TITLE O THE I:NVINTION - . A Resistor and Its Manufacturing Method:-

Fl.ELD OF TH§7} 1 7 This invention relates to a resistor enployed

t @ manuf acture a®nigh-density circuit-board and a its manufacturing nethod.
BACKGROUND OF THE $ NVENTI ON Wher das the conventional resistor such

as the one disclosed by the |aid-open patent T 4-APPRACEDaSHBEES knobf,

the conventional resistor and its manufacturi ndr{ipllefss epigdi-even paged ~......
referring attached drawi ng Fig. 23 shovm ng a cn anﬁ?s tio aé&fd Asheto paged 4%.....
conventional resistor. In Fig. B%%040 5 an jnsy ?ﬂr?xpi )bs LA ... 2t0 fRagd .Tren
first surface el ectrode Iayer di sposed on the | a BG aht, %ﬂf!l’é_,&ipaged...‘. ______ :
insul ation substrate 1, and 3 is a resistor’|ay osed. 1
surface electrode layer 2 partly overl apping w tDATErCEE Ié“';*“é'é’l"iit"()'. """"""

layer 2. 4 MFTHEf PFSTHR DFERIION | ayer disposed to cover the entire surface
of resistor |layer 3. and 5s are tr| mm ng grooves di sposed on resistor |ayer

3 and first prot C n layer 4, aldtr es are cut when the
resi stance of gﬁgf s g %a%nqo t J“?‘Wﬁ&%ﬁnd protection | ayer
di sposed only on the surf ace of first protectlon | ayer 4, and 7 is a
second surf bgcmde' xtended over the entire w dth of

I nsul ation su S'P‘raate 1 on the surface of first surface el ectrode |ayer 2.
8s are side-electrode |ayers di sposed on the both sides of insulation
substrate 1. 9 amtisOinventicrkzklptes crb andesbstior empioyed| ty manufacture
respectivel y, %H%QﬁgggfﬁsmﬁﬁﬁﬁracﬂtﬁlgqfﬁﬁnﬁﬁéfuZLﬁ@qﬂathod.

si de-el ectrod ayer Is time, solder-plated layer 10 is
di sposed at a hei ght
BACKGROUND OF THE INVENTION

Whereas the conventional resistor such as the one disclosed
by the lLaid-open patant Hei 4-102302 had been known, the conventional
resistor and its manufacturing method are reviewed by referring
attached drawing Fig. 23 showing a cross-section of the conventional
resistor. In Fig. 23, 1 1is an insulation substrats, 2 is a first
surface electrode layer disposed on the left and right ends of
insulation substrate 1, and 3 is a resistor layer disposed on first
surface electrode layer 2 partly overlapping with first surface
resistor layer 2. 4 is a first protection layer disposed to cover
the entire surface of rasistor layer 3, and 5s are trimming grooveé
dispos'ed on resistor layer 3 and f£irst protection layer 4, and satd

. trimming grooves are cut when the rasistance of resistor 3 has to
be trimmed. 6 i1s a second protection layer disposed only on the
surface of first protection layer 4, and 7 is a second surface
alectrode layer extended over the entire width of insulation
substrate 1 on the surface of first surface electrode layer 2. 8s
are side-electrode layers disposed on the both sides of insulation

- substrate 1, 9 and 10 are nickel-plated and solder-plated layers
respectively disposed on second surface electrode layer 7 and

.side-electrode_layer 8. '

At this time, solder-plated layer 10 is disposed at a height




2 -lower than the height of said second protection |ayer 6. That is,
second protection |ayer 6 is disposed at a highest height on the
canventional resistor. The manuf acturing processes of conventiona
resistor having the above-shown construegtion are now explained bel ow by
referring the attached draw ngs. Figs. 24 and 25 show manufacturing
processes of the conven-tional resistor. As shown in Fig. 24(a), first

surface el e%&_ailethaaerhe He&gﬁer@@ckatm eeebua r&&e&qwnnmapartfhe Taftt 1and
right ends of insulatijon ﬁ'b trate

resistor | af@cogd BrpEe 2551 §i %’ﬂ"nﬁtoﬁ A phEngatindint pp che

i nsul ati on tWhvenaiendl ovedisyyy.ng part ly with resistor layer 3. Then, in
next, as shown in Fig. 24(c), after coating first protection |ayer 4
covering the entire surface of resistor layer 3, trimng grooves 5 are
formed on resi st 3he| BYRUESCHITANG PEOCHSIRS QE SOTVAPLionak reginter, jaying

l'aser-tri mighg aaahodsnmrcé%tmcsﬁéntam hEW! ShplIned bEE6W B reifayelng
vvlthlnapr et ermn as shown in Fig. 25(a), a second
protection I ePtéaFﬁe‘a @5%@15‘(? on the surface of first protection |ayer 4,
and as shown in Fig. 25(b), second-surface electrode layer 7 is disposed on

first surface el gapgodes} aygia Zzsxteﬂdqu%;&%ziﬁatlﬁfo&m Obf the

i nsul ati on substra as shown in Flg i g | ectrode | ayers
8 electri caIQWVSGHEEGFF%ng?*%W%Ur#%lc%h‘éﬁ"éc Rofd I'aﬁé t 5ITEEoFYTEAFPace
el ectrode | ajectfodeclsyspasdsd ﬁmﬁéﬂe vyoeppliying a)fcaataubabn niches Wettr abd 1.

e oY g %&h‘%?g%a er léﬁlsagietqgg?ectro %&&?ﬁuﬂ CQ&IBE

second surfac el ectr own

ayer
cross- sect i FESASRR 18YEF & 23?°’E’H‘?—!’ s APPIV1ng ‘?:d’rﬂ?éﬁ’%ﬁoﬂﬁl t%r??t%&f‘ Bn
provi ded w tof dnekzatpbateshdtmare 9 averlagpping paztig whykrrds)lstor layer

obtained. 3. TheHi"tPTment.!ad hoiS i ¥ihl fHRRIENIeAEE c%Q'Eiﬁ&UQ&i-QE

and manuf acturl ng pProcesses,” since second protection |ayer éposi t
at a hei ght PFOSREFL1PRHA¥SF deCoyPELRG trefyantﬂefe gnrface Yot resistor layer
3, trimming grooves 5 are formed on resistor layer 3 and first

protection layer 4 by applying a laser-trimming method in order to
set the resistance of resistor layer 3 within a predetermined range.

Then, as shown in Fig. 25(a)., a second protection layer 6 is
disposed on the surface of first protection layer 4, and as shown
in Fig. 25(b), second surface electrode layer 7 is disposed on first
surface electrode layer 2 extanding over the entire wildth of
insulation substrate 1. Then, as shown in Fig. 25{c) . side-electrode
layers 8 electrically connecting first surface electrode layer 2
to second surface electrode layer 7 are disposed on the both sides
of insulating substrate 1. After applying a nickel-plating and a
solder plating on the surfaces of second surface electrode layer
7 and side-electrode layer 8 as shown by a croas-section shown in
Fig. 23, the resistor of conventional construction provided with
nickel plated layer 9 and solder plated layer 10 are cbtained.

However, with the rasistor of conventlicnal construction and
manufacturing processes, since second protection layer 6. is
deposited at a height hligher than solder-plated layer 10. the



3 resistor can be nounted on a circuit board (not shown) by utlizing only
t he back surface of insulation substrate 1. Therefore, there should be a
definite di sadvantage excluding the automatic resistor nmounting nmachi ne
fromthe nmounting -work of circuit boardg because of the lack of ability
discrimnating the top or the bottom of resistors. SUMVARY OF THE

| NVENTI ON The object of the present invention is to offer resistors

TOuTor© SIEFLARGE SBeSSC RGeSt SOl € g B o
si s : SS su S S.

Ther of or e, (F% SBRBATK Fictace; of {ARUALIER BPPE-atAY] - IhArgFore, there

substrate. cslpaild bé adefivtteldisndvdptagyenscldidipgsthe eutbabhientesistbaces

of said SUb%J\ﬁ{t%ngamBSﬁiﬁg Frdu?¥Rb rﬁ&xﬁ%l%"gdgei?ks.?% g:e;l. fﬁcﬁogk& HellBise

| ayer making an el &ctrical connection to said sur el ectrode Iayer, a
protection ¥ heilasisaf @piddiyr dascriminating thesitapy 09 Hhe bofigm of

si de- el ect r aesailsrpegS superposed partly on the surface el ectrode | ayers
protrudi ng the superposed part fromsaid surface el ectrode | ayer making
el ectrical connections there between, and said side-electrode |ayers nake
sa. d super pdIBMARIgOENTHE OINVERRION om sai d protection |ayer.

Furthernore, the resistor of the present invention is conprised of; a

substrate, a pair_of per surface electrode |ayers and a pair of back
el ectrode | ayers %59 ePg &ﬁgp%@ﬁe?ﬁ "ée'b%’t% ér?dst%fop%{ﬁq Fes 18 8%Back

of said subswumtable cesiigtanit hyerd dvihoasddieeriminat igigethei sutface and
connecti on tgaididt Yda13¢dre! aRR" PHCF YL  a ﬁafﬁf’&@@&fdt% | felesmO % Isignat
de |l ayers disp

| east said resistor |ayer, and side-electro osed on the sides
of said subK$8#EF°E8vering said back-el ectrode |ayer and a part of said
upper surface. electrode |ayer making el ectrical connections there between,

and making the supg-Re3ed, Pid TeB1806F 213 285 RU¥r2uctBn! &Y Yomprisea
of; a substrate, a pair of surface electrode layers disposed on both
end surfaces of sald substrate, a resistor layer disposed on said
surface electrode layer making an electrical connection to said
surface electrode layer, a protection layer disposed to cover at
least said resistor layer, and side-electrode layers superposed
partly on the surface electrode layers protruding the superposed
part from said surface electrode layer making electrical connections
there between, and said side-electrode layers make said superposed
region protruded from said protection layer.

Furthermore, the rasistor of the present invention is comprised
of; a substrate, a pailr of upper surface electrode layers and a pair
of back electrode layers respedtively disposed on tha both ends of
surface and back of said substrate, a resistor layer disposed making
an electrical connection to saild surface electrode layer, a
protection layer GOVeriﬂg at least said resister laver, and
side-elactrade layers disposed on the sides of sald substrate
covering sald back-electrode layer and a part of said upper surface.
electrode layer making electrical connections there between, and
making the superposed parts higher than sald protection layer.



4 Then, in next, the resistors of a second construction is conprised
of;. a substrate, a pair of first surface el ectrode |ayers disposed on both
ends of said substrate, a resistor |ayer disposed on the surface of said
substrate nmaking el ectrical connectionsgto said both ends of surface

el ectrode l'ayers, a protection |layer disposed to cover at |least said first
surface el ectrode | ayer and said resistor layer, a pair of second surface
el ectrode | ayers 1tianno38d maktQotthec 1S istorai dfs & fsmvonar @besttiruntiag(els

and side el ectroq_%gl grsagugg aq:% %‘Hiri':%f Qes‘ﬂ. g e‘s@* L{.gte

maki ng el ect¥P @5l ctiONsS 10 sdi J°secon ace e ect ode
| ayers. dismeﬂhen rhath epds Qﬁt\ﬁéhﬂeﬂilma@te@rﬂmiﬁéOEOhﬁﬁ% Sdsprseqd

Isubst rate, Ra rtt%eogtlﬁ'fésé &ﬁurstﬂaestms&%&:ed.]gakfd@rﬁa@%gieaﬁk?a{ﬁdﬁmte to
ayers, a resi stor ayer | on a_sur Sal SUpsSLra

el ectrical HMed9 ?gd‘ pse §d?‘f"§’é‘e‘¥%ljg°c‘f e & RFgtec é'tgﬁ Fgg%r'on
| ayer to comrspmtseheaetcmxi at least gaidc €iestcduriihkee ajectrode sayer and
resi stor Iay |r f nd_s CEg€ d th
end surfacomaie Tdllated 185880 a5 a1 OGe CHECHIR ot e AIUATONE 13Pe00
on the si deﬁﬁp@&ddogubgthaﬂedmf ﬁgiél%léltﬁﬂ%lpréﬁﬁﬁ%?’ild@m% #adc side st

«'l\i/gd second Sé!é&]g‘:%dg Eﬁiréﬁﬁlﬂiia%ibeéafé?ﬁ.e“a@tdchaﬂke @m.tsr eﬂesammstmte
reover, uf act.urin 0cess._ O e jnve r s
const ruct i orf*d 558 8 CenppCiaAns h qﬂi& % ss%r g'gegg ?ode

| ayer crossle&panngdedﬂavdrng grooves fornmed on a sheet shaped substrate, a
process to dispose a resistor layer electrically connecting between said
first surface el ectrode Ia er rocess to dispose_a _protection.layer

cover at |east sdYFtH ?Bﬁei YRRt e RESLAFRF s SR PEa CETPESPER oF fa?er
a process t substprate,a mtdcnSurfB.ase atvrtaced e lemtaoden Jlntdrsenusd obacki d

surface protfﬁé{f&a axs oxd, P4 OIS £he ﬂayéﬂedx%ﬁo‘ie&h8ﬁtasﬂﬂ%&ké'éliskaﬂae

provi ded wit rooves, I ntqQ rectangul ar-s aggst rat
°0F

process to pFeRA ngc ($ARFETRGRLE  £°8 °?Tt’e°'s‘? d diﬁfgl &e‘dface
rect angul ar stmnmbdsuhahreat es pmitiecgioheltayex dio comeucat obsasfeisaddn f4usY

first surfac&&a%ret L2dEtEAYE 1A aRk boRE 28E18Y6F afrer, a pair of second
surface electrode layers disposed on both end surfaces of said
protection layer, and side electrode layers dispcsed on the sides
of said substrate making electrical connections to said first and
second surface electrode layers and said back electrode layer.

Moreover, a manufacturing process of the invented resistor of
a second construction is comprised of: a process disposing a first
surface electrode layer crossing over dividing grooves formed on
a sheet-shaped substrate, a process to dispose a resistor layer
electrically connecting between said first surface electrode layers,
a process to dispose a protection layer to cover at least said first
surface electrode layers and said resistor layer, a process to
dispose a second gurfaca alactrode layer on both ends of said surface
protection layer, a process to divide said sheet-shaped substrate
provided with dividing grocves into rectangular-shaped substrates.
a process to provide side-electrode layers on the side of said divided
rectanqular-shaped substrates making electrical connrections
between said filrst surface electrode layer and saild second surface



S K

5 electrode layer, and a process to divide said rectangul ar-shaped
substrate provided with side-electrodes into individual substrates.

Anot her manuf acturing process of the resistor of a second construction is
conprised of; a process to dispose a figst surface el ectrode |layer and a
back- el ectrode | ayer crossing over the surface and the back of dividing
groove forned on said sheet- shaped substrate, a process to dispose a

resistor | ayglectiale uaﬁéky m&eg&wasaeﬁaﬂmﬁa dasllr fac@aAG-glAped
| ayers, a process to

first surfacBmatFAt cRFamF "%a{:ﬁ’oeo C'I(:ﬂ’llgggrrg g% ’1"393:‘“{}%1%1“8@5%‘? t%glag%ose

a second surface el ectrode Iayer on both end surfaces of said surface

protection | Vel ahiled®Sasut ool Al oS HIARU SUBR b2 & WeBYhEed

with said surfac I viding _grooves into
rect angul ar %qmé'@@t}l%t %%F@@Préﬁﬁd Ssr BRRICYS &Ps ag gctingtesprbace
| ayers el ectémai:lonecmy&cum@ v elllettioas d ayesirbsiinganeerct ve sugdace

e SR AL oy TSR] e i e

rectangul ar-s e on r ode T"ayers
formed into & npracess| taudtsposesa resistGMeliimmb%WIésﬁaé-tl&r qs’rnactﬂangd

constructi Orhéfwmaﬁ?ds&ffacé %!Qé%i»é&@ _'Lﬂny‘ér af pkbkéss suéfaﬁﬁpose a

el ectrode | ayers dis on end sai bstrate re5|
di sposed on Weﬁﬁif:' ‘31"" s‘é‘?‘ée t“r“a "’é§t &BFHsﬁﬁ e#"b% TeQtrod)®
connecti ons Xayesxaandad fsdaist resistarel et agimodemscts diappsetaesecmﬂ isay€ace

SurTace o) EobRe LR o5 gt bk sl on Al pEbiered grctaauite hrer
i Sposed on ERRCEATLOALARE 43k BReercInaRAd SubARAALS RESYROLE MOTD FATRr s
di sposed at étnaeacaon dlwrtziodes dhysai daadbstsaa.t!e digugidngal lgycovesectdinhg

said first Ia?.'QEPQg&ll Y6tk ﬁCQnSﬁEéiﬁceoeh&ﬁbé@deshaxer
wher ei n sai ro ect 1 on [ OV a W ndo
surface el e® adsy dayeraq °§-8FH"9 $63lskY s‘?ﬁ'?%ié‘lge@ﬁigdé%ésel”‘gnﬁ°§8wa

second surf mweeelwmdeawemrmebam backl 4 yactandediayert, ol ig proasss
w ndow, and Sai ) Je60 fyiia' %&EE&@'%%;{%Y [Shapah® sHbaviaed o hhhatl 2848 ghabbe

nmut ual Iy faced corner
electrode layers are formed into individual substrates.

The invented resistor of a third construction is comprised of;
a substrate, a pair of first surface electr_ode layers disposed on
both ends of salid substrats, a resistor layer disposed on the surface
of said substrate establishing electrical connections to said first
surface slectrode layars, a protection layer disposed to cover at
least said first surface electrode layer and the surface of said
resistor layer, a pair of second surface electrode layers dispesed
on both ends of said protscting layers, and side-electrode layers
disposed at least on the atides of said substrate elsctrically
connecting said first surface electrode layer to sald second surface
electrode layer, wherein said protection layer is provided with a
window on said first surface electrode layer, and said first surface
electrode layer and sald second surface electrode layer ars
electrically connected through said window, and said second
elactrode layers are provided with corners at the mutually faced
corners at the same time.



6 Furthernore, the invented resistor can be conprised of; a
substrate, a pair of a first surface electrode and the back el ectrode

| ayers respectively disposed on both ends of the upper surface and the
back surface of said substrate, a resistéor |ayer disposed on said
substrate connected to said first surface electrode |ayer, a protection

| ayer disposed to cover at |least said first surface electrode |ayer and
said resistor layer, a pair of a second surface electrode |ayers disposed

on both ends of SRrbuLARES! | JiuRleaPlafhrbf o WU SolblFagd S5y 0de

| ayers are dispose of sald substrate electri connecting
sai d first ahdsSehstratcohdrall e fHARY cirfagreeliestyare pRdk theebpekde

| ayfer, V\hferesrhfqt&@aé p.a%eeti-?xbémgu' Sdﬂé;@b’éﬁh;_(bﬂ/\/ibb:&haeﬂ\d}@diﬁmm upper
surface of a fjrst surface electraode [ayer iing electrical, gonnectiaons
bet ween sai B §ﬂ§f&ﬁ@egﬁiﬁnﬁqﬁ%écFaﬁérs%&éréﬂﬂ%}r§§80nﬁ Eﬁﬁ%é%ﬁf Taye?
el ectrode | adsspdsedoonisaddishbstrdbe/coandcseddtseathdivstbesurddee dlagesrodar e
provi ded wit n f CQEN ta¢t [

Mor cover , ¢ h%%uaéﬁﬁfkggﬁ%&* Mgl Sonenef at [¥astBadl Firsy
const ruct i orSYeEaEBLecEEPdn layep and.said FeRlsigTelavey + atpaiyy Pf f §econd

el ectrode . | agierfadenalobtroaerldyieesddissbsu 9nObuel dmdsed sod igidtection

sheet - shape t e r.QC L r t i ng
ooty cal |yt bcar 3ol gith siad BER5E0AR %2?%? e uyBLd YD ERL
di spose a pr¥tdas pEsaid subsirate adectrlcallyacennegiing salid firstang gadd
el ectrode | aygfonsubtade bietticde Layer rokaid DEEK 2lbetfbad2agen, WBeRBAN

surface el ecliBiglauet 80 Sk (B BLSHAMN JIHCh Bl e85 ond pilisicieosal d

sheet-shapeas% Wi vidin rooves ‘and a Second surrtace
el ectrode | ayefixst osunfrasg Rkactrodeadgyesy - oAk slectrinals copmgcilions

pr gcess t 3 Oﬂéﬁ&é‘é@xl §ht@!§-§1ﬁ|&t é@ﬁﬁé@gﬁ&;ﬁb&ét{aﬁg hitm mass&ém %@&?ﬁear st
and second upper, el ectrode ers, and, said back el ectrode |ayer to r on
fhe stdes orSlertradss Lave: HR¥EhEnCARLE eindile AF PRETen Y GTHPRR
sai d rect angtAyerss azpcrevided atdd gomnduicatuwiha mutheldyefaced cepunars at

i ndi vi dual sgfistganlecTameherein said protection |ayer is provided with a

wi ndow on said first surface el ectrode | ayer.

7 - _
Moreover, the manufacturing process of the invented resistor

of a third construction is comprised of; a process to dispose a first.
gurface slectrode layer crossing over the dividing grooves formed
on the sheet-shaped substrate, a process to dispose the resistor
layer connecting electrically between sald £irst upper electrode
layers, a process to dispose a protection layer covering the sgrfaces
of sald f£irst surface elactrode layer and said resistor layer, a
process to dispose a sgacond surface electrode layer on said
protection 1a?er. a process to divide said sheat-shaped substrate
provided with dividing grooves and a second surface slactrcde layer
into individual rectangular-shaped substrates, and a process to
dispose side-electrode layers electrically connecting said first
and second upper electrode layers and said back electrode layer
togather on the sides of said rectangular-shaped substrates., aad
a process to divide said rectangular-shaped substrates provided with
side-electrodes 1nto individual substrates, wharein said protection
layer is provided with awindowon said first surface elactrcde layer,



and said first surface el ectrode |ayer and said second surface el ectrode

| ayer are mutually connected electrically through said wi ndow, and said
second el ectrode |ayer is provided with corners on the nutually facing
corners. In addition to these, tfe manufacturing process of the

I nvented another resistor of a third construction is conprised of; a
process to dispose a first surface el ectrode | ayer and back el ectrode | ayer
crossi ng oveand hsaidl sty synfaces edecpoedel dayempand asall b adcong fsuxfack
sai d_sheet - ShARGU-HPTbyBLCard RIREATY bOnAbSOASLIRcREIEALLY LRISIGh satd

connecting electrically between said Surface_ el ectrode éers rocess to

di spose a prétRday oﬁ“@aﬁéildc%%@’}qw&l&f:t{reﬁﬁtl%%ﬂﬁ is P§P"§ ?¢a‘l’:’eﬂbl‘@tﬂ"|"6§e

| ayer and saérl tiesinmitaallgyficimg Wor@ess.t o di spose a second surf ace
el ectrode | ayer on both ends of said surface electrode |ayer. a process to

di vi de sai d sheet-shaped substrate provided with dividing grooves formng
sai d second surf ddeadfittionte thege: Sheomanufasiuriogdraess af dhe igiventedde

layers at | eggderys &Qsiéedfr%foa taakd é&g@mh@,ﬁ Qaeﬁsrﬁy@&forfats diébc\A/QbCh

said first and _second surfa ectraod ayer are el ectr.l c nnect ed
and a procest® sBPWd’eﬁ%ﬁ%cﬂ”é@F& %ﬁeﬁﬁ‘ﬂgt‘?%&keg ¥ edayerqd’
si de- el ect r ockod sty sverr Ehé@imamggaonndsﬂidpabeémmd hb.ekmn-faead

protection '@ﬁ’@&%h%h%‘e\lhgﬁﬂe% Bs@rﬂdée]dng%éa dp%sgzlu seSdl eistgiﬁ%eede

| ayer, and said Tirst s ace electro er _an second_sur
el ectrode | SSAnegtdng, poeFiFicaiie betyeen 5114 SHgtpcenpoagiree daRerfons
and sai d secmrubens taodispoy aoplmﬂa;tamm Sapsv\coveding tdt a.eaaersam fiiket

mutual Iy facy n

Fosi otor | o WA ffictroan Lavedtnd B 2e3 1380 Doyl Fpt fedd B liPoe
di sposed at # FRFYPM FHGHRGS (HACtTaRe Ja¥eEcORoPOthy 8pdst RE SIS wagface
resistors haslwtmﬂeanb.age t @ girddeas’ €5i divide GRILI ShEBURsNdEba sibsthrate

PG o Tt L SRR U U s

8 g];amrsshoﬁl REQGEsSs L HisPoRe FLldarceleSrEods IANPER 4t Lgast an the
enbodi ment G 1dee oif e £1d redtangular-shaped substrate by which said first and

second surface electrode layers are electrically connected, and a
proceas to divided said rectangular-shaped substrates on which said
gside-electrode layers are formed into individual substrates.

wherein said protection layer is provided with a window on said first
surface electrode layer, and said £irst surface electrode layer and
said second surface electrode layer are mutually connectad
electrically througti sald window, and said second surface electrode
layer is provided with corners on the mutually facing corners.

As shown 1n above. since the invented resistor is provided with
side-electrodes and e second surfaca slactrode digsposed at a height
higher than said protection layer. the obtained resistors has an
advantage that the resistors can be mounted on circuit boards by
means of automatic mounting machine without discriminating the top
or bottom of resigtors.

BRIEF DESCRIPTION OF THE DRAWINGS



Fig. 2 shows manufacturing processes of the resistor which is the sane

enbodi nent of the invention. Fig. 3 shows manufacturing processes of
the resistor which is the same enbodi nent of the invention. Fig. 4is
a drawing illustrating a nmounting failumge found at the nmounting of the
resistor on a circuit board. Fig. 5is a cross-section of the resistor
which is a second enbodi nent of the invention. Fig. 6 is manufacturing
[processes of the gl §f Qhowh&%}ds%-%ﬁéfiaﬂ‘s of g8k OF ifXorl BYCR!S Bt
Fig. 7 shows manufacturin rocesses o e sanme resistor. Fig. 8 shows a

cross- sect i opmbgdinant of g’-f‘@r ipwertlen. 3 third enbodi nent of the invention.
Fig. 9 shows mmi@ptmhnaesmmﬂhgt PeocEsdad of the Qfedistotewhsok 1is

enbodi ment o the |nve manuf act uring processes of
t he sane. Lh %egtc?ﬁsgmge%\veg%qg’ﬁst he resistor which is a
fourth enmbodi rrents'xg t%ehq:mm@ncturmg prgcesses pfirhaares trian which 1s
processes oftﬁgm%éﬁgnéﬁygaiﬁbg& gfgthéjiﬁﬁyaygoﬁanufactur|ng processes of the
sane. Fig. 14 shows  a ective_ view of the reS| r I C
fifth embodi nent %¥9t el ane‘iﬁ’f‘f)‘ﬁ'g 1llustyating & g'ﬂBV(E pfé’\rygb‘&& k%ng Ry
of the resistne miiring ofathextbsmtmﬂlmeat cafctbe boamht i on. Fi g.
16 shows a cross-geelion 0 hggséaggé{fﬁﬂ %EOEhe res%§%é¥'féﬁcﬁh935a second

1 9. shows

manuf act uri ng pr ocesses 5 sane resl
manuf act uri ng“@%’%@%§fofthﬁhén§%’éi¢fésl stor Fig. 19 shows a
perspective view pfg! Be14 arindFactubisd processes & bhedardistentwinicli is the

i nventi on. mgm%aﬁh@%éﬁ' Qog§ nE" PSa Qﬁhon of the sane resistor.

Fig. 21 sho uring rocesses e sane. Fig. 22 shows
manuf act uri ng pr otk®sds SBPWPHEBWt“rmg Precesses; of,sha %ﬁ%§°§é§f‘f’6n of
the conventipigl B8eghéwdra cross-section of the resistor which is & third

Shows manur SCRERHRR $7. d8eL LBFEI R o o SO TESt Ster o

Fig. 9 shows manufacturing processes of the resistor which is
the same embodiment of the invention.

Fig. 10 shows manufacturing processes of the same. _

Fig, 11 show a cross-gection of the resistor which is a fourth
embodiment of the invention. '

Fig. 12 shows manufacturing processes ¢f the same resistor
Fig. 13 shows manufacturing processes of the same.

Fig. 14 shows a perspective view of the resistor which is

a fifth embodiment of the inventlon.
Fig. 15 shows a perspective view of the resistor which is

a sixth embodiment of the invention.

Fig. 16 shows a cross-gection of the same resistor.

Fig. 17 shows manufacturing processes of thes same resistor.
Fig. 18 shows manufacturing processes of the same resistor.

. Fig. 19 shows a perspective view of the resistor which is
a seventh embodiment of the invention. '

Fig. 20 shows a cross-section of the same resistor.

Fig. 21 shows manufacturing processes of the same.

Fig. 22 shows manufacturing processes of the same.

Fig, 23 shows a cross-section of the conventional resistor.



DESCRI PTI ON OF PREFERRED EMBODI MENTS A first enbodi nent of the

I nvention is now expl ained bel ow by referring the attached drawi ngs. In
Fi.g. 1, 11 is a substrate nade of alum na or such, 12s are a pair of
surface el ectrode | ayers nade of a m xe@ material consisted of silver and
gl ass di sposed on the both ends of substrate 11, and this should preferably
be di sposed to the side ends of substrate 11. 13 is a resistor |ayer nade
of a m xed nateﬂamg cansshowniuﬁhufabhenlmgﬁmndakssasdoglaBs shimepoesd stort he

substrate 11 and gt tggt b0 %ﬂ%t%%g?@%@@g ltfmeggmgz maki ng

el ectrical connectlons protection [ayer nade of
boro-silicate | ead gl ass di sposed to cover at |east the surface of resistor

| ayers 13. ISEsoNIPTIONCOPR! PREFERRED BRHODIMENTS!' Xed material consisted of
silver and gl ass disposed on the both sides of substrate 11 and both ends

of surface electrode |ayer 12, and a part of surface electrode |ayers 12
produci ng an el edt Elrar|embodimepdset] thegimventiion heingw expdasned thelowhby

surface of F}Fﬁ#&tihgntﬁ@yﬁrta%ed GHgad PhSOd Oﬂndffl 1%dge§'u19§trate made
0

si de-el ectr ers 15 S aneectro- pl at'ed | ayer g a net al
such as ni ciQf a@-&"‘éﬁ%é?r spgh. ellz’w?cPF%@ePP&{jé?% spgga%a}qcttrp en&%%sawdel?s
are sol der |oyer mise@msadrial eonsisssi dfnstieer @ml glasayetspdsediivanthe

necessary. 3ty U538 SEYHbRathelR b%ab@hﬂ%&% YireRetaHIP L 1gB3s04

sol der | aye DI 0Cesses reststor o
above- shown Qe §dapoands é’ﬁuﬁ}&b&ﬁ’a’?ngd- bel 3R BeTPELEFPT NpYaTe ®20Rathed
draw ngs Fi g5 miked halesbali cunsd steaubtciurhergunebikdde oénd exladsodisposadi s

2 first ombog ¥ER!siilstditel ¥ 880/ @M e botn affs BROU4dbd Lieceldde 184EEL 2

m xed paste nateri ver l'ass 1's screen- printe
sheet - f or nedl % makingaelectriaade cemnm@rﬁwa t&‘ﬁé’%? iR el dyift2 cPé’I°t&ﬁ-Gi°“
hori zontal diageh n@aeroe\mozhdmms%wgnsd G1ilsdged Codovarncatileasti ed

Be0r oy & CCtrd' sBrBSLh o ThSTLESE 1a}i2Y01 3 IK 58" afad BTREEALMLS nlagBE\"

about 45 ni rumizedaterialerersiaiad efyddves ard glags Wq%dson the both
sides of substrate 11 and both ends of surface electrode layer 12,

and a part of surface electrode layers 12 producing an electrically
superposed region at a height higher than the surface of protection
layer 14, producing also rounded edges of side-electrode layers 15.
16 18 an electro-plated layer made of a metal such as nickel to cover
side-elactrode layers 158 when it 1s necessary. 178 are solder layers
disposed to cover said nickel-plated layers 16 when necessary, and
thease should preferably be provided with rounded edges of solder
layers 17. _

The manufacturing precesses of resistor of the above-shown
construction are now explained below be referring the attached
drawings Figs. 2 and 3 showiﬁg a manufacturing mathod of resistor
which 1s a first embodiment of the inventicn.

As shawn in Fig. 2{a), after a mixed paste material consist-ed
of silver and glass 1s screen-printed on sheet-formed subst-rate
22 made of alumina crossing over vertical and horizontal dividing
grooves 21 disposed on sald substrate 22, and are dried and sintered
in a belt-system continuous furnace at a temperature of about 350°C



Then, as shown in Fig. 2(b), after a nixed paste material consisted of

rut heni um oxi de and glass is screen-printed on the surface of sheet-shaped
sybstrate 22 superposing on each end of surface electrode layers 23 in
order to electrically conbine surface ejgctrode |ayers 23, these are dried
~and sintered in a belt-system continuous furnace at a tenperature of about
850@C for a period of about 45 mnutes. Resistor |layers 24 are fornmed by

| yer 24 i a KPR apEELPd P ablut, & ialEks . (SFAS BRRRRFRGE S EYs
At this tineisttommddygtbdses may be forned by cutting resistor |ayer 24

and the coating layer altogether after at |east the surface of resistor
| ayer 24 are covered by a coating |ayer gnot shown) nade of glass or

ot hers. ASTR&TowRS Fhowg 1B 185 n26RX¢ | aBF8% 2 MiKRD RIS G Matardad
gl ass past e ¢onsKdtdN of ivithenidm Osklicle tand glakst thy seouer - mriritRc onethat or

| 24, th te i S dried ' d,i t - |

s nace at SRR Sf.Phosr- shited susiFrre2 APermbeIhaTha BacR GHF of

m nut es, andswgfadd slegrxndelavers 3§ dmsopden tofedegsgically comphan surfasmown
in Fig. 3(a)eléedtaiaesapess APSLhase ara 1P16d \dnded1at &rda dinva Bel0: -Hyaeas

21, exposing surface electrode |ayers 23 fromthe sid 9 ubstrate, . and
forming rect SOREAMICNS, SPERRCT G Rateperpturs ok %%tnggpé :f?fsﬁo%?’r‘#? ??g.
3(b), after abontkei$ pelsutepk cResistdry layerag24idnerfoammedgbysthis. :
transfer-printed by a roller on the side of rectangul ar-shaped substrate 27
form ng an overlgfnped art on surface electraode |ayer 23 which,is nade

hi gher than the REXE. 55 SHPMAR Fig- |12{fdr Bhe resisiange.of Teglptor Jayer
sintered in 24 b terdyeednbgonsing @i dabernerirmdr 2 foempagat nimnixig grooves

S00[err] C T ojs 2 ARCE A ¢ Ohe 2 tmit Ag 'P-UNES e Bb¥brilelsf LaELIRGTdALROLE
' layer 24 and the coating layer altogether after at least the surface
of resistor layer 24 are covered by a coating layer (not shown) made

of glass or others.

As shown in Fig. 2(d) in next, after a boro-silicate lead glass
paste 1is screen-printed in ordsr to completely cover surfacs
resistor layer 24, the paste is dried and sintered in a belt-system
continucus furnace at a temperature of about 850°C for a period of
about 45 minvctes, and by this, protection layers 26 is formed.

Then, as shown in Fig. 3{a), sheet-shaped substrate 22 1is
divided along dividing grooves 21, exposing surface electrode layers
23 from the sides of substrata, and forming rectangular-shaped
substrates 27. ' '

In next, as shown in Fig. 3(b), after a mixed paste prepared
by mixing silver and glass is transfer-printed by a roller on f.hg.
side of rectangular-shaped substrate 27 forming an overlapped part
on surface electrode layer 23 which is made higher thar the surface
of protection layer 26, the paste 1s dried and sintered in a
belt-system continuous furnace at a temperature of about 600°C for
a period of about 45 minutes forming side-electrode layers 28.



As shown in Fig. 3(c), rectangul ar-shaped substrates 27 are then divided

I nto individual substrates produci ng individual pieces of resistors 20 at

t he | ast stage. Then, at the |ast stage, according the a necessity,
a netal plated |layer such as a nickel plrted | ayer covering the exposed
parts of surface electrode |ayer 23 and side-electrode |ayer 28 is forned,
and at the sane tine, a solder plated |ayer (not shown) made of an all oy of
tin and | ead is di sposed over the netal pl ated | ayer, and by this, the
resistors are produced. hough a case where a_protection layer is

made of a bor o- siffi EBP‘é“Ith?’@*agécl’mt’é?‘r'%“ﬁ%‘bé@ﬁ%ﬁp?‘é‘?%%r 2f jpre
nearly the AR @iviiddintoliddiel didnisabstbytes ppgdaciepaniiivbdial phecss al .

I n addition tPr%QﬁcoilLt QW t"ixemlégp ?éé)demat erial obtained by m xing

silver and g:ﬂass I'S used as a Sidée-e materi al has been explained in-
this enbodi nrent of the invention, the sane effects could be obtained even
when a m xed material consisted of nickel and phenol resin were used.

Resul ts experinmenting tg re |stors of above- onst uct i on _and ,obtained with
the conventional *r&8rs® Y #§280 A9AE 83 a‘?%c“rﬂﬁ%té&pl‘a'f‘ﬁ%
bel ow. ( E)g:l:atiede‘rugdr sbchhad)a nickel plated MyaamOmuunq tﬁieeexpmd:parts

conponent p??ﬂfﬁﬁﬁ{@iﬁb &ﬂgﬁe@é 3“@%& 4shkl él&:@fudé nger.c‘is dB Qﬁmed

Panasert MW, one one cassette nounti ng IS perrorne en a
re-flow sol GG A the rqame £ & sobdep piaded é-)‘Yﬁ? (MRt shawn fipde R san
resi stors arslleyuet edroand Iuddtmstdthﬂfsdd éver the shétsl plaredbayerhaada of

the resist Ohsy ??ggso&ggrf%iﬁgﬁeégr?}@é‘&f the circuit board facing
S

downwar dl y. gnents o e Resul
12

- Although a casa where a protection layer 1is made of a
boro-silicate lead glass material has been explained for far, naarly
the same effects could be obtained by uaing an epoxy resin material.
In addition to this, although a mixed paste material obtained by
mixing silver and glass is used as a side-electrode material has
baen explained in this embodiment of the invention, the same affects
could be cbtained even when a mixed material consisted of nickel
and phenol resin were used.

Results experimenting the resistors of above-construction and
obtained with the conventional resistors mounting on circuit boards
are now explained in below.

(Experimental Method)

Using an automatic elactronic component placement machine
(made by Matsushita Elec. Ind. Co. Ltd.. Panasert MV2}, a bulk one
by one cassette mounting is performed, then a re-flow scldering is
fulfilled at 200-2502C for 10-30 seconds thus resistors are mounted
on a circuit board. In this situation, about half of the resistors
are soldered to the tarminals of the circuit board faclng downwardly.

{Judgments cf The Results)



As for the resistor chips of which a side is not bonded as shown in Fig.
4(a). the cases where one sides of solder |lands are found unsol dered are

j udged unacceptable. As for the m ss-registration of nounting angle to the
soldering land on the circuit board, thfpcases where the resistors on the
soldering |l ands are found rotated for nore than an angle of 0.2 degree are
j udged unaccept abl e. Tabl e 1 shows rel ati onshi ps between the hei ghts
of side- electrode |ayer above the surface of protection |ayers and the
unaccept abl e nmountings for the experinented resistors having a construction
of the first enboks fomtthef resbstor chipswlavdichp sile 48 Masborded as shown

resistors. 4p Fig. 4(a), the cases/ahkPalone sides of sold¥waandenate found
Conventi onal %x eri nent ed

Exanpl c- 1 xARBF EASTad it JERPPE BIRSGOPtAPYLe P O AP Lot -dea el sBiy

) 10 &f deowitdcig anglépry thiExpoldeting dapdabheth@ircuit board, the
0 0 R n i * _ a 5
0 Mounti ngs 83%%% %v:h%% @lﬁ% a:%%g.gé:g%Feo% ?r?%e%?‘?%ﬁgiﬁgo 14Rs are fouk rotate

r mounting 10 OgOO
sanpl es. . for Mows dhen Rnamgbe of 04 HEGTERCAFR, VTR HASCPBEEDLE
provided with side-el ectrode | ayers di sposed at a hei ght higher than the

surface of protection |ayer by nore_iha m,cr.ons,  t s Y& side-
unaccept abl e conn %‘?#%ng §$8w¥af'°i%§}s°rf%a‘%st hbeeé(yaésegs 0 con@ent i onal®
resistors. electrddee bawsss alfove $deosyrasedpieREobectien | 1REaRs Adidenow
' unacceptable mountings for the experimented resistors having a
construction of the first embodiment of the invention and for the

conventional resistors.

Table 1

Conventional Conventional Experimented Experimented
Example-1 Example-2 Bxample-1 Example-2
Height differences,
protection layer/ -5 0 5 10

side-electrode (4m)

Exp. Unacceptable 25 4 0 ¥

Results connections

(*) Off-angle 100 16 2 0

Mountings

(*) : Unacceptable connections for mounting 10,0000
samples.

As shown in Table 1, since the invented resistors are provided
with side-electrode layers disposed at a helight higher than the
surface of protection layer by more than 5 microns,
the numbers of unacceptahle connections are far less than the cases
of conventional resistors.

The ¢ases of a secand embodiment of the inventicnh are now



13 explained below. Fig. 5 shows a cross-section of the resistor which is
a second enbodi nent of the invention. In Fig. 5, 31 is a substrate nade of
a_material such as alumna. 32s are a pair of surface el ectrode |ayers nmade
of a mixed material consisted of silverqqnd glass which is preferred to be
di sposed up to the ends of substrate 31. 33 is a pair of back el ectrode

| ayers made of a m xture of silver and glass. and it is preferable to

di spose t heml0l dia o bdfol #ig0's EHiGws Lbbélgﬁéﬁf“s@ﬂtm%%%stl& EESLSEOF whavR!

made mainly O m xXe m X1 ng rut henLum oxi d

gl ass di spost#acseqansd embedimenss of thet #@{@@Pnan@ gdferSodbdson sc%tEGFﬁ
ends of uppefagd 88 Tarm&ﬁwew‘cr{’as 8L6R1A4. 92 eirelPpas blaurinack aliciveati

connections }hereto. tectio

bor o- si | i cat FPYSRHITERS qsi a.@d@gﬂ*‘f‘aﬂc&é‘f’y‘aésgﬁ‘g&m *\i;"%ﬂl"f‘gc%l%?s MR8t or
layers 34. 1is pref2gried to seldisbosedoate tonybe ends ofasubgtoite 34 x33 is
mat eri al Obtaﬁ?%ﬁ Jb’b&‘&'é(bﬁlﬂc&é%?ia?@ﬂs %aé%f aaa;tazélo&pﬂsﬁfhxoana ashges

of substrat supe surface el ectraode . _and
on a part ofagddt s‘t?r?’é'g%e‘tﬁb%u\“f Séép‘é?%éf‘ﬂ‘}d@ F}é?/éfl 99?‘15(%% Q%Plsﬁ‘ﬁs%é‘%e
el ectrical c3nneatisnsrebtstso layekimgld haialpmd a mnedinpteriak dbitglierd

than the S‘”%ﬁ dgjgpjfné)rzq{t%%&i.}% LRY&L §§ gi‘ﬁ'zfé h&ﬁ%@%ﬁ oh i e s‘i‘z'r%‘élzéogf?

| ayers 36 ro an elec ayer suc ni cke
pl ated | ayerseostsateg3) aed superposed pe@elm@n@sof tpRet @é@&r‘-yodséawsra

sol der | ayeragquaid 14 Braéeded amrabizshf e ISCEEEH1Y corN@ctibis smiedestd agsr

shoul d prefefably. b V|ddvmth ne e
resistors of{%b%v%r"%?g% ne aXSﬁsW "?aco;ﬁ’ g?%ﬁw; h;rfénaé tal& glass
expl ai ned bydisgased t¢ caAven:ahdleastdithe ﬁgsfwegyf efeaﬁatvrmHW%rRﬁm
manuf acturi ng processes of. resistor which is a second enbodi nent of the

1 ver and ol acs & tecpctfteraifratun Tad me8 BEN: TR B hfieg ATLTIEE O

with verti capbeaikhead byznbxing dELLverndnd raiasss mdohi |ﬂti§P969ﬂ %%lrfﬂ!ﬁ:ééde?he

paste is driggl. suﬂ%@&atéff‘sfr dupRrphess- ﬁ&&p%ﬁd§ub§t§lﬁtﬁcé2el§cfﬁ/ﬁ sage2sd

the same pasig MALLInh bire SF Vhe Subesle 08 fuPids b1SLY Niers 32,
establishing electrical connectioas thereto., making the supper-
posed paxrt is Bigher than the surface ¢f protection layer 35, and
the edges of side-electrode layers 36 rounded.

37 is an electro-plated layer such as a nickel plated layer
covering the side-electrode layers 36 if necessary. 33 is a solder
layer covering plated layer 37 if necessary, and said solder layer
should preferably be provided with rounded edges.

As for thes resistors of above-explained construction, its
manufacturing method is now explained by refarring the attached
drawings Figs. 6 and 7 which showmanufacturing processes of rasistor
which is a second embecdiment of the invention. As shown in Fig. 6(a),
after a8 mixed paste material consisted of silver and glass is
screen-printed on a sheat-shaped substrate 42 previded with vertical
and horizontal dividing grooves 41 on 1ts both surfaces. the paste
is dried. Then, after the sheet-shaped substrats 42 13 reverséd and
the same paste material 1s screen-printed again over the dividing



14  grooves (not shown) and is dried. After this, substrate 42 is sintered
in a belt-type continuous furnace at a tenperature of about 850[err]C for a
period of about 45 minutes form ng surface el ectrode | ayer 43 and back

el ectrode | ayer 44. Then, as show in Fig. 6(b), after a m xed paste
mat eri al consisted of rutheniumoxide and glass is screen-printed on the
surface of sheet-shaped substrate 42 crossing over the respective edges of

surface el eiiqidiad (Y shGwf dnd 98I NS E Chid il deVd2 Asilnieeda
| 1S

m xed paste dried and placed in a belt-type continuous_ fiurnace
and is sintele@ Relh-tEppFoRtinvoys ERTRACS SR B?m%g/ TTEq 08+ ‘Bﬂ%ﬁt&gfs‘g
m nut es for Ny & peirdibdr of agmust 45 minutes formingusurfiade geléitxyodehy}anerng
a laser tri Wr‘j@ bﬁgﬁhelgcif&fﬂﬁl%&f Qgess to trimthe resi stance of

and to tormitri

resistor |ayer m’ng grooves 46. At this tinme, after the
surface of resistor layer 45 (not shown) is coated with a material such as

gl ass, bot hI t he qq,'gnt | i,NGasl tmaﬁdt Emg,rgfb;; oaliftﬁyeﬁ m;ednq;&glﬂdnmt exttabnce
y using a l|aser, tri r ou e coati.n ayer. an ddlinteat bhMEhaY
grooves 46 a?%‘%iﬁrﬁ?&r}g% mg{’mgﬂ@n‘,’xjﬁéﬂ %%lﬁﬁ Filﬁ.s%x?%%)'y,pa %eerd 3hm' xed
paste mat er i surfade off shes b-shidpiedasubs trat e Hascross ng evarpthenaspertive
surface of resdedf Olhel AYEELdCe CUNHILRGaeONPAREL! W NBnaUT ESfe X1 Sikhbas
45. the paste 1s dried and 1s sintered in a beIt-% on%u&u@urnao& at
a tenper at ur®let TSI Ys 5} ATIpGeAPLxed Dasse Bt F5951 2030 PIPRPHG
protection |tyerbéIt-type conthenouansfiuznare amd Risgsinfeged siceitampeyagure
substrate 42,¢ ghdat sd6e: EJ:P'&M&Wd‘ﬁf‘ﬂb&i@@yﬂﬁnﬁ%eSEBQﬁlﬁg redikase layers

el ectrode | ayers 43 ?romthe si de of substrate, and rectangul ar-shaped
substrates 48%are obtai ned. , In next, as shown in Fig. 7(b). after a
m xed paste material. consisted of silver and glass is transfer printed by

using a roller As shown in Fig. 6(c)}, by using a laser trimmer or such, a
trimming process to trim the resist_anca of resistor layer 45 and
to form trimming grooves 46. At this time, after the surface of
resistor layer 45 {not shovm) is coated with a material such as glass,
both the coating layer and the resistor layer may be trimmed at once
by using a laser trimmer through the coating layer. and by this,
trimming grooves 46 are formed.

Then, as shown in Pig. 6(d)}, after a mixed paste material made
of boro-silicate lead glass is screen-printed on the surface of
resistor layer 45 covering completely the surface of resistor 45.
the paste is dried and is sintered in a belt-type continuous furnace
at a temperature of about 850°C for a period of about 45 minutes
forming protection layer 47.

Then, as shown in Pig. 7(b), sheet-shaped substrate 42 is
divided along dividing grooves 41 exposing surface electrode layers
43 from the side of substrate, and rectangular-shaped substrates
48 are obtained.

In next, as shown in Fig. 7(b}), after a mixed paste material
consisted of silver and glass is transfer printed by using a roller



15 on the both sides of rectangul ar substrates 48 superposing on a part
of surface electrode |ayers 43, naking the superposed area is higher than
the surface of protection |ayer 47 at the sanme tinme, the paste is dried and
is sintered in a belt-type continuous fygnace at a tenperature of about
600[err]C for a period of about 45 mnutes, and by this, side electrode

| ayers 47 are forned. As shown in Fig. 7 (c) , then, rectangular
substrate 48 i dIVIqbd LntaJndividu stors

ot are RpSposicE1ads 2 Pledddiiar! SRl superper iid n £ bkt
| ayer cover itmgsvkréaeqmisadtrpdetlswctsywr.-mabtnsettéetmﬂoayérw isadigher

si de- el ect roaful %}&srsd&aée aee&% aenbyaiﬁ WGt AneOk4lRd t|1§l¥ertl{é‘%8te

shown) nade an alloy of tin an ver| ng said Iat ed er t he
resistors cal® it andeds smtere‘ﬁd’t’h(ﬁj&‘? euSPR ai‘:EaFE fead
glass as a nﬁnqmﬂltu&h bh abwurt 60090000k wpe:hadeommnuexﬁ aunadest fends bge

effects can 1 tﬂd%eglgxtggag?le&agp%yégwaétem mat eri al .

Al though cas a m Xée consrste silver and glass as a
mat eri al of si de el ectrode have been explained in this enbodi nent of the

invention, the sagg sﬁ%ﬁthﬁr N7 b8 Obhéh N2echangldtds@ost v 4R8I ded
consi sted of, ni ckel The experinental results

obt ai ned by %%tﬁ%vgﬁaggeg?g{‘{)‘%? b £% above- expl ai ned construction and

t he conventional resistors are now explained in the foll ow ngs. The

exper rrent al net hg'ﬂsrfnﬁtt laﬁeJt VSKNTE By Qfﬁrﬁmﬁg r&s{siatﬁaaemayergﬁum équ of
experi ment s are identi W shown odi.men

i nventi on. ich as Eﬁlé’r}&%%rﬁe‘?yfﬁ Bﬂ’é?ﬁ'f&g gg?\ﬂé?ﬁ”?ﬁb %?“Ef' I-fgf:ae-
el ectrode | aqbs@mm/éaybe 43rdnd sidp-plectrede layerc 48 &ﬁmQéﬂ,ﬂd and by
unaccept abl %%hl Q&faéxoﬁayas (%%eahmi fladeCst UPRS167\WNE1A &RF28Ea

construction e canvent resi s
covering said pla ed a]l.ayer, t e resistors can be cobtained.

Although cases using a boro-silicate lead glass as a material
of the protection layer have been explained, the same effects can
be obtained by using an epoxy resin system material.

Although cases using a mixed material consisted of silver and
glass as a material of side electrode have been explained in this
embodiment of the invention, the same effects can be cbtalned by
using a mixed material consisted of nickel and phenol resin.

The experimental results obtained by mounting the rasistors
of a above-explained construction and the conventional resistors
are now explained in the followings. The exbex:imental method and
the judgment of the results employed in these experiments are
identical with those shown in a first embodiment of the invention.

Table 2 shows relationships between the heights cof side-
electrode layers above the surface of protection layezrs and the
unacceptable' connections for the experimental resistors ﬁaving a
second construction and the conventional resistors.



16 Table 2 Conventi onal Conventi onal

Experi ment ed Experi mented Exanpl e-1 Exanple-2 Exanpl e- 1
Exanpl e-2 Height differences, protection |ayer/ -5 0 5
10 side-el ectrode (pm Exp. Unaccept abl e 32 2 0

0 Results Connections (*) O f-angle 83 9 0 0

Mountings (*) : Unacceptabl e connections for nounting 10, 0000 sanpl es
As shown in Table 2, since the invented resistors are provided with
side-el ectrode | ayers di sposeqagied hei ght higher than the surface of
protection |ayer by nore than g m crons the nunber of unacceptable

connections are far | esgodiait 1ddA1008Avadt {ifal FQBraies 08y CHkpeMentad
resistors. = A t hi r dexaipée~Ent ERample-2 nveEikanpyle-1 NEnanpdd @ ned by
ref erring Rigligit stiffiergnaes; oss -section of resistor which is a third
enbodi nent opretectioneiayen/ -5 InFid@® 8 51i8 a substlPate nade of a
mat eri al * sucyids-allddtirode P2ogye a pair of the first surface el ectrode

| ayers made of a m xed material consisted of silver and glass, and this
woul d be preExpred Ymacteptaddeumd2 o t he sizde ends 0@ substrate 51. 53 is a
resi stor | ayResuktie Comngcglonsa ni xed material consisted of rutheni um oxide
and gl ass di épbsed QFE@gLur f ac®3 of subst%ate 51 afld on thePboth ends of
the first surface ¥PBREIRAR | ayer 52 nmking el ectrical connections thereto.

Cesin di Sposthl 11 UHAFRPERBL Fatibidne, saE Fagerid B,00P0 Happtef s PO

53, and preferably to the side ends of substrate 51. 55 are a pair of
second surface electrode |ayers nade mainly of a m xed material consisted

of silver and gl a5 QL TACrh 18" And S Thid VBN cRLELELAPLYe V1A' 0
with side-electrode layers disposed at a height higher than the
surface of protection layer by more than 5 microns.,
the number of unacceptable connections ars far less than the ones
in the cases of conventional resistors.

A third embodiment of the invention is now explained by _
referring Fig. 8 showing a ¢ross-section of resistor which is a third
embodiment of the invention.

In Fig. 8, 51 is a substrate made of a material such as alumina.
52 are a pair of the first surface electrode layers made of a mixed
material consisted of silver and glass, and this would be preferred
to dispose up to the side ends of substrate 51. 53 is a resistor
layer made mainly of a mixed material consisted of ruthenium oxide
and glass disposed on the surface of substrate 51 and on the both
ends of the first surface elactrode layer 52 making electrical
connections therato. 34 is a protection layer made mainly of a
boro-silicate lead glass or epoxy resin disposed to on first surface
electrode layer 52 and resistor layers 53, and praferably to the
side ends ¢f substrate 51. 55 are a pair of second surface electrode
layers made mainly of a mixed material consisted of silver and glass
or made of phenol resin disposed preferably to the side ands of
substrate 51. 56 are gide electrode layers made mainly of a mixed



substrate 51. 56 are side el ectrode |layers made matnly of a mi xed

17 mat eri al consisted of silver and glass electrically connecting the
si.de of the substrate 51, the first surface electrode |ayer 52 and the
second surface el ectrode | ayer 55, and {fese are provided with rounded
edges. 57 is a nickel plated |ayer covering side-electrode |layer 56. 58 is
a sol der | ayer disposed to cover plated |ayer 57 if necessary, having

rounded edg(?“% rxﬁfaﬁr@t%é’isted of s:ﬁ%’efr %act arspsséf&gf]rid?&ﬁ.y annec 1nignéae

above-expl ained construction, Its ren | S now ex a
bel ow by refSd¢ A§ e sybsiTALe ftlr'a\ﬁ}‘ﬂgéiﬁfg@r@a&ﬂoe-‘ﬁ)’%‘lm @YWE $2 and
manuf act ur i heP B8EOAA Bfar FdteSEDydL tdde 18y b (59, ahlll Base ArkeprPatded with

e : , Vi di
orooves 61 douBoedledfhendd, 28 I RLGRe FHIBRELIADE Lot S Tneliyblo 0
provi ded wi tlmwt A6t h88hds i ¥ delderahayeerdispdsed iodcayeyrotated layerpdit e

I's dried, ang inscahasgg féh&ﬂ:ﬂ; helshabl Peages  pruiraniy, nace at a

t enperature of about for period of about 45 mnutes formng first
surface el ectrode | ayers 63. As shown in Fig. 9 (b) , then. after a
m xed paste mat elisaformttie mfsistblcliyen of iabovardxglained copstrwnt i ntes on

th f St |
Comnect | one MnUEAEEhIHEP HECAURS s o Tkt AV BIGP| B9 rEPefLERd T hG)
bel t-type coftacheddnaningss 198 - 3nd A0 showdngiisompnt a&%ﬁﬁe%ﬁéseﬂ

about 850[ erxs] Shoeh tn (Fig.o8(8f, after 45aﬂnewbastefxmmm1rnauetoﬁ siayers

64. in.next b

or SUCh a pr OCE%IL%Hn Jf:é g ’tgé]e@.tplgsqlnggéngg 3‘.‘fc, rlezs%g%?or éﬁsidiﬁ%n‘g}g&gg\/bfe
perforned, #H&pepednps, si‘Pﬁ‘r’mﬂWQj’r sobssretepe Padecef ﬂ“"tﬂ#ﬁs of| REheR$t er
the surface ;ﬁfovrieiasivﬂth' Wﬁf the horLoonesh (a3« mmhlbuﬁmiga@mabvsuph

I t d
Through t he BRATRE Lhydibe Wi o FAInkeSe R TR £ 181 YL cBne TRAOT AuhBE
In next, as %MSNEGFFQ“Q(QQ ﬂb%ﬁt 860% mﬂs Pleiréatleof- capPujl ASsmiputes| s
screen- pri ntgymAhgt BEreht sierfidd blestrede f Lépdrs s .ace

As shown in Fig. 9{(h), then, after a mixved paste material made
of ruthenium oxide and glass is screen-printed on the surface of
sheet-shaped substrate 62 in order to establish electrical
connections betwen £irst surface electrode layers 63, this is placed
'j_.n a belt-type continuous furnace to dry and is sintered at a
temperature of about 850°C for a pericd of about 45 minutes, forming
resistor layers 64.

As shown in Fig. 9(c) in next. by using a laser trimming device
or such, a process to trim the rasistance of resistor layer &4 is
performed, and by this, trimming grooves 65 are formed. At this time,
after the surface of resistor layer 45 is ccated {not shown) by a
material such as glass, both the coating layer and the resistor layer
64 may bes trimmed through the coating layer and by this, trimming
grooves 65 are formed.

In next, as shown in Fig. 9(d), after a boro-silicate lead glass
paste is screen-printed on the entire surfaces cof first surface



18 electrode |ayer 63 and resistor layer 64, the paste is dried and is
sintered in a belt-type continuous furnace at a tenperature of about

6Q0[err]C for a period of about 45 mnutes, form ng protection |ayer 66. At
this tine, protection |ayer 66 has to bpgdeposited to cover at |east first

surface el ectrode | ayer and resistor |ayer 64. Then, as shown in
Fig. 10(a). a paste material consisted of silver-and glass is

screen-print the rfa f Lo 6 n | 1.5 |
t hen pl aced elelgec?}t?g:g t : ? BIé %f(;n%dm%ggﬁ%% ng%t&gﬁs& ‘i S hgi ﬂ?gejé%%atd-p%ea afd
t enper at ur e 1§ siipderedob & bels-prpe qPnsinyeyst fanagehated FoRIALAFUNgOL
Sﬁco?d ﬁurfgeﬁﬁ:\ﬁ:’ f@é*@ﬂ&ethm dpan ﬂtﬁﬂd ‘I@m%_ﬁiﬂ:g_s@&omﬂ@p'rBtEJ:ﬂiole_ﬁ?l!rt
sheet - shape u e is divided alon iLdin roqQves 0sin
first and tH®s o@%ﬂ'&ce"ﬁ?"eﬁ%’ﬁﬂe&ﬁﬁ Erégmn??%@ §F38§§é?g§f?o§f’ygfe
and rect angutarlesasssifiztesseft avee eflectedddylayes.and resistoenlawersiedmn in
Fig. 10(c), a mxed pasta material consisted of silver and glass is
transfer-printed by a roller on the sides of rectangul ar substrate 68 in

order to el ectri d&ieny AsnABewn ity Figsylf fadb- & Ragtegpataytal gensdstedorf
surface el e]géamﬁ& 4:%) gllabd 1ansbrdenegrifbed chstidsur fdcicef protacbibn 1eype
cont | nuous (&} | { e [ e

period of ab%klrjgﬂ g nT nut Egika’miﬁg"g’.l o g Jg?gfa: gégbleta éergggg;n@&%ft‘%ée
shown in Fi (andig)sintenednatpratenparatuzeonabpet f00°a£Pr aRsringi of ahant
Subst(r]I ates pfPediiangsi fiskni 'r@J&h? rs%*‘do‘hﬁoléuﬁf&dcﬁf el@ctTba® layert b2, ITfdn, in
accordl ng to a_.,necce I ty, -P at 1 I

o ckel | prat bty 88 paow ok g SRILE: PRl bRl I ela Ry 41900
sane tine, aakuigidividirg grooves fd\axpesing dbefirgtoand thensecend syrrEagpeo

tin and | eadaiextilciietddyerdcRetint Ghe FihedY dfi Subdtiatessiandofectatigular
pr oduced. TQe e?gerl ment al 4??3%%% obt ai ned by nounting the
resi stors ofsm §>¥p i AEY LY _ gt *8n%and the conventional resistors

circuit boards are now expl ai ned bel ow. The experinmental nethods and the
judgnments of the MUl s MEWLOMEELEN 1O1RDE RXMINEA P e Makerial consisted

of silver and glass is transfer-printed by a roller on the sides
of rectangular substrate 68 in order to electrically connect first
surface electrode layer 63 to second surface electrode layer 67 and
dried. This iz then placed in a belt-type continucus furnace and

he

f

on

is sintered at a temperature of about 600°C for a period of ahout

45 minutes forming side-electrode layers 63.

As shown in Fig. 3(d), rectangular substrate 68 15 divided into
individual substrates producing individual resistor chips 70. Then,
at the last, according to a neccessity, an electro-plated layer (not
shown) such as a nickel plated layer is formed to cover side-elactrode
layer 69, and at the same time, 2 solder layer (not shown) such as
a layer on which an alloy of tin and lead is plated is deposited.
and by this, the resistors are produced.

The experimental results obtained by mounting the resistors
of above-explainad construction and the conventional rssistors on
circuit boards are now explained below. The experimental methods
and the judgments of the results amployed in these experiments are



19 - identical with those shown in the first enbodi nent of the invention.
Tabl e 3 shows rel ati onshi ps between the heights of second surface el ectrode
| gyers above the surface of protection |ayers and the unacceptabl e
mountings for the experinmental resistorggof a second construction and t he

conventional resistors. Tabl e 3

Conventi onal Conventional Experinmented Experinented Exanple 1
Exanpl e- 2 anml e- t r ot ect er/

5 5 Hen%%@é@%“a%amﬁwé &5 ‘t‘ﬁ‘?ﬁ&"ﬁ?‘é’ bt Ue £

25 ' 2 0 Results Connections * Of- angle 105
13 2 'l'ableo .3 shows'\/tx‘:‘é'lﬁ'tﬁlgﬁsh.{pa be&%ﬁwm 3 gHRSN ! 5AESnROT

nmounting 10, 000 ng hown 1 n gg since the |nventeg
resistors art® ‘BCW‘NP %Bgﬁﬂﬂ @BVPa?F &p ??%d’é PrRiactians haxess and,

hei ght h|ghemhdtunaddupuauabameuntingsntmrithaIewnnrinzunuaerbbast5r31oroas

t he nunber 1,QNS e cases obtained
W th conventlonai ?@@%§?g§gf55"ﬁﬁa éﬂ%.g@&?gé@iqﬁ{ﬁ“&gﬁ%%ﬁg&@ rel ati onshi ps
bet ween the heights of side electrode | ayers above the surface of
protection |layers and the una?% abl e connecti ons.

Tabl e 4 _ | vent ional eri eri.nen
Exanpl e-1 Exanpl e- 2 %Q@%‘? Mg “'g ?‘? ?gﬁ “Eﬁger/
-10 Qteight di%Qerences e-€ rode

protection layer/

second surface electrode {pm)

Exp, Unacceptable 25 2 0 0

Results Connections

{(*) Off -angle 105- 13 2 0
Mountings '

(*) : Unacceptable connections for mounting 10,0000 samples

As shown in Table 3, since the invented resistors are provided
with second surface electrode layers disposed at a height higher
than the surface of protection layer by more than 5 microns, the
number of unacceptable connections ares far less than the cases
obtained with conventional resistors.

Likewisa, Table 4 shows felaticnships between the heights of
side electrode layers above the surface of protection layers and
the unacceptable connections.

Table 4
Conventional Conventional! Experimented Experimented
Example~1 Example-2 Example~1 Example-2
Height ratios
protection laver/ ~-10 0 10 20
side-electrcde {um)

Exp. Unacceptabls 20 1 0 0

Results Connections

(*)} Mounting 100 14 0 0
Off-Angle

(*) : Unacceptable connections for mounting 10,0000 samples



Exp. Unacceptable 20 1 0 0 Results Connections

(*) Mount i ng 100 14 0 0 Of-Angle (%)
Unaccept abl e connections for nounting 10,0000 sanpl es
20 ' As shown in Table 4, sincegphe invented resistors are provided

with the side electrode | ayers disposed at a hei ght higher than the surface
of protection layer by nore than 10 m crons. the nunber of unacceptable
connections are far |l ess than the cases of conventional resistors.

The resistors and its manufacturing nmethod of a fourth enbodi nent of the

I nvention are now explained by referring the attached drawings. Fig. 11
shows a cross-secks @howh iMTabtai &) alndbittle iﬁv@:xﬁdmfahieféswlwe zcﬁhdelae

2 barr of 11 PaPh dne faad bietiRoll TaaRlsal B of %3@%@% Thad Tl ¢,
of silver ansugfass ofi ppotectinn Beaybr dryl mowef thans 16f michns atthe7number] ofr e
preferably djg dthd Boﬁﬁ@cﬁ% &te fgﬂqe%fs ﬁ&mﬁiﬁébasz; of! Sorkén 2L dHAL

of back el ectrode Tayers nade a mxed material consisted of silver and
gl ass di sposE®SEHEHfe both ends of the back surface of substrate 71. which
are preferably dlsposed up to the side ends of substrate 71. 74 is a

resistor |ayer ma.ﬂ? er,.al @Bn% Nt I | upg o ﬂ"cg
gl ass di sposed on e sur ace o éubist%ra e gi %&’:ﬁpggggd on ?o% oth
ends of firsemBedimant Q% cthednventdes #Eerrafevngxel-

thereto. 75 a'atacrwmta@mmsl ang r\ﬂdehﬁfwsbare:oﬁJsmuenl egdt1s asesistor

di sposed to face_e t er /2 d Sist Qr
| ayer 74, an y%p’?ge#e?%b ¥ ‘gﬂ'({fnt% %ffhléﬁgl%g en a&ﬂf gébg?gat{ef'?lﬁ 38
are a pair ot m@matsmefamwg pthers, Fg@reot raix e firgtgurfiace
consi st ed of gbdtiesdeNAydiraShadd YTOSORLALN nateRRl @csmstfeaobeteﬂvém anayer

ZﬁapZ”SahZ Cafast "UdeorSBoiR ahlh, Role sritses oe ubdBials i1, 288 o8 °
| ayer nade opreferabdy ddspesed amhoi theends of |sisle of substrate 71. 73 are
a palr of back electrode layers made of a mixed material consisted
of silver and glass disposed cn the both ends of the back surface
of substrate 71, which are prefarably disposed up to the side ends
of substrate 71. 74 is a resistor layer made of a mixed material
consisted of ruthenium oxide and glass disposed on the surface of
substrate 71 and superposed on to the both ends of first surface
electrode layers 72 making electrical connections thereto. 75 is
a protection laysr made of boro-silicate lead glass disposed to cover
at least first surface electrode layer 72 and resistor layer 74,
and is preferably extended to the side end of substrate 71. 76 ars
& pair of second surface electrode layers made of a3 mixed material
consisted of silver and glass disposed on the beth ands of protection
layer 75, and is preferably disposed up to the side-end of substrate
71 having a shape same as the ona of back alectrode layér 73. 77
is a side electrode layer made of a mixed material consisted of silver
and glass disposed to elactrically combine the sides of substrate
71. first surface electrode layer 72, and the both ends of second
surface electrode layar 76, where said side-electrode layers are
preferably provided with rounded edges. 78 is an electro-plated
layer such as a nickel plated layer disposed to cover side-electrode



and gl ass disposed to electrically conbine the sides of substrate 71. first
surface electrode |layer 72, and the both ends of second surface electrode

| gyer 76, where said side-electrode |layers are preferably provided with
rounded edges. 78 is an electro-plated hayer such as a nickel plated |ayer
di sposed to cover side-electrode 21

| ayer 77 if necessary. 79 is a solder |layer disposed preferably to cover

ni ckel - pl at eghyJedy 9% Fﬁm\&'@%&r{rhaques mlcféil dsfvei:asa@rpo&daﬁee@w&ﬂyabby

provi ded wit roun

he resistors o pl
const ruct i orfOYe%: g’ﬁﬁﬁ?‘a&%’??‘?‘ng“%haa i ¥heT é’i?pleﬁgﬁgdcﬁe?%ﬁﬁ >(11'E‘<,¥f‘5é:r ?I ng
t he attachedamy mﬁgsaﬁlgwréﬂdmﬂwl&mhoundgdrﬁun‘mctur| ng processes of
the resistor which is a fourth enbodi nent of the invention. As shown
in Fig. 12(a), a mixed paste material made of silver and glass is
screen-printed oFofhethe sFasfdstonsstofat abgyenprelained PRI EREYIMRd WEEh
hori zont al %dﬁb’tu&&hgdm&tﬂbﬂgsteﬁﬂlafhﬁ deéldw byOgefekeing the

hori zontal diyi di oove 8 and te te
mat eri al nac%tt@FH'?glg"é 3' 198 F’g ns%é?*}r?ig%ﬂﬁf%‘%%uﬁ s%’r asgggof
sheet - shapedfs et rassssor pﬂmh:ié& W Eoutthi enkedimentd Oﬁeﬁibﬁc&wm‘?ﬁr%ﬂ -ng
grooves (not shown). Then, placed in a belt-type continuous furnace, the

aste is sintered at_a te rature, of about qf. _about
25 mi nut es. for mAfgSRPYR L rIgg‘i"f-’ac A loc o Bl ‘?&7%% qéﬁ%'at}aﬁ'gs %cjtsr‘(}gfarou
| ayer 84. and gléssslnsv\s\creeﬁpg:intaﬂb)m shest; - sifaped aubskoatpA2 aadet ofi al
made of rut fhﬁ%&@a]ogkg@i&ﬂﬂ wlefs okfz &r OF £ N d&b&d@ﬂgeézégvéd B3t

surface el ec ers ose eet aped substrate 82 _est abl i zhl ng
super posed at%e 8FA&HICRISECES; ’A"F W&Eﬁ%r&i‘f BEPRER P lon PR IR BRSER S
of first sufisderieleme:ome al AYRed pasre patsreias middecdf ayid veimasdeaglagss as

bel - type CUULIGMIOUBHULAGE Bie DAL ot siBOL A (Aibtoitel @] O

about 45 m ormng resistor own 1 n %
12(c), by MW%#%BPI'%??% aan@rtical dividing grcoves (not sh wn}.
Then, placed in a belt-type continuous furnace, the paste is

sintered at a temperature of about 850°C for a pericd of about 45
minutes, forming first surface electrode layer 83 and back electrode
layer 84. '

As shown in Fig. 12(b}, then, after a mixed paste material made
of ruthenium oxide and glass is screen-printed on the edges of £irat
surface electrode layers disposed on sheet-shaped substrate 82
establishing superposed areas and electrical connections there
between on the both ends of first suface elactrode layers, the paste
18 dried@ and sintered in a belt-type continuous £furnace at a
temperature of about 8350°C for a periocd of about 45 minutes, forming
reglstor layers B85.

As shown in Fig. 12{¢), by means of a laser trimmer, the
resistance of resistor layer is trimmed and trimming grocves 86 are
formed. However, said trimming grooves 86 may be formed by applyiag
said laser trimmer through a ccating layer (not shown), trimming
both said coating layer and the resistor l&yer 85 which are depoaited
in advance.



resi stance of resistor layer is trimed and trinmng grooves 86 are forned.
However, said trimm ng grooves 86 may be fornmed by applying said | aser
trimer through a coating layer (not shown) trinmmng both said coating

| ayer and the resistor |ayer 85 which apg deposited in advance.

22 Then, as shown in Fig. 12(d) , after a pastenmade of
boro-silicate lead glass is screen-printed on first surface el ectrode | ayer
83 and resistor layer 85 covering of these surfaces, the-paste is dried and

'630[3' nt]eg eg in au%ht (fsﬁ/?%vgpﬂ{l pggoqsz(h?r 'ﬁt@r@ﬁa@ﬁeﬁa&@'@?ﬂi&tﬁﬂs@i@fsaﬁbort
err (0] rio 0] abou es I CclJ] on er n
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surfaces of dnd seststdmdeyet @S covsring of lﬂﬁasanduxma.otm Ppertedts dried

Then, as shoyfy iEsEhge é&&amm—@ éam%uaagtﬁm@s dila étl: tp@&qtqkass
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| ayer 88. | 3( I Vi

sub-strate g a0 éﬁ IZJL\%:QSF#Q; sl‘:‘r%gcgg %iﬁ s%%%f\ séuér]igégé rode
| ayers are @qﬁi@é‘@rf iéﬂﬁth@sl des of substrate rect angul ar substrat es 89
are formed. As shown in Fig. 13(c) |n next, a m xed paste nmade of

silver and gl ass 4,s trans rinte [ to ricall on rst
surface el ectrodé“q Ryt & %8‘ !g’tC% aﬁgﬁf Ee’eﬁl%'&%' %8‘? éﬁr/a‘%B P%ﬁévef
this, the paamcbqﬂgsgriae@cananrnrmm@pedtm sariface.- @werlhe%mrim 87,
furnace at arfepRetalis méamtsiﬁeeéearﬂxﬁafs&m-we eéneinalsud £denace

t d I t de | 0 d t
aro formed B B HePRSAFREE FF JHORE SO0 Ao %85 APS ThArtTIA® PRBREPS: o
as shown in ﬂzgunmse):ond surfacghedecticede dlayen B8.he necessity, an
el ectro-plated | ayer (not

As shown in Fig. 13(b), then, by dividing sheet-shaped
sub-strate 82 along dividing grooves 81, first and second surface
electrode layers are exposad €from the sides of substrate,
rectangular substrates 39 are formed.

As shown in Fig. 13(c) in next, a mixed paste made of silver
and glass is ti'ansfer—printad in order to electrically connect first
surface electrode layer 83 and second surface electrode layer 88.
After this, the paste 13 dried and is sintered in a belt-aystem
continuous furnace at a temperature of about 600°C for a period of
about 45 minutes, and side-electrode layer 90 is formed. Then,
individual resistors are formed by dividing rectan-gular substrate
89 into individual resistors as shown in Fig. 13(d)}.

Then, according to the necessity, an alectro-plated layer (not
shown) made of a nickel plated layer or others, is formed to cover
side—electrodé layer 90. and at the same time. a solder layer (not
shown) made of an alloy of tin and lead covering said plated layer
is disposed, and by this, the resistors are produced at the last.



shbmn) made of a nickel plated |ayer or others, is fornmed to cover
side-el ectrode |layer 90, and at the sane tine, a solder |ayer (not shown)
made of an alloy of tin and | ead covering said plated |ayer is disposed,
and by this, the resistors are produced23t the | ast.

23 The experinmental results nmounting the resistors having an
above- expl ai ned construction and the conventional resistors nmounted on
circuit-boards arrmeipaimadntal beasul ts htownaialg -thentrmsisriclrsd havdaghan
j udgment s of I I ' h ' hC | hose
honn 0 a 10 SiplatRed B indelch BRR £S5 dilvedc{BRnl CPha bt s

experi ment al W& ad 9n SPEEPAEPIRTIE pRe pdadngdsinbeloy o The e RAT TEStRdN
and t he rel ahdthodapd ti6d Weagmehets v ghesredulrcangloyed ace tRbsetdauie are

unaccopt abl e RS 6 hBRcb R, & p HEeY, BuPagiifadt S2°tng havention.

Table 5 Conventi onal Conventional Experinmented Experinented

Exanpl e-1 Exanplgade s %@W'&ﬂa@ﬁ@ﬂ?ﬁ#sﬂﬁiﬂmbt(ﬂlﬁta@rv?iﬁﬁihﬂr:@s@.%tth?g
| ayer/ 0] 5 10 second surtace el ectrode (p

B Unacc¥biiafPerdh construction and the gplationahipabetmesn i detethe
(*) O f - aof)lsecond Pirface eld@trode laysrd above thé surfacelbfipnatgetibh)

Unaccept abl & SAIECHHENStAST B NGe 1 uPRORAATTCSmount ings A%y SONNLN
ed Wi th

Tabl e 5, since the invented resistors are provi second surface

el ectrode | 5L RFtoNaLHeESEOTRi ght hi gher than the surface of protection
| ayer by nore than 5 mi crons, the nunbers of unacceptabl e connections are
far less than the cases obt ai Peblevi& h t he conventional resistors.

Conventional Conventional Experimented Experimented
Example-1 Example-2 Example-1 Exampla-2
Height differsncas
protection layer/ -5 o 5 10
second surface electrode (um)

Exp. Unacceptable 26 3 0 0

Results Connections L

(*) Ccff-angle 98 12 1 0
Mountings -

{*) : Unacceptable connections for mounting 10,0000 samples

As shown 1in Tabls 5, since the invented regsistors ars provided
with second surface electrode layers disposed at a height higher
than the surface of protection layer by more than 5 microns, the
numbers of unacceptable connections are far less than the cases
obtained with the conventional resistors.

Likewlse, Table 6 shows relationships between the helights of
side-alectrode layer above the protection layers and the
unacceptable mountings.



Likémﬁse, Tabl e 6 shows rel ati onshi ps between the heights of side-electrode
| ayer above the protection |ayers and the unacceptabl e nounti ngs.

24 Table 6 - ‘Conventi onal Conventi onal
Experi nent ed Experi nented 24Exanpl e-1 Exanpl e-2 Exampl e- 1
Exanpl e-2 Hei ght differences protection |ayer/ -10 0 10

20 side-electrode (pm . Exp. Unacceptable 22 0

0 Results Connections (*) Taglenfgle 101

3

12 0
Mount i ngs (*) : Unacceptable, co tions.faor unti 0 |
As shown in Table 6, simcgY gj‘jﬁ%’%‘%ﬂ%ﬁ?ﬂ%g’%ﬁwﬂ%&%ﬁ%%ng&
I nvention ar 4f th fFa b € Side- c]’trode I"ayers di spose(? at a hei ght
hi gher than etibACEapar Proteg i on laygy by norejphan 10 gpcrons, the
nunbers of Faecarbaetedasofjapcti ons are far Iess than the cases using the
conventional resistors. The resistors of a fifth enbodi nent of the
i nvent i on amExpnow @&malczepeabby referring tde attachad drawi ngs. Fig. 14
shows a per ResullitscCongecofonghe resistor of a fifth enbodi nent of the
i nvention, drtd t heCffrangdaces 30k his frd@Athird anf fourth @nbodi nents of
the invention are MOAtIESoNd surface el ectrode | ayer 88 of the resistor

divided into indiyidual resjstor pieces i rovided with i dt h sanme as
the width oft JutisDPaFEeREABLS conpactions .°€4“°Aﬁgt &é'gsgwp?w 4 with
not ched corners 88a on the corners of nutually facing edges of second

surface el ectrode layer. By prov ding these notches 88a, the bonding area

are enl arged and pghgnBeRdin Fratilec 8yt BiR¢& LHE RRISEoraNEE athid ntbdaRmsh e,

the possibl & PeEd "Indlntfid ShRL LEOVLALE GhER"'the”ORdb-A18REEUE 18 ers
disposed at a height higher than the surface of protection layer
by more than 10 microns, the numbers of unacceptable connections
are far less than the cases using the conventional resistors.

0

The resistors of a fifth embodiment of the invention are now
explained by referring the attached drawings. Fig. 14 shows a
perspective view of the resistor of a fifth embodiment of the
invention, and the differences of this from third and fourth
embodiments of thé invention are that second surface electrode layer
88 of the resistor divided into individual resistor pleces is
provided with a width same as the width of substrate 89 as shown
in Fig. 14 and those are provided with notched corners 88a on the
corners of mutually facing edges of second surface electrode layer.
By providing these notches 88a, the bonding area are enlarged and
the bonding strength are increased, and at the same time, the possible
peeling of resistor from the circult board are pravented.

The resistors of a sixth embodiment of the invention and its
manufacturing method are now explained by referring the attached
drawings. Fig. 15(a) shows a perspective view of the resistor of
a sixth embodiment of the invention, and Fig. 15{(b) 1s a perspective
view from the back of the same, and Fig. 16 shows a cross-section
of the same. In Figs. 15 and 16. 91 i3 a substrate made of alumina



The resistors of a sixth enbodi nent of the invention and its manufacturing
nmet hod are now expl ained by referring the attached drawi ngs. Fig. 15(a)

- shows a perspective view of the resistor of a sixth enbodi nent of the
invention, and Fig. 15(b) is a perspectpge view fromthe back of the sane,
and Fig. 16 shows a cross-section of the sane. In Figs. 15 and 16. 91 is a

substrate nade of al un na 25 or
others, 92 aJ;eo@ngégr 4 a&trétp%wp :gétegh&eﬂselmmwwé:@ﬂ&edf
mat er i aI consi sted of silver an ass di_sposed on b surfaces of

substrate 9B méﬁedtﬂfb"sﬁ?%lec?ﬂ%fsé’ﬁéb? ) sdlver AR @ aspllIrased,0R hgth end
substrate 9lurfaces ofBubatiatesis) andl tiysse Bmdepréfarabledxnandsd do the

consi sted of 1-rcgzthe i Um0 gf‘t (l gl ass superposed on the both ends of first
uaois, 3F "o FA

surface el ect ng eI ectri.cal connections there between. 94
is a protection layer nade either of a boro- silicate | ead gl ass or an epoxy

systemresin di spased &%é‘él\&brf Lipér adea b E'nﬁﬁid@ﬁ\ﬂtbﬁ!&l &'Z\sﬂ%@ied of

resistor |ayer 92, having w w 99 di spose n fir ctr
ayer 62, aneBiun gk 4 oEis Suenint o the Hoth SR SEFLEREEhiaAge
" 95s are a paarect&o@ecmubsaefmaw etectmﬂacdlay:enaemﬂmmftharmbmefm efdal

consi sted ofy 5l 4be 0Kk il 38Pes mael BEERY /01 M5! ANICAREM 4B RO 67

the side of prot ayer In or conne dto
first surfadd ePeeY Fﬁﬂée‘P&?é?-“ sisprrsd §e SRTRFoRL Rt a}“s'ﬁ%%%& ﬁﬁtf)?‘g? g&'ﬁ’ﬁn
| ayer 94, argd ahirdsispoef ayey 92 dhapdagairindowos? daspoded an Elbst sarfaéd. A

pair of angl ' fa 98l m&sa%agma} %;?ﬁﬁhhy d13Po3BaCE RS ﬁte seqend
surface el ec Ia er are provi de t rotrusions respectively as
shown in Fi g? rate 1. 965 are side-el ectrode | ayers made of a mixed

mat eri al consi sted of S|Iver and glass di sposed on the sides of substrate

91 and on first d sy f t 2agn kge

el ectric connect fyg’%s g &lc g 5%333%2. grtg prow%é(ftm rou%ded

edges. 97 i @mﬂem%ﬁl?kﬁlppa%%ﬁﬂ% sé&Hﬁrﬂ‘-‘eﬁlﬁ%ﬁ&g Aphanal Fagin systABsed

to cover sidessirc@ikpdeel oyt sillen6f epsstactidh layarsed dar drdesr to be

di sposed to ecfecq:rriég gyné&h%ctgda{c? c;1.‘:1.z:'st surface electrode layer 92 through
window 99 disposed on protection layer 94, and this is preferably
disposed up to the side of substrate 61. A pair of anglad corners
9Sa disposed on the mutually facing edges of sacond surface electrode
layer 35 are provided with protrusions respectively as shown in Fig.

15(a).

96s are side-electrode layers made of a mixed material
consisted of silver and glass disposed on the sides cf substrate
91 and on first and sacond surface electrode layers 92 and 95 to
make electric connections. and side-electrode layer 96 are provided
with rounded edges. 97 is an electro-plated layer such as a
nickel-plated layer disposed to cover side-electrode laysr 97 if
necessary, 98 is a solder layer disposed to cover said nickel-plated
layer 97 if necessary, and preferably solder layer 98 is provided
with rounded edges. |

As for the invented resistor of abode-ghown construction, its
~manufacturing method is explained in below by referring the attached



| ayer 97 if necessary, and preferably sol der layer 98 is provided with

rounded edges. As for the invented resistor of abode-shown
canstruction, its manufacturing nethod is explained in below by referri ng
the attached 26 : 26 drawings. Figs. 17

and 18 show manufacturing processes of- the resistor which is a sixth
enbodi rrent of the invention. As shown in Fig. 17(a), after a m xed paste

mat eri al ra? 2% ResOf FiFLsVeMaI&@xdg'l%SSsﬁo% wm&mmhgd pRRcelises- shanad
substrate 102 nade of rzﬁn rovided Wi}'ﬂh ‘Eﬁ\cﬁ?}ﬁ nd hori zont al

divi d-ing grESHESOToTRLh @W& ROPPIYREeRT 3"§I‘6&v8s 101 the
paste is drwsdsaoﬁnsimtnargad 176ad, beftert pomivedt pastr materdadcconsisted of

tenperature <1f iﬁl §P+§§ fre nggeﬂ Bfﬂ!ﬂgﬁl OJn %t?@étt éﬁeﬁ%@ uﬂ%tfﬂemlag

first surfafe e ext, as shown in (b)
, a nixed pa@@G |¢§t éﬂﬂ&linéo%¢%¥@ﬂ d?i%twmiﬁﬂoﬂpﬁeh‘aﬁ%l’-@l‘ 4’5"%-" -ing

ScCr eﬁn Fr ' E ﬁ@sﬁlhcfagsﬂfg BVEf%o%H.EBﬁQSl @1%3&&6%:{0%&@531@3 tHe pasted
on sheet - shaped, substr at e cqonnection e
first surf agé ‘f I 3%’&?%‘ BPgTﬁe °&§f' EPet ﬁ°§€£{‘ﬂ%u% g%&‘?d%?e
and sinter e¢enwea:abare-¢1§/pbonmﬂt5|0ﬁﬂm & period of abousnberdnyteseitamuag

850C for a Qq_rfsqdsg};g@g%lél@tfgdytlg§ergo[63ng resistor |ayer 104.
Then as shown in Fig. 17(c). a trinmmng process by using a |aser trimer is

performed in order to trimthe resis tance of resistor |layer 104, formng
trinmi ng grooves IhdfextHoasebown daiRlg. rlmmapld.uedmmmqi@rlf@nﬂ#dt&ﬂt er

at |east the,SURERGHR o‘iﬁ.ﬁb A g13¥ usl%rbsncg@i@ée@)bngéaéﬁ ot I£1FENg

105 i ted | a t
oot Stor | ayieEass SIARATOALRESTE LA GUAPASE b ABPAL FhgRre FRBECERLAP?

di sposed on neingt alettybtall @bnnections biweleawbhée nfidar sUZL£add eaqiasde
made of bor ) I I re Chnkl 3ae
et boe.] SR 303 Mkl ERes S35l e TpAfie s Redgohad) icautd aic
first surfackcbelt-type continuous f ace at' a tampe ature of about 8

a period of about 45 minutes, forming resistor layer 104.

Then, as shown in Fig. 17(c). a trimming process by using a
laser trimmer is performed in order to trim the resistance of resistor
layer 104, forming trimming grooves 106. However, said trimming
process may be performed after at 1esast the surface of registor layer
104 135 coated by glass and trimming grooves 105 are formed by trimming
the coated layer {not shown) and resistor layer 104 simultaneocusly
through the coating layer (not shown) disposed on resistor layer
104.

As shown in Fig. 17(d), a pasts mada of boro-silicate lead glass
is screen-printed to cover first surface electrode layer 103 and
resistor layer 104, making window 110 disposed con first surface
electrode layer 103. After this, the pasta is driad and sintered
in a belt-type continuous furnace at a temperature of atout 600°C
for a pericd cf about 45 minutes, forming protection layer 106. At
this time, protection layer 106 has to be deposited to cover at least
first surface electrode layer 103 and resistor layer 104.



el ectrode layer 103. After this, the pasta is dried and sintered in a
belt-type continuous furnace at a tenperature of about 600[err]C for a
period of about 45 minutes, formng protection |layer 106. At this tineg,
protection | ayer 106 has to be depositegyto cover at |east first surface
el ectrode | ayer 103 and resistor |ayer 104.

27 Then, as shown in Fig. 18(a), after a n1xed paste mat eri al
consi sted of silver and glass is screen-printed establishing electrical

connections to t first srface ectr e.la r_through, wi ndqow_1
protection |ayer 188+ ffle 5 égqgﬁd g%ﬁ?‘ér%d“#’gedapo %t g"%ggg?l
conti nuous fammedededt of tehqgemat qné qﬂ-aabou.ts coOfemn-pCingeda qﬁembddsmng

about 45 m ruat&%nt:a&reme%%iead t%l&ﬁéfﬁrsltwm.% éfey@sxsadlaoza,er throudh
e of protrusion 1Q7a

this tinme, corners_107a e avin r rovided
on the mut ud‘f’i"&f"’i"al:}?ig’feaﬁ‘ét?fﬁ%ggyﬁ @%coﬁ’&‘ Fastacts grdety ﬁ'ﬁgéf'e‘i

di sposed al digavieelt -cats tédimvéah ttiugrusofiennddsl apr o \tethpdrahusked abbab&d0°C
substrate 1 e hﬂ%ﬂ: F t

substrate 1%%’ IS %? eyé ?%ng dl Vi %%rggﬁégégl dé’%o??’%‘g [ rez.![éégﬁgde

second surfakaé'eé'lseépf"ede | ayers fromthe sides of substrate, formng
rect angul ar substrat es 108. As shown in Fig. 18(c) in next, after a

~m xed paste materlal sted of _si fe y a
roller on the si ¥ € g&PﬁP‘Eﬁb’S‘ﬁaa gﬁg}gﬁfn%r%‘dg’g?% fé’?{?‘?@%ﬁ?g
connect fi rstommacprevtéﬂm%mtﬂwrémedmw%ﬁﬂ@%&ﬁ gaeondyer
107, the pashfi-flaneltdl &t rdad zer@ﬂawpaséwhloné yet£oal daveusng giroaees at

21 der b ect r A PEpIdeqoeR ddde=anped BEEaERasE BA% 4% B OV STuct ahgul ar
substrate 108 is divided into individual substrates form ng individual
resistor pleces. rThen, as shown in Fig. 18(b) next, sheet-shaped substrate 102

1s divided along dividing grooves 101 exposing first and second
surface ealectrode layers from the sides of substrate. forming

rectangular subgstrates 108.

As shown in Fig. '18(0) in next, after a mixed paste material
consisted of silver and glass 1s transfer-printed by a roller on
the s8ide of rectangular substrate 108 in order to electrically
connect first surface electrode layer 103 to second surface
electrode iayer 107, the paste is dried and sintered in a belt-
type continuous furnace at a temperaturs of about 600°C for a period
of about 45 minutes, forming side-electrode -layers 109.

Then. as shown in Fig. 18(d)., rectangular substrate 108 is
divided into individual substrates forming individual resistor
pleces. '

At the last, after forming an electro-plated layer (not shown):
made of electro-plated nickel covering the side electrode layer 109
if necessary. a solder layer (not shown) of electro-plated alloy
made of tin and lead covering said electro-plated layer is disposed
if necessary, and the individual resistors are obtained.



At the last, after formng an-electro-plated | ayer (not shown) nade of

el ectro-plated nickel covering the side electrode |ayer 109 if necessary, a
sal der |l ayer (not shown) of electroplated alloy nade of tin and | ead
covering said electro-plated |ayer is dpgposed if necessary, and the

I ndi vi dual resistors are obtained. 28
The experinental results nounting the resistors having above-expl ai ned
constructions and the conventional resistors on circuit-boards are
expl ained in bel ow. The experinmental nethods and the nethod qf jud

enpl oyed in t hesEhex AXRGFIAERLA] o ToRMEAC POWRTHPY hggﬁ sHEtE 19 r\'J E?Yg‘fg
enbodi nent abotrBeexpleiidd tonstructidmbland/ tﬁeomn&np&tvmmﬂsmwlst s

obt ai ned w Y S Mol t A 10R8 bhéss
bet ween theLHe‘}{%‘{ﬁgf segén%?%b??égéﬁt ei(?lt rsgge Iayers abo{/‘?r?t#el m'rgot ection
layers and apd m!i’l@bé?‘*@%rfbfccl‘ﬂﬂ%’\at ¥k $Rr thege BB are
resistors. jdenttical with those ENow@ in a first embodin@n:vefltumnahvention.
Conventi onal Experinmented Experinmented Exanpl e-1 Exanpl e-2
Exanpl e-1 Exanpl e-2 Height differences protection |ayer/ -5 0

5 10 secofdbierT abewspypertuRniginyesekps obtapned spiththe resiftars

Connect i ons @&ng a sixth?’embodiment fna relati@n&ﬁigs bddveerNghe heights of

Mount 0
colrmelz? |ggns SPSPnﬂlﬁﬁﬂqaﬁ’@ LR sg‘?ﬁfﬁ% above the,pr gﬁ%’%ﬁ?‘ﬁ%’%ﬁf% apd (0% e
t he resi st onumbért bf sureninetitabies méuntingsh\foxt tbe qenventildnadd restAtone-

second surface el ectrode
Tabla 7

Conventional Conventiconal Experimentsd Experimented
Example-1 Example-2 Example-1 Example-2
Helght differences
protection layer/ -5 0 5 1c
second surface electrode {(pm)

Exp. Unacceptable

Results Connections 18 3 ¢ 0
(*) Off-angle
Mountings 5G 7 0 0

(*) : Unaccaptable connections for mounting 10,0600 samples

As shown in Table 7, since the resistors of this embodiment
of the invention are provided witi the second surface electrode
layers disposed at a height higher than the surface of protection
layer by more than 5 microns, the nunber of unacceptable connections
ara far less than those in the cases of conventional resistors.

Likewise, Table 8 shows rslationships between the heights
of side-electroda layers above the surface of protection layers and
the unacceptable connections.



| ayers di sposed at a height higher than the surface of protection | ayer by
nore than 5 mcrons, the nunber of unacceptable connections are far |ess
than those in the cases of conventional resistors. Li kew se,
Tabl e 8 shows rel ati onshi ps between theglgei ghts of side-electrode | ayers
above the surface of protection layers and the unacceptabl e connections.

29 Tabl e 8 Conventi onal Conventi onal
Experi nent ed Experl ment ed Table 8 Exanpl e-1 Exanpl e-2 Exanpl e-1-
Exanpl e-2 Hei ght differences prot ect i on Ia er 10
20 si'de- el ectrode (IO”? Cenyen 1%‘% gg ?‘Wgﬁfi&ﬁg‘x er ated

1 6

0 %@ 5 Sannectlo for nmounty ng 10, 0 sanpl es.
As shown |n T résistors of this errbodl ment of the

I nvention ar% OVI e vmtrg Ssi de-el ectrode | ayers di sposed at a hei ght

hi gher than ghg, surfresc&ftdtiat ection layer by nore than 10 microns, the
nunbers of upa&EEEs ddmecenBagti qas are far | ess than the caxes of
conventi onal (#gsi stoffS-angle The resistor which is a seventh enbodi nent
of the invention i ¥oughingpl ai ne@lby referi ng the #®Rtached drawings. Fig.
19(a) shows a higher perspective view of resistor which is a sevepnth

enbodi ment  of *1 ht Fnarsentaklerrennackions; SoF peprebing iy A é\Ns\?'f"E\;rEﬂ from

t he back, and Fig. 20 shows a cross-section of the sanme resistor. In

these dr ayvi ngs, 1 5 ngx éﬁneé.fxbﬁaéf? egrrrag%c%f tﬁ uﬂ@f‘sf%x toge'iﬁisléxaﬁom:&

pair of first sur
of the invention are provided with side-electrode layers disposed

at a height higher than the surface of protection layer by more than
10 microns, the numbers of unacceptable connections are far less
than the cases of conventional resistors.

The resistor which is & seventh embodiment of the invention
1s now explained by referring the attached drawings. Fig. 19(a) shows
a higher perspective view 0of .re'sistor which is a seventh embodiment
of the invention, Fig. 19(b) is a perspective view viewed from the
back, and Fig. 20 shows a cross-section of the same resistor.

In these drawings, 111 is a substrate made of alumina or others,
1128 are a pair of first surface electrode layers
made of & mixed material consisted of silver and glass disposed on
both ends of the surface of substrate 111, and are disposed preferably
up to the side ends of substrate 1ll1.

113s are a pair of back surface electrode layers made of a mixed
material consisted of silver and glass disposed on both ends of the
back of sqbstrate 111, like a case of first surface electrode layer
112, this should preferably be disposed up to the side-ends of
substrate 111. Corner parts 113s of back electrode layer 113 are
disposed at both mutually facing ends of the edges of a pair of back
alactrode layers. 114 is a resistor layer made of a mixsd material
consisted of ruthenium oxide and glass disposed on the surface of



made of a mixed material consisted of silver and gl ass disposed on both
ends of the surface of substrate 111, and are di sposed preferably up to the

side ends of substrate 111. 113s are a pair of back surface
el ectrode | ayers made of a m xed materi &0 consisted of silver and gl ass
di sposed on both ends of the back of substrate 111. |ike a case of first

surface electrode |layer 112, this should preferably be disposed up to the

si de-ends of &*@%}% ttﬂet l%d] &9#&3{09%@5& blﬂ:ﬁse&is Qﬁ%z%lteﬁifﬂ& Eﬁ&@fra{ie?

are dlsposed a ends t he edges of pg
el ectrode | ajayer ¥Eﬂ4qs§aalié§4%$dﬂ1QQ£ﬁécﬁ%a&8“B?c MR8 I PFHPen
consi sted of 4§y b&atuawm cleawirdm.gaasuf dogpeostlicatd Neaduglaae dd.Bposed to

b
30 o SUbStrAleod bhe?0de PUDEL RSFR 90 LD S08.Mad WapbrSH] 3501 EhBShESHS

r|ca tlons Her®
protecti on Ié@!#rrﬁijehevibsr!#QQQﬂ‘é@PeOPe%krﬂﬁ §§§fGF9pE%RRF?9?et&98Prth%?

surfaces of £hdStniPPRiyved SHouddepa¥eradly WO Rispusedonup! ayethd 141deyi g
wi ndow 120 on first suyrface electrode |layer 112, and this |layer should

preferably bEIRFEIRS to the sides of substrate 111. 116s are a .
pair of second sulléxearel ecpatrief spevadnseicfade slectvddentaydns medespftad

of stlver angsold s ediriBecsnHkeil Belfinvell ahficgradd d43pasel i BothOdnas
| ayer 115 electric y _connect | rotectyon | ayer st _sur

el ectrode Ia9€rtE&25Pﬁ?%ﬂbh°§mPﬁéké)%ﬁ?qm e %ﬁ]ﬁiﬂﬁF@gFPéiyl598?°i€§?9
and this shoprdtecefor dayerbrl 8litspEdedtugurfacd @lectrodef Laydslidt thidugh
and. shoul d a%%xi% V28 %QQQSsE&”Bna%;{o*%%chgK 9lagekr 948, 11gha this st@m

corner parts second surface”electro er 116 are g ed on,
both sides oPrﬁf%H’?ll)PetW?ﬂﬂ%PPytq %Prﬁjl‘?cﬁgéé t

el ectrode | ageso IHdve kil éhapecsamdcas! €od bk Ieapemsoaadm:bf a m xed

mat eri al consisted of silver and glass disposed to electrically connect

first and second surface electrode |layers 112 and 116, and side-g¢lectrode
| ayers 117 whi ch Th& gRXREr) PArkst hl%mfda}%eegurface elepfgode ipver 116

el ectro-pl at sﬁel @Yo bnaBoth Niided offl at 4l Jfethdi mposerlly Facdugr edges
si de-el ectr Od ¥gfl§ &&;fict.e ngf cstszaord)é laa%rl]ﬁs . 1178 are side-alectrode
layers made of amixed material consisted of silver and glass disposed
to electrically connect first and second surface electrode l;yers
112 and 116, and side-electrode layers 117 which are provided with

rounded edges.

118 is an electro-plated layer such as a nickei-plated layer
disposed to cover side-electrode layers 117 if necessary. and 119
i8 a solder layer disposed to cover nickel-plataed layer 118 and solder
layer 11% is preferably provided with rounded edges.

With the resistors o¢f a construction of above, its
manufacturing method is now explained in below by referring the
attached drawings.

Figs. 21 and 22 show manufacturing processes of a resistor whicn
is a seventh embodiment of the invention. As shown in Fig. Zl(a)
a mixed paste material consisted of silver and glass Ls s...reen—
printed on sheet-shaped substrate 122 made of alumina provided aith




is"a solder layer disposed to cover nickel-plated |ayer 118 and sol der

| ayer 119 is preferably provided with rounded edges. Wth the
resistors of a construction of above, its manufacturing nmethod is now
explained in below by referring the attgghed draw ngs. Figs. 21 and

22 show manuf acturing processes of a resistor which is a seventh enbodi nent
of the invention. As shown in Fig. 21(a), a m xed paste material consisted
of silver aggdrahass and SeFBANtalld i1l nggsheais snped tsubst fatecan® bagkde
of alum na provi

3
verti cal &rﬁaﬁgggrﬁ%ﬁn&'\‘f?& %vigdl;.gg\/%roTéels 121. t‘\sﬂs?tfr gast :@s dried.
crossi ng homhaonmb UWtdlm@QgMoﬁéévinaﬂﬁfﬁwst A& B‘&%?%“l%”d’rtﬁé’d °t"n§h§ame

paste made ?cﬂbtﬁeﬁh@@g-&i&tﬁﬁ 's%bﬁ@f:&@@ 1322 r&:ﬁis@.ﬁigt bRe batkidifng grooves
sheet - shape

t di
i od. ATLortneth ShvRg 52 drisds; AELPETPSa BOPC PSS SSnLAasy) Aa:.
at a terrperaie:.rtetqbeabmnurﬂﬁﬂ{sefmé@ramapmmuﬁumbgﬁtabwtmaﬁ@t‘ésfor a
forming fivst, S 5 SbeC sOfEnk ! eL28100e DAGK fili26LROMTeL AAe TaGerh!
aCK e

this tine, AFF 106 Rer 7 Uhot | ectrode | ayer 124 are dispgsed
at the edged3thend hagh| 'PlQﬁt@!’geéﬂUFrba%‘k MG &Ly PN LPITATS (B
ot her. . sho%h)SBeVEadi eEla@tradA h)ayleft pextarefiieposediate thpasdgesmutherien|

consi sted of_ rutheni,um.oxjd n 0 estnePaped
substrate 1% Hat orpge?dg(é)&o%fer ap t‘%ﬁatkﬁﬁg i if"‘l :f‘sagesgrafégcﬁ%l ectrode

| ayers 123 and to electrically conbine first surface el ectrode | ayers 123,
the paste is dri epds endwﬁim@rigd RD({B) bl tnesetst afteond imixedspast & aateaxtiad

terrperature of 859[%%?‘%‘% ﬁxgsy %‘LdOfgfl%)éﬂ 145 s'@g@%heﬁriﬁ@dd on

resi stor

own n
21(c). a t r .snamgqmaneégamsstrpsaflcamwndnrowepe%an Fhmbm& onds of %He‘fof
resistor | ay%&ré?c‘i- d1¥ctrBget &h?&@gzﬂéoaMaSt&Zélebbywly sedntbiinel Ml

125" (ot - shotiRace e3aettoty TAARS 1an bher PERRY iy fndog Ed. Elferd 3

and a belt-system continuous furnace at a temperature of about 850°C fcr
a period of about 45 minutes, and resistor layers 1235 are £formed
by this. '

Then. as shown in Fig. 21(c). a trimming process is perform-ed
in order to trim the resistance of resistor layer 125, forming
trimming grooves 126. However, said trimming processea 126 may be
formed after at least the surface of resistor layer 125 (not shown)
is coated by glass, and by trimming the glass-coat=d layer and
resistor layer 125 together through the coated layar by using a laser
trimmer.

As shown 1n Pig. 21(d), a paste made of boro-silicate lzad glass
is screen-printed in ordsr to cover first surface electrode layer
123 and resistor lé.yer 125, where window 131 disposed on first upper
electrode layer 123. After this, the paste is dried and sintered
in a belt-system continuous furnace at a temperature of about 600°C
for a pericd of about 4S5 minutes, forming protection layer 127. 'l‘hefl
as shown in Fig. 22(a)., after a mixed paste material consis ted of
silver and glass 1s screen-printed on first surface electrode layer



resistor |ayer 125 together through the coated | ayer by using a |aser
trimrer. As shown in Fig. 21(d) , a paste made of boro-silicate

| ead glass is screen-printed in order to cover first surface el ectrode

- layer 123 and resistor |ayer 125. wheregpi ndow 131 di sposed on first upper
el ectrode | ayer 123. After this, the paste is dried and sintered in a

bel t-system continuous furnace at a tenperature of about 600[err]C for a

period of 2l ”a%ﬂ“éwtegﬁmﬁ%m 43 BAdLRELLED Loudctibh tHavetoatnzbugn in
Fig. 22(a) B m xe

aste material_ consjsted Si r, an s
screen- pri ntwindeow 13k 9f EE?F%‘E@%‘? éé??ﬁd’e”aﬂ? p“te 18'd2{8la 80 SHntirel
32 in or de;rn taobestabims heart 1elueasr Furdacomteat temperatiugeo ofhabOYH &A% 8ow
131 of protegtion | 8hLHatd e dlirbabype
conti nuous f acke %°%°t¥2e‘rzrﬁ%‘§€f‘l?$g'§%§“é% (Follgig'ggn%édﬂ perl?)d of about 45
m nut es, forkayeFssd@8nd surface el ectrode |ayers 128. At this tine,
corner parts 128s each having a shape of protrusion are di sposed on the

1y faci d f |
Tortical divi dend bt ELM o SORPY PAESS el et iiay SHEA st OLMIRARR A 0AN0
Then in nextarendisposed pn thegruiaxlly facing edgemHel sg&s&érsa&réafzzelr%ct&"s‘Pded

al ong di vi ding gyt gxe&:féeasﬁaszsagg,éftriealamgvﬁmgwgrawémmepemm on
| ayers from substrate, formng rectangular substrates 129

As shown in ﬂ%ﬁt'ﬂ'@é’fﬂ SPPBFrate 123 paste material consisted of silver
and glass is then transfer-printed by a roller in order to establish

S rLLCal CONNEGHANIaORAYE e wholm S FAGE Qh@ﬁjrcﬂﬁdtaﬁa&péa?sﬁ&meond
surface el ectrode Tayer

aste Is drie I nte | m
cont i nuous f’cﬁ%ééed-‘a‘f’-dfq é?rﬁ@gaﬁid’riéuﬁg RN ngE)i: sggﬁeér}'%cf’b s’*‘ ocu%th ﬁ45
m nut es, forghtace paldctfods dbaydct foole theecsdde3®@f substrate, £om1ng

rectangular substrates 129.

As shown in Fig. 22(c), after a mixed paste material consisted
of silver and glass is then transfer-printed by a rollsr in order
to establish electrical connections between first surface electrode
layer 123 and second surface electrode layer, the pasta is dried
and sintered in a belt-system continuous furnace at a temperature
of about 600°C for a period of about 45 minutes, forming a pair of
aide-electrode layers 130. ' "

Then, as shown in Fig. 22(d), rectangular-shaped substrate 129
is divided in individual substrates forming individual resistor
pleces.

At the last, as forming an electi'o-plated layer (not shown)
such as a nickel-plated layer covering the side-alectrode layer 130
according to the necessity, a solder layer {not shown} made of a
layer of alloy consisted of tin and lead covering said nickel-plated
layer is disposed, and the resistors are obtained.

The experimental rasults mounting the resistors having the
above-explained constructions and the conventional resistors



Then, as shown in Fig. 22(d), rectangul ar-shaped substrate 129 is divided

I n individual substrates form ng individual resistor pieces. At the
| ast, as form ng an electro-plated | ayer (not shown) such as a

ni ckel -pl ated | ayer covering the side-eggctrode |ayer 130 according to the
necessity, a solder |ayer (not shown) made of a |ayer of alloy consisted of
tin and | ead covering said nickel-plated | ayer is disposed, and the

resistors arg, btahietonrds are Db KRRl MEtllow.cots dpBrdnngl dethods
e a

resistors hé%lng ove-explal ned constructions d the nye igﬂg!
resistors and the method of 3judgment of #.lhe §33u§gﬁ a‘lpéé??gbgér S aﬁ.ee _
expl ai ned i neipirawientBears idenrasaalwint khdse shbwhdnnthaddrot sukriinantof

the results o gﬁ i ?E se experinments are identical with those shown in
the first eﬁﬁggwﬁé vgpt g'invention. Tabl e 9 shows experi nent al

results obtained with the resistors having a seventh construction and
rel ationshi ps betypae § ¥idae @tperimentat arsbulits’ obeafiet wi bl Heayests tdxs e

the surface of protection.layers and.the '

convent i onalPFEALR (ﬂegr_eni%h cgnstrucr?:q.on an&lgggﬁfg&gﬁhfptp BERGELA A3 fd1ghts -
Convent i onal ofCmecontli suxfadex pdecteodedayepsrabave dhe surface of profechifi. |
Exarrpl e-2 sfﬁ‘ﬂ@ ﬁfn]l_ R TRbezSptRl A bofthbs 1 SIS 02 SoPiaiicaal pysidtors. - 5

0 second surface electrode (pnm) Exp. Unaccept abl e
17 2 0 . g1§@§ults Connections ( * ) O f-angle
56 8 0 & Mountings (*) : Unacceptable

connections for mounti ngodfatiiihai?EBhéénticnal Experimented Experimented
Example-1 Example-2 Example-1 Example-2
Height differences -
protection layer/ -5 c 5 10
second surface alactrode (pm)

Exp. Unacceptable 17 2 o 0

Results Connections

(*) Off£-angle 56 8 0 Y
Mountings |

{*) : Unacceptable connections for mounting 10,0000 samples

As shown in Table 9, since the rasistors of this embodiment
of the invention are provided with second surface electrode layers
disposed at a height higher than the surface of protection layer
by more than 5 microns, and corners disposed respectively on the
edges of second surface electrode layer and back electrode layer.
the numbers of unacceptable connections are far less than _t‘.h.e cases
employing the coanventicnal resistors.

Likewise, Table 10 shows ralationships between the
heights of side-electrode layer above the surface of pro;ection
layers and the unacceptable connectionsz.



As” shown in Table 9, since the resistors of this enbodinent of the
invention are provided with second surface electrode |ayers disposed at a
heji ght hi gher than the surface of protection |ayer by nore than 5 m crons,
and corners disposed respectively on thggqedges of second surface el ectrode
| ayer and back el ectrode |ayer. the nunbers of unacceptabl e connections are
far |l ess than the cases enploying the conventional resistors.

Li kewi se, Table 10 shows rel ati onshi ps between the hei ghts of

side-el ectrode | ayer above thgagigfgare of protection |ayers and the

unaccept abl e connecti ons. 34

Tabl e 10 Carommeinitaoahl Conventtiionall Experiment et reptedd
Exanpl e-1 Exanple-2  ExSxphpld-FxabEpampld+ki gExamplecle 2ction

| ayer/ - l1(Height dif@erences 10 20 side-electrode (p Exp.
Unaccept abl eprd¥ction layer/ -10 0 0 0 Resuﬂ@s Conne@¥i ons (*)

O f-angle side®lectrode {um) Mountings (*) :
Unaccept abl e connectlon ng 10, 0800 sanplei As shown in
Tabl e 10, si 'the i s enbodi nent of The |nveﬁ%|on are
provi ded wit % ‘géfayeer:‘s di spos at a hepght highgr. than the
surface of protect g by nore than 10 m crons, the nunber of

unacceptable connectlons are far |l ess than the cases of conventi onal

resistors. TheRedicadlé Océriredtadnst gof mbuntisy i 10,00000samplese t he
si de- electrode Iayer or the second surface electrode | ayer is disposed at a
hei ght hi gher than the protection |ayer, the resistors can be nounted on
the circuit board regardl ess the surface or the

As shown in Table 10, since the resistors of this embcdiment
of the invention are provided with side-electrode layers disposed
at a height higher than the surface of protection layer by more than
10 microns., the number of unacceptable connections are far less than
the cases of conventional resistors.

According to the resistors of this invention, since the
side-alectrode layer or the second surface electrode layer is
disposed at a height higher than the protection layer, the resistors
can be mounted on the circuit board regardless the surface or the
back of resistors with excellent mounting reliability.



back of resistors with excellent nounting reliability. VE CLAI M
1. Athick fi mnlmumﬁ ﬂmllcorrpri sing; a substrate, a pair of surface
el;ectrode IaJ II on both end surfaces of said substrate, a
resistor |ayer* dispdsell td eStablish 35an el ectrical connection to said
pair of surface electrode |ayers, a protection |ayer di sposed to cover
at least said resistor |layer, a pair of side-electrode |ayers disposed

to cover the surface, side and back surface of said substrate, naking an
electrical yp &g&?ﬁction at least partially to said surface el ectrode

| ayer, protruding tromthe both end surfaces of said substrate at a

hei ght hi gher than said protection |ayer by nore than 5 pm 2. A thick
filmchip resj % eestotr icompyisangtbsisubstratepa padic efirfunfacel eteetrpde

| ayers s d P RikpBLal Ml pELAA Saﬁé&a&sgsofﬂsmaseabses@@ét o £b¥1 Hfor

bot h end sur substrate, a resistor

di sposed t o tayemdisposaddicestablish electricelcannestdong B%ﬁn@%/ SUTf3G8 ¢

lel ectr gde | aa.géét@u saydz@ahrpﬁtmmeiw atisposed Itayemzar atpemsacsdioh
ayer disposg o coyer at |east r r [

si de- el ect r otfe® #aa'ipé"r agr §po%%‘%llat %fg%verean&h% lég £ di e an b%hcélzgégﬁfoafce
of said . smsnbsurahals@@gransmmmqtmtaﬁmﬁeétlm#fam elagtrode 1ay9y,

to sai g sur ]‘:ii‘&l@i Lél?d@trical' éMﬁﬁeé‘fﬂ?ﬁ %hdgb&skarﬁi gﬁkﬂ.ﬁd&éﬁl eﬁpe;p?]sed

Pl Gher t han BRFH 15 GRAREERY 25em B teratengts gkt BRo RS i RaBRETT )

resi stor conprising;, a substrate a pair of first surface el ectrode

| ayers di Sp0§eck Qa9+ Hr ShpHUIaAAGE Sa Fubsticd t8 b igAlre of daurrecy Qllebtysde

di sposed t layers and a pair of back electrode layers disposed respectively
on both end surface and back of said substrate, a resistor layer
disposed to establish an electrical connection to said surface
electrode layer, a protection layer disposed to cover at least said
resistor layer, and side-electrode layers disposed on the side of
sald substrate superposing on a part cf said surface electrode layer
and on a part of said back electrode layer making electrical
connections to said superposed parts of electrode layer and making
said superposed parts protruded out of the surface of said protection

layer.

3. A resistor according to Claim 1 or Claim 2 wherein said side
electrode 1ayér gsuperposed on said surface electrode layer is formed
at a height higher than the surface of protection layer by more than
5 microns. '

4. A Tesistor according to Claim 1 or Claim 2 whersin said side
electrode layer is superposed on a part of said protection layer.

5. A resistor according to Claim 4 wherein said protection layer
is disposed to cover a part or the entire surface of said surface
electrode layer.
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establish an electrical connection to said pair of first surface el ectrode
| ayers, a i"’"ﬁunﬂmmmrm yer disposed to cover at |east said resistor
| ayer, a pa I face el ectrode | ayers superposed on said

first surface ‘el éctffod® Iayers disposedqg the both . side surfaces of
said protection layer, a pair of side-electrode |ayers disposed to
Substitute sheet cover the surface, side and back surface of said

substrate, ngkiNgréstetettdongalising; cansabsteatal aecpairpaftfolsty surfaed

first and se f e I | for end
surfaces of é%p%rss%s? %gF gL a‘?i%gdgﬁﬁe%ﬁ?t’heerndt E{a’g&ég'?%r& sa%?o%"g%%\a'
| ayer by 10 prresistox dpgver fisppsad por é§g§t BUbSLTRNS MAdnI a8 BLAGHRIEAl,
pair of firsécsrédticn €beaiadiast sutfiey 6186tradddayen] ahnriteditachr naier

| ayers respe&#i vel%/ q_iosgos?g cg;lt gg S%JI‘I% ds rta{geel%%q‘g:oa{a fgﬁgr and
substrate, a %%‘?%%r I 95 dt p8 5 Fefan T SRFERCRIBA T Ca

connecti on ttheabufpae pfalld reniatorilayen| 2patsds segandsutfytetetiznde
St face of ccrereR? g;g‘zw 8 %ggéggz%zﬂ oEBEERSES of a*?;‘f‘f e

| ayers di spoStiPftediFoss: lnrsdispespd on the gide o7 s St%’ﬁ’tsi- SRt eI
pair of sideabdenticaie cbagectictisrossaidof nrateantihgesend Fuzface ebeakraied
back surfacelggucsjai d substrate, making an electrical connection at |east
partially to sard first, second and back el ectrode | ayers, protruding from

t he both end surfaces of said substrate and at a hei ght higher than
sai d protectrtonal agststyr Idommisings. aAsapastfate ur angabet dddfbfstr esisfiare

conpri sing; & LOGRES 169e2hSHRF @ Dhiflof HddC8lectrode layers respectively
disposed on the surface and the back of said substrate, a resistor
layer disposed on the surface of said substrata making an electrical
connection to said first surface electrode layer, a protection layer
disposed to cover said first surface electrode layer and said
resistor layer, a pair of second surface electrode layers disposed
on the surface of said protection layer, and sids elactrode layers
disposed at least on the side of sald substrate
electrically connecting said first and second surface electrode
layers with sald back electrode layer.

8. A resistor according to Claim 6 or Claim 7 wherein said seccond
surface electrode layer facing to the side of said substrate is
provided with a notch.

9. A resistor comprising: a substrate, a pair of Zirst surface
electrode layers dlspcsed on both end surfaces of said sudstrate,
a resistor layer disposed on the surface of said substrate making
an elactrical connection to said first surface electrcde layer, a
protection layer dispcsed to cover at least said first surface
electrode layer and said resistor layer, a pair of second surface
electrode layers disposed on both end surfaces of said protection
layer, and side elactrode layers disposed at least on the sides of
said substrate, alectrically combining said first and said seccnd

N
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el'ectrode ectrode | ayers on a sheet-shaped substrate
Crossi ng o\ E“Dﬂ]{ mi e of dividing grooves disposed on said
r

sheet - shape e sa process to dispose a resistor |ayer
. electrically connecting said first surfgge el ectrode |ayers, a process
. to dispose a protection |ayer covering at |least said first surface

el ectrode | ayers and said resistor |layers, a process to dispose second

surface el ect r?ggalé egta_odﬁe&ﬁrt%otwf%qnsgg%g%tggtighqagr&:fgrdtgt;}ihaaer

a process t&8%3 Shdpe rovided wt 1-?8\’/' i ng
grooves on wwisilawapn @@cmmﬁﬁééiél %t!f%eéectroqlg}éwgr A% 3t fLFfEo

r FCt angg' alr aﬁﬁaéml 8688hd %&faae Ml%%&%dbqa%ﬂ@&ee suldetricauy connected

el ectrode | ayers el ect con ecting sai irs X5 Syr. e

el ectrode | &pEpugh afqéagfn g 39"?3%3%%?% cﬁ:@s@lﬁgpg ¥8EC1s
substrate, @ndvadpdcnjetsts durnmrm de L‘he dnutmlangf@lcangsﬁa@%df’%tﬁﬁtdr &eeopd
whi ch said %h af e&ié@f’zﬁﬁié‘re formed into individual substrate, wherein
said process formng sald second surface el ectrode | ayer after formng
said protection layer is performed by providing a wi ndow on the surface of
said first guo.fAcgeslstdr otiemprEiysaing ;aad slu)aselrataricapasr cuh ridasth gusfage

first and se r eLegtdRae ﬂ%lg | W heét 2%
f orm ng corﬁg'gggfgégn%ﬂe\e%c Lﬁ&% 8%3% %é%én(r} sal d&?{l@g surface °s
el ectrode | @pdr $he back of said substrate. a resistor layer disposed on the

surface of said substrate electrically connecting to sald first
surface electrode layer, a protection layer disposed to cover at
least the surfaces of said first surface slectrode layer and said
resistor layer, a pair of second electrode layers disposed at least
on both end surfaces of sald protection layer, and side electrode
layers disposed on the sides of said substrate, alectrically
connecting said first and second surface electrode layers and said
back electrode layer, wherein said protection layer is provided with
a window on the surface of saild first surface electrode layer, said
first and second surface electrode layers are electrically connected
through said window. and sald second surface electrode layer is
provided with corners at the mutually fac.i.hg ends of sald second
surface electrode layer.

11. A resistor according to either of Ciaims 6, 7. 9. or 10 wherein
either of the first or the second surface elactrode layers 1s disposed
to the side end of said substrate.

12. A resistor according to either of Claims 6, 7, 9, or 10 wherein
said back electrode is disposed to the side end of said substrate.

13. A resistor according to either of Claims 6, 7, 9, or 10 whereir .
said second surface electrode laver is disposed at a height higher
by more than five microns above the surface of said protaction layer.
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14. A resistor accord| ng to either of ains 6, 7, 9 or 10 wherein said
side el eCthmnqua mﬂmered with a sol der Iayer and is di sposed at a
hei ght hig ten m crons above said protection |ayer. 15. A
resistor actorUiny t"o &ither of Clains §g 7, 9, or 10 wherein the edges of
said side electrode | ayer or said sol der Iayer ares rounded. 16. A
resistor according to either of Clains 6, 7, 9, or 10 wherein said first

surface el eql. dﬂerésfiﬁﬁr' c@@ﬂi@l_ t@ ﬁdﬁé@:r ofYSiHmael 7] 3l.. or 1 whérein
resi stor accor sai_d

ng.to et
protection B&}&rs gganﬁﬁ%"%@% gll"é(§§ 6F ﬁb‘f'@g?% ‘ﬁﬁf‘ér‘f aﬁ"‘"}f{{ 13‘”&78‘3?5%&
accordi ng taj.epbbed at & hetghtS highe® byr mébewhbari ten mibronsoabpover fatd
el ectrode | %ﬁ:eb% HRdf lp; an el ectro-conductive material containing at
| east a glass or a resin et er i al . 19. A resistor according to either of
Clainms 6, 7, 9. or 10 wherein said side electrode |layer is nmade of an
el ect 1 0- condgGt A e MRt abcerdim Bbngt e easmamgd 855709 ,aorel) wherein

| . d
V\nztere; ﬁ sai a'}‘?eféﬁéggl r?géclefg egtlrogcé %ﬂeﬁl %Qg i&? ect %ggq-r I‘gggr

have a saneromaged. 21. A manufacturing nethod of resistor conprising;, a
process to dispose first surface electrode | ayers crossing over the surface

of dividing ooves di.sposed o hee sha t rat 0

di vi di ng gr dgveé TeslRterc2CCRF % £ Bgt%fg‘ﬁii/g ZT gc’t }rs#dﬁ? whlerdin
connecting saiid fﬁ:m:stt awncface Gllectrm l@y%tsiﬂampﬁeceﬁsat Giélfﬁﬁoﬂsﬁem
protection Layarigevering at least said first surface electrode |ayers and
said resistor layers. a process to dispose second surface el ectrode | ayers

on the surface of said
17. A resistor according to either of Claims 6, 7, 9, or 10 wherein

sald protection layer is made of a2 glass or a resin material.

18. A resistor according to either of Claims 6, 7, 9, or 1C wherein
gaid second surface elactrode layer is made of an electro-conductive
material containing at least a glass or a resin material.

19. A resistor according to either of Claims 6, 7, 9. or 10 wherein
saild side electrode layer is made of an electro-conductive material
containing at lsast a glass or a resin material.

20. A resistor according to either of Ciaims 6, 7, 9, or 10 wherein
said second surface electrode layer and said back electrode layer
have a same shape.

21. A manufacturing method of resistor comprising; a process to
dispose first surface electrode layers crossing over the surface
of dividing grooves disposed on a sheet-shaped substrate provided
with dividing grooves, a process dAisposing a resistor layer
electrically connecting satd first surface electrode layers, a
process to dispose a protection layver covering at least said first
surface electrode layers and said reaistor layers. a process to
dispose second surface electrode layers on the surface of said

I
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protection Tayer, a process to divide said sheet-shaped substrate provided

w th divige I ch said second surface electrode |ayers are
fqrmed |4mﬂ“mlimmuﬂmmped substrates, a process to di spose side
el ectrode 4 ayers ehectri«ally connectinggsaid first and secondsurface

el ectrode | ayersatl east on the sides of said rectangul ar-shaped substrate,

and a process to divide said rectangul ar-shaped substrate on which said -
si def el ectr %ﬁﬁghowwri i grb8ssy it al viuassatd %eet—aggpéd substrate
manuf act uri ng nmethad of,  resis conprising; _a prpgess | e
surface el ecﬂg‘?‘ﬁ’d&day‘égh a a"%g%‘kg egg‘é?'f%%le q“ay‘@?‘g&bnSﬁighggt%-%g‘ﬁapge#&tce
substrat e crelesitnpdeydayehe aner farmed dmuchgegsargulatishanad) sypsbiates. a
f" Spos ef' on &ﬁ%s%ﬁ%t aiB?Sﬁd ﬁt&@due&efoae p@f@ﬁlél@tc@r&aa?eyacamamrg
ayer electrica connecti ng sai i rst, sur e, el ectrode [
process to dda%shs ,155&36‘%‘%6\‘?? S RRTT %?"Y%ﬁ%t’%gaﬁacfaﬁ‘??‘ eSsuir Ace
el ectrode | ayfrsaiantectangulasi-shaped apbsyraiepr and s process fos divide mntd
surface el ec e g h e Peo ctq PIrPGESS
AR SN InBHed NEBILIARS B SR1h PLEIECL AN ddEErod

to divide sai - Shape rate provi di vidi ng grooves on
whi ch said fHemed inder Aadividyal qubgsratpgyers are fornmed into

rect angul ar-shaped substrates, a process to dispose side electrode |ayers
el ectrically,connect i aid firs d Q f [o

Ceast on th@ 4t doaanieifeialy Sl of HEMl oot Babefafiy) dprduis @
di vi de sai d Hmneaeyfixsts saptace lﬂi@FFEP@eogaWE ARG RACl @deSEEREP HAKEDS o
fornmed into dm@ whéet!l shaped sabgtrats Zrossingubvet Whegurtadednd thesbador

chobt - shaned s AETFER Cosolsss Aurpbabacth, BRTac SRR 2Mhapdl b dibdte. a
di sposed on procksshdst ddmnped & usstisior, layer celtectriralilypsorngcEing faid
hrhess [o S baRas LR yis), Y shtesd to dimd o ection
bl ot rode | VAVSE GreBlfy SFclathn,pafd siPet uikkatle e FOSr Gl Toker € anf KA
surface el ectesiktdmyi@yensn Bopiroerdsstof ddapose secdndr sunfacenelegiyroden
process to diiydias 2dl thé Reekasldcdast Pridtalce 10n0VaFeN, W hrociss dbNdivide
ggooves on Wsh'sl,:i?c{.I s gle -ér?gé’é‘é’ sﬁgg{%‘g& pravided with dividing grooves on wh;tch
said second surface electrode layers are formed 1into
rectangular-shaped substrates, a proéess to dispose side electrode
layers electrically connecting said first and second surface
electrode layers at least on the sides of said rectangular-shaped
substrate, and a process to divide said rectangular-shaped substrate

on which said side electrodes are formed into individual substrates.

23. A manufacturing method of resistor comprising; a process to
dispose first surface electrode layers con a sheet-shaped substrate
crossing over the surfacs of dividing grooves disposed on said
sheet-shaped substrate, a process to d4dispose a resistor layer
elactrically connecting said first surface electrode layers, a
procass to dispose a protaction layer covering at least said first
surface elactrode layers and said rasistor layers, a procass to
dispoge second surface electrode layars on both end surfacss of said
protection layer, a process to divide said sheet-shaped substrate
provided with di{riding grooves on which said second surface
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el'ectrode layers are formed into rectangul ar-shaped substrates, a process

to di spose Im yers electrically connecting said f irst and
second surfg Lmumllmn ers at |east on the sides of said
rectangul ar - $haped sibsfrafe, and a pr oggss to divide said

rect angul ar - shaped substrate on which said side electrodes are forned into
I ndi vi dual substrates, wherein said process form ng said second surface

el ectrode | ayfehrabhsr 14ferl AteSPoHndd Anto! Fectangwlar shppedosubdthytes, a
providing a wi ndow on the surfgce of said.fi rf § & OGS SN

and by el ecPFPE&FFytSOﬁiJ ‘ﬁ%&aé i 83??:?5?(1 n@eﬁ)ﬁ&%%‘éfﬁggg gl ectrode. o

| ayers t hr oggiiaseirswandsecanddshytdan pilagtrode dayerscahdeassenthersides: ne

ends of sai %éﬁ&&?&drééﬂxg%&a‘ftsﬁaw&%dm%%e, ard a Proveys and aiivinge nmiddaod
p

of resistor conprising; rocess to dispose first rface ele | ayers

and back el &ectanguilas-phapsd SURtKatS, PR Ak %f%"ss?inbg%‘\r/%rl%t e

surface of diotmdidnthigs ondpeidlisipesest rat em whetmibt sshdprdcessfiomiag gald

process to g RN slctdod eh8EeLBYE 1o 2ChEL R ftmARYNE41 & Hotdict 1bh/ Fdyer

surface el e®F0 fayers a process to di spose a protectjon I?ygry_go ring
r

at |east saiidé f pesfosmed R Ruovddingea| windevw MY SuUrLace; gt #3 -I'Sy
process t0 (juyrteee SE4OfELdLILhRer, ART byosibsd ayiead ynchonnéc tiny sadAafbes of

said protection |ayer, .a_prqoces | Vi i - e tr

provi ded wi tar?‘ﬂis\ﬂ‘%’f‘ﬁg sb‘fgasgse%#%?d%% lgagie%%s g:g?rglgsglu? ggegé g@?? oe?iﬁeda oY

| ayers are finmmeng eoonexs fantug sacthother sasthe ands of, saidacond syriifRe
side el ectrqigdeaves188esrically connecting said first and second surface
el ectrode | ayers at | eaSt on the sides of said rectangul ar-shaped
substrate, and a process to divide said rectangul ar-shaped substrate on -
whi ch said sitle %lmeotufadtaring hethedl fitxesiation MPMPTIFRBGF aRcBTOFRET cth

sal f' o Pceslsaiagidﬂd@ﬁ%;tdsafg&éw Slddae) & eehagagegam ik mmfaaanim. h d
protection layéer | s perfor rovi din wi_ndow,_on

P st Csurtach @ sbepbaenpegk eubsrdaty cratsfad vey soA Surrad o2 §flabld
and second sgrdowes ediaposede drayerid t shestishamed \GHRIFA N DHYPFAFIRHILC
corners faci aﬁs;&@%gﬁa&% idferrBlacPiLSR Ky 86ARGEL N (5308 £lant Eafiface

e m alecaade YEORERA BEgCets F AARBSeE 2 PEIBHE oA Biuby Al

second surf agelehstisande irarcsurfavel elbctrodechapareand saldresdisforiayersad
a process to dispose second surface electrode layers on both end
surfaces of said protection layer. a process to divide said
sheet-shaped substrate provided with dividing grooves on which said:
second surface electrode layers are formed into rectangular-shaped
substrates, a process to dispose side electrode layers electrically
connecting said first and second surface electrode layers at lsast
on the sides of said rectangula.r-sha.ped_ substrate, and a process
to divide said rectangular-shaped substrate on which said side
elactrodes are formed into individual substrates. wherein said
process forming said second surfaée electrode layer after forming -
said protection layer is perfcrmed by providing a window on the
surface of saild first surface electrcde layer. and by electrically
connecting said £irst and second surface elactrcde layers through
said window, and by forming ccrners facing each other on the ends
of sald second surface electrode layers.
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second surmrs to the side ends of said substrate, 26. A
manuf acturiummnm' W ystor according to any fromCdaim21 to Claim?24
wher ei n sai ok n) ”ﬁm sai d back el ectrode | ayer includes a process

extendi ng said back ¢l eétrvde | ayer to tfe side of said substrate. 27. A

manuf acturi ng nmethod of resistor according to any fromCaim21 to Caim 24
wherein said process formng said second surface el ectrode | ayer includes a

process for ?ngnm & %IfeE%EQQQ%): WRbrding t¥iaH fﬁbﬂggiaiz&’

nore then 1 m Ccrons above the surtrace o Sal protectlon Ij'?/er. .
manuf act uri R FetGlimR4eheraisy satd processes fopmingantd finst apgd s9<and 24
wher ei N sai GukFaeesSe1é@fride)1agerfe 1ndduabaf brodess axtendingusied £1psbarss

covering said side S r r d QC | Ng
cai d sof'der P SprERL RIRCHRUEE 1hYsBanE: H5la LMEIpaRRTLE SN BE5 L UMY,
protection | ayer. 29. A manufacturing nethod of resistor related to any

from daim 2% ! 8 hadifBothoidng fethddiot RESLSEST fﬁdﬁkﬁgn?ai&.ﬁiyderehmafme

ol ectrode | Bjero Giath Horfelyth 8318 SeeeRe R T Brek el SBagawer
accordi ng t dmemlydesompBtarieass2éxtending 5a2d binck @lecsrode playes $of therisigle

sai-d first ¥ fase shestraes. | ayer includes a process of printing or
sintering of a silver systemnmaterial . 31. A manufacturing method of

resistor according to any claimfromddaim?21 to Caim24 wherein said
process for mgassasuf=aotivdnigonetixyd ofi rebistor acgordéng th amy SromgSlaim

sintering. o Q¥ idi%if 23 UREELA! s L0 GUJUYE FomIng' shE8! Pecond surface
electrode layer includes a process forming sald second surface
electrode layer at a height higher by more than 10 microns above
the surface of saild protection layer.

28. A manufacturing method of resistor according to any from Claim
21 toClaim 24 wherein said process forming said side electrode layer
includes a process covering sald side electrode layer by a solder
layer and a process forming said solder layer at a kasight higher
by more than 20 microns above said protectiocn layer.

29. A manufacturing method of resistor related to any from Claim
21 to Claim 24 wherein said proceés forming said side electrode or
solder layer includes a process rounding the edges of sald sgide
electrode layer or solder layer,

30. A manufacturing methoed of resistor according t¢ any from Claim
21 to Claim 24 wherein said process 'forming said first gurface
electrode layer includes a process of printing or sintering cf a
silver system material.

31. A manufacturing method of resistor according to any claim fron
Claim 21 tc Claim 24 wherein said process forming said protection
layer includes a process of printing, aintering., or curing of a
matertal containing glass or resin.
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32. A manufacturing nethod of resistor according to any claimfromd aim 21
to Cl aim24 vﬂwummﬂllﬁmss form ng said second el ectrode |ayer

i nel udes a pr sintering, or curing of a

el ectro-conductivie rmt éri &l Ctont ai ni ng g{Ass or resin. 33. A

manuf acturi ng nmet hod of resistor according to any claimfromCaim?2l to
Claim 24 wherein said process formng said side el ectrode | ayer includes a

process printing or sputtering a conductive nmaterial containing glass or
resin.

32. A manufacturing method of resistor according to any claim from
Claim 21 to Claim 24 wherein said process forming sald second
electrode layer includes a process of printing, sintering. or curing

of a electro-conductive material containing glass or resin.

33. A manufacturing method of resistor according to any claim from
Claim 21 to Claim 24 wherein said process forming said side electrode
layer includes a proceas printing or sputtering a conductive
material containing glass or resin.
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