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| NVENTI ON 5 This invention is directed to a thermstor for t rﬁoqjmw
measurenent, control and/or tenperature conpensation and a nethod o

maki ng the same. More particularly, the invention is directed to a

therm stor IBACKGROUNIDDIOF THEINVENTIONCt rode netal . 10 BACKGROUND OF THE
| NVENTI ON Therm stors (thermaltly sensitive resistors), are ceramc

sem conductors _which exhibit |arge changes in electrical resistance with
cor r espondi W&Mﬂﬂ!ﬁur e. Because of their sensitivity,
accuracy, and stability, therm stors are generally accepted to be the nost
advant agéous sendlds inacntimn'y dapeted taa ihenmiss fomtemnpetiatuge measmeraem; e

measur enent and control. Therm enS| vel y
for commer C|°8P9éipoﬁ?g&ﬁé %‘?ré?,’fer W%e“ﬁ?tmpé m%{ﬁ?‘gﬂg‘ﬂ‘a%‘égbh and
medi cal el eglaftalRly2dielihfebltioA 1S diré@QtoAREift6r RIVih PhHARDIS 1A of

communi cation and ‘Instrunentation, conputers, mlitary and aer ospace, and

resear ch an¢lestode mystabnt.  Some practical uses of therm stors include
liquid | evel neasurenent, photography, 20 thernoneters, intravenous
catheters, blood analysis, nyocardi al needl e probes,- autonotive clinmate
control 10f UQACK(BRO(HD@ETHEINVW ure sensors for househol d

appl i ances such as air conditioners, colifee makers, and data | ogger

appl i cations sucH begmistgrs (thermally SanqUYijeﬁlé‘i?fﬁé,rQiP qeramig ssriondpigtors whish i n

portabl e ph t nscei vers
conti nues t%ﬂfg@gé&%wg@&%%nagn%é{cgllrﬁ%o#&% C é-l’r@eg nad'}fl%{qaﬁg of thermistors
are. an ext r demaparatore Becﬁaa‘pﬁﬂ&ﬁﬁeﬁsmoﬁ facairady, and stilsifitys! therdstercarpr eci se

resi stance vers t enpe ratﬁ characteristics. The senS|t|V|ty to
t enper at ur e gﬁﬂ%{%@%a@ﬁﬂte?é% ¢ the mos{ adyantageuyiensqrdey mamy,app lictipife of 10

mllioniso eRgudly fenﬁr&ﬁ&r rﬂ&dsﬁ&rﬁ&%ﬁ%‘é&aﬁoﬂﬁa@g%ont%l'. ?ﬁerﬂ{lgtf) Qused
thermstors are o si ze, squar’e configuration, are avall abl & coat ed
or 30 uncoatestensivelylferchminercial cbrsuted elentrade prodiists, Auothotive) etuatrialgnd

tenperature 30QC, . .an re5| tanceran es fromO0.5 ohns to
40rrpne gohns. @n c%?e]ectromc appcflcaaons ?’ood hanglmg and processing, ¢ mumcatggn and

instrumentation, computers, military and aerospace, and research and development.
Some practical uses of thermistors include liquid level measurement, photography,

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

iy oscillators and transceivers continues to expand.

25 . ..The most important characteristics of thermistors are an extremely high
temperature 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 to 300°C, and resistance ranges from 0.5 ohms to 40 megohms.



Thg‘ electrical resistivity of a positive tenperature coefficient (PTC
thermstor increases with increase in tenperature. PTC therm stors switch
froma low resistance to a high resistance state at a specific
tenperature. They are widely used as current limters from-80 Cto 300 C,
0.5 ohns to 40 nMegiuEcrild] RRtivRY BE a%ﬂﬁti% Rfiipelait céef’ﬁ@ﬁeh??’l"@)tt}ieﬁr;isﬁr
negative tenperature coefficient” (NTC) therm'stor decreases wi'th Increase
i n t enper at unereasey @ithhaengasstin temparaiures EECtthermastions switeh droat alayw rdsistance 80 C
to 300 C with nominal resistance at.25 C from. Q.5 ohns, to 4Q nmegohmns.
Therefore. ¥ AIAROEERE HASE f RO PPEbERried oEh sty peed B EHRER and

aw de range |ihitére Hofii U E t0\3B0UES0.5 DAY t& A6 nR5ndVEbhvRScly, the 8levfridsl I ange
of sizes from3 mmin diameter to 22 10 mmin dianmeter in adaptabl e shapes
and sizeg f desigivifycRf anggpiétetempersisn seaiBeientd NIG)dhermnster deppgsisesayith
application ] S Locl pde I er rgn88Nnsi ng,
circuit pr o? ré‘%tg alqsg r%l\qz%n é%épg{cﬁtrh 591%8%?5 rag{a 'ﬁgeﬂ%ﬁ%rﬁlsgrt%g%rgﬁfgesat?@ ?Ro en

when renot e te 8081 Qgvittsnominul resistanca2b° Ciffotn 05 dh@r to &40, megohieThersfoae,|
tenperature differences need to be peasured, 15 NTC therm stors used for

t enper at ur e hFRAYCEaMES teARera RacEtiens of msistange ard » yidmtrase PEMSSIOFUS
conposi ti Onsvaldégln’fg?:' e b6 ]g%iagfesin%fwi@paglgg 6P Size uﬁﬁ%l mr%@??%%ter fo%pPer,

i ron, and other_ E |'s to forma ceramc Sem con or
Ther mi sil@r s mmyin dianiesemmadaptabie dhdpes amhdizesfope widef vasietydof mechznicabd, chip or

flake configuration. Jhe flake styl I st.or i.s sinply a nuch smaller
size versio ﬂglfrorpﬂgn%} W%aﬁfhﬁ’ﬁﬁ?‘g‘t@ &&wwmftﬂ@rlﬁ?lgfl‘gp@ c&ngtr oduced by
forming thi Remp&aiute QéCnsH%t SiFduitl profeBid i idemPaUREIRL &r@({o&ﬂﬁﬂ_ﬁrﬂﬁﬁoﬂfmc

manganese, nickel, and other oxides conbined in a e material is
sintered at chbsenavieah remopesensing éssrequival edalhsizhisalesived) oc wiheree smalt al
conposition,_and the .%i ced to ﬁi ﬁe. Leadds are attached by soldering. The
units are fTRPEFIe dificrenges peed i0 BEBESWEd ot her el ectrical insul ation

mat eri ali5for fi naYTECShaht6rs ub&foR Ransek Aldie!mhehsiirefidnt dhdl dphpeRbatiomi 06 art

therm stor elenent, showmn in FIG 1, represents a_ch;mg type therm stor
conposed of Uspdbanade Femdarieussompastions ichising thy oxides afmenganese mickebs (2)
and (3) are

' . i1 - | . therm,stqrs with.
Chi ok Fi 1 SPERESohS: i it ohfp s W1Gn & BEaRAL QomiBbaaeRE MR D 1 oo
(surface nodhermistdrs maydeifornsed ilodifféent sh@pedroftbead, dadsrdddthiprogflake onponent

configurations, FIG 1 th high tenperature sol ders using processes
operating bé&P a%bzl)@e%e S’S’kﬁ’ teerpisigys| smply ggauchsmeglicy sige ygasion 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
binder. The material is sintered at elevated temperatures, coated with a conductive
ey metal composition, and then diced to size. Leads are attached by soldering. The units
-are finally 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, PAAg or Au are attached to substrates (surface mount configurations, FIG. 1)
30  orto 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



2 seconds to 3 minutes, their electrical resistance shifts outside the

al ['owabl e specified resistance tolerance (typically 2-5%. 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 sBaas ﬁpi’ivnﬁﬁlﬁgs,ft&!m&tﬁczﬂ?esw@arﬁ@'dﬁlﬂg oltkide tﬁéﬁﬂ@ﬁ'ﬁ’&l@@ &cifided

| eachi ng, which occurs during the soldering process. Leaching occurs
because t he resistanceitpletanee étb'p)calbo%}é"/ﬁa’ghlaretwbhma dafe¢tivietor deeienhBnalpl t en

sol der than it ass fLrit.or, fritless b| r of t he el ectrode.

o (bt har aradusPor Spdst by 398 vificH o sriaisp 38 Bpsgln® s released from

its bond w th thergkafsistanté siifts of tlhb"pheﬁz&t ﬂieﬁﬂﬁfer@ha&dlﬁ)veb@&ifoﬁﬂ@tcﬁlﬁd I S
absorbed into the nolten solder. As a result, the 10 electrical resistance

of the t fer FRYsebYiarhenemeror sabled lqashing, whigh pocuss dring the splderng process.

sol dering pr nal
el ectrodes L%S@fiﬁ%oé&r?&rbg{ﬁ%e‘éméﬂ%tal El?&e ef}é‘(i)é[i‘i‘dEE rmpg}lérqﬁ%l@,g%hﬁe g‘?g&({)f

| eachi ng of sbhier tliaﬁnmbshmwmﬂglask ﬁﬁu drrfhﬂésscbﬁrtdadef the eanedelem thenhdrmistort ype

of el ectrode rrat he te ture and the dur tlo of t esolderlng
15 process teée%m %H’ %%‘F&F?ﬁgf et? lséﬂﬁ‘t‘a“g@gmml’%ﬁ’

ther i StOr S fieds¥indel bF e MroliOalPs bbbl gthe&n&%msrﬁ U(seére@m‘{ﬁe 200 C

for extende perlo greater t secon I's not recomended.
by thicROfi Iahac&taattesm%caaﬁthk&hﬁrmns&mrsncmases frodeiy m@nalomlmi ptibetoghect r ode

I ncreases nor aldl a t hi s tenper read .beyond .t hi

hdd £ ont o SpjeHh prackssh 18 Pt ord (e aree Amipe i xsmebccsgaes | "
degradat i on ] Beh@nipebreREd ah@gtthgg@dé}-r]gacﬁir@ct r ode- sem conduct or bond.
Weakened bonds may result in therm stors having greatly reduced stability

and reliabili ty Thﬂreﬂc 0ff|1¢a¢hmg of thecherodster thickefileelactfaslerisl dependentranghet ant

to | eachi ng ¢ to trod r he hi gh cost
of thick fi I grc?fi a?gxhcﬁlgxpiemgqggtuberqn d‘%?i‘l’ra lﬂ%%tSB}&eHBE cost
effective t@r@ab@slfoaﬁlalunﬂae therddistot 1s exodeal Bypitdillyl &tPosing@heimibiofbfAle Wi re to
thick filmPt electrodes using the thernp-sonic¢ or equivalent wire ball

bondi ng pr od¥%i9E arttemedtan solder at tempsratuyes abene 2005 Cofiox exfended pariods of fimeAg or

PdAg el ectr ations.
requi ring. 0 Bgte? i dSreoRRTR tecliRfiabll B MdC Y AR R 2
t her no- soni cimee degradatidnesfithe\eleetrdalelihcréasasinog: RAPiddy @lﬁﬁ&&hiseaapeatutrdnmdm re

bonds to these e ectrodes not be_ reliabl ver the |lo
%eyoncl t?us time. eIn aHR ¥10n to the shiftine ectneca res{stance leachlgng causes

20  degradation of the solder-electrode and electrode-semiconductor bond. Weakened
bonds may result in thermistors having greatly reduced stability and reliability.

Thick film Pt electrodes have been found to be resistant to leaching compared

Eis to other electrode materials. However, the high cost of thick film Pt electrodes renders
- -the pHor art thermistor not cost effective to manufacture. Also, it is more difficult to .
25  bond Au wire to thick film Pt electrodes using the thermo-sonic or equivalent wire
ball bonding process.

In addition, 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

term.



term 3 ry A thermstor elenment using two layers of thin film el ectrodes
ha¥e been described in the prior art (U.S. 4,712, 085). OQher prior art
(U.S. 6,008,717) describes a thermistor with a pair of electrodes in a
shorter inner electrode and a |onger inner electrode are nutually opposite
each other and sep@eahiStdr B}enitnfdding HAYR) @Ks,offtﬁihfﬁhﬂ dickiotestidve®egs not sol ve
t he | eachi ng probl em descri bed. SUMVARY OF THE | NVENTI ON Based on_ the
above, it i slespribedjnethe popr amh €Uk 4543085k (heripsior 68 (Pro Wi Q8,71 7) descrbes
effective t I | | each
10 resi st anddh iyt hgafioP FebAOGR iR Shotfer ol o84 85 Slonpl 0%,

t enper at ur eglectrydeé aralnhmudl@tomme?wh Ctirpdndséparated by b gapreHoweverpthist ypi cal | 'y
bet ween 5 seconds - . nut es. Anot her Obj ect of the present

i nventi of .9@5%9@%%8@5?thﬂeaquanrabkem%esem @ thermistor with |each
resi stant el ectrodes that allow for use of higher tenperature 15 sol ders or
| ow fire conductive conpositions to attach | eads, thereby increasing the
maxi mum opeSUMMARYQEEHE INVENEIONI ty over that achieved in the pri or

t. Th d t th t t
i octed Lo, -t AR 2t B SHER R 20 RIeE LM bR MBI DU UGR I PRV RS,
el ectrode | @%%Et R thefniSish WaththleciloBES RRRAGSA hfgh%é@fe%%ol@ér IE&%

sem conductor body. The first layer, having a thickhness 20 of not |ess
than abdQt Sesistancersnd abls to withstendrealdéningpracesetscuperating aftermperatirenhi ch may be

the Tirst PERROATIEIR Find AT SRR Roel hiios TriEAaROT P Hebhst e o, -

Thg..____,second Iaa&grmmﬁtesforned froman electrode material which may be any
"reactive netal". The third -electrode |layer is deposited outward of said
second | ayer and Anether gbjectpfdhepresens inventionigto previdn foy thromapfpdurernf® about

5T o7 Oret etermTlg: 4 (PSR UBLAHE i A0 0B RABRFIGbAAE 2l er @

whi ch nmay be any " barri our

dependi n§ Omoldhrs oellmtﬂre ecaiducwamﬁ;a)smnbm feicH @ehdb hﬁélebplncre&sifngﬂlliﬁ?d fr om -
an electrode nmaterial conpatible with the el ectrical .contact and/or neans
for bondi ngm%"l’f@l"@t%’"’“’é‘ﬂgmﬁ?fﬂfnq‘H‘Ba@lmyr‘b"qgy‘él"ldﬂﬁ‘(? AR S|t have a -

thickness. of not THREEadRkr objects 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  of not less than about 5 micrometers, is formed from an electrode material which may
be any suitable conductive metal. The second layer is deposited oufward from the first
layer and has a thickness of not more than about 5 micrometers. The second layer is

‘“cr;" 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 preferﬁbly 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.



30 about 5 mcroneters. Each of the layers are in electrical contact with
the other layers and the sem conductor body. 4 For the purposes of this

di sclosure, netals are considered to be any netal, conbination of netals
or netal alloys. "Reactive" netals are considered to be netals, including
any conbi nation Gior #id Sipodel BF HiS @ist1o8ire SAEELs afe/Ensilfeted 18 Be 3R Afee)l Net @l
to provide inproved bonding. "Barrier” nmetals are considered to be netals,
i ncl udi ng 5 campinadinhiof metalnoometal Albgys. Reactive’snetals areeaisidersd to be metalgr at i on
of the metal. j,nt.o the solder under high tenperature conditions, Ing
Chem sut t bR PiRe g ro Binalom RISy, UisPfhab (B R AeveLwiB SpiatiaBey me@lent  ng
degr adat i on pévildimproyed bolBRe @Barrielh el €56 Rbndideredio k¥ merl, iehudaRd W th
any type sem conductors derived from any suitable_processes known in the
art incl ddi rigyisombingtion prriieyy thas resisie leaghang, i enhmigratien ofthe metat dnto the

sem conduct | ' ' P ' ctors.
The et hod Forerdifer MANERbelAE bAoA A i St et EbERRIEL O >
appl yi ng t heofdetiag ptatysses therétyprewsmiting ddgratdaifontuddlye Ryerabyndaitown nmeans. The

subsequent | ayers_are then* deposited outward of the first |ayer sqQ that
the reactive |a§'élw RreseghnysREpIFanhedised with apy fype ssmpoeﬂﬁact@é@én@?d ﬁa ris

outward of G shfibid hibRedsd Riowrd f tht aliicifific bhl detlinfiRA'G6IsS, 68 LT atp e

to the barrier sflayer no addition ayer Is ~contenpl ated. However’, 1t the
cont act 10s ritake semjvandusitersvThdpresant aventien appliesito, PR or DTG sndtorfdootordy | ayer

I's applied over tRe barrier |ayer. The choice of al.s depend on the
Lype of di e and/ TReIRTO% Biran s tetue e begmpgrs e pOyenton HERRG  he
therm stor. apgRipsthd firf3ayer t@fhelsMidRBEEof By Pyadly KAbRRGhEAn8STHaPAr t €d by
the present invention, the therm stor denonstratés nuch greater stability

and rel i abi Isubseqpentlaysus 4ra ghemdepasiteskoutwand of theofinst lagernodbadhe tesctive or

attaching sgid_ therm s t bstrates,than.that chieved with prior art.
For " exanp o 1oter s il o Res et 5 R o LivRfis iy e aseeli® o "o
el ectriqsl dgotieldctrivateontadts capbEbGIRditd tHebarrdidayes hodddiiendaRr & € 25

and/or wre bonding techni ques and processes as_previous|ly described for
the prior arfpnteméy&gﬁ Hewpearaifdke egntaot és not compatible with|the barrieomgal.éa to 6%

to 20%for %piibﬁz{] %lﬁftlpfay&r is abpﬁed%\}eg 'iheat;ag'riéq‘. lL}l;Er.tﬂeCéﬁowel JPrhdfar§ h@;?ehhg) des. 30

on the type of die and/or wire bonding materials to be used for attaching the

thermistor.

20 As aresult 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

W achieved with prior art. For example, a thermistor element of the present invention
- soldered to an electrical contact under the same conditions and using the same die

25  and/or 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 DRAWNGS The following drawi ngs, in which |like reference characters
represent like parts, are intended only to illustrate one or nore of the
preferred enbodi nents of the present invention without limting the

i nvention in any manner whatsoever. 5 FIG 1 a is a plan view of a
therm stor e the prior art. FIG |Ib is a cross-sectional

el evati onal i‘%TI"(%‘VV‘TTI‘Q%he thermstor element of FIG la. FIG 2ais a
cross-sectional [FhafoNiveingdiawingsan mhidhdikegtfenamat chdractersacpmsent like

fi ti f the pri t 10 FIG 2b i _sect i onal . el evat i onal
viow of & hePRTeA Besed Pulydndtysrateqng os rors S e preterted fbadiRny RS, of
thermi stor gtRERThvéatiod WAL ifSihe B HeliefBat inthy rhiiRePWBSSEver.NVeNt i ON.

FIG 3b is a cross-sectional elevational of the therm stor elenment of FIG
3a. 15 FIG 3c iFGale s plaguigwfra themmistopelemericafithepadr arhe t her mi st or -

el enent of FIG .+FIG 4a is,. [ -section n.\j m st or
utilizing the pré e‘r}% a4 séscfliﬂérh#e%igtt‘%’gﬁ"ﬁgroﬁit% %lr%n%];é{eo%vlﬁgeg ° 3a-c.
FIG 4b is dacross-sectional elevational view of the therm stor of FIG 4a.
20 FIG 4c is an_enl arged partial cross-sectigon of the therm stor el enent

of FIG 4b. FI GFl9a23 i arrpwsrsspiienal planviegwobt thepmistorslomant 082 s¢r0Pdi st or of
t he present Fo{lﬁ%ﬁ?ﬁl&p&th{ah{r{&tmti ng a sol der bond between the bottom

el ectrode o erms el'ement and a contact pad of an electric
ci rcui t 18ubst r at #IG. ZAbiskd osssdectional elegaticnalyeidwadithe thermistos slensmac df onal vi ew
of a top cog‘:zé of the thernmistor of FIG 5a. FIG 5c is an enlarged
partial cro S2&ctional view of the thermistor element of FIG 5b. FIG 5d

| st oht side IGSPRAt plfin VIeRH610] thbrifisiol Bleflefl ¢i'a fibfefrePerBaimdit bF G >€
is an enlarged partial cross-sectional view of the therm stor elenent 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
invention illustrating a solder bond between the bottom electrode of the thermistor
- - element and a contact pad of an electric circuit substrate.
25 " FIG. Sbis an enlarged partial cross- sectional view of a top corner of the
thermistor of FIG. 5a.
FIG. 5c is an enlarged partial cross-sectional view of the thermistor element of
FIG. 5b.
FIG. 54 is a right side perspective view of the thermistor of FIG. 5a.
30 FIG. 5e is an enlarged partial cross-sectional view of the thermistor element of
FIG. 5d.



FIG 5d. 6 DETAILED DESCRI PTI ON OF THE | NVENTI ON As shown in the draw ngs,

and particularly FIGs. 3a-c, the preferred enbodinment of the invention is

conprised of a ceram c seni conductor body (11), 5 conprising opposed sides
(42 and 43), including one or nore netal oxides. Afirst |layer of netal

el ectrode ma 5 i 12a and 13a) having a

t hi ckness of%&[%ggﬁgg%%myﬁ ﬂONt ed on each side of said

opposed sides (42 and 43). On the first layer (12a and 13a) is deposited a

d | f metal el ectrod terial b.and.13b d by a third
Tovor o “wetal ol Bt SheinBE SRS o) REtcUARY T 3 NPT | ayor (125
and 13b). OpéhBdtfnkNt ofdhd QHEﬁﬂbd i3 %6fp ﬁ&edrmtaaéeranﬁk%hfdaqeua&t wdyaquj,lZd and

13d) is deposited on the third |ayer (120 and 13c). An electri cont act
i s attached mnnmmnp@secbslé@t(ﬂadad Héymlmmgm@orsemmm&s Bdiargt f or

application ent .therm el a ta t

D s Tor Choiel bl Etoat RNt b Bhorisibk 8 pEAGERH e ifla) O AL saf itlind'®
whet her 15 émxamesstdﬁhoi; fuds ﬂianlsaﬁi@forﬁét&@ igdspodidel) orveudh ishie df@ﬂidQﬁipbsddn of
the fourth layer. The therm stor (100) of the present invention can be

formed from$d @a apdABk Onstbﬁiﬁ&smé{ a56d§a) lpﬂ@@rt%we@@m@yea of Bietaki ¢
sem conduct ofe. iGN £ 8k 8 ( nddisfb Bo1fed aSth ool 1&3&991*&%&%1&&8 é’ {eBa1
Flel’ ms

bodi es for ors. S prope ceram-c §sing techniques
are used0 t h{l2c and é3d)ionrthe ?&oﬁdtayap(cllzp} ahd ISE)TO@mbﬂalm arfovhﬂdlamr ofxdetal rom

any method known Jin the such as_ tape ca pressing, rusion,
i nj ection mof'& ecﬁ’atﬁ?ﬂz}z‘gﬂ}dt]e?’&)ésq@?ﬁﬁd "'I’-h%{}“"sdelﬁi"’c?(( %‘Ejé‘i‘b} ‘body (11)

canbe a flake, dAﬁfelec R cdilthcp iitaBhK qné@é dd@tn bn gih1aPE. The
first layer of netal ectr -materi (12a e any suitable 25
conductive n@tmcomiuctwr body fo?mplblmaabn yf thg préent tﬁdm1$(nr ’Ems elngtncalmmntWt ion
thereof, co ed Wt rit Ol’fl’l | ess ,S us.e he
rst | ayer s mghhs e BoRifg fo e qpts? trerbisloriceyrads aber ddemines petieh | e
to the vaf eriolubd ihdMbufiRIB%t (12d ahll 138Yand tﬂ@\é@xﬁﬁémh&?oﬁﬁ@ kduth lRyerSCr eeni ng,

pai nting, brushin spin-coating, dipping or other neans known or |ater
devel oped. The t hTk«hemistor (100 of thegiresent,igventionrsan be demnadHaom abysuitadhde 5
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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

L4

€5 shape.
"~ -« The first layer of metal electrode-material (12a) (13a) may be any suitable

25 condu-ctive 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.



and nost preferably 25 microneters. Therefore, it is considered a "thick"
fitmlayer. 7 The second el ectrode |ayer (12b and 13b) is nost preferably
deposited on the first thick layer (12a and 12b) by any suitabl e technique
such as el ectroplating or vapor deposition, with physical vapor deposition

(PVD) bei ng nost

‘reactive" netal '@&:ﬁ{?@&{ éﬂect@‘é laé,r%?@%nﬁl %}{S(}g&{‘g&%{ﬁ{ 1ycijﬁgwnot nﬁgér(m a
brittle int e‘imﬁha:lkllayerl(mﬂnﬂdab)hyhﬂrysmtabtehediquel suchaselectedpdatingade. The
second (12b and ) as. the third. d.13c) and. o nal
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d 12b) bec d
ohar Boter § ordtod, THa SR 2B T T8 FOFER st shitd q2etaRe  F) ik omgonst
several ' ot hearthelyetsy12d Bed IBdr)fﬁE f%itét'ﬂhéhkmeﬁﬁuér@ﬁxeié?é gndRSOMaN hvoies (1 2a

and 13a) is about 0.05 to about m cronmeter. The third el ectrode |ayer
(12c and 13dpicremefersoEhusetheprefemed sdditionpl laypesrare considergd ‘Shin” fdm laysrs.PVD of

any barrier netalg (ﬁ'%\”g nfion, the regn‘ed\/\éc 418 eri}@ett)l}I grr% u%geéjlrorslxr*fligd;#e?n’ Pt

is the preferredt yer’bec oes

t enper atlgr e thetdek filmAg 183K I(1%h drid 1206) tb@bdlﬁef)ﬂfts &gbﬂéamﬁé@tmdetssol dering
processes.  The thi rd l'ayer, (12¢ and 13c) is the key "bharrier" netal that

prevents | ead$AcHYe of aﬂ%ﬁnSHF’é& Ftbﬁfétqbbl% |f‘§ Wﬁﬂ%ﬁ@éﬁlﬁk fifm Agandysexeral r ed
t hi ck f t
5 or oret o et TS préed he B0y M belbha It (OB 4k Sphotea.gro

deposi t ed ortotabeuttlhinfolomeétayyer (12c and 13c) by PVD and consists of a fourth
el ectrode nmateri be which is atl bI t he
metal of an el ecﬁhegg}rSEEﬁFéﬁlwg?Bé E‘S%ﬁiéals QPQFléﬁdoO ée‘fﬂﬁlé S&bc he

met al dqgendgy 138) B&‘va/mngfbaﬁ?ér%étﬁ'sﬁcl&’%eﬂ Pa, R@QNdN?o?ﬁIobPGP'ﬂhﬁQ (shown

in FIGs. 5a-e) and/or wire bonding (shown in FI'Gs.” 4a-c) neans used for
attachi ng t HavartiennPiss the prtferred thirdeyerthiveauso éttdqes abmméute snderdiighent of this

t £ d fourth thin fil '
br e o r ed” bacmneathE pERdigs Sapng HSmlabe i tikh Frptiin HroE piodeish was
desi gned r edrtigthira 14yen(12e>hdi136)dk theteySBarREEmMER] Mt prevEMS Iaehsgbf 8kd gol d

wire can bond wth a high degree
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 (12¢ and 13c) by PVD and consists of a fourth electrode material which may be
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. 5a-¢) 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  offreliability. The preferred thickness of this fourth layer (12d and 13d) is from about

0.5 to about 2.5 micrometers.



30 of reliability. The preferred thickness of this fourth layer (12d and
13d) is fromabout 0.5 to about 2.5 mcroneters. 8 V FIGs. 4a-c and 5a-e
contain the sane therm stor element (100) represented in FIGs. 3a-c with
di screte conponent and surface nount wire bond/die bond conponent

confi gurations, gRAGLI MR Xa—e%@flfaﬁfﬂg@garhé’tlﬂ'lﬁﬁtor%?en?entkf(ﬁ))%ﬁ@gehieﬁ%
contacts arelntheformof wre made of “a materi al
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whi ch can be SN 10, SN95, or SN96. For her tenperature pﬁvl cations,

ot her boddi MAXimAYmOPSTasing tesppesaiureigfined by(‘ghwpbaatmyl fsowh@)htb meistofe 10
conposition t | an be
a high terrp(lﬁ%'[b l?lr{lge%%g)g exa%ple’ln%\l(/!vh?éadq}q?@g%lc%lgﬁ? g‘%ffgé %b %é? lat%(;ig%gk I ng on

t he choice @iatmmgllaﬁtoemwb&tafDumbe(fﬂé% dm/cdmmm cbppeepst)ldtehe@urface
of the therm stor. For exa conbi nation used in this invention was

Ag pl ated cSoveasths wimlsads wh csNbs SNIPgRIN9 3 or S0 Ber highexiteraperatirg h
t t bonded
wt tho SN0, saPRkhlions Bl GondilRHICRCE loh At AhIBIR S0 Qlophdifitse Donde

anot her 1@onfcompbsition cowbecusbéd. Au pl at ed Dunet | eads bonded with lowfire
conducti ve conposition and caqated vm &jﬁ | such

fire gla
conbi nati ons, as “\THBFY atng coaing mata hFa‘P ?é?’ @ég@pﬁfﬁgﬂewm o
i nt ended t 0 Q@ f?@({?%ﬁﬂl)bﬂ)o" g g?fis Rfe‘ﬁéﬁdlﬁg bﬂwehb&e ofﬁbﬁ‘ﬁng Aht&idld dngst rat e

the configuration mounting to a hybrid mcroelectronfc circuit
substrate. Tms,tmarbnmedrto(:dam)esmfanmuﬁﬂedﬂlmmsbomFend:)Weethecont act or pad

0-001°" b grmolens bt G B RaReT Pas Ake i £ fadh Biiesnh SAOHSE, .
el ectrodgs ofaneéoatt&iewith@r}ﬁ@lﬁ&ﬁfpefah%)epaﬂd AR ebMBinafisk 8éilabe Arga;siat(eé4)

usi ng therno-sonic npressi on or equivalent wire ball bonding nethod. The

manuf act ur e Nifleadp bm@tiférwlsswo saldey ansk copted withehigh tempryatird enoxpelimlarlyi t h

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
microelectronic circuit substrate. The thermistor (100) is mounted onto a substrate
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,



providi ng a suitable sem conductor for the desired application. Any

.sem conductor body, generally produced froma wafer or group of wafers
conposed of sintered 30 ceramic therm stor material known to be suitable in
the art, may be used in this invention. These wafers are preferably disc
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These hybri dr BTCrsemldotnduétOI%Snatyelﬁtlnsre&mEﬂithe prset ifiventioi L Specs such as
M L- STD-883 and M L-G 45204 to . sinp conmmer ci al speC|f|cat|ons defined by
the mcrocircuit Tﬁﬁﬁmeélft"{ﬂf@'rw%ﬁ}ed?“t trst daty is the A 98 ammpthigk avafer, wbicReen.

Ther e is pr %@H.@édwg?)éwtﬁgrrélgﬂ%fmm {‘mistdpeié?ﬁ nmﬁogﬁﬁugh@%_ L(ﬁ#is t hat

are thinner than 8nmm an ps t are muc
squar e. Howenesquar®vith a hbeirtad elecmﬂcaigysxstamecnfels) 0o odmrscaﬁﬁ%@,tck:signed toer

d d t hi t hi t
Vor cover  t RS A pENED ! Qupad mitropecit brigtine, e bt BB ) o

the fingd thepiFembas ral rn?d?ﬁM‘I'I.J$pe@9§uc'ﬂaa‘é?v1ﬁﬂsﬁ)f-§8@tanﬁ'l/1m-@ &52024‘&6“t ion, as
long as the elenment is orrred w t'h the sem conductor material in the

m ddl e and smlec@nmewd@pmﬁmwmdmddwy the puerociecust demifactereoaedor he waf er

used to cre nductor body (11) is provided, a thick filmAg
conductive L&ag eénﬁ?e geelé glass fit or frltless bi nder known to
be 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

\, this invention, as long as the element is formed with the semiconductor material in the
- middle and the electrodes being formed on opposite sides.

25 ) Once the wafer used to create the semiconducter 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



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,

ot her methods of applying the thick filmAg |ayer know to be suitable or
herei nafter developed in the art nay be 30 used, including, but not imted

o cecsean 50 ThaRewaiSithifle SRR bl 3et (1 fﬂi’mﬁs%g el o BHacA O
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el ect rodes é&%'lzp%eﬁdwmhys mwoped danmse iasHumf epproKineately 20 PAEE tef ect s i n
the sub Sequg%ve{)ﬂlilg &JrH Fﬂ)ﬁ gygflf téshgtrh if bgl%l% A fitan nant;r r}ﬁ%\?&gé%ust Qﬁlc\f@c ers

with fired ectrodes are stor unti |

t he nex10 pr ondsssusfaepof maltlhleld film\slagat. SWurﬂe@emtimhﬁnbiP‘dﬁ))the thick
wafers having_the first |ayer_thereon are renoved from

initiated The

the desi cca} gP Agtlsctenges (23 apﬁg3m®°l§sﬁavsatpegr dhssion apd syafacedefopts i iy of
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ex alrrpl 3 t hdnéloﬁlmxlﬁgrujeaﬁg\i}gs weatuled ifmet{me desizpiec ugtilethe Lklgpxﬂqgeeia;se st_epymllecti

appl i ed sequ | 0 ng order: Ti -0. m croneters;
Pt 20 0.5 mpﬁ ??i gﬁ/cgbd%gﬁltmq& rs The PVD machine is able to
hold a 14oler anCQ‘thwaférQ%\ﬁfl 9]'3}' Gahertd £¥PERSvdDOfoR Id ddsitstor
deposited. Belowis a |ist o gene l'y acceptable alternative netals and

their cor r plagethintothedpap @Rpmmhahdmmés@lm films efametals td bptissidesd Any PVD

?ng ;23 ;"g%@rﬁqﬂocewor fe(r)lgio%\évI Oﬁvél 8&3 8'61?&9? qﬁ%ﬁ‘é foretﬁl tﬁ dgpogﬁlto%l layer

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

(D—LD

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.

Below is a list of generally acceptable alternative metals and their

corrésponding approximate thickness that can be deposited by PVD onto the wafers in
‘the following 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



and alioys- 0.05 to 1.0 and preferably 0.1 to 0.3 microneters, depending on
the nmetal. Third ("barrier") metal layer (12c and 13c)- Pt, Pd, Re, W N,
Mo or conmbinations and alloys - 0.05 to 2.0 and preferably 0.3 to 0.7

m croneters, depending on the netal. 30 Fourth optional nmetal |ayer (12d
and 13d)- appr opr ' 5 : : f Y o 3.0
m croneters, depg'rl%gitvﬁaéggﬁg?}@g Iﬁr;ﬁéisg{terg%ﬁlgﬁlggst‘?}t@a cﬁgﬁﬁéggﬁlrl(l%%‘%vafers
of 0.08 nm dBa)thinefilnt Hi lakergd 2b and h3)hPtcllydri(l 2o gl 13zy end Abdayeaftld 4@a) t hin

filmTi |ay (12b and 13b), Pt. layer (12c,and 13c) and Au layer (12d and
13d) were rrgéfir)c‘@ﬁ‘ei“ﬁ‘_"g‘ﬁ SPB‘?‘r‘??‘Bh% 054}1’%‘%%”‘8‘«?# ?rf’?:‘ngialr’@'lﬂgﬁ?ﬁﬁ(‘_ﬁg%-l oad
nounting CoemBkt désigheRA hbRling\@rathRinseHANCbéMbeiha@l.s to be machined. 5
The nmounted therm stor sheets according to this invention were diced using
a saw whth a di dikemepuntesidbermistor sheets ateqrdunigdd thys inventiors were diggdatsing st o

chips (as shown..in.Fl G approximately 0.44 [ oLr

Chermi Stor  SRETAM S diaha Haah R Bed Pirticted oim - HR9E Fb P Y HBeB o
at 25C. The if BRG 3)abproRimitbly (MLAdsquai tolpadduee walteraidfoalemBitall JOYWith nches
per mnute. The feed rate can be slower, but 10 should not_ be nuch faster

in order toafFRstARCEYaltedR wale) of 40,000 ehmpat 25°6; Jrhedpedveatn of the divng saw

Al ternative Al ¢l i n Cl.l ci.rode | ayers
't ot her m <a0ny Har ppetiafii 30 Sl Gl ARl S M ERE RGBT hl

i ncl udi 1§ bshouldhot be mntlethstepin arder todhmimize adge Wiresnqn the thdrinistor dléraaani ¢
mlling tecg jques, can be used. 15 Therm stor elenments (100) can be nade

i nto other ﬂé;{ﬁes, such as rectangles or discs. Thermstor elenents (100)
can _be made int o Qideiiviniifods'ot A Qvift BB deorfbed Bl layafeat e
for discs and 0.4 rﬁc?rl?a{%,% mﬂdgr&g% ae%?ég]rh sléﬁgpes %nde rect angles,
dependi ng omntb tieeroéstor eleinents (1H0P axedinoivmrto bhisgitabidin the ertpimcludmgdes nghed. O

course, changes,, variat.ions, ;and nodifjcations t.g.the present invenfion may
20 rmke ¢ holuTe0at THE0HIERE g Semette with itasors i flinedFerBigies: SR G he
above. Kor ahemRisRr elepfidisi(1 00Aan beMsHHelihtdthed ¥Ripes 'Ha¥h AerdbRd1n B WRE t he
wafer and the first electrode |ayer, between the first and second

el ectrode | dermistor glements| (3AQ) can bemasierintomther sizaswenging from &4 mmie i ned

t hrough t he er.. all ch_var,i ati ons intended to fall

W thinthe. SR Br RNE I giscBang Rt 8 s 0Bl MR oy oy
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
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 api)ended claims.

30
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25 the: appended claims. 30 12 11111111111111111111111 Il 1111 CLAIMS: 1.
A therm stor conprising: 5 (a) a sem conductor body co s

surfaces; (b) a first electrode | ayer deposited outward’ |
surfaces of the sem conductor body, said first |ayer beﬂmm&mﬂﬁ@ﬂﬁm
first elect r@qﬂﬂ‘g erial conprising a conductive netal aw s

t hi ckness o ss than about 5 mcroneters; 10 (c) a.second el ectrode
| ayer deposited outward of said first |layer, said second |ayer being
formed of a secorfd el.ectrode material conprising a reactive netal, said
second | ayer havilnd* WeTRISIk SEURHFNE Lot nore than about 5 micrometers; (d) a
third el gctrode (HuenicRantbetodtdomptkin twtAdphosRinlcdsayer, said third

| ayer being forned of a third el ectrode material conprising a barrier

metal , said thir &) afirst elpetrodedwyen geposithd oktvessd obsaihoppased surfasamobtbout 5

outvara of - SatopcRor sOBYBRF sk eyt oy BF4 SR Blo- AU AR L Fou

el ectrode nebMptisihg a 28hdhctios rickallafd Baviig ¥itiigkneds b hdtHebe Santiboiots Nore t han
about 5 mcraoneters. 2. The thermi stor of Caim1 wherein the sem conductor

body is for FIGFOBRIEES; 20 ceranmic material conprising one or nore netal

oxi des. 8. The thear.m ' | | I er has
a thi ck}lgss of gﬁegiﬁﬁlgéfﬁﬁey%gﬁﬁgé@%ﬂg% ghen%{%aﬁcgf_irsgi_a?f%gﬁﬁ %gérdr?#lst or of
Cl ai m 3 whelayenbdihg fdrimed tof alsecnd el tiody aratdiak camprising o emstivomeheaid 25
mcronmeters. 25 .= 5. The therm stor of C:Ia%m&#?v\,h rein the conductive netal
of the firsBecoBfl LAyer Bardngathirkngss pknqtmars tapghey PRBESNnsi sting of Ag,
Pt, Pd, Au and  eoHinfallisd@iYetddpBlited diekEQlof sfid stiimdlIBfiHatd fird0f C aim
5 wherein the fi?(?t echtrode rrg‘tseréipaf{l corrpr?\[geoss Agf vvithgfo\lerr’g% ass 1;‘rit or
fritless bi tejer being formed of a third electrode material comprising a barrier metal, said third

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

(e) optionally, a fourth electrode layer deposited outward of said third layer,
said fourth layer being formed of a fourth electrode material, said fourth 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

20  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.

25 - - - %5. The thermistor of Claim 1 wherein the conductive metal of the first
electro—de material is taken from the group consisting of Ag, Pt, Pd, Au and
combinations and alloys thereof.

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

30 7. The thermistor of Claim 1 wherein the reactive metal of the second
electrode material is taken from the group consisting of Ti, V, Cr, Zr, Nb, Tc and

combinations and alloys thereof.

13



30 7. The thernmistor of Claim| wherein the reactive-rrgHml,H"m,lm’

el ectrode material is taken fromthe group consisting off} I, ﬂm Nb,
Tc and conbinations and alloys thereof. 13 CL MS 8. The thérnf'stdr ©
Claim1 wherein the barrier netal of the third electrode nmaterial is taken

fromthe group c@ngisting: . : - [ hans and
al | oys thereof. g q‘#ﬁgﬂe?lﬂg?én%@{cg?lﬁg v@ggllﬁn%fly\?\ﬂ’grr ?ﬁk rt?}'?) Eéhegt?ggte[%ggﬂﬂm eri al
of the opti matial 5 tileurfrdm &ecgronw densisting of PiyPdnResWdNi chfgamidses a net al
which is corg)a}t).i b.e with the. netal of an electrical contact to be bonded
thereto. 10°0mdippligngand glloysherepti ng: (a) a seni conductor body forned of a

ceram c mat eri al 9C P EHeSMAGrVITINMm 1 WheRiNBedlecRSddRatefal bitlie bpRompPOsed
surfaces; 10 (b) a first electrode | ayer deposited on at |east a portion of

sai d opposefurtheldcirods layer, whengsed, comgrisesaymetaliyhich a§ ebnipatible with ¢her ode

| ayer conprjsj Ag .and -havin t.hi ckness of from about 10 to about 40

m cr onet er Sr,netaiﬁfggglgggﬁ'&l cé’l"kaac?ﬁogb ebqngflcgﬁ‘efféoposi ted on said first el ectrode
| ayer, said secongl Aehe@iistefl€ohpigng:conprising Ti and having a thickness of
fromabout 0.05 to about 1.0 15 microneter; (d) a third el ectrode |ayer

deposited on sai tP) @semepndneier bestydormgdef 2 expmictmaterial compEising e |k er

conpri si ng | 1 m about 0.1 to about 1.0
m cronet er s};%tofégsﬂggb%S?%Pl&éﬁ%%%%%{%{&%posi ted on said third el ectrode
| ayer, Bhid four(H)afiét dearidedsier dgysited ompiriesst a gporionasfdaidaoppogeda t hi ckness

of fromabout 1.0 about 3.0 microneters. 11. A nethod of nanufacturing
a therm st o?uréaaﬁiﬁf @F ﬁgnwﬁag%gd;od& said Yirgy elegfrode]ayes compNEBE AR body

having 0pp0ﬁ§§%§%gﬁame§paf£&a%wh o%bgﬁtrﬁfmfségﬁétéﬁfje layer on at |east a

portion of e sal opposed sides o semni conduct or body, -said
first electrode {(Qpeecadmiedtmidadpyar depmsidedcon said fimst electaode lageri segd secohd ckness
of from abO&%ct%gdetlgye%ggrlgpﬁgglgrﬁii %hd ﬁg\;igé 2 thickness of from about 0.05 to about 1.0
15  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
20 electrode layer comprising Au and having a thickness of from about 1.0 to about 3.0
micrometers.
11. A method of manufacturing a thermistor comprising the steps of:
(a) forming a semiconductor body having opposed sides;
- «(b) depositing a first electrode layer-on at least a portion of each of said
25 oppose:d sides of said semiconductor body, said first electrode layer comprising a
conductive metal and having a thickness of from about 10 to about 40 micrometers;
(c) depositing a second electrode layer on said first electrode layer, said
second electrode layer comprising a reactive metal and having a thickness of from

about 0.05 to about 1.0 micrometer;
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(c) depositing a second el ectrode | ayer on said first eI i d
seeond el ectrode |ayer conprising a reactive netal and hqumm“ﬁ";'!'ﬁﬁ
of from about 0.05 to about 1.0 microneter; 14 * C ~

depositing a third el ectrode | ayer on said second el ect rode | ayer, said

third electrod t al f
from about 0. 05 (DERDURE DU fIchBIBIEFLEn £ SGoPR Girstioye IEn SRRy o
forth el ect eRggodeAMPér c@ﬂlp‘f’i@in% A U6l 18¢t81Cdnd A Rins @M BIcknes? of &ioth atswt blos

el ectrode | ayer having a thickness of from about 0.3 to about 5.

m cr omet er sto abput TPanigeametersof C ai m 11 further conpri sing the step of
ttachi t f t t f

cai d opposed s a8 oPhERILE OB ing TofR aliBhe BY ST By ReRiardle FREL, ©

cont act s5 ar saidtftwathhelecticdelldyer having dttisitkdesy 6f fréiy aboUtdR3 torghounslodi ng,
conductive adhesives or wire bonding. 14. The nmethod of C aim 11 wherein
the first IHV?Pmeﬁerﬂepom ted on the sem conductor body by a nethod taken

fromthe group cgasiy fofA or spin
coati ng. 5. The et e Peast gI AR 4 ' et 3 Letfieihl 3k dbos bt 88 0, P2 ",
sprayi ng. tlectiigal c‘blnmctrmdmcdxtelfelﬁtmdaiamr o edohiof shideppesedrsitest hi rd and
optional fourth ayers re osited._by. vapor depgpsition or

el ectropl ating. i% ﬁﬁ dﬁ &’lhﬁﬁ}éﬂt G_["F P%‘rﬁﬁtq ?Fﬁ&a‘fh’?ét%f}@p of
sel ecti 1@ aBuféHIa?Er by ﬁﬂd’énr@a%ﬂiu% cbificGOERRSVESr Wire bBRdiRLECL T cal

contact to be atfached thereto 25 15

14. The method of Claim 11 wherein the first layer is deposited on the

semiconductor body by a method taken from the group consisting of spraying, screen-
printing, brushing or spin coating.
15. The method of Claim 14 wherein the first layer is depos1ted by spraying.
15 16. The method of Claim 11 wherein the second, third and optional fourth
| layers are deposited by vapor deposition or electroplating.
17. The method of Claim 11 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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