BACKGROUND OF THE | NVENTI ON FI ELD OF THE I NVENTION 5 This. i nventi op 1% N
directed to a therm stor for tenperature neasurenent, control and/ A
t enperature conpensation and a nmethod of naking the sane. More
particularly, the invention is directed to a therm stor having nultiple

| ayers of electrode netal. 10 BACKGROUND OF THE | NVENTI ON Therm stors
(thermal ly sensitive resistors), are ceram c sem conductors which exhibit
|l ar.ge changes bg&éﬁbr Iofgxf,ﬁiEsf_ DERT jjh correspondi ng changes in

t enper at ur e. Bvcaus*e—o‘fmt{lzerﬂ*sens[ﬁ-rwﬁgf accuracy, and stability ,

therm stors are generally accepted to be the nost advant ageous sensor for
many appl i cati GHSLR T MElFBUN ENT@é@per at ur e neasur enent, conpensati on, and
control. Thermistors are used extensively for comercial consumer

el ectroni ¢ product sThiautvenmdn i‘ﬁ!G;recttéﬁjlmsithtr&ilstoﬂﬂdlenﬂﬂfﬁdltﬁﬁheﬁu&m’imoI’li C
applications, food. ha dI|n and processin
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devel opnent . IR @d i63dntids S diedctddNe k MeshRIos hiisd weRiphd Igyirdot evel

measur enent , ot ography, 20 thernoneters, intravenous catheters, bl ood
anal ysi s, nyocﬁlteﬁff%lle wéddl e probes, aut omotive climte control , fuel
IeveI/terrperature tenperature sensors for household appliances such as
air conditi oners, coffee rrakers and data | ogger applications such as air,
soi |, I|qU|1@I t BddEG LNTIQN i n portabl e phones, carphones,
quartz oscillators ﬁ‘é}ﬂl stt&@‘?tﬁ%ﬁﬁ ‘{ﬁ:sén&:%trlas”é{&%) bR c%%&ﬂﬂ@?amxgéxduc&m%vmt

i mpor t ant characten stics o stors are an extrene t enperat ure
coef fici ent of exlabit Brgavhengaadn pheg@psleem@mcswath@errmpsdjsg tsfeanp@rlat ure
characteristi € ¥em era?ur%eﬁsclaﬁs,!evd CI{L ngiﬁ i ,EI&EJF&C? a(ﬁt]%&gﬁuf atﬂerl;'rﬁﬁglls ar' n a

t her m st or resmﬁancecangeo LR RS over-’ an opera

tenperature rargg&JalBracwptmtb beahd moithévm:igbmrssexasbefomfmasgmb}thcsnm squar e
configurati gn . ﬁe avai |l abl e coated or 30 uncoat ed L%% or unl e@\ded
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resi stance [ angeRndi VaTd? <EmattndEallc@ndhdregoiitic prbdicts) ab¥ioB0) fndlibieial, and

electrical resistivity of a pgsitive tenperature coefficient (PTO
t her mi st or medical electronic applications, food handling and processing, communication’and

instrumentation, computers, military and aerospace, and research and development.
Sorme practical uses of thermistors include hiquid ievel measurement, photography,

20  thermomelters, intravenous catheters, blood analysis, myocardial needle praobes,
automotive climate control, fuel level/temperature, temperature sensors for household
appliances such as air conditioners, coffee makers, and data logger applications such
aé air, soil, liquid temperature probes. Their use in portable phones, carphones, quartz
oscillators and transceivers continues to expand.

25 1 The most important characteristics of thermistors are an extremely high
tempe?’ature coefficient of resistance and precise resistance versus temperature
characteristics. The sensitivity to temperature change can result in a thermistor
resistance change of 10 million to one over an operating temperature range. Prior art
chip thermistors are of small size, square configuration, are available coated or

30  uncoated, in leaded or unleaded embodiments, having operating temperature ranges of

—80°C 10 300°C, and resistance ranges from 0.5 ohms to 40 megohms.



» intreases wWith increase in tenperature. PTC therm stors swtch frofnfaMAwins
resistance to a high resistance state at a specific tenperature. They are
.wdely used as current limters from-80C to 300C, 0.5 ohnms to 40 megohns.
Conversely, the electrical 5 resistivity of a negative tenperature
coefficient (NTC) therm stor decreases with increase in tenperature. NTC
therm stors are yaegedifeas ?&?s‘ﬁv{t? gp& b&lfﬁ?@émfpéﬁmre @Qef@meh@ﬁﬁ@ theritBr
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therm stors include fan control, tenperature sensing, circuit pr ot ection
and tenper a@au$tef1tycnftarmgat1v¢rt@npn@mw seeffisicar @ T@Hbeanstandscreaspbisensing i s
required, snal els

or. Len L fisgs ences
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form a cer dhgxhaser lemsderaperptwiaseatiigient of TeNstaRCcE BT & ?/raé’@efjé FREEATCRt o
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flake style er size version of the 20 chip
t her m 40or mM&ﬁ@liarhdftéﬂ’maslhptﬁbleah@eplamﬂ sicedfoby wide narregy bfnmclsdmaaﬂ s of

materl al including powders of the ﬁé of rran%%ﬁé £ ni cl§ , and ot her
} des con‘rﬁnﬁgﬁmi“ﬁma Tyigrd @ppl 1°PH8“ fhemaisior 8 3t ‘B Vrat e
tigper at ur g Qﬁﬁ}régeﬂ& el oftc @gﬁk@%gbf(&d @}at&ee&%lthrmthaﬁﬂstbﬁeﬁedl ced

to "size. Leads are atta ering. The units are finally coated in
an epoxy orchotdrewhel eniatt saisingris rdqairedsmatitsieiiadesited, driwidre %alﬂ)rot ection

and stabilization. 3’ i cal ‘%{ ?b art therm stor elenent, shown in FIG 1,
represents SmBﬁﬁaB‘ngbft“i'féFHf’ t90edBTAWEEd of sintered powders of netal

oxi des 161) on wRirehnehfshrates f&r&ém pardtutSheaueeriapasi tedpedanei fiecal | y,

when the prior art thermstors with thick filmelectrodes made w th Ag,
PdAg or Au wsnellnmade fiwth Y@Mbgmpaﬁlté@ns(lgﬁﬂﬁlag@mms fcfdﬁmg@n?%&t nigkd; FIG

1) 30 or to,lgeads d| scre n nf i t th hi gh
t enper at ur € SSﬁnCé’rpg 1 &°hy? rﬁ tgelgl(goﬁgol;:ra .%"’3 %ts\%glgn E%)tg& 80 C at
dwel | ti mesTKexKteE nhdyowe fored mto different shapes of bead, disc, rod, chip or ﬂake

configuration. The flake style thermistor is simply a much smaller size version of the

20 chip thermistor. Wafer thermistors are produced by forming thin sheets of material
including powders of the oxides of manganese, nickel, and other oxides combined in a
£y binder. The material is sintered at elevated temperatures, coated with a conductive
\:l—*; metal composition, and then diced to size. Leads are attached by soldering. The units
-are fir-’Igally coated in an epoxy or other electrical insulation material for final
25 protec-tion and stabilization. A typical prior art thermistor element, shown in FIG. 1,
represents a chip type thermistor composed of sintered powders of metal oxides (1) on
which electrodes (2) and (3) are deposited.
Specifically, when the prior art thermistors with thick film electrodes made
with Ag, PdAg or Au are attached to substrates (surface mount configurations, FIG. 1)
30  or to leads (discrete component configurations, FIG. 2) with high temperature solders

using processes operating between 200° C and 380° C at dwell times ranging from 5



. 11"MAY 2005 seconds to 3 minutes, their electrical resistance shqut INERLLE
"outside the allowabl e specified resistance tolerance (typically 2 /()

. This results in a defective or deficient final product or sub-assenbly

into which the therm stor is assenbl ed. These resistance shifts of the
prior art therm stors have now been found to be 5 caused by a phenonenon

cal | ed | eaclidilis B inGhutes GHEiS clditficAiGedifignce Ghidwraungdpiheatiswablelspatficchg
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el ectrode and i sTizde edsheshck Bhidis bhﬂleqfﬁ)io't e tisoinikeors hase now dse fountl ebd 0
el ectrical resistance of the therm stor eases, fromi ori gi nal val ue,
prior té tf@“swwéph%@“ﬁﬂ%é%l?d I?Wh%hﬂhl%Fﬂgs dl‘ﬂ%gﬂ;eet ?de&ngﬁé % or mi ng

the external e th8GoiE Dkl HRMANR I SRAGICUE: 4 RighBPa FRNGTEr kBALNAT.  The

rate of |each I'ng o ernlstor thick filmelectrode is dependent on the
type of el anﬂamdlanrtmmmdahﬁagidsstfhemtmmalandnr@falmleleﬁeod@uﬂaﬁ%ﬁhe@mStphe
sol dering 15 process .t

exposi ng t h@?‘fﬁoélteé? E‘“Bg S‘%,Yﬁ dﬁﬁ‘f’ B BEFGS[W easeﬁ[ﬁc%nz htgg’gf@ thf tp %!aa(r‘g‘r%g{r% ur es

above 200 fegs ﬁﬂ?‘i’ﬂe&@é&&fé%m@ﬁs dtisBBed (6 BRIABIENANAE. Beaasdiy) thes not
recommende il melectrode manufacturers since degradation of the

el ectroke i eiewtaa&iaresmmce of i ﬂiblymatloomrqaﬁﬁb‘sfr(tr@ g eriging éalﬁﬁcpﬂ%é‘;lﬁ’ﬁd this

tlne In addition to the s ect Y uses 20-
Yyr adat | ons%ﬁs‘3rinr$ePr9;?ﬂS§te*n @F%‘é’f?‘gﬁ?‘%’ﬁ‘& a’s%’:[ {{’te?t f%m mg%%ggﬁ ﬁ?a?@ieggo&g
kened b@nﬁﬁea@}ﬂ Joﬁﬁsedtdderiomesbmeste@aﬁn@av' ng greatly reduced stability
and reliability. T% | m Pt el ectrodes have been found to be resi st ant

to | eaching corrpihedit@ Of l@ﬁmlﬂg of the thenaistardhisk filinslectioge iederepdrt AP §IF cost
of thick fi {}Beggﬁﬁl tggcge[f?ngt%% an'aqﬁ"é ferr%ptseﬁ%]r 2hd El}eadfutratflcnxeéﬂﬁ kQUeri®d COSt

effective, re difficult to 25 bond Au wire to
thick figm ﬁoc@eis&@hﬂ@cﬂﬂiﬂelti‘idrﬂﬂstdﬂ”i@eiﬂ’lﬁédrﬂ"-yﬁmﬂliy, axposiggitheaingsiorswif e bal |

bondi ng process. |In addition rior art thermstors |l m Ag or
PdAg el ect rBﬂ@fsafh?Oemﬁ](.f)Qn S%@ﬂﬁ%§m6£?éwas abpvR¢EPi ﬂ‘i???tﬁ%‘%ddl? !}%ﬁﬁ)tfrfl%atl ons’

B S g
bonds to thgiaee &égﬁdﬂtmdeff thvegledtotic rereasts mblegapdiyr atiave thie tgmperature and
beyond this time. In addition to the shift in electrical resistance, leaching causes
20 degradation of the solder-electrode and electrode-semiconductor bond. Weakened
bonds may result in thermistors having greatly reduced stability and reliability.
Yy Thick film Pt electrodes have been found to be resistant to leaching compared
' ~ to other electrode materials. However, the high cost of thick film Pt electrodes renders
the pror art thermistor not cost effective to manufacture. Also, it is more difficult to
25 bond f&u wire to thick film Pt electrodes using the thermo-sonic or equivalent wire
ball bonding process.
In additidn, prior art thermistors with thick film Ag or PdAg electrodes are not
commonly used in hybrid microcircuit applications requiring 0.001” OD gold wire (or
equivalent) to be bonded using the thermo-sonic or equivalent wire ball bonding

30  process because the wire bonds to these electrodes may not be reliable over the long

ferm.



<. term 3 | | MAY 2085 A thermistor elenent using two |ayers of thl'fn fm,l\\mzqgt,
el'ectrodes have been described in the prior art (U S. 4,712, 085).

. prior art (U S. 6,008,717) describes a thermstor with a pair of

el ectrodes in a shorter inner electrode and a |onger inner electrode are

nmut ual |y opposite each other and separated by a gap. However, this 5 prior

art does not solAv@efriigtor eRETNNGsiNE 6 RIyed@F Cliih [Fideh. el@ﬂl&%ﬂ’iﬁv@%e&'ﬂ{ | NVENTI ON

Based on the above, it is an object of the present da§we ,8& %ow de a
a cost ef f detariped irtibe prist ot (Wisk H7é%)§f5} &by gy irHd rﬁ@%‘ JAEETIBES sol der
| each 10 re ﬁ[cgj&qeg rating at
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bet ween 5 s&@ﬁmaramin&a]m dpposise ea%h@tmlanmwpsacatecblby tlgep.pHewewtr, thmvent i on i s
to provide for the manufacture ére erm stor., with | each resistant

el ect r odles PORBRAIt 4Pesgint pelve thede "PﬂEfl‘? m €5558PSt ure 15 sol ders or low fire
conductive conpositions to attach | eads, thereby increasing the nmaxinmum

operating tenperature capability over that achieved in the prior art.
These and SUMMMARYcOFTREANIENEVAY by t he present inventi on directed to a

t herm st or haV| a, se nduct .or i,r.st | ayer

deposi t ed outwar Se‘}?’bﬁ;ﬁ @%B&%ﬂ&léag %{:&&lgf’reﬁﬁgﬂg‘é‘?ﬁ 1c?Bnd %S[gdr “%hody. The
first | ayen, iputdfly@infhiRemh eldfrddks HQ&mg %isgéidbg&each@utde5lemlcr ometers,
IS forrredfroman el ectrode material which sui tabl e conductlve
met al . 1The ressgtams andpble to MlﬂE@DQISD@dﬂ@&Pm¢@e$ @mﬁtﬂnﬁeﬂﬁmgﬁmturf‘éyer and has

R L L N e

tehiyrd el eghaadginuayer is deposited out vvard of said second | ayer and has. a
Ehlckness of 25 X@Oef erably not nore than about 5 microneters, The third

el ectrode | ayer thesrabiagt Ofﬂl@W@P@@W@H@ﬂ#ﬁf@méﬂde\ﬁPﬁ thp “F?&yf%@r%ﬂ&/
"barrier" taI t he

el ectrical %‘HP%S‘E %PE %%lgt%xgech)eg&éesﬁgatl@gvf%%h% hlgﬁ&%mbéeilghelglr ode

mat eri gk cquRkd & 18wvirt BohdiRtiot e@xtmosiﬁdmsaomnaan leadw tleretiydacrsading theondi ng
thereto, outward of the third |ayer and pref raagbéyhgve a t.hi ckness of not
more than 3J0HBWGR OBSTHING EMBEELE canabHIy OvE &d 4} e PHOREct 1 i cal

contact with therlherg J)t?lxpélﬁects are achieved by the present invention directed to-a

thermistor having a semiconductor body with a first electrode layer deposited outward

from opposite surfaces of the semiconductor body. The first layer, having a thickness

20  ofnot less than about 5 micrometers, is formed from an electrode material which may

be any suitable conductive metal. The second layer is deposited outward from the first
7y layer and has a thickness of not moze than about 5 micrometers. The second layer is
:_)4 formed from an electrode material which may be any “reactive metal”. The third

electrode layer is deposited outward of said .second layer and has a thickness of .

25 preferibly not more than about 5 micrometers. The third electrode layer is formed
from electrode material which may be any “barrier” metal. The fourth layer, which is
optional depending on the electrical contacts to be bonded thereto, is formed from an
electrode material compatible with the electrical contact and/or means for bonding
thereto, outward of the third layer and preferably have a thickness of not more than

30  about 5 micrometers. Each of the layers are in electrical contact with the other layers

and the semiconductor body.
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_and.the sem conductor body. 4 11 MAY 2005 For the purposes of th| b
di scl osure, netals are considered to be any netal, conbination of Létia g*‘*’
-or netal alloys. "Reactive" nmetals are considered to be netals, including
any conbination or alloy, that react at sonme |evel with an adjacent netal

to provide inproved bonding. "Barrier"” metals are considered to be netals,
including 5 any rqkd pabbsdd dffthxaldisalbsuﬂehﬁxbtaﬂs%e sbissideradtol beganyimetal, i gr atl on

of the netal into the solder under ﬁg tenperature con |t é
t hem sui t abfostigation afnstelmes metal rBoys oR gV AgMSHAGT HE SaRs1¢§E E’gifrﬁ?té enting

degradation, &Bd&g%nbl%)é% A0 %H%?tapoy R B 5ERne IQ\YQ RitPsh &fdtelREmbiae@ Wi th
any type senicon ors r|v d any suitable processes known in the
art incl udi pgvideimpaivet bondiad. tRarded’anetalodre wsidemd do be tetdls kecluding

sem conductors. The present invention applies t.o NTC sem conduct ors.
The net hod qlb'rcowt@etqy,agowt ?W@Slﬁtﬁé‘?ﬁ‘fg’g‘ﬁo‘r% “BgmfﬂH’? mﬁﬁf‘é}ﬂ& t?‘(ﬁcl ude
appl yi ng tkﬁ%l(ﬁér uﬁaerliﬁgl?herﬁr}ﬁréthfe &%Hh{b%%ﬁégg ﬂkﬁﬂ%ltﬁbﬂe%ﬁ’hl Pespeimars. The

subsequent layers are-t deposi t ed out war first Nayer so that the
reactive |sojdaringprocessesrtbereby preererﬁtmgdegmiy@on aﬁtlietlab@rsb%ﬁmeﬁtbr | ayer is

outward of the regactive la 15 ectrical con onded
to the barrier gféPreﬁWté‘a‘énf’PBﬁérl‘ L‘F Hﬁfg w’lﬁéanyctgﬂ? B &u(?%r]?—bég\}glr}?on?f t he
contact is wsu@t%m?,fré&hés\mnmntlb%@ﬁt frcRidiEA hot BRite®@RS digg)@dd, fchiprandd | ayer
is applied over the barrier layer. The choice of netals depends_ on the

type of 1ti eﬂdfmls’euncqndnetom Adie mgesnattlewrmog appligsdo Pd&gor T Caemuoniviioshe
t herm st f t I rted b
'";fh or eng]t Cnve ?Hlﬁiﬁls "(itftﬂre%[aﬁu ?(ﬁugeor @0 br ﬁﬁé)ﬂl%hﬂl‘io%smbﬂﬁ@r ed by

denonstT at es eater stability

:rel i abi hpdlyinp e fiftTalyBotoane séhicehiductdidbodpbglany hgoxpnmaaﬂss Thsed for
att achi ng sald t ermstor to substrates than _ that achieved with prior art.

For exanpl esubsequeat layers are @icadepesiistl opirerd pbledirst Iavaie ity theggpii¥eed to an
el ectrical nt.a 5
andi or v r e BBra g RSk et B AR bho s B WL o h AR IS o
the prios alftthe sldoiieal dopsdcsd @nde: tidmﬂf:d ® thé bhes ldyhamo ddditenat taypaised to 6%

to 20% for a thermstor of +the prior art with Ib i ck f | m Au el ef:trodes. 30
contemplated. However, if the contact 1s not compati w;tht e barnier meta

optional fourth layer is applied over the barrier layer. The choice of metals depends
on the type of die and/or wire bonding materials to be used for attaching the
thermistor.
20 As a result of the leach resistant properties imparted by the present invention,
the thermistor demonstrates much greater stability and reliability both during and after
/} the soldering process used for attaching said thermistor to substrates than that
\;_) achieved with prior art. For example, a thermistor element of the present invention
soldezed to an electrical contact under the same conditions and using the same die
25 aﬁdfo? wire bonding techniques and processes as previously described for the prior art
showed resistance shifts of less than 1% as compared to 6% to 20% for a thermistor of

the prior art with thick film Au electrodes.

30



, 5 11 MAY 2005 DRAWNGS The followi ng drawi ngs, in which l'ike ref e/tr']znggj-{ 7005
characters represent |like parts, are intended only to illustrate one or
.nmore of the preferred enbodi nents of the present invention wthout
limting the invention in any manner whatsoever. 5 FIG la is a plan view
of a thermstor elenent of the prior art. FIG |b is a cross-sectional

el evat i onalpyh&yref;st he therm stor elenment of FIGI a. FIG 2ais a
cross-sectional pran view of a therm stor el ement of a second ..
configuration ofThehfollpwingrdravings;in wiich lgyrefegencecha@slesePiesidIkg| evat i onal
view of the therm stor .el n F ' ' a

t herm st or pé’ftéh%'ﬁfrﬁgq({eg oﬁ%ﬁgﬁl}l@%ﬁ%%&% i rr%rr?tolf(%e &?ﬁg%%r%gg’gﬁ?n?ﬂrﬁgnt?%on.
FIG 3b is Reshohses@at whhalt 1Bhievatliconadntiof it ey mhenarivétataoeedrenent of FI G
3a. 15 FI 3c is an _enlarged partial  cr %fs-sec}i on of the therm stor

el ement Sof FI G Bi§: lpiee plea viey af a theemisla clangnh P Be 2ROV P%w of a therni st or
utilizing the prﬁfc?%eiga cFJ&F-@Qc}th% 1 atibha e Mins et @BheRfof FIG  3a-c.
ectional €

FIG 4b is a cross-s evational view of the therm stor of FIG 4a.
20 FIG 4c 1= an enlarged partial cross-section of the therm stor el enent

of FIG 4b. FIG _ba is a perspective view qof an alternative t ] stor of
the present i nvEti%8ns pFIQESE %Wﬁ]gfﬁén §’8W&§ratﬁ%88tﬁlé?wgﬁt$aesgg§) om

el ectrode Oéontﬁgﬁrattigg%'ﬁit}?eté]{ora‘?ﬂ.enem and a contact, pad of an electric
circuit substrate. 25 F 5b Is an enlarged partial cross- sectional view

of a td® corner BIG.tZbds atchesssestiamal devatioaal Bew ofthe themister algmen] ofr ged

parti al cro}gﬁ%zecti onal view of the therm stor elenment of FIG 5b. FIG 5d
|{53a ri ght 4-perspective view of the therm stor of FIG 5a.

L FIG. 3ais a plan view of a thermistor element of a preferred embodiment of

the present invention.
FIG. 3b is a cross-sectional elevational of the thermistor element of FIG. 3a.
15 FIG. 3c is an enlarged partial cross-section of the thermistor element of FIG.
3b.
FIG. 4a is a cross-sectional plan view of a thermistor utilizing the preferred
embodiment of the thermistor element of FIG. 3a-c.
FIG. 4b is a cross-sectional elevational view of the thermistor of FIG. 4a.

20 FIG. 4c is an enlarged partial cross-section of the thermistor element of FIG.

4b.

FIG. 5a is a perspective view of an alternative thermistor of the present

I

invention illustrating a solder bond between the bottom electrode of the thermistor
element and a contact pad of an electric circuit substrate.
25 " FIG. 5bis an enlarged partial cross- sectional view of a top corner of the
thermistor of FIG. 5a.
FIG. 5¢ is an enlarged partial cross-sectional view of the thermistor element of
FIG. 5b.
FIG. 5d is a right side perspective view of the thermistor of FIG. 5a.
30 FIG. Se is an enlarged partial cross-sectional view of the thermistor element of

FIG. 5d.



- 30/FIG 5e is an enlarged partial cross-sectional view of the thek@'ﬁﬁ
element .of FIG 5d. 6 | | MAY 2035 DETAI LED DESCRI PTI ON OF THE | NVEN#Y okio5
. As shown in the drawi ngs, and particularly FIGs. 3a-c,:the preferred

enbodi ment of the invention is conprised of a ceram c sem conductor body
(11), 5 conprising opposed sides (42 and 43), including one or nore netal
oxi des, A\ T pigat AIL@%EgmﬁﬁbNmmmvmnom conprising a conductive
nmetal (12a aving I Ckness of not less than 5 microneters is
deposited on each side of said opposed sides (42 and 43). On the first

| ayer (12a and 1 i S deposited a_s f trode

material (12b an‘g% n &Fgmdn%ﬁ%gﬁﬁr??‘a‘gﬁi%(ﬁg 31§'rEEhﬂl{sﬁmﬁsh%gtrode

mat eri al 10erﬁﬂ&ﬁmeﬁt%flﬁ@)nveﬁhérh@ cBRpebe dfay@tanit2bmareadddb) bodgpflibnal 1y, a
fourth layer of nmetal electrode material_ (12d and 13d% L 8g$2§$ gd on the
third | &yercoqmmisingerppsed sidg48 |aae #3), angluding PR PT PeredPEiacrage ¥ outer

el ectrode | r [on th f faphesent
therm stor. ]a%r sfo %ﬁ?ﬁt%gg‘nffa%%gg{)&ﬁgﬁggﬁﬁéﬂ%cgﬁgh#ege?t(l%arlﬁng ? o] thg out er
t herm st or @{tﬁawe@aefdoay@s t}dmtmmrmstemheﬂegmsuecwx tachusgde mﬂm@ld‘ epposed | ayer
(12d and 13d) and the_conpositiqn of the f The [m (100)
Ot he pr ecules (RandshTbs 5t 1RF KA P gRE bty iengh Elin s ARl

body, pref ebahla-heiead1 SPLAN So)SEMTAICF ifd laJéi«%ff%aﬂeelmnema&érﬁu ent
ways to produce sem con ies for " thermstors. As |long as roper
cer ani cl(pr ogj@sand (3¢ )eahthe geamddayer (Eddindt 13b3 Opticoatly.onfourth laven ohpsta) t

sem conduct or bodi es made d, kn t he .art as tape
agting, prelssFofy, m@?’f‘?&@?%ﬁm&nﬂ%{}éﬁHEWR%?%%VSI%(?lag%gacgil}fi?ga]e met hod.
;. senm CondUCt%né?%czﬁ%&ﬂta&qga@&h@dfd ﬁ@%ute@*bﬁ:@trodl@ﬁyercdﬂtmeor any

suitable variety or shape. = The first layer of metal el ectrode nmateri al

(12a) ( 13a) serpighadwiyr lmdmfatﬁmhcﬂ@nmfﬁhﬁmﬁ@ﬂé thremigtoro  hig|elesiricapretigttabl y

Ag, Pt, t t.h f. t
0 T Aol SR o O g R sl | 01
and 13ajsi Stcpﬁ&ftﬁé ﬁmrm 1§p&l(mﬂiaﬁfm3d)anmfeecron(pb&i)tmmofs1mmmhgayen may,

however, be a i ed screenin aintin brushin spi coatin i in
or ot her i The the);mlstor {100) gf thg present 1r?vent10n can be(‘:J %d r%rom any su(‘?tabfj PRI NG

semiconductor body, preferably being a ceramic semiconductor.
There are many different ways to produce semiconductor bodies for
thermistors. As long as proper ceramic processing techniques are used, this invention
20 can apply to semiconductor bodies made from any method known in the art, such as
tape casting, pressing, extrusion, injection molding or other suitable method. The
semiconductor body (11) can be a flake, disc, rod, chip or any suitable variety or
)), shape.
" * The first layer of metal electrode material (12a) (13a) may be any suitable
25 COl’ldl'l-CtiVC metal or alloy. Preferably Ag, Pt, Pd, Au, or any combination thereof,
combined with a glass frit or fritless binder is used as the first layer material. The first
layer (12a and 13a) is preferably applied to the wafer (11) by spraying. It may,
however, be applied by screening, painting, brushing, spin coating, dipping or other
means known or later developed. The thickness of the first layer is not less than about
30 5 micrometers (1 micrometer= 10"%m), preferably from about 10 to 40 micrometers,

and most preferably 25 micrometers. Therefore, it is considered a “thick” film layer.



. means known or |ater devel oped. The thickness of the first |ayer i Ry 2085
| ess than about 30 5 mcroneters (1 mcroneter= 10-6n), preferably from

. about 10 to 40 mcronmeters, and nost preferably 25 m cronmeters. Therefore,
it is considered a "thick” filmlayer. 7 The second el ectrode |ayer (12b
and 13b) is nost preferably deposited on the first thick |ayer (12a and
12b) by any sui tﬁpés%éﬁoca&t%%; ?Ez%san‘a'I@‘Bﬁfs%bﬁb'réi@raﬁfydéﬁ%ﬁ%ddﬂﬁﬁ@SItlOn
wi th physical vapor ep05|t|on PV bei ng nost preferréd. The second

el ectrode nfatethickl layay 1 Trearginh2b) bgaoy swittblentectaliqermichas erﬁptrowatllwor Zr, No,

or 5 Tc that do&s not forﬁng brlttle nt etr rreg;\}ﬂ)ialg i nt erLacF the t hi ck
filmbase @PStfsRoglionyihg E%??&Veﬁ‘f R\ eifje osLRréfqsd t % d (12c
and 13c) and.oRf diedalde nhttdindyeedns Géa%dvandethﬁﬂ)ch A8, 9 €aZRINban 0

mcroneters and | ess than about 5 micrometers. Thus, the: pr ef erred
addi ti offal Tcaghet docamet fume bréitle dntempteltic interfageayigh the tnek M Bas¢ nvent i on,

e P oS ASOR L RYSTCIRLRY 148, T el RREPLL A, 2GR dfhle 11

“reactive” fébﬁh@@e%ﬂl%laﬁd 1) arel dr&at&tth&00H ntiyrdngyterd @ndiesg tia abbutck fil m
Ag and several other nmetals. The preferred thickness for this second |ayer
(12a and 13micrometstsodhug lgmprefesrcd wdditionaldeyerparscepsidaned “thin' Alm fayessr ode

| ayer (12c and 1 i ) by
b of ooy barr B6lsSnfSROR HE G Q1 BREAE hPls £i1Ehis oloodiRd o3
inventiin, tBe thisk fihe A klear{edatdi g lbe&yﬁe dfesaostecfiactidorss amiltsoxu di ze
under high  tenperature condjtions, it..suitable. for h te erature
-;o_, dering prféé“é§’§e§hara¢ﬁé5t’cchl?dtslsékié?nﬁyﬁgb%ﬁ?dn&@ct ksﬁlfrhégli‘é SeNSSH ri er ™

tal that b8l Reshd BY&T (324 BAET B3 fbout 0.05he

pr ef erred tﬁ&gﬁiﬁg&s&% ‘gﬁ@?ﬂéf cﬁ&lcghtl%gger S120 andy 2(0 13c) ?hg fromabout 0.1
to about 1.t aboat bretrensterThe opti onal fourth el ectrode Iayer (12d and 13d)

i s deposited third | 13c) by, PVD and
5.0eBo% Lo o0 el O R LA b B TR RO SRAAaBL 2
the ety Oéncﬁmb?'bgqf\hb%@hnﬂmﬁéﬁﬁxeﬁpsm RPRder Ret henet - MdRorehiel ce of the

net al depends-on’t materials used in the die 25 bondi ng (shown in
FI Gs. 5a- e)inxautior, PWIsrtbe pmﬁuredgh(réﬂwmbmum @éoewt@ylmu@eub@é for

et 09 ! e 3o, S SRkl for TR P PELBIE SRR SIIERL, Of th1 S

preferred bgpaufifl layer (12¢ and 13c¢) is the key “barrier” metal that prevents leaching of the

electrode layers underneath it. The preferred thickness of this third layer (12¢ and
20 13c¢)is from about 0.1 to about 1.5 micrometers.
The optional fourth electrode layer (12d and 13d) is deposited on the third
layer (12c and 13c) by PVD and consists of a fourth electrode material which may be

e’ﬁif -
S’

any metal which is compatible with the metal of an electrical contact to be bonded
thereto. The choice of the metal depends-on the type of materials used in the die

25 bondi;lg (shown in FIGs. Sa-e) and/or wire bonding (shown in FIGs. 4a-c) means used
for attaching the thermistor element. For the most preferred embodiment of this
invention, Au is the preferred fourth thin film layer material. Au is preferred because
the applications for which this thermistor element was designed require a non-
oxidizable Au surface to which the solder and gold wire can bond with a high degree

30  of reliability. The preferred thickness of this fourth layer (12d and 13d) is from about

(1.5 to about 2.5 micrometers.



. the applications for which this thermstor el ement was designed rdquildf &85
non- oxi di zable An surface to which the solder and gold wire can bond with
. a high degree 30 of reliability. The preferred thickness of this fourth

| ayer (12d and 13d) is fromabout 0.5 to about 2.5 mcroneters. 8 11 MAY
2005 FIGs. 4a-c and 5a-e contain the sane therm stor el enment (100)

represented in F%@a-@ﬁlﬂcs%k911ﬁilﬁt?x6§ﬁrﬁe%ﬂfﬂ%ﬂﬁ“_@lerﬁéﬂ(E@OT)erﬁ'Qseﬁmdﬁh wire
bond/ di e bond conponent configurations, respectively. Referring to FlGs.

4a-c, the &lGsBricwith dsomtarmepaent ind sufacs werriopingihoadidiglnd 24 and 25)
de of terial suitahle for the.5 ' ' def i ned
! anolBhE kT Ol B B P RN PR R eIt ur e def e

m's I's 10 be use r exanpl e,

such | ead gBhtaEt ale ifaRe REMAT vilkaleads @4,andg5pmatedt Nnatetial syitabtecfr Ge/ Ni
all oy, or AU plated Dunet (Fe-Ni core coated with c ppehr_). Sol der (TZG)
covers $he MiBUMEOPGERtEteRPE Al pdefined by tanepplicationsios svhigythe themisio

t enper at ur i i t I i il
(Typi cal Iy BE00 S asakiny@ Sh 108NHAERTRN S A PR T A PR B2 g
coat i ng mapetedCuNg &)loy,wiiAh ptasd Damat (Heghi ¢zepeated with coppery. Solder K2y fire
(typically 500" Q glass, depending on the choi bondi ng materials and
| eads, nayl5evEs e wise kegdt whisd C§HPF§§%00$N?§€Itﬁ%6ﬁ'§=§f glrg}q‘e]i:(gmpg? Pl e, the
conbi nati o ' I B i j ¥ dadestet h SNO6
sol der 15 gﬁgﬁ%ggt%gmv%tﬁﬂhd;}‘ﬁ%ﬁ%éyngglétgtﬂ%%j@ogﬁalﬁgﬁer conbitnati on

coul d & Agopipasitidn cad bd eskds bonded with SN10 sol der and coated w th high
t enperature epoxy.. Sim.l arl conbi nat i, on d be Au ld Dunet

ge:ads bonded wi t4P IngH2kRg ‘éozx@gﬁ%%g‘%‘it‘]&éﬂc Wﬁbc&s(iapib&? ‘ﬁ%{%‘b“ae{ aetléirevﬁl?7 {) %; ?OW— fire

idss. Al 1suah LIS HENS) glas, dWRhHIN2 DnaRY cliBes Soondit@imaterials aher
devel oped, are ien endgyél1 torl%)eg coile%,%d lbg the 20 present invention. FIGs.

5a- e il | ustleatsemapnbe usedftd goatdhe eurfogrof thntheimigior.d oa ehgmBpled theri cr oel ectroni ¢

i it bstrate. The, t i St 100) i t .
contact or pbiyson o iniEis i adeaciate BsRRITkEt AR S B I 1 ey
previ oysl y.andAoe@@dth m%g%ﬂpawbﬁa ép33y. ABothendehihfidnheulibeAgphyar (12d)

of the top electrode of 25 the therm stor (100) and to another su s&rate
pad (34) ustrgadsthended whiSiN10 solder and coated with high temperature epoxy. Similarly,

another combination could be Au plated Dumet leads bonded with low-fire
conductive composition and coated with low-fire glass. All such combinations, as
well as any others, known or later developed, are intended to be covered by the
20  present invention.
FIGs. 5a-¢ illustrate the configuration for mounting to a hybrid
PO microelectronic circuit substrate. The thermistor (100) is mounted onto a substrate
(j . contact or pad (31) by using soldering processes and solder (32) described previously.
A 0.061~ OD gold wire (33) is bonded to the outer layer (12d) of the top electrode of
25  the thermistor (100) and to another substrate pad (34) using thermo-sonic
compression or equivalent wire ball bonding method.

The manufacture of the thermistor (100) of the present invention begins with
providing a suitable semiconductor for the desired application. Any semiconductor
body, generally produced from a wafer or group of wafers composed of sintered

30  ceramic thermistor material known to be suitable in the art, may be used in this

invention. These wafers are preferably disc shaped (typically 30 mm to 50 mm OD,



, cofpression or equivalent wire ball bonding nmethod. The nmanuf act drd oAy 12985
therm stor (100) of the present invention begins wwth providing a suitable
. sem conductor for the desired application. Any sem conductor body,

general ly produced froma wafer or group of wafers conposed of sintered 30
ceram c therm stor material known to be suitable in the art, nmay be used in

this invegly 4l i 3¢ §aRELlGriahlWs TingfsRinAaado.08 YpD dahiy 30 nm
to 50 nm ngggal{nlﬁﬂwi@%fggg%{a% ta(B) Oz.glsfnm%/hi ck)sq(?r squar e, shaped
(typi cal | y tEgk)mitsquefermdan be J@gertos stakenimsutfadecty andfpresiratee sthickiesse | ar ger

or smaller ,in surface are and/or, greater..in Lckn I on the
processes 195%"6‘%'}’&”(0‘5 Ipf%cgf‘ﬁef)ﬁs?ﬁjfﬁf AP ?‘E@%gt&’@@‘f‘*& S\ﬁ ?%glﬂlgpage t hi nner
can be useghinfiitcahdRALEN Gut MRYUSEH Bitbudhoat thesést of theppodesobevmdiesmaes nmore 5
difficult. Wafers found to be suitable for the present invention are

conposedl ofdiffielt- oxi des of Mh, Ni, and Fe and are approxi mately 50 mm

. Th | 2 - :0X 1 I .2 d
03 mm - for t heV BrpBees it SEpTaBaR e praP e R BB L T "

di fferent sikxzRsoaNH Vi, SIREFSARINGE aptabiiattelNFCmm Oquare PThies ¢hickmasshsct or s may
be used with the present invention. The type gf waf er vviEh t he rmq'st t est
data is thevaye BossATtaRPERIMAEE0-0%vmms 102 Has 204 O P8t oY dhe BIPEFEtl vel v

smal | ther ggféu%ﬁnéﬁh@%%f efeﬁféﬂ{s%iilgg%ggfér 40t DosisARSHHREENTE th a

nom nal el rc resistance of ohns at 25C, designed to neet the
r equi r e0entos PAIC feyticodiuaioss mai be ubdd witlptheqmeseonmverklomse hybri d microcircuit
15 requirenents range fromM L Sﬁ)ecs sucréeas L-STD- 883 andfeM%Lléj 45204 to
g'%rpl e commer ci aihedpRe Pt walst pathdbeRestied daip 1 PO R Ve fitF A ct ur er
nd/ or  pa ' LGS stor ' SaRALY 03006 aali cal
physi cal Ilcv?n%g%%? %ogﬂﬁég%ﬁﬁﬁrggmng?érs tshtgrtélglﬁjgnﬂst%?\%ner th%n 0. 08mm and
chi ps t hat mmesqruehwsthel deminthaerticad desistagaaf 0,000 oleme pt 25°20 dpsignaddo

t echnol ogy i nproves to acco date. small er sizes derived.f I: r

wat oo, O himeR R o B g oprlGhEnS TP e

conf i gysat i QRuikéndhts rafgs Hofh MIESha&dheh a®MILISH)-868 ahd B1IIL-Gad520hes mi st or
elenent will "not have an effect on this invention, as |long as the el enent

is formed wimpletdommeniat eprgificationsdefiaed by thenmiopecircuit manufacturer and/or
packager and anywhere in between.
There is presently a practical physical limitation to handling wafers that are
thinner than 0.08mm and chips that are much smaller than 0.44mm square. However,

20  if the technology improves to accommodate smaller sizes derived from thinner

wafers, this invention will still apply. Moreover, the shape or configuration (e.g.
£ square, rectangle, or disc) of the final thermistor element will not have an effect on
\j}e this invention, as long as the element is formed with the semiconductor material in the
middl¢ and the electrodes being formed on opposite sides.

25 " Once the wafer used to create the semiconductor body (11) is provided, a thick
film Ag conductive composition containing a glass frit or fritless binder known to be
suitable in the art for bonding to the semiconductor material is then applied by
spraying onto both sides of the wafer and dried. Of course, other methods of applying
the thick film Ag layer know to be suitable or hereinafter developed in the art may be

30  used, including, but not limited to, screen printing, brushing, spin coating, dipping or

other equivalent processes.

10



. mddle and the el ectrodes being fornmed on opposite sides. 25 Onc

used to create the semiconductor body (11) is provided, a thick q QW%AYBQQE
. conductive conposition containing a glass flit or fritless binder knomm to
be suitable in the art for bonding to the sem conductor material is then
applied by spraying onto both sides of the wafer and dried. O course,

other methods ofrapRkfs Rekh th@ﬁrsftme%lzfye}gmé\gndjm@rarkﬂwf{ﬂr@dhﬁama@bl e or
herei nafter developed in the art nm used, including, but not limted

to, screentopyandtthethickofilms Kigtgates i (Hl@cfé)l; FHg, 4o ppsbF g Sor (12@3 At (18glit9al ent

10 | Y 200 f th,t d
Dby Caret medemisontornr arn e SR sk Ben 18 a0 g RSN BTG
3b, FIG Afref@adlyhbfroximatelylPamiodeeh3nkk, H@atlﬁbﬁnéﬁ@ﬁﬂﬁg@lﬁbﬁﬂl@t or wafer. The

fired thick filmAg layer (12a and 12b) on each side is preferably
appr oxi mat mrsrozstermpr terpmetery iglaccaptablea t hi ckness range of 10 5

m croneters to Itlrﬁggg; sEom ng out
of the furnace, @dla@gghg%%}\ﬁlﬁé%ﬁﬁ&%l rat el ect %%Y‘“gfé%@fé ereon are
car efgl ljy \Aleaﬁ@@ed]ayﬂ' taéxumfl @wﬂafﬁhllya'mialppdi acﬁdm:clrrumafomm meeddn \r/]vhi chis
punpe own to.a vacuum of approximtely 20" o s t, the
formation 8esigqtqraybich I%P%Pecgii?w%&w%wpa%aﬁw lﬁ'cq%u g‘gﬁtﬁust

particles GhisSaiiaee
par i o oo, MRl SR AHLALe L Rukbiskohl LRGSR B G cstrhate
poor adiesioanhandfsenf deahidifidot Sg layerst Becls sivfeeventamitationfonlthe fhagker s t hat

are deposited. There ers with fire

th
“ect r odes HAMABEISF %?eﬁ&i%%@%dﬁgg RO FUIFRAOF a&?‘%%’i’é’i’? Sﬁﬁﬁﬁ%ée?ecé?g‘p cal | ed
1ysical v nbggcg%ﬁﬂ thirPfint P\ﬁgs’thétsaré @éﬁoh@é&drhe}e?oféhaxewmfefssmhaﬂteagort he

first layer t are renoved fromthe desiccator placed into the PVD
appar at us tthigk fillepAselesirades are stongd imthe desiagatortuntibtenest prosessAtap, calgd

process or other, process .kno able in the art for thin film
deposi ti on ph %ﬁalﬁg‘ OSIEBP%?ng 1@%56{%?% the following metals and their
respecisve thi CkilRSSfers nARIR tﬂ@ﬂl—ét @égeﬁﬁl@té@ﬂfaf@r'ehbbvb&’ﬁBh‘Dhbltﬂeixb&tcﬁrol | owi ng
order: Ti - 0.15 mcroneters, 5 mcroneters; Au -

ni cr omet er PlacEientpVi Wé@kﬁlméralﬁé thef| dspesits Wn ditzes of Bletlninkotb Fide088%1 t he
nom nal t hIP(\\hﬂe%)sce];sogr oqﬁerhprggéée[m(%ﬁ) 5id fftable in the art for thin film deposition

can be used. For this example, the following metals and their respective thicknesses

were applied sequentially by PVD in the following order: Ti —0.15 micrometers; Pt ~
20 0.5 micrometers; Au — 1.50 micrometers. The PVD machine is able to hold a
tolerance of + 10% of the nominal thickness for each layer deposited.
L Below is a list of generally acceptable alternative metals and their
\hj corresponding approximate thickness that can be deposited by PVD onto the wafers in
the foflowing order: .
25  Second (“reactive’) metal layer (12b and 13b)-Ti, V, Cr, Zr, Nb, Tc or combinations
and alloys- 0.05 to 1.0 and preferably 0.1 to 0.3 micrometers, depending on the metal.
Third (“barrier”) metal layer (12¢ and 13c)- Pt, Pd, Re, W, Ni, Mo or combinations
and alloys - 0.05 to 2.0 and preferably 0.3 to 0.7 micrometers, depending on the
metal.
30  Fourth optional metal layer (12d and 13d)- appropriate bonding metal-0.3 to 5.0 and

preferably 1.0 to 3.0 micrometers, depending on the metal and electrical contact.

11



-+, Bel-owis a |list of generally acceptable alternative netals and th‘eﬂrhM 2{35‘”,

correspondi ng approxi mate thickness that can be deposited by PVD onto the

. wafers in the followi ng order: 25 Second ("reactive"). netal |ayer (12b and
13b)- Ti, V, C, Zr, No, Tc or conbinations and alloys- 0.05 to 1.0 and
preferably 0.1 to 0.3 mcroneters, depending on the netal. Third

("barrier") metghehaYss of 888 n@R@intded thifinesPahih Back WmMg laler (02a and
conbinations and alloys - 0.05 to 2.0 andbﬁ:eferably 0.

3 to
ni cr onet er $3a)dbipeidi iglager (1 Ble andrbit) Pt lgperitbin Al bisy pah 4u lﬁﬁré&)ﬁgﬁﬁf‘er (12d
and 13d) - ropriate. bondin - Q. , ref.era : 3.0
m crorreterg,g&d%gr&%‘?w&edéﬁ Sb?’ueg fgrr%% gﬁllm%n‘g %%e%etr%lgcg e(1:](931Iri1l gg{oégﬁrr%ofgtl\% 2005
The waf er s cethet.R8ighwa firhbRGdcdrhhzknassaleid be tatitked.i | m Ag | ayer (12a and
13a) thin filmTi layer (12b and 13b), Pt | ayer, glzc .and 162$iéﬁqand Au | ayer

(12d an8l 13d) videanorniask tBermisior pests acPiRingHP Hhig Invengon weg g fe using
a no- | oad Jing egd i | sGniSBdhBis (84 show be
machi ned. gg#wé{hpr%%lﬁﬁ@ggmag?ﬁég%@r%&lgirg{é%lggglgygg%(?ﬁgﬁ?gq?hi s%{ n(vent ion were
di ced usi ngn RIG.S)wppidximaeldi Gadngn biumdeto pledicgratiemastodelemegt (106) witht or

broduce A PHERHREoRNES @nenee) clopp e 325 es; TR Red s phutEthRbE) ' o
10, 000 oh mf?}j;& h’%a %Q&Jt&?%ﬁﬁ&ﬁs BEr hiifidi Bld@ed AMe cdibd 8owas but

appr oxi mat e ches pelf mnute. The feed rate can be sl ower, but 10

shoul d 1ot sheuldmohbé amtle fasten imoder tot mimvinircrsidge bengen e themaptor BEMERST ni st or

el enent s (é&g) Al ternative nethods of dicing a wafer having the descri bed
I rs into thermstor elenments (100) are known to be suitable

é%ect r ode
Eﬁsﬁt he art, inclagingiRYhetNOds oﬂdiah%advatf@r Ha@i:iL%fthéiH@écﬁbe@@ﬁcﬁédﬁmy@g With

ultrasonic mlling techniques, can be used. Thermi stor el enments (100)

can be madéntortherustheelesivats€t)0)aeknan fodssaighledn Bie att, srdduding he st or
N T R

QD or grea nm or grea dquares and
r ect anglses, TRt dnéiis (100) e8shd RedEith phekhaped, suchdsirettatgles @ dsmsnt | s

desi gned. O course, changes, variations, and nodifi cattj On%.ir?m;[ trg)ez pr esent
i nventi on ﬁﬂy:rxmstor elements {100) can be made into other sizes, ranging from A
mm OD or greater for discs and 0.4 mm to 2 mm or greater for squares and
rectangles, depending on the desired end product for which the element is designed.
Of course, changes, variations, and modifications to the present invention may
20  make themselves obvious to those skilled in the art in light of the above. For example,
additional conductive layers may be used between the wafer and the first electrode

layer, between the first and second electrode layer, etc. as long as electrical

‘(‘_(V'r,"-\.."

RN

conductivity is maintained through the layers. However, all such variations are
intended to fall within the spirit and scope of the present invention, limited only by

25  the appended claims.

30
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20" make thenmsel ves obvious to those skilled in the art in light of 4they 2405
.above. For exanple, additional conductive |layers may be used between the
wafer and the first electrode |ayer, between the first and second

el ectrode | ayer, etc. as long as electrical conductivity is maintained

t hrough the | ayers. However, all such variations are intended to fal
within the spirit and scope of the present invention, |imted only by 25

t he appended clains. 30 12 1 1 MAY 295 CLAIMS: 1. A therm stor conpri sing:
(a) a sem conductor body conprising two opposed surfaces; (b) a first

el ectrode | ayer deposited on at |east a portion of said opposed surfaces
of the sefléddMbuct or body, said first layer being forned of a first

el ectrode material conprising a conductive nmetal taken fromthe group
consisting of Au, Ag, Pt, Pd and conbinations and alloys thereof and
havi ng a thi cknegsthé&inigbedindrisingan about 5 mcroneteOrs; (c) a second

el ectrode | ayer deposited outward of ;said first |ayer, said second |ayer
bei ng formed ofd) & SeBEERHCEIr SedY eRIEPTHIEEMO APPRSABYITAESig Ti, said second

layer having go)}a?ﬁt‘r@%&éd@fagégg%pﬂ%@oﬁ Qﬁ?asggpg‘ﬁioﬁ o?“ééé&ﬁ X &f Srfaffdd (d) a

third el ectrod eposl outward o secon r, sard third
| ayer beichthefsemivendusfor odhisaid fiest dayer balng framned 0Bd fisbelpetiode ngtdPta] said third

| ayer having a. thickness of t re.than about.5 m,cr ers. 2. The
et i 1 ofOBPAErE RAERE B Phen Tkt SRARP S bRy Ak REcknkdent
ceramnm ¢ nmab@binatiors@nP ailGisigerésTand havivy £thidknads o gted®s thad abdhes t her m st or  of

Caiml wherein the first electrode |ayer has a thickness of fromabout 10
@?)about FCRmeleliPet ers. 4. The thermistor of Claim 3 wherein the first

el ectrode | ayefc)hascodleltioebdaaer AbposhRPLitwar JHsGHIIRUS/CS said-secopg T hermi stor
of Caiml wherein the first electrode material conpri'ses Ag conbined with

a gl ass f fayer eaing formedeels siomdlegiectrode material comprising Ti, said second layer

having a thickness of not more than about 5 micrometers; and

(d) a third electrode layer deposited outward of said second layer, said third layer
being formed of a third electrode material comprising Pt, said third layer having a
thickness of not more than about 5 micrometers.

2. The thermistor of Claim 1 wherein the semiconductor body is formed of a
ceramic material comprising one or more metal oxides.

3. The thermistor of Claim 1 wherein the first electrode layer has a thickness of
from about 10 to about 40 micrometers.

4. The thermistor of Claim 3 wherein the first electrode layer has a thickness of
about 25 micrometers.

5. The thermistor of Claim I wherein the first electrode material comprises Ag
combined with a glass frit or fritless binder.

6. The thermistor of Claim 1 wherein the second electrode layer has a thickness
of from about 0.05 to about 1.0 micrometers.

7. The thermistor of Claim 1 wherein the third electrode layer has a thickness of
from about 0.10 to about 1.5 micrometers.

8. The thermistor of Claim 1 further comprising a fourth electrode layer

deposited outward of said third electrode layer, said fourth electrode layer being formed
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6. The thermistor of Claiml| wherein the second el ectrode | ayer hqsxl MAY 2o
.thickness of fromabout 0.05 to about 1.0 mcroneters. 7. The therm stor

of Claiml wherein the third electrode |ayer has a thickness of from about
0. 10 to about 1.5 mcroneters. 8 The therm stor of Claim1 further
conprising a fourth electrode | ayer deposited outward of said third

el ectrode | ayer, said fourth electrode |ayer being fornmed 13 11 MAY 2005 of
a fourth electrode material conprising a conductive netal having a

t hi ckness of not nore than about 5 microneters. 9. The therm stor of Claim
8 wherein the fourth el ectrode | ayer has a thickness of fromabout 1 to
about 3 mio€e vethetesiroddmatérislivempriisingn camivptiveshetgl havag sathiskmdss ofutict or body
formed of a ¢ ran?%c gat.eri al conprising one or nore nmetal oxides having
t wo opposgﬂ) Jijag: oeué, nzlﬁr)omgeﬁ‘r st electrode | ayer deposited on at |east a

portion of said. Q‘ﬂ@ﬂ&ﬁdis@blbf@ﬁﬁﬁiivﬂferdixh&e&‘&iﬂiﬁﬂétﬂﬂé@éfh?eﬂ%%thi&l&ie@s &fi st
el ectrode | ayer conprising,a conductive netal taken romthe group

consi st i n§FoBtabayt 1 igpabopk 3 Misgormeiersc onbi nat i ons and al | oys t her eof and
having a thickngsy Rmfi&QBoapAkhe10 to about 40 micrometers; (c) a second
el ectrode | ayer deposited on sai % first electrode |ayer, said second

el ectrode | ayefa)@sapicondustpr bodwafodmbdiof mepramic matdciad semprisiig amabwmne 0. 05 to

about 1.0 e@]%gﬁgﬁ&rgig[t&&%%ostgpisﬁ(}ac%L_ectrode | ayer deposited on said second

el ect rodenf ayer, sal E¢tiGde |1 ayer conprising Pt and having a
t hi ckness of f (W fakoldctrOddlayer dapesited dn Bt leddt & porteh ©F S4id OFposed fupfatdsh

el ectrode l.ayer deposited.on said third electrode layer, said fourth
égpct r ode °f %érﬂn@s %ﬁ?ﬁ@%éa@?ﬁﬁ& roes [RvT SPMRUYPH CPIHTERARAASD £ om
a

out 1. 0 flogh thd BRI cdnfstii&f ANEA LI, Pddnd chiidaBehiddndtadoyOhelcbdnd 10 wherein
the first electrode |ayer conprises Ag and the fourth electrode |ayer

conpr i ses baying a thickpres affonniboubi0 fabohtAOmitpmitereiei n the first el ectrode
llayer has a t h'(c(j iﬁ%@cso%dQ:Le:ctrode layer deposited on said first electrode layer, said second

electrode layer comprising Ti and having a thickness of from about 0.05 to about 1.0
micrometer;

(d) a third electrode layer deposited on said second electrode layer, said third
electrode layer comprising Pt and having a thickness of from about 0.1 to about 1.0
micrometers;

(e) a fourth electrode layer deposited on said third electrode layer, said fourth
electrode layer comprising a conductive metal having a thickness of from about 1.0 to

. about 3.0 micrometers.

S

11. The thermistor of Claim 10 wherein the first electrode layer comprises Ag
and the fourth electrode layer comprises Au.

12. The thermistor of Claim 10 wherein the first electrode layer has a thickness of
about 25 micrometers.

13. The thermistor of Claim 10 wherein the first electrode material comprises Ag
combined with a glass frit or fritless binder.

14. A thermistor consisting essentially of:

(a) a semiconductor body comprising two opposed surfaces;

(b) a first electrode layer deposited on at least a portion of said opposed surfaces

of the semiconductor body, said first electrode layer being formed of a first electrode

14



15. T
foyned of SkCredelany tavag e

—— ———emiee e —

about 25 nmicroneters. 13. The thermistor of Claim 10 wherein the ffi AstiAY 2005

.el ectrode material conprises Ag conbined with a glass frit or fritless

bi nder. 14. A therm stor consisting essentially of: (a) a sem conduct or
body conprising two opposed surfaces; (b) a first electrode | ayer deposited
on at least a portion of said opposed surfaces of the sem conductor body,
said first electrode |ayer being fornmed of a first electrode 14 1 1 MM 2005
mat erial conprising a conductive netal taken fromthe group consisting of
Au, Ag, Pt, Pd and conbinations and alloys thereof and having a thickness
of greater than about 5 mcroneters; (c) a second el ectrode | ayer

deposi t ed muitgrisheanpisingd apnfliqtive metad taken deml thy gropp senstkting e AndA g Pedtdr ode

| ayer bei araed. of a, second el.ectrode terial .conprisi TL, said
sevond ol a0 baRERf i o OG5S RsroF AL BioRhSor SRR it Mhwlee
m cr onet emsicrofd)er®a third el ectrode | ayer deposited outward of said second
el ectrode | ayer, said i el ectrode, | ayer bei ng_ formed of a third

¥

hir .
el ectrode mat eﬁ‘i)&lse‘@é‘ﬁﬁﬁwor? aysy depasitefl puivarg of spid dkvi slestrpdplayerysgid ng a

thi ckness s@fondelecti®eqajeh BoingRAMEA Bf FiLbABES e n{a?e)riapﬁdgﬂﬁmgl i; saf fOurth
el ectrode | ayer deposited outward of said third electrode [ayer, said

fourth el sewnddiecrededayepbivigg ¢ hickoessof net rhengithdn abbeict mizdemsterseri al , sai d

fourth electr r i.S] a C ti having a thi,ckness of
not nore than g@%&t‘%g‘e%?oéﬁg@%fgé}g?l%gnogle%? Og%[a?ﬁi g%é’t% %Iﬁ%}/oéi eet lf’is%:lgl cont act
bonded t o tiilkeeleatitode Idyaryteingafornel eftaatirdelebir@iacluterd patmthimgPif @dethirl sai d

el ectrode. he therm stqr of Cl aim 14 wherejin.the sem conductor body is
ke Pt BPIRgRBnADoB > MiSTEMHERal oxi des. 16, The

therm stor of @)abfdddiyWhRhgh ele&tB@eflhy&?%;ﬂJsg}%élgﬁﬁdlo;@Xﬁa tﬂiﬁ?el%tt%ﬁé(:kness of
e

from about 10 to about 40 m croneters. ermstor o aim 16

wherei n t tayerisqid fowstheleqiede layerheingfammed ofisi fewdeeiecteote matrsial, saig forrdy onet er s.
18. The tRELH & Qer Qm{Hidhd IhdlRicGhdaltAGing QUGIY St dTE hidke Bhn hltGe F1 1 St
5 micrometers; and
() at least one electrical contact bonded to the outer layer associated with each
opposed surface of said electrode.
15. The thermistor of Claim 14 wherein the semiconductor body is formed of a
ceramic material comprising one or more metal oxides.
16. The thermistor of Claim 14 wherein the first electrode layer has a thickness of
from about 10 to about 40 micrometers.

o 17. The thermistor of Claim 16 wherein the first electrode layer has a thickness of

PEEiEN
g

= about 25 micrometers.

18. The thermistor of Claim 14 wherein the conductive metal of the first
electrode layer comprises Ag combined with a glass frit or fritless binder.

19. The thermistor of Claim 14 wherein the second electrode layer has a
thickness of from about 0.05 to about 1.0 micrometers.

20. The thermistor of Claim 14 wherein the third electrode layer has a thickness
of from about 0.10 to about 1.5 micrometers.

21. The thermistor of Claim 14 wherein the fourth electrode layer has a thickness

of from about 1 to about 3 micrometers.
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el’ectrode | ayer conprises Ag conbined with a glass frit or fr|tless1Q|p#grpgmj
,19. .The therm stor of Claim 14 wherein the second el ectrode | ayer has T
t hi ckness of from about 0.05 to about 1.0 microneters. 20. The thernlstor

of Claim14 wherein the third electrode |ayer has a thickness of from

about 0.10 to about 1.5 mcroneters. 21. The therm stor of Caim 14 wherein
the fourth electrode |ayer has a thickness of fromabout |I to about 3
mcroneters. 15 1 1 MAY 2005 22. The therm stor of C aim 14 wherein the

el ectrical contact conprises a wire lead. 23. A nmethod of manufacturing a
therm stor conprising of the steps of: (a) form ng a sem conductor body

havi ng opposed22i Hesthefnpjtodeffdsin |hgherein thetleetied tcontde chmypesesanwiat | east a
portion of ?ach sai d opposed sides of said sem conductor body by a thick
fl|ﬁ1depOSI ion method, said first electrode layer conprising a conductive

netal and 2Bawi mghed fbﬁl‘h@kﬂf@&&m@fa thér@iRteRupritBg opthalaemt off0  m crometers; (c)
depositing a second_ el ectrode |ayer on said first electrode |ayer, sald
second el ectrode (P)anEFmEBWI%P%tqum%hWﬁwoFﬁ&i\ﬁ'%a a thickness of from

about 0.05 to ak ep?)mgn% fiFsPERE Rl de lﬁy@} oﬂiﬁbqga%'tﬁ? 8@‘0?&[05@&11@' Eg(;s'é@de | ayer

on said second electrode yer, said third elec | ayer cofpri sing
pl at i num &idgs MMrﬁgmomﬁutht@ds bbfatlilcloﬁinad@n@mt@n oBtiod, aibbﬁltst elzct@)de

m cr omet ef 0
sai d thi rd%eﬁ‘gd(g& 3“)5 cg)hgl?&% grpaéltac}ig%glgg T et ec JS%Herfé?& ongﬁhl ckness
of from ahdctomBteds;t o about 5.0 micronmeters. 24. The nethod of Claim 23
further conprisi e .ste ttachi ng an eI trlcal ontact to and
out er el ectrode Rgvgwoﬂﬂn% Eﬁoﬁfegﬁﬁg 3%%6@%5" ifeglectenge layg s3idt hod of

ai m 24 %&h@b@c&é& 18)e® 6drhprEsil g BAMLAGHE havife AttiacRab iRt Mou QU5 & | ayer

by sol deri ng, di ng, conductive adhesives or wire bonding. 26. The nethod
of Claln12®mﬁﬁéhéWﬁﬂm%@3thlck filmdeposition nmethod of depositing the

first layer is t%ﬁf&p%ﬁlﬁ%&hﬁrd%&%dg %9&1o%tgaﬁgse%ndse?gcﬂ'xamyer said third

screen-printing,
electrode layer comprising platinum and having a thickness of from about 0.05 to about

2.0 micrometers; and
(e) optionally, depositing a fourth electrode layer on said third electrode layer,
said fourth electrode layer having a thickness of from about 0.3 to about 5.0 micrometers.
24. The method of Claim 23 further comprising the step of attaching an electrical
contact to and outer electrode layer on each of said opposed sides.
25. The method of Claim 24 wherein the electrical contacts are attached to the

’ outer layer by soldering, welding, conductive adhesives or wire bonding.

o 26. The method of Claim 23 wherein the thick film deposition method of
depositing the first layer is taken from the group consisting of spraying, screen-printing,
brushing or spin coating.

27. The method of Claim 26 wherein the thick film deposition method of
depositing the first layer is spraying.

28. The methed of Claim 23 wherein the second, third and optional fourth layers
are deposited by vapor deposition or electroplating.

29. The method of Claim 23 further comprising the step of selecting an outer

layer based on the composition of the electrical contact to be attached thereto.
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brushing or spin coating. 27. The nethod of C aim 26 wherein the tﬁitﬁ'ﬁﬁ.‘fl}m}f;
,depgsition nethod of depositing the first layer is spraying. 28. The '
met hod of C aim 23 wherein the second, third and optional fourth |ayers

are deposited by vapor deposition or electroplating. 29. The nethod of

Claim 23 further conprising the step of selecting an outer |ayer based on
the conposition of the electrical contact to be attached thereto. 16 11 NMAY
2005 30. The nethod of Claim 23 wherein the conductive netal of the first

el ectrode layer is taken fromthe group consisting of Ag, Pt, Pd, Au,

al l oys and conbi nations thereof. 31. A nethod of manufacturing a

t her mi st or con30.sThametbed entliaoh Ry whtreirhibe sorelastiof metal af)thd Grshelagrode

ayer on 400 s38e ZORIY BoRP B EReR oC&R P (LR Seiep oty © °°" O

sem conduéeiepsofbody by a thick fil mdeposition nethod, said first el ectrode
| ayer conpri si ng a conductive netal and having a thickness of from about 10
r

to about 40 nt ErOMatde! manyfagusing pihergisiorsapsisineepseptislyo hegiems obn sai d
first el ectrode |@y@fmingaistmicoRhRRA bg&ml%d(&pbge\lﬁédeg;onpri sing Ti and
0 .

havi ng a thickness of fromabout 0.057to0 a m croneter; (d)
deposi ting a thi r(b) ddpesitingalBrst elpetrode haysapmiatdeasvm dortibr of eaob eaill apposed sai d

third el o i Si . -a havi.ng a thi.ckness, qf .fr,om about
0 05t o n Sk S5 BXEonE IR R B, HiciC i AL RelideC SRR, Jheribel 20
el ect r ode ldyay@mpeisingai cdnduuiive metat aid esHnhgl aadiRkness shfrémfaBott 10 tebsid rode | ayer

having a thi ckness of fromabout 0.3 to about 5.0 microneters. 32. The
et hod of ™F8MHCED wherein the conductive netal of the first electrode

I"ayer is taken fren bﬁtig D4RoEPASDHE N eiXn B fifst eledtbde Miyer, &ili0Ys and

conbi nations thereof. 1
second electrode layer comprising Ti and having a thickness of from about 0.05 to about

1.0 micrometer;

(d) depositing a third electrode layer on said second electrode layer, said third
electrode layer comprising Pt and having a thickness of from about 0.05 to about 2.0
micrometers; and

(e) optionally, depositing a fourth electrode layer on said third electrode layer,
said fourth electrode layer having a thickness of from about 0.3 to about 5.0 micrometers.

32. The method of Claim 30 wherein the conductive metal of the first electrode

layer is taken from the group consisting of Ag, Pt, Pd, Au, alloys and combinations
thereof.

:/ﬂ: ':k.“\!
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