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RESI STOR AND | TS MANUFACTURI NG METHOD FI ELD OF THE | NVENTI ON Theé%ﬁ@%éﬁ%}7 /
invention relates to the field of resistors and their manufacturing; getbiods
whi ch all ow the high density nmounting of resistors on printed mﬁring:bdéﬁds
used for electronic equi pnent. BACKGROUND OF THE | NVENTI ON One known
resistor and its manufacturing nethod ?re di scl osed in Japanese Lai d-open
Pat ent No. H4-102302. The resistor and'tts manufacturing nethod of the
prior art are explained next with reference to Figs. 10 to 12B. Fig. 10 is
a sectional view of a resistor of the prior art. As shown in Fig. 10, a
first top electrode layer 2 is disposed on both left and right ends of the
top face of an insulated substrate 1. A resistance layer 3 is disposed on
the insul ated substrate 1 so as to partially overlap the first top
el ectrode layer 2. Afirst protective layer 4 is disposed to cover only the

ti f f th ' Maea ' i ded
the rosi of ance | aytF SIS TR AMDYES MEANIEACTURINGE METHORE 15°ni cst "the
resi stance val ue. A second protective layer 6 is disposed on the top face

of the first prote IF{ I  INVENPION OP el ectrode layer 7 is disposed
on the top face ofqi: eqPi(?gfr opIeI ectrodglayer 2 stretching to the full

width of the insulated substrate 1. A side electrode layer 8 is disposed on

a side face of the THispHeRémAnseRIdH Adlfted to M fieldedl teaitsrsndntiefyol der | ayer
10 are disposed on the surface of the second top electrode |ayer 7 and the

si de el echamdgcthping rméthotte mebicl howethg Higlotetdiey awiudeing lofyresistbds ba | ower
than that of the second -2- protective layer 6. In other words, the
second ppoinged midng dpardsused foneleotinic equipmeante prior art general |y
protrudes fromthe entire resistor. A manufacturing nethod of the resistor

f the pri { fi
of the prior art ag soff LAUERD OF THE INVENTION

One known resistor and its manufacturing method are disclosed in
Japanese Laid-open Patent No. H4-102302. The resistor and its manufacturing

method of the prior art are explained next with reference to Figs. 10 to 12B.

Fig. 10 is a sectional view of a resistor of the prior art. As shown in
'Fig. 10, a first top electrode layer 2 is disposed on both left and right ends of the
top face of an insulated substrate 1. A resistance layer 3 is disposed on the
insulated substrate 1 so as to partially overlap the first top electrode layer 2. A
first protective layer 4 is disposed to cover only the entire face of the resistance
layer 3. A trimming groove 5 is provided on the resistance layer 3 and the first
protective layer 4 so as to adjust the resistance value. A second protective layer 6
is disposed on the top face of the first protective layer 4. A second top electrode
layer 7 is disposed on the top face of the first top electrode layer 2 stretching to
the full width of the insulated substrate 1. A side electrode layer 8 is disposed on a
side face of the insulated substrate 1. A nickel layer 9 and solder layer 10 are
disposed on the surface of the second top electrode layer 7 and the side electrode

layer 8. Here, the height of the solder layer 10 is lower than that of the second



above is explained next wwth reference to drawings. Figs 11A to 11F are
perspective views of the resistor illustrating how the resistor of the
prior art is manufactured. First, as shown in Fig. 11A the first top

el ectrode layer 2 is applied and forned on both left and right ends of the
top face of the insulated substrate 1. The resistance layer 3 is then
applied and fornmed on the top face of 1he insul ated substrate 1 so as to

parti al | yprowsetivelaydres fin sthet woras egiersedénd pysitctive lahef 6 iR rddi§dr oRS
shown in Fig. 11C  after applying and formng the fifst protective |ayer 4

so as to theperorant gendrallgprotrades fiont drecentirayresis@®r. t he tri mming groove 5 is
provided on the resistance layer 3 and the first protective |ayer 4 by

means such as a | aser beamto, adjust the resistance value of the resistance
layer 3 to within aAdparyfpcaing methe of thegesistonof thaprion@rhas eordigpred 1D,

fa
t he secon ratectjve layer 6 is.applied and formed only on the top face of
the firstd 8t1§8f‘Pt?é“qdla9é?t wiith FeferQuceJRAITAWANgS. ect rode 1ayer 7 is then

appl i eg and forLredf anlthedt op face of the first top el ectrode |ayer 2, ]
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i nsul ated substrate 1 so as to electrically conned i rst ’top

el ect r odefidspysyy elecBde IRRr LRUPPlicdnd eI baaeft and rightendsaTithy. the
surfaces of the second t'op electrode layer 7 and the side €l ectrode |ayer 8

are pl at edpvatdof tiekipsulatatisibserates b dBeeresistaricerlayém® igtheedppliest eindand
sol der layer 10, as shown in Fig. 10, conpleting the manufacture of the
resi st or fofmedenpthedop £ace of the insulated substrate 1 so as to partially overlap the

first top electrode layer 2. (Fig. 11B)

Then, as shown in Fig. 11C, after applying and forming the first
protective layer 4 so as to cover only the entire resistance layer 3, the trimming
groove 5 is provided on the resistance layer 3 and the first protective layer 4 by
means such as a laser beam to adjust the resistance value of the resistance layer 3

to within a specified allowable resistance.

As shown in Fig. 11D, the second protective layer 6 is applied and
formed only on the top face of the first protective layer 4. The second top
electrode layer 7 is then applied and formed on the top face of the first top
electrode layer 2, stretching to the full width of the insulated substrate 1 (Fig.
11E). |

Then, as shown in Fig. 11F, the side electrode layer 8 is applied and
formed on the first top electrode layer 2 and the left and right side faces of the
insulated substrate 1 so as to electrically connect with the first top electrode layer

2 and the second top electrode layer 7.



However, as shown in Fig. 12A, when the above configuration of the resistor
of the prior art is soldered to a printed wiring board using the above
manuf acturi ng method of the prior art, the resistor is soldered at both the
side el ectrode |ayer and the bottom formng a fillet 11. Accordingly,
nmounting of the conventional resistor by soldering requires a fillet,
resulting in the occupation of an area-3t3 for soldering at the side faces

in addition to the CaRONARLuARES dthedRcSAP WD ERcirbde 14287 i thegags the
prior art requires a nounting area 14. Furthernore, as dinmensions of

conponent destrodenlayep 8i arerplaed withntcked, atehdieh)soldered pe foen the aicke!l Egkeder i ng
area in proportion to nounting area grows. This further limts attenpts to
i ncrease snldemlayend 0t gs shownedkikig. &0ecompletingaheimpamacturmbf dre.  SUMVARY
OF THE I NVENTI ON A resistor of the present invention conprises a substrate,
a pair ofresisief of B§ pI¥catode | ayers di sposed on the top face of the
substrate, a resistance |ayer disposed so as to electrically connect with
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met hod for nmanu ring a resistor of the present Invention conprises the

steps of ¢lecRodd RYet Aadfthe oitbarn formiiy # fitlet M?A%c@tdihgl?'s m@uhtidgeof @ face
of a sheet substrate having a division slit, disposing he resi Stance | ayer

SO as echvehtiopdleesistaahy yoldering abquietse €iblet hestiitingt intthe oebwpdticndef .
| ayers, disposing the protective [ayer so as to cover at least the top face
of the reai steaniGefdrasodderingadt thesyds fangs ihaddsimon the gosiparenbakeal Bsaass so
as to electrically connect. wth at | east . .

shown in Fig. 12B. This means the prior art requires a mounting area 14.

Furthermore, as dimensions of components shrink to increase mounting density,

the percentage of soldering area in proportion to mounting area grows. This

further limits attempts to increase mounting density for making electronic

equipment smaller.
SUMMARY OF THE INVENTION

A resistor of the present invention comprises a substrate, a pair of
first top electrode layers disposed on the top face of the substrate, a resistance
layer disposed so as to electrically connect with the first top electrode layers, a
protective layer disposed so as to cover at least the resistance layer, and a pair of
second top electrode layers disposed at least on the top faces of each first top
electrode layer. At least one of the pairs of first top electrode layers and second

top electrode layers extends to a portion of the side face of the substrate.

A method for manufacturing a resistor of the present invention
comprises the steps of disposing the first top electrode layers at least on the top

face of a sheet substrate having a division slit, disposing the resistance layer so as



the first top electrode |ayers; and the steps of dividing the sheet
substrate along the division slit into a substrate strips, and dividing the
substrate strips into substrate pieces. At |east one of the pairs of first
top el ectrode | ayers and the second top el ectrode |layers is forned to cover
the division slit by applying an el ectr,ode paste to fill inside the
division slits.. Wth the above configﬁﬁétion and the manufacturing nmethod
of the prlestastricaiyeepnnest batwees; the dist wpseipetsedaylayersa dispasingithe ri ng board

by the tog el ectiode and the side el ectrode di SP sed on a plortion of the
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DRAW NGS fs a section view of a'resistor 1n accordance wt
exenpl ar yji@RRpIFaio #5ubsifat® lrs&ﬁ%r,‘ tant W EMnS the fubdGa/stFips 2htoNudstrate

perspective Vviews of an exenpl ary resistor at varlous stages of manufacture

on a shegfieckdbsAt Riast ond b e pditsngf first axp eidcarode Meydre dnfiahe secordawpur i ng a
resistor in accordance with the first exenplary enbodinent. Fig. 3Ais a
secti on \elentroge layemsus tferined o sover tha divistondslitdy spplyingran elecwrode pasipl ary
enbodi ment of the present invention. -5- Fig. 3Bis a top view of the
nmount ed rtedilkinside heabiziomplats. wi th the first exenplary enbodi ment of the
present invention. Fig. 4 is a section view of a resistor in accordance

wth a second exen%%lythg rg%%% ggﬂhg\?;atitorﬁeaxﬁrt%%emngnd ac\:/t%pitnigoﬁll'ethod of the
present invention, a resistor is soldered to a printed wiring board by the top
electrode and the side electrode disposed on a portion of the side face of the
substrate when the resistor is mounted on the printed wiring board. This enables
a reduction in the area required for forming a solder fillet, resulting in the
reduction of the mounting area including the soldered area on a printed wiring

board.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a section view of a resistor in accordance with a first

exemplary embodiment of the present invention.

Figs 2A to 2G are perspective views of an exemplary resistor at
various stages of manufacture on a sheet substrate, illustrating an exemplary
method for manufacturing a resistor in accordance with the first exemplary

embodiment.

Fig. 3A is a section view of a mourited resistor in accordance with

the first exemplary embodiment of the present invention.



Fig. 5is a section view of a resistor in accordance with a third exenplary
enbodi nent of the present invention. Figs 6A to 6G are perspective views of
an exenplary resistor at various stages of nmanufacture on a sheet

substrate, illustrating an exenplary nethod for manufacturing a resistor in
accordance with the third exenplary enbodinment. Fig. 7Ais a section view
of a mounted resistor in accordance wi-h the third exenpl ary enbodi ment of

the present inventiRig. 3Biiga t6p viewaftthe nvamedtedistor imacdordanaeswithahei n
accordance with the third exenpl ary enbodi nent of the present invention.
Fig. 8 i $irst exemaplory eimmbaduhent ofcthe piresent inventiondance with a fourth
exenpl ary enbodi nent of the present invention. Figs 9A to 9G are

perspective views of an _ exenplary. resistor, at various stages of nmanufacture
on a sheet substratdg. #/i5 aSEEUER Vigwa Rl axersion i ageprdsace sithha ek uring a

resistor in a cordalg%c(f vvi%h the fourth exenplary enbodinent. Fig. 10 is a
section GREMPRATY gmbadimegt of he REESERG PVEHON. 1 os * 11A to 11F are process

flow charts illustrating a method for manufacturing the resistor in

accordance with th?ig%% a%ektion viévﬁi'oagir%&igﬂo%ﬁnia%car&%ﬁ& ivﬂg} Xit f of a

nmount ed resistor of ®he prior art. I's a top view nount ed

resistor fgé%([)hgypydlw(ﬁﬁ{em PR &3EhQiveliddlE PREFERRED EMBODI MENT Fi r st

exenpl ar ment A resistor and its nanufacturing nethod of the present
invention are explained with reference to Figs. 1 to 3B.

Figs 6A to 6G are perspective views of an exemplary resistor at
various stages of manufacture on a sheet substrate, illustrating an exemplary
method for manufacturing a resistor in accordance with the third exemplary

embodiment.

Fig. 7A is a section view of a mounted resistor in accordance with

the third exemplary embodiment of the present invention.

Fig. 7B is a top view of the mounted resistor in accordance with the

third exemplary embodiment of the present invention.

Fig. 8 is a section view of a resistor in accordance with a fourth

exemplary embodiment of the present invention.

Figs 9A to 9G are perspective views of an exemplary resistor at
various stages of manufacture on a sheet substrate, illustrating an exemplary
method for manufacturing a resistor in accordance with the fourth exemplary

embodiment.
Fig. 10 is a section view of a resistor of the prior art.

Figs. 11A to 11F are process flow charts illustrating a method for

manufacturing the resistor in accordance with the prior art.



As shown in Fig. 1, a pair of first top electrode |ayers 22, typically a

m xture of glass frit and a conductive powder such as Ag, are disposed on
both ends of the top face of a substrate 21, typically nmade of 96%

al um num A resistance |ayer 23, typically constituted of mainly ruthenium

oxide is disposed so as to electrically connect with the first top
el ectrode layers 22. A protective |ayer 24, tyéi cal]y epoxy resin, is
di sposed to cover fH& i15 @ Se6HOR yaqw Of arTHEURed; §pighas Of| tAY SrIoFAIt. A second

top el ectrode layer 25, typically a mxture of epoxy resin and a conductive
powder such as Ag, 4.5 disposed on th op face, of .the fi.rst .top el ectrode

| ayers 22 and a palﬁt‘g'oﬁgﬁ%astpﬂé“‘?‘ﬁ@ztﬁ? PQ%@%%B%SW%’E QFQ]fpr'fWeggr ea of the
second top el ectrode |ayer 25 formed on a part of the side face of the

substrate 21 is ha ?Q@qﬁ\@ ng substrate
21. A cl earance 26&?%@@@?2@33&%%@3% ectrve aygr Ngﬁd t he
second top electrode layer 25. In other words, the first top el ectrode

| ayers 22 have an m@gg%iqﬁ ethbddimeqt €ear ance 26 which is neither covered
by the protective layer nor e second top el ectrode | ayer 25. A nickel

| ayer 27 and sol der | ayer 28 may be di sposed on the second top el ectrode

| ayer 25, as requi rAedesistor and dirsangustactuyingumbthad ofethe gireddnt ynwantiontare
resistor is soldered. The exposed area of the first top el ectrode | ayers 22

and the explagned withrrefereneeta Higsi rletot3B) ectrical contact through the
cl earance 26. -7- Next, a nmethod for manufacturing the resistor in the

first exenplary enbodinment of. . the present.invention is.explained.w.ih
reference to draw ﬁb%$hQW%én%2& 1o paTiQf first fop %leﬁtﬁog‘?(@)’ﬁ?%%’ Bﬁ’t“’?ﬂ;{i’ for
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resistance layer 23, typically constituted of mainly ruthenium oxide is disposed so
as to electrically connect with the first top electrode layers 22. A protective layer
24, typically epoxy resin, is disposed to cover the entire top face of the resistance
layer 23. A second top electrode layer 25, typically a mixture of epoxy resin and a
conductive powder such as Ag, is disposed on the top face of the first top
electrode layers 22 and a part of the side face of the substrate 21. The area of the
second top electrode layer 25 formed on a part of the side face of the substrate 21
is half or smaller than the entire side face of the substrate 21. A clearance 26 is
created between the protective layer 24 and the second top electrode layer 25. In
other words, the first top electrode layers 22 have an exposed area at the clearance
26 which is neither covered by the protective layer 24 nor the second top
electrode layer 25. A nickel layer 27 and solder layer 28 may be disposed on the
second top electrode layer 25, as required, to secure quality such as 'reliability

when the resistor is soldered. The exposed area of the first top electrode layers 22

and the nickel layer 27 are in direct electrical contact through the clearance 26.

i



29 and nore than one horizontal division slit 30. After printing an

el ectrode paste, typically containing glass frit and a conductive powder
such as Ag, on both sides of the horizontal division slit 30 without
crossing the horizontal division slit 30, the sheet substrate 21 is fired
at approximately 850[err]Cto formthe first top el ectrode |ayer 22. The
depth of the division slits 29 and 30-7s half or |ess of the thickness of

substrate 21 to prewsn!a picthé@dsr Matufaenirdnditiengsidtwr ingheeirgf exdmiplang.
Then, as shown in Fig. 2B, a resistance paste, typically made mainly of

r ut heni ueidoditaent of thei preseht Sovesionois elxptainéd atithyreferenee to diawingbe fir st
top electrode layers 22, and is fired at approximately 850[err]Cto form
the resistance layer 23. As shown in Fig. 2C, a trimrxng grogve 31 is
provi ded by means $igh 24 te 2¢ndlustrate an gxemplasy method doT BlaaBEActeRing fe

resi stance | ayer 23 to a specjfied value. A trinmn be for_ neasuring
the resi $EHSIOE Iy AFCRIAABSE W séﬁat BFRprary F@P%M@Frpﬁﬁ%eqtayer 22
before trimmng. As shown in Fig. 2D, a resin paste, typically nmade of

epoxy redBYFOUOL. hrinted so as to protect the adjusted resistance |ayer 23,
and baked in a conveyor-type continuous curing furnace at approxi mately

200[ err] C for appr 'Wﬁ?‘gg.@ﬂyg%ﬁeét%ubpgaﬁw meﬁ%mfa%ﬂimm

protective |ayer 24. protective yer 2 e provided to

cover m)fugu{ ?66'd #est FelikaAlcRNEA indWafiod 3hdiomioze fiadl die aérti@abdiviioasti ng the
v S

verti cal st on It 29. As shown in Fig. 2E, an el ectrode paste nade

typi cal | poofndceinee ednveénehutiesntasdivisios shg30r Affier paindingpraxglecwedepagtescr een
printed on each of the first top electrode |layers 22 of adjacent resistors

in the veypically cdhtaéming @lassdrio ssidragcondactive ippwdernisueh as digpnosiboth swlest t he
sheet substrate 21 w t hout . . ) ) .. .
of the horizontal division slit 30 without crossing the horizontal division slit 30,
the sheet substrate 21 is fired at approximately 850°C to form the first top
electrode layer 22. The depth of the division slits 29 and 30 is half or less of the
thickness of substrate 21 to prevent breakage due to handling during

manufacturing.

Then, as shown in Fig. 2B, a resistance paste, typically made mainly
of ruthenium oxide, is printed so as to electrically connect with the first top
electrode layers 22, and is fired at approximately 850°C to form the resistance

layer 23.

As shown in Fig. 2C, a trimming groove 31 is provided by means
such as a YAG laser to adjust the resistance of the resistance layer 23 to a
specified value. A trimming probe for measuring the resistance value may be

placed on the first top electrode layer 22 before trimming.

As shown in Fig. 2D, a resin paste, typically made of epoxy resin,
is printed so as to protect the adjusted resistance layer 23, and baked in a

conveyor-type continuous curing furnace at approximately 200°C for

approximately 30 minutes to thermally cure and form the protective layer 24. The



overl apping the protective |ayer 24. The first top el ectrode |ayers 22
consequent|ly have an exposed area 26 that is neither covered by the
protective |ayer 24 nor the second top el ectrode | ayer 25. After printing
the el ectrode paste, the substrate 21 is baked in a conveyor-type
continuous curing furnace at approximately 200[err]C for approxi mately 30
mnutes to thermally cure and forma sectond top el ectrode | ayer 25. The
el ect r odprqastiec fayetr 24tthay berproeided|to dioves mmre shar 086 resisthinceniaybe 28econd
top electrode layer 25 to the bottomof the division slit. The second top
el ect r odborizgeiallysiligned acxssing the viestdcal givisionosl¥|3P.on each of the first top
el ectrode | ayers 22 of adjacent resistors in the horizontal direction,
crossing the vertical divisign slit 29 Next, as shown i.n_Fi 2F, the
Sheet substrate 21 AksHaWA ol it plechans PaSEanads Dmisaly & i ¢ 30 1o
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pi ece 33cr&%n%&%dr&oﬁwdi&isidﬁ SKE10 bARRY shét Sshstraté ddlwpithaieer and a
sol der | ayer as an outernost layer are electroplated in turn on an

exposed @ueﬂagﬁngfthé peoteed v thyeo 24 Mhetfirsdeop elgetrods layersrAl elonseguchely
manuf acture of the resistor of the present exenplary enbodi nent. -9-

Fi gs. 3Ahawel aBBxphsad areaclfi thavis neithenfcaveradebly th prpteditvealaper24 mopshe
mounted on a printed wiring board. As shown in the figures, the surface of
the resi scmndanwr@ecmdq)}aaeéaﬁi Wdter pritingathe £lewrodenpasse dhe gubwirate 21

nounting. The first top electrode |ayer 22 and the second to ctr.ode
| ayer 2518 palegd iy d§ORYfYOITyRE §PB%’B‘FQ}§EC‘$H}& ﬁ’éﬁaﬁ ak ‘?’i&”%’é’%‘ﬂg’t ﬁé&é &% r ode
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25. The electrode paste fills the horizontal division slit 30 to form the second top
electrode layer 25 to the bottom of the division slit. The second top electrode
layer 25 may also be formed continuously on each of the first top electrode layers
22 of adjacent resistors in the horizontal direction, crossing the vertical division

slit 29.

Next, as shown in Fig. 2F, the sheet substrate 21 is divided along
the horizontal division slit 30 to create a substrate strip 32. As shown, the second
top electrode layer 25 that filled into horizontal division slit 30, extends onto the

divided face of the substrate strip 32.

Lastly, as shown in Fig. 2G, the substrate strip 32 is divided along
the vertical division slit 29 to create a substrate piece 33. As shown in Fig. 1,
nickel layer 27 as a middle layer and a solder layer 28 as an outermost layer are
electroplated in turn on an exposed surface of the second top electrode layer 25,

completing the manufacture of the resistor of the present exemplary embodiment.



since the area of the side electrode portion of electrode layer 25 is
smal |, an extrenely small fillet 34, conpared with that needed for a
resistor of the prior art, is forned. Accordingly, as shown in Fig. 3B, a
total of a resistor area 35 and a resistor side face area 36 required for
soldering the resistor is the nmounting area 37. When a square chip resistor
of 0.6 Mmx 0.3 nmis used, the resist-8r in the first exenplary embodi nent
enabl es reduction dfigs$.heAmmd3B showraeresizor Gamdfaparatiusiagtthe abovd | gur at i on
of a conventional resistor. As expl ained above, the present invention

requi r es Stepsy mougited on arpranted wirmgnboagd a Afsi shosn inhtbe figirdsr thagurfaee oési st or
onto a printed wiring board because the area of .the side el ectrode of the
resi st or heTewsipr Whera H16 prptecbisdayenions foransdofases dgwarfen mowyingeddigd t op
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used). Accordingly, variations iIn I ckness ormng the second top

el ect r odgidceuhé at@sof the §id¥ ldchiodeportion of elet@ddedaye 25 iPémhlngar esi st or,
because the conductive resistance value is added to the specified

resi st anegtrehiehe gl filets3voompartd gvith that meeders fortoresistonof tef priot &d, by
the second top el ectrode | ayer 25 which has high conductive resistance,
because anformagshshccardmglyf as shown isFig.o3B e tatak otie resistor apen 35 and@- and
t he nickel layer 27, which has | ow conductive resjstance, are in direct
el ect ri cafsisiontside fage arer 36 requised forxspldeming thesrpsistar isrthe meoyndingarea

TRl 30t e e et LRI Tl 05 S S b SRS o
first exemplary embodiment enables reduction of the mounting area by‘20%

compared to the configuration of a conventional resistor.

As explained above, the present invention requires only a small area
for forming a fillet when soldering the resistor onto a printed wiring board
because the area of the side electrode of the resistor is small, enabling reduction

of the mounting area.

The second top electrode layer is made of a conductive paste
consisting of a conductive powder and epoxy resin. If Ag is used as a conductive
powder, its conductive resistance is as high as approximately 10* Qcm, and
approximately 102Qcm when nickel is used as conductive powder (approximately
10%Qcm when nickel plating or Ag grazed material are used). Accordingly,
variations in the thickness when forming the second top electrode layer result in
variations in resistance value of the resistor, because the conductive resistance
value is added to the specified resistance. However, as shown in Fig. 1, the
resistor is not affected by the second top electrode layer 25 which has High

conductive resistance, because any exposed area of the first top electrode layer 22



22 and nickel layer 27 as being in direct electrical contact. However, this
Is not intended as a |limtation to the nickel |layer. The sane effect is
achi evabl e by placing the solder |layer and the first top el ectrode | ayer 22
in direct electrical contact, or by using a material with | ow conductive
resi stance that does not affect the resistance value of the resistor. The
first exenplary enbodi ment preferably-l&es rutheni um oxi de grazed nateri al
as the residshandekdl dygsr 23. whichehagrlowt dumdueties redistaney] drerin divecr esi st ance

|l ayer is not limted to rutheniumoxide grazed material. For exanple, the
sanme ef f edectrisalacdnitactadtithe bleataneeldte Tiis mestitsanehe neliatile manvdaemieadf 4or t he
resi stance | ayer. By making the surface of solder layer 28 level with or
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The first exemplary embodiment preferably uses ruthenium oxide
grazed material as the resistance layer 23. However, the material used for the
resistance layer is not limited to ruthenium oxide grazed material. For example,
the same effect is achievable by the use of nichrome thin film material for the

resistance layer.

By making the surface of solder layer 28 level with or higher than
the surface of protective layer 24, the first exemplary embodiment also improves
mounting quality by preventing generation of a space between the solder layer 28

and the land (not illustrated) of the printed wiring board.

The first exemplary embodiment also enables the further reduction
of the mounting area by eliminating the creation of the side electrode and not
forming a fillet when soldering the resistor to the printed wiring board. However,
if no fillet is formed, automated inspection using image recognition may become

less effective. Accordingly, it is i)referable to form a fillet even it is small.

Table 1 shows the effects (improved characteristics) achieved by the
combination of materials used for the first top electrode layer 22, protective layer.

24, and second top electrode layer 25.



Ag conduct

ive

Ag conductive

Resin system

Low treatnent tenperature

for the powder + d ass powder + Resin (Cured at protective |ayer 24
prevents changes in a 1 (Baked at 850[err]C) (Cured at 200[err] O
resi stance value in the process, reducing 200[err]C
deviations in the resistance of products Ag conducti ve Ni conductive
Resin system In addition to the chddacteristics of the powder + d ass
powder + resin (Cliabik ht above conbination 1, the use of a base
(Baked-at 850[err] C) (‘.ué ed datf P?(:()[tpr r1C netal faor the
sechpgmbor el ag e 2 econd top rotective zoo[err
enab?\gggﬁm @gcggﬁf}%r o4 | takestiedssleyaror | elg¥erexpensi veI1] iproxed ehsragiseistiose Ag
congduct i ve esin sysiem 25 ess jon m4gratilon irrproves the powder + dlass
powder + Rek§ wnd\(@m ed | &g conductivepj sResmesyptemi st lavceamdng tepriparatiee for ihst i c. |3
(Baked at |8%9g err“rgi opwdet +d&¥esin | (CugedQ@f er r | |QroRGOE daye] 28)provgnts chrtgestin ¢ g
Ni conduct|i(Peked at 35R8G) n(Gyed am CIENned chiaesigiense valu¢ inghegfrogehs redbonve (4
Powder + G ass  powdef 280°R¢si n Cured at | devigtersiimteiresistance ofprodgets.
(Baked at {850[err] C) Cured at 200[err]iC) 200[err]C) Au organic t al
Ag ponduct i AgcondiRéizg n N6 cenductive | n| Resifi witem  t |dnepditiohatkadhenaptetistiesofghe t He
Conpound | powder + Glassder pewdRe Sirgsin ( (Ciiuend aht abovdypmbingtionh] , et use nf Bhase he
reduced usedBelfeddt 850°C) Békuel it 850[ 20PT)C)  ( Qumesel fart the secondx0P§lestro€)
Au enabl e§ manuf act ure|@80°Che resi st or 200[ er|rgn@hles manufacture of the resistor less
| ess expensively. Au ofganic nmetal| N conducftéxpensivelyResi n system
Compined dharacteristi¢s of the abpbve 6 Conpound powder + Resin
(Cured at | Aucon@onie naf Agrendiicived SRes{rBakted at LeBSDh erigrhi®n imp@yrette at
200[ er k] C)| f@00frer GlE)  Spewded +Resinp @uyedarbodi meeisturk ressstans¢ bie characdegrstie.dance
Wi th a” seqdBakedaedqdP@r y (@rbdati nent | Zi0°Che present invention is explained
with referlence to Fig. |200°83 shownlin Fig. 4.l a pair of first top el ectriode
| ayers 42,| Awgindadtivy Ni conductive | Resin system | Combined characteristics of the above
4 Powder + Glass | powder + Resin | (Cured at Combinations 2 and 3.
(Baked at 850°C) | (Cured at 200°C)
200°C)
Au organic metal | Ag conductive | Resin system | In addition to the characteristics of the
Compound powder + Resin | (Cured at above combination 3, the reduced use of
5 (Baked at 850°C) | (Cured at 200°C) Au enables manufacture of the resistor
200°C) less expensively.
Au organic metal | Ni conductive Resin system | Combined characteristics of the above
6 Compound powder + Resin | (Cured at Combinations 3 and 5. I
(Baked at 850°C) | (Cured at 200°C) !
200°C) |

Second exemplary embodiment

A resistor in accordance with a second exemplary embodiment of the

present invention is explained with reference to Fig. 4.

As shown in Fig. 4, a pair of first top electrode layers 42, typically

a mixture of glass frit and a conductive powder such as Ag, are disposed on both
ends of the main surface of a substrate 41, typically made of 96% aluminum. A

resistance layer 43, typically constituted mainly of ruthenium oxide, is formed so
as to electrically connect with the first top electrode layers 42. A protéctive layer

44, typically made of epoxy resin, is disposed on the top face of the resistance



a mxture of glass frit and a conductive powder such as Ag, are di sposed on
both ends of the main surface of a substrate 41, typically made of 96%

al umi num A resistance |ayer 43, typically constituted mainly of ruthenium
oxide, is fornmed so as to electrically connect with the first top el ectrode
| ayers 42. A protective |ayer 44, typically nade of epoxy resin, is

di sposed on the top face of the resi stidnce -12- layer 43. A second top
el ect r oddayesydsr. Assecopgditoplelgetrodrilayarn4S,afypwatyya maxture afidpaxy oesinand ve
powder such as Ag, is disposed on the top face of the first _top el ectrode
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reliability when the resistof is soldered.” 'The first top electiode |ayers

42 and nihakelanl expesedtdrear at the windeot 46| edich (oheidmrtcastrddibypdgh the w ndow
46. Points in a nethod for manufacturing the resistor in this exenplary
enmbodi memprowictive laer 44r non theesetond topesleotrbde Jayentdddi Aemickeldayerad7 andcr een
printing mask is used for formng the second top el ectrode |layer 45 in
order t o seldeatayars maydesdisposed: ok thessespad dop elasrodaiayaist.ms regpyed,
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window 46.

Points in a method for manufacturing the resistor in this exemplary
embodiment different from the first exemplary embodiment is that a screen
printing mask is used for forming the second top electrode layer 45 in order to
create the window 46. Other steps are the same as the first exemplary

embodiment.

The effect of the resistor in the second exemplary embodiment when
it is soldered to a printed wiring board is also the same as the first exemplary

embodiment, and thus its explanation is omitted here.

Third exemplary embodiment

A resistor and its manufacturing method in accordance with a third
exemplary embodiment of the present invention are explained with reference to

Figs. 5 to 7B.

As shown in Fig. 5, a pair of first top electrode layers 52, typically

a mixture of glass frit and a conductive powder such as Ag, are disposed on both



Third exenplary enbodi ment A resistor and its manufacturing nmethod in
accordance with a third exenplary enbodi nent of the present invention are
explained with reference to Figs. 5to 7B. As shown in Fig. 5, a pair of
first top electrode layers 52, typically a m xture of glass frit and a
conductive powder such as Ag, are disposed on both -13- ends of the top
face and a part of the side face of a-lubstrate 51, typically nade of 96%

al um numend¥ o lieatopfs fat:banﬂiar?art ofphebidetfacsiof haubstsatb 3 19nypibelly nttelefafce of
the substrate 51 is half or less of the entire side face of the substrate
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with reference to Figs. As shown in Fig. eet "substrate
51, typi eaikbireBoplassfritnind a vbidudgivepdvedir suehiast@ucie dispbsed oul thtitom, has
nore than one vertical division slit 58 and horizontal division slit 59 on
its surf daee otheefirst topdectrade dayery p2c ahhyedgemf dhersenpngl tap<léatradedagen
conductive powder such as Ag, is printed, crossing and filling inside the
hor i zont &5 igiouresn Assoldeshyendd is elactioplated se@stecoMer &l ipastsar exngsed ¢ o
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Next, a method for manufacturing the resistor in the third exemplary

embodiment is explained with reference to Figs. 6A to 6G.

As shown in Fig. 6A, a sheet substrate 51, typically 96% aluminum,
with good heat resistance and insulation, has more than one vertical division slit
58 and horizontal division slit 59 on its surface. An electrode paste, typically
containing glass frit and a conductive powder such as Ag, is printed, crossing and
filling inside the horizontal division slit 59, and is fired at approximately 850°C to
form the first top electrode layer 52. Since the electrode paste fills the horizontal
division slit 59, the first top electrode layer 52 is formed to the bottom of the
division slit. The depth of the division slits 58 and 59 is half or less of the
thickness of the substrate 51 to prevent breakage due to handling during

manufacturing.

Next, as shown in Fig. 6B, a resistance paste, typically made mainly
of ruthenium oxide, is printed so as to electrically connect with the first top

electrode layers 52, and fired at approximately 850°C to form the resistance layer

53. As shown in Fig. 6C, a trimming groove 60 is provided by means such as a



division slit 59, the first top electrode layer 52 is fornmed to the bottom
of the division slit. The depth of the division slits 58 and 59 is half or
| ess of the thickness of the substrate 51 to prevent breakage due to
handl i ng during manufacturing. Next, as shown in Fig. 6B, a resistance
paste, typically made mainly of ruthenjumoxide, is printed so as to
electrically connect wth the first top~el ectrode |layers 52, and fired at
appr oxi mat&bylaggofosadinst the resistanesof thesresistansce laygred3 §38a specifigdwaluen Fi g.

6C, a trinmm.ng .groov O is provided by neans_such as -14- G | aser
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paste typically nade mainly of glass is printed to protect the adjusted
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vertical "division slit 58.7" Next, as shown in Fig. 6E, an el ectrode paste,
t ypi cal | 5006GQt toi formga protestive Bayef Sdl dFlse pratectivedlager S4dnay by rowviddéno such
as Cu, is printed on the top face of the first top el ectrode | ayer 52

wi t hout copwesalh@finhererthan onetrasisiines dayen 53 harizmtaliyn aligneds crassing the
approximately 600[err]C in the nitrogen anmbient to forma second top

el ect r od&ertigad diwsionTsis SBecond top el ectrode |ayer 55 nmay be formed
continuously over each of the first top electrode |ayers 52 of adjacent

resistors in the h izontafl dir.ect.io crossing the vertical division slit
56. Next, as shown NGRIFAYSIGHN It 6 o REe AN EIRRHSREStE: TYRICAY, caBRITPE Ay t he
hori zont gl; i ¥ ¥ ARsSfritland®a EOndIGREDAVEHRRER A TR LS Rifldd offtns gy the

first
face of the first top electrode layer 52 without crossing the horizontal division slit

59, and fired at approximately 600°C in the nitrogen ambient to form a second
top electrode layer 55. The second top electrode layer 55 may be formed
continuously over each of the first top electrode layers 52 of adjacent resistors in

the horizontal direction, crossing the vertical division slit 58.

Next, as shown in Fig. 6F, the sheet substrate 51 is divided along
the horizontal division slit 59 to create a substrate strip 61. As shown, the first
top electrode layer 52 that filled into horizontal division slit 59, extends onto the

divided face of the substrate strip 61.

Lastly, as shown in Fig. 6G, the substrate strip 61 is divided along
the vertical division slit 58 to create a substrate piece 62. Solder is electroplated
on an exposed surface area of the first top electrode layers 52 and the second top
electrode layer 55 to create a solder layer 56, as shown in. Fig. 5, completing the

manufacture of the resistor in this exemplary embodiment.

Figs. 7A and 7B show the resistor in the third exemplary‘

embodiment mounted on a printed wiring board. It is apparent that the surface of



top electrode layer 52 that filled into horizontal division slit 59,
extends onto the divided face of the substrate strip 61. Lastly, as shown
in Fig. 6G the substrate strip 61 is divided along the vertical division
slit 58 to create a substrate piece 62. Solder is electroplated on an
exposed surface area of the first top electrode |ayers 52 and the second
top el ectrode |layer 55 to create a sotder |ayer 56, as shown in Fig. 5,
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Figs. 7A and 7B show the resistor 1n the third exenplary enbodi ment nounted
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resistor o mmis used, the resfstor in the third exenplary

enbodi menfre£64inds feRibiot sidd fade dfea ovprespondingrtedany 68pWited asyedre o
conpared to the configuration of the conventional resistor. As explai ned

above, t hesiptoedrit. 6 immex0i.d mmds used,sthenkeyistordndhe trrdaxémplaryr mi ng a
fillet when soldering the resistor onto a printed wiring board because the
area of temebodimentemihlevtrsdustionind the sneunsing ares byl apprexiaately2G Zduct i on of

t he nounti ng ar(?a. By ing .the surface of the solder |ayer 56 level with
or hi ghercompared to the configuration of the conventional resistor.

As explained above, the present invention requires only a small area
for forming a fillet when soldering the resistor onto a printed wiring board
because the area of the side electrode of the resistor is small, enabling reduction

of the mounting area.

By making the surface of the solder layer 56 level with or higher
than and the surface of protective layer 54, the third exemplary embodiment also
improves mounting quality by preventing generation of space between the solder
layer 56 and the land 65 of the printed wiring board. The third exemplary
embodiment also enables the further reduction of the mounting area by eliminating
the creation of the side electrode and not forming a fillet when soldering the
resistor onto a printed wiring board. However, if no fillet is formed, automated
inspection using image recognition may become less effective. Accordingly, it is

preferable to form a fillet even it is small.

Table 2 and 3 show the effects (improved characteristics) achieved
by changing the combination of materials used for the first top electrode layers

52, protective layer 54, and second top electrode layer 53.
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Ag conductive

Cu + Ni mixed

Resin system

In addition to the characteristics of the

5 powder + Glass Conductive (Cured at above combination 3, the use of Cu + Ni
(Baked at 850°C) | powder + Resin 200°C) for the second top electrode stabilizes
{Cured at 200°C) solder wetting.
Ag conductive Cu + Ni alloy Resin system In addition to the characteristics of the
6 powder + Glass Conductive {Cured at above combination 3, the use of Cu + Ni
(Baked at 850°C) | powder + Resin 200°C) for the second top electrode stabilizes
(Cured at 200°C) solder wetting.
Au conductive Cu conductive Glass system Less ion migration improves the moisture |
7 powder + Glass powder + glass (Cured at resistance life characteristic
{Baked at 850°C) | (Baked at 600°C) | 600°C)
Au conductive Ag Pd conductive | Glass system Combined characteristics of the above
8 powder + Glass powder + Glass (Cured at combinations 1 and 7.
(Baked at 850°C) | (Baked at 600°C) | 600°C)
Table 3
Combi First top Protective
Second top _ ,
- Electrode layer 1 de 1 layer Improved characteristics :
nation 59 electrode layer 55 54
Au conductive | Ni conductive Glass system | Combined characteristics of the
9 Powder + Glass | powder + Glass (Cured at above combinations 2 and 7.
(Baked at (Baked at 600°C) | 600°C)
; 850°C)
| Au conductive | Cu conductive Resin system | Combined characteristics of the
10 Powder + Glass | powder + Resin (Cured at above combinations 3 and 7.
(Baked at (Cured at 200°C) | 200°C) ’
850°C)
1 Au conductive | Ni conductive Resin system | Combined characteristics of the
Powder + Glass | powder + Resin (Cured at above combinations 4 and 7.
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deviations in the resistance of products. Ag conductive Ni conductive
Resin system In addition to the characteristics of the powder + d ass
Powder + Resin (Cured at conbination 3, the use of Ni for the 4
(Baked at 850[err] O (Cured at 200[err] O 200[ err] Q) second top
el ectrode enabl es manufacture of the resistor |ess expensively. Ag
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characteri sti cs(Bakeddte 5 | (Cyedute00°€)(d 2005C) Cdnducti ve (Cured at
above comnbi nat| 89°G) the use of Cu + N (Baked at| 8500 powder + Res|n
2000 Aocordhaive e @nd Niapixed ec| Resttesystembi || Conttined Chdrederitics2IeHe)
sol der wetti ng| Pdiglec oGiuset icvmeluctive Cu +| {Juradldt oy | aboveR@aibhasystSami 7. |1 n
addi tion|td2t hp(Bakatact er i| ppwds +of t he| B0°C) powder + d ass Conduct | ve
(Cured af 8POye conbhiResihi on 3, the use of Qu +Ni (Baked at 8500
powder +|Resin 2000) (Cured at 200AC)t he second tlop el ectrode stabilizes
(Cured at 200[ pAgEéaductive | Cu+ Ni alloy SReésttedystemt t i Cignbid charideittitsud the | Cu
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powder +|d13ss| (Bakgdawder +powéss ( Croved) at resistance life
characteristic|¢®aged at 3Refirrr] O Baked at 600C) 600C) Au conducti ve
Ag Pd conductiye A ass gyciredrat 200 npi ned chargcteristics of the aboye 8

powder + @ ass powder + d ass (Cured at conblinations 1 and 7.
(Baked at 850[ err] Gourtd aty ef{Hd@iment600C) Tabl e 3 Conbi First
top rotectrve - El ectrode | ayer Second
top | ayer | nproved characteristics el ectrode | ayer 55
nation 52 A resistor and its manufacturing method in de¢ofdancerwiticaifgerth Ni
conductive G ass system Combi ned characteristics of the Powder +
d ass peéewxemplary@nbedimen( ofitleiprasent invention atexplainedi wish refesemredad 7.
(Baked at_, &gaked at 600[err]C) 600C) 850[err]C) Au conductive Cu
conduct i ¥888. 8 0 9GResi n system Combi ned characteristics of the

As shown in Fig. 8, a pair of first top electrode layers 72, typically
a mixture of glass frit and a conductive powder such as Ag, are disposed on both
ends of the top face of a substrate 71, typically 96% aluminum. A resistance
layer 73, typically made mainly of ruthenium oxide, is disposed so as to
electrically connect with the first top electrode layers 72. A protective layer 74,
typically made mainly of glass, is disposed so as to cover the top face of the
resistance layer 73. A second top electrode layer 75, typically containing glass
frit and a conductive powder such as Cu, is disposed on the top face of the first
top electrode layer 72 and a part of the side face of the substrate 71. Here, a part
of the second top electrode layer 75 on the side face of the substrate 71 is half or
less of the entire side face of the substrate 71. An edge of the second top
electrode layer 75 is curved, and its exposed top face is covered with a solder

layer 76.

Next, a method for manufacturing the resistor in the fourth

exemplary embodiment is explained with reference to Figs. 9A to 9G.



10 Powder + G ass powder + Resin (Cured at above conbi nati ons

3 and 7. (Baked at (Cured at 2000 200C) 850C) Au conductive Ni
conductive Resin system Combi ned characteristics of the Powder +
G ass powder + Resin (Cured at above conbi nations 4 and 7.
-17- (Baked at (Cured at 200C) 200C) 850C) Au conductive Cu + Ni

m xed Resin system Conbi ned charad®-eristics of the Powder + d ass
conductive (AN b in Fi S%a@&vm&ermamahe 9Bftical aidsibn sl 78 {ddaked at
powder + 200[err]C) 8 err Resin (Cured at 200[err]C)
Ag condudibrizental Qivisiohi slal79%gre prBeﬁied (ﬁy&ieesmface@frmé skebtGhbstaatectli, sti cs of
t he Powder + d ass conductive (Cured at above conbinations 6 and

7. 13 (ypicelly made of 9@p%bvalemirum with good heperesjspn@s0fdeinsylayion. An  Resin
(Cured at 200[err]C) Fourth exenplary enmbodinent A resistor and jts
manuf act GleCHPAdAstsd typicaly soatuidiag glass fitradra eondusHye Boydsrisyeh aent of

Shown | n Mg rf%lehnf B 008 1B o i ppal Ao afierd witbispesing e
t
pot h end@oBRofRE chiibionaif 73, SGHE o pBRYIa Y B30°E, Cr L aRbal A
[ esi StangfediRiRMlayebs 72/PTH depelFiuiTRIGH MiQ"d 99 ateTp ey b sposed
half or less of the thickness of substrate 71 so as to prevent breakage of the

substrate by handling during manufacturing.

Next, as shown in Fig. 9B, a resistance paste, typically made mainly
of ruthenium oxide, is printed so as to electrically connect with the first top
electrode layer 72, and fired at approximately 850°C to form the resistance layer
73. As shown in Fig. 9C, a trimming groove 80 is provided by means such as a
YAG laser to adjust the resistance of the resistance layer 73 to a specified value.
A trimming probe for measuring resistance may be placed on the first top

electrode layers 72 before trimming.

Next, as shown in Fig. 9D, a paste, typically made mainly of glass,
is printed to protect the adjusted resistance layer 73, and fired at approximately
600°C to form the protective layer 74. The protective layer 74 may be formed
over all of more than one resistance layer 73 horizontally aligned, crossing the

vertical division slit 78.

Next, as shown in Fig. 9E, an electrode paste, typically containing
glass frit and a conductive powder such as Cu, is printed on the top face of each
of the first top electrode layers of adjacent resistors in the vertical direction,
crossing the horizontal division slit 79, and fired at approximately 600‘TC in the
nitrogen ambient to form the second top electrode layer 75. Here, the electrode

paste fills the horizontal division slit 79 so that the second top electrode layer 75 is



electrically connect with the first top electrode |layers 72. A protective

| ayer 74, typically made mainly of glass, is disposed so as to cover the
top face of the resistance |layer 73. A second top el ectrode |ayer 75,
typically containing glass frit and a conductive powder such as Cu, is

di sposed on the top face of the first top electrode |ayer 72 and a part of
the side face of the substrate 71. Her¥)- a part of the second top el ectrode

llayer 75 fofméd e sedBottdiafahe didisRmbaltr afife ddeond tBﬁ?ﬁe&focﬂe%?ero'fS Igﬂ\?f entire

side face of the substrate 71. An edge of the seco top el ectrod ayer 75

i s curvede fonged contixposstyl onapofeatan snecHine teyl elwctiods 18roEY hbryditallp-
Next, a method for manufacturing the resistor in the fourth exenplary

enbodi merlighed ecnoksing dble wertical divisioncsbit(78. Fi gs. 9A to 9G -18- As shown
in Fig. 9A, nore than one vertical division slit 78 and horizontal division
slit 79 are provided on the surface of the sheet substrate 71, pically

made of 96 % al umi AYAREWRE RLQH¥BAD .rFéf&t 9F ethesshest substeate 14 us di\fiéﬂlig g

such ae. Taf Bptfoni Biison b H 8 et arbubiiatestinaiie o Pinge e Sepndi 09 7o
ok . ! aes™( o Ay

\z,imptpr g)L(IIt n%!e%ﬁ@dggﬁ%ﬁ%"gfogﬂ%@?ﬁ% Lﬁ%ﬁoﬁfgﬁ{] P g@%‘%@%‘?@%@@{@?é@?’ LW?e dept hs

of divis 'se%ﬂsﬁgselz&r@dgllaﬁr 5 GIR" B! th¥ d?\glﬁe& Pt @%{ﬁg’&?@%%&i@[ﬁg. by

t hi ckness strate SO as to prevent breakage o ubstr
handl i ng during manufacturing. Next, as shown in Fig. 9B, a resistance

paste, typically nmiggiyaagkNowh ifi RifeOGy h@Kitsberate St 8 Digdividedesiohp
el ectrically connect with the first top electrode layer 72, and firéed at

appr oxi mthevertRaDfiaisip slio 78aoraredte ar sabisgatenpiece 82erSolder Beledtroplated Fi g.
9C, a trimm ng groove 80 is provided by neans such as a YAG | aser to adj ust
t he resi onancexprsed isarfaes of thtsecondytep ektrasiedayereed 1o form shaisolder

layer 76,as shown in Fig. 8, completing the manufacture of the resistor in the

fourth exemplary embodiment.

The effects of the resistor in this exemplary embodiment when
mounted on a printed wiring board is the same as the first exemplary embodiment.

Accordingly, its explanation is omitted here.

In this exemplary embodiment, the solder layer is formed by
electroplating. However, dip soldering in a melted solder bath between
approximately 200°C and approximately 250°C is also applicable. Furthermore,
transfer printing of a paste material mainly made of tin or solder onto the second
top electrode layer 75 and application of heat treatment at an ambient temperature

of approximately 200°C to approximately 280°C is also feasible.

Table 4 and 5 shows the effects (improved characteristics) achieved
by changing the combination of materials for the first top electrode layer 72,

protective layer 74, and second top electrode layer 75.



A trimm ng probe for
el ectrode layers 72 before trimm ng. Next,
typically nade mainly of glass,

resi stance layer 73, and fired at approximtely 600[err]C to formthe

measuring resistance may be placed on the first top
as shown in Fig. 9D, a paste,
is printed to protect the adjusted

protective |ayer 74. The protective | Z?Ifr 74 may be formed over all of nore
t han one resistance layer 73 horizontariy aligned, crossing the vertical
division slit bledxt | as shown in Fi g. 9E, an electrode paste, typically
cont ai ni ng gl ass fri t and a conductive powder such as Cu, is pri nted on the
top facerof—eagh IIC H+-st—top—electroge—tayetrs—of —adiacent ICO;OLUI S in
the vert i Galbiir e cl osSecgpdtdpe  hor i f‘f)tﬁ‘it’gfg di vi si on sl red
at appr oximsivel|y ay ] Celentradedayei 15 ggen ient t ?rSY%Q?’Néc"%%S&S%d tpp
el ectrode Iayer ect+-ode—paste—r —Zeft-at—ei-vH-si on
slit 79 $o that| % secondAﬁg ﬁ 1t"Focl ?Séjﬁemﬁ Balémg °fthi °°‘?do d to fhe
bottom of the di CW ‘ff sl nd E%@I ectf E%Odf:é mfge 56%
formed cont ‘huc £il op el &&PYH gyistores
hori zontal Iy alli éﬁr](f?’os& ng the vert i cal d| Vi { e’é??“%‘?"ﬂ' 78. Next, as
shown i nHHg- E ;.\,s.het °"hstrate' lau.v.L al-eng—the .‘z Ata
division|slit cr eat PNLEORHS ‘?at e | i35 s é’ﬁ disicp i the Shasagieris
el ectrode | ayer “f’tévef or T@V Eot ?t t he° g’F fif b‘B‘i“%ﬂ"sw'ot it
79, the secmd tfc’g ?’ % ked) 800°¢ fF s to t“FFe" ‘?rd 1?";5."8 € g e
substrate strip B3 %ﬂj@ ly, as shown in Fig. 9G |thEanufs ées§f°trﬂ9“’81 is
di vi ded al ong t|R Yical division slilt 78 to cr&%KRENgY ﬁbst rate piece| 82.
Sol der i $ el ecth rnnl at-ed-oh-—an nvnosed srface-—of Hhe second-t op- el ectrode
layer 75ito for|fi& he sol deq;u ponduTtive g o Refip f5tsth Iﬁoﬁ UCBMCBUH‘BPQWWQF% he
manuf act yre of |CARIYCERY st ppPoYdsT t Resip our {huredanpl eut PEQHEFGIF fA¥Ff 74 prevents
16 Powder + (Cured at 200°C) 200°C) changes ina resxst_amce va}ug in
Glass (Baked the process, reducing deviations
at 850°C) in the resistance of products.
Ag Ni conductive Resin system | In addition to the characteristics
conductive powder + Resin (Cured at of the above Combination 16, the
17 Powder + (Cured at 200°C) 200°C) use of Ni for the second top
Glass (Baked electrode enables to manufacture
| at 850°C) the resistor more inexpensively.
Ag Cu + Ni mixed Resin system | In addition to the characteristics
conductive conductive powder | (Cured at of the above Combination 16, the
18 Powder + + Resin (Cured at | 200°C) use of Cu + Ni for the second top
Glass (Baked | 200°C) electrode stabilizes solder
at 850°C) wetting.
Ag Cu + Ni alloy Resin system | In addition to the characteristics
conductive conductive (Cured at of the above Combination 16, the |
19 Powder + powder + Resin 200°C) use of Cu + Ni for the second top
Glass (Baked | (Cured at 200°C) electrode stabilizes solder
at 850°C) wetting.
Au Cu conductive Glass system | Less ion migration improves the
conductive powder + Glass (Cured at moisture Resistance life
20 Powder + (Baked at 600°C) | 600°C) characteristic
Glass (Baked
at 850°C) .
Au Ag Pd conductive | Glass system | Combined characteristics of the
conductive powder + Glass (Cured at above combinations 14 and 20.
21 Powder + (Baked at 600°C) | 600°C)
Glass (Baked ‘
at 850°C)




The effects of the resistor in this exenplary enbodi nent when nounted on a
printed wiring board is the sane as the first exenplary enbodi nent.
Accordingly, its explanation is omtted here. In this exenplary enbodi nent,
the sol der layer is fornmed by electroplating. However, dip soldering in a
mel ted sol der bath between apprOX|natqiy 200[err] C and approxi mately
250[err]Cis also a ag Ilcable Furthernnre transfer printing of a paste
material mainly ma Jtin or solder onto the second top el ectrode | ayer
75 and application of heat treatnment at an anbient tenperature of

appr oxi ngtety LUU|_ Ctoapproximat el ypRfiFL TI[C TS al so feasibre. Tpble
4 and 5 sKowbi-th L s | (i Ppecndemd char acy, éIStICS)h@& ?%ﬁﬂ%ﬂ%m&ﬂang ng
t he conbj matiomn| o E ri akekctiagie 1¢Yhe75f rst 4,0p elject ayer ,
prot ectiye Fayera] T T R ERY 't POR ek m ¥
Conbi - | Fi rst| J9H e nfinss?p (s b 01 b k8GR0 TS a2
| ayer 22 Iéiggsqﬁelgedcm%é i ddaa(tgj on afectrofle
| ayer 75 74 oh lve Ciass systen1 Baki ng| of
t he secord tcp nuu L.v 'mc. + de
layer in|air en %Wi Cu cbJ Cesm systfrg é) ggajgacter]% i el
= ured at , e C nd 20.
600[err] C) 23 ulf @% t’l gﬁ(ﬁl gdﬁ(’ J ess dass (0
expensively. at %%? ?C ‘ﬁe 2 conductlve 3 ass systEm
I n addi t Fep—te—tHe u.arac+ £+ of i ed
at " ho LRG| AT s 651 Siem, Rl Crifo s T
600[ err] €) 24 60 ‘;é’YdF 4 pgw Zrl.{ 5 the e ec CoTRmatons iy &1 a:s
( Baked atgs;ogc")‘ ed | (Curedd ) rranuf acture the resistor npre
Au conductive | Cu + Ni mixed Resin system | Combined characteristics of the
Powder + Conductive (Cured at above combinations 18 and 20.
25 | Glass (Baked | powder +Resin | 200°C)
at 850°C) {Cured at 200°C)
Ag conductive | Cu + Ni alloy Resin system | Combined characteristics of the
Powder + Conductive (Cured at above combinations 19 and 20.
| 26 Glass (Baked | powder + Resin 200°C)
| at 850°C) (Cured at 200°C)




at 850[err] O i nexpensi vely.
Cu conductive Resin system Low treatnent tenperature Ilﬁm tﬂ
powder + Resin (Cured at the protective |layer 74 pre
Powder + (Cured at 200[err] O 200[err] O changes in
resi stance value in d ass (Baked

process, reducing deviations at 850[ er33-C)

in the resistance of products. Ag Ni conductive Resin
system In additi orWhattidelatimedsiss eri sti cs conductive powder + Resin
(Cured at of the above Conbination 16, the 17 Powder + (Cured
at 200[err]C 200[err] Q) ~use of NI for the second top G ass (Baked
el ectrode enabl es tlo AdpsIPOECOPPIHINGS0[ err] C)

the resistor nore inexpensively. Ag Cu + N m xed Resin
system In addition tq the characteristics,conductive . onducti ve powder
(Cared at  of 1 ReSUbSIFAE RBIBE 40P JAca ad rplurakity Of sidaiares:  Resi n
(Cured at 200[err] O use of Cu + Ni for the second top d ass (Baked

2000) . e d i.)izas 3 rr] 0
wetting. Ag a pair gf first oSy FaFOd¥ By RARIMOEH AR B B NG L e
char actert'%}zrf:i%s conductive conductive (Cured at of the above
Combi nat i , the 19 Powder + - powder + Resin 2000

use of Cu + NI for the second top d ass (Baked (Cured at 200[err] O

el ectrode stabilizesresiitsitte 1ayerBdi8p6ded] o) as to electrically connect with said first
wetting. Au Cu conductive @ ass system Less ion mgration
i npr oves topelectrodedhyerns; powder + d ass (Cured at nmoi sture

Resi stance life 20 Powder + (Baked at 600[err] O 600C)
characteristic 3 ass (Baked at 850[err]C) Au A% Pd, conducti ve

G ass system  Conifi pedediiverlaperedisposegssoas iheovesdleast said resisiaiger + 4 ass
(Cured at above conbi nations 14 and 20. 21 Powder + (Baked at
600[ er r] dgyer; @odo)

Bt

he

a pair of second top electrode layers disposed over said pair of first

top electrode layers at least above said substrate top face;

wherein at least one of said pairs of first top electrode layers and

second top electrode layers extends partially onto said substrate side faces.

2. The resistor of claim 1 wherein each of said first top electrode
layers has an exposed area that remains uncovered by said protective layer and
said second top electrode layer; and said resistor further comprises a plating layer

covering each said second top electrode layer.
3. The resistor of claim 1 wherein:

said pair of first top electrode layers is disposed only on said

substrate top face;

each said second top electrode layer extends to a portion of the

substrate side face adjacent thereto; and
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I mproved characteristics nation | ayer 72 Au conducti condu
G ass system Combi ned characteristics of the 22 Powder +
powder + G ass (Cured at above conbi nations 15 and 20. d ass

(Baked (Baked at 600[err] C) 600[errﬁ:) at 850[err]C) Au conductive Cu
conduct i vibe resistor mnhcr sgmprses a pliing lraydr dispostth everssaid seawhdttop 23

Powder + wder + Resin Cur at above conbi nati ons 16
and 20. @1%@504 D(éUSUCh( hat é%ldaﬁirsizgﬂ{ eleetroje layzoandrseijdyplagingdapireate]ic) Au
conductiv condyctive Resin system Combi ned characteristics of
the 24 P e],ectnca COnfAGhder + Resin (Cured at above

conbi nati ons 17 and 20. d ass (Baked (Cured at 200[err]C) 200[err] Q)

2&2?22%{*; eonducty e ot Bl wega%@a%e@;@ramﬁfﬁéﬁeeafﬁg@egﬁd
308\[’; ?fcr%éid‘a dt@E%v%l%y@f‘Qn%%z‘ij §f said sggial?f r‘f%%ﬁgd uctesra\lldeF cﬁgﬁdd&e .
alloy  defindeshf ei?éééﬂ@ortloﬁ%’ﬁ%d&ﬁcbafd‘ﬁhrfm eléttiade 18¥er hﬁxe%@m said Powder +

Conducti ve Cured at above conbi nations 19 and 20. d ass
(Baked exposiat portitesand said 200p layer abOiredirkédelectrical {(éntaed at 200[err] C)

5. The resistor of claim 3 wherein a window is formed in each of
said second top electrode layers over said substrate top face, said window defining
an exposed portion of each said first top electrode layer, wherein said exposed

portion and said plating layer are in direct electrical contact.

6. The resistor of claim 3 wherein said substrate side face has an
area and the portion of each said substrate side face over which each said second
top electrode layer extends has an area not larger than half of the substrate side

face area.

7. The resistor of claim 3 wherein said protective layer has a

surface, and

said plating layer has a surface that is level with or higher than the

protective layer surface.

8. The resistor of claim 3 wherein said first top electrode layer
comprises at least one of: a fired mixture of silver conductive powder and glass, a

fired mixture of gold conductive powder and glass, or

a fired gold organic compound; and



C L M-22- What is claimed is: 1. A resistor conprising: trat
having a top face and a plurality of side faces; a pair of f;ldﬁiﬂﬂ@l!i’u‘iuﬂlm
el ectrode | ayers di sposed at | east on said substrate top face;y [ x
| ayer di sposed so as to electrically connect with said first top el ectrode

| ayers; a protective |ayer disposed so as to cover at |east said resistance

| ayer; and a pair of second top el ectrode | ayers di sposed over said pair of
first top el ectrode |ayers at |east4above said substrate top face; wherein

at |east one of saisdideddondabpfelécttodedny&d eshipases 4 aMRfuge dfdilsecond top
el ectrode | ayers extends partially onto said substrate side faces. 2. The

resi st or cobduttinenpdwderand nesnon aahixatelof hickel capluetiee tposdier laadaesinhas an
exposed area that remai ns uncovered by said protective layer and said
second top el ectrode | ayer; and said resistor further conprises a plating
| ayer covering eacH.sHidiresistonaf elapgnel whereinsaidafiest top elerhiodedayest or of

claim1l1 wherein: said pair .of first .top electrode |gyers is disposed only
on said SOBRI%EE! tBH‘EQ,f S_B‘é@?ﬁéﬂ@‘@é&ﬁ?&“?ffgi %?@gﬁ%@cﬁgcpaéé& ext ends to
a porti O%lé)cftrotcf%ela%ib&grﬁs}igessé IeixhAEDrAMES ggﬁd&cr%f%eﬁo%dearna%d resin or a

mixture of nickel conductive powder and resin; and said protective layer

comprises resin.
10. The resistor of claim 1 wherein:

the substrate top face has opposite ends and a side face adjacent each

end; and

said pair of first top electrode layers is disposed on said opposite
ends of said substrate top face, each first top electrode layer extending to a portion

of the side face adjacent thereto; and

said resistor further comprises a solder layer disposed over said pair

of second top electrode layers.

11. The resistor of claim 10 wherein each substrate side face
adjabent the end has an area and the portion of said substrate side face over which
said first top electrode layer extends has an area that is not larger than half of said
substrate side face area. 12. The resistor of claim 10 wherein said protective layer
has a surface, and said solder layef has a surface that is level with or higher than

the protective layer surface.

13. The resistor of claim 10 wherein said first top electrode layer

comprises at least one of a fired mixture of silver conductive powder ahd glass,

a fired mixture of gold conductive powder and glass; or



-23- the resistor further conprises a plating |ayer disposed I

second top el ectrode | ayer such that said first top el ectrodelmﬁ!Hmalw"m"'"I
said plating layer are in direct electrical contact. 4. The r L s *
claim3 wherein a clearance is defined between said protective |ayer and
each of said second top electrode |ayers, said clearance defining an
exposed portion of each said first2bep el ectrode | ayer, wherein said
exposed portion ana Saredpyaldngrbayee avepobandirect el ectrical contact. 5.
The resistor of claim3 wherein a window is formed in each of said second
top electrode | ayers over said substrate top_face, said w ndow defining an
exposed portion of ldachhesegsistar oiselaimd 3cwbereingeid sgpend tophelesirade dayer

exposed portion and said pl atiﬁggl a(éter are in.direct el ec%&lscgjq contact. 6.

Tﬂe resitié"PE?Pr?FS@F %%{ignméﬁem 15 _%Qmef Fgﬂét%‘i‘&fep?‘%%%r g is,aa eacgzg
e por J >
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is level with or higher than the protective |ayer surface. 8. The resistor

of clai m3 wherein 15aiThe tesitor OPcI8IRAB WHEriR YA EFR t§PElediroi@jerone
of: a fired mxture of silver conductive powler and -glass, a fired m xture
of gol d conthrises\ae lgagndae ofiadmpltasesof copperfconddctpa powdgamd resimppuand;  and
-24 -

mixture of nickel conductive powder and resin; and said protective layer

comprises resin.

16. The resistor of claim 13 wherein said second top electrode layer
comprises a mixture of copper conductive powder, nickel conductive powder, and

resin; and said protective layer comprises resin.

17. The resistor of claim 13 wherein said second top electrode layer
comprises a mixture of copper and nickel alloy powder and resin, and said

protective layer comprises resin.
18. The resistor of claim 1 comprising:

a substrate having a top face with opposite ends and a side face

adjacent each end;

a pair of first top electrode layers disposed on said opposite ends of

said substrate top face;

a resistance layer disposed so as to electrically connect with said first

top electrode layers;



said second top el ectrode |ayer conprises a mxture of silvay i

powder and resin or a mxture of nickel conductive powder aﬁcﬂlmgmumﬂiﬂﬂull
resistor of claim3 wherein said first top el ectrode | ayer conprd ses at s =
| east one of sputtered nickel or sputtered gold; said second top el ectrode
| ayer conprises a mxture of silver conductive powder and resin or a

m xture of nickel conductive powder amPresin; and said protective |ayer
conprises resin. 1@ paithef secrimst op aléctodde layersdispesed: ovensagipat oditfirst op
face has opposite ends and a side face adjacent each end; and said pair of
first topfcrkElestiodadayeryeeach secand jop slectods dayergstending te adortipn @eﬁitﬁe
substr at egjt&og&f a(ée, each first top electrode |ayer extending to a portion
of the si € dUEFRLESTCPher et 0; and said resistor further conprises a
sol der | ayer disposed over said pair of second top el ectrode |ayers. 11.

has an area and hd BORCY BeLdFROSHR R Sied S T LSBT ERAEY cara™™

first topaﬁregﬁ&ode | ayer extends has an area that is not larger than half
of said subsirate side face area. 12. The resistor of claim 10 wherein said
protective |ayer has a surface, and said solder |ayer has a surface that is

llevel with or highersoldenlaybedispoicdcoieresaidyedondUop atestrodd. lagére resi stor of
claim 10 wherein said first top el ectrode | ayer conprises at |east one of a

fired mxture of silver conductive powder and glass, a fired m xture of
gol d conductive povdeThenmtsistarsaf claim 18 whérein thef substratpodide daagalmdscan
conpound. . . . . )

area and the portion of said substrate side face over which said second top

electrode layer extends has an area that is not larger than half of the substrate side

face area.

20. The resistor of claim 18 wherein said protective layer has a
surface, and said solder layer has a surface that is level with or higher than the

protective layer surface.

21. The resistor of Claim 18 wherein said first top electrode layer
comprises at least one of a fired mixture of silver conductive powder and glass, a
fired mixture of gold conductive powder and glass, or a fired gold organic

compound.

22. The resistor of claim 21. wherein said second top electrode layer

comprises at least one of:
a mixture of copper conductive powder and glass,
a mixture of silver-palladium conductive powder and glass, or

a mixture of nickel conductive powder and glass; and said protective layer

comprises glass.



14. The resistor of claim 13 wherein sai trode T ayET T
conprises at |east one of a mixture of c$unmﬂﬂmmmﬂﬁmnpo%ignﬁ1‘*|rd§~§3 bEEM |
a mxture of silver palladi umconductive powdertantd gl ads, orl_a m §<"£ Al Edr [
ni ckel conductive powder and gl ass; and said protective |ayer conprises -
glass. 15. The resistor of claim 13 wherein said second top el ectrode |ayer
conprises at | east one of a ni xt Gfé~of copper conductive powder and resin
or a mxture of ni gRelTirordistdr yeclpiwddr whertin esidrsecand tqneldcpode ¢nyterrve
| ayer conprises resin. 16. The resistor of claim 13 wherein said second top
el ect r odeongyrises aobgast ore ofi anmictturesobHéoppep pondectinvtupowder prdvksin oniackel
conductive powder, and resin; and said _protective |ayer conprises resin.
17. The neixterecf rickel conducBvependen and resieanthsaidpromctivedad | ayer
conprises a m xture of copper and nickel alloy powder and resin, and said
prot ect i VOIS T€HRpri ses resin. 18. The resistor of claim1 conprising: a
substrate having a top face with opposite ends and a side face adjacent
each end; a pair of,figst t - 4 4S ' ite
ends of said subst r%ﬁt‘ e’ﬁfeof)esfszggl;)Félta;rggﬁis%’gﬁlgeréﬁ Isglf/leér%%gﬁas] B@S]S%Qtsrgdgg 0
electric Q Y o N : r I i3 air
of " second i R AHgle PrBbber (diBlchGP pEvAe ERT RLPiye popePr, i
el ect r odgebidy 4hd saRPHIbISRRRTdyEORoBpESey £dtn.| ayer extending to a portion of
the side face adjacent theretd; a protective |ayer disposed so as to cover
at | east said resistance _

25. The resistor of claim 21 wherein said second top electrode layer

comprises a mixture of copper-nickel alloy powder and resin; and said protective

layer comprises resin.

26. A method for manufacturing a resistor on a sheet substrate
having a top face and at least one division slit, the method comprising the steps

of:

disposing a pair of first top electrode layers at least on said sheet

substrate top face;

disposing a resistance layer electrically connecting said pair of first

top electrode layers;

disposing a protective layer covering at least said resistance layer;

disposing a pair of second top electrode layers electrically connected

to said pair of first top electrode layers;

dividing said sheet substrate along said division slit into a substrate

strip; and

dividing said substrate strip into a substrate piece;

This Sheet Has Been Replaced




[ —— s e
| ayer; and a sol der |ayer disposed over | ecty ddig Siayer,. - o o
19. The resistor of claim 18 wherein theTﬂHMﬂﬂEmﬂlullﬁlﬂl ace has arn;‘?%?eaﬂ}) "'“E‘ﬂ
and the portion of said substrate side fade 6vel which Said s‘ecm&d«’-f-bp’-ii;._,,w,__g
el ectrode | ayer extends has an area,that is not larger than half of the
substrate side face area. 20. The resistor of claim 18 wherein said
protective |layer has a surface, and said solder |ayer has a surface that is
|l evel with or hi ghewheieamn at teaspone of thevstepspdisposibgaaid gdir offerst @i st or  of
Claim 18 wherein said first top el ectrode |ayer conprises at |east one of a
fired m xeleetcods layers/and dispasiogisaisl painddrseeont] tppaslectradd layeds nomprises of
gol d conductive powder and gl ass, or.a fired gol d organic_ conpound. 22. The
resi st or ¥APIYING;an Slectip B?‘%%‘éiﬁél Hsidenand epverisaid dydsonslibr conpri ses at
| east one of: a m xture of copper conductive powder and gl ass, a m xture of
silver-palladiumc Lve Do ry.a0 | .ass,. a_m xt.ure of nickel
conductive powder & d%ﬁ%&%ﬁ%ﬁ?gglﬁdﬁégﬁlgﬁqmﬁe F%Pérotfcorrpri ses gl ass.
-27- 23. The resistor of claim21 wherein said second top el ectrode |ayer
conprises at |east | X i resin
or a mxture of ni c@g Oﬁfé%gﬁfc@t%gbg%eﬁﬁﬁﬁqﬁﬁﬁy%ﬁﬁ%@?%??ﬂggi ve
| ayer congy ERBfoAE Palte t84ill Hhiede &8 e6@er @iid abvasiBhlit MIRI ei n sai d second top
el ectrode | ayer conprises a m xture of copper conductive powder, nickel
conductive powder, and

disposing said protective layer comprises covering at least said pair

of first top electrode layers and said resistance layer; and

the method further comprises forming a solder layer covering said

pair of second top electrode layers.

28. The method of claim 27 wherein the step of forming the solder
layer comprises dipping said substrate strip in a bath containing melted solder

between approximately 200°C and approximately 250°C.

29. The method of claim 27 wherein the step of forming the solder

layer comprises using electroplating.

30. The method of claim 27, wherein the step of forming the solder
layer comprises covering said pair of second top electrode layers with a paste
comprising mainly tin or solder by a dip soldering method or by a method
comprising transfer printing and heat treatment at an ambient temperature of

between approximately 200°C and approximately 280°C.
31. The method of claim 26, wherein the steps of:

disposing said pair of first top electrode layers comprises not

crossing said division slit,
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disposing said protective layer comprises covering at least said pair

of first top electrode layers and said resistance layer, and

disposing said pair of second top electrode layers applying an

electrode paste to fill inside and cover said division slit; and

the method further comprises forming a solder layer covering said

pair of second top electrode layers.

32. The method of claim 31 wherein said step of forming the solder
layer comprises dipping said substrate strip in a bath containing melted solder

between approximately 200°C and approximately 250°C.

33. The method of claim 31 wherein the step of forming the solder

layer comprises using an electroplating method.

34. The method of claim 31 wherein the step of forming the solder
layer comprises covering said pair of second top electrode layers with a paste
comprising mainly tin or solder by a dip soldering method or by a method
comprising transfer printing and heat treatment at an ambient temperature of

between approximately 200°C and approximately 280°C.
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