P16368 - ' RESI STOR AND METHOD OF MANUFACTURING THE SAVE 5 FIELD

OF THE | NVENTI ON The present invention relates to a resistor
used for high-density wiring circuit and a method for manufacturing the
sanme. BACKGROUND OF THE | NVENTION @0 - Japanese Patent Laid
Open: Publication No. S59-75607 teaches a conventional resistor of the
«category. The conventional resistor and the process of

manuf acturi ng are- described in the following with ref to the

dr awi ngs. _ . FIG. 11 shows plan view of a conventional resistor

15 Shown in FIG 11 are an insulating substrate 1, el ectrodes 2a,
2b ~ provided on both sides of the upper surface of the substrate 1, a
resistor eREVISTOR ANDIMETHODWOF MANUFACTURING SHEGAMEa, 2b and
side-face el ectrodes 4a, 4b which are provided on the side faces of
the substrate 1 keepi ng electrlcal connection with the el ectrodes 2a,
2b, respectively. 20 Nuneral notes a trimed groove fornmed as the
result & tFI performed on the resister el enent 3.
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t he conventionaP Tesi I'n the first place, electrodes 14
‘are formed on the upper surface of an “insulating substrate 11 of a
sheet form on the surface of which substrate, "~ longitudinal cut lines
12 and | at eBACKGROUNI QB'DI'BE&I\B@NT[IQNH ded for Iater br eaki ng of-
-the substrate. The el ectr des 1 are for

respect1@e regi ondapaReser @ﬁ%‘i g3d; Q @eH r%%f Zgﬁﬂiﬁe@ﬁkeﬁ |ane -
12, -

"conventional resrstor of the category. _
| The conventmnal resistor and the process of manufacturmg are
descnbed in the followmg with reference to the drawmgs |

FIG. 11 shows plan view of a conventlonal res1stor

15 Shown in FIG 11 are an msulatmg substrate 1, electrodes 2a, 2b

| orovided on both sides of_ the upper surface of the substrate 1, a resistor

element 3 provided betweerf and over the electrodes_ 2a, 2b and side-face

electrodes 4a, 4b which are provided on the side faces of the substrate 1

keeping electrical connection with the electrodes 2a, 2b, | respectively.

26 Numeral 5 denotes a trlmmed groove formed as the result of trimming
peratlon performed on the resister element 3.: |

Now in the following, a method for manu_facturir_lg the conventional
resistor of above structure is described referring to the drawings._ ' |

FIG. 12 is a dratving' used to illustrate key processes for

. 25 manufacturing the conventional resistor. " | _

‘In the first place, electrodes 14 are formed on the upper surface of an
msulatmg substrate 11 of a sheet form on the surface of Wh1ch substrate
longitudinal cut lines 12 and lateral cut lines 13 have been provided for later

 breaking of the substrate. The electrodes 14 are formed independently in
30 respective regions with respect to the direction of longitudinal cut line 12, |



2. whi | e; in terms of lateral direction, the el ectrodes 14 are-forhed

across the | ongi tudinal cut line 12. And then, resistor elenents 17 are
-provided in the formof athick fifmlaterally bridging the el ectrodes
14, - Next process is a trimm.ng®with a |aser beam The trinmmng

is 5 conducted while the resistance is being measured. The measurement of
s esi stance and the trimmng of a resistor el ement 17 are conducted for each

of the Lode 558 rteﬁltn Sef15008 f ntﬂeaEEEﬁJoné MACL IO Forndcd aez%em#%

each of the rrents on pernost. I'ine IS neasure

resi-stance blbdgi’ﬁﬂdiﬁal cut hﬁe AMNbeARd tBek hré%ﬁstbﬁ@leﬁh@ﬁisr Priase pacvidedsneshel ve
resistor elenents are 10 trimred by neans of |aser beamirradi ated

thereon. form of a thick ﬂhnéatmallybrnigngsthbaﬂeaﬁmdesol@ct ion |ayer of
glass, or the like material, is fornmed on the surface, and then the .
i nsul ating subst r alNeXt Process e%;?altmnégdhﬁ ht adasen dleamy| nBhe dgmpming 1)

on necas.b & Bl tyBlle; et eetancs 115506 SormBere T ARy PERERE 0F|
cover 119 00! b Skelct 368a el IS N, rooisto? BTG YPR BhERAE tor A1 S

surface of elécC es ar € p necessar

separ ati ng atmgeélmrleaéﬁ@ﬁts a&gpobemnlﬁt@hpm&@ﬁohndwr dxaple, eacbPthe
resistors. described in.the above, probes are put on the

upper - sur f aceesigtor ce[lanbntmlen lthy arppermogt timeds méamn'edcthe wesistanderbyahaving

resi stance |ayer .in order_to_ r ead volta%{e drop,. and a certa| n groove
i s formed thgrpmbemopheachaefert peslectrodes, and; mespective npasistor selements  axe

r-eadi ng ta reac a.l evel represents a certal n
speci fi c EFHﬂE@ fRsp S?Fé’ﬁ@@ }xgﬁngatedthereon " In the above
descri bed conventl %al#gt c%ﬁ)tn“r%féﬂr- h

t he resistance meagrqlegég r%{tﬁe tr attm‘%gﬁglt%persé of lggéel 9%%%% g
on .posi ti onalmatdkiad} i®Tomhelhén PrRbearfiee) agld Bhel Ghiehinsulating Padssteavef &ce

el ectrode | ayerss. This i s remarkable among the conventi onal resistors
~of | ow resi sseparated along the longitidinabeut limecl2 torobtaidesphurblity nf)sub$trrate ,

detail with the aid_of 30 --|IIustrt|on FIG 13 sho PDdeI s of a

resi st ance mghgeﬁs, ﬁg %ubqng},ts ape. epending on needs side-1ace electro es are

15 provided in the form of a thick film covermg both side faces of the band- |
shaped substrate sheet, and the surface of electrodes are plated if necessary.
After that, separating 'alorig the lateral cut line 13 provides individual
~chip resistors. ' | | -
As described in the above, probes are put on tﬂe .ui)per-surface
20 electrode layers to provide electric current in a resistance '1ayer in order to
read voltage drop, and a ceftajn groove is formed'therein with a laser beam, or
‘the er means, so that the reading of voﬂ:age drop reeche,s' a level that
ref)resents a certain specific resistance of the resistance layer. -
In the above described c_dnventional structure and the manufacturii_lg
25 method, however, the resistance 'measured after the trimming dispersed.
' Widely: depending on.' positional variation of the probes contacting to tﬁe
" upper-surface electrode layers; This is remarkable among the conventional
resistors of low resistance. | -
The above problem is descnbed more in detail w1th the aid of

30 illustrations. FIG. 13 shows model paths of a resistance measuring current



corresponding to various probe positions during triming. FIGs

13(a), -(b) and (c) illustrate’'the cases with the high resistance
.resistors, while FIGs 13(d), (e) and_(f) are with the |ow resistance
fesistors. _ In FIG 13, numer af 23 represents position of a

. probe making contact 5 to an upper-surface el ectrode |ayer, nuneral 24
=shows a path of ‘electric current during measurenent of resistance.

The current 444 eaSt: i : ri.ati i N pl@(‘a' i .
23 of the prcgﬁtéalggﬁn#ﬁ% itﬁ)pgélél_?{sf%yfr gggi)? g%%@@#%%?ﬁ%h r'lg.ltf o'.ge r eg’i §svt)or S
whose resi StaQ'RPﬁI)' iﬂd@tﬁﬂe (thef eadéhcivﬂ:hlﬂi@)higﬁ tﬁesis_(tﬁhéé rbsisters) Iwhi_léICFIG.s _

probl em 10 ari ses. _ . Anong those resistors whose resistance is
| ow, howeverl3(dyelmed (f) are with tiee owalrésistarfoerresistorsn t he areal resistivity:

bet ween the upper-surface el ectrode | ayer and the resistor._layer, the
el ectric current -dodElGiol3, rwoeral 23 reprege sitien ©d g P@W&éﬂg@nﬁf@

. resistor layer. A shift in th osjtion 23 of 1 rqbe contaciin o,the
upper - suPf ad@® anecRPPYFRITaca: chg € dayet &“EPE)’FﬂﬁT ggaﬁ}ows a p@%‘l 3€ieg?1¢t5’fc |
the current path 24 .as _sho n. FEl&.s . , (e) and (f). Nanely, " the

_neasur ed rESﬁp}Ef%tc‘iuﬂggé’ig%s%ﬁn}%ﬁgOgggﬁlégbf&%bsition of probe on the =~
upper - surface el eafhoegerennBatl 24ds 164 R f1GeAcdd B thE vadiatidRithepodition
resistance to a prescribed Tevel attained during the trinmm ng operation, 20
actual resi s2310€¢hafgrebe ton tie mppdir-speface dlectaude lajerpcanongthbse aesistorn
i'n the contact of probe to the upper-surface el ectrode, '
The present whossiresistanter iss high t(ref. & B3@d &) i @otherefore,t pe problem
measuring of a resistance of conventional resistors, and intends to provide
a rigsi sti@$e%f | ow resistance , including the method of manufacture,

the 25 resistance %M%gﬁo&r'fe%@igﬁg%gt Ttlsk relstihel & RivE HdwdiRe, batdisse of

regardl ess of the arration e contact position of the probes.

DI SCLOSURE (el md INVE#REréRte in the areal fediStivityobetwear cthiedammpervéudfatdie
-present invention conprises a 30 substrate, a pair of upper-surface

el ectrodes, #lectrode dapexandethe resistoy layet, the electric current does not proceed

‘through the entire portion of the resi_éfor layer. A shiff; in the position 23 (.)f- .'
15 probe contacting to the uppef-sﬁrface electrode layer results in a significant
_ Variation of the current path 24, aé shown in FIG.s 13(d), () and (f). Namgl'y,
the measured resistance depends on the contact position of probe on the
upper-surface electrode. | Therefore, despite a precise adjustment _of t_he
resistance to a prescribed level attained during the tr'imming. operation,
20 actual resistance after trimming disperse because of positional variation in
. the contact of probe to the upper-éu_rface electrbdé. :
" The present invention addresses fhe above problem involved in the - |
measuring of a resistance of conventional resistors, and intends to prbvide a
resistor of low resistance , inclu‘ding. the ' method of manufacture, the"
25 resistance of which precisely falls within a prescribed range regardless of the

variation in the contact position of the probes.

DISCLOSURE OF THE INVENTION
A resistor in accordance _With the present invention comprises a _

30 substrate, a pair of upper-surface electrodes, which réspectively having



A. not ched section, provided on both sides of the upper surface of the
substrate, a resistor |ayer provided so that it is connected '
.electrically to the upper-surface . elqgtrode | ayers, a protective |ayer
formed to cover at |east the resistance - layer,. and a couple of '
side-face el ectrodes which are provided on both side 5 faces of the
ssubstrate so that the side-face el ectrodes can be electrically

conneoted t 4ot HeaUABRhASHOVAAG) Bh BOHE Qites oF e i A dfthe ittt a

el ectrodes - ap on upper - surfac ectrodes.

Because of thgsteeliafedpsRidédBo thapitsietonnetied ¢glattricilly ppthe appérsarface
el ectrodes provided on both sides of the upper surface of the substrate ,

path of .10 eldeerodechiyers, a protedtive tayergfarmed tesiovevrateleast ther remistancen a .
sanme stable - route even if _contact position of the pra eg var,i %ﬁ_dari ng
the trinmindayer, andparceuplm of sideface electzegay which are prayided; on hgth side
resi stance, .their_resistance can,be control led,preci sel w t W.4hi n
a prescr?beéa‘ie&nafé.tﬁe supstege-po [Séégﬁ}l@ﬂs '@TF&%I\@ © %‘lg&n%hy _
FIG 1 is a parti.akly- o} | i ' haowi St i fae
accordance P‘ﬂé%'fgb [ ?os ﬁ; !ﬁ%x telhBPg ::sép%%% di‘lg%%fﬁgwoﬁ]t_ eé%;c%s%’%té h? n@%n lts ?Rléant.'ace

- FIG's 2(a) '-elécggodésldmraist@n paRt SORRSueri@ndhesélectrvdeshe resistor.

‘FIG's 3(a) - (d) - illustrate a process of manufacturing the resistor. 20
FIGs 4(a) - (c) Beeaupaiol thedeitshed settdan dispasedr enthé [pair ofinippgr-surface
measur enent. of the resi stance of the resistor. II)ZI G 5is.a

parti al | y- celegtrodesrnnesidad.en bothsidas af Hae nppessurfaee pfithe substrats gpatbeof
i th ' l i ment. of 't he. £ i on.
FG's odd  theplorm crans Lo prgcice tnbisiBh AeRent Mg P8 wms stoble

FIGs 7(a) - (d) ddlus e of o Test st 5
G o) ol SRS EPRRGE BIABEA°of ChTPISIRG, VLS, RIRHECIhe fimming

measur enent fferhtién! eThukaewén Amongethecrsistors of low resistance, théir résissarce
partial ly-cutoff perspective view showing a resistor in accordance .

with a thircamdeepémrelledpoetisalyttodie withipaqreseribadgangen. 30
FIGs 10(a) - (c) show path. nodel s of electric current flow during-
15 BRIEF DESCRIPTION OF THE DRAWINGS ' | . e
FIG. 1is a partially-cutoff perspective view showing a resistor in
accordance with a first exemplafy émbodiment of the prese'nt invention.
F_IG.é 2(a). - (¢) illustrate a pfocéss of inanufacturin'g the registbr.
FIG.s 3(a) - (d) illustrate a process of manufacturing the resistor.
20 - FIG.s 4(a) - (c) show pafh models of eleétric current flow 'during
measurement of i:he resistance of the resistor. |
. FIG.' 5is a partia]ly-cﬁ.toﬂ' perspective view showing a resistor ip'
accordance with a second exemplary embodiment of f_he present invent_ion.
' FIG.s 6(a) - (d) i]lusfrate a process of maﬁufacturing the re_s.istbr.. :
25 FIG.s 7(a) - (d) illustrate a process 6f manufaéturing the resistor. _
FIG.s 8(a) - (¢) Show 'p'ath models of electric cufrent flow during ;
' meésurement of the resistance of the resistor. | |
FIG. 9 is a partially-'cutoff perspective view showing a resistor in
accordance with a thifd exemplary embodiment of the preéenf invention. -

30 FIG.s 10(a) - (c) show pafh ‘models of electric current flow during



5. measur enent of the resistance of tﬂhe resistor. FIG 11

Is a plan view of a conventional resistor. FIG 12 is a process
chart used to illustrate key portion of -t.ge . manuf acturing. process. 5
# G s 13(a) - (f) show path-nodels of elettric current flow during

measur enent of t-he resistance of the resistor. - BEST MODE FOR

:CARRYI NG QUT THE I NVENTION ~ (Enbodinment 1) 10. A resistor in
accordance 'édélﬁ'eﬁi' c;i\gtofgﬁgqg%igféh&mgg Bistgf the ‘present invention,
as well as the .nethod of nmanufacture, Is described in the following
with reference toRIGe 1dri8\ plas view of a convention@l résistorda per spective vi ew of
~the resistor, with part of 1t cutoff. Referring to FIG 1, a-
substrate 31 i-s nid6.0l2aisuai processt tharti keed To Mhustrate kexy pertiowfof the
‘upper - surface el ectrqode | ayers 32 are made of a mixed .  conposition of
sil'ver- and granufachringPrpeess. nat eri al, provi ded on both sides of - the

f f ' tyateg. 31. - A resist I 3 i s made Hf . xed
eom0s: thon_of r uiEhs ek - Shigvhpatk Tiotéls fY Hlertiis, SpdRaf fiwadiiEe,

all adi um a : ; L LKE hal e i ded on the. substrate 31 :
-Itoh-at Zi)u pa%e%@%ﬁ?fgyﬁgéﬁgaxg%;ﬁﬁgg eg%‘ér ':atp;e)edogn tﬁesga?rrgfe SO'

tpper - surface ‘el ectrode layers 32 for electrical connection. A coupl e
of notched sections 34 . provi ded al ong the same direction and opposite
directi on aBESE MODE FOR CARRMNGOUT THE ENVENEI@Nare fornmed in the
upper.-surface_el ectrode | ayer 32 ~during its formation by printing,

bei ng. f or red (Emhadimentd) des of the upper- 25 surface el ectrode |ayer 32 -

' ds.th i ddl e, of . L | i ng.; 1-gdl L onaf h
hoproxi Ml y one Adariete b Aererdititerwidh, B, iy exommp1aS’ SlyBiaisRtnf ok 498
el ectrode | q%gggenﬁrg}e%i{ﬁl,%é ﬁﬂpisotﬂ%fﬁfﬁtlﬁghﬁﬂ rﬁahﬁﬁa%:i:ufk%qglgggéribéd in'the -

i ke nmeans, r adj usting resi.stance resistor |ayer to a certain
pr edet er m ndgllvwing with psferende toctheadrwingsi s forned of a glass of |ead 30

borosilicate systemto cover at |east the resistor layer 33 and a couple of
S FIG. 1 is a perspective view of the resistor, with part qf it cutoff.
- .Refér_r’ing to FIIG., 1, a substrate '3-1 is made of alumina or t]ie like
15 . material, a pair'_of upber-surfac'e .électr(')d_e' 'layers 32 are made of a mixed
~ composition of silver anﬂ glass, or {;he'ﬁké méterial_, provided on both sides of
the uppef surface. of the substrate 31. A resistor layef 33 is made of a mixed
co_mpbsition of ruthenium oxide and glass, or a mixed composition of silve_f,
. | palladi_uni and glass, or the like maf_erial, , provided on the substrate 31 so that -
20.. part of the layer 33 is disposed overlapped @n the pair of upper-surface
electrode laYérs 32 for electrical connection. A couple of notched sections 34
providéd along the same direction and op'posite. direction as the width
dii-ec_:tion of the substrate are formed in ti1e upper-surface electrode layer 32
duri_ng ifs formation by printing . being fofméd from _both sides of the upper-
25 surface electrode layer 32 towards the middle of the layer leaving a middle
ﬁortion for. a length approximately one quarter of the width lehg_th of the
upper-surface electrode layer. A groove 35 is'proi}ided using a laser béam, or
the like means, for adjustin_g'resist'anbe of the resistor layer 33 to a certain
predej:ermined- value. A.protective layer 36 is formed of a-_glass of lead

30 ~ borosilicate system to cover at least the resistor layer 33 , an_d a couple of



6. si de-face el ectrode |ayers 37" are formed of a nixed conp05|t|on of
~sil.ver and gl ass provi ded on both side face of the substrate 31 so
that the layer 37 is el ectricaltly congected to the upper-surface
eiectrode | ayer 32. Depending on needé the side-face el ectrode | ayer
37 is further provided with a first plating 5 layer (not shown) of nickel
.or the like material; furthernore a second plating. | ayer  (not shown)

i s provi ded F@%léé%f‘ociéi 1B 157 ARORILANE of hImixed! ok SHIIEACE silver and

A et hod for mant?i acturing the above resistor 1's descri-bed In

fol I owi ng W glassepveded ohtbdthesideaftle®@F. the substrate 31 EbGhat thedlaye. 3Bis
illustrate a process of manufacturing a resistor in 10 accordance with a

first exenpl alegtroddyl lcmmected to tthe prppeersurfavecslectyode layer 32. Depéndinigeon
first" place , as shown_.in FIG 2(a), on the surface of, a

Isubst raéI e 42 ngeds t&edsa}imfa%elesmﬂﬁéayema Aafarther Prgrd@rld@xliﬁva ﬁm:t plating
1

_4889'etaﬁfh' ay %er (3% Sl of nagke o e ke m%gfraﬁ@a%%%@%%e%‘été%aﬁﬁaﬁén%

Pterar cot [ETaXeltShivn) B iovifed BNGIE OO FRCK ORSidtd oy fI01 18 telRied

'sections are incl uqbe%etwed%rlﬁa%w@&uaﬁfk the abobenreeiites! ik eachbbd fnuthece
at approximately 850[err] C for approxi mately 45m n. - If necessary,

rever se- sur f foltowimgwithdefersnee $o thodravings. may be formed .
S|nultaneously on the reverse surface of the subst ate 2 in the places,k 20

~ corresponding to tIFJGuﬁp@n JkG-o2 dllustrate aarrorespeplsma m&&ééﬁ’s’pﬁt?ﬁﬁlng
“and dryi t he t e of. er as 0
Then " 2s 08 prcithete iR p 2 eKefilall ShitotiHRRFbie & B’F°§8PF f%%ﬁrrftgpn
connect the upper- aﬂrmcaﬁa BEice008s sﬁwnsufl’#m UE), & T CoflRRMeet
surface of the substrate y screen-printing a paste mxe conposition -

of 25 Trut hegubstiate d2 made of akinyed, or\the like mapirial, pm\hﬁed veithdongivedinal
upper-surface = = electrode layers 43b; which is dried and then baked in a

‘belt furnace aad laterahmmtohneat ,yuppel-eurfhe felectzgde dayenst 48h esgh rhaving
Then, as shown in ove ﬁ's formed by tri

resistor | aydotehed, ﬁsuanff é@@r a%%%ﬂfms % ECTGORPTRERE & ﬂ"a“q;?ﬂgé Sﬁtﬁefés}a&& |
30 resi i%an%ﬁn&{lré an{p%ﬁt%r? racL‘@QéefheA' foﬁé}t@dﬁﬁi to?' lgt&raﬁd&&eﬁﬂégﬂq ﬁ@iln'éea o

pre-
printing mask in which the notched sections are included; Whlch is dried and

then baked in a belt furnace at approximately 850°C for approximately 45min.
If nécessary, revef,se-_surfa'ce electrode layers - (not shown) may be fqrmed'
siinultaneously on the reverse siirfaée of the substrate 42 ih thé places
_20 ' corresponding td the 'uppei'-surface electrode layers 43b, by screen-plfinting'
- and drying the paste of silver/glasé mixture composit;on. |
Then, as shown in FIG, 20) , resistor lé‘.yers 44, ‘which electrically
connect the upper-surfacé ele_cti‘ode 'layers_ 43b; are formed 6n the uppe_x B
surfac_e of the substrate 42 by screen-printing a paste of mixed composition of
25  ruthenium oxide and glass partly overlépping on the respective upper-surface
| eleci:fode layers 43b; Which. is dried and then baked in a belt furnace at :
approximately 850°C for approximately 45min. . . , | | |
Thexi -as shown in FIG. 2(c), a groove 45 is formed by trimming the -
resistor layer 44 with a laser beam, or the hke means, in order to adjust

30 res1stance of the resistor layer 44 to a certain predetermined value A pre-



7. .coating (not shown) of borosilicate glass, or the like material,

may be provided prior to . the trinmng, and then the pre-coating and the
resistor. layer 44 may - be trimed together with a | aser beam or the
1i ke nmeans, from above the - pre-coati.ng for formng the groove 45. 5

Then, as shown in FIG 3(a), protective layers 46 are forned by
.screen-printing a glass paste of |ead borosilicate system covering the
upper . sy f r q[r.kélﬂn t8HaE nh§ bdgr8didead
t hen baked ntmgg?&smhd)fur nd‘eéelﬁg%@a%%%gx?ﬂn@tée y 62a0 err] C? v

appr oxi mat ebﬁoﬂimtne tnmmm% and tHéiethe pe-2batiigiandile re%(sb,br layw Sty at e
42 i s separated al ong the cut line 41 so that the upper-surface

el ectrode |'bydrimfied togetheswitlata ldser beam soriébe ilieaveeagis, from saboyerthee
Thus a bar-shaped substrate 47_is obtained. Then, -as shown in
FIG 3(c), prereoatass fan formingdhe gyeove 4. are formed .~ through a

compost t56n 15 apBEeBd A5nsER 'niixaﬁ#?f?(%f e AR o€ Al Blimedy by,

SO
havi ng el 'ef;??l?%ﬁ'ﬁ‘fﬁ“ﬁ%n%?‘% Dhad ot RAR DOUSITEARe By Pt (epaRe ke o

furnace at. aRpfaey ofBt Radst the reﬁgﬁrqayéﬂli%hﬁmois(dﬁé'@aﬂd Yheéidbhked in a belt '
Then, as shown in FIG 3(d), the bar- shaped substrate 47 (not shown in

t he present fuhrmnerag:)apm-oxnpateiyﬁaomtfmr appirommaaelypel&nm substrate 49. 20

Fi nal |y, depending_on needs, a_first )yer of nickel plating, iﬂ!l

materi al may be a‘ hew, @sEhoxen in FIG- |3Eﬂ?’ | thgcgub s@r)at@(ﬂ,zn}s ?Wéﬁf{ﬁ & |on :
he trode | : gl

ayer " RHPRRS B ﬁﬁ%*ﬁcgﬁﬁ%eﬁsu?% SRRR0 JpV8; el %éi%sﬁheﬂ The

like mater| gide éﬁ’rfﬁeé/Sf %éﬂﬁubst atel | t'g]ﬁ bﬁisshEBe& saBERLEE 27 i8 obidihefed

resi stor. ough 1 n ove described first enbodi nent .a

glass of |ead. Theera@i’sHolmiﬁFEIGS%)l Jhéide feeneleetrddedagersei®ape formied he
material for the protective |ayer, a resin of epoxy group or the like

mat er i al majtheadugh kze tranafer-printing, gsml a roller; a paste of] silvariglass mixdure r st
enbodi ment a silver/glass tur SI ti has bge sed
exanpl e of CRENPSIEOR 28 aPBﬁ“*i 2 éﬁe %{)ﬂﬁa\gﬁﬁéﬁ?&?ﬁﬁr}b%mte rthat

8 15 it overlaps on part of the upper-surface electrode layers 43b for having electric

connection, which is dried and then baked in a'belt furnace at approximately
620°C for approx1mately 45min.
Then, as shown in FIG 3(d), the bar- shaped substrate 47 (not shown
(in the present drawmg) is separated into individual piece substrate 49 '
| 20 - Fmally, depending on needs, a first layer of nickel plating, or the like
xhaterial, may be provided, as a barrier layer, to cover the exposed portion of
the upper-surface electrode layer 43b and the side-face electrode layer 48, and
a second layer of tin/lead alloy solder platmg, or the like matenal to cover the :
first layer. This completes a finished resistor. o
25 Although in the above 'described first embodlment a glass of lead
borosilicate system has been used as an example of the matenal for the
protectlve layer a resin of epoxy group or the like material may also be used
instead. '
' Although in the first ernbodiment a silver/glass mixture composition

80 has been used as an example of the material for the side-face electrode layer, a



phenol-resin.containihg ni ckel powders, or the li ke material, may al so be

used . instead. Al t hough in the first enbodlnent t he

_upper - sur f ace el ectrode | ayer 43b. havi ng the notched séction 43a has
‘been provided through a screen- 5 prlnt|%g process using a printing mask

i ncl udi ng notched section 43a , the notched section .43a may al so be
-provi ded instead by cutting an upper-surface eIectrode | ayer 43b with
a | aser bea ry the | ' S
Fesiator | oPhesthiopy oA Bickel prmsye fr tO Bk HREtI R, Blay fRoRRURA
10 ' xﬁkgh& 4(a), (b) and (c) |Ilustrate operatlonal nodels in a

resi stor of enbodi ment 1 still under the manufacturing process. The
contact positi onsAlthoughf irpthbefirstrerhhedimpgetr tlainppessatface relecrode dayer
during trinmmng are indicated with nunmeral 51. The path-of electric

current fl o@Bbghaiungntilmmmmctmn 434 élathemtpe’thdedhtmﬁshaa sgreeny
"the draw ngs,_ the position 51 of probe 15. ¢o seen in

FIGs 4(%), PEtIGG, Process wegpaatnmwneﬁee%k |IE° mg I&‘GF ol & ‘Tg’c%Agﬁ%g

show a signif chan | t e var C
“position of nP#@“‘%‘i %?6’5’?1]1 ?‘@P (t)b Qﬁovt‘#’? stg%éedr}& gﬁ% M& “Surface
compar ed W Lih g Ik géﬁhab@ﬁ)ch%séfbeaﬂ‘%fthéh]i:elﬁiﬁ&ihé)f s ourrent
significantly changed during the resistance neasurenent The notched 20
section in the upe fiidivecof ke above resistor udéstribedcimtiys ballovinghwith

current ath. Thus, a precise resistance can be neasured regardl ess of
the variati aa erencetmthméramm%ct position of ‘the probes with the

iugpie]ErpF?s_rfeéce R LCERTORT %&@c{lﬁﬁr%ﬁéé&eﬁ Pudf SAASY 18La RAGLAEI 0O
st ennt fmens 1 still YEAG00R, SRR BBk int Wntes eitohs

measur enent ©
been tri m%f&ﬂoseéaﬁeﬁé per-surfarceuéét%u‘eeldyteré-aaﬁﬂngrﬁimmfingweahdmat@d

the resistance after the trinmng wa , measur ed - Table 1
conpar es 't havithwiwtieral 5h- t'ﬁhequhrd’ce,lemthadm'rent ﬂuwmdmmg Bﬂaasument '

conventional resistors and those_of enbodjnment 1 of the present ent
9 | is indicated with numeral 52. In the drawings, the position 51 o pro

O

15 contact is varying. As seen in FIG.s 4(a), (b) and (¢) , the path of electric
current flow does not show a significant change despite the var_1at1on in the'
contact position of the probes in e resistor of the present _einbodintent 1; as
compared with FIG. 13(d), (e) and ®, \Where the_ path of electric current

: signiﬁcantly changed during the resistance measufexhent. . The notched

20 ‘section in the upper-surface electrode layer curtails changing of the current_
path. Thus a premse resistance can be measured regardless of the variation
in the contact position of the probes w1th the upper-surface electrode layer;

| ‘therefore, the accuracy of the tr1mm1ng is improved. -
The characteristics of res1stors are compared in the followmg
- 25 | Using a 4—pomt probe for the low res1st_ance measurement, resistor
| elements of 70m0O average resistanoe have .been trimmed toj a targeted
resistance of 10011_’1-13; A deviation of the resistance after the trimming was -
measured. | | _ |
Table 1 compares the deviation in the eccuracy of the trimming among

'80 . the conventional resistors and those of embodiment 1 of the present invention.



Table 1 o Conventional Embodi ment Enbodi nent

ry-

Enbodi nent 1 2 . 3 Aver age '
(nferr]) 100. 5 100. 3 100, 2 _ 99.9 . Max. (r’r{err])
102. 4 100. 9 100. 7 - 190.6 Mn. (nerr]) 98. 8
99.5 99.5 ©99.2 -3 x v (9N o .04

0:.74 : 0. 63 ' 0. 69 Cv. = Standard deviation /
average x 100 As seenin Table 1, a resistor in accordance wth
.enbodiment 1 of the 5 present invention has a structure that is | east

i nfl uenced by the positional var i -atpghie f  cont act probes on the

upper - surf -p—t-h R aSH-eRRRt Fes+pt

conpar ed vvii_th t hat of j(ﬁﬂwm r&ﬁb?@%@nt Eﬂmdéﬂﬁné R ag’éﬂ?%hy
of the trifqmng is inprioved; as a result,Iresistlors ndd - e oro~3| ded
with a resi|aapsse @gneyijsel yiegpust ef t0100.31 osd 't o 200.8r get pd 10 9@l ue.

( Embodi ment MQ-K (m0O) f0225' STPr 1Rppayordgnce 19677 a spcondop@np! §
enbodi ment (m.ﬂ) —PT cbegl$ Vet un wetit—as é 1§ et od _07992
manuf act ur & erBed—+n—the—15 fo!.%‘g—ﬁg—zﬁu.. rerce—to—th

dr awi ngs. 3XCV(‘y HL G R21 a n' rtia cut r-fn r;n \uv 69\1( t+He
Fesistor’ of - C\?EtSt@hﬂﬁf‘&dewatmn/averagexRﬂﬁ@rrl ng to FIG 5, a substrate

61 is made of alumina or the like material, a pair of 'upper-surface
el ectrode | ayers @ swem fnoTakle hfa msrsboedn%corxiaqneswmboembbdunen’eﬂ ofrthe
glass, or the like material, provided on both_sides of

surface bf mresembomweat@nehas & pagicturenthat bﬁylsastenﬂyepe?m &e s1t10nal_

o var 2P ot of itk  Hee o e PRSP ol oRORe hayol nf e
b
the upper - Sfﬁﬂ?ace Blent,of ry8ndy, A Cun 4R Bich 3%?? ?’E%?ﬁﬁ'%’ﬁeéﬁﬁffﬁﬁ&fg

not ched sectildrefisre] the QéciRecPyf thd Bifining is ibgrovedrad deedulk rewistors may
each of the pair of upper-surface el ectrode |ayers
be provided with a resistance precisely adJusted to be close to.a targeted

10 - value.

(Embodlment 2)

A resistor in accordance with a second exemplary embodiment of the
present mventmn, as well as the method of manufacture, is descnbed in the

15 following with reference to the drawmgs
| FIG. 5 is a partially cutoff perspective view of the resistor of

embodiment 2.

Referring to FIG. 5, a substrate 61 is made of alumma or the like
material , a pair of upper- -surface electrode layers 62 are formed of a mixed
20 compos1t10n of silver and glass, or the like mater1a1 prov1ded on both sides of
' the upper surface of the substrate 61, a res1stance layer 63 is formed of a
mixed composition of ruthenium oxide and glass, a mixed compos1t1on of silver,
palladium and glass, or the like material, provided on the substrate 61 se that
part of the' layer 63 is disposed overlapped on the upper-surface electrode
| 25 layers 62 for electrical connection, a notched section 64 is formed by a._laser

3 beam, or the like means, in each of the pair of upper-surface electrode layers



10 62 al ong the sane direction.as the width direction of the

substrate 61 in a di sposition opposing to each other, for a length
occupyi ng approximately three quart,e\rﬁ) of the width of the
apper -surface el'ectrode | ayer 62, a groove 65 is . fornmed-using a. laser

beam or the like means, for adjusting resistance of the 5 resistor |ayer
63 to a certain predeternined value, a protective layer 66 is formed

2, 20" 00 B0 RS HLOURY yehph ot it o)

63, and sid ode Tayers a m xed conposi tion of

si1ver and giagsitiO¥ppeing o BatR othéle f6124 tongth ddrepyits appickifiately thrse

t he” | ayer's are electrically connected to the upper-surface el ectrode

|l ayers 62. {aarfeepwfthsovidthnefeide, upper-surfacé alectedde layatc62,:4 groor 68 1s
provided with a first - plating |layer. (not shown)  of .nickel or th I ke
material; f donnhed meing adasebeam, or the|like mpansy dor ed.mst%msii?@%rogxﬁ ed

if it is needed, coveri the first platjing. l.ayer. . . .
met hod for Ffﬁ-ﬁﬁ‘:‘&'cfatYPF tne sefdom ng %tteﬁnpgdd‘éaslgg«i BeBratRCtiye 1a¥er G6is
followi ng with reference 1.0gS . :

illustrate 50161"6%8& g?%ﬁ’s é@ﬁ%@&gﬁ%s?ﬁ%%%asyrs g%]']ns OSFE at. lghg%atg% ol?égsﬁg_iéﬁ\%et;h a
second exemgsargh ¢ Emdfaﬁgrﬂle&frod@%ﬁél%ssmtaﬂenﬂﬁ'ﬂiéd)'af a mixed compositiontdfe
first place , as shown in FIG 6(a), on the surface of a sheet -
substrate 73zilvesend ghissprogidedoontbuthl side faeesiof dhe substrateds lispithag the

l ongi tudinal and lateral cut lines 71, upper-surface electrode |ayers -
‘are f oflapershare elessnicaHyneanngcted dot e)fupmrrﬂ@*rf@qedgiecﬁmd% ayers g§

it . _the cut Line 71;. which is dried and.then . F
el 1 ulfiac dspending opprei e 106 Sas elebpiodt dadep Aol RN et A e ©
: : hown) ¢ ' RoMA e sé@maed
Sl ¢ anboudt agp TR GRR Show (B BERSRC FUES du Al B s
m xture ConMylgiinidByEP (ddteshow4)is provided, $fitfisareded] verimethefibst platimgy 2

in the places corresponding to the upper- surface el ectrode | ayers .
73. . layer. Then, as shown in FI'G 6(b), a pair of notched sections 74
are formed, - using a |l aser beam or the Ijke nmeans, in the.pair. of,
upper- surf ace el ee&r@ﬂ&oﬁofm manufacturing F‘b TS Tegsitg 1% %S%ﬁ%ﬂ in%the

directi (i% asfoilg\?viﬁmé g&i gé e%gﬁci:eoé% t(ﬂce &rhaewings. _
| | FIG. 6 and FIG. 7 illustrate a process for manufacturing a resistor in
' accordanéé with a second exemplary embodiment of the present invention.
| In the first place ,-.as shown in FIG. ‘6(a), on the surface of a sheet
substrate 72 made of alumina , er the like material, provided“ with
20 longitudinal and lateral cut lines 71, upper-surfa_cé electrode layers 73 are
| fdrmed by scr_eeh—printing a paste of silver/glass mixture compqsition across
“the cut line 71; which is dried and then bakecf in a .belf furpace__ at
approximately 850°C for apprbximately 4_5nﬁn. If necessary, reverse-surface
electrode layers (not showxi) may be formed simultaneously by screen-printing
25 and drying the paste of silver/glass mixture cdmpbsition on the-reverse
surface of the sheet substraté 72 in the places corr'espéndin’g to the upper-
surface electrode layers 73. | B o
Then, as shown in FIG. 6(b), a pair of notched .se.ctions 74 are formed,
using a laser beam, or the like means, in the pair of uppér-surface electrode

30 | layers 73 respectively,' along fhe_ same direction as the width direction of th_e



substrate in a disposition opposing to each other. . Then, as
shown in FIG 6(c), resistor layers 75, which electrically - connect the
.upper-surface el ectrode |ayers 73, are formed on the upper surface of
i-he substrate 72 by screen-printing.a pasile of a nixed conposition of 5

rut heni um oxi de and gl ass partly overlapping wth respective upper-surface
el ectrode 1ayers 73; which is dried and then baked in a belt furnace at

appr oxi mat el 50[err] G.for.:approxi | Y. 1R, : - Then, as shown
~in FIG 6(d?ngtrﬁL%Bb%%}%"{S%ﬁ&gPﬁéé@%edto rqa%%mr?ge%he _ resistor |ayer 75
~using alaser beampeyr hBGHIWAE iHTPIE 6(c)  Gelithol layitburs, whick efechiisulle of
the resistor |ayer to a certain predeterm ned val ue. A pre- ~coating
(not shown) cehnd&ribsi dppeatsuracsslectpodé heyers K8, apd forinadd onrthe hpper swifdesl -
~prior to the trinm ng operation, and then the pre-coating and the. resistor
layer 75 maypfithet substrater72hby scxeen-prinding & paste lof k& mikeds compesition 0&
the - . pre-coating to formthe groqve 76, 15 | ﬁ'}l’&en, as_sho i n
FIG 7(a5, pnbhenivymyoxidg apd glasy partly qrealapping with Xegpeetrvs HPPRSU I ess
paste of | ead horosilicatg,syst.ein couers in h . Shr at; E
| east the r@g‘?‘gf?ffe Rayss ?g’ %ﬂb‘fz sﬁo&ﬁleﬂnapﬁeﬁbe&gg’ga%edd}%vﬂs Lri])g)h?‘fﬁn‘i’:;ce pEch
s.dried an é}@img i Ao - neapPr oxi mately 620[err] C for _
appr oxi mat el(;);)tpg m n?t!&%SB(? @faeéﬁp;?%{e]%,%%gqsshom' in FIG 7(b), substrate 72
~(not shown in the THast e shown idr BEIGNG(d)] & grepes Jocid formed by érimmihg the 71
'so that the upper-surface el ectrode | ayer 73 is exposed at the sjide -
surface of tiesistorbdayert é5 URing 2 laser hesanear the like means, dn7erdes tspadiusty.

Then, as shown in FI Gf 7(c),. si e-faﬁg el ect rode Iaée£s 7.9 &reélforngfl_ 25 -

g hr?ugglgot_rrgﬁtjeﬁ%e kb mgsigtasclayer i'_f?gaier'ewpé?r;eta%yps of 8Pt ver P ass
Xtu | | - : at e

Te T C0 oeRkite hok SROR of Boflbifidiie 1, bR ifie kel mifitclEAl, RIAPBE pUPRLHS

75 1]t e to 136 S opdtiongnaing o sl sscugabtobatahny o

Then, as’ shdeger 15mh&y bé(tetimmiedewithra lisepbdam, bos thaﬂ&eme@mtﬂgmmbpve the

2 _ pre-coating to form the groove 7. - | _ '

15 ' Then , as shown in FIG. 7(a), protective laye;'s 77 are form_ed by

| screeri-printing a glass paste of lead borosilicate system covering _thé upper

“surface of at least .fhe resistor layer 75 (not shown in the present drawing);
which is dried.a.nd then baked in a belt furnace at épproximatély 620°C for
approximately 45min. o | o _ _'

20 Then, as Shbwn in FIG. 7(b), substrz;lte 72 (not s_hoWn in the presenf |
drawir;g)' is separated along the cut line 71 so that the upper-s_urfaCe electrode
layer 73 is éx-posed'.‘a't the side _surfacg of the subs_tr'ate{ '.Thqs a bar shaped
substrate '.78 is obtained. | . | ' ' "

_  Then, as shown in FIG. 7(¢),- side-face electrode la.)'re'rs 79 are formed

25 through a trahsfer-pﬁnting procéss using a roller; a paste of silver/_glass'
mixture composition is applied dn_ the side face of the bar shaped subst;'ate 78 "
so that it overlaps on part of the upper-surface el_ectrode layers 73 for havin_g’ |
electric conduction; which is dried and then baked in a belt furnace at

N approinmately 620°C for approﬁmately 45min. , -

30 Then, as shown 1n FIG. 7(d), the bar shaped substrate 78 (not shown



in the preseht drawi ng) is separated into individual piecé subétrate 80.
Finally, depending on needs, a first |ayer of nickel plating, or the |ike
Jraterial, nmay be provided, as a barrier er, covering exposed portion of

I
“4he upper -surface el ectrode | ayer 73%and the side-face el ectrode | ayer
79, 'and ‘'a 5 second layer of tin/lead alloy solder plating, or the |like.
smaterial, covering the first layer. This conpletes a finished '

~ resistor. I- é in thé pre%nt%mﬂgfieg%yga?gtm\sﬁﬁ iﬂ&ﬁﬁ&ﬁg‘;ﬁeé@ﬁﬂﬁ&rﬁf@ gi ment a

gl ass of. orosilic been used as an exanple of the

material for the Finanpcqbgsﬁivﬁegéx@neéds,aa fifsti layef of Rivke] platimg, Ur fHeclike ke
material nmay al so be used 10 i nstead. ' Al t hough in the second

-embodi ment  anstelried) hglyabes providdd casrpduirrierrayer, covading exposexkportioranf the
-exanpl e .of the material for the side-face electrode |ayer, a ; p_heaol
resin cont ajuppey-surfacel elpeinode layen 78 andshenside-fage elactrade dayer g9ecand a .

instead. _15 The. procegss of form.ng a notch secjion 74 in th

wpper - suPf a®gcond laygr égttF&ja%a‘fﬁﬁgY s?@eﬁg}aﬁggp?%%ﬁgﬁ &%éf’dmjf ERyerihe t_ﬁe
formati on of.resistor L3 f-orpation of pre-coating, for
obt ai ni ng trﬁersgi%’%tr'ef @ggmpletesgﬁiﬁshégﬁ% lgﬁ%ﬁ In the second enbodi nent

the notched secti gNitHdudlRin kBRNabove déSUriBRA Sicond! étabeditRentP Reslass of dead
el ectrode | ayer 73 using a | aser beam, or 20 the |like neans, the notched

secti on may Lwresiliate spstetie hasnbeendused assamidxammpleusf yhei matertial far thei on
of the upper-surface electrode |ayer 73, .through a screen-printing
process by wrotestiveplayar.syesingf epesy group ortihe like materipd may édsahe need
The operatiaqn of the above resistor is described in the following with 25
ref erend® t JREHRAYr awi ngs. ~ FIG 8(a), (b) and (c) illustrate.

oper ati onal nodel Sﬂtﬂo&%l%?ﬁitﬁ%%c d eml%odiﬁigﬁ‘idi Eﬁ%r{éltaﬁé iﬂlﬁeg%‘i‘:(%%&étiﬁgn

manuf act uri ng process. € contact positions 0 e probes

- upper - sur f agga FhaG! 185Eas aK VxAnPIEioFThé marerial for the side-faédieliectrodd layém a
nuneral 81. The path of electric current during neasurenent. 30 of
resi stance iphénuliresirecontiaiting mieckel pé®det orithe likeamatgsial mhay plshbe used

13 _ ' _ o .

instead. | | _ |
' p LI The proéess of forming a notched_ section 74 in the upp'er-surfaée |
electrode layer 73'may be placed instead after the formation of resistor layer
75 or the formation of pre-coating, for obtaining the same effect.
. Although in the second embodiment the notched sectidn 74 has been
formed by cutting an upper-surface electrode layer 73 using a las_ér beam , or’
20 the like means, the notched section may also be provided instead
.simultaneouély. with the fbrmation of thé, upper-surfac_e electro:de layer 73,
through a screen-printing process by using ‘a printing mask including' the
notched section 74. . | _ | - |
o The operation of the ab_dve resistor is described in the following with
25 reference to the drawiﬁgé. | | |
FIG. 8(a), (b) and © illustrate operational models in a resistor of _
embodiment 2 still under the mamifacturing process. The contact positions
of the probes on the upper-surface electrode layers during_trimming alf_e.
indicat(?d with numeral 81. The path of electric current dui'ing measurement.

30  of resistancé is indicated with numeral 82. In the drawings, the probe -



gontact positions 81 are varying. As sseen in FIGs 8(a), (b) and (c), the
pat h of electric current does not' show a significant change despite the
variation in t he probe contact positiQns in the present enbodi nent 2;
“as conpared with FIG 13(d), (e) and ), where the.-path of electric
current flow significantly 5 changed during the resistance measurenent.

-The not ched section provided ~in the upper-surface el ectrode |ayers

curtails t h&o‘ﬁ%egpggsﬁ nglsqcélrcﬁ S@Jﬁrléen%s seen iRAHIG.s BHHS: (byaﬁaqé)l SheVithe of

resi stance urea regar variation in the contact
posi tion of of BRcBIOBeSrett (doel ML SRBR a%iﬁﬁ.tﬁ@ﬁnﬁ thehgodespite the &aﬁatlon in
t herefore, the accuracy of the trinmmng 1s inproved. 10.

char act er i sthe probe centavt gositions imthe madsent emboflinnentiZn gs compared w1th

Usi ng a 4-point -probe for the | ow resistance nmeasurenment, sheets
70n err] avFﬁGgela(é); (6} ande().ewhere the nashpelpl eCHeNETanY ﬁowamgg.&rg@nﬂy

ST et G0 o Ao B A A
the di spersi Oq;gg @@e ssatgrg' a%l’ecél% &%Ls %&{fd & bhd @ghﬁge ? 2 prhﬁecurrent

convent i onaf® ose di nent esent
knventi on. ath. 1 Thus a Presige nvdlae Tob kBsibtarie’ @5 béa¥urbd Rpaedescs thd h
enbodi ment E - “present invention has a structure that is |east-

i nfl uenced b'hridtﬁ)mﬂﬁﬂie amthet positivanf sthe prolids with thenpper-surfiveslesirede
upper-surface electrode layer in the 20 neasurenent of resistance, as
conpared wi tthQﬁ;éheMO@oﬁh%ﬂﬁ!W of $be $rigaming is 1mpERYiedi or e, the accuracy

.of th ted
o th'a BOTS: Ance TeRREEridioa e S bl A R IR e follofd V0 52
(Embodi ment 3) 25y5ging 4 4-%(?‘& ‘[i‘ﬁbﬁé ®r the queg,%@ﬁﬁcé"&ﬂdasﬁréﬂbﬁﬁi SHREP o' Y

enmbodi nment of the sent 1 nvention as the nethod of

manuf acture 70n§|:|d@«%%g@ stmthﬂde&esmtor hhob lheehrigimidd toed tangeted 100ME of

dr awi ngs. FIG 9 is.a partially cutoff- perspective view of a
resi stor of resistanesrbdddeniatiod ofihe res1stance shevthe tyjmming was geagured.

substrate 91 is made of al umi na Od
14 _ The above-presente

'Ilagfe 1 compares the d1spers1on in the accuracy
15 level of the trimming among the conventmnal res1stors and those of
embod.lment 2 of the present invention. |
As seen in Table 1, a res1stor in accordance with embodlment 2 of the
present invention has a structure_ that is least influenced by the positional
variation'.of the'c'ontact probe's or1 the upper-surface electrode layer in the
20 measurement of resistance, as compared with that of conventional resistors.
' Therefore, the accuracy of the trlmmmg is 1mproved as a result, resistors may .
be presented with a resistance’ prec1sely adjusted to be close to a targeted .
 value.
(Embod1ment 8) |
25 A resistor in accordance w1th a third exemplary embodlment of the
present invention, as well as the method of manufacture, is described in the
followmg with reference to the drawmgs
' FIG. 9 is a partlally cutoff perspectlve view of a resistor of |
" embodiment 3. '

.80 Referring to FIG. 9, a substrate 91 is made of alumina or the like



“material, a pair of upper-surface el ect r ode | ayers 92 are made of a mi xed
conposition of silver and glass, or the like material; provided on both

Sides of t he. upper surface of the 'suﬁ?{]rate 91, a. resistor layer 93 is
+rade of a m xed conposi tion of rutheni‘um oxi de and gl ass, a m xed
~conposition of silver, 5 palladiumand glass, or the |like material,
-provi ded on the substrate 91 so that part of the.layer 93 i's di sposed

overl apped gn, LB&1P@ faidl of gﬁér SRS Llectrode h&férrsm ardYfhde %f 4 Ofixed

el ectrical connection, a notthed section 94 is forned in -

upper - sur f agemf ?b@ﬁidlpéﬁsﬂ@ﬁn& glabial bnghé likefmaterialpprivided pnlbdthrsgdes of
process so that the upper-surface electrode |ayer 92 makes contact to the

10 - resi st othé ayper Srfddetofthecauhstraed b resistoy leyexs 93rie raade ofa wixede

wi dt h of t he, upper-surface el ectrod Iayer 92, groove, 95 | rmed
using a | asepmpesition of ruthenhum pxide andsglapy, aaﬂ?ﬁ& CARROsYY %Iféﬁc@?‘fﬁr t he

il o e B OB AR o BB T
e ML Qo SOKA 8o 35 el AR5 B O, uppth St acc

el ectrode | are conposi tion of silver and

gl ass provi ¢esktpedd Nyess 92 fhrebscteital snridetiohl atrdtied sectiodn94 bafortaed in
layers are electrically connected to the upper-surface el ectrode

layers 92. Bhpeugpegsurfaveeslsctrode layde- Smahlerdﬂleoﬂe‘m@g&m by7 ai @rp;t@,ng ded
th f t plat | t sh f ljk '

Fur t her mor o ReoseRsoRel thrktibegUPEGLRUIA elertde Maves: 36 Taekos s0BHdIgta FaS

f t - I | f

et acr i oty 53 withCE Mreh et Rfey only ppg auarter Bf glrlreg%%lseg of

in the al reé\# l.g;ﬁe“rrélﬂ@%ceeerm&}ba@ fr]92’3l 2094 95 ri§fdi"hfb"‘daﬁ&ngalaser beam, _

I nvention ore escriptiono Is omtted here.

Now i n the fgd kReilike rhbsngpfrahidfustiig trbas&hmeeof ahistesistos ldyen r9dd a
with reference to the draw ngs. FIG 10(a), (b) and (

illustrate opedatémmidednvdbles anproteetivetloyen(96. is formad oo ﬁesiaS§ 9% lead
der th f agt Th tact

Lhe® uppor - o raTaeuicale B9 IaHs AAgEPEY G e fRe ﬁgatsrelee%%?w%"%? tien

10T L e DO SRE R DBl 49 17 s e of o e

re5|s ance’is In nuneral 102. |In the

glr %‘M 28? ) com%;@ﬁtllaﬁsdﬂélﬁi& aﬁﬂﬂgﬁfss%ﬁ%ﬁfeﬂ ¢H the sﬁIeefa\céé wf tlge sébstyace oin
a )

so that the layers are electrically connected to the upper-surface electrode
layers 92. Depending on needs, the s1de face .electrode layer 97 is provided
.' ‘with a ﬁrst plating layer (not shown) of nickel or the like - material; |
20 furthermore a second platmg layer (not shown) is prov1ded covering the first
platmg layer, when it is requlred
The: method of manufacturing the above resistor bas1ca11y remams the
same as that in the already-described embedlm_e_nts 1 and 2 of the present .
invention. | Therefore, description of Wh_ic]i is omitted here. '
25 Now in the following, the operation of the above resistor is described -
* with reference to the drawings. _ _ | _
FIG. 10(a), (b) and (c) illustrate operational models in a resistor of .
embodiment 3 still under the mariufacturing process. The positions of
contact probes on the upper-surface electrode layers during trimming are |

30 indicated with numeral 101. The path of electric current _during



€c), the path of el ectric curreﬁt does not show a significant change

despite the - .variation in the position of contact probes in the present:
enbodi nent; as ‘5 conpared with FIG 13(d), (e) and (f), where the path o
el ectrie current significantly chan during the resistance _
measurenent. The not ched section provided in the upper-surface

el ectrode | ayers curtailed the change in the path of electric current.

el ectrode | ayers ou the ch N electric curre
e hosi 11 b e eRe M AEekbulErp hibatod wil R UGHLAT Y, WU, T

t he position of act obes W Th 1 upper -
therefore, the RIRIWACIODSS ddiRatt’ pﬁ&b%e'v%rﬁﬂ%’o\@seen in FIG. 10(a) TB) and
ng.

characteristics of resistors are conpared in the foll ow
- Using a 4- pdepthempatk of electtie clireent aloes motchowea sigrfieant chimge despite the
70nferr] average _resistance resistor have been trimed to a targeted _
100nf err] ofvariation dnjtheapesition ok ¢pnfac brobes lia the presanice meRs; as .
trimm ng_was neasured. 1l he ve-presented JablLe,l conpares the
Hovi at | O | PR It ITG: 18, (ehond [ EEy At RAtD. O It papent | ©
resistors a : f | RNE " jayentdon.

As seen in [}’gﬁt’iem%ﬁﬂg Fgé%{ﬁo [ﬁl&n%c%r 53?11(%&:\%% Eﬁ%%o?%éﬁr?gl\rét STR(;?' ?%té:hed
present i nvegktieA pravidedshithelugperididfadcsSelebidle 18ydrdtaeaildy thé@hange in
positional 20 variation of contact probes on.the upper-surface el ectrode
| ayers ‘i n tHhhe pathmefisledrentcusfentesi Thascen vplecise assisbaper a8 mié¢dsuredt
of .conventional _~ - resistors, Therefore, the _accuracy of trimmng is :

i nproved; asregardless of the variatignsinthe \osiion of spntagh giropee avish| theauppet-ed
to be cl se £0.a teir&gtgdlval u§} ' ﬁ_lan be obt a'% ed. .25 . | NDUSTRI ﬁ\L
APPLI caBPL | 1eprface electrode layer, therpfore, the.accyracy,ebthi trimmine jsdmproved.

invention i's formep,oky acterist?éétb?{féQfsﬁ%rgaargaéoholﬂﬁreﬁﬁﬂqglg?dﬂf)@‘iﬁ el ectrode

~layers having respectively a not c sectl provi on bo%h,sides of

the -upper surface Uéinghe 4spdiat prbbe for Bhe 16W Yesistinéaitiashioenedshoetsheft

it is connected electrically to the upger- surface
16 el Hamfoanerhagg aesistangernesistor heve begen trionmed tooa ¢argatedt100mEltofi he

both s, do.f Aeeistanc. A dpHatiomaltha st baReraR IeT AL PRIPRIE WAS TBERRITEpi ng
.on part jof the uppﬁgé gb'&;éa-‘ﬁleesented Table 1 compé.res the deviation in the'accuracy of
| | the trimmiﬁg among the convéntional resistors and those of embodiment 3 of
the present invention. | _ |
As seen in Table 1, a resistbr in accordance with embodiﬁent 3 of the
pr_esent invéntion has a structure that 'isl least influenced by the positional
20 variation of contact probes on the upper-sur_face electrode layérs in the
measurement of resistance value, as compared with that of conventional '
r_esistors: 'Therefore, the ‘accuracy of trimming is iniproved; as é. result,
resistors with a resistance precisely adjustéd to be. cldse to a targeted value:
_ can be obtained.
. INDUSTRIALAPPLICABILITY
| A resistor in accofdance with the present 'i_‘nvention is formed of a
_substrate , a pair of | upper-surfac’e. electrode layers having respectively a
notched section provided on both sides of the upper sui'face of the'substrate, a

30 resistor layer provided so that it is connected electrically' to the upper-surface



eLectrdde | ayers for electrical connection. Because of the notched section
5 ' disposed in the pair of upper-surface el ectrode |ayers provided on -both

si des of t he upper surface of the-_suf trate , path of the electric
current flowng ina resistor |ayer mains in a sane stable route
during the trinmm ng operation, - even if contact positions of the probes
for the resistance measurement on the upper-surf ace el ect rode |ayer
~vary. Thus, &X&gom%fer%h% g?&béﬁ% Elaﬁ%r M dd ere§t%PT&sttﬁ% 'resistance
resi stance may -be control el so as to" be precisely withina - prescribed
range. layer, and &§d8lflEe electrode layers which are provided 6h GothXilé a¢datof

a substrate, . a pair of upper-surface electrode |ayers provided on

bot h si.des dtheisybetratesd dhet thesedayemsdret overlapping on part.ofithe ivgiper-duarfage
electrically conneeted to_ said upper-surface el ectrode |ayers, _-. _a
protective |elpeirodedarers: frcelpstrical connaction;  Beoauseapk she apetichedngpction
side-face electrode | ayers provided respectivel v on side.faces .of. said
Substrar B srshhetin fheratn Y BEpEr EprEEs Flackrote 12k Prs BBAASE R Shth SHass of
el ectrode | IS, ' .6, paj PGSk I

| ayers are %vﬁ%%%%@%%c? f \% -fubmg‘?ﬁ %’-%g’l[% %%ﬁe%efﬁé %ﬁf%ngy %@%{% a
from si de fagRistbr kijed reuhfihsdh® samedtable route during the tFich@Shg Reration
conprising . - a substrate, - ‘a pairt .of upper-surface electrode
| ayers proviekenh ifreohtddt poisitéeno6f thepprobesrbathe absistances mesisnaément on the a
pair of reverse-surface el ectrode |layers provided on both_sides of reverse
surface of suPRPIsSHFfagemelectrode layer varyesihuss evenyamengdhei xesistore ofrlewt ed

to sal d lLbDpe{és?s%%géeth%kre%srigga%qe may be controlled so as to be precisely within a

prescribed range.



layers, a protective layer. forrred to cover at |east said

resi stance Iayer and si de-face el ectrode | &Y et

respectively on side faces of said subst{ﬂte and over "HIIMt of
surface of said upper - surface €l ectrode yers and o ce of
said reverse-surface el ectrode | ayers; wherei.n said pair of upper
-surface electrode |ayers are provided respectively wth a notched section
at- a pl ace @%& om side face of said substrate. 3.

The resisto 1 or claim2, wherein said notched -~ ' sectl-on I's
provided al ong t R&.odisk&Cédprizpigendi cular to a direction fromone of said
~surface el ectrode to another surtface el ectrode. 4. . - . The

resi stor of clai majsuhstﬁte; m 2, wherein a couple of sai'd notched section |s :
~provided in said-individual electrode |ayer, said notched sections ars}e1
provi ded al ong 't ha mmexftupperpamﬁwdel@gtradeteyers(ah#‘eegur@ﬁprqtb‘fﬁllsﬁen%tﬁ ediq
respstor of claim

surface el ectrode to a | ectro

1 or. claPm secmeferqu %i E’PFE ‘%Qﬁrf (@(gscﬁarl%dgbftd ?s are shaped
by not ched section int. t
wryt h the regl ‘st Ior b Iﬁ?/sé to n%&%wp%rt I on ?r ee qtll% ﬂ}fé&{é@@lé&lﬁbmy%“éaid

rom t cont act

The resi stor, r}{ﬂer(stg"fﬁﬁejelgétrﬁli@ﬂﬁ&s wheretn the protective layer is

di sposed overlrapped on | east the notched section of said upﬁer- surface '
electrode |ayer. a pibtective layer formed to céverahiehstaithresistance augezaan

resistor conprising the steps of: - formng upper sur. e
| ayers on the surfs?de-f@ﬁe elestmde layers pravidedcrespsciavely) ‘P‘h@é‘?ﬁ) o‘ééjsal

R it ol ] B ) S 5
protective |a edg u?X dtuélp%?' ddl% élB&ﬁBdé lﬁ)lei"g%loelecfﬁédl%ﬁhecﬁdﬁr S;

separating t Hat provi cut ‘1 nes and having sai'd

el ectrode | ayers A§@dlgk0&e:§hﬁ;ﬁ§mgayers and said protecti ve | ayers thereon
into .

a substrate; |
- a palr of upper-surface electrode layers havmg respectrvely a notched -
15 section and a pair of reverse-surface electrode layers prov1ded on both
- surfaces of sa1d substrate; o
a resistor layer provided so that it is electncally connected to said
upper-surface electrode layers; _
a protective layer formed to cover at least sa1d res1stor layer; and
20 side-face electrode layers prowded_respectwel_y. on side faces of said |
substrate so that the layers are ow}erlapping on part of upper surface of said
upper-surface electrode layers for electr1cal connectlon | _ |
8. The resistor of cla1m 1 or claim 2, wherein- the notched section in
upper-surface electrode layers is provided along the same d1rect10n as the
25 width direction of the substrate with a d1spos1t1on w_here the pair of upper-
surface electrode layers are opposmg to each other. -
4 The resistor of claim 1 or claim 2, wherein a couple of sa1d notched
sect1on in said upper-surface electrode layer is prov1ded at both sides of said

electrode layer, said notched sect10ns dlsposed along the same d1rect10n and

30 opposite dlrectlon as the w1dth direction of the substrate '

s:s&:;aea “*E“_ [l ] ||||




bar shape substra forming side-face el ectrode layers covering |

at |ea 18$hafﬁ ﬁ@h a & of said bar shaped substrate so that the |ayers
ke el Mo said upper- surface el ectrode |ayers; and
separat aped substrate provited with sai'd side-face ‘electrode
| ayers |nto strates; wherein at sai d process step of -
Torn1ng t he upper surface electrode | ayers, pattern of the

upper - surf acex el Erl%gfstl’%g; a%g?t er&vb]%eﬂhghmﬁua rgéﬂé&ivggu?ﬁpgﬁlrﬁgé no

‘a printing rra’k I 'nc rn o e’ notched section at a location

away from t iR eaide Iaj8reard BRapstb by jtehed sdotion into a form in whicktheteisda of
manuf acturing a resiStor conprising the steps of: form ng

upper - sur f agertibrahakileg kaytacs witht the sesistwrelayer aamheepo:smﬁ:eetfe'oab thes
cut -lines provided thereon; - - forming reverse-surface el ectrode .-
| ayers on t bentasber se surface of .said substrate across cut |ines;

surface 81 ect PoadHeyestor of HANR (1 o figb 2 a@‘e’%‘é‘r‘ff@tﬁe@%e&ri? TRyes s

| east the s Q NRES
substrate p%?ﬁodgd ofve% ﬁai’l’%h‘f | Lrléelgeqas%dhﬁdl\ﬂt%%edsal upp an reverlg(etmde
surface el qu%&de | ayers, said resistor layers and said protective |ayers
t hereon into bar shaped substrates; '~ - form ng side-face el ectrode

| ayers coveri g # mietiasd ofhmmfdetmmgaaesmmcompnsmtlmostspsgf rate so

that the layers rrake el ectrlc contact .to s upper - urfa e eI ctr o
| ayers; and _ ormyesayme ﬁ‘ée l?d?“ﬂfiﬁ)iﬂy@i?o% ihe OlFF’eé;al d

.si-d,e-fa_ elec de | ayer | t bst r at ‘wh '
or ocess 10t e_pwir‘ea%mcn SR TP R BEIR0RE: e | ayer s, a patte?% o ¢
the upper-surface t@?ﬁ%at ; l’c%dlagbfsﬁ’éﬁﬂatdﬁ% Idyepy athld Hlebttida) GonbRithted

using a printing pattern of the notched section at a
| ocation aw@mawpe&mae dlemwmajwssubst rat e.

formmg protective layers covering at least the upper surface of said

E upper-surface electrode layers a.nd resistance layers;
15 o separatmg the sheet substrate provided with cut lines and havmg said
N protect1ve layers thereon into bar shape substrates;
formmg s1de-face electrode layers covering at least the side face of said
~ bar shaped substrate SO that they make electric contact to said upper-surface‘
 electrode layers; and _ |
2 - : separatmg sa1d bar shaped substrate provided with said side-face
o electrode layers into piece substrates; wherein |
at said process step of formmg the upper-surface electrode layers,
) pattern ‘of the upper-surface electrode layers is prov1ded through a pr1nt1ng_
: ', method usmg a printing ma_sk that includes pattern of the notched section, for
.95 the ,purpose of stabilizing 'the path of electric current flowing in a resistor
| element . .' ) B |
8 A method of manufacturmg a resistor comprising the steps of:
formmg upper-surface electrode layers on the surface of a sheet
substrate across cut l1nes prov1ded thereon,

30 : formmg reverse-surface electrode layers on the reverse surface of sa1d'
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9. The net hod of manuf acturi ng a resistor recited in claim 7 or
claim &hlsmaﬁumee%ﬁ ‘process step of form ng upper-surface el ectrode

J ayers ction is provided ong a direction perpendicular to
a direc f said surface el rode to anot her surface

el ectrod _ ‘ . 20 10.
<The nethod of manufacturing a resistor recited in claim7 or claimS§;

wherein , %uhgﬁ?%g%ﬁcﬁt 8(31‘ form ng upper-surface el ectrode Iayer's

sai d notche ron 1'S provided at both sides. of said el ectrode |ayer,

sai d notched sect ifghsind pastd layeng whidhraake alesteidadedhtadtan saidaupper-
direction fromone of said surface el ectrode to another surface el ectrode.
11. The net hagfmb elevtrddeclayersig a.resistor recited in claim7 or claim8;
whereirn , at the process step of formng upper- surfa el ectrodg | ayers '
respective upper - immmpwt@etlwedeycﬁy@@%a upper furiase ATs8id | on

into a.formin V\/mc t here i orti maki n contact wth the resistor
layer an# a‘kRBeFTSt’H e“’g ‘i‘?fari’%rﬁ 1t3r2ﬂa. : ‘A et hod of -

manuf act uring-a r %?#%%ﬁﬁngmshéé%ﬂs%@ﬁg?dgg vgitéthcut linds3xH Réving said

upper-surface ele yers on the sur BCt SUDSLTate Sor0Ss
eut |ines pr belasel 1 é@thereonmtobﬁél’{aptmmrﬁtelspper surface el ectrode

| ayer with & notched. sectlon at a place away fromthe cut line on the:
substrat e; . fofmimg siglerfage ele:ctrdd:eﬂayers odvnetingmkbaet the sidedhceofraddt
"to said upper- -surface el ectrode | ayers - form ng protective l{,ﬁc%ers
covering at bamshapedesuhatratecsooth aé?atbé)’r@%k% P@ﬁ‘:tnPéPEF%ct to said uppeg;Fy

sai d sheet s bstr& g? rOV|d d with cut lines and having sai.d el ectrode
| ayers, peirpde AYASARE and said protective |ayers thereon “into bar

shaped subst r at es;g c S t
P epa atsigg dtlﬂ% 'Ba@gﬁﬁ%ﬂéc‘]i %tﬂt@ brAHAed a%RhS s&RY Qiddifhcd

| east the S|deface ar s trate so that the |ayers nake
el ectri-c condlaetrode 1aydrd ifiPpiece sbstracss; slesrefrode | ayers; and '

separ ati ng t he bar shaped substrate provided with said side-face |
‘at said process step of forming the upper-surface electrode layers, a
pattern of the upper-surface electrode layers is provided through a prmtmg_
: 15 - method using a printing mask that includes pattern of the notched section, for
| the uurpose of- Stabilizing the path of electric current flowing in ‘a resistor .'
element. | | | | .
9. The method of manufacturing a resistor recited in cla1m 7 or cla1m 8;
wherein, at the process step of forming upper-surface electrode layers, the
20 \ notched sectlon is prov1ded in the upper-surface electrode layer along the
o same d1rect1on as the width dlrection of the substrate in a disposition where -
the pair  of upper-surface electrode layers are opposing to each other
10. The method of manufacturing a res1stor recited in claim 7 or claim 8;
 wherein , at the process step of forming- upper-surface electrode layers, the
25 notched sectlon in respective upper surface electrode layers is prov1ded at
_, .both sides. of said electrode layer, said notched sections disposed along the
‘same direction and opposite d1rect1on as the W1dth d1rect10n of the substrate.
11. The method of manufacturing a resistor recited in claim 7 or claim §; -
wherem , at the process step of forming upper-surface electrode layers

30 - respective upper-surface electrode layers are shaped by the notched section
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el ect r oghg, égé{ﬁrs into p| ece substrates. 183. A rret hod of

manuf act m@ aoed conprising the steps of: ' form ng
Jupper -su | ayers on the surface of a sheet substrate across
cut i ne reon; provi (%Ong sai d upper-surface el ectrode
| ayer _W|th a notched section at a place away fromthe cut line on the

-substrate; form ng reverse-surface el ectrode | ayers on the reverse

~surface of sai &:% ?@Pﬁ Whic ﬁ(t!@fes 4 ?pgl‘t 1Hﬁ%11ak1ndgr conttagf fﬁﬂﬂtﬁéeféﬁst% 14

whi ch make & upper - ace electrode layers;
fornming prohﬁatdggrﬁ(ﬁyﬁgg fﬁﬁﬂ‘%hb%n@dct' east the surface of said resistor
l-ayers; eparating said sheet: substrate provided with cut |ines and
havi ng sai d gRecArmdthddafananufaitiringsa sésistorapaprising thaistepsraft ect i ve

| ayers ther.eon into bar- shaped substrates; form ng side-face

el ectrode | ayers fuvaingnyppersvatacet alectiiode laxess oen sthey spaface Hefpad sheet
substrate so -that the Iayer make el.e c contact to-said upper- surface
el ect rode | spbsirateagrosscut i e§@53¥‘§9ﬁr¥é‘e§%ﬁ% bar shaped substrate provi ded

" with said side-face

The met hod of man Qﬂ?ﬁmé%ﬁlﬁdﬁl’é@éﬁ?&&%@?&é@gqﬁ% tcdl re ac eglur)rll f%r
wherein, at tb@?\ﬁ@%@%f sﬁalﬁﬂzﬁlg BOYhath M elédttic@hebRe floRehg 9A thelfBistor
not ched secti o provi ded along a direction perpendicular to a direction
from one of elémengurface el ectrode to another surface el ectrode. 15.
The method of manufacturi ng a resistor recited in claim 12 or cl.ai m 13;
wherein, at the prfm ses;stocf layers,ivhich maike eleetzinad contaqtde, said tRpper-
not ched sectlo In.res ve upper-surface electrode |ayers is provided at
both si dds &ur dal%qt °r 8r?’ayer sai d notched sections disposed along a

direction_per pendigeihly bofeflvb GaVbANoHATLEUE 18he Al oD B657a6L A chide

to -another surface manu uring a resistor
recited in Qlﬁﬁdﬂslﬁ'fﬁe dlb@irbdd Biyers and resistance layers; -

g separatmg said sheet substrate havmg cut lines prov1ded ‘with said

_l 'protectlve layers into a bar shape;
15 - formmg side-face electrode layers covermg at least the side face of sa1d
| bar shaped substrate so that they make electnc contact to said upper-surface
electrode layers; and ' '
' separatmg the bar shaped substrate prov1ded with sald side-face
electrode layers into piece substrates. _ '
20 13 A method of manufactunng a resistor comprising the steps of
| | forming upper-surface electrode layers on the surface of a sheet
,' substrate across cut lines provided thereon; | _
prov1dmg said upper-surface electrode layer w1th a notched section for
' -.the purpose of stabilizing the path of electric current flowing in the resistor |
25 -element . |
formmg reverse -surface electrode layers on the reverse surface of said
substrate across cut 11nes,
: formmg resistor layers whmh make electncal contact to said upper-.
 surface electrode layers;

80 ' forming protective layers covermg at least the upper surface of sa1d_
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wherein, at the ro es &p of forming upper-surface el.ectrode | ayers,
22 . respeéﬁh ace el ectrode | ayers are shaped by the notched -
section into htherelsa grtion making.contact with the
resistor, Iay n free fromtl%é contact. 17. The met hod of
rranufacturlng a re5|stor recited. in.claim12 or claim13, wherein the

not ched sections are forned by. cuttlng t he upper-surface el ectrode | ayers
V\nthalase @urfa% eI a resistor recited in

“claim7, cl apg?g eel_db llayal ml_ng V\%erq'ell’{%él%e protective |layer is

formed overl appi Ugeﬁaka%iné saﬁit she sulbsthad ﬁeﬁthéutOhnbawém&m aarl

electrode l-ayer .
R protectwe layers into a bar shape;

formmg s1de-face electrode layers covering at least the s1de face of said
"5 bar shaped substrate so that they make electric contact to said upper-surface
" electrode layers and | ‘ |
separating the bar shaped substrate prov1ded with said s1de-face
electrode layers into piece substrates. | .
14 The method of manufacturing a resistor rec1ted in claim 12 or claim 13;
10 .wherein, at the process step of formmg upper- surface electrode layers, the
notched sectlon is prov1ded along the same d1rect10n as the width direction of
the substrate ina d1spos1t10n where the paJr of upper-surface electrode layers
~ are opposing to each other.
| 15. The method'lof manufacturing a resistor recited in claim 12 or claim 13;
15 wherein at'.the process step of forniing'upper-surface electrode layers, the
" notched sectlon in respective upper-surface electrode layers is provided at |
: _both s1des of said electrode layer said notched sections disposed along the
- same direction and opposite direction as the w1dth direction of the substrate. |
16. 'The method of manufacturmg a resrstor recrted in claim 12 or claim 13;
20 wherein , at the process step of formmg upper-surface electrode layers,
. respective upper-surface electrode 'layers are shaped by the notched section
| into a for_m in which there is a portion making contact with the resistor layer
'. _ and a portion free from the contact. |
17. The method of manufacturing a res_istor recited in claim 12 or claim 13,
25 Wherein the -notched . sections are formed by cutting the upper-surface
electrode layers with a laser beam. | '
'18. The method of manufacturing a resistor recited in claim 7, cla1m 8
cla1m 12 or claim 13, Wherem the protectlve layer is formed overlappmg on at

least the notched sectlon of the upper-surface electrode layer
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