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The present invention relates to resistors and their manufacturing methods,

and more particularly to fine resistors and their manufacturing methods.

10
BACKGROUND ART
One known resistor of this type is disclosed in Japanese Laid-open Patent No.
H4-102302.
15 The conventional resistor and its manufacturing method are described below

with reference to drawings.
Fig. 53 is a section view of this conventional resistor.
In Fig. 53, discrete substrate 1 made of ceramic such as alumina has
insulation resistance. A pair of first upper electrode layers is provided on both left
20 and right ends of the top face of discrete substrate 1. Resistor layer 3 is provided on
the top face of discrete substrate 1 such that a part of resistor layer 3 overlaps the pair
of 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.



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. 2 A pair of nickel-plated | ayers 9 and
a pair of solder-plated layers 10 are provided on the surface of the pair
of second top electrode layers 7 and the pair of side electrode |ayers 8.
Sol der-plated layers 10 are at a |lower |evel than second protective |ayer

6. A nethod for nmanufacturing the convent2onal resistor as configured above
is 5 described next with reference to drawings. Figs. 54 (a) to 54 (f) are
process charts illustrating how to manufacture the conventional resistor.
As shown in Fig. 54 (a), the pair of first top electrode layers 2 is
applied on both left and right ends of the top face of discrete substrate

1 havi ng i Aspdinbf nickéDplaesl layersckand heair afsotdervplated layays 104ré providedbost or
| ayer 3 is applied on the top face of discrete substrate 1 such that a
part of retliesdufack@fehe Pair of seeoridtop sdecttdie lapers 7odnd thegtair dfogidekleetrodele
| ayers 2. Next, as shown in Fig. 54 (c), first protective layer 4 is
appl i ed solaysrs& cBuolkder-plficd ldyersahdl asd ot a lesvertlevel ltharesecdndamdtettiea layer 61 ng
groove 5 is created on resistor layer 3 and first protective |ayer 4,
typi cal |y using A rhethed fos nminufdciuring the ciralentiesalsesistor aatconfigaresitaboveadyer
3 falls into a predeterm ned resistance range. Then, as shown in Fig. 54
(d), sexondessribednektwithagfereses © dhgaplingd only on the top face of first
protective layer 4. 20 As shown in Fig. 54 (e), the pair of second top
el ectrode | ayer sFigsi 84 pytioi d(f) are proeessoghaitad Hustfatingehgaito nunuffactste thep
el ectrode layers 2 to fully cover the width of substrate strip 1.
conventional resistor.
As shown in Fig. 54 (a), the pair of first top electrode layers 2 is applied on
both left and right ends of the top face of discrete substrate 1 having insulation
10 resistance.
Then, as shown in Fig. 54 (b), resistor layer 3 is applied on the top face of
discrete substrate 1 such that a part of resistor layer 3 is overlaid on the pair of first
top electrode layers 2.
Next, as shown in Fig. 54 (c), first protective layer 4 is applied so as to cover
15 only and all resistor layer 3, and then trimming groove 5 is created on resistor layer 3
and first protective layer 4, typically using a laser, such that the total resistance at
resistor layer 3 falls into a predetermined resistance range.
Then, as shown in Fig. 54 (d), second protective layer 6 is applied only on
the top face of first protective layer 4.
20 As shown in Fig. 54 (e), the pair of second top electrode layers 7 is applied to
the top face of the pair of first top electrode layers 2 to fully cover the width of
substrate strip 1.
As shown in Fig. 54 (f), the pair of side electrode layers 8 is applied to the

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



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 3 substrates 1 such that side electrode |ayer 8 are
electrically coupled to the pair of first and second top el ectrode |ayers
2 and 7. Lastly, the surfaces of the pair of second top electrode |ayers 7
and the pair of side electrode |layers 8 are nickel plated, and then
soldered to forma pair of nickel 5 platesl | ayers and a pair of

sol der-plated |ayers 10 to conplete the conventional resistor. The above
resi stor has been radically downsized, and a very small resistor of L 0.6
M X WO0.3 mx T 0.25 mmis currently being nmanufactured. Problens with

t he above conventional configuration and nethod in 10 manufacturing a very

smal | resi stisstracds Lsichothanside dldttiddenayer B dre2edttitallyecodsd to hedaiess firstn
t he conventional insul ated substrate sheet made of ceram c¢ such as

al um na, aasdibsdondttep eiddtioderigyeys Qand 71.s created on the insul ated substrate
sheet before baking; the substrate is then baked to formthe insul ated

substrate sheet . LasilyMleosulifags wf thdipais olf secaridetop@ledttodedagere Gvandahe \pairustl y
made on the insulated substrate sheet may have variations in its
di mensi onssideeld¢otrodieriayers Beaare aickeh plated, taned thew spldsidd torfoah d pedr bfinickal-ed
substrate sheet and mnute variations in the baking tenperature of the
i nsul at®ed plabst layers aldeepair OT bekler-pilated Hyersal 0 vacompleva thensonventiand] about
0.5 mmin an insul ated substrate sheet of about 100 nmx 100 nm) 20 \Wen
an extrenetesistome resistor is manufactured using an insul ated substrate
sheet having such di nensional variations, the dimensions of each substrate
need to be cl asthé abové msistomhasebesndadicdlijdovmsizedpand a veresmaliresigter of
di nensi onal ranks, and . i
L 0.6 mmx W 0.3 mm x T 0.25 mm is currently being manufactured.

Problems with the above conventional configuration and method in

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

In the conventional insulated substrate sheet made of ceramic such as
alumina, a substrate-splitting groove is created on the insulated substrate 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 dimensional variations, the dimensions of each substrate need to be
classified lengthwise and widthwise into extremely minute dimensional ranks, and
screen printing masks corresponding to each dimensional rank need to be prepared

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

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



screen printing masks corresponding to each di nensional rank need to be
prepared for top electrode |ayer 2, resistor layer 3, and first protective
| ayer 4. In addition, 25 individual masks need to be used so as to match

t he di nensi onal rank of each 4 substrate. As a result, the manufacturing
process becones very conplicated. (If the dinensions in horizontal and
vertical directions are classified in 0.05 mm steps, there will be 25
ranks wi dt hwi se and | engt hwi se respectively, resulting in about 600 ranks
in total for |engthwi se and wi dthw se classification.) 5 The present

I nvention ains to solve the above problemby elimnating the need for
di mensi onal classifications of substrates. Accordingly, one step, that of
repl acing a mask according to the dinmensional rank of the substrate
required i sulishate. prAoa result, thegabafinmgpioedss Bédoidsngratomplicprdsi (B fine
resistor. 10 SUMVARY OF THE I NVENTION In order to achieve the above

obj ecti ve, the diarinsions inhotikental asewertical/ dirtétivhs drd cldssidteddn®.63 reh Steps,
substrate which is divided into pieces by cutting an insulated 15

substrat e tieeetvillber®p mnks mdtthsvise ankd Vengithngisp aespectivalydresulkingondbduy 600 ng
portion perpendicular to the first dividing portion; a pair of top

el ectrode tamksis tétal fordemgthwisecandwidthodseoflagsdificatiacy et e substrate; a
resistor |ayer forned such that it partially overlaps the pair of top

el ectr e | ayer sTha ppesenednvertionagiens fosoke the abower probéem rbys elmdnatingy dre;
and a pair of side electrode |ayers conprising nickel electrodes formed 20
on the si deeddtersdimensiatiali dassifictitions etfesuhsiratesat eAccordinglyadnet step, diat of
electrically coupled to the pair of top electrode |ayers. The above

resi stor ergplagisg a masls aceordinghtacthel dinadéonay rank iodlithey substrate seduatesldin the
substrate sheet alon% the first slit dividing portion and the second

di vi di ng pprior am, may be eliminated, offering an inexpensive fine resistor.

10

SUMMARY OF THE INVENTION
In order to achieve the above objective, a resistor of the present invention

includes a discrete substrate which is divided into pieces by cutting an insulated
15 substrate sheet along a first slit dividing portion and a second dividing portion

perpendicular to the first dividing portion; a pair of top electrode layers formed on

the top face of the discrete substrate; a resistor layer formed such that it partially

overlaps the pair of top electrode layers; a protective layer formed to cover the

resistor layer; and a pair of side electrode layers comprising nickel electrodes formed
20 on the side faces of individual discrete substrates such that they are electrically

coupled to the pair of top electrode layers.

The above resistor employs a substrate which is made by dividing the insulated

substrate sheet along the first slit dividing portion and the second dividing portion

perpendicular to the first dividing portion. This eliminates the need for any

25 dimensional classification of substrates. Accordingly, the present invention



perpendicular to the first dividing portion. This elimnates the need for
any 25 dinensional classification of substrates. Accordingly, the present
invention 5 abolishes the process of using a mask specific to the

di rensi onal rank of each discrete substrate as in the case of the prior
art, thus offering an inexpensive fine resistor. 5 BRI EF DESCRI PTI ON OF
THE DRAWNGS Fig. 1 is a section view of a resistor in accordance with a
first exenplary enbodinent of the preserf invention. 10 Fig. 2 is a top
view illustrating the state in which an ineffective area is forned on the
entire periphery of the insulated substrate sheet used for manufacturing
the resistor in accordance with the first exenplary enbodi nent of the
present invention. Figs. 3 (a) to 3 (e) are section views illustrating
manuf act ur abhgishes tespresesy of using hendasksipstidic torthadimentional rank bf elich f i r st
exenpl ary enbodi nent of the present invention. Figs. 4 (a) to 4 (e) are
pl an vi ewsdistietes sulatiatgasanthe aaseiof thg pricrcas skss offetiig an insipehsiveifine
accordance with the first exenplary enbodi nent of the present invention.
Figs. 5 (adesistor5 (d) are section views illustrating manufacturing processes
of 20 the resistor in accordance with the first exenplary enbodi nent of
the present invention. Figs. 6 (a) to 6 (d) are plan views illustrating
manuf act uri ng processes of the resistor in accordance with the first
exenpl &y enbodi nent of the present invention. Figs. 7 (a) to 7 (c) are

section views illustrat BRIETEDHSTRIBTIONOICTEREDIAWINGS

Fig. 1 is a section view of a resistor in accordance with a first exemplary
embodiment of the present invention.

10 Fig. 2 is a top view illustrating the state in which an ineffective area is
formed on the entire periphery of the insulated substrate sheet used for manufacturing
the resistor in accordance with the first exemplary embodiment of the present
invention.

Figs. 3 (a) to 3 (e) are section views illustrating manufacturing processes of

15 the resistor in accordance with the first exemplary embodiment of the present
invention.

Figs. 4 (a) to 4 (e) are plan views illustrating manufacturing processes of the
resistor in accordance with the first exemplary embodiment of the present invention.
Figs. 5 (a) to 5 (d) are section views illustrating manufacturing processes of

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

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

invention.



25 the resistor in accordance with the first exenplary enbodi nrent of the
present invention. 6 Figs. 8 (a) to 8 (c) are plan views illustrating
manuf act uri ng processes of the resistor in accordance with the first

exenpl ary enbodi nent of the present invention. Fig. 9 is atop view
illustrating the state in which an ineffective area is forned on one end of
the insul ated substrate sheet used for manufacturing the resistor 5 in the
first exenplary enbodi ment of the presentéinvention. Fig. 10 is a top view
illustrating the state in which an ineffective area is formed on both ends
of the insul ated substrate sheet used for manufacturing the resistor in
the first exenplary enbodi nent of the present invention. Fig. 11 is a top
viewillustrating the state in which an ineffective area is 10 formed on
three ends of thEigsn8hptoeBl(cudps piaat eesisdlustrmprg mhanufmturirpoprocessgs ofiche

resistor in the first exenplary enbodi mrent of the present invention. Fig.
12 is a topesistemin ddcosdangtiwith theefist exempharywbmblodianentraffthe préseat aveatios.
formed on the entire periphery of the insulated substrate sheet used for
manuf act uri ng aFige$iistadopiview ddustrdingetheistate in whodnah mefeptine yreanbodi ment
of the present 15 invention. Figs. 13 (a) to 13 (e) are section views
i |l ustrati fgymeshort aoe and ofj the nsektabsubstratesheetusestt for manudactoridg tloeresistdr
the second exenplary enbodi ment of the present invention. Figs. 14 (a) to
14 (e) fr eimptherfingt exemplarysmbatimentrafithé pogsent inyeptiomesses of 20 the
resistor in accordance with the second exenplary enbodi ment of the present
i nvention. Figs.Fig 1043 attop view djustratingdhe state in whichi anl insfleativearea is
manuf act uri ng processes ) )
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 area is
formed on the entire periphery of the insulated substrate sheet used for manufacturing
a resistor in accordance with a second exemplary embodiment of the present
15 invention.
Figs. 13 (a) to 13 (e) are section views illustrating manufacturing processes
of the resistor in accordance with the second exemplary embodiment of the present
invention.
Figs. 14 (a) to 14 (e) are plan views illustrating manufacturing processes of
20 the resistor in accordance with the second exemplary embodiment of the present
invention.
Figs. 15 (a) to 15 (d) are section views illustrating manufacturing processes

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

invention.



of the resistor in accordance with the second exenpl ary enbodi nent of the
present invention. 7 Figs. 16 (a) to 16 (d) are plan views illustrating
manuf act uri ng processes of the resistor in accordance with the second
exenpl ary enbodi nent of the present invention. Figs. 17 (a) to 17 (c) are
section views illustrating manufacturing processes 5 of the resistor in
accordance with the second exenpl ary enbodi nent of the present invention.
Figs. 18 (a) to 18 (c) are plan views illustrating manufacturing processes
of the resistor in accordance with the second exenpl ary enbodi nent of the
present invention. 10 Fig. 19 is a top viewillustrating the state in
which an ineffective area is forned on one end of the insulated substrate
sheet used for manufacturing the resistor in the second exenplary

enbodi ment of t Heigpr B @)ttoilovdhaieoplan Migws ﬂﬁasitﬁtiﬁ%tlmuﬂlamih Ipi6tdsaéd oy t he
state in which an ineffective area is forned on both ends of the insul ated

substrat e theeesistos ¢l atcordamcevithithe se@ndrexenifatyaghbédimend of tie mresand
exenpl ary enbodi nent of the present invention. Fig. 21 is a top view

i |l ustratiimgehtienstate in which an ineffective area is forned on three
ends of the insulated substrate sheet used for manufacturing the resistor
in the second exégpl Bf {a)dotiddcheretseofion vicws dhstrating veanufasturifg proi3sdss a
top viewillustrating the state in which an ineffective area is 20 formed
on t he Sent of thepesistonen gcarfrdamee with thasexdnddxempdary eshisetimenedf fherpresent
manufacturing a resistor in accordance with a third exenplary enbodi nent
of the pregwwantipmvention. Figs. 23 (a) to 23 (e) are section views

il lustrating manufacturing processes ) .

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

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.20is a top view illustrating the state in which an ineffective area is
formed on both ends of the insulated substrate sheet used for manufacturing the

15 resistor in the second exemplary embodiment of the present invention.

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

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

20 formed on the entire periphery of the insulated substrate sheet used for manufacturing
a resistor in accordance with a third exemplary embodiment of the present invention.

Figs. 23 (a) to 23 (e) are section views illustrating manufacturing processes

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

invention.



of the resistor in accordance with the third exenplary enbodi nent of the
present invention. 8 Figs. 24 (a) to 24 (e) are plan views illustrating
manuf acturi ng processes of the resistor in accordance with the third
exenpl ary enbodi nent of the present invention. Figs. 25 (a) to 25 (d) are
section views illustrating manufacturing processes 5 of the resistor in
accordance with the third exenplary enbodi nent of the present invention.
Figs. 26 (a) to 26 (d) are plan views ill&istrating manufacturing processes
of the resistor in accordance with the third exenplary enbodi nent of the
present invention. 10 Figs. 27 (a) to 27 (c) are section views

Il lustrating manufacturing processes of the resistor in accordance with
the third exenplary enbodi nent of the present invention. Figs. 28 (a) to
28 (c) are plan Figsvnd4 (a) todr @) hreg?lrmwﬂéwsilws'tmgingrmmsfaaariﬁg protessessf st or
I n accordance with the third exenplary enbodi nent of the present 15

i nvent i on. tHei igsis& ih aceortdance/ witly thé ithisd mmﬁmry emboidarhent of thbipedsean

ineffective area is formed on one end of the insulated substrate sheet
used for nmamvehtiohuring the resistor in the third exenplary enbodi nent of
the present invention. Fig. 30 is atop viewillustrating the state in
whi ch an i nef f ecFigge2f(®ao0i25 (d)@rd seatioa viewb dll istentig minufaeturinglratesdes
substrate sheet used for nmanufacturing the resistor in the third exenplary
enbodi rient obthetresisturés antordanenwithrthe Ehigd eSémplarpembpdirhent of the preseht ng t he
state in which an ineffective area is

invention.

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

10 Figs. 27 (a) to 27 (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.



formed on three ends of the insulated substrate sheet used for

manuf acturing the resistor in the third exenplary enbodi nent of the
present invention. 9 Fig. 32 is atop viewillustrating the state in which
an ineffective area is fornmed on the entire periphery of the insulated
substrate sheet used for manufacturing a resistor in accordance with a
fourth exenpl ary enbodi nent of the present invention. Figs. 33 (a) to 33

(e) are section views illustrating manufa®turing processes 5 of the
resistor in accordance with the fourth exenplary enbodi nent of the present
I nvention. Figs. 34 (a) to 34 (e) are plan views illustrating manufacturing

processes of the resistor in accordance with the fourth exenplary
enbodi ment of the present invention. 10 Figs. 35 (a) to 35 (c) are section

views illustratiFig. 68Hshacp view iluzuacassks statd int WRiches inkffective aRaqs dance
with the fourth exenpl ary enbodi mrent of the present invention. Figs. 36

(a) to 36 foredren theashtice petiphdryusithainsulatod subacite shaeg uped fasagsufatturinge
resistor in accordance with the fourth exenplary enbodi nent of the present

15 i nvent i avesistogin a&ordacetwitiBd foudth exempiary ieatbodimest of thePresnt frigvention.
manuf acturi ng processes of the resistor 1n accordance with the fourth
exenpl ary enbodi Rigst 3d{a)ttbS3p(ed amndectionwaews dtustiatigg matifaetiring pddedssgs ar e
plan views illustrating manufacturing processes of 20 the resistor in
accor danceofihietresistoriinactdrdenenpithrtiie éodrohl exenplasy etbedimersteofithe ippesent i on.
Fig. 39 is atop viewillustrating the state in which an ineffective area
is invention.

Figs. 34 (a) to 34 (e) are plan views illustrating manufacturing processes of
the resistor in accordance with the fourth exemplary embodiment of the present
invention.

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

Figs. 36 (a) to 36 (c) are plan views illustrating manufacturing processes 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 (c) are plan views illustrating manufacturing processes of

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

Fig. 39 is a top view illustrating the state in which an ineffective area is

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

in the fourth exemplary embodiment of the present invention.



formed on one end of the insul ated substrate sheet used for manufacturing
the resistor in the fourth exenplary enbodi nent of the present invention.
10 Fig. 40 is atop viewillustrating the state in which an ineffective
area is fornmed on both ends of the insulated substrate sheet used for
manuf acturing the resistor in the fourth exenplary enbodi nent of the
present invention. Fig. 41 is a top viewillustrating the state in which an
ineffective area is 5 formed on three ends of the insulated substrate
sheet used for manufacturing the resistor in the fourth exenplary

enbodi nent of the present invention. Fig. 42 is a section view of a

resi stor manufactured using a nethod for manufacturing a resistor in a
fifth exenplary enbodi ment of the present invention. Fig. 43 is a top view

illustrating theFgt 40ds anopwish ilustianegithe siaveirwhich @h iheffeotivearearis t he
entire periphery of the insulated substrate sheet used for manufacturing

the resi st formed acbothdanisefithe msuluted shstrate shigelt ased fornahwfacturiak the
present invention. Figs. 44 (a) to 44 (f) are section views illustrating

manuf act ur resistor incths fosrthiexemplary esitsidimhennofihe present inweintibnt he fifth

exenpl ary enbodi rent of the present 15 invention. Figs. 45 (a) to 45 (f)
are plan vi ews iFigudiristitop viewmillusttatingrihe praceaswhichain ineffectiesasads i n
accordance with the fifth exenplary enbodi nrent of the present invention.
Figs. 46 (#&rmel aibthred endsofthetinsulatedesubstirate sheetatsed jfonmantifacturingnthe
processes 20 of the resistor in accordance with the fifth exenplary

enbodi ment resistohia thedourth exemplany ieorbodiingst ofithe (paysendind@nfidh. are pl an vi ews
illustrating manufacturing processes of _

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

Fig. 43 is a top view illustrating the state in which an ineffective area is

10 formed on the entire periphery of the insulated substrate sheet used for manufacturing
the resistor in accordance with the fifth 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 manufacturing 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.



the resistor in accordance with the fifth exenplary enbodi nent of the
present invention. 11 Figs. 48 (a) to 48 (c) are section views
illustrating manufacturing processes of the resistor in accordance with
the fifth exenplary 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 nent of the present
invention. Fig. 50 is a top viewillustrafling the state in which an

ineffective area is forned on one end of the insul ated substrate sheet
used for manufacturing the resistor in the fifth exenplary enbodi nent of
the present invention. 10 Fig. 51 is a top view illustrating the state in
whi ch an ineffective area is forned on both ends of the insul ated
substrate sheet Bipgd48 ¢a) tosduicpataisdciiontviews ilastatiap mandfhetufingtprocesserp! ary

enbodi nent of the present invention. Fig. 52 is a top viewillustrating the
state in wbf the resistoréf hecérdurceawith the fiffloexendplary ¢hbedinssid ofdlic present
i nsul at ed substrate sheet used for manufacturing the 15 resistor in the
fifth exenpiventioenbodi nent of the present invention. Fig. 53 is a section
view of a conventional resistor. Figs. 54 (a) to 54 (f) are perspective
vi ews il | ustratiFigsnd$ @)aotd9r(chgre plancicwe fluwstrating manmfacturiagarocessessodrn .
20 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS First exenpl ary
enmbodi rient the nesistostin aceordan¢eswithrthé difthuexamyplest émbodiment foif tls¢ presemtpl ar y
enbodi ment of

invention.

Fig. 50 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 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

Fi ] bodi
A resistor and its manufacturing method in a first exemplary embodiment of

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



25 the present invention are described below with reference to draw ngs. 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 alum na of 96% purity. Discrete substrate 11 is made by cutting
this substrate sheet along a first slit 5 dividing portion and a second
dividing portion perpendicular to the first dividing portion. A pair of top
el ectrode | ayers 12, nade mainly of silver, is formed on the top face of
di screte substrate 11. Resistor |ayer 13, made of ruthenium oxide system
Is formed on the top face of discrete substrate 11 such that it partially
overlaps the pair of top electrode layers 12. First protective |ayer 14,
which is a precoat glass 10 layer, is fornmed on the top face of resistor
layer 13. Tri nm Rig.drieawection iview pf the ideidtdrdnabi¢ fisst exemmplargtenitsliglent of
resistor |ayer 13 between the pair of top electrode |ayers 12. Second
prot ecti vetHegyesentGnvemida. mai nly of resin, is formed to cover first
protective layer 14 which is a precoat glass layer. A pair of side
el ectrode | ayer slnlFig. ilsapechaked Snsidatetl supstrate shéet ionerdeayt alimainmeof 96% t op
el ectrode | ayers 12 and al so cover 15 both side faces and both ends of the
rear face piirithi sdistretessibstratt El kimadobyenttingythis subStrateastheepdloh a, fifssslit
formed so as to cover the pair of side electrode layers 17 and a part of
t he paig odividinggloetion ané alsayenddiv2ding poetitw gefpendivatarfteche firstglividing
resistor in the first exenplary enbodi nrent as configured above is
descri bed pertionwi tApaieiof temelectrodel tayersn b2, made fMainly dfisdver, iofoririedvon the
illustrating the state in which a ineffective area is forned on the entire
peri phery top fiahe of diserete substrate il at Resistmtlayereld, invadenafrmutleeniumioxjde system,
resistor in the first exenpl arty_enbodi ment of the ﬁrqsent i nvention. Figs.
3 (a) to 3is foened pngbe tap fagp afaliscréte)subsirate. 115uch thatdt partia)ly dvieglgps the(a) to
6 (d), Figs. 7 (a) to 7 (c), and

pair of top electrode layers 12. First protective layer 14, which is a precoat glass

10 layer, is formed on the top face of resistor layer 13. Trimming groove 15 is
provided to adjust a resistance of resistor layer 13 between the pair of top electrode
layers 12. Second protective layer 16, made mainly of resin, is formed to cover first
protective layer 14 which is a precoat glass layer. A pair of side electrode layers 17
is formed so as to partially overlap the pair of top electrode layers 12 and also cover

15 both side faces and both ends of the rear face of discrete substrate 11.  Solder layer
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 (a) to 8 (c) are process charts of the manufacturing method of the resistor in

25 the first exemplary embodiment of the present invention.



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 present invention. 13
As shown in Figs. 2, 3 (a), and 4 (a), prebaked insul ated substrate sheet
21 which is 0.2 mmthick, nade of alum na of 96% purity, is prepared.
Here, insulated substrate sheet 21, as shown in Fig. 2, has ineffective
area 2l1a which will not becone products, on its periphery. This
ineffective area 21 a is configured in alfsrane shape. 5 Next, as shown in
Figs. 2, 3 (b), and 4 (b), two or nore pairs of top electrode |ayers 22,
made mainly of silver, are screen-printed on the top face of insulated
substrate sheet 21. Insul ated substrate sheet 21 is then baked according to
a baking profile with a peak tenperature of 850 Cto stabilize top

el ectrode | ayer sA323hoWexin Figs 25B3qa dnd F{2)spreBakéd {ishlatéd subktiacd shden@] or
nore resistor layers 23 | o made of ruthenium oxi de system are

scr een- pr i whéch 5d).2mmahiek| dpde ofaluminasfOqdaipusity,d§ prepared. e CHerg thsubited S
22. Insul ated substrate sheet 21 is then baked according to a baking
profile wi substrapesheet 2 hpas shiowreinoFigB30h43 ineffstiine hreae lneshich awilll ot deso@s.
Then, as shown in Figs. 3 (d) and 4 (d), first protective |ayer 24 nade of
two or nopmductsontitsgieaiphetyay erEhis sneffeative-aped Dieid donfipuved ir # fiaateoshape.

| ayers 23. Insulated 15 substrate sheet 21 is baked again follow ng a
baki ng 5r of i | e wWNekt, as shawntie kigs. 2 3r(b), anid 5(f), Gvo or stabiphirs @f top slectrode
protective |ayer 24 nade of the precoat glass layers. Next, as shown in

Fi gs. 3 (elayarsi22 niade, muindy of sitverater sicnedmprigted mnethe 26p face ofiinsidatesli ng a

| aser trinmm ng nethod for adjusting the resistance of resistor |layers 23
bet ween pasuhstrate sheet 21 ecinsulirsed aylsteate sheet 23 ip theamebakediacedrding teea bakingext |,
as shown in Figs. 5 (a) and 6 (a), two or nore second protective |ayers
26, mai nl ypiedte vith 2 pealntemperakice 06859 P Crioestahibize topegledtrods laperst22ct i ve

| ayer 24, consisting of precoat %I ass layers, aligned vertically on the
drawi ng. The subBex&@sshown in Figs. 2, 3 (c), and 4 (c), two or more resistor layers 23

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.



sheet is cured followng a curing profile wwth a peak tenperature of 200 C
for stabilizing second protective |ayers 26. 14 Next, as shown in Fig. 5
(b) and Fig. 6 (b), two or nore first resist layers 27 are screen-printed
to cover second protective layers 26, and first resist layers 27 are
stabilized by UV-ray 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 stabillzed al so by UV-ray curing. Next,
as shown in Figs. 2, 5 (c), and 6 (c), two or nore first slit dividing
portions 29 are fornmed by dicing on insulated substrate sheet 21, on which
first resist l|ayers 27 and second resist |layers 28 are forned, except on
i neffective area 21a formed over the entire periphery of insulated

substrate sheet Rkxt,fakshowalintFig ¥ (8) aigl Rig. §¢b}, itwdsordfosy ﬁrsUﬁMhtfl@jers 27
di vidi ng insul at ed substrate sheet 21 into substrate strips 21 b by

separ at i ngaeascreeneprihted telceetr setont pyetestivlayets 26)iandddseresist 1gters2T bre
dividing portions 29 are forned at a pitch of 700 gm with a width of 120

m | n addi stabilized foyrlSV-mlyiduritigvi dHuthepdoté, awe ot marecsecbnd vghistliayees 28hire h
pass vertically through insulated substrate sheet 21. Insul ated substrate
sheet 21 ssdreén-peimbédien e @as fewetofibsidated sabsteate fsheatt2 15lant sdéoridiiesizt
portions 29 are formed by dicing except on ineffective area 21 a, because
substr & e hyersi8 &t dhabilieed alsodgyt W -tay duniff ecti ve area 21 a. Next, as
shown in Figs. 5 (d) and 6 (d), insulated substrate sheet 21 is entirely
pl at ed wit h ni ckNext, asishgwaliedtigo|2e S cplaadihng.,), two di poire Girstrstit dixtidihg
substrate sheet 21 into a plating bath to formside el ectrode | ayer 30 of
about 4 t opertjoms29iark formoedbe dicinglenéhsidsted dubsteate shadt 21s ohovinell firgt gekiat i ng
ni ckel onto the entire face of insulated substrate sheet 21 by el ectrol ess
pl ating, slayerssleand sebondaysist lageiss? &aare dorhed, rxgdepinon tneffeetive hrane lof
i nsul ated substrate sheet 21 through the entire inner face of
formed over the entire periphery of insulated substrate sheet 21.  First slit dividing
10 portions 29 are used for dividing insulated substrate sheet 21 into substrate strips 21b
by separating pairs of top electrode layers 22. In this case, first slit dividing
portions 29 are formed at a pitch of 700 pm, with a width of 120 um. In addition,
first slit dividing portions 29 are through holes which pass vertically through
insulated substrate sheet 21. Insulated substrate sheet 21 still remains as a sheet
15 even after first slit dividing portions 29 are formed by dicing except on ineffective
area 21a, because substrate strips 21b are connected by ineffective area 21a.
Next, as shown in Figs. 5 (d) and 6 (d), insulated substrate sheet 21 is
entirely plated with nickel, using electroless plating, by dipping insulated substrate
sheet 21 into a plating bath to form side electrode layer 30 of about 4 to 6 um 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



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 sheet 21. In addition, side 15 el ectrode | ayer 30 covers a part
of top electrode |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 electrode | ayer180 covers second resist |ayer 28.
Next, as shown in Figs. 7 (a) and 8 (a), first resist layers (not
illustrated) and 5 second resist layers (not illustrated) are peeled for
patterning two or nore pairs of side electrode |ayers 30. Next, as shown
in Figs. 7 (b) and 8 (b), two or nore pairs of solder layers 31, nade of

tin, of abelettrddé tay6r B0 icovérsiacpareeftopaslecteddeclayen 2trpoded addViarst fesist fayek
side electrode |ayers 30 exposed and a part of pairs of top el ectrode

| ayers 22eXponehe top fade pé ehsutgted Shlibdtrats theer Dilst Omitey eaf fude oflihsigdatedt ed) .
Thi ckness of side electrode |layer 30 is about 4 to 6 m but this is not

limted. dptrafesheee2l fsidkekstodé i 80 €beerisrsedend easist 13feri28. 1 to 15 m
Since side electrode layer 30 is nickel plated by electroless plating, a

| ayer whi ch doesNext, ahshewminFégs. § (apang8r(h), dirsi esisotayess (nde dlbustiatgl)yandsi de
el ectrode | ayer 30 with extrenmely high 15 di nensional accuracy is
achi ev&bl esecbhnpresistdayest i(adti il lustratetl) mmqaetedforiattgritihg two eginsérerpaivistof a
suction pin for nmounting in an automated nounter also assures high
mount abi | i sige elBotrode 1aygy£3031 in the first exenplary enbodi ment is nade of
tin. However, the present invention is not limted to tin. Solder |ayer 31
may be nmade of aNektyagshewh dy Figs &r(babnd Br(b),tino aranere paits afdadderdayensidig i s
achi evabl e by reflow soldering. Mreover, top electrode layer 22 is nade
of a sil vemadeap€tinapf abpaitdetoi G por in thickness, are electroplated to cover pairs of side
electrode layers 30 exposed and a part of pairs of top electrode layers 22exposed by
10 peeling off first resist layers (not illustrated).
Thickness of side electrode layer 30 is about 4 to 6 pum, but this is not limited.
Appropriate thickness of side electrode layer 30 is 1 to 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



| ayer 23 is made of a rutheniumoxide material in the first exenplary
enbodi nent. These assure resistance characteristics with good heat

resi stance and durability. Furthernore, the protective |ayer which covers
resistor layer 23 is configured 25 with two layers: i) first protective
| ayer 24 which is a precoat glass |ayer covering 16 resistor |layer 23 and
I1) second protective |layer 26, mainly nade of resin, which covers first
protective |layer 24 and trimrng groove 26. First protective |ayer 24
prevents occurrence of cracking during laser trimmng to reduce current
noi se, and second protective |layer 26, mainly conprising resin, secures
resi stance characteristics 5 wwth good humdity resistance by covering the
entire resistor layer 23. Lastly, as shown in Figs. 2, 7 (c), and 8 (c),
two or nor sesistoolaged2d and iy sequand provstive layer 28, aesinfyrmad@of &sir, #hich
perpendicular to first slit dividing portions 29 except on ineffective

area 21 a tover(irstrproteetieatayee 2deandpineiming gridoee 29s ulkdtse grotectivad fagee24heet .
This allows resistor layers 23 on substrate strips 21b in insulated 10

substrat e pleventsaiccurrehee ofpachingdduringlaserdirimmslirgd todiedacetgrrentissisqtaad 21
c. Inthis case, second dividing portions 32 are fornmed at a pitch of 400
m wth a secdndd prbtectiOl laper Ibnmainlp esmpsBimgresit, seclineg rexistancenchadactaristics
formed by dicing on substrate strips 21 b except on ineffective area 21 a,
substr & e withi gnoddiurbidatyereslistande dyicoveridg sloe entire resibotr iatee2321c every tinme
second dividing portion 32 is fornmed. Substrate strips 15 divided into
i ndi vi dual produktastlyane skewaniniégs. 2 3rc), aat8e(c), tweo ar mar@decand Dieidiresi st or
in the first exenplary enbodinent is manufactured using the above
pr ocesses. paitons 3aire dicegt ih adidedtimmaperpenttibulaf ta fiestistis dbtiding painficts 2% a
product, nade through the above processes are precisely 0.6 nmL x 0.3 nmm
W Thi s i sexrephondénefpertiviecarps 2ta foimdd o theséritire gheviptenyofithe insohate@9 and
second dividing portions 32 nmade by
substrate sheet. This allows resistor layers 23 on substrate strips 21b in insulated
10 substrate sheet 21 to be separated into individual discrete substrates 21c. In this
case, second dividing portions 32 are formed at a pitch of 400 um, with a width of
100 um. 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 21¢ 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 mm L x 0.3 mm W. This is because
20 the pitch of first slit dividing portions 29 and second dividing portions 32 made by
dicing are accurate (within + 0.005mm) and the thicknesses of side electrode layer 30
and solder layer 31 are also accurate. Moreover, the patterning accuracy of top
electrode layers 22 and resistor layers 23 eliminates the need for dimensional ranking
of discrete substrates, and also the need to take into account dimensional variations in

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



dicing are accurate (within 0.005nm and the thicknesses of side electrode
| ayer 30 and solder |ayer 31 are also accurate. Mreover, the patterning
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 17 resistor layer 23 is
t hus broader than that of the prior art. 1Wbre specifically, the resistor

| ayer in the prior art is about 0.20 nmL x 0.19 nmW Resistor |ayer 23 of
the resistor in the first exenplary enbodi nent of the present invention is
about 0.25 mmL x 0.24 mMmm W which is about 1.6 tinmes larger in area. 5
Since first slit dividing portions 29 and second dividing portions 32 are

formed by rhsistoglayemn2isathes bsodikr tladrethahefthedriorurth Mioes spevificalby ke

di rensional ranking of discrete substrates may be used. This elim nates
the need f mosistorlager i thg pridr seristabost:®.20 matnds xl0)/19imm W oResBtorilaydriBS of i or
art, thereby elimnating the conplicated process of replacing a mask in

the prior tretresiBioriinghe first@ikemplheylembpalimentefithegsesent usiention igabeutad.25
di ci ng machine for sem conductors or the like. Insulated substrate sheet
21 is fransmnbyx 02d4fhecW, wehieh ésatutd .6vinmes lalges imadea. becone a product. In

addition, first slit dividing portions 29 and second dividing portions 32
are not5 f or ned ofinchifrst slgfdieiding poiona 221md sécond dividing, partibas B2@ee st ri ps
21 b are connected to ineffective area 21 a even after formng first slit
di vi di ng 1forpmdtbyodicirgg insthated snbsteate shéat 2| whiet doebaot edqmirehdistengibngl om
bei ng separated into individual substrate strips 21lb. Renmini ng processes
are thus i rapkingof didcxste substnatestroay baised.at Ehistediminateshe heéchfricdassifyingar ea
21 a even after first slit dividing portions 29 are formed, thereby
cont ri but i digerete suhstratesthy dineensians asfin phopresadethergby elifoinatiog tiog e, when
second di vi di nlg portions 32 are forned, insulated substrate sheet
complicated process of replacing a mask in the prior art. 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 are not formed on this ineffective area 21a. Accordingly, substrate strips
21b are connected to ineffective area 21a even after forming first slit dividing
15 portions 29. This prevents insulated substrate sheet 21 from being separated into
individual substrate strips 21b. Remaining processes are thus implemented on
insulated substrate sheet 21 with ineffective area 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



20 21 is cut into discrete substrates 21c every tinme second dividing
portion 32 is fornmed. Each discrete substrate 21 ¢, which is a product, is
t hus separated fromineffective area 21 a, thereby elimnating the process
of sorting ineffective area 21 a and products afterwards. Still nore, side
el ectrode | ayers 30 are forned on insul ated substrate sheet 21 25 because
pairs of side electrode |ayers 30 and pairs of solder layers 31 are forned
on 18 insul ated substrate 21 in the forml8f a sheet before being divided.
Potential difference during the formation of solder |ayers 31 by

el ectroplating may al so be reduced, thereby allow ng the formation of
stabl e solder layer 31. The first exenplary enbodi nent of the present

i nvention describes the case 5 of formng ineffective area 21 a which does
not beconeimsuped sulfstatd 2 hiiis tiedfopmostlec $heeo befdre beinlg dieided! | Poeentiadf

I nsul ated substrate sheet 21 in a shape of a frane. However, ineffective
area 21 a dHferante dharéni the formation ofsbhiee thyerd3t butetectfopditindlmay Btso exanpl e,
as shown in Fig. 9, ineffective area 21 d may be fornmed on one end of
i nsul at ed madused gherebyadlovidg thé fermaionwd] syablasokleotayer 81Fi g. 10,
i neffective area 21 e 10 may be forned on both ends of insulated substrate
sheet 21. Alt er n&he festyexecayplstyounbodimeht gf thiclpresemfifveentionedascebefthefcasey be
formed on three ends of insulated substrate sheet 21. Al these
denonst% at ef fdrming meefddtivetares2 i dmthiclf dodsendtibesomexepart af g findsheddroduet of
the present invention. The first exenplary enbodi ment of the present
i nventi on ehsle entirerpepiphershef insalataksbsfratessheen?)] srea shapaof/a fiiante. porti ons
32 by dicing. In other cases, for exanple, second dividing portions 32 may
be fornmed Bpvaveriingffectivetarpa 21 @ may not need tte frapie insnkatedsubstratesiteet2 b sheet
21, using a laser beamor dicing, while retaining a thinned portion in the
top, rear, Forexampler apshawn o Figy Suinaffegtivetasea 2t dmapds: fopned on ariei endeefs e,
insulated substrate sheet 21. Alternatively, as shown in Fig. 10, ineffective area 21e
10 may be formed on both ends of insulated substrate sheet 21. Alternatively, as shown
in Fig. 11, ineffective area 21f may be formed on three ends of insulated substrate
sheet 21.  All these demonstrate the same effect as that of the first exemplary
embodiment of the present invention.
The first exemplary embodiment of the present invention 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.
However, 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



the insul ated substrate sheets are not i medi ately divided into pieces by
formng 20 second dividing portions but in tw steps. The first exenplary
enbodi ment al so describes the case of formng first slit dividing portions
29 after formng first resist layer 27 and second resist |ayer 28.

However, first resist |ayer 27 and second resist |ayer 28 may be forned
after formng first slit dividing portions 29. In this case, however,
printing pressure for screen 25 printingloeed to be reduced because the
strength of insulated substrate sheet 21 is 19 reduced when first resist

| ayer 27 and second resist |layer 28 are screen-printed after formng first
slit dividing portions 29. Furthernore, second resist |ayer 28 may be
formed inmediately after formng the first protective layer, which is

precoat gl esiickdydred. firkhiesistlgy@er 2Thindwesondrésiut 18T 8afrt ecteeApritied aftbr t he
first exenplary enbodinent. Still nore, the first exenplary enbodi nent of

t he presenforiming firstlit déwidingdpsrtions@9case of peeling first resist |ayer 27
and second resist |ayer 28 before formng solder layer 31. These resist

| ayers may al so Barthasherd, sdcoad résistiaper 20magrbel foyided 3thmediately aftere, the
first exenplary enbodi nent of the present invention uses a 10 silver
mat eri al f forniihg thefirstipectective ldyay avhi2R isprécoar glakehiyern oXdiiealsatachieaks f or
resistor |ayer 23. The use of other materials also achi eves the sane effect
as thats of thetdame ¢fifedt astkatpifahy fiesttodinpday eshibadimept.esent i nventi on. The
first exenplary enbodi nent of the present invention also describes the
case of form ng Btilsnorsl the fitst exiémplapp embodime®t afitte peesentlindiention dgscribes
portions 32 by 15 digin%. The sanme effect as that of the first exenplary
ermbodi ment thescaaé of peelingfieds resistylayer 2iband sewondwasist layet2 Sibefore fermningr wat er
jet for making first slit dividing portions and second dividing portions.
solder layer 31. These resist layers may also be peeled after forming solder layer 31.
Still more, the first exemplary embodiment of the present invention uses a
10 silver material for the top electrode layer 22 and a ruthenium oxide material for
resistor layer 23. The use of other materials also achieves the same effect as that of
the first exemplary embodiment of the present invention.
The first exemplary embodiment of the present invention also describes the
case of forming first slit dividing portions 29 and second dividing portions 32 by
15 dicing. The same effect as that of the first exemplary embodiment is also
achievable by using other means such as a laser or water jet for making first slit
dividing portions and second dividing portions.
Also in the first exemplary embodiment, a pair of top electrode layers 12 is
formed on the top face of discrete substrate 11. Resistor layer 13 is then formed to
20  cover a part of the pair of top electrode layers 12. Conversely, resistor layer 13 may
be formed on the top face of discrete substrate 11, and then a pair of top electrode
layers 12 is formed to cover a part of resistor layer 13. This also achieves the same
effect as that of the first exemplary embodiment of the present invention.
Furthermore, the first exemplary embodiment of the present invention

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



Also in the first exenplary enbodiment, a pair of top electrode |ayers 12
Is formed on the top face of discrete substrate 11. Resistor layer 13 is
then fornmed to 20 cover a part of the pair of top electrode |ayers 12.
Conversely, resistor layer 13 may be forned on the top face of discrete
substrate 11, and then a pair of top electrode layers 12 is fornmed to
cover a part of resistor layer 13. This also achieves the sane effect as
that of the first exenplary enbodi nent of20t he present invention.
Furthernore, the first exenplary enbodi ment of the present invention 25
describes the case of formng first slit dividing portions 29 on insul ated
substrate 20 sheet 21 after formng pairs of top el ectrode | ayers 22,
resistor |layers 23, first protective layers 24, trinmm ng grooves 25,
second pr ofleset RV afieayersinggairkioftdp ekztrode layaysel3, R¥istaridyasadnfirstesi st
| ayers 28 when first slit dividing portions 29 are fornmed for dividing the
substrat e prutectsiedayerstd, sfiminpiag 2tdoves@esecond: fretqetios daters D6 efitst oekist | S
not limted to processes in this sequence. For exanple, first slit dividing
portions 9ersdd/,aadfsecomdirasist layend 28 svhenufirst slit dividieg pofiorisi 2%4dredormed
I nsul ated substrate sheet 21 already provided with first slit dividing
portions 2forrdayidimg theeshbStratenmtousubstrateestripf\Ri br nitoweley,, thé ipresensinviention
di viding portions 29 may be formed on insul ated substrate sheet 21 after
f or mi ng paisrmot dimitexbtoeprocessed és tHisyeqen2e. oRor esarhpleg firg shis tivadinggioeton? 1.
10 O, first slit dividing portions 29 may be forned on insul ated substrate
sheet 21 al9 eray befirgredrorl myelatedSibatratef sheet2i] dimstiordnsudated sabitsate aheetdeet
21. O, first slit dividing portions 29 may be forned on insul at ed
substrat e slneasly providedewith dirstslisidividingpertions @8 maphensedforananfactoee on
i nsul ated substrate sheet 21, and then resistor layers 23 are fornmed such
that a parAltematizvelys figst sl gdévidimgpartiens 3Psnaabe forpied epinsubated shstiatg er s
22. 15 Alternatively, first slit dividing portions 29 may be forned on
i nsul at ed sheet2l gfter fenming pairs Hfitep efe@trﬁaq‘glawg@i 22 on inssyased substeate pheat2dt ed
substrate sheet 21 and then pairs

10  Or, 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. In all
the above cases, the same effect is achievable as that of the first exemplary

embodiment of the present invention.

25 Second exemplary embodiment



of top electrode layers 22 are forned such that a part of top el ectrode

| ayers 22 overlaps resistor layers 23. O, first slit dividing portions 29
may be formed on insulated substrate sheet 21 after pairs of top el ectrode
| ayers 22 and resistor |layers 20 23 are formed on insul ated substrate sheet
21 and trimmng is applied to adjust the resistance in these resistor

| ayers 23 between pairs of top electrode layers 22. In all the above
cases, the sane effect is achievable as gRat of the first exenplary

enbodi nent of the present invention. 25 Second exenplary enbodi mrent 21 A
met hod for manufacturing a resistor in a second exenpl ary enbodi nent of

the present invention is described belowwth reference to drawi ngs. Fig.
12 is atop viewillustrating the state in which a ineffective area is

formed on the enAimethpdrfophanyfaturdng b pegittor éta sedmid edetnpigeémbedithdnoof
manufacturing 5 the resistor in the second exenplary enbodi nent of the
present i nthenresont ifveytionlis desgriiedl Bedoweyith Fefgsenct4o dedwings14 (e), Fig. 15
(a) to 15 (d), Figs. 16 (a) to 16 (d), Figs. 17 (a) to 17 (c), and Figs.
18 (a) to 18 (c)Fmrd2psacepviohilustratihgtthe staenisf whiclrd imgffesdvéarkadf t he
resistor in the second exenplary enbodi mrent of the present invention. As
shown i n Flagmedish theZntiag pedpberybf(an)insypatsdsubdtratesheett wsed Sobatanafeteting t
10 41 which is 0.2 mmthick, made of alum na of 96%purity, is prepared.
Here, & nstheatsidtos b she seoond exempldry easbatiment ofithei presen? invemtionnefHige tlidve
area 4l1la which will not becone products, on its entire periphery. This

i neffecti véi)ziodé (a), Figs.sl4 @) id lgtﬁcbﬁlg nlSa(af)ltarYé (dhdpgs. lnﬂe(xn) to 46 (dhdigs.i n
Figs. 12, 13 (b), and 14 (b), two or nore pairs of top 15 electrode |ayers

42, made nki faNtod7 (s) anst Figar b8 &rted8-(o) are process chiaetstofshé smaubsctuiing ul at ed
substrat e rsnrclfheotd cl)lflthe IrQ;gtlo?tme (tjhessuet():(s)LcE 2;eem§){]aer§temi%dllrflelgthgfnthg?)l;ees%n?ﬁfv%rn?llogg to
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 electrode layers 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 screen-printed so 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



a baking profile with a peak tenperature of 850 C to stabilize top

el ectrode | ayers 42. Next, as shown in Figs. 12, 13 (c), and 14 (c), two
or nore resistor layers 43 made of ruthenium oxide system are
screen-printed so as to bridge two or nore pairs 20 of top electrode | ayers
42. Insul ated substrate sheet 41 is then baked according to a baking
profile with a peak tenperature of 850 C to stabilize resistor |ayers 43.
Then, as shown in Figs. 13 (d) and 14 (dR2 first protective |ayer 44 nade
of two or nore precoat glass layers is screen-printed to cover resistor

| ayers 43. Insul ated substrate sheet 41 is baked again foll ow ng a baking
profile with a peak 22 tenperature of 600 Cto stabilize first protective

| ayer 44 nmade of the precoat glass |layers. Next, as shown in Figs. 13 (e)
and 14 (e)tempevature 06660 CCitorstatdlizg ficst psotébtivatayenddenade oftha precoat glass
trimm ng nethod for adjusting the resistance of resistor layers 5 43

bet ween palaysrsof top el ectrode | ayers 42 to a predeternined val ue. Next, as
shown in Figs. 15 (a) and 16 (a), two or nore second protective |ayers 46,
mai nly made of rNsktasahewadndags.d3i(e) endtld (eh oo drimete tpinuhing groevesydr
44, consisting of precoat glass layers, aligned vertically on the draw ng.
The subst r atteemaddiusing iaslaserrtaichrhinlg rovfhoed far adjuisting pharfasistandetdf rasipoakayers
tenperature of 200 C for 10 stabilizing second protective |ayers 46. Next,
as shovin i #3 bBegveenspdits) oftop aléarodedayds 42ttam predetorminedsiadue.| ayers 47 are
screen-printed on the rear face of insulated substrate sheet 41, and resist
| ayers 47 are sNgkt,las shawnyin Bigs. dy (@handid6 (aktwo aagnetengmondpritgetivel2, 15
(c), and 16 (c), two or nore first slit dividing 15 portions 48 are forned
by dicing kwersrumaialy magde of sesin.give seresn-prsviedin eover duriproteciiverlayeriar e

formed, except on ineffective area 41 a forned over the entire periphery
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
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 resist
layers 47 are formed, except on ineffective area 41a formed over the entire periphery
of insulated substrate sheet 41. First slit dividing portions 48 are used for dividing
insulated substrate sheet 41 into substrate strips 41b by separating pairs of top
electrode layers 42. In this case, first slit dividing portions 48 are formed at a pitch

20 of 700 um, with a width of 120 um. 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.



of insulated substrate sheet 41. First slit dividing portions 48 are used
for dividing insulated substrate sheet 41 into substrate strips 41 b by
separating pairs of top electrode layers 42. In this case, first slit
dividing portions 48 are formed at a pitch 20 of 700 gm wth a w dth of
120 gm In addition, first slit dividing portions 48 are through hol es
whi ch pass vertically through insulated substrate sheet 41. Insul ated
substrate sheet 41 still remains as a shest even after first slit dividing
portions 48 are fornmed by dicing except on ineffective area 41 a, because
substrate strips 41b are connected by ineffective area 41 a. 23 Next, as
shown in Figs. 15 (d) and 16 (d), side electrode |ayer 49 of about 0.1 to
1 gmthick, made of nickel or nickel alloy such as nickel chrone alloy, is

sputtered onto Negt,lagghoada Rigs.ils(d) ahdd 6(dhsidatiecabdelayéi 490 abbet @.nner
face of first slit dividing portions 48. In this case, side electrode |ayer

49 formed wnl pm thidermbde of nickeborf nické! alloyt sudh\dsdiickel phrdmeaHoy s sputered s
and is electrically coupled to top electrode |ayer 42 forned on the top

face of i nemtoathedearuast ofiirsutdiedsubkiraté\shdet 4aangdthevinrien fadegsf fikst sli) and 18
(a), resist layers (not illustrated) are peeled for patterning two or nore
pairs of sdidiaggottioneds.ayhr thisl€aseNeidt eletrogledayeri49 formed oh7an imhernfutelof
(b), two or nore pairs of nickel layers 10 50, made of nickel, of about 4
to 6 grd i nfirstisikdbsdinggrutionsd ® comacks anai is lartricallydeouplédsoetop ebdctrodede of
tin, of about 4 to 6 gmin thickness, are electroplated to cover pairs of
si de el ect layde4? fgrned an thextopstade afithsalated substrapashest 41. t op el ect r ode
| ayers 42 exposed by peeling off resist |layers (not illustrated).
Thi ckness of spulNext, ad shova inlkegs. rldde) hng ¢ B<a) Fedist lapara(néx. illuswatedyare but
this 15 is not limted. Appropriate total thickness of nickel layer 50 and
sol der | aypeeled forspatterning ¥®ogen more pairs of side electrode layers 49.
Next, as shown in Figs. 17 (b) and 18 (b), two or more pairs of nickel layers
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 pm, but this
15 isnotlimited. Appropriate total thickness of nickel layer 50 and solder layer 51is 1
to 15 pum.
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 Moreover, top electrode layer 42 is made 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 configured

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

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



Sol der |l ayer 51 in the second exenplary enbodi ment is made of tin.

However, the present invention is not limted to tin. Sol der |ayer 51 may
be made of a tin alloy material. In this case, reliable soldering is

achi evabl e by reflow sol dering. 20 Mdreover, top el ectrode |layer 42 is nade
of a silver material and resistor layer 43 is nade of a rutheni um oxide
material in the second exenplary enbodi nent. These assure resistance
characteristics with good heat resistance4and durability. Furthernore, the
protective |ayer which covers resistor layer 43 is configured wth two

| ayers: i) first protective |layer 44 which is a precoat glass |ayer
covering 25 resistor layer 43 and ii) second protective |ayer 46, mainly
made of resin, which 24 covers first protective |ayer 44 and trimm ng
groove 45. cdversfirgiippbrectivy tayeadd rand4rinpmingegrosvedSur Fése praréctivedakemgs
during laser trimmng to reduce current noise, and second protective |ayer
46, mai nl yprevepsicccogenasoficraskingrdigingelasat teinaninparredtcs cuwtrérthoise, ahd good
hum dity resistance by covering the entire resistor layer 43. 5 Lastly, as
shown i n Fegend p2otetiive tdyer 460mathly comprisingoresim secuses rusiktahioel chiapgrteristics
portions 52 are diced in a direction perpendicular to first slit dividing
portions 4®itheoodtiumidityrefitiaate be covering theseritire resistoy éayet B3, entire

peri phery of insulated substrate sheet 41. This allows resistor |ayers 43
on substrate stripslytabshown isBigst 8, FLs)t and é8 (shewd ot nore seeorsd davidingd

i nto individual discrete substrates 41 c. In this case, second 10 dividing
portions S5pordioes Hararediced in apditexttionfpegpéndivular tohfiest wlitidividihg podtions 48 nce

t hese second dividing portions 52 are forned by dicing on substrate strips
41b excepexaspt pnéfdietivearea ¢ ba firmed ovdrshe enteresparipheryiof nsulatedisubistrate
into discrete substrates 4lc every time second dividing portion 52 is
formed. Susleet 4dle Jhis glows asister layers 43i ondsuhistratd stppaélhgtm irsudated subsirasel
fromineffective area 41 a. 15 The resistor in the second exenpl ary

enmbodi mentshest fhitebaseparatedisimipdividual discrete substrates 41c.  In this case, second

10 dividing portions 52 are formed at a pitch of 400 um, with a width of 100 um.
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



above processes. The total length and total wdth of the resistor, which is
a product, nmade through the above processes are precisely 0.6 mnmmL x 0.3
nm 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 |ayer 49, nickel |ayer 50, and
sol der | ayer 51 are al so accurate. Mreover, the patterning accuracy of
top electrode |layers 42 and resistor |ayebss 43 elinmnates the need for

di mensi onal ranking of discrete substrates, and also the need to take into
account dinensional variations in discrete substrates within the sane

di mensi onal ranking. 25 The effective area of resistor layer 43 is thus
broader than that of the prior art. Mre 25 specifically, the resistor

layer in tépecifidably, drctrebistoaliaydr if tROprior brtis Bbdift 0120 Wm IRe §i 19t mim Mayer 43
of the resistor in the second exenplary enbodi nent of the present

i nvent i on Resistoo ldyed 43%ofithe kesistOr #vtherseddndvexehplasy ambotiniert dfitheprdsanger
in area. Since first slit dividing portions 48 and second dividing portions

52 are 5 fimvertdobys abariti RS mms L0024 ranbW, mettieh shatrsut 416 tihiesHargerin areh.
require di mensional ranking of discrete substrates may be used. This
el i m nates the nSmdefforst slitalwiding pertiods 48rantdesesoind ivading portidnsBRarons as
in the prior art, thereby elimnating the conplicated process of replacing
a mask 5 n fdmmedrhyodicarg, insbilated gultsirate blseet 4é wiiehfdoesadt eamideydimensignal
general dicing machine for sem conductors or the like. 10 Insul ated
subst r at e whkatg dfldiserete substrateg maebé astd. v el his eliminates b néedifor<classifying
becone a product. In addition, first slit dividing portions 48 and second
di vi di ng gisetetosubstatesrhy diotensmnsed inthe prier ametherablyieliminating e
Accordingly, substrate strips 41lb are connected to ineffective area 4la
even aft ercamph¢aied process of replatiing dimask ipahe ipoios ant3. Diking ¢ancalembe
i nsul ated substrate sheet 41 from being separated into

performed easily using a general dicing machine for semiconductors or the like.

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

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

Still more, side electrode layers 49 may be formed on insulated substrate
sheet 41 at required areas because pairs of side electrode layers 49, nickel layer 50,

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



15 individual substrate strips 41b. Remai ni ng processes are thus
I npl emented on insulated substrate sheet 41 with ineffective area 41 a
even after first slit dividing portions 48 are formed, thereby
contributing to the sinplification of process design. Furthernore, when
second dividing portions 52 are fornmed, insulated substrate sheet 41 is
cut into discrete substrates 41c every tine second dividing portion 52 is
formed. 20 Each discrete substrate 41 c, 26hich is a product, is thus
separated fromineffective area 41 a, thereby elimnating the process of
sorting ineffective area 41 a and products afterwards. Still nore, side
el ectrode layers 49 may be fornmed on insul ated substrate sheet 41 at
requi red areas because pairs of side electrode |ayers 49, nickel layer 50,
25 and pai sleeobefort teing diyited. S Porerttidl differdnoa duriag i ftnstiontafatiekel layer
the formof a 26 sheet before being divided. Potential difference during
t he for mat 5@and&oldee kplerd Y by eldafrophatirgomde ralsioatmamluséd,hhelebfz@llbwmh@thmg
may al so be reduced, thereby allowng the fornmation of stable nickel |ayer
50 and sol feematianef skible fifvked tayend0 axndrsplder Yayeridddi nent of the present
I nvention describes the 5 case of formng ineffective area 41 a which does
not becorme one efile sécomdfexengiiay embadinmnt ofi thehpresentiineentéon ddseribeothe
i nsul ated substrate sheet 41 in a shape of a frane. However, ineffective
area 45 a oasg afdbrmamyiineffettivararcarddalwhiel doebadt beansdhent erd of aForisledanyl e,
as shown in Fig. 19, ineffective area 41 d may be forned on a part of
i nsul at ed puaduct an thes¢rde petiphaiyt eff inavlatesl substratesthootrd 1 in &Fsbape2eX a frame.
i neffective area 41 e 10 may be forned on both ends of insulated substrate
sheet 41. Howsventinefd¢ctiveaarea Abavmayinptmiegd t@ frameimstlatad substtatessheet 41.nay be
formed on three ends of insulated substrate sheet 41. All these
denonst r at Bor ¢xamplerasestioyen imBig. A8; insffective greachidl mey bglfarmed entaquhirtrefit  of
the present invention.

insulated substrate sheet 41. Alternatively, as shown in Fig. 20, 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



The second exenpl ary enbodi nent of the present invention also describes 15
the case of form ng second dividing portions 52 by dicing. In other cases,
for exanple, second dividing portions 52 may be forned by cutting the top,
rear, or center of insulated substrate sheet 41, using a | aser 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 i medi ately divRkded into pieces by 20 form ng
second dividing portions but in tw steps. The second exenpl ary enbodi nent
al so describes the case of formng first slit dividing portions 29 after
formng resist |layers 47. However, resist layers 47 nmay be forned after
forming first slit dividing portions 48. In this case, however, printing
pressure fimsulmtgdarbspateshicegs4 héerkduoedevheadesisapes ATsare sbreentpraned aftef 27

I nsul at ed substrate sheet 41 is reduced when resist |ayers 47 are
scr een- pr i forexdng firsrslit doridinggpdrtioas 48] i t di vi di ng portions 48. Furthernore,
resist layers 47 may be fornmed i mediately after formng the first
protective | ayerFdrhermiorelresist fyersodil nlydsesformgdimmeéiatelyoafter foemiraythe t he
sane 5 effect as that of the second exenplary enbodinment. Still nore, the
second exefirst proteetmoobiyeedd, whichlie ppeceatgtass ayers. i drhis dbsecachboes thesamse of
peeling resist |layer 47 before form ng nickel layer 50 and sol der |ayer
51. Thé r esfifext as dyatrofithy sedcan dxengdatyeembédierent.or mi ng sol der | ayer 51.
Still nmore, the second exenplary enbodi nent of the present invention uses a
10 silver mat eri3till hvores the seopndexamplade einbpdimet ofitbie aresentimventivmxi de
material for resistor layer 43. The use of other materials also achieves
t he same edésetibesithet¢aae ofpeelitgrasist daytr dicmforer fprminpuickehlayef 5@ Aed poldsent
i nvention. The_ second exenplary enbodi ment of the present invention also
descri bes layer 51. The resist layer may also be peeled after forming solder layer 51.
Still more, the second exemplary embodiment of the present invention uses a
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 top 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



the case of formng first slit dividing portions 48 and second di vi di ng
portions 52 by 15 dicing. The sane effect as that of the second exenpl ary
enbodi ment is al so achi evabl e by using other neans such as a | aser or water
jet for making first slit dividing portions and second dividing portions.
Furthernore, the second exenpl ary enbodi nent of the present invention
descri bes the case of formng first slit dividing portions 48 on insul ated
substrate 20 sheet 41 after form ng pai28 of top electrode |ayers 42,
resistor layers 43, first protective layers 44, trinm ng grooves 45, second
protective layers 46, and resist |layers 47 when first slit dividing
portions 48 are forned for dividing the substrate into substrate strips
41b. However, the present invention is not limted to processes in this
sequence. fit sHKdiVﬁ)diﬁﬁ porticis 48 ifaydbevisddrior panutateres 8 Atesnievdlprimdsian 25

I nsul ated substrate sheet 41 first or insulated substrate sheet 41 al ready

provi ded wiividid@ pbiticis 48 iMay Geviogined ondhsulard shBstiane Sheempdftéloﬁormin%
manuf acture. Alternatively, first slit dividing portions 48 nay be forned

on i nsul at pairsofwpraltdraiedayerd Y2add msufatdiutgtrapashiest 41. t Op, itseslir digiding
| ayers 42 on insulated substrate sheet 41. O, first slit dividing

portions 4fontiays 48 rhay beforared o itisalated sullstiatasieces He effted tesiftbelayessd Barr
| ayers 43 are 5 formed on insul ated substrate sheet 41. O, first slit
di vi di g pformiedron hSulated dubstratersiedt 4h | Os,ufidt slit diviiihg postialsetd mag baf t er
pairs of top electrode |ayers 42 are fornmed on insul ated substrate sheet
41 and t heformediost insulatedesubstt8teashect 41 afier paicshof topadlectrquter layears 42eme st or
| ayers 43 overlaps pairs of top electrode |ayers 42. Alternatively, first
slit divi diompedan insnlatedubsiratessheet 4k dnd thanresistirdayars d3tare fernidl sivhet 41
after resistor layers 43 are formed on insul ated substrate sheet 41 and
t hen pai rthabé pagpfaksistor dajers 43 everlaps paits ébiopedectrare layers 42. part of top
el ectrode | ayers 42 overlaps resistor layers 43. O, first slit dividing
portions 48ltamativelyt Girstetit drviding 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.

Third { bodi
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



I nsul ated substrate sheet 41 after pairs of top electrode |ayers 42 and
resistor layers 43 are forned on insul ated substrate sheet 41 and tri mm ng
is applied to adjust the 15 resistance in these resistor |ayers 43 between
pairs of top electrode |ayers 42. In all the above cases, the sane effect

I s achi evabl e as that of the second exenplary enbodi nent of the present

I nvention. Third exenpla y enbodi nent 20 A nethod for nmanufacturing a
resistor in a third exenplary enbodi ment 26f 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 fornmed on the entire
peri phery of an insulated substrate sheet used for manufacturing the
resistor in the third exenplary enbodi nent of the present invention. Figs.
23 (a) 25 () t@27((e), anBiRigs. 284(a) &) 28 ¢cPare(prdceskicharts 85 tHeanahofazturl{y) , Fi gs.
26 (a) to 26 (d), Figs. 27 29 (a) to 27 (c), and Figs. 28 (a) to 28 (c) are
process chaetlododf thheesistonimtteuthindgexemgtlinycembbodient of thet presént ihventioni r d
exenpl ary enbodi nent of the present invention. As shown in Figs. 22, 23
(a), and 24 (a),Apshoaken Figs 22al8da) ahd 2daay prokeaked ifidulatedsmbiizate.sheetm
thick, made of alumna of 96% purity, is prepared. Here, 5 insulated

subst r at e §hadiicl6is, 0.2snmitbivk, madeiaf al@RinahafS96 % gfuriy;tis pecpared GHarephi ch
will not beconme products, on its entire periphery. This ineffective area
61 a i $ ciosalated absimteesshicetbb, astshpwn iNekig, 22shashineffedtiverirgs 612 hielB will) ,
and 24 (b), two or nore pairs of top electrode |ayers 62, nmade nainly of
si | ver, arnotshﬂcemmnductedomnscnbretmrlplmya of This ineffedtistecates Gihatis at e sheet
61. Insulated substrate sheet 61 is then baked accor di ng to a baking
profile wemfigusedin a&mﬁtamee of 850 Cto stabilize top el ectrode layers

62. Next, as shown in Figs. 22, 23& and 24 (c), two or nore resistor
| ayers 63 Next, as shown in Flgs 22,23 (b) and 24 (b), two or more pairs of top

electrode 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
made 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 glass
20 layers.
Next, as shown in Figs. 23 (¢) and 24 (e), 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



made of ruthenium oxi de system are screen-printed so as to bridge two or
nore pairs of top electrode |ayers 62. Insulated substrate sheet 61 is

t hen baked according to a 15 baking profile with a peak tenperature of 850
Cto stabilize resistor layers 63. Then, as shown in Figs. 23 (d) and 24
(d), first protective layer 64 nade of two or nore precoat glass layers is
screen-printed to cover resistor layers 63. |Insulated substrate sheet 61

i s baked again followi ng a baking profilaowith a peak tenperature of 600 C
to stabilize first protective |ayer 64 nade of the precoat glass 20

| ayers. Next, as shown in Figs. 23 (e) and 24 (e), two or nore trinmng
grooves 65 are nade using a laser trimmng nethod for adjusting the

resi stance of resistor layers 63 between pairs of top electrode |ayers 62
to a predet@tsistigiofmeveat diesstlayé@s, sliwd viertiddlson &e draviagld Phe 6@stratevo or
nore second protective 25 layers 66, mainly nade of resin, are

screen- pri sheedid quredYellowingsd cpring pedfileavitiay pealk ferdPeraqurs iof 2008 oforpr ecoat
gl ass layers, aligned vertically on the drawi ng. The substrate sheet is

cured fol | stabilzing second@roteofive tayerd 66.a peak tenperature of 200 C for
stabilizing second protective |layers 66. Next, as shown in Figs. 22, 25
(b), and 26( b),Newpasshownen figs 22525 (byiand @6 d), thvoor mioes fird liadvidiagmed
by dicing on insulated substrate sheet 61, except on ineffective area 61 a
f or med 5ov eportioas étdre foqmeed pydicing bniinmlhtatd sdbstrdte shedted Isbredpt®h. Fi r st
slit dividing portions 67 are used for dividing insulated substrate sheet
61 into sineffective astart lasfobihbd loyer theasrdire pgriphenysofdhsuletedeiubstrate dheétafler s
62. In this case, first slit dividing portions 67 are fornmed at a pitch of
700 m wi t Rirst shitdividofg p@tions 67are nsedifbrtdividing insstated substiiate stieety6 pamtoi ons
67 are through holes which pass vertically through insulated substrate
sheet 61. substrate sitips 0bbbysepastiogtpads oftop electnode hayeas62.  In this case, first

slit dividing portions 67 are formed at a pitch of 700 um, with a width of 120 um.

10 In addition, first slit dividing portions 67 are through holes which pass vertically
through insulated substrate sheet 61. Insulated substrate sheet 61 still remains as a
sheet even after first slit dividing portions 67 are formed by dicing except on
ineffective area 61a, because substrate strips 61b are connected by ineffective area
6la.

15 As shown in Figs. 25 (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 um thick,

20 typically made of nickel or a nickel alloy such as nickel-chromium alloy are formed
on 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.



sheet even after first slit dividing portions 67 are formed by dicing
except on ineffective area 61 a, because substrate strips 61 b are
connected by ineffective area 6la. 15 As shown in Figs. 25 (c¢) and 26 (c),
mask 68 made of a magnetic netal is disposed on the rear face of insulated
substrate sheet 61 on which first slit dividing portions 67 are forned.
Magnet 69 is disposed on the top face of insulated substrate sheet 61 for
fixing mask 68 in a predeterm ned positidh. Then, as shown in Figs. 25 (d)
and 26 (d), two or nore pairs of side electrode layers 70, about 0.1 to 1 m
thick, 20 typically made of nickel or a nickel alloy such as

ni ckel -chromumalloy are formed on the rear face of insulated substrate
sheet 61 and the inner face of first slit dividing portions 67. In this
case, side el ectThelg asaliowndfi Figs.ii¥d(apand 28 (a))medski 68 and ndgnes69 ata t

di viding portions 67 contacts and is electrically coupled to top el ectrode
| ayer 62 fremmmadon the top face of insulated substrate sheet 61. 31 Then
as shown in Figs. 27 (a) and 28 (a), mask 68 and nagnet 69 are renoved.
Next, as shown iNeki,gs sRowfilin Fag® ) .andFig)8 (h)wowoor more paas o nidkehi ckel
| ayers 71 made of nickel, about 4 to 6 gmthick, and two or nore pairs of
sol der 5 |layerss/ I[7@adedé nidkel,iabouthdo® intthick, gmd two ok mare paek ef sokjet at ed
onto pairs of exposed side electrode |ayers 70 and a part of pairs of top
el ectr &de laggesr'’R wmade Sf te, ahauttd wde phatheck, 20e tlectroplated eptot padrsi ofgexipssabout
0.1 to 1 gmthick, but the thickness is not limted to this range.
Appr opr i at side etestrotdnilayens26 ahda partaEpairagftop etdcteodt lsperdd2. | ayer 72 is 1
to 15 gm 10 Solder layer 72 in the third exenplary enbodi ment is nade of
tin. However, thidemlesteade layercit fasmeiddyrsputteringtiedbowt Q.1 o 1guhdhick) byter 72
may be nade of a tin o ) . ) )

the thickness is not limited to this range. Appropriate total thickness for nickel layer

71 and solder layer 72 is 1 to 15 pm.

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 resin, 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



alloy material. In this case, reliable soldering is achievable by refl ow
sol dering. Moreover, top electrode |layer 62 is nmade of a silver materi al
and resistor layer 63 is made of a ruthenium oxide material. These assure
resi stance 15 characteristics with good heat resistance and durability.
Furthernore, the protective | ayer which covers resistor layer 63 is
configured with two layers: i) first protective layer 64 which is a
precoat glass layer covering resistor lager 63 and ii) second protective
| ayer 66, mminly made of resin, which covers first protective |ayer 64 and
trimm ng groove 65. First protective |layer 64 20 prevents occurrence of
cracking during laser trimmng to reduce current noise, and second
protective |ayer 66, mainly conprising resin, secures resistance

charact erisitdec61. WIhiy glleavk fegistet layers@3i Gt qubseratey/steipy 61 bhig insudated subsrate
resistor |ayer 63. Lastly, as shown in Figs. 22, 27 (c), and 28 (c), two or

mor e seconshedt 61 db by separateddnt ihdividaalddisqdte substrdies &dti oin fidk past]iséedmd to
first slit dividing portions 67 25 except on ineffective area 61 a forned

over the edividiag pertigise?y aref formedlath pitch wik00aim, F2thshwidth®f.100him. al | ows
resistor |ayers 63 on substrate strips 61b in insul ated substrate sheet 61

to be sepalimcedhésetsecombldividinglpotiiony 73 eresfobsied dtysdictng en substrate stripa6éb
second dividing portions 73 are forned at a pitch of 400 gm with a width
of 100 5ym exBiept en tileffertive @oed6 th, substnaje ptrigs @itsaré3lividedfintondiscrieie slibstragson
substrate strips 61b 5 except on ineffective area 61 a, substrate strips
61b are di&ldextrytine sicondetieidingpontmne’l isdbrmedyv eBybstrate sesatididedvinthi ng
portion 73 is formed. Substrate strips divided into individual products
are separ aindiviflualmprodedts ace separated drodd ineffebhiveraeed 6tar in the third
exenpl ary enbodi nent is manufactured using the above processes. 10 The
total |ength andlheresistod itthe dliird kemplarg embodishenthisinsamfapetorhdeusingrtie
above processes.
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



t hrough the above processes are precisely 0.6 nmL x 0.3 nmW This is
because the pitch of first slit dividing portions 67 and second dividi ng
portions 73 made by dicing are accurate (within 0.005 mm) and the

t hi cknesses of side electrode |ayer 70, nickel |ayer 71, and sol der |ayer
72 are also accurate. Moreover, the patterning 15 accuracy of top el ectrode
| ayers 62 and resistor |layers 63 elimnates the need for dinensional
ranki ng of discrete substrates and al so 8Be need to take into account

di mensi onal variations of discrete substrates within the sanme di nensi onal
ranking. The effective area of resistor layer 63 is thus broader than that
of the prior art. Mire specifically, the resistor layer in the prior art
is about 0.20 mMmL x 0.19 mm W 20 Resistor |ayer 63 of the resistor in the
third exengmplicaedpehodenbl Afplddigg Besdkiin the pridRaiton Diginpbedi alfo B mMm L x
0.24 Mmm W which is about 1.6 tines larger in area. Since first slit

di vi di ng ppdrforanal &asilgndirges gonkrdl dicthigtaplintifonsentitondactosy oethelkedi ci ng,

i nsul at ed substrate sheet 61 which does not require dinensional ranking of

di screte substr alpgalacelsutstrdtecsheel61 $s Rhinedntatiasffebiveraed 6lawlkichdses Mong
25 discrete substrates by dinensions as in the prior art, thereby

el i m nati nigedonee 8preduep! | Ipadditiph ofiss slivdividipg pottienset ek sédondkividingr
art. Dicing can also be performed easily using a general dicing nmachine
for sem copaitions73 abe nbhfoririedeon thisineffeetive alzat6lal e Adwoedingly, sebdtrasersdipsy
I neffective area 61 a which does not becone a product. In addition, first
slit divi déHyaeadnnected 63 isefiectivemneh 61 edbmaftér foomingfisst 4Kt divédingt f or ned
on this ineffective area 6la. Accordingly, substrate strips 61b are
connect ed partiong b ec flhieprventsdasulatedrsubstrate sheetrt Infrofi beihg sépdratdidvintti ng
portions 67. This prevents insul ated substrate sheet 61 from being
separ at ed indivadualrsubstratestripubbh.r aRemaining pr&tissesrRerathus ingplpmentegses ar e
thus inplenented on insulated substrate sheet 61 with ineffective area 61
a even af tissulatadsqubstrate shieet @1 mgth 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 into discrete substrates 61c every time second dividing portion 73 is formed.
Each discrete substrate 61c, which is a product, 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.



10 portions 67 are forned, thereby contributing to the sinplification of
process design. Furthernore, when second dividing portions 73 are forned,

i nsul ated substrate sheet 61 is cut into discrete substrates 61 c every
time second dividing portion 73 is forned. Each discrete substrate 61 c,
which is a product, is thus separated fromineffective area 61 a, thereby
elimnating the process of sorting ineffective area 61 a and products 15
afterwards. Still nore, side electrode |agers 70 nay be formed on insul ated
substrate sheet 61 at required areas because pairs of side el ectrode

| ayers 70, nickel layer 71, and pairs of solder |layers 72 are formed on

I nsul at ed substrate 61 in the formof a sheet before being divided.
Potential difference during the formation of nickel layer 20 71 and sol der
| ayers 72 Byr exampleppd siowg imBlig. 295 ineffectied arsach 1d may deyfoarhtdohimetend of
formati on of stable nickel layer 71 and sol der layer 72. The third

exenpl ary ashidédsuiistrate sheet pi es Abternatinely, ias showadn iFig 30, liveffeative apéa 61¢
formng ineffective area 61 a which does not beconme a part of a finished
product omayltbe fenned endmth ghds pf ofsulated Siisaatesshest 6 &1 e Adteerdtiv@ly, ias showhape
of a franme. 25 However, ineffective area 61 a may not need to frane

i nsul at ed BuBigt B} ineffeetive Brka G4 nray be fammdeon Hres bndnof imstlaged Qfhstrate

i neffective area 61d may be forned on one end of insulated substrate sheet
61. Al tser nshdet 61y, AdsthebodemionstFatg th8fame effbéteast thacoftheahtid exempyarpe f or med
on both ends of insul ated substrate sheet 61. Alternatively, as shown in
Fig. 31, iembbdiméntefshepredent invemtjobe f ormed on three ends of insul ated
substrate 5 sheet 61. Al these denonstrate the sane effect as that of the
third exenpl ary Thethitl exemplaty embodimentraf the pessenbinvemtien alsordesenibesthar y
enbodi nent of the present invention also describes the case of formng
second di veaderd fpomingosesond dimiditigepartions A3 byrdieingas da othiasrcasesa fipit example,

second dividing portions 73 may be formed by cutting the top, rear, or center of
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



second dividing portions 73 may be forned by cutting the top, rear, or
center of 10 insul ated substrate sheet 61, using a | aser beam or dicing,
while retaining a thinned portion in the top, rear, or center parts of
i nsul ated substrate sheet 61. In this case, the insulated substrate sheets
are not imediately divided into pieces by formng second dividing
portions but in tw steps. The third exenpl ary enbodi nent of the present
i nvention al so describes the 15 case of38sing a silver material for top
el ectrode |l ayer 62 and a rutheniumoxide material for resistor |ayer 63.
However, other materials may be used for achievenent the sane effect as
that of the third exenplary enbodi nent of the present invention. The third
exenpl ary enbodi nent of the present invention also describes the 20 case
of form ngsHdet 61 aster forthing piairg ofeop elvetrodd layeds 620esdtatilayets 68, fistt i ons 73
by dicing. The sane effect as the third exenplary enbodi nent is al so
achi evabl epfoyectiveilagersttdetrimmang gsamles &S, and sseondyrovetioe 1ayirs 665 wheki ng
first slit dividing portions and second dividing portions. Furthernore,
the third fretsiit dividiagipodiiorné7 afe fonmer fos dividing\thetulsirat® intdsabstidies t he
case of formng first slit dividing portions 67 on insulated substrate 35
sheet 61 astrips 6flbr nithayvgery the piredenpimieatibn dsirol lyited t6 progessdssinahisl ayer s
63, first protective layers 64, trimrng grooves 65, and second protective
| ayer s 566, seguence.f i Fart exaimple dfisst diitndivipding iportsor76 Amayfher foenied on idswlatdidng
the substrate into substrate strips 61b. However, the present invention is
not | i mi t esbbistrafer sheet €k $irstrortihsuladsubsteate shedtar] alxeadyl providedsyitls first slit
di viding portions 67 nmay be formed on insulated substrate sheet 61 first
or insul at éiyiding portaens Zhmay teused fenmanpfastinged Aliarhativelytfirst slit dididingli ng
portions 29 may be used for manufacture. Alternatively, first slit dividing
portions 67 may be formed on insulated substrate sheet 61 after forming pairs of top

electrode layers 62 on insulated substrate sheet 61.  Or, first slit dividing portions 67

10 may be formed on insulated substrate sheet 61 after resistor layers 63 are formed on
insulated substrate sheet 61. Or, first slit dividing portions 67 may be formed on
insulated substrate sheet 61 after pairs of top electrode layers 62 are formed, and then
resistor layers 63 are formed such that a part 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 resistgnce in these resistor layers 63 between pairs
of top electrode layers 62. In all the above cases, the same effect is achievable as

that of the third exemplary embodiment of the present invention.

25 Fourth exemplary embodiment



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 dividing portions 67 10 may be fornmed on insul ated substrate
sheet 61 after resistor layers 63 are forned on insulated substrate sheet
61. O, first slit dividing portions 67 may be fornmed on insulated
substrate sheet 61 after pairs of top electrode |ayers 62 are forned, and
then resistor layers 63 are formed such3bhat a part of resistor |layers 63
overlaps these pairs of top electrode |layers 62. Alternatively, first slit
di viding portions 67 may be 15 forned on insul ated substrate sheet 61 after
resistor layers 63 are formed on insulated substrate sheet 61 and then
pairs of top electrode |layers 62 are forned such that a part of these top
el ectrode | ayer sAengthbdfer masificairidgy essistoBin AXourth esémplaty ebuviingg of
portions 67 may be formed on insul ated substrate sheet 61 after pairs of
top el ect rihderedeny enenbidndsdesceibedtbelow ayigh gefénae ¢o drawimgs.on i nsul at ed
substrate sheet 61 and 20 trimmng is applied to adjust the resistance in
these resistor |RBigeB3i63 thevieseillystiatiag tied statepinewkichraodeffeetyws arefds | n al |
t he above cases, the sane effect is achievable as that of the third
exenpl ary formediorethe eatird periphierg @ftaniinudatedsnbst2dte Bheettused fenmaanfacturing
enbodi ment 36 A nethod for manufacturing a resistor in a fourth exenplary
enbodi Bent thefresistioe i thestomirthi excarplayrembodiarnt obdit prekenv in¢rdtioref dfignc3s t o
drawings. Fig. 32 is atop viewillustrating the state in which a

i nef f ecti vi@) 40 83 (e} FigoB3ddd) t;m34 k&), Eig.i35«(apto BHiie), ¥Figs. 3ar(a) wwsih &t)eHigs. 37
substrate sheet used for nmanufacturing 5 the resistor in the fourth
exenpl ary @rib@d7 fehandFigheapted8 (¢)areprocass chags illBateathetmaBFadtaying
Figs. 34 (a) to 34 (e), Fig. 35 (a%_l to 35 (c), Figs. 36 (a) to 36 (c),
Figs. 37 1gthodof3lie resistonmithe fgurthagemplanyendgodinienhpftherpressns invention.
illustrate the manufacturing nethod of the resistor in the fourth

exenpl ary enbodifeakown in égpB3s3n(a), Anéddi(ah prebaked insulated substrate sheet

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 area 81a which will
not become products, on its entire periphery.  This ineffective area 81a is
configured in a frame shape.

Next, as shown in Figs. 32, 33 (b), and 34 (b), two or more pairs of top

15 electrode layers 82, made mainly of silver, are screen-printed on the top face of
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



As shown in Figs. 32, 33 (a), and 34 (a), prebaked insulated substrate
sheet 10 81 which is 0.2 mmthick, nmade of alumna of 96% purity, is
prepared. Here, insulated substrate sheet 81, as shown in Fig. 32, has

i neffective area 81 a which will not becone products, on its entire
periphery. This ineffective area 81 a is configured in a franme shape.
Next, as shown in Figs. 32, 33 (b), and 34 (b), two or nore pairs of top
15 el ectrode | ayers 82, nade mainly of sBR7ver, are screen-printed on the
top face of insulated substrate sheet 81. Insul ated substrate sheet 81 is
t hen baked according to a baking profile with a peak tenperature of 850 C
to stabilize top electrode |layers 82. Next, as shown in Figs. 32, 33 (c¢),
and 34 (c), two or nore resistor layers 83 made of ruthenium oxide system

are scr eentepipetitade 60606 °Caoltibiliee fivvp {mtea@vel ayet BS n2{dleadf the pr&doac pragsle
| ayers 82. Insul ated substrate sheet 81 is then baked according to a
baki ng profayks.with a peak tenperature of 850 C to stabilize resistor
| ayers 83. Then, as shown in Figs. 33 (d) and 34 (d), first protective
| ayer 84 made of Nexy) asshowndn pligs 33t(eyhnd 341(a)y ews dranserteienmming groesed 85
cover resistor layers 83. |Insulated substrate sheet 81 is baked again
fol | owi ng achmkde)msimgd ldser trirhimimg petkod Tot adjpstimg threeresistan@d of résistet abi | i ze
first protective |ayer 84 nmade of the precoat glass |layers. Next, as shown
in Figs 3Ryés)8abetwdén pajrs afitop electrode ldyers182 by a predetersnifiéd value. nade,
using a laser trinmmng nethod, for adjusting the resistance of resistor 5
| ayers 83 bet weeNephias showntinpigd. 86t(aperd Baya), swdDrimom secemid protedtived
value. Next, as shown in Figs. 35 (a) and 36 (a), two or nore second
pr ot ect i velayems&, snably made by resieare fcneesiprinted to saves divstopriotdotive tlayarBder
first protective layer 84 consisting of precoat glass layers, aligned
verti cal | ycansisting efrprecont.glaysdayarbsaligied vertically on the drawing. The substrate
sheet is cured following a curing 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 strips 81b by separating pairs of top electrode layers 82. In this case, first
slit dividing portions 87 are formed at a pitch of 700 um, with a width of 120 um.
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



sheet is cured followng a curing profile wwth a peak tenperature of 200 C
for 10 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 forned
by dicing on insulated substrate sheet 81, except on ineffective area 81 a
formed over the entire periphery of insulated substrate sheet 81. First
dividing portions 87 are used for dividing insulated substrate sheet 81
into 15 substrate strips 8lb by separatifg pairs of top el ectrode | ayers
82. In this case, first slit dividing portions 87 are forned at a pitch of
700 pm with a wwdth of 120 m In addition, first slit dividing portions 87
are formed using through holes which pass vertically through insul ated
substrate sheet 81. Insul ated substrate sheet 81 still remains as a sheet
even aft er affei typicaly isputiered dir e dqo@plated ontrtherianéroface of bhitted Girst@léetfrozhecept

on ineffective area 81 a, because substrate strips 81 b are connected by

i nef f ecti viayarse89. 8 lInathidNeast, sids ebotrode ilayeki8dsfor@bd pa)theithed Fadecof firse skt

| ayer 88, made of nickel or nickel alloy, is typically sputtered or

el ect r opl adidiaggortites htontactsead if aleetridally coaplat wctopebsdtraaledapgdre8 81 on
which first slit dividing portions 87 are forned. In 25 addition, two or
mor e pai r sfariedi atetheltep tfacedef inaylated Sbstratbeshett 81.ckel or nickel alloy 38
are typically sputtered or electroplated onto the inner face of slitted
first & ectrode Neatyassh8&n ihKighi3s (apsnd 38i(dp the¢ rexlundait partien ofndtal fikn on
the inner face of first slit dividing portions 87 contacts and is

el ectri cal 8% fomugsl enl theoentip redreface oflinsudated s@lstratosheet! 8d s rémovapby taser of

i nsul at ed substrate sheet 81. 5 Next, as shown in Figs. 37 (a) and 38 (a),

t he redundanformoiva omrn@rep@lmbftﬂalrﬂiemdedamﬂ%n the entire rear face of

i nsul ated substrate sheet 81 is renoved by laser to formtwo or nore pairs
of rear el ectroddexapsshowo.in Fig. 37 (b) and Fig. 38 (b), two or more pairs of nickel

layers 91 of about 4 to 6 pm thick, made of nickel, and two or more pairs of solder
10 layers 92 of about 4 to 6 um thick, made of tin, are formed to cover pairs of exposed
side electrode layers 89 and a part of pairs of top electrode layers 82. When pairs of
side electrode layers 89 are sputtered, the thickness of side electrode layers 89 is
about 0.1 to 1 pm. This requires the formation of nickel layer 91 and solder layer
92. If pairs of side electrode layer 89 are electroplated, the formation of only solder
15 layer 92 is sufficient because the thickness of side electrode layer 89 is about 4 to 6
pm.
Solder layer 92 in the fourth exemplary embodiment is made of tin.
However, the present invention is not limited to tin. Solder layer 92 may be made of
a tin alloy material. In this case, reliable soldering is achievable by reflow soldering.
20 Moreover, top electrode layer 82 is made of a silver material and resistor
layer 83 is made of a ruthenium oxide material. These assure a resistance
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



Next, as shown in Fig. 37 (b) and Fig. 38 (b), two or nore pairs of nickel
| ayers 91 of about 4 to 6 mthick, made of nickel, and two or nore pairs of
solder 10 layers 92 of about 4 to 6 mthick, nmade of tin, are formed to
cover pairs of exposed side electrode |ayers 89 and a part of pairs of top
el ectrode | ayers 82. \Wen pairs of side electrode |ayers 89 are sputtered,
the thickness of side electrode |layers 89 is about 0.1 to 1 pm This
requires the formati on of nickel |ayer 939and sol der |ayer 92. If pairs of
side electrode layer 89 are electroplated, the formation of only sol der 15
| ayer 92 is sufficient because the thickness of side electrode |ayer 89 is
about 4 to 6 m Solder layer 92 in the fourth exenplary enbodi nent is nade
of tin. However, the present invention is not limted to tin. Solder |ayer
92 may be cowbes st protectivelldyey 8daindrtriaimingngriobive 86as Eirst pratedtives kaged®s i ng

I s achi evable by reflow soldering. 20 Mrreover, top electrode |ayer 82 is
made of a prevents ctetaehed obcdckimg durorg laggrerin@firgstonedacofurrentutdisy)iau
oxide material. These assure a resistance characteristic with good heat

r esi st ancesevodd guotebtive layer Bay mamlyoomprising resot, seturee rdsistancevdliacdctendstinss
resistor layer 83 is configured wth two layers: i) first protective |ayer
84 whi ch i with gnodduanidityassistange by covering th2éntiresesistor ldyay83. 83 and ii)
second protective layer 86, mainly made of resin, which 39 covers first
prot ects ve | ayerL8stlyansishowmin higsgB3o32 (@5andBR<Lc), pwotaranoresecayd dividing
prevents occurrence of cracking during laser trimmng to reduce current

noi se, andpowions9d ave dicedtan/subistrpter steips Sirhiimlinsudatag sulsitrage shest 81 ivacur es
resi stance characteristics wth good humdity resistance by covering the
entire resdigedion pgroendigulab to fisstislif disgdingarartions BY gzcemdn ipgfieetive aned 818
(c), two or nore second dividing portions 93 are diced on substrate strips
81b i n i nsfarameddovenhe entitg penipberysaf ingulated substrate sheet 81  This separates

resistor layers 83, and divides insulated substrate sheet 81 into discrete substrates 81c.
10 In this case, second dividing portions 93 are formed at a pitch of 400 um, with a
width of 100 pm. Since these second dividing portions 93 are formed by dicing on
substrate strips 81b except on ineffective area 81a, substrate strips 81b are divided
into discrete substrates 81¢ 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 mm) 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.



direction perpendicular to first slit dividing portions 87 except on

I neffective area 81 a fornmed over the entire periphery of insulated
substrate sheet 81 This separates resistor |layers 83, and divides

i nsul ated substrate sheet 81 into discrete substrates 81c. 10 In this case,
second dividing portions 93 are forned at a pitch of 400 m with a wdth
of 100 m Since these second dividing portions 93 are fornmed by dicing on
substrate strips 81 b except on ineffectidge area 81 a, substrate strips 81
b are divided into discrete substrates 81 ¢ every tine second dividing
portion 93 is fornmed. Substrate strips divided into individual products
are separated fromineffective area 15 8la. The resistor in the fourth
exenpl ary enbodi nent is manufactured using the above processes. The total

| engt h andThetfectiveliteadt redistor &8ics831is thlditibader thap i bEthe pHOLart! hMutgh
t he above processes are precisely 0.6 nmL x 0.3 mfmm W This 1s because 20

the pitch gfecifidatly, teifesidtorilgyerdn pies prionart &y alord 0520 firid Lok Vi 10 mgn MAr ti ons
93 nmade by dicing are accurate (within 0.005 mm) and the thicknesses of

si de el ectResistol yyer 838 thekedistbr inptherfofidth exemplarl ¢atbddiment SPtherzesing 0
accurate. Mreover, the patterning accuracy of top electrode |ayers 82 and

resistor |myensoBd shounioms esn Lhel2datni W, whithénsboundl6 timekilagepin slescret e
substrates in addition to the need to take into account 25 di nensi onal

vari atisons w t hi Sincbdirstslit dividinpspentiahs 8drandrgcoid divididggortdes $31bad r at es.
40 The effective area of resistor layer 83 is thus broader than that of the
prior art.fovimed bysdiemgf insalldtyd sabstrateshest 81 wiighrdoes notwequinealimensional about
0.20 mMmL x 0.19 mmW Resistor layer 83 of the resistor in the fourth
exenpl ary mnkog oftdiscrefe substatesiensable.nv@his eliminatesltheneéd fér olassifying. 24 nm
W which is about 1.6 tines larger in area. 5 Since first slit dividing
portions 8disenete substratesdiyvdidiengionsas iio tlse pdornart, thereby eliminating the
complicated process of replacing a mask in the prior art. Dicing can also be

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 81c 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 pairs of side electrode layers 89, nickel layer 91,



formed by dicing, insulated substrate sheet 81 which does not require

di mensi onal ranking of discrete substrates is usable. This elimnates the
need for classifying discrete substrates by dinmensions as in the prior
art, thereby elimnating the conplicated process of replacing a mask in the
prior art. Dicing can also be 10 perforned easily using a general dicing
machi ne for sem conductors. Insulated substrate sheet 81 is franed by

i neffective area 81 a which does not bedbne a product. In addition, first
slit dividing portions 87 and second dividing portions 93 are not forned
on this ineffective area 8la. Accordingly, substrate strips 81 b are
connected to ineffective area 81 a even after formng first slit dividing
15 portions 87. This prevents insul ated substrate sheet 81 from being

separ at ed arit pairsofsdldet layers'92nare FoimeRonansulagd pubstieas 83 iatke fdivsof a
I mpl enented on insulated substrate sheet 81 with ineffective area 81 a

even aft ersheet befose beingidivitiedg p®otdnviat dHTereacedinimgred, fokimationvf nickel
contributing to the sinplification of process design. Furthernore, when

second di viagemn9l pod toldes 1433rs92 by etovadpldtimpuhay etboshdaretinedd; thdéreby alOwidg i s
cut into discrete substrates 81c every tine second dividing portion 93 is
formed. Bhelforhatioebfstablestickeldapdr o1, andsalder lyer §2.0duct, is thus
separated fromineffective area 81 a, thereby elimnating the process of
sorting i nef f ect ThefaurdneSinplagnempodinertof thé peaseat idyentton Hesaribes thesi de
el ectrode | ayers 89 may be fornmed on insulated substrate 25 sheet 81 at
requi red acasevflfeminganpfectiveodresilde vétiek doesinol bygcense 8Partwf ekfhished/er 91,
41 and pairs of solder layers 92 are formed on insulated substrate 81 in
t he form gfroductoretite dire peripbenygpfdnsuldted. substratetshaét &l inf & slapecofchuframg. t he
formation of nickel layer 91 and solder |ayers 92 by electroplating may
al so be rddoweder, imeffestiyearéadl amaytrios nted tafiame insulgtedmubstratekshicet Slier 91
and sol der_ | ayer 92. o ) )

For example, as shown in Fig. 39, ineffective area 81d may be formed on end of

10 insulated substrate sheet 81. Alternatively, as shown in Fig. 40, ineffective area 81e
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 substrate 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.



5 The fourth exenpl ary enbodi nent of the present invention describes the
case of formng ineffective area 81 a which does not becone a part of a
finished product on the entire periphery of insulated substrate sheet 81
in a shape of a frane. However, ineffective area 81 a nmay not need to
frame insul ated substrate sheet 81. For exanple, as shown in Fig. 39,

I neffective area 81 d may be fornmed on end of 10 insul ated substrate sheet
8l. Alternatively, as shown in Fig. 40, dReffective area 8|/ e my be
formed on both ends of insulated substrate sheet 81. Alternatively, as
shown in Fig. 41, ineffective area 81 If may be fornmed on three ends of

I nsul ated substrate sheet 81. Al these denonstrate the sane effect as
that of the fourth exenplary enbodi nent of the present invention. 15 The

fourth exenpl ar yThetiodthresémplary bmbpdiaenttofithy prdsennindeation abordesesbésthe
case of form ng second dividing portions 93 by dicing. In other cases, for

exanpl e, emewafdorhingdfirsg skidividing poRtiomsy8 band seoved diyiding ponmns 98 yop,
rear, or center of insulated substrate sheet 81 using a | aser beam or
di ci ng, whdicing. et Bhesarge affett asrthat ofhetfoorthieretipéary @mbodément Bralsent er
parts of insulated substrate sheet 81. In this case, 20 the insul ated
substr at e adigetablaby usdig otherdividiag podion-fenningtmegisesnel aby lhserr veateejeond
di viding portions 93 but in two steps. The fourth exenpl ary enbodi nent of
t he pr ésenforimaldéngifirst ditsbvidagrpotions 87eandcsesendflividinggpaatiens 92r nat eri al
for top electrode layer 82 and a rutheniumoxide material for resistor
| ayer 83. Howevdryrtharivare rthe dourth sxemplary evdbhedimont aftthe presegt dSentionsane
effect as that_of the fourth exenplary enbodi nent of the present invention.
42 The foudeseribreths casg of fouuingefinst slit dikiding peginmsi §hvemirsvlated substiater i bes
the case of formng first slit dividing portions 87 and second dividing
portions 9sheey 81 after frmimggasravd tep tlectrode layens 8 fresisworflayars 83 efimtpl ary
enbodi ment is al so L )
protective layers 84, trimming grooves 85, and second protective layers 86 when first
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
example, first slit dividing portions 87 may be formed on insulated substrate sheet 81
first or insulated substrate sheet 81 already provided with first slit dividing portions
87 may be used for manufacture. Alternatively, first slit dividing portions 87 may
15 be formed on insulated substrate sheet 81 after pairs of top electrode layers 82 are
formed on insulated substrate sheet 81. Or, first slit dividing portions 87 may be
formed on insulated substrate sheet 81 after resistor layers 83 are formed on insulated
substrate sheet 81.  Alternatively, first slit dividing portions 87 may be formed on
insulated substrate sheet 81 after pairs of top electrode layers 82 are formed on
20 insulated substrate sheet 81 and then resistor layers 83 are formed such that a part of
resistor layers 83 overlap these 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



achi evabl e by using other dividing portion-form ng neans such as a | aser or
water jet 5 for making first slit dividing portions 87 and second di vi di ng
portions 93. Furthernore, the fourth exenplary enbodi mrent of the present
invention describes the case of formng first slit dividing portions 87 on
i nsul ated substrate sheet 81 after formng pairs of top el ectrode |ayers
82, resistor layers 83, first protective layers 84, trinm ng grooves 85,
and second protective |layers 86 when fird8 10 slit dividing portions 87 are
formed for dividing the substrate into substrate strips 81b. 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
substrate sheet 81 first or insulated substrate sheet 81 already provided
with firstshelet 81 difter gaingoftop electsodSlayemy8 bandissibtdolay e B3f sretformed on
Alternatively, first slit dividing portions 87 may 15 be formed on

i nsul at ed swbkitedadubstrhteethe8t8 hhhé tripmiing iohppligal ®l aljostabe résistence idxhesee
formed on insul ated substrate sheet 81. O, first slit dividing portions 87
may be f oresistordayém 3| eteders phiss pftap aleetrodBlayefst82. rlmsilbtheraboageases3 are
formed on insulated substrate sheet 81. Alternatively, first slit dividing
portions Sthersamebeffdod iachievablée as tHahoé the fdsthr atemplhne¢emBadiaiane oftize r s of
top el ectrode layers 82 are formed on 20 insul ated substrate sheet 81 and

t hen r &si spresentdpeenti®3 are forned such that a part of resistor |ayers 83
overlap these pairs of top electrode layers 82. O, first slit dividing
portions 87 may be forned on insul ated substrate sheet 81 after resistor

| ayers 83 are formed on insulated substrate sheet 81 and then pairs of top
el ectrode |layers 82 are forned sudhhiCKQMPAIEAMOAUIMEDBD el ectrode | ayers 82
overlaps resistor 25 layers 83. O, first slit dividing portions 87 may be
formed on i nsul af\daecthod Sor manuirgturmea resistar inea fijhi exemyrlaryggmbodisiens 66

| ayers 82 and resistor |ayers 83 are formed on insul ated substrate sheet
81 and t ritheipsgsans inyeptionds descaihedelowavith seferenge éo drawingse

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 pieces 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



resistor |ayers 83 between pairs of top electrode layers 82. In all the
above cases, the sane effect is achievable as that of the fourth exenplary
enbodi ment of the 5 present invention. Fifth exenplary enbodi nent A net hod
for manufacturing a resistor in a fifth exenplary enbodi nent of the
present invention is described belowwith reference to drawings. 10 Fig. 42
Is a section view of the resistor in the fifth exenplary enbodi nent of the
present invention. In Fig. 42, a prebaked4insul ated substrate sheet is nade
of alum na of 96% purity. Discrete substrate 101 is nmade 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 nmetal |layers 102, made nmainly of gold, is fornmed on the
top face ofortiedsuehchatysdrt af sidé@lectddedayerofl 08 @werhpetheqsidr of RipaslectidiiR,

made mainly of silver, is fornmed on the top face of discrete substrate 101
such that hypari03of Salgerclagert 02]enddeyef tin,1i6 Jormvet sapsta dwvepahe pait ofividal
| ayer 102. Resistor |ayer 104, nade of ruthenium oxide system is formed on
the top fadlectbde Bersi HIf midca pattsifithe pait @F topelectrbde layepai ®3.0f resi st or
| ayer 104 overlaps the pair of top electrode |ayers 103. First protective
| ayer 105, whi chAimethodfecmanhuficawing theaesisios in thoe fifitl exentphaErytenpbddimenof
resistor |ayer 104. Trimm ng groove 106 is provided to adjust a resistance
of resisst oas ¢anfiguréddbiyest isatesctibexd pextrwith referenee ¢ drawingsayers 103.  Second
protective |ayer 107, nade nain[Y of resin, is forned to cover first
protective 25 | ayigr 4305awbp view Hlustnating dlat stgteainswhizherineHeptave arsh isi de
el ectrode | ayers 108 is 44 forned such that a part of side electrode |ayers
108 over | afpsmedenpthierentite periphry of thelinsulaigdsubstag: sigst used faryeanufadpringde
of tin, is formed so as _to cover the pair of side ) )
the resistor in the fifth exemplary embodiment 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), Figs.
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 prepared. 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 (c), 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



el ectrode | ayers 108 and a part of the pair of top electrode |layers 103. A
nmet hod for manufacturing the resistor in the fifth exenplary enbodi ment 5
as configured above is described next with reference to drawings. Fig. 43
is atop viewillustrating the state in which a ineffective area is forned
on the entire periphery of the insulated substrate sheet used for
manufacturing the resistor in the fifth exenplary enbodi nent of the
present invention. Figs. 44 (A to 44 (f45 Figs. 45 (a) to 45 (f), Fig. 46
(a) to 46 (d), Figs. 47 (a) to 47 (d), Figs. 10 48 (a) to 48 (c), and
Figs. 49 (a) to 49 (c) are process charts illustrating the manufacturing
nmet hod of the resistor in the fifth exenplary enbodi nent of the present

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

i nsul at ed lay&xstllat e Insleted shibdtrateishbeti K 10s Zhembdkuidcdccording toh baking prafidé
96% purity, is prepared. Here, 15 insulated substrate sheet 111, as shown
in Fig. 43withaspeakdabtmpetdtuye cfi &0 1T td stabiltdectbp widdtrodetlayers di®. pr oducts, on
its periphery. This ineffective area 111 a is configured in a frane shape.
Next, as shown iNe&i gs sd®wn i §igsd43( #4 (dpadd ASddRAEwob)r, mbreresisterdagerpai r s
of netal layer 112, nmade mainly of gold, are screen-printed on the top
face of i nkid miadd of P@thsnium paide sybteat arklsbresm-printed sorasdgdridgegtaidiofitop ng
portions. Insulated substrate sheet 111 is then baked according to a baking
profil & wi¢lactaogelaietseitBer dnsuletedfsubs@ate sheet Kltlaibithérr bakeek adcotdiygtsall?2.
Next, as shown in Figs. 43, 44 (c), and 45 (c), two or nore pairs of top
el ect r ode bakjieg prafils withhd peakiterhperaturg iof \880, °Catoestalitiee nesistontaydrsohl 4. he t op
face of 25 insulated substrate sheet 111 such that they are electrically
coupl ed to pairsTlen, geshowasnFagsdd (¢) and #Ae), dirstprotastivedaxersiidanadelof i s

t hen baked according to a baking profile

two or more precoat glass layers is screen-printed to cover resistor layers 114,
Insulated substrate sheet 111 is baked again following a baking profile with a peak

10 temperature of 600 °C to stabilize first protective layer 115 made of the precoat glass
layers.

Next, as shown in Figs. 44 (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.



with a peak tenperature of 850 Cto stabilize top electrode |ayers 113.
Next, as shown in Figs. 43, 44 (d), and 45 (d), two or nore resistor |ayers
114 made of rutheni um oxi de system are screen-printed so as to bridge pairs
of top 5 electrode layers 113. Insul ated substrate sheet 111 is then baked
according to a baking profile with a peak tenperature of 850 C to stabilize
resistor |ayers 114. Then, as shown in Figs. 44 (e) and 45 (e), first
protective |ayer 115 nade of two or nordéprecoat glass layers is
screen-printed to cover resistor layers 114. Insul ated substrate sheet 111
I s baked again following a baking profile with a peak 10 tenperature of 600
Cto stabilize first protective |layer 115 nmade of the precoat gl ass

| ayers. Next, as shown in Figs. 44 (f) and 45 (f), two or nore trinmng
grooves 116 ar eNertjasshowg in Figs. d3i 49 (aprhdd7f(0), tadj orahorgfist sksdividinge of
resistor |layers 114 between pairs of top electrode |layers 113 to a

pr edet er nm pextionall26.ard Soriveed by drcirsdomingubatEd gabstrfic hgetdnd, éxkepapn two or
nore second protective layers 117, mainly nmade of resin, are

scr een- pri ime€igctive amack] 1hifoshep vvertheientird pgriphetry of indated substepteheptdd dat
gl ass | ayers, ali %ned vertically on the draw ng. The substrate sheet is
cured fol | enwdgchaficsiresist loyersilil@ anidtdecangeasist dayeped &9 areefarmed00 First or
stabilizing second protective |layers 117. 20 Next, as shown in Fig. 46 (b)
and Fi &. A&Vddi)lg powgonsy 12fbare used Sor dividisg insulated subdBatasheatdrlddntopri nted to
cover second protective layers 117, and first resist layers 118 are

st abi | i zedsubptrake steips ¢ Lth hy separating ondyr pairs efbmetal tayees $EZonbh théssease, fiesger s
119 are screen-printed on the rear face of insulated substrate sheet 111,
and secondslitrdiwiding pestions 120are fernsechati a piteloAT80 pby, with nayidtuof b0 pae

Next, as shown in Figs. 43, 46 (c), and 47 (c), two or nore first slit

di vi di ng In addition, first slit dividing portions 120 are formed using through holes which pass

vertically through 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 through 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.



portions 120 are fornmed by dicing on insulated substrate sheet 111, except
on ineffective area 111 a fornmed over the entire periphery of insulated
substrate sheet 111 on which first resist |layers 118 and second resi st

| ayers 119 are fornmed. First 5 dividing portions 120 are used for dividing
i nsul ated substrate sheet 111 into substrate strips 111 b by separating
only pairs of netal layers 112. In this case, first slit dividing portions
120 are forned at a pitch of 700 gm wtKk7a width of 120 gm In addition,
first slit dividing portions 120 are formed using through hol es which pass
vertically through insul ated substrate sheet 111. Insul ated substrate sheet

111 still 10 renmains as a sheet even after first slit dividing portions 120
are formed by dicing except on ineffective area 1lla, because substrate
strips | | |b arNexpnasshowd ihy¥igs. d&f(apand 4@ (a), dastlibiisalaybsxinot diusstacstd) i n

Figs. 46 (d) and 47 (d), insulated substrate sheet 111 is entirely plated
wi t h ni ckeand sexiond resistclayedsdnet plustrated) ate/patilgpforgatiesnihgtted cruheterpdiss 15
sheet 111 into a plating bath to formside el ectrode | ayer 121 of about 4
to 6 gm t hotide eldbtnodsilaierell2tt rode | ayer 121 is formed by plating nickel
onto the entire face of insulated substrate sheet 111 by el ectrol ess

pl ati ng, side el NMext, asshowndn Figsl 484 bahsd 49f(b),tew armotepairsof fodder lagers

i nsul ated substrate sheet 111 through the entire inner face of first slit
di vi di iy pb22.imade af0nvefi about 4 ta & fandudhickoess, areoelectheplated tbaveenpaitDof
insul ated substrate sheet 111. This is because first slit dividing portions
120 are t$idoglsgctiode dayenhil 2 h eppesedvand: 4 patt lof pairs ofitdp elestrode kyersublsk r at e
sheet 111. In addition, side electrode |ayer 121 covers a part of exposed
top el ect rexnosedpymeeling aflfirst resist layers notiystratedB on the top face of
insul ated substrate sheet 111. On the rear face of insulated substrate

sheet 111, side Ehisknessqyf sidgelectrode layer o2 isiabant doipcr uas byt thinis nadsi st

| ayer 119. 47 . . ) .
limited. Appropriate thickness of side electrode layer 121 is 1 to 15 um. The

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



Next, as shown in Figs. 48 (a) and 49 (a), first resist layers (not
illustrated) and second resist layers (not illustrated) are peeled for
patterning two or nore pairs of side electrode |layers 121. Next, as shown
in Figs. 48 (b) and 49 (b), two or nore pairs of solder layers 5 122, nade
of tin, of about 4 to 6 pmin thickness, are electroplated to cover pairs
of side electrode |ayers 121 exposed and a part of pairs of top el ectrode
| ayers 113 exposed by peeling off first #@sist layers (not illustrated).

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 nent achi eves extrenely
hi gh di mensi onal accuracy. Solder layer 122 in the fifth exenplary

enbodi ment noise,radieseobnd protectivnayer 117, hraiptyesmmprisingavsinpsecusesebistance t ed
to tin. Solder |layer 122 may be nmade of a tin alloy material. In this
case, reliclidrectsrbtieswith gosddnimiditglvtsistayce by coverinig thel eltire nesistdblayer &14.
netal layer 112 in the fifth exenplary enbodinment is nade of a gold
material, top elkadthpdeshayein Figs. 43, 4814, afid 49 £¢), teo oranerci setonddividing
resistor layer 114 is made of a rutheniumoxide material in the fifth
exenpl ary poriods 12dtare didedde aalimctionperpaidicdact fitsashtdisiding iportidrishl 2bod
heat resistance and durability. 20 Furthernore, the protective |ayer which
cover s 5 eséxxept oh ayeffectivé area 1tlmf i This allowistrbsistoo l[dyeyel 54 oh substrate strips
protective |layer 115 which is a precoat glass |layer covering resistor

| ayer 114 bhib ini insylatadriibpiratesshieet bl 1| vt sepamtedrmitalipdividial discretei n,  whi ch
covers first protective layer 115 and trinmi ng groove 116. First protective
| ayer 115 gubstretess ldcculn this eassf, seccankdinigding porteprisalddr arerformediat a pitcledlice
current 48

400 pm, with a width of 100 pm. Since these second dividing portions 123 are
formed by dicing on substrate strips 111b except on ineffective area 111a, substrate

10 strips 111b are divided into discrete substrates 111c every time second dividing
portion 123 is formed. Substrate strips divided into individual products are
separated from ineffective area 111a.

The resistor in the fifth exemplary embodiment is manufactured using the
above processes.

15 The total length and total width of the resistor, which is a product, made
through the above processes are precisely 0.6 mm L x 0.3 mm W. This is because
the pitch of first slit dividing portions 120 and second dividing portions 123 made by
dicing are accurate (within + 0.005mm) and the thicknesses of side electrode layer
121 and solder layer 122 are also accurate. Moreover, the patterning accuracy of

20 metal layer 112, top electrode layers 113 and resistor layers 114 eliminates the need
for dimensional ranking of discrete substrates, eliminating the need to take into
account dimensional variations within the same dimensional ranking of the discrete
substrates as well as dimensional ranking of discrete substrates. The effective area
of resistor layer 114 is thus broader than that of the prior art. More specifically, the

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



noi se, and second protective |layer 117, mainly conprising resin, secures
resi stance characteristics with good humdity resistance by covering the
entire resistor layer 114. Lastly, as shown in Figs. 43, 48 (c), and 49
(c), two or nore second dividing portions 123 are diced in a direction
perpendicular to first slit dividing portions 120 5 except on ineffective
area 111 a. This allows resistor layers 114 on substrate strips 11 |lb in

i nsul at ed substrate sheet 111 to be sepadfted into individual discrete
substrates 111 c. In this case, second dividing portions 123 are forned at
a pitch of 400 m wth a wdth of 100 m Since these second dividing
portions 123 are formed by dicing on substrate strips 111b except on
ineffective area Il la, substrate 10 strips 111 b are divided into discrete
subst r at esthékésistoewvethe fifthexsmpdag etbodimegt ofthictpresent 28véntiohds abdut 0.25
Substrate strips divided into individual products are separated from

i nef f ecti venal.ea0.24inm W] nhicle s aiomt 1i6titnee 1drigbt in ax¢anpl ary enbodi ment is
manuf act ured using the above processes. 15 The total |ength and total

w dt h of the resSiscefirstvit dividingapgrtiotsd20 anddeconddividingtpoetiadsol23 are
processes are precisely 0.6 mnmmL x 0.3 mnmm W This is because the pitch of
first slitfatmeddiyndicingg insatated 8Gbsirate sleseoidl dvhicklidogs poreqoire diiddnsiankd by
dicing are accurate (within 0.005nm and the thicknesses of side el ectrode
| ayer 5121raakihgsof discreteagubstra®® maybabsal. acthis zlieninies doreed fonelgsaifymgni ng
accuracy of 20 netal |ayer 112, top electrode layers 113 and resistor

| ayers 1l4dietietd suhistratasthy dicwusionsrasdn thenpiionart, elaninating dhe domplieated
substrates, elimnating the need to take into account dinensional

vari at i onspnacessi of rehlcsga nuiskan ghopraor ahnk Digingfcantadsalbe perfomneds edsilyr at es
as well| as dinensional ranking of discrete substrates. The effective area
of resi st ousingpegenerpd dicing machineobd semi¢enductoas oothe hke.pri or art. Mre
specifically, the 25 resistor layer in the prior art is about 0.20 mmL X
0.19 nm W Resi sineulated/sbstrate sicet 111 is framed by ineffective area 111a which does

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

15 insulated substrate sheet 111 with ineffective area 111a even after first slit dividing
portions 120 are formed, thereby contributing to the simplification of process design.
Furthermore, when second dividing portions 123 are formed, insulated substrate
sheet 111 is cut into discrete substrates 111c every time second dividing portion 123
is formed. Each discrete substrate 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 of a sheet before being divided.



49 the resistor in the fifth exenplary enbodi nent of the present invention
Is about 0.25 mmL x 0.24 nmW which is about 1.6 tines larger in area.
Since first slit dividing portions 120 and second dividing portions 123 are
formed by dicing, insulated substrate sheet 111 which does not require
di rensional 5 ranking of discrete substrates may be used. This elim nates
the need for classifying discrete substrates by dinensions as in the prior
art, elimnating the conplicated proces$0of replacing a mask in the prior
art. Dicing can also be perforned easily wusing a general dicing nmachine
for sem conductors or the like. Insulated substrate sheet 111 is franmed by
I neffective area 111 a which does 10 not becone a product. In addition,
first slit dividing portions 120 and second dividing portions 123 are not
formed on Poieatinhdiffeeendevdurangthel formbhtion A€ solddr fayeys 125by slecavplasingimay 111
b are connected to ineffective area 111 a even after formng first slit
di vi di ng palsbibensdicd, threlsy pHewiang theifosmbtiore df stabkt scdder laperet22111 from
being separated into substrate strips | | |Ib. Remaining processes are thus
i npl ement ed on 1Fhe il exemaplanbembadimentt efthe presentt invemsdit describes dreeeasé 1l a
even after first slit dividing portions 120 are forned, thereby
cont ri but i affarming éneffenpivefareai 1 kmwbichpdoss aws bdesinga. parfof 4 finisied prodvotn
second dividing portions 123 are forned, insulated substrate sheet 111 is
cut into dostheertirepesipharyesf ihsdlatedesubisirate sheet Etloinda shapedhfregfrpmet i on 123
Is formed. Each discrete substrate 111 c, which is a product, is thus
separ at ed Howveven inefd¢dtivetarea 1 Alamaynot aced heframe iobulatedaubatgatersbeetr bides s
of sorting ineffective area 111 a and products afterwards. Still nore,
si de el ect Fouexdmples as showmineFig Seihedtective ateat Hd doubyg be dommerhera partiaf
because pairs_of side el ectrode Iai/ers 121 and pairs_of solder |ayers 122
are for nethsglatedhsuhstratashegbdl b.at Altemmtivalys aeshovminFig Sdhineffastiveaccdei ng
di vi ded.

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 slit
dividing portions 120 after forming first resist layers 118 and second resist layers 119.
However, first resist layers 118 and second resist layers 119 may be formed after
forming first slit dividing portions 120. In this case, however, printing pressure for

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



50 Potential difference during the formation of solder |ayers 122 by

el ectroplating may al so be reduced, thereby allowng the fornmation of
stabl e sol der |ayer 122. The fifth exenplary enbodi nent of the present

i nvention describes the case of formng ineffective area 111 a which does
not become a part of a finished product 5 on the entire periphery of

i nsul ated substrate sheet 111 in a shape of a frane. However, ineffective
area | 11 a nmay not need to frame insul ab&d substrate sheet 111. For
exanpl e, as shown in Fig. 50, ineffective area 111 d may be formed on a
part of insulated substrate sheet 111. Alternatively, as shown in Fig. 51
ineffective area 1 | | e nmaybe forned on both ends of insulated substrate
sheet 111. Alternatively, as 10 shown in Fig. 52, ineffective area 111 If

may be for hEdisasdiidudewhen fiest refisi lagedsatl@chndss¢boshd adsistdiagat 1194re sbtdent hese
denonstrate the sane effect as that of the fifth exenplary enbodi nent of

t he presenprintedefter borminhgefirkt §litrdieidémppartionsri2fdi ment of the present
invention al so describes the case of form ng second dividing portions 123
by dicing. In othethaanes, second eesistihyer 119omae beformiéd immediapely tafiens 123
may be formed by cutting the top, rear, or center of insulated substrate
sheet 111, formiimgthe fiess protbetive layex]ivdiicly is peco®t glessalapérsg Thihalsaachiepes ti on
in the rear, top, or center parts of insulated substrate sheet 111. In this
case, 5 hethersanleatffatt asibstrodittiee fifthedxenmpiaryronbodimedi.at el y di vi ded into

pi eces by form ng second dividing portions 123 but in two steps. 20 The
fifth exenpl ary Sl oabrepthe fiftls oxcdeplary bebodimentasfthe présentrinvgntion sesaibes
dividing portions 120 after forming first resist layers 118 and second

resi st | aythesasd of pedlimgefirst resistrlgyerrld§iand deagrd sesist3ayard 19dwedort foeming

| ayers 119 may be fornmed after forming first slit dividing portions 120.
In this casdderrlayenve}2. pFheseirasjstlapersumay dlse bepeekedmftarifnrming sodder laperbe
reduced beﬁggse the strength of insulated substrate sheet

10 Still more, the fifth exemplary embodiment of the present invention uses a
gold material for metal layer 112, a silver material for top electrode layer 113 and a
ruthenium oxide material for resistor layer 114. The use of other materials also
achieves the same effect as that of the fifth exemplary embodiment of the present
invention.

15 The fifth exemplary embodiment of the present invention also describes the
case of forming first slit dividing portions 120 and second dividing portions 123 by
dicing. The same effect as that of the fifth exemplary embodiment is also
achievable by using other dividing portions creating means such as a laser or water
jet for making first slit dividing portions 120 and second dividing portions 123.

20 Moreover, the fifth exemplary embodiment describes the case of forming
resistor 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 electrode layers



51 111 is reduced when first resist layers 118 and second resist |ayers
119are screen- printed after formng first slit dividing portions 120.
Furthernore, second resist layer 119 may be fornmed i mediately after
formng the first protective layer, which is precoat glass |ayers. This
al so achieves 5 the sane effect as that of the fifth exenplary enbodi nent.
Still nmore, the fifth exenplary enbodi mnent of the present invention
describes the case of peeling first resb8t |ayer 118 and second resi st
| ayer 119 before form ng solder |ayer 122. These resist |ayers nmay al so be
peel ed after form ng solder layer 122. 10 Still nore, the fifth exenplary
enbodi nent of the present invention uses a gold material for netal |ayer
112, a silver material for top electrode layer 113 and a rutheni um oxi de
mat eri al f bI3 oesigtsaesiboy éayetd 414 after frming resistor layetsel dads thadl top faecbf eves
the sane effect as that of the fifth exenplary enbodi nent of the present
i nvent i on. ingGlatddesubisfrate sheetrbllary enbodi nent of the present invention al so
describes the case of formng first slit dividing portions 120 and second
di vi di ng porti onsurtixgniore, the diftiyexerhplaspembetiment desctibes thefcasdref farfriting
exenpl ary enbodi nent is al so achi evabl e by using other dividing portions
creati ng nBwtslisdividing partiersel 2 fondivedingjiesuléted suhitratg sheetsltl 19hiat  di vi di ng
portions 120 and second dividing portions 123. 20 Modreover, the fifth
exenpl & y srbstrdiensérips ditls by isbparatihg pairs ef odetaldayensd 12 eslysirothesapairs of 14
such that they bridge pairs of top electrode |ayers 113 after formng
pai rs of tmptaéllwrlgaevhqymins afizetah layiees 1 bh padusefdop elestriode dayesubbi.r at e
sheet 111. The sane effect as that of the fifth exenplary enbodi ment is
al so achi eseatstar laygrs ldé nfirsg ppeteetivelayerspl 1), sdmmiog gragesssi 1618econgh t hat a
part of top el ectrode | ayers ) )

protective layers 117, first resist layers 118, and second resist layers 119 are formed

on insulated substrate sheet 111. However, the present invention is not limited to

10 this configuration. For example, the same effect as that of the fifth exemplary
embodiment of the present invention is achievable when first slit dividing portions
120, for dividing insulated substrate sheet 111 into substrate strips 11b by separating
pairs of metal layers 112, are formed only on these pairs of metal layers 112 on
insulated substrate sheet 11 after forming pairs of metal layers 112, pairs of top

15 electrode layers 113, and resistor layers 114 on insulated substrate sheet 111, and
adjusting a resistance in resistor layers 114 between pairs of top electrode layers 113
by trimming.

The fifth exemplary embodiment of the present invention also describes the

case of forming first slit dividing portions 120, for dividing insulated substrate sheet

20 111 into substrate strips 111b by separating pairs of metal layers 112, only on these
pairs of metal layers 112 after the steps of forming pairs of metal layers 112 on the
top face of insulated substrate sheet 111; forming pairs of top electrode layers 113
electrically coupled to metal layers and resistor layers 114 on the top face of insulated
substrate sheet 111; trimming for adjusting a resistance in resistor layers 114 between

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



52 113 overlaps resistor |layers 114 after formng resistor layers 114 on
the top face of insulated substrate sheet 111. Furthernore, the fifth
exenpl ary enbodi nent describes the case of formng first slit dividing
portions 120, for dividing insulated substrate sheet 111 into 5 substrate
strips | I'b by separating pairs of netal |ayers 112, only on these pairs of
netal |ayer 112 when pairs of netal |ayers 112, pairs of top el ectrode
| ayers 113, resistor |layers 114, first pBotective |layers 115, trinm ng
grooves 116, second protective layers 117, first resist layers 118, and
second resist layers 119 are forned on insul ated substrate sheet 111.
However, the present invention is not limted to 10 this configuration. For
exanple, the sane effect as that of the fifth exenplary enbodinment of the
present i nleastresistordayerhil 4 abTaisvaanufactigingsinethod eléct'rin@llyaoomplemgairéaﬂ, for
di viding insul ated substrate sheet 111 into substrate strips 11 by
separ at i ngmepAilayerol 12rahdipalrapétep dleirods bayery hdfarnmed amthehop €aqeaoft s of
nmetal layers 112 on insulated substrate sheet 11 after form ng pairs of
met al | ayemsulthi€d sybsimte sifeet dpl.15Ae¢@dingbyladjaveat metdl Jayearid 2rathérsthan tomyer s
114 on insul ated substrate sheet 111, and adjusting a resistance in
resi stor |elgetraddingebét Iveencaracd magfbetused dbenteasuiing ayesistaddSduriyg t ri mmi ng.
The fifth exenplary enbodi nent of the present invention also describes the
case ofs f otrmmgng forsadjedting thevesistagcgpbetwesns ddidof fapr eldetvodt lagersnididl at ed
substrate sheet 20 111 into substrate strips 111b by separating pairs of
met al | ayefbisHacilitatas g contachef e tyimimiag ¢ést pit & tHeatppredeciiidlegfartculatly is fimps
of formng pairs of nmetal layers 112 on the top face of insul ated
subst r at e xeftistars.111n additionnsinpeionly metal dayees &2 aredent] withowt tbpZlectrode
electrically coupled to netal |layers and resistor layers 114 on the top
face of i nkyewstidd, whebdinstslg diviskng portionsrli2@rara dormed anjinsiatad sabstee st ance
in resistor layers 114 between

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

10 smoothed, improving the mounting efficiency.

INDUSTRIAL APPLICABILITY
As described above, the resistor of the present invention includes a discrete

substrate which is made by dividing an insulated substrate sheet along first slit

15 dividing portions and second dividing portions perpendicular to first dividing
portions; a pair of top electrode layers formed on the top face of the discrete
substrate; a resistor layer formed such that a part of the resistor layer overlaps the pair
of top electrode layers; a protective layer formed to cover the resistor layer; and a pair
of side electrode layers which are nickel electrodes formed on a side face of the

20 discrete substrate so as to form an electrical contact with the pair of top electrode
layers. Since the substrate sheet is made 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



25 pairs of top electrode layers 113; and form ng protective layers 115 so
as to cover at 53 least resistor layers 114. This manufacturing nethod
electrically couples pairs of netal layers 112 and pairs of top el ectrode
| ayers 113 fornmed on the top face of insulated substrate sheet 111.

Accordi ngly, adjacent netal |ayer 112 other than top electrode |ayer 113
concerned nmay be used for neasuring a resistance during 5 trimmng for

adj usting the resistance between a pair bft top el ectrode |layers 113. This
facilitates a contact of a trinmng test pin to the top el ectrode
particularly in fine resistors. In addition, since only netal |ayers 112
are cut, without top electrode |layers 113, when first slit dividing
portions 120 are fornmed on insul ated substrate sheet 111, occurrence of
burrs is preguiatablhke pribeart of réplecingfthe sk ascarding tosthe dimensionalmanking,

i nproving the nounting efficiency. | NDUSTRI AL APPLI CABI LI TY As descri bed
above, t heof emhsliseretef sublstraterie stiminated cofferimg an dhaxpessize direoesistor. subst r at e
which is made by dividing an insul ated substrate sheet along first slit 15
di vidi ng portions and second dividing portions perpendicular to first
dividing portions; a pair of top electrode |layers forned on the top face
of the discrete substrate; a resistor layer fornmed 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 forned on a side face of the 20 discrete
substrate so as to forman electrical contact wiwth the pair of top

el ectrode layers. Since the substrate sheet is made 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 dinensional classification of discrete
substrates is elimnated. Consequently, the process



54 required in the prior art of replacing the mask according to the

di mensi onal ranking of each discrete substrate is elimnated, offering an
i nexpensive fine resistor. 55 CLAIM5S 1. A resistor conprising: a discrete
substrate which is made into individual pieces by dividing an insulated
substrate sheet along a first slit dividing portion and a second di viding
5 portion perpendicular to said first dividing portion; a pair of top

el ectrode | ayers formed on a top face of58aid discrete substrate; 10 a
resistor layer fornmed such that a part of said resistor |ayer overl aps
said pair of top electrode layers; a protective layer fornmed for covering
said resistor layer; and a pair of side electrode |ayers, which are nickel
el ectrodes, forned on a side face of said discrete substrate, said side
el ectrode ChyA¥MSbeing electrically coupled to said pair of top el ectrode
| ayers. 15 2. A resistor conprising: a discrete substrate which is nade
into individual piecek Ayesiitor comprisiag: i nsul at ed substrate sheet along a
first slit dividing portion and a second dividing portion perpendicular to
said first dividing podiscoate sebstmasé which isayade indo metivislvabpicoes bpadievidingsai d
di screte substrate; 20 a pair of top electrode layers forned such that a
part of saanlinsujatedsuhstrataishdetglong aofiest shipdividing poetiors aind alsegard dividing

5 portion perpendicular to said first dividing portion;

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;

10 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, said side electrode layers being electrically

coupled to said pair of top electrode layers.

15 2. A resistor comprising;:

a discrete substrate which is made into individual pieces by dividing
an insulated substrate sheet along a first slit dividing portion and a second dividing
portion perpendicular to said first dividing portion;

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

20 a pair of top electrode layers formed such that a part of said top
electrode layers overlaps said resistor layer;

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, said side electrode layers being electrically

25 coupled to said pair of top electrode layers.



a protective layer formed for covering said resistor layer; and a pair of
side electrode |ayers, which are nickel electrodes, forned on a side face
of said discrete substrate, said side electrode |layers being electrically
25 coupled to said pair of top electrode layers. 56 3. A nmethod for

manuf acturing a resistor, said nethod conprising: formng a plurality of
pairs of top electrode |layers on a top face of an insulated substrate
sheet; 5 formng a plurality of resistorsbayers such that a part of said
resistor |layers overlaps said pairs of top electrode |ayers; applying
trimmng for adjusting a resistance in said plurality of resistor |ayers
between said plurality of pairs of top electrode |ayers; formng a
plurality of protective layers for covering at |least said 1o plurality of
resistor layers; formng a plurality of first slit dividing portions for
dividing said insulated substrate sheet into a plurality of substrate

strips; form ng a pl 3.2 niegthed f@i anefheriringderdsRy®{ saidmeéthod l&bﬁfprfs&i% of
said plurality of first slit dividing portions on said insulated substrate

sheet on which said foomphgnpliralityodf pdirsef wpidlectiodedayers pard ioprfac@ b€ an
formed; and formng a plurality of second dividing portions perpendicul ar
to said finsslateld substiatd shiesty portions on said plurality of substrate strips
on said insulated substrate sheet for dividing the insulated substrate
sheet i5nto discrete slobsiingbebulity sfyeaistdr lagers auch tHat aglart of suid resdstet or
| ayers to individual resistor layers. 20 4. A nethod for manufacturing a
resi stor, kyed overlaps saidpmiissifitgp electrode layers;
applying trimming for adjusting a resistance in said plurality of
resistor layers between said plurality of pairs of top electrode layers;
forming a plurality of protective layers for covering at least said
10 plurality of resistor layers;
forming a plurality of first slit dividing portions for dividing said
insulated substrate sheet into a plurality of substrate strips;
forming a plurality of side electrode layers on an inner face of said
plurality of first slit dividing portions on said insulated substrate sheet on which said
15 plurality of first slit dividing portions are formed; and
forming a plurality of second dividing portions perpendicular to said
first slit dividing portions on said plurality of substrate strips on said insulated
substrate sheet for dividing the insulated substrate sheet into discrete substrates by
separating said plurality of resistor layers to individual resistor layers.
20
4. A method for manufacturing a resistor, said method comprising:
forming a plurality of resistor layers on a top face of an insulated
substrate sheet;

forming a plurality of pairs of top electrode layers such that a part of

25 said top electrode layers overlaps said plurality of resistor layers;



formng a plurality of resistor |layers on a top face of an insul ated
substrate sheet; formng a plurality of pairs of top electrode |ayers such
that a part of 25 said top electrode |ayers overlaps said plurality of
resistor layers; 57 5 10 applying trimmng for adjusting a resistance in
said plurality of resistor |layers between said plurality of pairs of top
el ectrode layers; formng a plurality of protective |ayers for covering at
| east said plurality of resistor layers57formng a plurality of first slit
dividing portions for dividing said insulated substrate sheet into a
plurality of substrate strips; formng a plurality of pairs of side
el ectrode 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 papplyimgdriameingoforadjusting afresisiange én pdidrphhidaliyy of second
di viding portions perpendicular to said first slit dividing portions on
sai d pl ur atesisyordhyersibetwedresaid plyralitynoSpaick ofteplel¢atrbdedapaty at e sheet for
dividing the insulated substrate sheet into discrete substrates by
separating said pl uraformingf pheslist of plotgetive layers ol covimimlg atdsdasssaid | ayers.
15 5. The nmethod for manufacturing a resistor as defined in CaimS3,
wher ei n sapldralitg pfoésistor bayegs;a plurality of first slit dividing portions
for dividing said insulated substrate sheet into a plurality of substrate
strips5 s inplenentefdrming aplurakitydofpficst alit dividihg fportsenssfor wdividingisaid)
portions on the insul ated

insulated substrate sheet into a plurality of substrate strips;

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; and
10 forming a plurality of second dividing portions perpendicular to said
first slit dividing portions on said plurality of substrate strips on said insulated
substrate sheet for dividing the insulated substrate sheet into discrete substrates by

separating said plurality of resistor layers to individual resistor layers.

15 5. The method for manufacturing a resistor as defined in Claim 3,

wherein
said step of forming a plurality of first slit dividing portions for

dividing said insulated substrate sheet into a plurality of substrate strips is
implemented to form said plurality of first slit dividing portions on the insulated

20 substrate sheet after said steps of forming top electrode layers, forming resistor layers,
applying trimming, and forming protective layers, said first slit dividing portions
being formed for dividing said insulated substrate sheet into a plurality of substrate
strips by separating said plurality of pairs of top electrode layers; and

said step of forming a plurality of pairs of side electrode layers uses

25  an electroless plating method for plating nickel on said insulated substrate sheet to



20 substrate sheet after said steps of formng top el ectrode |ayers,
formng resistor |layers, applying trimmng, and form ng protective | ayers,
said first slit dividing portions being formed for dividing said insulated
substrate sheet into a plurality of substrate strips by separating said
plurality of pairs of top electrode |ayers; and said step of formng a
plurality of pairs of side electrode |ayers uses 25 an electroless plating
met hod for plating nickel on said insul at8d substrate sheet to 58 formsaid
plurality of pairs of side electrode |ayers on the inner face of said
plurality of first slit dividing portions. 6. The nethod for manufacturing
a resistor as defined in Claim4, 5 wherein said step of formng a
plurality of first slit dividing portions for dividing said insulated
substrat e flreesaid pluralitypdfipsits 6fsidé eleotretie ddyerson thesinner facewfearhpledalite
formsaid plurality of first slit dividing portions on the insul ated
substrat e shfist sif dividingipbrddieps of formng resistor layers, formng top
el ectrode | ayers, 10 applying trimmng, and form ng protective |ayers, said
first slit dividing portions being formed for dividing said insul ated
substrate sheet into a plurality of substrate strips by separating said
plurality of pairs of6.t e setod fod endrafactaring ad-esiaiod as idefined i Olaiim4, a
plurality of pairs of side electrode |ayers uses an electroless plating
met hod 5 orwpemtin ng ni ckel on said insulated substrate sheet to 15 form
said plurality of pairs of side electrode |ayers on the inner face of said
plurality of first sdaid sepwfdormingna pluwality of first shistividling porteomsffact uri ng a
resistor, said nmethod conprising: formng a plurality of pairs of top
el ectrode diayding saiddinaulatadr sbistrgtesshegtoint@ g ipdurality efysrbstrete siripps f ace of an
i nsul ated substrate sheet, said top el ectrode | ayers

implemented to form said plurality of first slit dividing portions on the insulated

substrate sheet after said steps of forming resistor layers, forming top electrode layers,
10 applying trimming, and forming protective layers, said first slit dividing portions
being formed for dividing said insulated substrate sheet into a plurality of substrate
strips by separating said plurality of pairs of top electrode layers; and
said step of forming a plurality of pairs of side electrode layers uses
an electroless plating method for plating nickel on said insulated substrate sheet to
15 form said plurality of pairs of side electrode layers on the inner face of said plurality

of first slit dividing portions.

7. A method for manufacturing a resistor, said method comprising:
forming a plurality of pairs of top electrode layers and a plurality of
20 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 said plurality of
resistor layers between said plurality of pairs of top electrode layers;
forming a plurality of protective layers covering at least said plurality

25  ofresistor layers;



and said resistor |ayers being electrically coupled; applying trimmng for
adjusting a resistance in said plurality of resistor |ayers between said
plurality of pairs of top electrode |ayers; formng a plurality of
protective |ayers covering at least said plurality 25 of resistor |ayers;
59 formng a resist layer on a rear face of said insul ated substrate sheet;
formng a plurality of first slit dividing portions for dividing said

i nsul ated substrate sheet into a plurali b9 of substrate strips; formng a
side el ectrode | ayer nade of one of nickel and nickel alloy 5 by
sputtering on a rear face of the insulated substrate sheet on which said
plurality of first slit dividing portions are fornmed and an inner face of
said plurality of first slit dividing portions; patterning said plurality
of pairs of side el ecfornieg haysistdapsr reekéardacesaf shid dssuddted aybstratasheet)
formng a plurality of second dividing portions perpendicular to said

first slit dividing pformiogs plurality of fitstsht divydiag peuthens for eivitingosaidn sai d
insul ated substrate sheet for dividing the insulated substrate sheet into
di scret e sinsslatet sbsimte sheptinto apdurshityopbubsadatd strips; resi stor | ayers to
i ndi vidual resistor layers. 15 8. A nethod for manufacturing a resistor,
sai d nmet hod conpri si nfprmifiga sidegelectpdder lalyet madé of ane sf aickiebpné hinket aliey
| ayers and a plurality of resistor |layer on a top face of an insul ated
substr & e bhepitteram ch a ogardhee bf tidinbwlptadssubatrateshieet orewihstlosaid pheaktyoef ng
el ectrically coupled; applying trinmng for adjusting a resistance in said
pl ural ity Bfst shodividingtportions/are Sotraedvend aganucrghee af sdig phirapiy oSfirst stibp
el ectrode | ayers;
dividing portions;
patterning said plurality of pairs of side electrode layers by peeling
said resist layer; and
10 forming a plurality of second dividing portions perpendicular to said
first slit dividing portions on said plurality of substrate strips on said insulated
substrate sheet for dividing the insulated substrate sheet into discrete substrates by

separating said plurality of resistor layers to individual resistor layers.

15 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 plurality of
20 resistor layers between said plurality of pairs of top electrode layers;
forming a plurality of protective layers for covering at least said
plurality of resistor layers;
forming a plurality of first slit dividing portions for dividing said

insulated substrate sheet into a plurality of substrate strips;



formng a plurality of protective layers for covering at |east said
plurality of resistor layers; formng a plurality of first slit dividing
portions for dividing said insulated substrate sheet into a plurality of
substrate strips; 60 disposing a mask on a rear face of said insul ated
substrate sheet on which said plurality of first slit dividing portions
are formed; formng a plurality of pairs of side electrode |ayers nmade of
one of nickel and nickel alloy by sputtéefning on a rear face of the

i nsul ated substrate sheet 5 and an inner face of said plurality of first
slit dividing portions while said mask being disposed; and formng a
plurality of second dividing portions perpendicular to said first slit
di viding portions on said plurality of substrate strips on said insulated

substrate sheet for diivpeling atoaski disa kedrecs obsdid adsulsbe etibstrvte shiéct ©net e
substrates by 10 separating said plurality of resistor layers to individual

resi stor |whivhssai®plubaliggtdfchirst slit dividifigpbrtionsgire foresedst or, sai d net hod
conprising: formng a plurality of pairs of top electrode |ayers and a
plurality of 15 resi sfoemihgylherality of pairs dfside efecrode tseksinade oiiloat ot e
sheet, said top electrode layers and said resistor |ayers being
el ect ri cal higkeloaml midkelegifulyybyngputterimg oxga fear fack oftherigsudated substeateghest sai d
plurality of resistor |layers between said plurality of pairs of top
el ectr &de amayan mnef dace ofgsaad pluralityi dfifirst slitrdiviing perticmperlsild said cnaskrbeigg at
| east said 20 plurality of resistor layers; formng a plurality of first
slit dividdisposeds andns for dividing said insulated substrate sheet into a
plurality of substrate strips;
forming a plurality of second dividing portions perpendicular to said
first slit dividing portions on said plurality of substrate strips on said insulated
substrate sheet for dividing the insulated substrate sheet into discrete substrates by

10  separating said plurality of resistor layers to individual resistor layers.

9. A method for manufacturing a resistor, said method comprising:
forming a plurality of pairs of top electrode layers and a plurality of
15 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 on said plurality of
resistor layers between said plurality of pairs of top electrode layers;
forming a plurality of protective layers for covering at least said
20 plurality of resistor layers;
forming a plurality of first slit dividing portions for dividing said
insulated substrate sheet into a plurality of substrate strips;
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

25 dividing portions are formed;



formng a netal filmmade of one of nickel and nickel alloy on an entire
rear face of the insulated substrate sheet on which said plurality of first
slit 25 dividing portions are forned; 61 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; formng a plurality
of pairs of rear electrode |ayers by renoving an unrequired portion of
said netal filmformed on the entire reaslface of said insulated 5
substrate sheet by laser; and formng a plurality of second dividing
portions perpendicular to said first slit dividing portions on said
plurality of substrate strips on said insulated substrate sheet for
dividing the insulated substrate sheet into discrete substrates by
separating sai d pl ur aforiningh phealist of pdisyef sidé electrdde ilalend madsiofone dfayers.
10 10. The nethod for manufacturing a resistor as defined in Claim 3,

wher ei n sanigkel arrdahickyl aifoyf orr s irler tfach off shid gluyralityl affrsaskit dieiding pbitics; on
the insulated substrate sheet in said step of forming a plurality of first
slit dividing 15 por tfooming aplutalitydofppissofireansiecrddel laebsby adrmovingan i nt o
a plurality of substrate strips; and said plurality of pairs of side

el ect r ode wagqueedpeorticr ofchid medal filnm formddaaethef ermme deqyl facabf said dhsulatedt
slit dividing portions by plating nickel on said insulated substrate sheet
usi ng an edubstrats shest by daserigindet hod in said step of forning a plurality 20
of pairs of side electrode |ayers. 11. The nethod for manufacturing a
resistor as defined ifordling aplyrality of second dividing portions perpendicular to said

first slit dividing portions on said plurality of substrate strips on said insulated
substrate sheet for dividing the insulated substrate sheet into discrete substrates by
separating said plurality of resistor layers to individual resistor layers.
10
10. The method for manufacturing a resistor as defined in Claim 3,
wherein
said plurality of first slit dividing portions are formed first on the
insulated substrate sheet in said step of forming a plurality of first slit dividing
15 portions for dividing said insulated substrate sheet into a plurality of substrate strips;
and
said plurality of pairs of side electrode layers are formed on an inner
face of said plurality of first slit dividing portions by plating nickel on said insulated
substrate sheet using an electroless plating method in said step of forming a plurality

20  of pairs of side electrode layers.

11. The method for manufacturing a resistor as defined in Claim 4,
wherein
said plurality of first slit dividing portions are formed first on the

25 insulated substrate sheet in said step of forming a plurality of first slit dividing



wherein said plurality of first slit dividing portions are formed first on
the 25 insulated substrate sheet in said step of formng a plurality of
first slit dividing 62 portions for dividing said insulated substrate sheet
into a plurality of substrate strips; and said plurality of pairs of side
el ectrode | ayers are fornmed on an inner face of said plurality of first
slit dividing portions by plating nickel on said insulated 5 substrate
sheet using an electrol ess plating nethoéd2in said step of formng a
plurality of pairs of side electrode |layers. 12. The method for

manuf acturing a resistor as defined in Caim7, wherein said plurality of
first slit dividing portions are fornmed first on the insulated 10 substrate
sheet in said step of formng said plurality of first slit dividing
portions fportiods foddividiagisdid insulasddeshbstrhtet shateinsd e @luriatityoo Bsubstiatd dtkis;of
substrate strips. 13. The nethod for manufacturing a resistor as defined in
Claim8, akkrein said plurality of first slit dividing portions are forned
first on the insulated 15 substrate sheet in said step of formng said
plurality of first slsaid gluralifynaf prorstofmide électrode laydrsnarefailed noawnahaer
substrate sheet into a plurality of substrate strips. 14. The nmethod for
manuf act ur facg od saissplutality af futstfslit dividmg@tiond by pldtargenickebomisgit unsallateg of
first slit dividing portions are fornmed first on the insulated 20 substrate
sheet i5n ssibdtratesgheot ufing mnredectrnlessylatimg nteghad irf aid stepl dftfodtnirigia pyrality
portions for dividing said insulated substrate sheet into a plurality of
substrat e efpaipsof sige elfetrodedayeds.f or manufacturing a resistor as defined in
Claim3, wherein 63

12, The method for manufacturing a resistor as defined in Claim 7,
wherein said plurality of first slit dividing portions are formed first on the insulated

10 substrate sheet in said step of forming said plurality of first slit dividing portions for

dividing said insulated substrate sheet into a plurality of substrate strips.

13. The method for manufacturing a resistor as defined in Claim 8,
wherein said plurality of first slit dividing portions are formed first on the insulated
15 substrate sheet in said step of forming said plurality of first slit dividing portions for

dividing said insulated substrate sheet into a plurality of substrate strips.

14. The method for manufacturing a resistor as defined in Claim 9,
wherein said plurality of first slit dividing portions are formed first on the insulated
20 substrate sheet in said step of forming said plurality of first slit dividing portions for

dividing said insulated substrate sheet into a plurality of substrate strips.

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

wherein



5 said insulated substrate sheet provided with said plurality of first slit
dividing portions in advance is used in said step of formng a plurality of
first slit dividing portions for dividing the insulated substrate sheet
into a plurality of substrate strips; and said plurality of pairs of side
el ectrode | ayers are fornmed on an inner face of said plurality of first
slit dividing portions by plating nickel on said insulated substrate sheet
using electroless plating in said step ob3formng a plurality of pairs of
side electrode layers. 10 16. The nethod for nmanufacturing a resistor as
defined in Caim4, wherein said insulated substrate sheet provided with
said plurality of first slit dividing portions in advance is used in said
step of formng a plurality of first slit dividing portions for dividing

t he i nsul ated subst r adaid &isebdited Bﬁbstﬁt@kh&e&?;'rdwded withosslid phuralithSofSfinst plét, and
said plurality of pairs of side electrode [ayers are forned on an inner

face of sadi¥idihgmpartiéns iafadvaned isssetl iniswidateygopforhinga plurabitpbft figstlickel on
said insulated substrate sheet using electroless plating in said step of

form ng a dividiagipoytiaris foaidividirfg theiidsuleted Gubsteste shyetriato 2 lutality dfsubsirited
for manufacturing a resistor as defined in Claim7, wherein said insulated
substrat e sttipetamt ovi ded with a plurality of first slit dividing portions
in advance is used in said step of formng a plurality of first slit
di vidi g portions fosaidiplralitygpfymic ofissdd eleettodeilnyersaare fetmed onmndnaer
plurality of substrate strips. 25
face of said plurality of first slit dividing portions by plating nickel on said insulated
substrate sheet using electroless plating in said step of forming a plurality of pairs of

side electrode layers.

10 16. The method for manufacturing a resistor as defined in Claim 4,
wherein
said insulated substrate sheet provided with said plurality of first slit
dividing portions in advance is used in said step of forming a plurality of first slit
dividing portions for dividing the insulated substrate sheet into a plurality of substrate
15  strips; and
said plurality of pairs of side electrode layers are formed on an inner
face of said plurality of first slit dividing portions by plating nickel on said insulated
substrate sheet using electroless plating in said step of forming a plurality of pairs of
side electrode layers.
20
17. The method for manufacturing a resistor as defined in Claim 7,
wherein said insulated substrate sheet provided with a plurality of first slit dividing
portions in advance is used in said step of forming a plurality of first slit dividing
portions for dividing said insulated substrate sheet into a plurality of substrate strips.

25



64 18. The method for manufacturing a resistor as defined in CaimS8§,
wherein said insulated substrate sheet provided with a plurality of first
slit dividing portions in advance is used in said step of formng a
plurality of first slit dividing portions for dividing said insulated
substrate sheet into a plurality of substrate strips. 5 19. The nmethod for
manuf acturing a resistor as defined in Caim9, wherein said insulated
substrate sheet provided with a pluralitg4of first slit dividing portions
in advance is used in said step of formng a plurality of first slit
dividing portions for dividing said insulated substrate sheet into a
plurality of substrate strips. 10 20. The nmethod for manufacturing a
resistor as defined in Claim3, wherein said step of formng a plurality of
first slit dividing ph8.tThensaefhod fod mantifaxuring d resistor at ddfined it Chdim $heet
into a plurality of substrate strips is 15 inplenented after formng a
plurality wherdn saiddhsulatedesibstratodhedtprevilediwitihe plwplityaoffirsefslit 8viding

i nsul ated substrate sheet; and said plurality of side electrode |ayers are
f ormed on portionsén afleareeas usexhindsaid stepl dftfprming a phiralstyi af fikist sliti digidiiog t | ons
by plating nickel on said insulated substrate sheet using an el ectrol ess
pl ati ng nepdrbidns fosdivilling epidahsdlatad sulpstratel sheetl intoya pAGratify of sidbstratecdtripsie

| ayers. 21. The nethod for manufacturing a resistor as defined in Caimd4,
wherei » said step of forming a plurality of first slit dividing portions
for 25 dividing said insulated substrate sheet into a plurality of
substrate strips is 19.The method for manufacturing a resistor as defined in Claim 9,

wherein said insulated substrate sheet provided with a plurality of first slit dividing
portions in advance is used in said step of forming a plurality of first slit dividing
portions for dividing said insulated substrate sheet into a plurality of substrate strips.
10
20. The method for manufacturing a resistor as defined in Claim 3,
wherein
said step of forming a plurality of first slit dividing portions for
dividing said insulated substrate sheet into a plurality of substrate strips is
15 implemented after forming a plurality of pairs of top electrode layers on the top face
of the insulated substrate sheet; and
said plurality of side electrode layers are formed on an inner face of
said plurality of first slit dividing portions by plating nickel on said insulated
substrate sheet using an electroless plating method in said step of forming a plurality

20 of'side electrode layers.

21. The method for manufacturing a resistor as defined in Claim 4,
wherein
said step of forming a plurality of first slit dividing portions for

25 dividing said insulated substrate sheet into a plurality of substrate strips is



65 inplenmented after formng a plurality of pairs of top electrode |ayers
on the top face of the insulated substrate sheet; and said plurality of
side electrode layers are formed on an inner face of said plurality of
first slit dividing portions by plating nickel on said insulated 5
substrate sheet using an electroless plating nethod in said step of form ng
a plurality of side electrode |ayers. 22. The nethod for manufacturing a
resistor as defined in Caim7, wherein 630 said step of formng a
plurality of first slit dividing portions for dividing said insulated
substrate sheet into a plurality of substrate strips is inplenmented after
formng a plurality of pairs of top electrode |ayers on the top face of
the insul ated substrate sheet; and a plurality of resistor |ayers are
f or med sucimplemtentedpatar fofmiy al pheslitytafrpaisofltay etectrodeayqrs saithe fpufagki t y
of pairs of top electrode layers in said step of formng a plurality of
resi stor | afthednsulated Fubstnatesheletf and manuf act uring a resi stor as defined in
Claim8, 20 wherein said step of formng a plurality of first slit dividing
portions for dividi mpidplutalitysofl adedlestrbde tayees ateformedbn aa ipher face bf of
substrate strips is inplenented after formng a plurality of pairs of top
el ect rode $aag pturabty ofiférst slit dixtding portions bynglatiag edickel bstsaat msslatsst ; and 66
a plurality of resistor layers are fornmed such that a part of said

5 substrate sheet using an electroless plating method in said step of forming a plurality

of side electrode layers.

22. The method for manufacturing a resistor as defined in Claim 7,
wherein
10 said step of forming a plurality of first slit dividing portions for
dividing said insulated substrate sheet into a plurality of substrate strips is
implemented after forming a plurality of pairs of top electrode layers on the top face
of the insulated substrate sheet; and
a plurality of resistor layers are formed such that a part of said resistor
15 layers overlap said plurality of pairs of top electrode layers in said step of forming a

plurality of resistor layers.

23. The method for manufacturing a resistor as defined in Claim 8,
wherein
20 said step of forming a plurality of first slit dividing portions for
dividing said insulated substrate sheet into a plurality of substrate strips is
implemented after forming a plurality of pairs of top electrode layers on the top face

of the insulated substrate sheet; and



resistor layers overlap said plurality of pairs of top electrode layers in
said step of formng a plurality of resistor layers. 5 24. The nmethod for
manuf acturing a resistor as defined in Claim9, wherein said step of
formng a plurality of first slit dividing portions for dividing said
i nsul ated substrate sheet into a plurality of substrate strips is
i npl emented after formng a plurality of pairs of top electrode | ayers on
the top face 10 of the insul ated substrébe sheet; and a plurality of
resistor layers are fornmed such that a part of said resistor |ayers
overlap said plurality of pairs of top electrode layers in said step of
formng a plurality of resistor |layers. 15 25. The nethod for manufacturing
a resistor as defined in Claim3, wherein said step of formng a plurality
of first slit dividino plrralityref résistor dayersiaregforined isosh kladt @b astibSaidt e sheet
into substrate strips is inplenented after formng said plurality of pairs
of top el exsistatelayergevsriap saidt piprdldy ef phirs b€ topeletoéella3@rsinbxaid step ofheet
and then form ng a resistor |layer such that a part of said resistor |ayer
over | aps sforthipg arpdiidaliyy of resastoslagérst op el ectrode | ayers; and a plurality
of pairs of side electrode |ayers are forned on an inner face of said
plurality of first slit dividing portions by plating nickel on said
i nsul ated substrate sheet using an electroless plating nmethod in said step
of for@ng a pluralit34. Tie nethodi for elanafacsdeng ayesistor @3 d2fined e Chaitrh@d f or
manuf act uri ?lg a resistor as defined in daim4, wherein

wherein

said step of forming a plurality of first slit dividing portions for
dividing said insulated substrate sheet into a plurality of substrate strips is
implemented after forming a plurality of pairs of top electrode layers on the top face
10 of the insulated substrate sheet; and
a plurality of resistor layers are formed such that a part of said
resistor layers overlap said plurality of pairs of top electrode layers in said step of

forming a plurality of resistor layers.

15 25. The method for manufacturing a resistor as defined in Claim 3,
wherein
said step of forming a plurality of first slit dividing portions for
dividing the insulated substrate sheet into substrate strips is implemented after
forming said plurality of pairs of top electrode layers on a top face of the insulated
20 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; and
a plurality of pairs of side electrode layers are formed on an inner face
of said plurality of first slit dividing portions by plating nickel on said insulated
substrate sheet using an electroless plating method in said step of forming a plurality

25 of said electrode layers.



said step of formng a plurality of first slit dividing portions for 5
dividing the insul ated substrate sheet into substrate strips is inplenented
after formng a plurality of pairs of resistor layers on a top face of the
i nsul ated substrate sheet and then formng said plurality of pairs of top
el ectrode | ayers such that a part of said top electrode |ayers overl aps
said plurality of resistor layers; and a plurality of pairs of side
el ectrode | ayers are formed on an inner b@ace 10 of said plurality of first
slit dividing portions by plating nickel on said insulated substrate sheet
using an electroless plating nethod in said step of formng a plurality of
said electrode |layers. 27. The nethod for manufacturing a resistor as
defined in aim7, 15 wherein said step of formng a plurality of first
slit dividing portions for dividing the insulated substrate sheet into a
plurality of substrate strips is inplenented after said plurality of pairs
of top electrode | ayel& alhe arithodformbmifictokingestesistor dsaledineddn €lainpdred
on the top face of the insulated substrate sheet such that said top
el ectrode whesedis and said resistor |ayers are electrically coupled. 20 28.
The nethod for manufacturing a resistor as defined in Claim38, wherein
said step of form ng saigktepalfifoymidg 4 phealityl oftfirdt slitddinglipg poftioms foor
dividing the insulated substrate sheet into a plurality of substrate
strips 5 s dividiagdin agulatedsubstiate shaletiintb istipstodte ptripssis afplampersgédafiende
| ayers and said plurality of resistor layers are 68 forned on the top face
of the i nsfdrating apliralitypotpaineef resistor layers one thpt fape of dut insullated supstrateand
said resistor |layers are electrically coupled. 29. The nmethod for
manuf act ur $hegt and thensfoomingsaid pluratity of @it of t©p eeathmledayers airch thatja pairt
formng a plurality of first slit dividing portions for dividing the

of said top electrode layers overlaps said plurality of resistor layers; and

a plurality of pairs of side electrode layers are formed on an inner face
10 of said plurality of first slit dividing portions by plating nickel on said insulated
substrate sheet using an electroless plating method in said step of forming a plurality

of said electrode layers.

27. The method for manufacturing a resistor as defined in Claim 7,
15  wherein said step of forming a plurality of first slit dividing portions for dividing the
insulated substrate sheet into a plurality of substrate strips is implemented after said
plurality of pairs of top electrode layers and said plurality of resistor layers are
formed on the top face of the insulated substrate sheet such that said top electrode
layers and said resistor layers are electrically coupled.
20
28. The method for manufacturing a resistor as defined in Claim 8,
wherein said step of forming a plurality of first slit dividing portions for dividing the
insulated substrate sheet into a plurality of substrate strips is implemented after said

plurality of pairs of top electrode layers and said plurality of resistor layers are



i nsul ated substrate sheet into a plurality of substrate strips is

i npl emented after said plurality of pairs of top electrode |ayers and said
plurality of resistor layers are formed on the top face of the insul ated
substrate sheet such that said top electrode I|ayers and said resistor

| ayers are electrically coupled. 10 30. The nethod for manufacturing a
resistor as defined in Claim3, wherein said step of formng a plurality of
first slit dividing portions for dividi6f8 the insulated substrate sheet
into a plurality of substrate strips is 15 inplenmented after said step of
applying trimmng for adjusting a resistance in said plurality of resistor
| ayers between said plurality of pairs of top electrode |ayers; and said
plurality of pairs of side electrode |ayers are forned on the inner face
of said pl foraledton the top fade of tht insulated sgbsicate sheet sayh phattshittopietéattodesi ng
an electroless plating nethod on said insulated substrate sheet in said
step of folayersgind saiDresistorlayets avé ekmiricatlyectupbete | ayers. 31. The met hod
for manufacturing a resistor as defined in Claim4, wherein said step of
formng a plurality of first slit dividing portions for 25 dividing the

i nsul ated substrate sheet into a plurality of substrate strips is 69

i npl ement ed after sai2b.sihepmethodpl mangfactiring agesistor asjdafined in Glaies9,st ance
in said plurality of resistor |ayers between said plurality of pairs of
top el éct rolerdimysidstenofifsniing plplurality of fifst gkt dividinggioiond fortdividing theer s
are formed on the inner face of said plurality of first slit dividing
portions bipsplatad supstriatskshieeuiitog phuratityebbsubstiatesstriph & inmplementesicafter sead d

i nsul ated substrate sheet in said step of formng a

plurality of pairs of top electrode layers and said plurality of resistor layers are
formed on the top face of the insulated substrate sheet such that said top electrode
layers and said resistor layers are electrically coupled.
10
30. The method for manufacturing a resistor as defined in Claim 3,
wherein
said step of forming a plurality of first slit dividing portions for
dividing the insulated substrate sheet into a plurality of substrate strips is
15 implemented after said step of applying trimming for adjusting a resistance in said
plurality of resistor layers between said plurality of pairs of top electrode layers; and
said plurality of pairs of side electrode layers are formed on the inner
face of said plurality of first slit dividing portions by plating nickel using an
electroless plating method on said insulated substrate sheet in said step of forming a

20 plurality of said electrode layers.

31. The method for manufacturing a resistor as defined in Claim 4,
wherein
said step of forming a plurality of first slit dividing portions for

25 dividing the insulated substrate sheet into a plurality of substrate strips is



plurality of said electrode |ayers. 32. The nethod for manufacturing a
resistor as defined in aim?7, wherein 10 said step of formng a
plurality of first slit dividing portions for dividing the insulated
substrate sheet into a plurality of substrate strips is inplenmented after
formng a plurality of resistor layers on the top face of the insulated
substrate sheet; and a step of formng a plurality of pairs of top

el ectrode layers is 15 inplenmented to foétha plurality of pairs of top

el ectrode | ayers such that a part of said top electrode |ayers overl aps
said plurality of resistor layers. 33. The nethod for manufacturing a
resistor as defined in daim8, 20 wherein said step of formng a plurality
of first slit dividing portions for dividing the insulated substrate sheet
into a pl uimplementdd aftdrshidstep of applyingtrimmihg femddjdstiafd ®resistandeng said
plurality of resistor layers on the top face of the insulated substrate
sheet ; andplugality pifwesistor yayets betiwesn ahid: plpralite of paite of sypeelecaode fayerez@anduch
that a part of said top electrode |ayers overlaps said plurality of
resistor layers in saiaid pheplityf of gadrsrofisidaclettrodé iaygrodrefarmed oh themner

el ectrode | ayers. 5 34. The nethod for manufacturing a resistor as defined
i n d ai m 9facetodseidplurlidy of épstalit dovidinggpartiphs by lplatngofiickelnssting hnt di vi di ng
portions for dividing the insulated substrate sheet into a plurality of
subst r & e electrpless plating method on said insulated substrate sheet in said step of forming a

plurality of said electrode layers.

32. The method for manufacturing a resistor as defined in Claim 7,
wherein
10 said step of forming a plurality of first slit dividing portions for
dividing the insulated substrate sheet into a plurality of substrate strips is
implemented after forming a plurality of resistor layers on the top face of the
insulated substrate sheet; and
a step of forming a plurality of pairs of top electrode layers is
15 implemented to form a plurality of pairs of top electrode layers such that a part of

said top electrode layers overlaps said plurality of resistor layers.

33. The method for manufacturing a resistor as defined in Claim 8§,
wherein
20 said step of forming a plurality of first slit dividing portions for
dividing the insulated substrate sheet into a plurality of substrate strips is
implemented after forming a plurality of resistor layers on the top face of the

insulated substrate sheet; and



i npl enented after formng a plurality of resistor layers on a top face of
the insulated |o substrate sheet; and a plurality of pairs of top

el ectrode | ayers are formed such that a part of said top electrode |ayers
overlaps said plurality of resistor layers in said step of formng a
plurality of pairs of top electrode |layers. 15 20 35. The nethod for

manuf acturing a resistor as defined in Caim7, wherein said step of
formng a plurality of first slit dividifig@ portions for dividing the

i nsul ated substrate sheet into a plurality of substrate strips is

i npl enented after said step of applying trinmmng for adjusting a
resistance in said plurality of resistor |layers between said plurality of
pairs of top electrode |layers. 36. The nmethod for manufacturing a resistor
as defined in Cd ai m 8 plushktyesfipaisi of top ebecdfodtdayers greafapmedalich Yhaifa part st
slit dividing portions for dividing the insulated substrate sheet into a
plurality ofsadisg electrode tdyess overlaps!saikplueditafofeesistat thyess mpsadd st@Fﬂifyi ng
trimmng for adjusting a resistance in said plurality of resistor layers 25
bet ween safanphgaglutayitydf pairs of tp dlegiredeclayesde | ayers. 71 37. The net hod
for manufacturing a resistor as defined in Cdaim9, wherein said step of
formng a plurality of first slit dividing portions for dividing the

i nsul ated substrate sheet into a plurality of substrate strips is

i npl emént ed after sai3W.Shst mpthoid fap papufacturingairagistonas ddfined im@lam 9,
resistance in said plurality of resistor layers between said plurality of
pairs of twpewimctrode | ayers. 38. A nethod for manufacturing a resistor,
said nethod conprising: formng a plurality of pairs of netal |ayers on a
top face of an said step of forming a plurality of first slit dividing portions for

dividing the insulated substrate sheet into a plurality of substrate strips is
implemented after forming a plurality of resistor layers on a top face of the insulated
10  substrate sheet; and
a plurality of pairs of top electrode layers are formed such that a part
of said top electrode layers overlaps said plurality of resistor layers in said step of

forming a plurality of pairs of top electrode layers.

15 35. The method for manufacturing a resistor as defined in Claim 7,
wherein said step of forming a plurality of first slit dividing portions for dividing the
insulated substrate sheet into a plurality of substrate strips is implemented after said
step of applying trimming for adjusting a resistance in said plurality of resistor layers
between said plurality of pairs of top electrode layers.

20

36. The method for manufacturing a resistor as defined in Claim 8,
wherein said step of forming a plurality of first slit dividing portions for dividing the
insulated substrate sheet into a plurality of substrate strips is implemented after said
step of applying trimming for adjusting a resistance in said plurality of resistor layers

25 between said plurality of pairs of top electrode layers.



10 insul ated substrate sheet; formng a plurality of pairs of top el ectrode
| ayers and a plurality of resistor layers on the top face of said

i nsul ated substrate sheet, said top electrode |ayers being electrically
coupled to said netal layers, and said top electrode |ayers and said
resistor layers being electrically coupled; 15 applying trimmng for
adjusting a resistance in said plurality of resistor |ayers between said
plurality of pairs of top electrode | ayerd; formng a plurality of
protective layers for covering at least said plurality of resistor |ayers;
formng a plurality of first slit dividing portions for dividing the 20

i nsul at ed substrate sheet into a plurality of substrate strips by
separating said plurality of pairs of netal |ayers, said first slit

di viding portions being forned only on said plurality of pairs of netal

| ayers on the insulated substrate sheet; formng a plurality of pairs of

si de el ectrode | ayer s3Tekie methodefoe inannifadtetingadesistok ak dafihed i Clam 9,nner
face of said plurality of first slit dividing portions 72 on the insul ated

substrat e wherdtin saidwitépcof forimdng bpladality obfirstistis dividing pdirtions fog dividingtie
are formed; and formng a plurality of second dividing portions
per pendi cuinaulatexl sdistratef shest ingd iatplaiialitydofigubstrate strips diirspliechepted @ftértspidf
substrate strips on said insulated 5 substrate sheet for dividing the
i nsul atsed stepsf applyirghtrihmiing fordidjestitgea sesistancet iasahd/plusajtgrodtresistos dayedrs
plurality of resistor layers to individual resistor |layers. 39. A nethod
f or manuf ab¢tweengaid plesildy of pagsiof topeeleottodolgyersi ng:  fornming a plurality
of pairs of netal layers on a top face of an | o insul ated substrate sheet;
38. A method for manufacturing a resistor, said method comprising;:
forming a plurality of pairs of metal layers on a top face of an
10 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;
15 applying trimming for adjusting a resistance in said plurality of
resistor layers between said plurality of pairs of top electrode layers;
forming a plurality of protective layers for covering at least said
plurality of resistor layers;
forming a plurality of first slit dividing portions for dividing the
20 insulated substrate sheet into a plurality of substrate strips by separating said plurality
of pairs of metal layers, said 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



formng 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
el ectrode |ayers being electrically coupled to said netal |ayers, and said
top electrode layers and said resistor |layers being electrically coupl ed;
15 applying trimm ng for adjusting a resistances between said plurality of
pairs of top electrode layers in said plurality of resistor |ayers; formng
a plurality of first slit dividing porti®@&s for dividing the insulated
substrate sheet into a plurality of substrate strips by separating said
plurality of pairs of netal layers, said first slit dividing portions
being fornmed only on said 20 plurality of pairs of netal |ayers on the
i nsul ated substrate sheet after said trimrnng; formng a plurality of
prot ect i veon theeinsulated substratersheeat on odich sed plumality of fitsy shf divedingtportid@yer s;
formng a plurality of pairs of side electrode | ayers made of one of
ni ckel andamsifokaéd;adridoy on an inner face of said plurality of first slit
di viding portions 73 on the insulated substrate sheet on which said
plurality of first slformingaglurglifyosf secosd diwvidirfgoportions perpehdiculargoaaid
plurality of second dividing portions perpendicular to said first slit
di vi di ng pbrst sbhdivading piodtigrisuoratdid pluhlitubfsubtatratesttrippsn saidsiasulaieds ul at ed 5
substrate sheet for dividing the insulated substrate sheet into discrete
subst r &t essubgtrategghectfor dividaigithel insulhiedysubstrateshsetantd digerete substratkisvbydual
resistor |ayers.

seil)arating said plurality of resistor layers to individual resistor layers.

39. A method for manufacturing a resistor, said method comprising:
forming a plurality of pairs of metal layers on a top face of an
10 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;
15 applying trimming for adjusting a resistances between 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 into a plurality of substrate strips by separating said plurality
of pairs of metal layers, said first slit dividing portions being formed only on said
20 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
plurality of 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



73

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 on said plurality of substrate strips on said insulated
substrate sheet for dividing the insulated substrate sheet into discrete substrates by

separating said plurality of resistor layers to individual resistor layers.



