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{57) Abstract: Aninexpensive fine resistor produced without a conventional step of changing the mask according o the dimensional

¢ rank of a discrete board because classification of discrete boards according to the dimensions is not needed. The resistor comprises a
W discrete board (11) produced by dividing a sheet insulating board into discrete boards along a slit-like first dividing part and a second
v dividing part in a perpendicular relation with the first dividing part, a top electrode layer (12) formed on the top of the discrete board
& (11), a resistor layer (13) so formed as to overlap with the top electrode layer (12), protective layers (14, 16) so formed as to cover

o the resistor layer (13), and a side electrode layer (17) so formed on the side of the discrete board (11 ) as to be electrically connected
a to the top electrode layer (12),
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rank of a discrete board because classification of discrete boards
according to the dinensions is not needed. The resistor conpgi

di screte board (11) produced by dividing a sheet insulating boa I nto

di screte boards along a slit like first dividing part and a second
dividing part in a perpendicular relation with the first dividing part, a
top el ectrode |ayer (12) formed on the top,of the discrete board (11), a
resistor layer (13) so forned as to overlaa with the top el ectrode |ayer
(12), protective layers (14, 16) so formed as to cover the resistor |ayer
(13), and a side electrode |layer (17) so forned on the side of the discrete
board (11) as to be electrically connected to the top electrode |ayer
(12). 16 July 2004 1 DESCRI PTION 5 10 RESI STOR AND METHOD FOR

FABRI CATI NG THE SAME TECHNI CAL FI E §g$u@ﬁgiggt invention relates to
resistors and their manufacturing nethods, and nore particularly to fine
resistors and their | ri CK ND. ART _One_known
resistor of this ty i Ei’ﬁiﬁ%@ﬁm{]ﬁﬁa@ @&Mﬂﬂﬁﬁ@ﬁﬁl RAME
FM-10230§. 15 The conventional resistor and its manufacturing nethod are
described below wth reference to drawings. Fig. 53 is a section view of
this conventional resistor. |In Fi gTEGHNIGALIEIsDbstrate 1 made of
ceram ¢ such as alumna has insulation resistance. A pair of first upper
el ectrode layers is provided on both Ieft 20 and right ends of the top
face of discrete diliesresant inverfiop rslates toapsistds agd phev et fanturing methods,

and more particularly to fine resistors and their manufacturing methods.

10
BACKGROUND ART
One known resistor of this type is disclosed in Japanese Lai&-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 Iayer 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 layers 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.



the top face of discrete substrate | such that a part of resistor |layer 3
overlaps the pair of first top electrode |ayers 2. First pW@Kﬁﬁﬁéd@ﬂ | ayer
4 is provided such as to cover only and all resistor |ayer 3. Trinmm ng
groove 5 is created on resistor layer 3 and first protective |ayer 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

| ayers 7 is provided on the top face of théapair of first top el ectrode

| ayers 2 such that second top electrode |layers 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 A pair of

ni ckel -plated | ayers 9 and a pair of solder-plated_|ayers 10 are provided
on the surfAdeirgi niekelmlateddayes doand 2 ppir of seldespdated ayars 10 areipravadehpn
of side elecirode, layers 8. Solder-plated | ayers 10 are at a | ower |evel

t han second the sedaes obthegiady obsecangdden sleotinderayars dcand thepainel sdnelestrodaal
resistor as configured above js 5 described next with reference to

drawi ngs. Fila¥ers$4 Solderoplgted layersr k) pieqt @dewen devel than second prefgetivedaysr 6.
manuf acture the conventignal resistor. As shown in Fig. 54 (a), the pair,
of first top el ect4 Hidhodjermanuiastigg therosventional resistor 48 ¢onfigpedaboyeds
the top face, of discrete substrate 1 haying insulation 10 resistance. Then,
as shown5i n desgribedinexdywith getergnse tp4lfaWingsi s applied on the top face of

di screte substrate, 1 such. that part of resistor layer 3 is overlaid on
the pair of first %lg%pgu]aéé@ 36&5 G PEeSs C ﬁﬂlffusagatgquwwmmn@faosm 3
first protective lLayer 4 is applied so as to cover 1.5 only and al

resi stor Iaﬁﬁmyg?u%%ﬁr?%gwmtrinning groove 5 is created on resistor |ayer 3

ond rst protecti el aret, f W SalL Y el g p, L Sser SUER DAL, 4061048
range. both left and right ends of the top face of discrete substrate ! 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




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 Figg 5@2@91’ t he
pair of second top electrode |layers 7 is applied to the top Ha e 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 |ayers 2 and both |eft and
right side faces of discrete 16 July 2004 3 substrates 1 such that side

el ectrode |l ayer 8 are electrically coupled to the pair of first 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 electrode |ayers 8 are nickel
pl ated, and then soldered to forma pair of nickel 5 plated |ayers and a
pai r of sol cmbsirates dcsuchybkatsid®eleotroderfryer & art elactmeadlyt canpded to thei patioof fitsie
above resistor has been radically downsized, and a very small resistor of

L 0.6 mm x \ergl Scond topTelecbdentayiess 2anddnt | y bei ng manuf actured. Probl ens

wi th the above conventional configuration and nethod in 10 manufacturing a
very smal | resi st drastly, theGusfacns th themadr ofiseconddop Slevticdedayate Jamddbd pair of
next., In the conventional insulated substrate sheet nmade of ceram c such
as al uni na,siée elgprodalayesp8 iare nickekplotede and theresnldereditotthemiapait af aitkel-
substrate sheet before baking, the substrate is then baked to formthe

i nsul at ed sutsteddeyers hodtn. paisosaderplatgd/layetsel Gisheomplete thel danvientjonaloove
previously nmade on the insulated substrate sheet may have variations in
its di nensi de8iISHlie to minute variations in the . conposition of the

i nsul ated substrate sheet and m nute variations in the baking tenperature
"of the insulated sthssaboveaesigtasthas bepe sadisalliedewssizedyand aveonsmalyesistor of

L0.6mmxWO0.3mmxT 0.25 mm is currently beihg 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 sheet 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
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 di‘mensionai 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 dimengional rank of each




reach about 0.5 nmmin an insul ated substrate sheet of about 100 mm x 100
mm) 20 When an extrenely fine resistor is manufactured usiqug@éoaﬁulated
substrate sheet having such di mensi onal variations, the dinmensions of each
substrate need to be classified |engthwi se and widthw se into extrenely

m nut e di nensional ranks, and screen printing nmasks corresponding to each
di mensi onal rank need to be prepared for top electrode |ayer 2, resistor

| ayer 3, and first protective layer 4. In &ddition, 25 individual masks
need to be used so as to match the di nmensional rank of each 16 July 2004 4
substrate. As a result, the manufacturing process becones very conplicated.
(I'f the dinensions in horizontal and vertical directions are classified in
0.05 mmsteps, there will be 25 ranks w dthwi se and | engt hwi se

respect i vel yubsteatal t Asq tesuliphetmandactusingproeess dieabmes vereeqnplicated an€if

w dt hwi se classification.) 5 The present invention ains to solve the above
probl em by dhe dimensions iheorizonal dndrvatiicalifeshions eteaclassificdin 045 mfn steps,
substrates. Accorpinglg, one step, that of replacing a mask according to

t he di nensi dhetie widhire 3% rande widtbwisstandrlengthwise respeetévelpmesulting in abewyt G20
elimnated, offering an inexpensive fine resistor. 7.0 SUMARY OF THE

| NVENTI ON | ﬁa@k&jmrtogai fax lengthowish end voidthwisg slassifisatignesi st or of t he
present invention__includes a discrete substrate which is divided into

pi eces b§ cuttingTie presentamagntion aimbdorsolee deebowe puoblany by sliminating the
di viding portion and a second dividing portion perpendicular to the first
di vi di ng pomr«grfpr slimgnsiopal clagsificaiono ot subgtsatss.f odmsardingly: weetstep.fthat off
the discrete substrate; a resistor |ayer fornmed such that it partially

over | aps t h&eparings mask accerdingde thedimensignal, vankcef the subgtrater xequiradiip the
cover the resistor |ayer; and pair of side electrode |ayers conprising
ni ckel el ecPFg&L: W%elwlr&ﬁe@wﬁegw WEERERTIVE HAPFPHYAr- di screte
substrates such that they are electrically

1o

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

pexpendicﬁlar 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

ovetrlaps 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  onthe 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



coupled to the pair of top electrode |ayers. The above resistor enploys a
substrate which is nmade by dividing the insulated substrate sheet al ong
the first slit dividing portion and the second dividing portion
perpendicular to the first dividing portion. This elimnates the need for
any 25 di nmensional classification of substrates. Accordingly, the present

I nvention 16 July 2004 5 abolishes the process of using a mask163 u?yf#@z;c to

t he di nensi onal rank of each discrete _substrate as in the case
prior art, thus offering an inexpensivé fine resistor. According to a first

aspect of.Lf 'f.l?e;@% ' i - d [ . resi st or.c [ Sing:
a discr etagaisa%gg tr ekﬁsﬁﬁgﬁg%géw%et%ﬁﬁ&ﬁ% gﬁ%ﬂ%&@f‘%é@ %{,ea'cgl;ﬁqrgﬁ ® a
plural it gulsdtrate 4sin the tased\hélpar 48 thiLoFerdRinkpdRtve findesig@eond

di vi di ng portions erpendicular to said first dividing portions on an

i nsul at ed subst r at eAetosding do a fiist espestofithiel pretent inviedtiong theretis pasvideitasai d

second di vi di n%n&?r.t.i ons are not previously forned, said first dividing
port i onsTHBIMFHRERB Whi | e processing this insulated substrate sheet and

said second dividi | | ng . f;or in the, ast , step.of .sai.d
processing; a pai rn%fiﬁ? lg?tf)é glﬁ%é{és%ggu?}bifgﬁgd? mt%adl(yﬁudaltpd%c JBefoming; q
di screte lifabe i® S Qb T '

resi st ora ayerlf}ggefllrﬁpsgl@ﬂ?g?g{gp%%ﬁg? a?gp@lgllug%l'?? oétfeﬁ F%@%?ﬁlaﬁg&?@?@g& ve

| ayer f opempendionlarotvesaidgfissai dlvidisg gtoptiohayar an dnsilatedaswbsofates isHestebgct r ode
| ayers, which are nickel electrodes, fornmed on a side face of said
di scret eW: sauk dirst, s vigingn @osions apfesaifosasondpilividing perting arendiod

SOy o Py PRsE Somia, Sal Bt ShifE L PR Feing Fofed Wil prdtsstag B’ ¢ 1°
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



According to a second aspect of the present invention, there is provided a-
resistor conprising: a discrete substrate which is nade into individual

pi eces by forming a plurality of first slit dividing portions and a
plurality of second dividing portions 16 July 2004 5a perpendicular to
said first dividing portion on an insul ated substrate sheet on which said
first dividing portions and said second dividing portions aremﬁgt
previously forned, said first dividing portions being forned [July 2004
processing this insulated substrate et and said second dividing

portions .G d k: - step. of |.d; Si.hg; resi st or

| ayer foP%@gﬂglﬁhgd’rmg)p S}fl@cgpsgf al?z(?lggdlig (g@ro g’t 832%-.{)%]%@%35 %‘%%EPEC Bﬁee[to%n

el ectrodghicy eafd fREMRidHE) Job@éns aBar bailf seednd HRRdIng BoEHRHCatcAYBES
overlaps said resistor layer; a protective |ayer forne or covering said
resi st or prexyarsly fomhed, said fioht dividingpedionsdeihgfemsed whilehpracessirigs s

el ectrodes, on a side face of said discrete substrate, using one of

f or med al d, .
an el ect %F@é‘%‘{ bstrateyshast pad saidsecand duvidng prytieas hewg fommgddn dle Hstct r ode
| ayers begi ctrically coupled to said pair of top electrode |ayers.
Accor di ngteﬁgfgéﬁ#rf)&&gg}%ct of the present invention, there is provided a
nmet hod for manuf act ygd ' , | L.&J g tmng a
é’fés'i’éioﬁla?%f&fr%ﬁr hRd (irﬁ?b:?p fRERed, e %@str&fé ;

plurality of pairs of top elect ayers on a top face an’insul at ed
substrate sheet; foapahgoftoesictodellayas foespdduchathyt hepareef @it fopai r of

top electrode |ayers in said plurality of pairs of top electrode |ayers, a
part of 8lgrlgode layess overlapy spidagsistardpyary sai d each pair of top el ectrode
layers; applying t reilg}gtggix]:eol%ygrd.oli"rsr}eidr}gr gow;eensnigsé[a? (r:eesisitgr a% ;ea(I:lEii ve resistor
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 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 each pair of top
clectrode 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;



| ayers between said plurality of pairs of top electrode layers; formng a
protective |layer for covering at | east said respective resistor |ayers; 16
July 2004 5b forming a plurality of first slit dividing portions for

di viding said insul ated substrate sheet such that a plurality of groups of
said pair of top electrode |layers and said resistor |ayer exist on said

I nsul at ed substrate sheet; formng a plurality of pairs of sid electrode

| ayers on an inner face of said plurality of first slit di vi di'f B fons
on said insul ated substrate sheet on ich said plurality of first slit

di vidi ng portions d Ie t

electrically coupl ?@%Ré?@%@ﬁ&a?$f&?o§ %popb%n fog ‘?‘P’b‘gﬂgﬁ&%r S;
and f or ningglafeddubistatd shepf sk thafh pREER ik B SRR BdiPBE t cul ar
to said first sli tS di vi di n% portall 0 oﬁw(c)ilgr\&u?ng tS e I|Sr%su Otpgﬁésu strate
sheet i nlayed sk et regidiet }agtbeexﬂsyonemﬂrmmlagadsalbdtrpﬂelmu ty of groups of
top el ectrode layers, resistor |layer, and side electrode layers on said

i nsul at ed subst rat ef@ﬁé@g atniurauhﬁﬂp pairaof gwuqigctr ]@W@llisr@l R inner daeq h

manut act ¢ PG MORREY of RSl GViribREaredR Ph SFi %ﬁ?ﬁmﬁbﬁff’ﬁ? Shegtion, of
resistory h?ahegaﬁdgjslugag&fggf%?ggﬁ g@ndling rﬁbﬁg aﬁé"?ﬁﬁ‘{x@& esaﬁ{‘ 1%9&82}1@9 a

plurality of pal suc each pair

of top elagetsrissiag lebawricalby eolisipd tb%attlepturﬂ@tyb@if paiesnds t@;ﬁ eﬁ@»ud)delluy@si ty of
resistor layers; applying trimrng for adjusting a resistance in sai d
respecti &l resistor |ayers between each pair in said plurality of pairs of

top electrode |ayer fdmung 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 cormprising:

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;



formng a protective |ayer for covering at |east said respective resistor

| ayers; 16 July 2004 5¢ formng 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 |ayers 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 insulated substrate sheet on WP SHYSR
plurality of first slit dividing portid%ns are formed, said side el ectrode

| ayers being electrical.ly coupled t I d..pk.urality of irs. of. top.
el ectrode | ayers; S%H“Férarrp a typ?ﬁﬁﬁ%i %qif %1”1 Be 5“%‘?“78? i%“b‘ﬂgtﬁ%%s
per pendi j ' | VAN P I eiayd o

et at e uibied Subdidly sheéisin By that SPMERREY ofBupSlof sald Baltlof 1
pl ural i t glectrode taypss afd daid re3listot lagdeectisyen saidriesilstedsubsteateheatnd si de

el ectrode | ayers on said insul ated substrate sheet to individual groups.
According to a fiftforaspgetpluralithef priss efisiderslectrodenlayetsermean dnnerdeteled a

thod f facturi esi st.or, said met hod, i sing: forni
ol ural i 19 e v RbtE oF Hise shicdvidiBe nokfer OF arhibhinel srotiee Shegch or
| t apf af ' : : ' d
| Syers Snfpt S ARy SRl Si BiERoR AHOR Brd Mol SRIC sleR0e BSOS 20
tri nm nglakers elhgledttcaly esuslbdns said phraRECHT pairs 8FitsH @lectlodtdh§erdet veen

each pair in said plurality of pairs of top electrode layers; formng a
protectia&ul | ayer covering at |east said respective resistor layers; forning
a resist layer on aforﬁ%%g ;%fueraﬁ}:cyg ée%oin %luxlriggnegdpgrlgi%%g r].;)gltpeen?ipc%ﬂr; 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;



16 July 2004 5d formng a plurality of first slit dividing portions for
dividing said insulated substrate sheet such that that a plurality of
groups of a pair of top electrode |layers and resistor |ayer exist on said
i nsul at ed substrate sheet; formng a side el ectrode | ayer made of one of

ni ckel and nickel alloy by sputtering on a rear face of the insul ated
substrate sheet on which said plurality of first slit dividing_portians
are formed and an inner face of said plurality of first slit P i 84
portions; patterning said plurality oﬁdpairs of side electrode |ayers by

i id ' | ; d;. ' .plur.glit f . divi di
por i ons. per penai culiPi & aAe pEAS) R aling Hofiary Bearading; il ng
por P P | Waing
plur al | oG ey eELSE Rt Bl lALRIE of PRl gl o6 LRl °°

el ect r odaybmyerdsesistariayeriestistlongiatlipsulafetsubdimag: sheegg Si xt h aspect of the
present invention, there is provided a nethod for manufacturi n&ea
1 ey

resi stor, said met hBumibgprsids pigctrode Hyiey mads off eng of niskeband si
| ect | d | | f I gt | t f of
Pnoul at o SeHETe O afedi 4o of e Gpuleteibadbisfta et of ieh ShidoTieuty obr

layers bgihpg)g Hﬁﬁgﬁfrgg@ﬂti}s{lg QHP k&%f&?& ¥h Nndy fag@digsaid)ghﬁ'%ﬁff& Rt it
resi stance in sai pective resistor ayers between e€ac alr1’n"said
pl ural i tgividingporisorsf top el ectrode layers; formng a protective layer for
covering at |least said respective resistor layers; formng a plurality of
first slit dividingatterningrenid plurdlity df pgirs aifdside rededtendedlayetssby aeelispeet
such that . lLuralit f groups of a pair of top electrode |ayers and
resi st orsail‘z%]%‘Sté%Y@iZ%‘g said insul ated substrate sheet;

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;

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;



16 July 2004 5e disposing a mask on a rear face of said insul ated
substrate sheet on which said plurality of first slit dividing portions are
formed; forming a plurality of pairs of side electrode |ayers nmade of one
of nickel and nickel alloy by sputtering on a rear face of the insul ated
substrate sheet and an inner face of said plurality of first slit dividing
portions while said mask being disposed; renoving said mask fraoamthe rear
face of said insulated substrate sheet; and formng a pIuraIitﬁsdPMQQQﬁm
di vidi ng portions perpendicular to sai¥¥ first slit di viding portions for

eparating sai o pl apPRg g AEaRe fer cBys of bifr Ghfere R AP 3hed p

layer, aqgict Qﬁ‘d?l&ﬁﬁf}%‘ﬁfds@)ﬁﬁfﬁvmng?@h%rﬁ%le fehAMPS. According to a
sevent h aspect of the present invention, there is provided a mnmethod for
manuf acturi ng a resfaimng asgudilitetdfqehisonfsids ietegtrotioriayarg naady of ehé by of
pairs of Iﬁp el ect rode Ia¥)ers and a plurality of resistor |layers on a top
face of Bickehand nicks! allpy by Spatteragon & isay faep ot thecinsulated sibstrate shagt sai d

resistor_| rs._bhei.ng el ectri.call ed: applying trimy.ng far adjusting
a resi st %Iﬁ‘iégl 'ﬁngregfﬁ%c?jil @aédr@g{aéq%p%oflﬁgéﬂg db‘gﬁb%eﬁg@é)@ﬁ "ﬁl’a’?g S¢ ’%’&g%

pl urali tMeiﬁé joksg:of top electrode |ayers; formng a protective |ayer for
covering at |l edst said respective resistor layers; forming a plurality of

first slit dividingrepeoviihgnaid ataslifyddi the sl dacd B8 uhil atbubdd knBdtaitgheet
such that a plurality of groups of a pair of top electrode |ayers and
r esi storSh%eﬂﬂldexi st on said insulated substrate; 16 July 2004
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 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 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;



5f formng a nmetal filmnmade 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 fornmed, by using one of a sputtering
met hod and an electroless plating; 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, by using one of the
sputtering method and el ectrol ess platjng nmethod; formng a pldpdﬂﬁ%pWﬁ
pairs of rear electrode |ayers by re ing an unrequired portion of said

| filmf d ' f f L d, i d b
Sheet by 1aser: andOrBIRE Rg s iBEieHE <8 ot SORERH i Rlckr ey it ©

per pendi gptirdlrehP £R21 6F thei ihgilafdd fublirdiedinRet BRM1iERSa d)ﬁlu?'él‘i‘tbrdéﬂ‘ﬂrs& Rft

i nsul ated substrate sheet into discrete substrates by sepafating said
pl ur al i t givading pouipensodre tfopmed, dgtustnieohapfa sputteiigimethddeaer an elettteless

el ectrode |l.ayers, and rear electrode |ayer fromsaid insulated substrate

sheet t oPlafiAgi vi dual groups. According to an ei ghth aspect of the present
i nvention, there isg;provided a,. nmethod faqr . .panufacturing a resistor, .said
met hod conpri si ng: fcﬁ*zmlga lﬂu’ﬁﬁlm"éﬂ%ip@if,s 03.1531‘%:?#@%8%39@{63?@ HMsOBhOL t op
face of JRkkEn : atLe : ' : i -+ Al f top
el ectrode | aygggqgﬁgelaﬂmr a ?x?ylﬁ%?xe??cgfs?f;%{lﬂpgygiﬁg g% %%%El&ﬁﬁ*’@nﬁ of

sai d i nspémgioas, Isubsing ahe oflieetputtering thethod|addtal@ioledsai fligg RRIINEH;

el ectrically coupled to said netal layers, and said top electrode |ayers
and said resistor fogndng applungfity| ef prirs aif I rpar olestreds lagers Wy ranovinggan

applyi ng_trimm for adjustin resi stance .in said respectjve resjstor
PPLY gunrequlrea%orgon O?Jsal meth] Filin Tormed on the entire rear f4ce of satd insulated

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;



| ayers between each pair in said plurality of pairs of top el ectrode

| ayers; formng a protective |layer for covering at |east said respective
resistor layers; formng a plurality of first slit dividing portions for
dividing the insulated substrate sheet by separating said plurality of
pairs of netal l|ayers such that a plurality of groups of a pair 18fJ W‘*
| ayers, a pair of top electrode |ayers, and resistor |ayer exist, i
plurality of first slit dividing portion§ being fornmed only on said
plurality of pairs of nmetal |ayers on the® i nsul ated substrate sheet ;

formng a pluralityaslying ti‘ﬁmﬁfn@f(ﬁeadj’lhﬁﬁig'f' PUSsiANQ | f@&?eﬁfec??@ r&istor

ni ckel and ni ckel alloy on an inner face of said plurality of first slit

di vi di nglgpers betmsene@ach petriinsaidgilechigy b paas ef sdyeeectoodentaiyets; sai d plurality
of first slit dividing portions, K are formed; and formng_ a plurality of
second di vi di ng por {BWAE gdrpiestive daver fop caverng at least said gesnoptive mepistor
portions afsy% .dividing the insul ated substrate sheet into discrete

substr at E% separating said plurality of groups of a pair of netal

ayers, @ pair of ¢ Rpmifk ecllfdfinl BOFRy U9 UNifing HéRions RSk FiMdie he o1 de

el ectrode | ayers on ulated substrate she to 1 ndividua oups.
Accor di ngnsutated subetiatasipet byakepafatingrsaikbpluralityestt padis, oft hetag ldserpswoh thad a
met hod for manufacturing a resistor, said nethod conprising: formng a

pl ural it ¢ RErgdy ref groupstadl a [paireet matalalayers, faapairodf top elestipde dayersudad r at e

chect. | SLB0SeP RV Lk ol B85 0l LR IG b aE ELE SRS Lot
e e T b T STt R
and said resistor |fygisg hephgaldlyest phieglofsid®ecadde 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.
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



applying trinmmng for adjusting a resistance in said respective resistor

| ayers between each pair in said plurality of pairs of top el ectrode | ayers
in said plurality of resistor layers; formng a plurality of first slit
dividing portions for dividing the insulated substrate sheet by separating
said plurality of pairs of netal |layers such that a plurality o J F

a pair of netal layers, a pair of top electrode |ayers, and reS| o4 %ﬁgv
exist, said first slit dividing portloqﬁhbeing formed only on said
plurallty of pairs of nmetal |ayers on e insul ated substrate sheet after

said tri m(}aeag and Qi MBtad 18)e#s @biﬂgye@t:trﬁﬁnp%hpl&l 1Py snétar 1@@1@6 a0 %afd
| east sai respective resistor layers; formng a plurality of pairs of

si de el etdp eldetrbdy bryernantbsaid resistoolayens béiek edeutricaltkebupiedpy on an i nner
face of said plurali t)i of first sI it dividing portions _on the insulated
substrate sheet on U }flﬁgstﬁliﬂémﬁl& IQQJ"}SUG% 3 resiglangs m %ﬁld |Y§H¢§t1]5@)rf@5il$iﬁ§

are for or.m | .ur al.i;t v, of...second. d| |d|n

per pendrgqg’eﬁf%? é’l 8&9& P Flgtms?qlfi %lu‘r/a[lgyngoB%lﬁ [ ntgpf ‘iﬁ qu%s tlﬂegald
i nsul at edhgREL s@kSishii98)ersnNt 0 discrete substrates by separating said
pl uralitg of groups of a pair of nmetal |ayers, a pair of top electrode

| ayers, resistor | afpemingingd phuphty off ﬁsstdehtekiﬁqﬁmgdpoftmr forodivwding the
i nsul ated substrate sheet to individual groups. BRI EF DESCRI PTION OF THE
DRAW NGSirsulted substugte glaet by sgpasatisg said pliralityrofi pﬁlﬁcﬁfcmﬁtﬂh tavens suchathat r st

o Top. vi BPIRTAIOR LaPioHG® (§fck BB O MO At PREFFUE FECHPLS HEThomEd on
the enti p&;6f laﬁ'&eé%sp sglt{dhﬁrsk Qﬁf’ﬁﬁﬁ(ﬁgg Pﬁéﬂ%&{ngggﬁl ?ﬁlg &P Ezpd rplurahty

manuf acturi ng t resi I'n accor
enbodi meof paits bhmeptl ea@int ohnlie iisuldted 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
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. 3 (a) to 3 (e) are section views illustrating manufacturing processes
of the resistor in accordance with the first exenplary enbodi nent of the
present invention. Figs. 4 (a) to 4 (e) are plan views illustrating

manuf acturing processes of the resistor in accordance with the first
exenpl ary enbodi nent of the present invention. Figs. 5 (a) to 5 (1§)Juf1nfoo4
section views illustrating manufacturing processes of the resist Y
accordance with the first exenplary enbo {mant of the present invention.
Figs. 6 (a) to 6 (d) are plan views illuStrating manufacturing processes of
the resistor in accpigdaniga wip Viethglubtrithig theeftedhYwkich gl Rtecidfe 4128 is
present invention. Figs. 7 (a) to 7 (c) are section views illustrating
manuf act deimgy en theewsies perqihery] of theshatlated swbshteoshdarused\ibt manhfaciringtthe
exenpl ary errbodl ment. of th sent inventjon 2004, 6 Figs. 8 (a)
to 8 (c) Teyoningccqidanse Wi e PHEPERUFE @@W%Oé%@@é%@é%mﬂtﬂ%

nvention. | Ao, o TES (Rou A iR B ARR TR el Srfeses™
i nef f ect oyethar Raistoy MOABRAAAEOMANEHE Fistt @ferbﬂﬁi;y RfddaHOH! bﬁttﬁeﬁi} & tused

for manufacturing the resistor 5 in the first® eXxenplary enbodine t he
present imweationon. Fig. 10 is a top viewillustrating the state in which an
ineffective area is_, forned on both ends of _the insul ated substrate sheet

used for manuf act urFigg 46@9tOr‘le(ﬂ)@f%planrm\M%ﬂiuSirgtlngm aptyringyprogessen of of

h | I h
i ch an CRHEFREER 48 43@5 Wﬁl%ﬁ%‘ﬁﬁ@%p%ﬁ“ﬁb@@‘@% R Sekoet BBhirig
b h I
abodi ment of the- ot ESon( D veD i ok Vigw! RIsHuhe WinkiRar b SiREE I

st at e i nofihthe I‘l'eBlBtdr nef hemirdmeeanith il ﬁrst exemplary embodlment of the present
mventlon
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 in accordance with the first exemplary embodiment of the present

invention.



formed on the entire periphery of the insulated substrate sheet used for
manuf acturing a resistor in accordance with a second exenphguanﬁ%gdinent
of the present 15 invention. Figs. 13 (a) to 13 (e) are section-views

il lustrating manufacturing processes of the resistor in accordance with

t he second exenpl ary enbodi nent 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 exefpl ary enmbodi nent of the present
i nvention. Figs. 15 (a) to 15 (d) are section views illustrating

manuf acturing processes 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) are plan views illustrating manufacturing processes of the

resi stor in accor digsed (@a St(e areplen yiesxe Hpistaing e faetutingfproesses of the
invention. Figs. 17 (a) to 17_&:% are section views illustrating .
nmanuf act ur i H§Sigksdp aseerdancewithibe fiwsl exenplary ebodinzand of Hhe preseet ipwertion.
exenpl ary enbodi nent of the present invention. Fi lgl).s. 18 (a) to 18 (c) are
pl an views il ust Figi hip atoniviget ihuistrgting reyfsiesingrhichiaa ineHeefivr aren is
accordance wth the second exenplary enbodi nent of the present invention.
10 Fig. 19 ilermaed op anesnd ofl thedrutlated subsirate sheetiuseddpr mannfachaing the resistor
area is forned qn one end of the insulated substrate sheet used for

manuf act ériﬁg%%rsrt@gqegtr&wqmquime@éesﬂwmwum@ntmmdi ment of the

present invention. _Filgo,zo is atop viewillustrating the state in which an
i neffective area ifdg- 10 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 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 arca 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 () 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.



formed on both ends of the insulated substrate sheet used for manufacturing
the 15 resistor in the second exenplary enbodi nent of the ﬁégﬁﬁ@h04
invention. Fig. 21 is atop viewillustrating the state in whic
ineffective area is formed on three ends of the insulated substrate sheet
used for manufacturing the resistor in the second exenplary enbodi nent of
the present invention. Fig. 22 is a top viewillustrating the state in
which an ineffective area is 20 forned on fhe entire peri phery of the

i nsul at ed substrate sheet used for manufacturing a resistor in accordance
with a third exenplary enbodi mrent of the present invention. Figs. 23 (a)
to 23 (e) are section views illustrating nmanufacturing processes of the
resistor in accordance with the third exenplary enbodi nent of the present

i nvention. 16 Jul ¥ig0da (8) ta Y (dxare pign vr@wzmllpét)vatm&lr@nafaowr@mprocesses of
illustratin nanufacturlng processes of the resistor in accordance with
the third e wor wrssardrase vith theescpprd exemplaty embodiment ofshe pseseal t o
25 (d) are section views illustrating manufacturing processes 5 of the
resistor ini¥eddo8ance with the third exenplary embodi ment of the present

I nvention. Figs. 26 ( é 0 d) are plan, V|em5 Il lustrating panufacturing
processes of theFigssildi@}tq h’? @5e gesia Views 11 HEratg many mg/processes
enbodi ment of, the present ipventign, 3.0 Figs. 27 (a) . tq.27 (c

sect i on %i e®fthe Tegistorin; a&gowﬁweﬁ a@ﬂuﬂneﬁ@cg@%%@aﬁ@ry smbogimenicglihe present
accordance with the third exenplary enmbodi nent of the present invention.
Figs. 28 (a?“ﬁ@lﬁg (c) are plan V|ems il lustrating manufacturing processes

Oesem oo otO" B TRUSRTE (' axd plan views ifluSiie MadufARizing procestes of
the resistor in accordance with the second exemplary embodiment of the present
invention.

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
aresistor 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.



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

I neffective area is fornmed on one end of the insul ated subq%gg@gmﬁgeet
used for manufacturing the resistor in the third exenplary e i ment  of
the present invention. Fig. 3 0is atop viewillustrating the state in
which an ineffective area is 20 formed on both ends of the insul ated
substrate sheet used for manufacturing the resistor in the third exenplary
enbodi nent of the present invention. Fig. $1 is a top viewillustrating the
state in which an ineffective area is formed on three ends of the

I nsul at ed substrate sheet used for manufacturing the resistor in the third
exenpl ary enbodi nent of the present invention. 16 July 2004 9 Fig. 32 is a
top viewillustrating the state in which an jneffective areais fornmed on
the entire periphdtigs.c¥ (ahto 2h{e) areadan wisyrs Blustrating mamgdectngng processes of
manuf acturin a_resistor in accordance with a fourth _exenpl ary enbodi nent
of the presdhe resisienin agcordangs witis thesthirdoexgampleyy embodimentf the present
illustrating manufacturing processes 5 of the resistor in accordance with
the fourth dReSlA}y enbodi nent of the present invention. Figs. 34 (a) to
34 (e) are plan views illustrating manufacturin rocesses of the resistor

i n accordance .wi t Fighe5reta RS &skbans| sgetion viryws ating mpRnUyIpeiyEIRE processes
invention. 10 Figs., 3 5 (a) to 3 5 (c) are section views iIIus'éLati ng

manuf act Bri f) the weisierin agprdanse veidh thethisd cxcaplpmasmbodinentiofdhe present

exenpl ary enbodi pent of the present invention. Figs. 36 (a) to 36 (c) are
pl an vi ews iMYeMIMat i ng manuf acturing processes of the resistor in

accor dance With t B8es. 38 & i 36 W) ApIEn veews Hlustrating manufacnng processes of
the resistor in accordance with the third exemplary embodiment 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 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.



Figs. 37 (a) to 37 (c) are section views illustrating manufacturing
processes of the resistor in accordance with the fourth ex?gghlgrzbm
)

enbodi mrent of the present invention. Figs. 3 8 (a) to 3 8 re plan
views illustrating manufacturing processes of 20 the resistor in
accordance with the fourth exenplary enbodi nent of the present invention.
Fig. 39 is atop viewillustrating the state in which an ineffective area

is formed on one end of the insulated sub$rate sheet used for

manuf acturing the resistor in the fourth exenplary enbodi nent of the
present invention. 16 July 2004 10 Fig. 40 is a top viewillustrating the
state in which an ineffective area is formed on both ends of the insulated
substrate sheet used for nmanufacturing the resistor in the fourth

exenpl ary enbodi ndfig. 32 is deoppviesenisiratieg theostatefh grhidh an dneffecipvevireavis
illustrating the state in which an ineffective area is 5 forned on three
ends of the fonnelandtieentist patpherh of thamsdlatal substrafessitest isegl fonenamdadtsrn
in the fourth exenpl ary enbodi nent of the present invention. Fig. 42 is a
secti on vi eva @iistor insicsbntancemiflaz fourtl examplara embotioderftaf thenpreseat inventigna
resistor in a fifth exenplary enbodi mrent of the present invention. Fig. 43
is atop viewill Jags.a3 (a to B8 (e} aesechoniicors dlusiratdd amnufactarneg pracekfes
formed on the entire periphery of the insulated substrate sheet used for
manuf act &r i raf the hesistos irs eanordancaowith danfoairth ¢xenpiary édnbodineons mfithe present
enbodi nent of the present invention. Figs. 44 (a) to 44 (f) are section

vi ews il | ustin¥entton. manuf act uri ng processes of the resistor in accordance
with the fifth exenplary enbodi ment of the present 15 invention. Figs. 45
(a) to 45 (f) are Higad4(adée 3#(eLarenian migvrraiustating magufrciering psoassses 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 (c) 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 (¢) are plan views illustrating manufacturing pi‘ocesses of

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

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.



the resistor in accordance with the fifth exenplary enbodi nent of the
present invention. Figs. 46 (a) to 46 (d) are section vi e\AqsiJh{y%baati ng
manuf acturi ng processes 20 of the resistor in accordance with the fifth
exenpl ary enbodi nent of the present invention. Figs. 47 (a) to 47 (d) are
plan views illustrating manufacturing processes of the resistor in
accordance with the fifth exenplary enbodi nent of the present invention.
16 July 2004 11 Figs. 48 (a) to 48 (c) arel8ection views illustrating
manuf acturi ng processes of the resistor in accordance with the fifth
exenpl ary enbodi nent of the present invention. Figs. 49 (a) to 49 (c) are
plan views illustrating manufacturing processes of 5 the resistor in
accordance with the fifth exenplary enbodi nrent of the present invention.
Fig. 50 is a top WFigwd0lid asap wichnilustratisg diestate inhviichan ineffédtbwdt aree iar ea
is fornmed on one end of the insulated substrate sheet used for
manuf act ur i nfprided andsathtends of thet insulatdd subsiratexheet useddod mvenitfacfirinp ¢he
present invention. 10 Fig. 51 is a top viewillustrating the state in which
an i nef f ect i sesistorda the fovrth exemplarpembodimientaff théprésentinytridos.ubst r at e
sheet used-for manufacturing the resistor in the fifth exenplary
enbodi ment of the KFigedbix a topreiewi iblustraing tiostate in wihiph andneffedtingt ares isng t he
state in which an ineffective area is formed on three ends of the
i nsul at ed sufesmedton thieseendssdfdhé insubnied tubdtraté sheet sed i mesufactrinigthehe
fifth exenplary enbodi ment of the present invention. Fig. 53 is a section
vi ew of a cogsistariiaibg fowdl examplan gubodiment)ofithe presehy invertigrer spect i ve
views illustrati ngF_manuf acturjing

ig. 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 exemplary embodiment of the present
invention,

Figs. 44 (a) to 44 (f) are section views illustrating manufacturing processes of

the resistor in 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  of the 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.



processes of the conventional resistor. 20 DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS First exenpl ary enbodi nent A resistor 1gr‘yg§yi 4
manuf acturing nmethod in a first exenplary enbodi nent of 25 the present
i nvention are described below with reference to drawings. 16 July 2004 12
Fig. 1 is a section view of the resistor in the first exenplary enbodi nent
of the present invention. In Fig. 1, a prebaked insul ated substrate sheet
is made of alumina of 96% purity. Discretklsubstrate 11 is made by cutting
this substrate sheet along a first slit 5 dividing portion and a second
di viding portion perpendicular to the first dividing portion. A pair of top
el ectrode layers 12, nmade neinly of silver, is forned on the top face of
di screte substrate 11. Resistor |ayer 13, nmade of rutheni um oxide system
is formed on the tags.Adde) td 48 claretsecterbwiovest illusitating mannfactinting pradeasdsy
overl aps the air of top electrode |ayers 12. First protective |ayer 14,
whi ch i s a pfébomsidonbsactordangeryith the Hithestemplarientoplim@ntobthermsseant or
| ayer 13. Trimmng groove 15 is provided to adjust a resistance of
resi stor | ayavert®nbet ween the pair of top electrode |ayers 12. Second
protective layer 16, made nmainly of resin, is forned to cover first
protective |ayer Tigadddh) tas4(praveplan yleasssillnsiyating mapufactuwfing prieesses of
el ectrode layers 17 is fornmed so as to partially overlap the pair of top
el ectrod® | resistor mratcardance ovigh theslifih exemiplayy fendwxdiznedt obthe masentof t he
rear face of discrete substrate 11. Solder |layer 18, made of tin, is
formed so agd¥eRi®@ver the pair of side electrode layers 17 and a part of
the pair of top electrode |ayers 12. A method for manufacturing the
resistor in the fFigtSkisaiopaigwdHssisatingthe siate do mvhiel pe dnefifesiiyeiatea is
described next with reference to draw ngs. .

ormed on one end of the insulated substrate sheet used for manufacturing the resistor

in the fifth exemplary embodiment of the present invention.

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.

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

frst exe diment
A resistor and its manufacturing method in a first exemplary embodiment of

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



20 Fig. 2 is atop viewillustrating the state in which a ineffective area
Is formed on the entire periphery of the insulated substratgﬁﬂ%@;used
for manufacturing the resistor in the first exenplary enboéima t of the
present invention. Figs. 3 (a) to 3 (e), Figs. 4 (a) to 4 (e), Figs. 5 (a)
to5 (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 nmethod of the resistor in 25
the first exenplary enbodi nent of the preskat invention. 16 July 2004 13 As
shown in Figs. 2, 3 (a), and 4 (a), prebaked insul ated substrate sheet 21
which is 0.2 mmthick, made of alum na of 96% purity, is prepared. Here,

I nsul ated substrate sheet 21, as shown in Fig. 2, has ineffective area 2la
which will not beconme products, on its periphery. This ineffective
area-2la i s confi dligebis asectfonarrewsdfiahe registie ki theairss bremplany Empedi@ent3of
(b), and 4 (b), two or nore pairs of top electrode Ilayers 22, made mainly
of silver, dhepsseeemvpniion.ed on the top face of insulated substrate sheet
21. Insul ated substrate sheet 21 is then baked according to a baking
profile with a pedk Rignhermebakedinsehtedsulstmtattidet samhde of hhmhinadd &y er s
22. Next, as shown in Figs. 2, 3 (c), and 4 (c), two or nore resistor

| ayers 23 1@unigde Discretelsebstiate ddiismaslediyeentting this sabstraieisheatchlamp a firstoslit
bridge two or nore pairs of top electrode |ayers 22. Insul ated substrate
sheet 215i s dividingpimtivnsande sicoyd dividingd paition perpéndieular tdthe fiestKividing
tenperature of 850 C to stabilize resistor layers 23. Then, as shown in
Figs. 3 (d) petdom (Apairefitep electraststlayers|idy eradedanaindieobsilvearpis formedoa the
precoat glass |ayers is screen-printed to cover resistor |ayers 23.

| nsul ated 1op fafesafrdiseeterrnbstrate Ils HResistondgyien 18 omadeiof guthenininn oyidersystdne,
with a peak tenperature of 600 Cto stabilize first protective |ayer 24
made of t he ipfaratnshonythedep fageebdissrete subgirain dlvauehnthmt dispartially pveniepsathee) |
two or nore trimmng, grooves 25 are__made using a |laser_trimmng method for
adj usting t @éﬂrggpﬁﬁéﬁ%@d@ﬂaﬁﬁ il3t oFirshpegtsctive layet dbawhichiis & nyecqasglass

el ectr Q‘:(lj ((}a | Te}/y%g',sis %gnhgd gn %rlg l(:jco(%)t f%rc{aﬁ o?'%gsigt?)lr 'Ila%ier 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 fo 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
18, made of tin, is formed so as to cover the pair of side electrode layers 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 (¢), and
Figs. 8 () to 8 (c) are process charts of the manufacturing method of the resistor in

25 _the first exemplary embodiment of the present invention,



20 Next, as shown in Figs. 5 (a) and 6 (a), tw or nore second protective

| ayers 26, nainly made of resin, are screen-printed to COVQGJL%I%%EM
protective |ayer 24, consisting of precoat glass |layers, align

vertically on the drawi ng. The substrate sheet is cured followng a curing
profile with a peak tenperature of 200 C for stabilizing second protective
| ayers 26. 16 July 2004 14 Next, as shown in Fig. 5 (b) and Fig. 6 (b), two
or more first resist layers 27 are screemtdrinted to cover second
protective layers 26, and first resist layers 27 are stabilized by INray
curing. Furthernore, two or nore second resist |ayers 28 are
screen-printed on the rear face of insulated substrate sheet 21, and second
resist 5 layers 28 are stabilized also by LTV-ray curing. Next, as shown in
Figs. 2, 5 (c), arfsshave) in Figs. 253 (a) end (), psehakediinsulated supsirateshectZ®l ar e
formed by dicing on insul ated substrate sheet 21, on which first resist

| ayers 27 amwhiskiodd mesihsck, imgde of A8mna of 86Hepyrityxisgpepanedi néidre,dnsuiated
area 2la formed over the entire periphery of insulated substrate sheet 21.
First slit @ubstoitaghddt Hors shown 10 Fag., bae dndfbectivieiret Alp vdeh wilddot become
substrate sheet 21 into substrate strips 21b by separating pairs of top

el ect rode | gyeductgn itsipetipheryaseThis insffeetive angaZildiin gonfigutedans fanasbape.
formed at a pitch of 700 m with a width of 120 lam In addition, first
slit divhding por tNextsasxhosmein Figsughd ol esd di{by iweasrsmors pairsof tpptaleduode

i nsul ated substrate sheet 21. Insul ated substrate sheet 21 still remains as
a sheet 15 dayess 32+ wade mainlysf silver,ardsengepprinteshen fee topeface ofrdasubgiedi ci ng
except on ineffective area 21 a, because substrate strips 21 b are .
connect ed byubsiedte shestd . adasulatedsubsiaic shgst Zhisdhen hakq:tg gecasding) tognbakgng
(d), insulated substrate sheet 21 is entirely plated with nickel _ using

el ect r ol ess Pppfile wih apealiitoppatptinesef Bk d @@fébﬂ@eéop slpsrodg fayess d2q
plating bath to form side el ectrode Iat/ r 30 of about 4 to 6 mthick, 20
When side el ect r odNext oy insFigs, Zechy Osymy?ét(%@vﬁi%mredﬁslétqrﬁgfeéﬁ??’re

face of . . . . .
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.



I nsul ated substrate sheet 21 by electrol ess plating, side electrode |ayer
30 is also fornmed on the rear face of insulated substrate qggg&2%54through
the entire inner face of first slit dividing portions 29 which’is a
through hole fromthe top face of insulated substrate sheet 21. This is
because first slit dividing portions 29 are through holes 25 which pass
vertically through insul ated substrate Sheih 21. In addition, side 16 July
2004 15 el ectrode | ayer 30 covers a part of “top el ectrode | ayer 22 exposed
and first resist layer 27 on the top face of insulated substrate sheet 21.
On the rear face of insulated substrate sheet 21, side el ectrode |ayer 30
covers second resist |layer 28. Next, as shown in Figs. 7 (a) and 8 (a),

T oeerareny oraoRekoas b3k W, S0 Mg b AL s e
LoV oer oy er@Ssmdthumieait i geod beaNt RulR 70 el B Rl R 7 ke
I r ' f si | ectrode | 30 d

Chrt of pai r dabiZEBY 1By Sudnes, %ﬁgﬂx&gﬁéss;%é@;%r%%egg{?q%@sﬁwe?igs are

' I Jd d Thi.ck f. si t O is
Lbout 4 1o 65t aabrinter & 8 e e #ﬁ%ﬁﬁiﬁs&%@%ﬁéaﬁ?“it leu é@é}i e.reasaek |
I de | ' t ' ' t er i's nicke
Dl ated by ef BEeH Arut sbiizepiSa by U enimERedoos not have magnetic
L ORCI5 G et onaNes Ao SSuyh A Flgs, 2 565 aRd 6. Jvistor more BrItst dbfaie.
v oo AR 20 S5 GRS R e BRI By i e e
fi I ' 1S, tin, Ho th t _invention
Lot el g S SRk 500 RS opt G RSAR g™
material . 1 ngbfi§ KRS e diftlrh %Qﬁﬁh&? &elhéﬂgtédssu%ggﬁt%vsﬁ%&ﬁy f*“Lergtl st dividing

sol deri ng.
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 pm. 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 afier 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 pm 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



Moreover, top electrode layer 22 is made of a silver material and resistor
llayer 23 is made of a ruthenium oxide material in the flrst1§§§ﬁ9b?£y
enbodi ment. These assure resistance characteristics with good hea 7
resistance and durability. Furthernore, the protective |layer which covers
resistor layer 23 is configured 25 with two layers: i) first protective

| ayer 24 which is a precoat glass |ayer cqg§r|ng 16 July 2004 16 resistor
layer 23 and ii) second protective |layer 26, mainly made of resin, which
covers first protective layer 24 and trinm ng groove 25. First protective
| ayer 24 prevents occurrence of cracking during laser trimming to reduce
current noi se, and second protective |ayer 26, mainly conprising resin,

secures el ALARGR 1B RELETE 15 3th SRR MU A BT RARHES B oo
and 8 (O RIRE IR b AR o0 7 G Sl o1 B
[nef ectt ve bt g T08 SO0 0K A€ oRRELEASHY Lt Bl 8501 200
[neutated 10 subshiaieisin Rk PRSP S Bl ALY el Shagif i,
1 Ceh of o 400cfnd el bl k00 BLUGS cGARARSING Bt Bl of

I neffective ate strips 21b are divided into discrete
substrates SﬁﬁS%ﬁ%a%?giond dividing portion 32 is forned. Substrate

rea 21 a The res ava T2 s C] OUEES AD0oRERERRIE el ST OREY 1R 45,
using the ahea i) GFab8aEt 4 16 ﬁ&fggﬁﬁmhﬁﬁ’&%ﬁa@@e teled LBy Sp%{}s:of side

resistor, which is a product, rough’ the aboveé processe

o oSt 30 SO 4 i PISRYSS o BB el g
10  peeling off first resist layers (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 1to 15 um.  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



dicing are accurate (within 0.005nm and the thicknesses of side electrode
| ayer 30 and solder layer 31 are also accurate. Moreover, tgg ﬁ,;’ijo gr ni ng
accuracy of top electrode |ayers 22 and resistor layers 23 elimnates the
need for dinensional ranking of discrete substrates, and also the need to
take into account dinensional variations in 25 discrete substrates within
t he sane di nensional ranking. The effective area of 16 July 2004 17
resistor |ayer 23 is thus broader than t hat®of the prior art. More
specifically, the resistor layer in the prior art is about 0.20 nmL X
0.19 Mmm W Resistor layer 23 of the resistor in the first exenplary
enbodi nent of the present invention is about 0.25 mmL x 0.24 mm W which
is about 1.6 tines larger in area.. 5 Since first slit dividing portions 29
and second dPWWi@’eﬁggtmﬂg speopd Profestive taysy 26i waidy madeafaesia, wliieh r at e
sheet 21 which doges not requi' re di rregsi_ona_l r anki ng of . discrete substrates
may be used.COYRISSLUISE PrRtgeiiesslayplth and tigvniag Leovy 2ag Fuskprotectivedayendt es
by dinensions as in the prior art, therehy elimnating the conplicated
process of MEPYEHS AecUrsnesioficragking guripe laser trimmmngdogaduey qurent noge, and
perfornmed easily, usi n%_a eneral dj (I:i ng machi ne for sem conductors or the
i ke. | nsulsﬁ?%%d Brateqtive lay tmamly cOmpEpEG 165in; prAUreiesistange shatacteristics
roduct. In additign, fjrst slit dividing portions

whi ch doges not, becone,
29 and sgcontf gQP‘@F‘Hﬁ“&%F@S@ﬂ%"%@Y gpecTing thegmisaresstonlayer 424 f ecti ve area
212 even af ter SR oz & st (ngd § Borrpananos. sceppd dipidipent o
Lot 2L UL ket TS eRSHRL 0 Syl ons 2
Tt i vi of SGCn PRHEchYS ared 4T3 ERed e g kAR PaY Ol dpe Bisbleed
P oot Rl R Ty M ot PEPEE o eSS e
di scret g5 SURG&RIE Shéet 219 Ve sepalRed T8Il (B8R sib %3821 & TR RS
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. Substrate 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 product, made
through the above processes are precisely 0.6 mmL 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



Each discrete substrate 21 ¢, which is a product, is thus separated from

I neffective area 21 a, thereby elimnating the process of §§UB&@@ 4

i neffective area 21 a and products afterwards. Still nore, Si ePectrode
| ayers 30 are formed on insul ated substrate sheet 21 25 because pairs of
side el ectrode layers 30 and pairs of solder layers 31 are forned on 16
July 2004 18 insul ated substrate 21 in thgy;orn1of a sheet before being
divided. Potential difference during the formation of solder layers 31 by
el ectroplating may al so be reduced, thereby allowing the formation of
stabl e solder |ayer 31. The first exenplary enbodi nent of the present

I nvention describes the case 5 of formng ineffective area 21 a which does

L i R S
as shown in¥‘gq1@tpr ?}"}yeFHé ét’,rf(?r\ﬂé%b?r%%?“‘%ﬁ% W%Lﬂébﬁgr% on ?FéStQhB‘YS’FEgOf
et oct 1 vo t0¢ e mIBE et emmalitonbyatin SE e pipes iuypiioutsahovt pas
forned on « ML BF i WouiiBdSabodl bt redingtéa ' theoe |
seronst gt eSS it 5uiAEL Al LSk S ot o
355y at oi ndomnettBY HoIRE bt shoiRaR sheet 2L B ASRUR st pifetRons "y
27, using & pihe of iehe St Sy e B, SR okl hE e 351 £ B ARDE e
the i neul at SreEApSEEPRl by BlmASUhEATH B BRI AC JRARR) clldinaithe Becce by
formng 20 g&apNtatd\prdidid oPREp1atRE Lidhst th %2888 Dicing 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 ate 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 se;ﬁarated into
individual substrate strips 21b. Remaining processes are thus implemented on
insulated substrate sheet 21 with ineffective al;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 layers 30 and pairs of solder layers 31 are formed on



The first exenplary enbodi nent al so describes the case of formng first
slit dividing portions 29 after formng first resist Iayer1gﬁu?@ﬂoéecond
resist |layer 28. However, first resist layer 27 and second resfst |ayer 28
may be formed after formng first slit dividing portions 29. In this case,
however, printing pressure for screen 25 printing need to be reduced
because the strength of insul ated substratg sheet 21 is 16 July 2004 19
.reduced when first resist layer 27 and se ®nd resi st | ayer 28 are
screen-printed after forming first slit dividing portions 29. Furthernore,
second resist layer 28 may be fornmed imediately after formng the first
protective layer, which is precoat glass |layers. This also achieves 5 the
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127 Reat st of O aliele S st RiHTE, 0 el st 218 yian bt BSad o BEE R 1R 1,
el ectrode | %ﬁﬂ&g&%mb&?ﬁ)é%ﬁé@t@'l’. rﬁﬁéﬁfaﬁ{/elgr?gsegho% {P¥ig. 10, ineffective area 21e

10 may be formed on both ends of insulated substrate sheet 21. Alternatively, as shown

(D

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 also 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 formed 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



be formed on the top face of discrete substrate 11, and then a pair of top
el ectrode layers 12 is formed to cover a part of resistor Laygk 2bd4 This
al so achi eves the same effect as that of the first exenplary enbodi nent of
the present invention. Furthernore, the first exenplary enbodi nrent of the
present invention 25 describes the case of formng first slit dividing
portions 29 on insul ated substrate 16 July1%004 20 sheet 21 after formng
pairs of top electrode |layers 22, resistor~fayers 23, first protective

| ayers 24, trimmng grooves 25, second protective |layers 26, first resist

| ayers 27, and second resist |layers 28 when first slit dividing portions 29
are formed for dividing the substrate into substrate strips 21b. However,
the present invention is nof. limted . to processes in this sequence, For
exampl e, fi r-@ugﬁ Wﬁaﬁl 3%1'8:1 rﬁ@‘%@?’?&%@“‘i secondrepist fayengd agnserpenrpainges after
substrate shget .21.fir or,.i nsul ated_substrate sheet 21 already provided
with first Sogglnagg{s&isﬁgdlaf&hpg 1985 4%y be used for manuf acture.
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9728 28 BRI L0 bbbttt S 910 2
oL oot ode, | overs iy ke TR b SR e i e
orer b2 D2 il SRR BSHACHSAL 1NB1 2778kt ST ot i
of top el ot P RYSE Fholrisdndh® budliti hf pleRdAfes e obiar btk 31
oy be formed on  asapkedfé riXRetetiy ahiodiel o mRhit i BRI ode
'2?’::]3 %?I %ﬂxéle?ﬂg&g%g [fdl)x‘;‘%ﬁ,[tép é%jcus {1@,[1 eefr%%% PRthOHEPE S e SHRRRA L Sheet
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



resistance in these resistor |ayers 23 between pairs of top el ectrode

| ayers 22. In all the above cases, the sane effect is achlqg?gwgoaﬁ t hat
of the first exenplary enbodinment of the present invention cond
exenpl ary enbodi nent 16 July 2004 21 A method for manufacturing a resistor
in a second exenplary embodi ment of the present invention is described
below with reference to drawings. Fig. 12 #ﬁea top viewillustrating the
state in which a ineffective area is _ d on the entire periphery of
an insul ated substrate sheet used for nanufacturing 5 the resistor in the
second exenpl ary enbodi rent of the present invention. Figs. 13 (a) to 13
(e), Figs. 14 (a) to 14 (e), Fig. 15 (a) to 15 (d), Figs. 16 (a) to 16 (d),

g T N
o 535 S Bl 50 oo B e
25 chown | n 181G 25 sebon eRuchi o 28 e st dhvding porhoes BResmibrmed
Cont i gur ed A éﬂﬁﬂ? b llisrRGa sulralpotiips Htk owever éié I?IﬁlfesntanHBan
(et 5% RIS %%%%éegﬁestlﬁzhfsg%a%g@%we“ ST o,
W th a peak 20ANBGPE FarES of datyTeted SRERlF ohod AL Peironolie ulybaed Hieet 21
45 mde of eediatiiel e 45t HingRlRe éﬁ@iqﬂ 29 e Featied foi Bap a&ay't&o )
oL 1ore b2 il 8 SHER AR BB e WA oo
C to stabil\g&:tDq il ForhEpairdaF 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 top 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. 1In all
the above cases, the same effect is achievable as that of the first exemplary

embodiment of the present invention.

25 ec exe e iment



Then, as shown in Figs. 13 (d) and 14 (d), first protective |ayer 44 nmade
of two or nore precoat glass layers is screen-printed to cogef,/&plstor

| ayers 43. Insul ated substrate sheet 41 is baked again follow ng a baking
profile with a peak 16 July 2004 22 tenperature of 600 Cto stabilize first
protective | ayer 44 nmade of the precoat glass |ayers. Next, as shown in
Figs. 13 (e) and 14 (e), two or nore trimmng grooves 45 are nmade using a
| aser trinmmng nmethod for adjusting the redt stance of resistor | ayers 5 43
between pairs of top electrode |ayers 42 to a predeterm ned val ue. Next, as
shown in Figs. 15 (a) and 16 (a), two or nore second protective |ayers 46,
mai nly made of resin, are screen-printed to cover first protective |ayer
44, consisting of, preco gl ass, | ayers, aligned vertically on the draw ng.
The substrate s hebég"qﬂéo‘%%ﬂréﬂaﬂllf@mﬁg}l wSHien g gaceni lcxemiplary ngeliment of
terrperaturet%; 200 C for ,lo_quﬁabi,{yi I ng second protective |ayers 46. Next,
as shown i n ¢ gresest myentionyisdescribgd pphow wikh xeferenee tq deavangs.ayers 47 are
screen-printed ongr.he éear face of insulated substrate sheet 41, and resi st
‘layers 47 are st &b%1 %4 9p Yigw illasirating the stalein whish arpekfestiverirgs is 12, 15
(c), and 16 {c t or pore first slit dividing 15 portions 48 are forned
by di ci ng o%?ﬁ%@?ﬁ%@%e@ﬂﬁﬁqm%ﬁé@i ngulated sypstegie shast yised foryaruiaztuaine
f or med, gxc t on.ineffective area 41 a forped over the entire periphery

te

of i nsul At edSIRLEPRINE Reeqndsaxenplasy engbpdinentifithe Prsent wivention ar Bigss 43
B P B WA T, B T U AL ST e (e
m i add 1080 FLSkfad PigSaTh, B Leiwe pacoess ehanhobligrmaoh estumingoh
Cheet a1 st piood HERHESIsRE to e febdiiaRuddr RbodiSiont OB BresentioveRtin.
48 are As shown 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 electrodeliayers 42, made mainly of silver, are screen-printed on the top face of
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 30 as to bridge two or more pairs
20  of top electrode 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



formed by dicing except on ineffective area 4la, because substrate strips
41b are connected by ineffective area 41 a. 16 July 2004 Zagmﬁ?googs shown
in Figs. 15 (d) and 16 (d), side electrode |ayer 49 of about O

t hi ck, made of nickel or nickel alloy such as nickel chrone alloy, is
sputtered onto the rear face of insulated substrate sheet 41 and the inner
face of first slit dividing portions 48. Ip,this case, side electrode |ayer
49 forned on an inner face of 5 first slit dividing portions 48 contacts
and is electrically coupled to top el ectrode |ayer 42 formed on the top
face of insulated substrate sheet 41. Next, as shown in Figs. 17 (a) and 18
(a), resist layers (not illustrated) are peeled for patterning two or nore

(h) oo or EBPSFRBLEFGTCRS seBiiiditbe pRReq S Bucrle-bhiie obdne BlscOabhetaes

to 6 min th ?y‘ﬁ‘gess and two or nore pairs of solder Ilayers 51, nmade of
~tin, of abou to 6 gmin thickness, are electroplated to cover pairs of
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43 is confi ghgdtds cured following a curing profile with a peak temperature of 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 (c), two or more first slit dividing

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



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

| ayer covering 25 resistor layer 43 and ii) second protecthgguvgﬁwgr 46,
mai nly made of resin, which 16 July 2004 24 covers first protective |ayer
44 and trinmmng groove 45. First protective layer 44 prevents occurrence
of cracking during laser trinmmng to reduce current noise, and second
protective |layer 46, mainly conprising resgﬂ, secures resistance
characteristics wth good hum dity resistance by covering the entire
resistor layer 43. 5 Lastly, as shown in Figs. 12, 17 (c), and 18 (c), two
or nore second dividing portions 52 are diced in a direction perpendicul ar
to first slit dividing portions 48 except on ineffective area 41 a forned

[ i ph I b et 41. This_ allows
Cesistor Tayers i’é@ & HuBm PGy 1S ahamt 1 00k sidermseiradifay seA%of abaitc0.41

d bstrates In this case,

ecana” 56 o e R AR B A e
dth of 100 Si d,dj vi di ns, 52 e forne y

\c/iv:c;[ ngoon suod'g? the ’Iée%g?? %ts‘ﬁ‘i‘t?)[g ¢ stratg s thgteﬁ) n&?’éﬁa‘?@ﬂf firgt gt (r]I ate
d t trate 41c ,every time secon
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10 50, made of nickel, of about 4 to 6 um 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 um, 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 embodiment 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 Moteover, 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: 1) 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



di mensi onal variations in discrete substrates within the sane di nensi onal
ranking. 25 The effective area of resistor layer 43 is thus§rggaghst han
that of the prior art. More 16 July 2004 25 specifically, the résistor

| ayer in the prior art is about 0.20 mmL x 0.19 nmW Resistor |ayer 43
of the resistor in the second exenplary enbodi nent of the present

I nvention is about 0.25 nmL x 0.24 nm W ich is about 1.6 tinmes |arger
in area. Since first slit dividing portion§~48 and second dividing portions
52 are 5 forned by dicing, insulated substrate sheet 41 which does not
require di mensional ranking of discrete substrates may be used. This
elimnates the need for classifying discrete substrates by di nensions as

in the prior_art. .therepy.elimnating the b conplicaied _process of replacing
a mask in t hEOYsES B H?@gﬁfﬁ hﬁ’&f géﬁﬂ RELHREY S %@P’F%ﬁ%red Fagtprojeciisierlgyer 44
general dicin chine for sem conductors or the |ike. 10 Insul ated
substrate sh%rgf” glitf OCEURFIGH ‘H?Cklﬁgfcﬁ‘é@tgﬁ%eréﬁgﬁn% 18 TEARECwERY nete, and
beconme a product 4 I addifion first slit djviding portions 48 and second
di vi di ng poSreFPBﬂEf‘r%}f"téY“e G 46 INAILY SAMPRSING Hesin; seqireeresistance characteristics

even af tor 1HEv P sPistands By Rovesind Mo e eSHPE ayeBBnt s | noul at od
e, AR R o D e S b
or 1 ons 46 BFORbr At SERliER fiesfioR Pty ot Thidividinappafonsas
nourat ed- s Rerp i iehieve fuea SRty eyt ufe rBfipbeB LRt uicdpbiprats
e, °e0n0 0 4 POTRAHA 0k LATR e RS HSFA o BT
ot torvar do. &R, P REES Soren @I ALIRAGAIYE oS5 F18T GRAE Hisel sccond
insul at ¢f S \ppidifd Fortions 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 resistor layers 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 ranking.

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



sheet 41 at required areas because pairs of side electrode |ayers 49,
nickel layer 50, 25 and pairs of solder layers 51 are forngg ggogpsul at ed
substrate 41 in the formof a 16 July 2004 26 sheet before being divided.
Potential difference during the formation of nickel layer 50 and sol der

| ayers 51 by electroplating may al so be reduced, thereby allow ng the
formation of stable nickel |layer 50 and so|der |ayer 51. The second

exenpl ary enbodi nent of the present i nvent#®dn describes the 5 case of
formng ineffective area 41 a which does not becone one end of a finished
product on the entire periphery of insulated substrate sheet 41 in a shape
of a frane. However, ineffective area 41 a may not need to frane insul ated
substrate sheet, 41 or exanple, as shown ipn Fig. 19, ineffective area 41
d may be forRecifically tESF?SIQIPr 3YRE U} theduienastisrahont §R0mm b, x W1PanmaWi vel v,
as shown in&ggg. 2@] in ffﬁ%}ive area 41 e 10 maybe forpmed on both ends of
i nsul ated sdbSIYoL BysH$ of e regstasrindhe gegopd exemplamrembedimegt of the present

i neffective.area, 41f formed on three ends of insul ated substrate
sheet 41. Allilv‘ilﬁ@élés&ggéhﬁﬁﬁd?@ D4 mmeVs whicheis abeut 1 §rtimpelasgerondirea.

exenmpl ary enbodi ngent of the.present invention. The second exenplary
enbodi ment of the%‘?% WESHW@%@%@O@% aad serond dixiding peE@ssY2 416r ni ng
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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
15  individual substrate strips 41b. Remaining processes are thus implemented on
insulated substrate sheet 41 with ineffective 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  Bach discrete substrate 41c, which is a product, is thus separated from ineffective
arez{ 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



printing pressure for screen printing need to be reduced because the
strength of 16 July 2004 27 insul ated substrate sheet 41 |sjggg g\When
resist layers 47 are screen-printed after formng first slit drviding
portions 48. Furthernore, resist layers 47 may be forned imedi ately after
formng the first protective |ayer 44, which is precoat glass |ayers. This
al so achieves the sane 5 effect as that o} t he second exenpl ary

enbodi ment. Still nore, the second exenpl a 9 enbodi ment of the present

i nvention describes the case of peeling resist |ayer 47 before formng

ni ckel layer 50 and solder |ayer 51. The resist layer may al so be peel ed
after formng solder layer 51. Still nore, the second exenplary embodi ment
of the pres er material, for the top el ectrode

. ti 0 si . .
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di th ' [ | s cri be the case o orm ng
First siit depPaial b hEsbiasRt S8 st salds et 8d- portfons 52 by 15
di cing. The same effect asg t hat econd Fehxe | ary enbodi ment_is al so

achi evabl e by usi ng*ot9reP r?é{ﬁﬁ’i’lé&@t’ine lglelpéggl COPTeRERt R VGTELONY dsCHBRS iy

the secohd SRt or SPSnBRIERIHE 5e2 A8 “iich dafs nik Sesomsonciend pf b dished
choot 41 af Bpdyes diihsSatike Betiphor beaRatlaRaubragiE shoat e shansrod apame.
'ayers as, " EPL BerR¥RGE sl BV aY nEe OB R sl SRR eat e o
bresent |+ nva st aRPIE 1S SEBRHAYE, 10 h8nRHERL A% 3 el Be dutned S Bart of "
exanpl e, fingbnslelisuflbitddishgeder t iﬁﬂém%%v@ﬁ%’ af ghc];v% rﬁleﬁigq 0, ineffective area 41e

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 sheets 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
 slit 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



25 insul ated substrate sheet 41 first or insulated substrate sheet 41
already provided with 16 July 2004 28 first slit dividing pqggh?Q®048 may
be used for manufacture. Alternatively, first slit dividing portions 48
may be formed on insul ated substrate sheet 41 after formng pairs of top
el ectrode | ayers 42 on insul ated substrate sheet 41. O, first slit
dividing portions 48 may be forned on insgéated substrate sheet 41 after
resistor |ayers 43 are 5 formed on insul at substrate sheet 41. O, first
slit dividing portions 48 maybe formed on insul ated substrate sheet 41
after pairs of top electrode layers 42 are fornmed on insul ated substrate
sheet 41 and then resistor |layers 43 are fornmed such that a part of

resistor |ayers, 43 oyerl ap airs of to | ectr.ode | ayers 42. .

Al ternativel WS‘%@F%S‘?H\(’#I‘F‘% %‘Pgﬁ ‘M F?greBB??‘f‘é’%n !@Wﬁ?ﬁi’é 4 swrerseresn-prinded aftey
substrate 10 Sheetﬁgs?; ﬂter. I esist.or Igyers 43 are forned on insul ated
substrate shOEE fizgt s ﬂﬁ’ﬁdmﬁd?qr@(’%?r4 ‘op el ectrode |ayers 42 are forned

such that a part op el ectrode | ayers 42 overlaps resistor_|ayers 43.
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Toi rd exompl ary  oRGULIHER DS Beg0 gk ERER G STBHIFIAE O FHRpESPRaSPRAoN o
LS s SO R B 58] G5 R e e el Sl
substr at e SHERt Ysed ToeslsbkeRbBEraifEod PRoatiel simminR Wl T lewormpi ar y
(21024 (2), P SHIPBER, YL gyl sl O it et ity il o
10 silver material 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
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 layers 44, trimming grooves 45, second protective layers 46, and resist
layers 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



16 July 2004 29 (a) to 27 (c), and Figs. 28 (a) to 28 (c) are process
charts of the manufacturing nethod of the resistor in the ygije gygnpl ary
enbodi ment of the present invention. As shown in Figs. 22, 23 (a), and 24
(a), prebaked insul ated substrate sheet 61 which is 0.2 mmthick, nmade of
al um na of 96% purity, is prepared. Here, 5 insulated substrate sheet 61,
as shown in Fig. 22, has ineffective area 61 a which will not becone
products, on its entire periphery. This i néffective area 61 a is
configured in a frame shape. Next, as shown in Figs. 22, 23 (b), and 24
(b), two or nore pairs of top electrode |layers 62, nmade mainly of silver,
are screen-printed on the top face of 10 insul ated substrate sheet 61.
| nsul at ed suﬁs r t(gitv%i]eet 61 is then baked according to a baking profile
with a peak re#rﬁﬁtr 182 pertions 48 may bedised ifoemenpfasture: r ddternatinaly fast slit
Next, as shoywn.j.n Figs. 2 23 (c), and 24 (c), two or nore resistor |ayers
63 made of r‘ﬁ??ﬁéﬂgﬁ b%sdé' %I%Ibér#)gﬂ%d%l atgflisnbeigats sheet 4loafber fogsingwo or
more pairs of, t(&p el ctr%d Iaggrs 62. Insul ated substrate sheet 61 is
then baked R Y;iAY ctestrode tayss 2 on igpwptadsupsirateshsetkl 1 cQpdinst slitedividiago
Cto stabilize,.resistor |layers 63.. Then, as showp in Figs. 23 (d) and 24
(d), first grgpen; f‘génﬁ}yalgﬁ‘e Orm@dr%@SBﬁteq %@)SBatErﬁheét H} ellgnresifitersloyersidr are s
screen-printed tqo caver, resistor |layers 63 nsy| at,.ed substrate sheet 61
i s baked%ag OﬁmFgPPdWlH@tea SHEWH@ Sgé‘ﬁf‘ﬁl-e Q. s Liﬁéhwdm&ﬁ%msdﬁénw bsoo C
to stabilize, first protective |ayer 64 e of the precoat, gl ass 20 | ayers.
Next, as sh%ﬁ“?‘i 0pi16§qlat§§s Eﬁ“%ﬁ&f‘% 4(12‘)%?6&%3& tﬁﬁﬁieqtl?q S §e@b%es 65
are nmade usi | aser .tri.mm mef had, .f or, adj ust.i ng.the resi sfance of
resi stor |aféﬁggdgglgg{le&ggﬁﬂb§fqtg Sﬁ?‘&t‘g @@*‘Fﬁﬁﬁtog%yé’ﬁ'%‘l arq fprgped such
predeterm n v, . t s sh I 0 Fiags. a n 6 (a),, two or nore
second prot gg%tl %ﬁ%?g$§£§’8’f' @Y‘é@%ﬁ’ﬁr@sdﬁbfé Oéﬁoig Si‘?cﬂﬁogﬁigé%ﬂgen- printed
to cover firgheRLAVAG! fidsf shifdSidiRe 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.

ird exempla odiment
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



16 July 2004 30 consisting of precoat glass layers, aligned vertically on
the drawi ng. The substrate sheet is cured follow ng a curiRg pf%hbhe mnth
a peak tenperature of 200 C for stabilizing second protective Fayers

Next, as shown in Figs. 22, 25 (b), and 26( b), two or nore first sI|t
dividing 5 portions 67 are forned by dicing on insulated substrate sheet
61, except on ineffective area 6la forned gver the entire periphery of

i nsul at ed substrate sheet 61. First slit %IVIding portions 67 are used for
dividing insulated substrate sheet 61 into substrate strips 61lb by
separating pairs of top electrode layers 62. In this case, first slit
dividing portions 67 are fornmed at a pitch of 700 m with a width of 120 m
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In this cas r 70 formed on the inner face of first
ol ect rode | ayer " 6D Por e cant PHEE 2o AP 2 DS Plty b BRI bl 61,
16 July 200¢jectrode layers 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 glaés
20 layers.
Next, as shown in Figs. 23 (e) and 24 (&), two or more trimming grooves 65
are made using a laser trimming method for adjusting the resistance 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



31 Then, as shown in Figs. 27 (a) and 28 (a), nmask 68 and magnet 69 are
removed. Next, as shown in Fig. 27 (b) and Fig. 28 (b), twoqgn JDBE4 PaI TS
of nickel layers 71 made-of nickel, about 4 to 6 gmthick, and"two or nore
pairs of solder 5 |ayers 72 made of tin, about 4 to 6 gmthick, are

el ectropl ated onto pairs of exposed side electrode |layers 70 and a part of
pairs of top electrode |ayers 62. Side elegérode | ayer 70 formed by
sputtering is about 0.1 to | gmthick, but”“the thickness is not limted to
this range. Appropriate total thickness for nickel layer 71 and sol der
layer 72 is 1 to 15 gm 10 Solder layer 72 in the third exenplary

enbodi nent is nade of tin. However, the present inventionis not limted

to tin. Solder |layer .72 may be made of, a tin alloy nmaterial. In this case,
r gl i :agl e gol °??ré‘ﬂsﬁ\é,g qf@%‘%ﬂ#’ Sﬁ"éﬁ ﬁ%%%; ﬁléflpéwemﬂaél&q?@ﬁ d_l‘Wﬂlﬁ)vleThe suhg’;ra_te

I 62 i e .of a sjlver terial agnd resistor ayer S
ade of o ¢ MR RS PR AR arouaing Tiale Wit peak Gt amego200 VG for

or ot oct ve. AR eHOREpRE PSR 00 ayer 63 1 o conflgured with tho
BRI R NS —
it prat edbRoes 8 B iommed bydiSbian iRulsErmstiof thest kingratat R | aser
corpri o1 ng. 1At 81 ritalavddhe paticranthery of insilated Jobursie shest 0
Tt [ T SR A SN
0 o0, ", SUSSEL S AREASH g Bt el oSl RS, A
insul ated syhsifdifg Pordy6 2% ormed at a pitch of 700 pm, with a width of 120 um.
10  Inaddition, first slit dividing portions 67 are through holes which pass vertically
through insulated substrate sheet 61. Insulated substrate sheet 61 still remains as a
sheet even after first slit dividing portions 67 are formed by dicing excepton’
ineffective area 61a, because substrate strips 61b are connected by ineffective area
61a.

15 As shown in Figs. 25 (c) 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 nickel 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,



32 sheet 61. This allows resistor layers 63 on substrate strips 61b in

I nsul at ed substrate sheet 61 to be separated into ind|V|duqugygﬁbgte
substrates 6lc. In this case, second dividing portions 73 are forned at a
pitch of 400 m with a width of 100 m Since these second dividing portions
73 are fornmed by dicing on substrate strips 61b 5 except on ineffective
area 6la, substrate strips 61b are divided jnto discrete substrates 6lc
every tinme second dividing portion 73 is £3 med. Substrate strips divided
into individual products are separated fromineffective area 61 a. The
resistor in the third exenplary enbodi ment is manufactured using the above
processes. 10 The total length and total width of the resistor, which is a

[ . .3
W Thi ' & because g e RR HFiET A7 e Ard Zhtob il Gioind BRENGYOLMe sccond

di vi di ng port] 73 made by dicing are accurate (within f 0.005 mm and
the thi cknesrég{s%q%fi' side electrode layer 70, nickel layer 71, and sol der

el bt rode | ayers. A3 PRovA TRy 27(p) 864 it BB oriicrpeany of nicke
account i ARG ghanais Pt BEKE BBHE I BER RSt Bra o mornbAre RESRe
or oader Ehad ST 2are95,F i, UL A 8 QhFinRic b vtE Rl fels e Grprsssbr
the rest st ori gt ierBofe e T nd Hrprely ol albod slectiode e he: ™ mventi on i s
Simoe first alit anes giRodt 0 fohmERY sobugie iafo ™l | Pentids bute

o mansi onal % SRS AOTRRUEb U Sorle Cantio P ol TheRRessBr HickEl ryer

t he need forg 1A o | substrates by dinmensions as in the
prior art, ?hgirngzs?laﬁﬁilﬂ rfafilslr?gl ?ﬁeﬁak@l'\]uly 2004

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 fesin, 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



33 conplicated process of replacing a nmask in the prior art. Dicing can

al so be performed easily using a general dicing nachine foqeg@pbgg@ductors
or the like. Insulated substrate sheet 61 is framed by ineffective area 61
a which does not beconme a product. In addition, first slit dividing
portions 67 and second dividing 5 portions 73 are not forned on this
ineffective area 61 a. Accordingly, substrgte strips 61lb are connected to
ineffective area 6la even after formng first slit dividing portions 67.
This prevents insulated substrate sheet 61 from being separated into

I ndi vi dual substrate strips 61b. Renmaining processes are thus inplenented
on insulated substrate sheet 61 with ineffective area 61 a even after

i mpl i 11 cat i Eehp T SHSLAId LRGSR 0 R s Rf s B0 Rah amiiasel b oteate
Cubst rates 6rest 88 LTBE peb Rt h Rl NI SordRT R dsial of o adils Caaaoond
et f oot ve Cuang ghifons B &2 foiBa B REEN oraRe RS pREE R E e R i

el act rode | ayire g oL BARHE oo T4 e RS 31 ditang SHL fihsfbisotps 610
and pai 1S o ePaar arRALe 5o 6Bl S RRe LR YA afloierate Whotepiss
et on o RPN R R e OSADRE U o,
inﬁgulbgfggesaldb%grét g@,?@; nifsih?ﬁ grgh;gte ;ﬁa f(raa(rarg. | r2§ ag\r/vlever, i neffective
area 61 a may not need to frame insul ated substrate sheet 61. 16 July 2004

10 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

15  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 dimensional 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.

20  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 substrates may be used. This eliminates the need for classifying

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



34 For exanple, as shown in Fig. 29, ineffective area 61 d may be formed on
one end of insulated substrate sheet 61. Alternatively, as1gg&ggob@ Fig.
30, ineffective area 6le maybe formed on both ends of insulated substrate
sheet 61. Alternatively, as shown in Fig. 31, ineffective area 61 If may
be formed on three ends of insulated substrate 5 sheet 61. All these
denonstrate the sane effect as that of the3 hird exenplary enbodi nent of
the present invention. The third exenpl ary“enmbodi nent of the present
i nvention al so describes the case of form ng second di viding portions 73
by dicing. In other cases, for exanple, second dividing portions 73 may be
formed by cutting the top, rear, o&thnter of 10 |ns$Lateddsubst[?gﬁ ?Eefhe
using a | aset beamor diging, .while retajning a i nne por
? ép r ea?, o?o%élﬁ(faz‘?c%%? rqu%q}‘ll&?é’&a%&l? BiBr 3HeeDieng gan alse becase,
the insulated substrate sheets are not.imediately divided into pieces by
f or mi ng secl?ﬁﬁiorﬂ}e\#i?ﬁﬁé Usie: 3 BFReTpi fIcIng maehine g%senﬁﬁéngfgﬁtm‘f @ ]fnblk&r y
enbodi nent of the present iLnvention so_descri hes_t he case of using a
silver material fJBS‘i&%%e%“béFﬁf&oﬁéleF’fagt%s fsams; @Ydﬂ?ﬁ@qgéﬁ a;ﬁz 6%&&611%9@3 nat
may, be used for
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' insulated substrate sheet 61 with 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 sheet
61 is cut intq discrete substrates 61c¢ every time second dividing portion 73 is formed.
Each discrete substrate 61c, which is a produect, is thus separated from ineffective
area 61a, thereby eliminating the process of sorting ineffective area 61a and 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 stable 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,



35 sheet 61 after formng pairs of top electrode |ayers 62, resistor |ayers
63, first protective |layers 64, trimm ng grooves 65, and sqggmgng@tective
| ayers 66, when first slit dividing portions 67 are formed for dividing
the substrate into substrate strips 61b. However, the present invention is
not limted to processes in this 5 sequence. For exanple, first slit
dividing portions 67 may be fornmed on insuBated substrate sheet 61 first
or insul ated substrate sheet 61 already provided with first slit dividing
portions 29 may be used for manufacture. Alternatively, first slit dividing
portions 67 may be formed on insul ated substrate sheet 61 after formng
pairs of top electrode |ayers 62 on insulated substrate sheet 61. O,

first slit dFuieltaplosd iteien B7E . Qommierhedt o ek Rima) b BHALI SHRBL'Aeor

sheet 61 after resistor layers 63 are forned on

61. O, firsinsalatéd dlibstrdidWheBObl] OAStebARRKPSs ER?V’\TJB% ‘F‘?% Zjdgﬁfégi?éc‘?ﬂ/c grea Gle

substrate sheet 61 after pairs of top electrode l[ayers . or med,
then resi stmaylbe)foiacddndoth LAITBEinSHRRed Asudidider 61, ' AR Alvel RUELAOHA
overlaps these pairs of top electrode |ayers 62. Alternatively, Tl

di vi di ng poriniFigs3 b,AneEctire dal6lTiRe Bfdhid & 8fes B 6%%@%%@@% ter

resistor layers 63 are fornmed on insulated substrate sheet

pai rs of st opshebt6l.r oddl theseedsmbastate tHeosaks e & hstthat ofthR3hird &Q\Eﬁ;hlfhgge top

el ectrode | ayers overl aps resistor layers 63. O, first slit

portions 67 emlodimenoofitith presémtidyéitish. substrate sheet 61 after pairs of
top electrode |layers 62 and resistor |ayers 63 are fornmed on insul ated

substrate sheet 6lenthiilexempiniyn@nbsdiaiiitiofthd preantimbehtiéh ARS IRLGNGE thi
these resistor |ayers 63 between pairs of top electrode layers 62. In all

the above cawwes of firmisgvecaid dividing pretioey 2bbe diding! hah oftfertchgest For' &kample
exenpl ary enbodi nent of the present invention. 16 July 2004 36 A net hoc})f’or

manuf act ur i rigcend diiidingrpartions 79 mdyhbeformelddsy ctingdheeiy, refr, of bstar esent
i nvention is described below w th reference to draw ngs.

10  insulated substrate sheet 61, using a laser beam or dicing, 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.

The 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



Fig. 32 is atop viewillustrating the state in which a ineffective area is
formed on the entire periphery of an insul ated substrate shqgguy§@§4for
manufacturing 5 the resistor in the fourth exenplary enbodi ment of the
present invention. Figs. 33 (a) to 33 (e), Figs. 34 (a) to 34 (e), Fig. 35
(a) to 35 (c), Figs. 36 (a) to 36 (c), Figs. 37 (a) to 37 (c), and Figs.
38 (a) to 38 (c) are process charts illustrate the manufacturing nethod of
the resistor in the fourth exenplary embod??rent of the present invention.
As shown in Figs. 32, 33 (a), and 34 (a), prebaked insulated substrate
sheet 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, has
i neffective reaﬁﬁl a which will _not become products, on its entire
periphery. PHFE Glafter BrighoBtopelpetrodeolayerg hide sesiston layerméd, irape.

Next, as shown in Figs. ,, .33 (b), and 34 (b), two or nore pairs of top
15 el ectr odé’riﬁﬁﬁ?’% iag@,rs grédémﬂf&mﬂ gm@we%ﬁﬁ,md? seapd peetestivelayarsead, ovharhe
top face of i ltﬁt d subsirat shget 81, Insul ated substrate sheet 81 is
t hen baked J'Fé@ﬁi HLkRE BOoRlons O g5e devmed fridividing the subsisatednto substraBs0 C
to stabilize to%ftjlre;‘c)élrode Igﬁ/ers 82., Next, as shown in Figs. 32, 33 (c),
and 34 (c), SF\'/R# - nor@WEKE, G PreseRtdperyipn isdind lignited torprocessesin this syst em
are scregn-printed s% as to bridge I\ﬁg,gr nmore pairs 20 of top el ectrode
layers 82. PREHiTFedtSLEEINRIG ’sfgﬁe%kt Miding pordiang S daaabe bomngchon insulated

Parerd B bt RSt SRR B SRS CokP by brn ikt
e 88 g WS TS G0 R A LRL S AR B e
o1 ont 19, <O RS Al ool RSl Subt SRR AT b ETRER S 0 PS? ©
Next, as shapgyhfe ﬂ)%fs 63 %n(iﬁgul%% s%%si&aet)e’sh%gp 610" Sgrﬁrs% srﬁtrH{]vﬂﬁngq Bgr%%loenss 6875
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 of resistor layers 63 overlaps these pairs
of top electrode layers 62. Alternatively, first slit dividing portions 67 may be
15 formed on insulated substrate sheet 61 after resistor layers 63 are formed on insulated
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 resistance 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 h exe embodime



are made, using a laser trinmng nmethod, for adjusting the resistance of
resistor 5 |ayers 83 between pairs of top electrode |ayers 88 jug Ro4
predeterm ned value. Next, as shown in Figs. 35 (a) and 36 (a), two or
nore second protective l|ayers 86, nmainly nade of resin, are screen-printed
to cover first protective layer 84 consisting of precoat glass |ayers,
aligned vertically on the drawing. The subgirate sheet is cured follow ng
a curing profile with a peak tenperature of 200 C for 1 o stabilizing
second protective |ayers 86. Next, as shown in Figs. 32, 35 (b), and 36(
b), two or nore first slit dividing portions 87 are fornmed by dicing on

I nsul at ed substrate sheet 81, except on ineffective area 81 a forned over

Lhe ent i Per PPl BSAhANSHCRMERE AL 155 e bt of
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of slitted first electrode l|ayers 89. In this case, Si ectro ayefr

89 formed on the AWMNOWIRREFiRS. 32,r§tﬁa§,|dﬂd34ﬂ'(a‘ﬂ 'éﬁakg&ﬁ{sh%éd SfbshAfd et

and is electrically coupled to top el ectrode |'ayer 8
10 81 which is 0.2 mm thick, made of alumina of 96% purity, is prepared. Here,

insulated substrate sheet 81, as shown in Fig. 32, has ineffective atea 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
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 electrode layers 82.
Next, as shown in Figs. 32, 33 (c), 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 protective 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



formed on the top face of insulated substrate sheet 81. 5 Next, as shown in
Figs. 37 (a) and 38 (a), the redundant portion of netal fil ng g 2bosmed. on
the entire rear face of insulated substrate sheet 81 is renoved by | aser

to formtwo or nore pairs of rear electrode |layers 90. Next, as shown in
Fig. 37 (b) and Fig. 3 8 (b), two or nore pairs of nickel layers 91 of
about 4 to 6 gmthick, nmade of nickel, and,4wo or nore pairs of solder 10
| ayers 92 of about 4 to 6 gmthick, made of tin, are formed to cover pairs
of exposed side electrode layers 89 and a part of pairs of top el ectrode

| ayers 82. \When pairs of side electrode |layers 89 are sputtered, the

t hi ckness of side electrode layers 89 is about 0.1 to 1 gm This requires

the f ti Wel’¢ r |f {s of sj

el ect rodo. 1 AEPeRBEE 6EYCo Shuf AR ARltecdiChse 6t mite DTS neodt sy .
92 is suffiqy because the thickness of side electrode |ayer 89 is about
4 to 6 Pm go? er layer 92 in the fourth exenplary enbodi ment is nade of
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secures resishbérig euedibfdlovAhf Aldugfg profile with a peak temperature of 200 °C for
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 sirips 81b by separating pairs of top electrode layers 82. In this case, first
slit dividing portions 87 are formed at a pitch of 700 um, 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



W th good humdity resistance by covering the entire resistor layer 83. 5
Lastly, as shown in Figs. 32, 37 (c), and 38 (c), two or noHg Jg5R04
dividing portions 93 are diced on substrate strips 8/ b in insulated
substrate sheet 81. in a direction perpendicular to first slit dividing
portions 87 except on ineffective area 81 a formed over the entire

peri phery of insulated substrate sheet 81 g?is separates resistor |ayers
83, and divides insul ated substrate sheet into discrete substrates 81 c.
10 In this case, second dividing portions 93 are fornmed at a pitch of 400
m with a wdth of 100 m Since these second dividing portions 93 are
formed by dicing on substrate strips 81lb except on ineffective area 8la,
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into accountw&“éngit%qﬁilﬁg@éPéfgg%ﬁé?pg%ggdoggilé},%pg?sane di mensi onal ranki ng

of the discrete substrates. fective area of resistor

| 83 i h i ] \ A ,
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Resi stor | aylayer891QJf d0v@it Q8165 thick, hilel STt Re1CHTIRY G bY nfdFe pdirdBtsorfert Ne
bresent 10 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. Ifpairs 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
um.
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
characteristic 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



invention is about 0.25 nmL Xx 0.24 mm W which is about 1.6 tines |arger
inarea. 5 Since first slit dividing portions 87 and secondqgiyi%0pg
portions 93 are forned by dicing, insulated substrate sheet 81 which does
not require dinmensional ranking of discrete substrates is usable. This
elimnates the need for classifying discrete substrates by dinensions as
in the prior art, thereby elimnating the npl i cated process of replacing
a mask in the prior art. Dicing can also be 10 performed easily using a
general dicing machine for sem conductors. Insul ated substrate sheet 81 is
framed by ineffective area 8 1 a which does not beconme a product. In
addition, first slit dividing portions 87 and second dividing portions 93

a0 ot of dpnttoh el BELF 48 Al BRSSP p e e |
RSN 2 SRR s N FARCTE T TS o
ol ement o0 8otk LSUPSS 2 ek M G SSUAE HER i
contr1 U ! gl gobA iael, LG A0 LoRERE R IR SRIwOFHRPETS! "% |
cut Lntosd! ser et B EURRDITEgsSE Y O PSSP 0hO8 REGA B
separ at ed frRibReds apd Bed Ioﬁrs%%(sﬁat'easg&}g%]gfl? g?’ %nghla%c{‘éﬁﬂs@{ﬂﬁ %h%ﬁgﬁg?ﬁ‘gf dce’f

sorting ineffective area 8 la and pro rwar ds.

| de | L i . 8

Cequi 1 od ar cLReRoR belehdRulLPITRE: S AR pREiGUET Rt Oﬁﬁeéﬁ?&l"aey%?g? 1p
6 July 200 et N i g

SUbst Tt 6 Bl e e R B O e e et BB " LS b s

di fference dusistog l4yees 89y 4t diﬁ}iﬂé@ﬁnﬁﬁlﬁ!&@'sgbkﬁéi{t{érsh_%étgﬂnﬂxté Alfdic sGYSFAeS310Y

el ectroplating may al so be reduced, thereby allown
10 Inthis case, second dividing portions 93 are formed at a pitch of 400 pm, with a

—
-

=

width of 100 pym. 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 0.6 mm L 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 + 0.005 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.



the formation of stable nickel layer 91 and solder layer 92. 5 The fourth
exenpl ary embodi nent of the present invention describes the1gQageo0d
form ng ineffective area 8la which does not become a part of a finished
product on the entire periphery of insulated substrate sheet 81 in a shape
of a frame. However, ineffective area 81 a may not need to frame insul ated
substrate sheet 81. For exanple, as shown,yn Fig. 39, ineffective area 81
d may be forned on end of 10 insul ated subStrate sheet 81. Alternatively,
as shown in Fig. 40, ineffective area 81 e maybe forned on both ends of
insul ated substrate sheet. 81. Alternatively, as shown in Fig. 41,

I neffective area 81 f may be formed on three ends of insulated substrate
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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
81b 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 process design.
Furthermore, when second dividing portions 93 are formed, insulated substrate sheet

20 81 is cut into discrete substrates 81¢ every time second dividing portion 93 is formed.
Each discrete substrate 81c, which is a product, is thus separated from ineffective
area 81a, thereby eliminating the process of sorting ineffective area 81a and products
afterwards.

Still more, side electrode layers 89 may be formed on insulated substrate

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



achi evabl e by using other dividing portion-formng neans such as a |l aser or
water jet 5 ?or naging first slit dividing portions 87 and gggggdodivi di ng
portions 93. Furthernore, the fourth exenplary enbodi ment of the present

i nvention describes the case of formng first slit dividing portions 87 on
i nsul ated substrate sheet 81 after formng pairs of top electrode |ayers
82, resistor layers 83, first protective ljgyers 84, trimmng grooves 85,
and second protective |ayers 86 when first 10 slit dividing portions 87 are
formed for dividing the substrate into substrate strips 8 Ib. However, the
present invention is not limted to processes in this sequence. For

exanple, first slit dividing portions 87 may be fornmed on insul at ed
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t he above cases,
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 subétrate 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 substrate 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.



the same effect is achievable as that of the fourth exenplary enbodi nent of
the 5 present invention. Fifth exenplary enmbodi ment A nethodgijgk 2004
manufacturing a resistor in a fifth exenplary embodi ment of theé present

i nvention is described belowwth reference to drawings. 10 Fig. 42 is a
section view of the resistor in the fifth exenplary enbodi nrent of the
present invention. In Fig. 42, a prebaked ipsul ated substrate sheet is made
of alumna of 96% purity. Discrete substrate 101 is nade by dividing this
substrate sheet into individual pieces along a first slit dividing portion
and a second dividing portion 15 perpendicular to the first dividing
portion. A pair of netal |ayers 102, nade nainly of gold, is fornmed on the

top face of discretig fipgtd léﬁﬂe tﬁﬂ(ﬂ’iﬁiént% s&g%{r&ﬂ nélg%ﬁﬁcrg%élt&f

made mainly of silver, 1s for e top iscre e S

such that a gagé bf Berkinp fﬁb@ghr&w g@g@ft?on%% eemesrebaﬁ& dw?&lggi&m%s 9?

| ayer 102. Resistor layer 104, ma rut heni um oxi de sys
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| ayer 104 over | aps the pair of top electr I TSt prot ectlve
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resistor |ayer 104 riming groove 6 1S provi adjust a resis nce

of resissor fba ﬁré@%lmlaﬁﬁdih?q)o@ﬁbﬁs 87 ah&@e@dxﬂ%{r béﬁf‘dn% gs03. ~ Second

protective |ayer made main resin, is forme cover flrst

protective 25 |aymﬁn%%fm&{&64ﬂﬁfy&hﬁ§énﬁéﬁ%ﬁhe°g éﬁnﬁ%
el ectrode | ayers 108 is 16 July 2004 44 fornmed such that part o

el ectrode | aleseribesGlie @uss bRAANLINE fdd it Alvitng Rrfohs 89@n thaafedl sh%’s%traéol der
| ayer 109, made of tin, is forned so as to cover the pair of sid

el ectrode | aheaft§§llﬂ8etaﬁbdmm$pﬁﬁs of tdphéle@ipode Rfels @2, e4s2fbf RYLrd 93’§Ir§t 103. A
met hod for manufacturing the resistor in the fifth exenplafy embodi nent

protective layers 84, trimming grooves 85, and second protective layers 86 when first

d on

10  slit dividing portions 87 are formed for dividing the substrate into substrate strips 81b.
However, the present invention is not limited to processes in this sequence. For
cxample, 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. 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.  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. 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 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



5 as configured above is described next wwth reference to drawings. Fig. 43
is atop viewillustrating the state in which a |neffect|ve1@g@§2b§4 f or med
on the entire periphery of the insulated substrate sheet used fo
manufacturing the resistor in the fifth exenplary enbodi mrent of the
present invention. Figs. 44 (A) to 44 (f), Figs. 45 (a) to 45 (f), Fig. 46
(a) to 46 (d), Figs. 47 (a) to 47 (d), Figé3 10 48 (a) to 48 (c), and
Figs. 49 (a) to 49 (c) are process charts illustrating the manufacturing
met hod of the resistor in the fifth exenplary enbodi ment of the present

I nvention. As shown in Fig. 43, Fig. 44 (a), and Fig. 45 (a), prebaked

I nsul ated substrate sheet |11 which is 0.2 nmthick, nmade of al um na of

96% purity, shsetBlepereshirshsftop elé@odeﬂﬁ%@@%mkf&tlﬁyéh%taré¥6nm§i501§hOVVn |
in Fig. 43, has ineffective area 111a, which will not becone products, on

its peri phenysula’ﬁedssubstﬁtéshéet\ﬂi aikairhnling & aﬁ)he@Qde@kH’t% teRistaridedBhese
shape. Next, 'as shown in Fig. 43, Fig. 44 (b), and Fig.45 (b), two or nore

pairs of rm‘eﬂbtotdm@rs 83 Betwerthepdiny ff topfle@fddd lapérs 82CT ganiPhibede eisdshe
top face of insulated 20 substrate sheet 111 so as to bridge first

di vi di ng porthe saree effiestisaichibvablesds thheoBthirefouith exefpl e eriaddithedt 6PHY Ng tO
a baking profile with a peak tenperature of 850 Cto sStabilize netal

| ayers 182. piesent imentibown in Figs. 43, 44 (c), and 45 (c), two or nore
pairs of top electrode |ayers 113, nade mainly of silver, are
screen-printed on the top face of 25 insulated substrate sheet 111 such
that they are electrically coupled to pal rs of rretal 16 Jul'y 2004 45 layers
112. Insul ated substrate sheet 111 Fgth Gesmplakedmbe ¢

profile wth a peak te Qr‘H)erature of 850 C to stablllze top el ectrode | ayers
113. Next, as shovnmieth fgs masBifactarifg)a reaistor4f a(fifth exemplary eRilo diehsoHr

| ayers 114 made of ruthenium oxide systemare screen-printed so as to

bri dge pai r $hepresens 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 pieées 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



5 electrode | ayers 113. Insul ated substrate sheet 111 is then baked
according to a baking profile with a peak tenperature of 85@6Qufy®ogsabilize
resistor |ayers 114. Then, as shown in Figs. 44 (e) and 45 (e), first
protective |ayer 115 made of two or nore precoat glass layers is
screen-printed to cover resistor layers 114. Insul ated substrate sheet 111
I s baked again followi ng a baking profile with a peak 10 tenperature of
600 Cto stabilize first protective |layer 115 made of the precoat gl ass

| ayers. Next, as shown in Figs. 44 (f) and 45 (f), two or nore trinmng
grooves 116 are made using a trimm ng nethod for adjusting a resistance of
resistor layers 114 between pairs of top electrode |layers 113 to a

pr edet er mi nefidrmat sach fiat Mepeirt ofsids blestrods 14jeds 108 Bvédapshe gﬂr éftbp dlérMe
nore second protective layers 117, mainly nmade of resin, are

scr een- pri ntleyersd 08ov Soldérrlagerph0, evidevss thraie fordded so HABIovel i Pfir BF SlcReat
gl ass layers, aligned vertically on the drawing. The substrate ‘sheet 1Is

cured foll ovdlc:gr@dec]ﬂyénsg%rarﬂdpambfm@g eakideelBetiaddagerf 10200 C for
stabilizing second protective |layers 117. 20 Next, as shown in Fig. 46 (b)

and Fig. 47 (b), tAvmethodrforanfmufatturingtht réﬁmfmﬂk]ﬁﬁﬁéﬁemﬁlﬁg%nﬂfddﬁh%ﬂtt 0
cover second protective layers 117, and first resist layers 118 are

stabi | i zBd ¢ coufigayedcabaveqs dEsoribed maxt evith Me&hcm@ras‘ﬁﬁgﬂd resi st layers
119 are screen-printed on the rear face of insulated subsirate sheet 111,

and second resi stFigaddkissa topoviewdllastahbing tiecstale 90 which 2 \néfyctBie drBgis 16
July 2004 46 Next, as shown in Figs. 43, 46 (c), and 47 (c), two or nore

first slit dpuned ey theentiteqresiphety af thefinsmiatedonbstiraiersheerugsedsfor ate@@facturing
substrate sheet 111, except on ineffective area 111 a forned over the

entire peri pirspiser infhelfefitedxenplary embodiment ofthe prosenhinvbnfion st Figsigt
| ayers 118 agnd second resist |layers 119 are fornmed. First 5 dividing
portions 126A3te44{Ba Figs: 48i(e) 0 4y (NnEig. 46<d) tudfs(d)aFimss HE¢h) thl47 (B Bigs.
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 ptepared. Here,
15  insulated substrate sheet 111, as shown in Fig. 43, has ineffective area 111a, which
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 layer 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 mainly 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



substrate strips | | ib by separating only pairs of netal |ayers 112. In
this case, first slit dividing portions 120 are fornmed at aspukyPooef 700
m with a wwdth of 120 gm In addition, first slit dividing porfions 120
are formed using through holes which pass vertically through insul ated
substrate sheet 111. Insul ated substrate sheet 111 still 10 remains as a
sheet even after first slit dividing portigans 120 are fornmed by dicing
except on ineffective area 111 a, because substrate strips 111b are
connected by ineffective area 111 a. Next, as shown in Figs. 46 (d) and 47
(d), insulated substrate sheet 111 is entirely plated with nickel, using
el ectroless plating, by dipping insulated substrate 1.5 sheet 111 into a
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shown in Figs. 48 (b) and 49 (b two or re pairs o r-layers 5
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cover pairs of .
10 temperature of 600 °C to stabilize first protective layer 115 made of the precoat glass

layers.

Next, as shown in Figs. 44 (f) 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,



side el ectrode |layers 121 exposed and a part of pairs of top el ectrode

| ayers 113 exposed by peeling off first resist layers (not ikljugtaoaed) .
Thi ckness of side electrode |ayer 121 is about 4 to 6 m but this is not
limted. Appropriate thickness of side electrode layer 121 is 1 to 15 m
The 10 configuration in the fifth exenplary enbodi ment achi eves extrenely
hi gh di mensi onal accuracy. Solder layer 128 in the fifth exenplary

enbodi ment is nade of tin. However, the present invention is not limted
to tin. Solder |layer 122 may be nade of a tin alloy material. In this
case, reliable soldering is achievable by reflow 15 sol deri ng. Mreover,
netal layer 112 in the fifth exenplary enbodinent is nmade of a gold

material, top el edNesdas Slawes id Bibs, 43 N6l ec)Ohn@ 4% (L) 8Fo TR i GreHinst ﬁﬁl}(ﬂhdlng
|

resistor layer 114 is made of a ruthenium oxide material 1n the

exenpl ary ergretion®i20 ardThgardassdichgon Afsufdedsehstintd dflet i pldseel 0 g00d
heat resistance and durability. 20 Furthernore, tShe pr ot eg'%if’vég%r:%!y%l? whi ch
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protective layer 115 which is a precoat glass l'ayer covering resistor

layer 114 aruh Whjchsfsorebiqniatezs 118 and a¥edindlrksist IHer V1 9Bdeoghef€SFRst Whi ch
covers first protective layer 115 and trimm ng groove 116. First protective

layer 115 prdividing portiomsri@0cee obed farcdividing disufided asifiraté §H88 191 o educe
current 16 July 2004 48 noise, and second protective layer 117, mainly

conpri si ng rsebstmtestripy EH brigssepasatiey onlharatetofihethl Ryem 1112 9qadhizwake fixt
resi st ance b{ covering the entire resistor |layer 114. Lastly, as shown iIn
It

155, 13 ol im0 st et s ot som g
except on i defafdiiany élfl)rsirséia divitdimg, pohions 420 ave foresmdsisine Hawagh hbled wiiich pass
substrate strips | | | b in insulated substrate sheet 111 to be separafed
i nt o i ndi vi dggicailydbraigh insulated substrate sheet 111. Insulated substrate sheet 111 still
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 layer 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 thrdugh 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.



substrates Illc. In this case, second dividing portions 123 are forned at a
pitch of 400 lam with a width of 100 gm Since these secong jdivogsng
portions 123 are fornmed by dicing on substrate strips 111 b exCept on
ineffective area 11. 1 a, substrate 10 strips I I | b are divided into
di screte substrates I | | c every tinme second dividing portion 123 is
formed. Substrate strips divided into indiygpdual products are separated
fromineffective area 11 la. The resistor in the fifth exenplary
enbodi ment i s manufactured using the above processes. 15 The total length
and total wdth of the resistor, which is a product, nmade through the
above processes are precisely 0.6 nimL x 0.3 mm W This is because the
pitch of first slilNegh "¢ shdign RPFid0qd kiadi ' 23
made by dicing are }gt%:cur ate (w t%i ng:(g%ldggg% ﬁgﬂtﬁeiﬁhgla?ﬁgggﬁﬁg@ggg%g
side el ectr qarl deapnd residlapid (66t ilstrhRUPAre AR for a&@nﬁﬁ%%ﬁb‘?md@&) e,
e

the patterning accuracy of 20 netal |ayer 112, top éelectro ayers and

resistor |aysfrsidddlécebdeiayeier2t.he need for dinensional ranking of
di screte substrates, elimnating the need to take into account dinmensional

variations withinNég, sestov FEREs0N8!(bY aki9gbtwb e ﬂérxﬁgjagxg%f s%fﬁ%?tléj%as

as well as dinensional ranking of discrete substrates. fective

of resissor 122ysaradehof thg of Absut4 endgim tif Bickis, Ak d&@rdplaed t@E&gﬁg% of

specifically, the 25 resistor layer in the prior art is about O. nrm

0.19 nm W Riki electrodalayersii edpoked dutiy R4 flrs Bﬁto?%gécgié&{enlia%??_fsg‘igf '2f4t Em

exenpl ary enbodi nent of the present invention s abou
W whi ch i s exbosad Uy pedlimpestfifasgesist bayeremot Bilugatéd)r st sl it dividing
portions 120 and second dividing portions 123 are fornmed by dicing,
i nsul at ed subst r aflhigkmess of sieweattodtdagemt] isedsut 4 td6NEASHENWs ishot anki ng
of discrete substrates may be used. This elimnates the need for
cl assi f yi ng liisest etAppropsiptethickriess of sidleslentrodedayer 141eisrioors gat.. The
elimnating the conplicated

10 ~ configuration in the fifth exemplary embodiment achieves extremely high

dimensional accuracy.

Solder layer 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.

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



process of replacing a mask in the prior art. Dicing can al so be perforned
easily wusing a general dicing nmachine for sem conductors okg{f9 2obke.

| nsul at ed substrate sheet 111 is framed by ineffective area 111" a which
does 10 not becone a product. In addition, first slit dividing portions
120 and second dividing portions 123 are not fornmed on this ineffective
area 11la. Accordingly, substrate strips 4gl |b are connected to

i neffective area 111 a even after formng first slit dividing portions
120. This prevents insul ated substrate sheet 111 frombeing separated into
substrate strips 111b. Renai ning processes are thus inplenented on 15

I nsul ated substrate sheet 111 with ineffective area 111 a even after first

nsul ated subs | f , 11l a
slit dividi ngis@antisetendgtédtie 1%%3@%13@6%&% %51}1,&%3' Vlsg'lgﬁatance

sinmplification of process design. econ

portions 123 hatatérstioRdvith Bo6 ALARITH RSIGME bﬁ%gf%@;{@g@@g%%ﬂgym 114.

di screte substrates 111 c every tine second di'vidin

formed. Each di scrmsay,samwmp%&m,w .]fcp il 49 REORYS bor ﬁ&&@&@é@@ﬁ@%d

from20 ineffective area 111 a, thereby eli'mnati t he process

i nef f ecti ve porétens 123 are dioed B @a%bﬁo@bbgfe%{c@rfar tétﬁﬂfil slf‘f[tg@idh?ﬁ gsrtﬁln‘acltz’ de

| ayers 121 are forned on insul ated substrate sheet eca pairs o

si de el ebt r ateeptegreinefibefivantardiles ThisAEi9s rdsRdsF Pdgéﬁszl lﬁgﬁéf%weﬁ?st%@)s

i nsul ated substrate 111 in the formof a sheet befor el

July 2004 501Pbtiedtsuidted sibstraecked Uil R bekepiatemint® mdabideal deerd@yers 122
by el ectroplating may al so be reduced, thereby allowng the fornation of

stabl e sol denbiteates 11R2. Thithisf dast/sespaBiviingsidr@idhgans 0 féMeediossiith of
i nvention describes the case of formng ineftfective area 111 a whi'ch does

not become #0fauh, witha widihofid00nduSinceithese sdonadividenPEoHiRAS 123 %re
I nsul at ed substrate sheet 111 in a shape of a franme. However, ineffective

area 111 a #esmerbby dindnig on shbstrateistrips Hilbdxepson ddeffedivetaréal 111a, Edbstrate
exanple, as shown in Fig. 50, ineffective area 111 d may be formed on a
part ofl6  strips 111b are divided into discrete substrates 111¢ 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
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 eiectrode 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 specificaily, the

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



I nsul ated substrate sheet 111. Alternatively, as shown in Fig. 51,
ineffective area 1lle maybe formed on both ends of insul at ed Jaybebsate
sheet 111. Alternatively, as 10 shown in Fig. 52, ineffective area 111 If
may be formed on three sides of insulated substrate sheet 111. Al these
denonstrate the sane effect as that of the fifth exenplary enbodi nent of
the present invention. The fifth exenpl aryaenbodi nent of the present
i nvention al so describes the case of form ng second dividing portions 123
by dicing. In other cases, for exanple, :L5 second dividing portions 123
may be formed by cutting the top, rear, or center of insulated substrate
sheet 111, using a |l aser beamor dicing, while retaining a thinned portion
in the rear,theapsistor i€ it Rfth RREMDIAY ehitid nﬁ%ﬁ i's
case, the insulated substrate lg%eig?s ar ehﬁgﬁﬁ?%?éaﬁﬁ?y |§|bgé%&]?%4torb‘bg
pi eces by fanm hx 0.2¢eondWivhici RGHREE t insed &3 &ul’haifr two steps. 20 The
fifth exenplary enbodi nent al so descri bes the c%se o} ormng first slit
di vi di ng portions Sif6e &fdtelit pridingdhdrtioss 12@8i LS
resist layers 119. However, first%quesist |§§a/ié§§eé118 aﬁgﬁééggﬁ nrgglggs ©
layers 119 nfaymbd biaticieg, aftubited SibsianidsHekt $11 $hidh gbey rEBtri'_Q%LBPé Bl

| ed to be

In this case, however, printing pressure for screen printing ne

reduced Becauaskingtof disoreegibstates isay i esbds UHiS aligigdieethendddduh ¥1a§§l%§i§1%1

111 is reduced when first resist layers 118 and second resist |ayers
are screen- disdrateenibstrates by alimengiohs asin teigricH att, (liREn I | nilf%@cated
Furt hernore, second resist |ayer 119 may be forned i mediately ter
form ng the proeess of replecing\aembsly b1 thevwhrictari. s Dicie®oin alsa%® JediRfied chbil
al so achieves, 5 the sane effect as that of the fifth exenplary enbodi rent.
Still nore, ushg 4 géndrakbdieny mayhiaeiforsemicbndfictoleomihediket | nventi on
describes the case of peeling first resist |layer 118 and second resi st
| ayer 119 before flasulated substratesheetyldd i fameiissmeffestist atcayHia vikkhdosq be
peel ed after form ng sol der |ayer

10  not become a product. In addition, first slit dividing portions 120 and second

dividing pbrtions 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 111¢ every time second dividing portion 123
is formed. Each discrete substrate 111c, 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 6f a sheet before being divided.



122. 10 Still nore, the fifth exenplary enbodinent of the present invention
uses a gold material for metal layer 112, a silver materiahg{iQn 2bos

el ectrode | ayer 113 and a ruthenium oxide nmaterial for resistor |ayer 114.
The use of other materials also achieves the same effect as that of the
fifth exenplary enbodi ment of the present invention. 15 The fifth

exenpl ary enbodi nent of the present inventiggn al so describes the case of
formng first slit dividing portions 120 and second dividing portions 123

by dicing. The sane effect as that of the fifth exenplary embodinent is

al so achi evabl e by using other dividing portions creating means such as a

| aser or water jet for making first slit dividing portions 120 and second -

descr| bas. 1 ne’ socal terete i B o o?“‘?%fy)%?%lﬁéﬁ%‘?gﬁ%?ﬁi?f’ekﬁlﬁﬁfaypggaey
Payers 113 on v he con s EKRERy e €6 BT I Shlsdo e et e

| ayers 113 ﬁn th;a top ffa](c:e 0 ms: g . % e lzarrg

t .
Form ng pai e of o0 Srace) 5‘?&%@?@@%&E?’E%éf?nfafimf%fe i e%ﬁtﬁc%@%?de
ot stor | ayor HTIE BOftvE Ry PR WHRRhOR noPYEctng & beh L ARBRSY Boduct

First sl Tt dviang socrToag s RReCy et Cher LI A dReETTR Bintdhoet -

first slit dividing portion$ 120, I'ng : t *she]elt21
111 into 5 sHbslewat, endfdckive abed P1 Mmagga%érgﬁ%a@?%g?aha sﬁ}J% y@%é?ﬁ?ﬁtél "

only on these pairs of netal |ayer 1 netal

pairs of topFel eeiipldeas ROWSIn1HiZ, 50 BefretdVe &%&t@lpg g}.lla% 2;; géﬁe;%rf; ‘fé%ti oF

| ayers 115, trinmm ng grooves 116, second protec

Cihstrate sheet Ton puayer THpC¥ramuacly, it LPERES), AR-pRYL Bk
111e may be formed on both ends of insulated substrate sheet 111. Alternatively, as
10 shown in Fig. 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
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 slif
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



10 this configuration. For exanple, the sane effect as that of the fifth
exenpl ary enbodi nent of the present invention is achievablgewnﬁmobhrst
slit dividing portions 120, for dividing insulated substrate sheet 111
into substrate strips | Ib by separating pairs of netal layers 112, are
formed only on these pairs of netal |ayers 112 on insulated substrate
sheet | | after formng pairs of netal |aygns 112, pairs of top 15

el ectrode | ayers 113, and resistor layers 114 on insul ated substrate sheet
| 11, and adjusting a resistance in resistor |ayers 114 between pairs of
top electrode layers 113 by trinmmng. The fifth exenplary enbodi nent of
the present invention al so describes the case of formng first slit

di vi di ng porllitogsedidddtd Whén Hidtirdiibal&sul1gt ; into
substrate strips 1 |1b by sgﬁéérrgﬁl?%é‘y%gﬁr@ a?(;lg S%E?%]rl E%tésse@?;%%g%gﬁ%égegﬁ

these pairs minte@ager faveng fdlslaldipriddBos f forming pairs of netal
| ayers 112 on the top facg of 1 nsul at e%ﬁ%u%glteagtgé sheet 111; formng pairs

of top electrode IRyeembis seBbEE Hosit et 1‘1?‘*19%35965‘3%%%@?3%@%@%‘? a?t%g

resistor layers 114 on the top face of 1 nsul at

trimm ng forfoadjnstiefirsBpftadtBicing e, Whiles fibes t'@as%r 4 Lrs
of top electrode layers 113; and form ng prlgrt ec%i e I%{/ejarrg's ﬁ&@g@%‘é‘ﬁﬁg
cover at516 thekame@Precbas ihaasr tHeefifthlerE regnHolmemhi S Manuf acturing

met hod el ectrically couples pairs of netal layers 112 and pairs of top

el ectrode |ayers Bl foreete iRl beorhslary éxﬁﬁoﬂﬁneﬂtr&ﬁ"%é‘ﬁagégeﬁ%@%ﬁﬁ&?dé $fles

111. Accordingly, adjacent netal |ayer 112 ot her than ectrode Tayer

113 concer néhe nase dfipastiag firet resid dayer 108 and 8sé SRRt Tk 199 %eféria’lfghﬂ%% or
adjusting the resistance between a pair of top electrode layers 113. S

facilitatessaldeobiyecti2df THesé resistdayers nayi disd Be bbslel Aftef FQGHNGWB1der laye
particularly in fine resistors. In addition, since only netal "l ayers 1f2
are cut, witlBdut top electrode layers 113, when first slit dividing
portions 120 are formed on insul ated substrate sheet 111, occurrence of
burrs %0 prevent abfidl mote theo fifthecengflatyanbedinmnd of ilse piesent 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 layers 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 elecirode layers



| 0 snoot hed, inproving the mounting efficiency. | NDUSTRIAL APPLI CABILITY As
descri bed above, the resistor of the present invention |nclwgg§?@0g4screte
substrate which is made by dividing an insulated substrate sheet al ong
first slit 15 dividing portions and second dividing portions perpendicul ar
to first dividing portions; a pair of top electrode |ayers formed on the
top face of the discrete substrate; a resigpor |ayer formed such that_a
part of the resistor layer overlaps the pair of top electrode |ayers; a
protective |ayer fornmed to cover the resistor layer; and a pair of side
el ectrode |ayers which are nickel electrodes formed on a side face of the
20 discrete substrate so as to form an electrlcal.contactIMAth.tgg pghg%of
op electro resh : b ey 14 [ndi i«
bi ces by di vl e Epa e By R LR BRL ArRinL Rl bR PP face'S

Lo o SUeS . : he
di vi di ng porihséiaedandstrie shegond. di viding portions perpendicular to t
first digdei ng portions, the need for dinensional classification of

di te substrat ' bdTi . ,@gﬁ . J 2004
5|4$?rece1ui red in thgalg}?g?bar’tm%?@e% acing t Eé&‘#.%%gggér?‘gﬂ%ﬁge%%et#ﬁmmg

di mensi onal firendlitntividdg pakiondi 190! B&SdigiSs tkd sGb4POhEH 11 Pl 1 N9 an
JS.. stor

i nexpensi ve fuse resistor. 55 16 July 2004 resi rising:

di e subsitatabaiphl by Sepmating phies b ek otrs R18C L DA G
S| uIrZICirteyeof first sllpllgt1 di v)i’di ng pogr?i onsIf ar?cfi ah%}ra%a |‘§i§yg}¥lgace%j§‘1&%n
mhé¢tahlayepEl pahei 1 t8 i ot _
?hghﬁg?gdpgubeét ra%’gpsheet ég?ﬁ\/\hﬁioﬁ%@e ggliage}‘si lrlgépgiix%ibdlkﬂgilﬁg?{’?onzzﬁn?ldis%d
d divi desi oy, dirst dRiveVhps1Y5, ﬁﬁﬂﬁ(i% 1163
;grcgino'nsl \lglei ﬁgg?gmd whi |l e pﬁrﬂg?essi ngﬁ?hi s 1nsul at ﬁsugst ra%eg jsﬁeet and
sai d second potectivelyprs 1170 figstrebisplayers B, afid sBEol Pidsist 18RO 1S @leFormed

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 substrate sheet 11 1, 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



processing; a pair of top electrode |layers formed on a top face of said
discrete substrate; a resistor layer formed such that a partgQfy2ab4
resistor |ayer overlaps said pair of top electrode |ayers; a pfotective

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

di screte substrate, using one of an electregess plating nethod and a
sputtering nmethod, said side electrode |ayers being electrically coupled to
said pair of top electrode layers. 2. Aresistor conprising: a discrete
substrate which is nmade into individual pieces by forming a plurality of
first slit dividing portions and a plurality of second dividing portions

per pendi cul aleastaesigios 1yeis 114li YTHisQﬁalﬂﬁﬁéﬂuﬁﬂg%etﬁﬂd!ege%ﬁli@élﬁgc@}Iﬁ\;% déé;]ﬁéseof

sheet on which said first dividing portions-and said seco

portions ar eno layesy i UshY pair@ bR eleatsld lia?&fs dVfodingd oﬂghg 3‘.5@ FadRSiY

formed while processing this insulated substrate sheet an second

el | ! : . >
i vi di ng porihsulatedaibs@ateaherd] 110 t/tl&o&@iﬁkgéhﬂﬁc@ﬁt ﬁ@ta@%a : H?E%ﬁ?éq}i%‘%ﬁcﬂﬁy

resistor layer forned on a top face of sard di'screte su rate;

2004 a pai reledtréderagéely &ﬁiﬁ:eh@éd&i:&¥ berreg fc%‘&ﬁ@asttﬂﬁ{g @rdgﬁftﬁrrc%fm&m’fggr tngg

el ectrode | ayers overlaps said resistor |ayer; a protective [ayer

for covebi ngrisanihg fogiadjustingalie fesiattebdiweén afpaf (ﬁeco? lefcdifod9al @Y 315:

whi ch are ni ck_el el ectrodes, formed on a sideface ol sal i strete _
substrate, (Biindacilitatea eontatiosfid eimmingtet hitto e ios cRefode gﬁﬂl&ﬂ&b} MWfine

met hod, said side electrode |ayers being electricall’y coupled to sai'd pair
of top el eatsisies.| alpeadilition, since only metal layers 112 are cut, without top electrode
layers 113, when first slit dividing portions 120 are formed on insulated substrate
sheet 111, occurrence of burts is preventable. The top face of the resistor is thus

10  smoothed, improving the mounting efficiency.

INDUSTRIAL APPLICABILITY
As describe_d 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 inade 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



3. A nmethod for manufacturing a resistor, said nethod conprising: formng
a plurality of pairs of top electrode layers on a top face @ jag 200fsul at ed
substrate sheet; formng a resistor |ayer respectively between each pair of
top electrode layers in said plurality of pairs of top electrode |ayers, a
part of said resistor |ayer overlapping said each pair of top el ectrode

| ayers; applying trimmng for adjusting a 5&sistance in respective resistor
| ayers between said plurality of pairs of top electrode |layers; formng a
protective |ayer for covering at |east said respective resistor |ayers;
formng a plurality of first slit dividing portions for dividing said

i nsul at ed substrate sheet such that a plurality of groups of said pair of
top el ectr odeequirag én thegpribrsat of replacih@thd Rusk a€ourdingOd thadimbasshAtratkin
substrate sheet; formng a plurality of pairs of side electrode |ayers 5%
an inner facef eash dsireiepubstadtetiy clhhifdted,toffdride g UiesbBasiPO FinkeBssioR Sai d

i nsul at ed substrate sheet on which said pIuréﬁity of first slit dividing
portions are forned, said side electrode |ayers 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 insulated substrate sheet into discrete
substrates by separating said plurality of groups of top electrode |ayers,
57 16 July 2004 resistor layer, and side electrode |ayers on'said

i nsul ated -substrate sheet to individual groups. 4. A nethod for

manuf acturing a resistor, said nmethod conprising: formng a plurality of
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 overlaps respective both ends of said
plurality of resistor layers; applying trimnmng for adjusting a resistance
in said respective resistor |ayers between each pair in said plurality of
pairs of top electrode layers; formng a protective |layer for covering at
| east said respective resistor |ayers; rmng a plurality of first slit
dividing portions for dividing said ingglated substrat e sheet ﬁﬁJHWﬁQ94
that a plyr gy of groups of said pair of top electrode |ayers and said
resistor layer exist on said insulated substrate sheet; formng a plurality
of pairs of side eIEQA&aﬂgofamgpﬁg@ -an inner face of said plurality of
first slit dividing portions on said insulated substrate sheet on which
said plurality of f&décreeisubstrate svingh pomnde mstodndividuahpisces diydosmites a

tQ said plurality of pairs of

| ectrode, | i I eqtrical | | |
te ogce[gcﬁ%@@%& éﬁgtl Sn@n V? Pé;l%gﬂﬁz%lga gﬂ glyalsty ek serndyiiding gpYHONs ons

per pendi LG f i - Sy v d] or tiQns r..djvidi the

sl at eBUiERRgieALR b said st di gl fortiols B8 BLPMUBRY yfsudlsiondel iy wien

pl ural it yaidf fifhk QUPRIIGE PoPRo BRA<ANUE sbENRT AiviHAT ?bﬁ[orﬂsaé/r%r not PRGN

el ectrode layers on said insulated substrate sheet to individual groups. 5.
The net hbeniask, sauh dirsicdividing portiess dtetng dormed iwldte iproceSiiagnthds indogated n
said step ,of formng plurality of first slit dividing portions on said
nsul at etusske Miek dudseif secondbivadiagmoations beingnfermed B ﬁ%@dﬁﬁttste}?b@f faid st
slit di vbgjcg ip% 16 July 2004 portions on the insulated substrate sheet
after sa Sste of formng top electrode |ayers, formng resistor |ayers,

appl yi ng trimm ng, andif of W alLhBHE Ahiet bl fadd hifscfliyi di ng
portions being for rre?qf or dilj\ji di ng safajc]i ?r@ﬁ?ﬁgqgﬁl égglgtf?gét Ee)?gsﬁ@e C%’l&%h
t hat a pbubsalatd;y of groups of a pair of top electrode |ayers and resistor
| ayer exist on said insulated substrate sheet by separating said plurality
of pairs of top el ettgspdar layer formed such that a parf 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.

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;



| ayers. 6. The method for manufacturing a resistor as defined in Caimi4,
wherein said step of forming a plurality of first slit dividing portions on
said insulated substrate sheet is inplenmented to formsaid plurality of
first slit dividing portions on the insulated substrate sheet after said

steps of formng resistor layers, for g top el ectrode Iayers
trimmng, and form ng protective Iayern%gsai d first slit dividi ﬁgﬁggﬁpaons

bei ng formed for di yigingeshhibdfodeifrs YAMIPALEP IER 2 BIE R ¢

plurality of gr oups a pa op e reS| % ayer  exi st on

sai d i nsgleatrode W@Sﬁéﬁrﬁpﬁbgﬁm@ﬁt(ﬁqgﬁﬁtl ng said plurality of pa| rs of top
el ectrode layers. 7. A nethod for manuf act uri ng a resistor, said nethod

conprising: formi ngpsptpd:tu&rea]lam‘:lyfaﬁneddor somngnalérmitonhget aypdrs and a
plurality of resistor ]a er on a%eo face qf an |n ted sub trate sheet

said top el ectrode ‘T‘Q?’é Sigfefeeisp §¥Sst"ﬂ1fldll§§ﬁ'elr“§ %]e‘?ﬁ%}I eS¢ formeas
coupl ed; , b@ggg%lﬂrgi@c?&e SﬁBSt?ﬂbul?Stullg %of‘ E% cﬁ{&f 1;3'1%%}%? %ﬁio'dtemgia

resi st OI’ ayers ween each pair’

el ect r odgpdtRYRigSefhoE3d18 sRielSitRsdd l‘é?eﬂs‘ﬁéﬁig él@c‘!ﬁfchﬂ? cBh ﬂeﬁ%tsaﬁgfnﬂr of
respective resistor layers; formng a resist |ayer oh a ear of said

i nsul at etbpselbsttodetlayeseet ; 59 16 July 2004 forming a plurality of first
slit dividing portions for dividing said insulated substrate sheet such
that that a plurality of groups of a pair of top el ectrode Iayers and

i ectrode | ayer mmdt SraRed S RrnBartfe HeRlF. 7B thed Epatrie Ingeon 2
oo e O, L1, | RAREY sy Bl PACNADISELLRUS YO0l
of firstinstlated 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,



dividing portions; patterning said plurality of pairs of side electrode

| ayers by peeling said resist layer; and formng a plurality of second
di viding portions perpendicular to said first slit dividing portions for
dividing the insulated substrate sheet into discrete substrates by
separating said plurality of groups of é?p el ectrode | ayers, resistor

| ayer, and side electrode |ayers to indlvidual groups. 8. A met Rduly8P4

manuf act ' ' i Shig; ) l.ugal ity of
pai T of FEisht RyEr 2he Sle oSBT RYOR o PR hIAR subRit Med 8GRI o
face of groupBsul ated substrate sheet, said top electrode |ayers and said
resistor |ayers being electrically coupled; applying trimmng for adjusting
a resistance in said respective resistor |ayers between each pair in said
plurality of pairs gfatop el Z.ctrode | ayers; formng a protective |ayer for

i

coveri nlg at dl eazt S mehad der Wé‘;‘#%@i”%]tn&ra ﬂeélg@fss,a“ﬁ l&ﬁ’ﬁh‘gbc‘ﬁnbﬂﬁﬁﬁl ity of
£ : bad L bty . : ) tr At ‘
such that a plural £ BpegF Byl o rpiter 3 pnch dof Bl B iufafd"®

resi st or gllxy@fe gheept On sai d insul ated substrate sheet; disposing a nask on
a rear face of said insulated substrate sheet on which said plurality of
first slit dividingforonihg ansues iy fodmpaiad;offtop rievtrode physralsiitly thoft apgdrt 8f of
side electrode | ayers made of one of_ nickel and nickel alloy by sputtering
on a reafachqapair of topeleqindeslaxersseissiapstrespastive wgh wmdy wifysadd phiralityofin

I nner fal;c‘13 .?f 1sai d plurality of first slit dividing portions while said
mask bei ng(Efi §‘P;§8r§ed; renmovi ng said mask fromthe rear face of said

i nsul ated substrat eaﬁﬂ?ﬁfg; tﬁﬁﬂning 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 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



forming 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. 9. A nethod for manufacturing a.tesistor, said method cigﬁniiiag:
formng a plurality of pairs of top eIe% rode | ayers and a plur ?y 8
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el ectrode layers and said resistor [ayers berng el ectricalFly coup

appl yi nglayesspforngng eesistdf ligiets) g}aplyhegstrﬁhﬁmgg and fbﬁﬁﬂ@f}bﬂd&tiﬁ@iﬁﬁéré’,rsaid ayers
between each pair in said plurality of pairs of top electrode layers;
f or mi ng Hrsyrsbit dividing pastionsfheing domned domdividiagt saidiivsulated esnbisirater sheies t or
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an entikgefsear face of the insulated substrate sheet on which said
plurality of first slit dividing portions are fornmed, by using one of a
sputtering nethod and an electroless plating; formng a plurality of pairs
of side electrode | ayers nade of one of _nickel and njckel alloy on an

i nner face of said %Iﬁ?eal mephed  £or smagnfactying dengrepisiari o, defigedisithg one
of the sputtefi t hod and el ectrol ess plating nethod; 61 16 July 2004
form ng gﬂ%@ﬁﬁgﬂ%Fgﬁ5f pairs of rear electrode |ayers by renoving an

sai d insul atod  Subets SrE Sheamipt'd FNLAITRE BB SIEARAE A PASRIC econd
di vi di ngnpalatedosibsfretepgindt dsiimplenenged do 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:

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;



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

el ectrode | ayers, resistor layer, side electrode |ayers, and rear

el ectrode layer fromsaid insulated substrate sheet to individual groups.
10. The method for manufacturing a resis%or as defined in Claig%S, 2@5rein
said step of formng a plurality of fir slit dividing portion dHly g

of Top el eotrote | iyarae ohPIERGERFILEE B Eiahy Rhfifd Brofifidibk, i Peet

of top electrode |ayers op face of sal

11. The imulwed Sustiatnsieac tudh telt that @SileElity 8 gfipsnsith balr o€ Blebirodbier ein
said step of formng a plurality of first slit dividing portions on said

i nsul at etystiand sistarteper dxdstiondagdrbsubdedi$ubstratosheetlg a plural ity of
resistor layers on _the top.face of the insu]ated substrate sheet. 12. The
met hod for nanuf actfﬂrfrﬂﬁgéﬁlé"sF@FEPd% YEE fpagief ene @bﬂicﬁh@%&kél allewi d

step of .00 ral | ' Lyl di ort.i.gns .qn . saik.

i nsul at e@éﬁ%@%@@ag ﬁgéelj't%a%%glicrt‘rﬁp% @%%lﬁ?ééidéuggt%#e %ghgﬂévhé&bﬁﬂaﬁlﬁl@g%fﬁpai rs
of top fleelit dfadingyRhtions atd) CornRd ARF 8n Yhn&fale 'd’fss‘dicﬁhﬁﬁ‘alwbéﬁ fidk gu?h_eet :
and said plurality of resistor layers are forned such that a“part of said

r esi st ordivadieg pootvenst aps said plurality of pairs of top electrode layers in
said step of forming said plurality of resistor layers. 62 16 July 2004
13. The method for gt5did Iﬁ’@-‘réhébgf@@@'ﬁ of sside felecdrpdenlayasdbynpselinger ei n

said step.of fonrn ng plurality of first slit dividing portions on said
I nsul at e%alcga%éﬁljﬁeé, %ﬁ%et Is inplenmented after formng a plurality of pairs
of top 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 cﬁviding 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



el ectrode | ayers on the top face of said insulated substrate sheet; and
said plurality of resistor layers are forned such that a part of said
resistor |ayers overlaps said plurality of pairs of top electrode |ayers in
said step of formng said plurality of resistor layers. 14. The . nethod
for manufacturing a resistor as definedGQn Claim9, wherein saigJStg@O%f
formng a plurality of first slit dividrhng portions on said iné I°HY

substr at S b ; AT EH: eV ‘Ral . .Lop
ol et 1 od 2 Binck TadeTE OTE B ALY Sfish ShRIRNiRe BRHIGs HIC ol Bnk 0 o
pl uralitgispbsedesi stor | ayers are forned such that a part of said resistor
| ayers overlaps said plurality of pairs of top electrode layers in said
step of form ng saictpiing said ynask fresl shorearafasesof $8id ifsulated Isubistfade
manuf act riF resistor as defined in Claim3, wherein said step of

form ng ; ity of first slit dividing portions on said insulated

substrate sheet is | : t ' i I | | rs.of top
el ectrode | ayers onﬁgmtlgg%ﬁggalg? ogg;leg&ﬁdr@ﬁﬁg@gdﬂ%rﬁggé %g{'ﬁfee\ﬁg Eéé%@-aﬂgn%@hen
form ng @irstr diti dividing ay@tioss abr tdividig: B¢ tinsflatedl Shbk@ateSilet liAME Hiseyds | aps

said plurality of pairs of _to? el ectrode layers. 16. The nethod for
manuf act Gabsigies esdparaingssaidiphirality ofrgrogpsmohiop, eledterdei lay&s, fBisior lpy004

said step of. formn lurality ,of first slit dividing portions on said
i nsul at egn‘iﬁjé@t %Ftt'é)%éfﬁégfirs F%mqgr%‘fjgﬂ]eﬁpéﬂs-after forming a plurality of

resistor layers on a top face of said insulated substrate sheet and then
formng said plurality of pairs of top electrode |ayers such that a part

of said top el ectrogealnisthb® fruaahaRsufiab g rBdistoR!shidmetbd BRipHshig: | avers.

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;

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 alloy on an inner face of said plurality of first slit dividing portions,

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



| T The nethod for manufacturing a resistor a4s defined in Claim7, wherein
said step of formng a plurality of first slit dividing portions on said

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

el ectrode | ayers and said resistor |aye are electrically couB dHly 2Pg4

The nethod for manufRehNs i ' fl {.n a [ n
said step of form ng a ﬁ&:@ﬁ‘ﬁlg}ﬁﬁaﬁﬁ er%?i%1%v4ed%aﬁgsp%r§%ﬁwg1géai d
i nsul at ednmguﬁba poeticeLtaitl néaPTANTDBHAL] 8h!tBE effitcdredt Wl ot hid@indited Of
top electrode |layers and said plurality of resistor |ayers are fornmed on
the top subsiratsfsheat by lasenlaatled substrate sheet such that said top

el ectrode | ayers ang said resistor |ayers are electrically coupled. 19.
The nethod for rranugli{?‘t“ﬂ& P Ulﬁi?¢]§§f§?69nfgélvdfilﬂgr{&11pﬁs perrsngioylanfeesadd n
said ste f o1f: 0410} : lal I Vi: OF: fi st . slbt di vidi orti.ons ,on said
i nsul at egIés?u l{stt {rhg}cgﬂg &eogilgflg fb%ﬂ@ﬁ%ﬁ% é%e ﬁ#l?tegaﬁuhgtﬁ%}gr%qeﬁ 9m(9f dﬁﬁ{eﬁ% of
top el eciutpgiates! ra#ing safd AluPAI, A druy of Bl I QfodeAUFErs, AkidrAayEI On
the top face of tgxé}@gai nsul at eg sggst rggt eﬁshee suchotha s’aig top ?&9

el ect r odside ajentrodendysaj dnd esdrstlectrddeylaysr fom seideintuiatal substatepsiedt 1@0.
The net hod,fqr manufacturing a resistor as defined in Cain 3, wherein 64
16 July Peo¥dual8rauRtep of forming a plurality of first slit dividing
portions on said insulated substrate sheet is inplenented after said step
of applying trimmng for adjusting a resistance in said respective

resistor layers betwgenTgachdadd gﬁé’IgF I ity aigLs p:
el ectrode | ayers. 21. The netho fodril manu gct ur nga Jergggo?stagr daégmé(gf ihed in
Cl ai m 4, Cldver Biwherein
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.

1I. 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

forming said plurality of resistor layers.



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

I nsul at ed substrate sheet is inplenmented after said step of applying
trimmng for adjusting a resistance in said respective resistor |ayers
bet ween each pair in said plurality of pairs of top electrode |ayers. 22.
The nethod for manufacturing a resistor_as defined in Caim7, ggerein
said step of formng a plurality of firft slit di vi di ng portion§ Hly <904

i nsul at ed substrate sheet is inplenented after formng said plurality of
resistor layers on a top face of said insulated substrate sheet; and said

step of fornming a pl3irghé t methodaifsrs MlantifRnRIrRCt 4 0d&sidtay ks idefined in
I npl emented to formsaid plurality of pairs of top electrode |ayers such

t hat a p&taino$, wheietht op el ectrode | ayers overlaps said plurality of

resistor layers. 23. .The nefhod for nuf acturing .a resistor as defined in
Claim 8, wherein safd ﬁ@pOEEOWP&%gF“éaIHWLR#afWSE ylibdiiding: pertiops @nvsaid ng

portions: | | I d..s t heet ~.s 4 npl egented after fprm ng
Cai d pl arrieR SpodaRy sfbRjsolfapishitod aREh fhulney HIEANEY R upeineof b
substr at ge&in6@s layefforb fiettop fBfe Of sdi@irEulfed sistfatd siabr,YngPai rs of top

el ectrode layers”is inplenented to formsaid plurality of pairs of top
el ectrode | ayers susdidtpiatalidy pdrtessfor laged drepfoeiredt suetlethanviepat @fegdidps
said plurality of resistor |ayers. 65 16 Jul%%2004 24. The met hod for
manuf act SISt layessouriaps saidiplurally ofpairy of fapocleoiede jayesninisaideyterp pf

form ng l.ural.i,ty of. first.slit dividing portions on said insulated
subst rat%@“@%?ﬁlgﬂ?@f%ﬂéﬁ%ggmawg& formng said plurality of resistor
| ayers on a top face of the insulated substrate sheet; and said step of

formng a plurality of pairs of top electrode |ayers is
14, The . method for manufacturing a resisior 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 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



I npl emented to formsaid plurality of pairs of top el ectrode |ayers such
that a part of said top electrode |ayers overlaps said plurality of
resistor |ayers. 25. The nmethod for manufacturing a resistor as defined in
Claim7, wherein said step of formng a plurality of first slit dividing
portions on said insulated substrate SE et is inplenmented afteq 3a§$oﬁtep
of applying trimmng for adjusting a reSistance in said respectp 4y 4

resistor |ayers betwan:eaek thghing | |k Vi -n%a]ltJ : of;

el ectrode layers. 26. Thgﬁlr%et hod #oé;lpﬁng?lu a@ﬁgglﬁ%ﬁgﬁnﬁg& S %1?1021%0 e |1%ed in
d ai m 8, imdudatedl sulssifate sheep inimplemented #ftap!forrainigta/plkalityrofiresibtor 1ieyd 6h ng
portions on said _insulated substrate sheet is inplenented after said step

of appl yrigp fasened said frsulated pubstiateysheot end shemfosniing saiddlnedipy of peies of
i stor | ir i id plurality of pairs of .top.
hoct r oadon Sktede RS ER it 6 sl ich sBeliblnlpvirs eufBpssaidpbgiitvea | n

Caim9, oY"ﬂ@s"iﬁbf‘laif@}q step of formng a plurality of first slit dividing
portions on sald “Insul ated substrate sheet is inplenmented after said step
of applying trimmng for adjusting a resistance in said respective
resistor | ayers between each pair in said plurality of pairs of top

el ectrode | ayers. 6&718hguhg¢thoddior n2Bwfactneng adrestoman défingdiin Qaim 7,

resistor,,said nmethod c rising: forming a_plurality, of pairs of netal
| ayers owhg%ﬁaf‘gééelb@%g%m%& é%l'é@ﬁ]%bgt fistt oSl dutiding o pastions aop| s#id i ty

Cop’ 1 acougplat@Pyfisfald Giek TS BuRAR Lol Sl phitafily of SRES pElep SeEEGE" "
bei ng el lagkrsi fall Ja¥d BREMIG I resiSRr GayiRé ate fd¥RHOn MedoS fﬂ!ug: %}%gg drode

| ayers and said resistor |ayers be€ing electrically coupled, plyling
t ri mm ngsubstratedshesti surha thas sait atope elavtrode dlayespend i sadd riesisgirotayers 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
substrate 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 ﬁre

electrically coupled.

20. The method for manufacturing a resistor as defined in

Claim 3, wherein



| ayers between each pair in said plurality of pairs of top el ectrode

| ayers; formng a protective |layer for covering at |east said respective
resistor layers; formng a plurality of first slit dividing portions for
dividing the insulated substrate sheet by separating said plurality of

pairs of netal layers such that a plurglity of groups of a pair_.qf I
| ayers, a pair of top electrode Iayers,é%nd resistor |ayer exi %?3”@%‘5@2

plurality of first st ¥F 86/A%n i i f I id-
plurality of pairs oI r?e a? ayerE%klﬁﬂzyibﬁisﬁﬁgts%E@ﬂg@%r%?@ggﬂégtgld
form ng msplatecakibstraré sheétr 8 hplehdatel efibr esid étayafﬁapm?ﬁlg%hﬁﬂﬁngffor_
ni ckel and nickel alloy on an inner face of said plurality of first slit

di vi di nga@justing asresistanciein said| respettivebresistarelayhsebetwreennéach par dnplaid al i ty
of first_sli.t dividin ortion are formed; and formng a plurality of
second dP]\?/]F%lftHd)fé’éFrtgiogﬁ‘ng FH@&%W&F% 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 netal

layers, a pair of t2p Tied edetiosie Fly ehinufabfiriizOra | 8%8dtor 20§ AeRAld @f side
el ectrode | ayers on said insulated substrate sSsheet to individual groups.

29. A ne€Cloo 4,0vhereiuf act uring a resistor, said nethod conprising: 67 16

July 2004 formng a.pluraljty of pairs of netal |ayers on a top face of an
i nsul at ed subst r at SH¢StP: O# %ﬁrmlﬂ% aaplyrality) oft yrsp slip dividingrpargpne pacrid de

| ayers a; ' I es] r n.the t face of. sai.d

i nsul at ggngglgge?[ %@a&%gﬁ%&?t 1§ aﬁ@%ﬁfné%ggﬁ%og%ld qq%ec&ga;aﬂ a &IfT ayer s
bei ng el aftidtinpah! pesieiRbed §8d %%%;?ec’ﬁ%%‘esi'sﬁ%.elra?ﬁsaﬁ&u%@rde ch;[gaif i cafpde

| ayers and said resistor |layers being electrically coup ecfi; pl yI ng

tri mmi ngplialitpdif pairs oftep elesiredalayers.n sai d respective resistor . layers

bet ween each pair in said plurality of pairs of top electrode layers in

sai d

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

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 fbnnjng 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,



plurality of resistor layers; formng a plurality of first slit dividing
portions for dividing the insulated substrate sheet by separating said
plurality of pairs of nmetal layers such that a plurality of groups of a
pair of metal layers, a pair of top electrode |ayers, and resistor |ayer
exist, said first slit dividing portion ng formed only on s

plurality of pairs of netal |ayers on ?ﬁe I nsul at ed substrate qﬁé@{:§¥%er
said trimming; formng a plurality of protective |ayers for covering at

| east said respective resistor layers; formng a plurality of pairs of

side el ectrode | ayeRd. Thele nodthode fof nminoReturdipd Al aksbtoal lagy defined iAner
face of said gl urality of first slit dividing portions on the insul ated
subst r at E12ipeds whareihi ch sai d plurality of first slit dividing portions

f d; df di vi di
per pendi oul ar 1o sabtie e B Tefninely Shurfe oot e podions ameid
I nsul at egi%%ﬁ?éd EﬁSS%ra%ﬁ?éet ithi "n?plgfn%ﬁ et er%ﬁﬁﬂﬁaﬁ Pﬁ*%ﬁﬁf%% I%Efsqu Cl?f% ge

pluralit groups of a palr o ayers a pa
| ayers, oasitepdacd afbe inqilsted sﬁmtfat@fshédtdﬁl@ ectrode |ayers on said
insulated substrate sheet to individual groups.
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 trimming'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
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;

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 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 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 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.



