming a plurality of pairs of side electrode layers made of one of
nickel and nickel alloy on an inner face of said plurality of first slit dividing portions
) on the insulated substrate sheet on which said plurality of first slit dividing portions
are formed; and
forming a plurality of second dividing portions perpendicular to said
first slit dividing portions for dividing the insulated substrate sheet into discrete
substrates by separating said plurality of groups of a pair of metal layers, a pair of top
electrode layers, resistor layer, and a pair of side electrode layers on said insulated

substrate sheet to individual groups.

29. A method for manufacturing a resistor, said method comprising:
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forming a plurality of pairs of metal layers on a top face of an
insulated substrate sheet;

forming a plurality of pairs of top electrode layers and a plurality of
.resistor layers on the top face of said insulated substrate sheet, said top electrode
layers and said metal layers being electrically coupled to said metal layers, and said
top electrode layers and said resistor layers being electrically coupled;

applying trimming for adjusting a resistance in said respective resistor
layers between each pair in said plurality of pairs of top electrode layers in said
plurality of resistor layers;

forming a plurality of first slit dividing portioﬁs for dividing the
msulated substrate sheet by separating said plurality of pairs of metal layers such that
a plurality of groups of a pair of metal layers, a pair of top electrode layers, and
resistor layer exist, said first slit dividing portions being formed only on said plurality
of pairs of metal layers on the insulated substrate sheet after said trimming;

forming a plurality of protective layers for covering at least said
respective resistor layers;

forming a plurality of pairs of side electrode layers made of one of
nickel and nickel alloy on an inner face of said plurality of first slit dividing portions
on the insulated substrate sheet on which said plurality of first s.lit dividing portions
are formed; and ,

forming a plurality of second dividing portions perpendicular to said
first slit dividing portions for dividing the insulated substrate sheet into discrete
substrates by separating said plurality of groups of a pair of metal layers, a pair of top
electrode layers, resistor layer, and a pair of side electrode layers on said insulated

substrate sheet to individual groups.






