1 4 FEB 2096 THERMOCOUPLE CERAM C BEAD | NSULATOR BACKGROUND OF THE

| NVENTION (1) Field of the Invention The invention relates qb?,

t her nocoupl e device and, nore particularly, to a thernocou%l ¢8vilhls
having a ceram c bead insulator. (2) Description of the Prior Art A
thernocouple is a tenperature sensing device. In integrated circuit

manuf acturing, therpRGOUPLEE: @ERNMSEURcfiPr [ @XAMPl&, 'O measure the
tenperature in an oxidation furnace. For exanple, an oxidation furnace nay

be wused for growi ng of oxide, drive-in of do-pants, |ow pressure chem ca
vapor deposition, annealing, and so on. Al of these processes nust be
perfornmed at specifiBACEGREUADUDESTHE Al tteNTDSoUpl e is. used to check the
accuracy of the tenperature setting of the furnace. Fig. 1A illustrates a
typi cal thernocouple having a ceram c bead-type insulator- A pair of
parallel _wres are connected at one end to a thernocouple 10 and at the
oppositeé EmBlfoch EBRANERYBRLHPAg 12. The ceranic beads

The invention relates to a thermocouple device

and, more particularly, to a thermccouple device having a

ceramic bead insulator.

{2) Description of the Prior Art

A thermocouple is a temperature sensing
device. In integrated circuit manufacturing, thermocouples
are used, for example, to measure the temperature in an
oxidation furnace. For example, an oxidation furnace may bhe
used for growing of axide, drive-in of dopants, low pressure
chemical vapor deposition, annealing, and so on. All of
these preocesses must be performed at specific temperatures.
A thermccouple is used fo check the accuracy of the

temperature setting of the furnace.

Fig. 1A illustrates a typical thermocouple
having a ceramic bead-type insulator. A pair of parallel
wires are connected a%t one ené to a thermoccuple 10 and at
the cpposite end to a connector plug 12. The ceramic beads

shield the wires and prevent the wires from shorting and




shield the wires and prevent the wires fromshorting and 1 1 twisting. This
type of thernmocouple may be used in any type of high tenpey at ur-e 05
environment in which flexibility is desired; that is, the w'Tes“caibend.
In the thernocoupl e design of the prior art, shorting of the thernocouple
Wi res may occur. For exanple, as shown in Fig. 1B, because of the ceramc
bead t4idesngn, Thhe theendcoupkenvibesibehneenethg-beads arereasily
exposed. The exposed wire 16 is easily shorted when heated. Because of

t her nBf BxpAnsFBReditEhe whvespnkhetwineshimy beetwbstedy o deforned 18.
Twi sted or deformed wires also are shorted easily when heated. Shorting of
the wiF8s*FRsuFtati At nEbRreéretefiper BeOfe sensing causing | oss of control
of the oxidation furnace tenperature; and the potential of scrapped wafer
lots. It is desired to inprove the design of the ceramc bead insul ated

t her nrocoupl e so t hat thg go%gntial foi ghorting s greatly reduced. U.S.
Pat ent 5, 043,023 to Bantiey BRbliRCguPle design 6f theé prior art,

shorting of the thermocouple wires may occur. For exanple,
as shown in Fig. 1B, because of the ceramic bead 14 design,
the thermocouple wires between the beads are easily exposed.
The exposed wire 16 is easily shorted when heated. Because
of thermal expansion of the wires, the wires may be twisted
or deformed 18. Twisted or deformed wires also are shorted
easily when heated. Shorting of the wires resulits in
incorrect temperature sensing causing loss of control cf the

_oxidation furnace temperature, and the potential of scrapped

wafer lots.

It 1s desired to improve the design of the

|
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|

ceramic bead insulated thermocouple so that the potential for

shorting is greatly reduced.

U.S. Patent 5,043,023 o Bentley shows a

metal~-sheathed thermocouple having a ceramic insulator
between the wires and the sheath. U.S. Patents 5,811,761 to
Kita et al and 6,102,565 to Kita et al disclose thermococuples

having ceramic sheaths molded around the wires wherein the



nmet al - sheat hed t hernocoupl e having a ceram c insulator between the wires
and the sheath. U S. Patents 5,811,761 to Kita et al and 6,%Q$¢5§59&9 Kita
et- al disclose thermocoupl es having ceranic sheaths nol ded' ar dand“tife
wires wherein the 2 ceramic sheaths are encased in a protective pipe. U S
Pat ent 4,937,434 to Nakao shows novabl e thernocouples in a furnace. U S
Pat ente42056, B76atbsMutsubashieat ial h. pshows: a.« heater apdsa thernocoupl e
t her nonet er. SUMMARY OF THE | NVENTI ON Accordingly, a principal object of

t he pFesent 4ifveéntPéntpsNabaprekbde anvanpeovedritbesnpcouple having a
ceram_c bead insulator. In accordance with the objects of this invention
an i nproveact he¥ mocotiplénhati A§0a8@8r ani ¥ibeadashhset atbrshswachi eved. A
pair gf ¥ALes i,n paéallel is joined at a first end to a thernocouple and
j oi neld®8t=4 8BCoRd BRETOEEURIB0RABERBREtFHe pair of wires is threaded

t hrough each of a series of interlocking ceram c beads wherein the series
of interlocking ceramc beads fornms the ceram c bead insulator

SUMMARY CF THE INVENTION

- Accordingly, a principal object of the present
invention is to provide an improved thermocouple having a

ceramic bead insulator.

In accordance with the objects of this
invention an improved thermocouple having a ceramic bead
insulator is achieved. A pair of wires in parallel is joined
at a first end to a thermocouple and j;ined at a second end
te a connector. The pair of wires is threaded through each
of a series of interlocking ceramic beads wherein the series
of interlocking ceramic beads forms the ceramic bead

insulator.
BRIEF DESCRIPTION OQF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is showrn:



BRI EF DESCRI PTI ON OF THE DRAW NGS I n the acconpanying drawings form ng a
material part of this description, there is showmn: 3 1 4 FE81&99§QF“§%5 I A
and 1B show a ceram c bead-type thernocouple of the prior arti‘Fﬁgé. A
and 2B show a preferred enbodi nent of a ceram c bead-type thernocouple of
t he present invention. DESCRI PTION OF THE PREFERRED EMBODI MENTS The present
i nvention provides afigsprdvedndcéraminouwbeadetypect besapeowpl e. Figs. 2A
and 2B illustrate the inproved ceranm c bead thernocouple of the present

i nventi'GATORSFELE RE {OW RBRETparti-cularly to Fig. 2A, there is shown an
isonetric view of the-inproved ceram c bead-type thernocouple of the
present invention. A pair of parallel wres 30 are connected at one end to

a thernocoupl e 20 angia% 2 e _oppa ite end to a connector plug 22. The
connector plug is confgct &G £8% “CemPeratuPeSEEREREl PEPOCASESheWN. The

gpe:Eg%gg%gﬁﬁgkggggggtﬁﬁg kﬂ%%h%%%%pq% ot gi%rgg%g% %ﬁbel%%o%qique design

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention provides an improved
ceramic bead-type thermocouple. Figs. 2A and 2B illustrate
the improved ceramic bead thermocouple of the present
invention. Referring now more particularly to Fig. 24, there
is shown an isometric view of the improved ceramic bead-type
thermocouple of the present invention. A pair of parallel
wires 30 are.connected at one end to a thermococuple 20 and at
the opposite end to a connector plug 22. The connector plug

is connected to a temperature controller, not shown.

The thermocouple wires 30 are insulated by
ceramic beads 24. The unique design of the ceramic beads
greatly reduces the likelihood of exposing and shorting the
wires 30. The ceramic beads in the prior art are
rectangularly-shaped as shown in Figs. 1A and 1B. Fig. 1B
shows that the wires can be exposed easily between beads,

especially after thermal expansion of the wires.




greatly reduces the likelihood of exposing and shorting the wres 30. The
ceranm c beads in the prior art are rectangul arly-shaped as fgompriﬂggigs-
1A and 1B. Fig. 1B shows that the wires can be exposed easily Bt wed
beads, especially after thermal expansion of the wires. 4 M5 Referring now
to Fig. 2B, the unique shape off' the ceram c beads 24 of the present

i nvention can be seefigfeThengerani cobeads are E@énﬁﬂi&@easﬁhggaB@- The
T-shaged beads are interl ocked so that a wide portion of a first T- shaped
bead t8¢atfaeBhaf PB2asnatrel pbet Ponsehtaiseeohdod- cshapedsbead. L-shaped
beadsT%g ga% be used.as the cagping beads on each end of the thernocouple,
as shown. “Th&“ W dB®Por F 6n BF"ERe l- dhapelapeadsTon Bachapad are adj acent

to a ow_portion,of, the adjacent T-shaped beads. Because of the
intenggé%né%gfl%hgr%Qgﬁ%geao %Eﬁﬁs? tRECWPPES 1 GReChoR EXpBSEeB-easily and

t here a ne easiLy. The flexibility of the ceram c bead
thern%ggggﬁeggggigﬁ ?29%%§%Fa?§eé.n&5F8WiBOE%laﬂyo t hefecond T-

shaped bead.

L-shaped beads 26 may be used as the capping

beads on each end of the thermocouple, as shown. The wide
porticn of the L-shaped beads on each end are adjacent to a

narrcw portion of the adjacent T-shaped beads.

Because of the interlocking of the T-shaped
beads, the wires are not exposed easily and therefore, are
not shorted easily. The flexibility of the cefamic bead
thermocouple design is maintained. Ceramic or any other
insulator material that can withstand high temperatures can

be used in making the T-shaped and/or L-shaped beads.

The thermoccuplie of the present invention
avoids the shorting problems of the prior art, thus
preventing loss of temperature control, and the potentially
scrapped wafer lots. The unigue ceramic bead desigé; L.e.,

T-shaped interlocking beads; greatly reduces the probability

of exposing and sherting of the thermocouple wires.




insulator material that can wthstand high tenperatures can be used in
maki ng the T-shaped and/or L-shaped beads. The thernocoupl efdf “he zpigesent
invention avoids the shorting problens of the prior art, thus preventing
| oss of tenperature control, and the potentially scrapped wafer |ots. The
uni que ceramic bead dgsiy nige.gthzTnshaqg@;interloc%%gglbeads; greatly

reduces the probability of exp05|ﬁgnéﬁh S orf?ﬁbsﬁ¥' 1téﬁé'ryrmcouple W res

o L I erkR 2096 AMhid:e dehe Jinentd ot dias, beenpardicul arly | shown and
enpodi

described with reference to the preferred ments thereof, it wll be

under stnood imertoseeakddd ed ¢ Wi the@ninddadt dal iBus iehangss: 1ined or m and
details may be nade wthout departing fromthe spirit and scope of the
i nventiirortheWeatt ithaal aiareithiss .cfar ek FEB £206n Avdderdmeouplghayd ng a
ceram c bead insulator conprising:

made without departing from the spirit and scope ¢f the

invention.

What is claimed is:




a pair of wires in parallel joined at a first end to a thernocouple and
joined at a second end to a connector; and a series of interlocking

ceram c beads wherein each of said interlocking ceram c beads has a T-shape
wherein said pair of wires is threaded through each of sai d i nterl ocking
ceram c beads wherein said series of interlocking ceram c 4beags Hogps said
ceram c bead insulator and wherein a wide portion of sai d shape of a
first one of said ceramic beads is adjacent to a narrow portion of said
T-shape of a second one of said ceram c beads. 2. The thernocouple
according to Claim1l wherein a first ceramc bead in said series and a

| ast ceram c bead in said series have an L-shape and wherein all other

i nterlocki hg ckrdwirechesds PAVSRE ¢t Serpesc hagd anTulsiigpe. 3. The

t hernocoupl e according to daim2 wherein a wide portion of said L-shape
of said first ceétmfiléihbead is adjacent to a narrow portion of said T-shape

of a second ceramc bead and wherein a wide portion of said T-shape of
sai d second cerani c béddTi &F dHj&EcCent ffélfa&iﬁér?‘ﬁvvedp?ﬁﬁ dr 6F € d°T¥shape

of athird ceramc bead. . 7
thermocouple and joined at a second end to a connector; and

a series of interlocking ceramic beads wherein each of
said interlocking ceramic beads has a T-shape wherein said
pair of wires is threaded through each of said interiocking
ceramic beads wherein said series of interlocking ceramic
beads forms said ceramic bead insulator and wherein a wide
portion of said T-shape of a first one of said ceramic beads
is adjacent to a narrow porition of said T-shape of a second

one 0of said ceramic beads.

Z. The thermocouple according to Claim 1 wherein a first
ceramic bead in sald series and a last ceramic bead in said
series have an L~shape and wherein all other interlocking

ceramic beads in said series have a T-shape.

3. The thermocouple according to Claim 2 wherein a wide
portion of said L-shape of said first ceramic bead is
adjacent te a narrow portion of sald T-shape of a second
ceramic btead and wherein a wide porticn of said T-shape
of said second ceramic bead is adjacent to a narrow

portion of said T-shape ¢f a third ceramic bead,




1 4 FEB ?MR 4. The thernocouple according to Claim2 wherein a wide portion
of said L-shape of said |last ceramc bead is adjacent to a narrow portion
of said T-shape of a second ceram c bead and wherein a wi de portion of
said T-shape of said second ceramic bead is adjacent to g’garf"n?%@zorti on
of said T-of a third ceramc bead. 5. The thernocouple acc r(ﬁt‘ng"‘t‘o Claim
1 wherein said pair of wres are kept fromshorting and twi sting by said
series of interlocking ceram c beads. 6. A thernocouple having a ceramc
bead insulator conprising: a pair of wires in parallel joined at a first
end to a thernocouple and joined at a second end to a connector; and a
series of interlocking T-shaped ceram c beads wherein said pair of wires
i s threaded- t hrugltheaehcofrliesardoidingr Fodkiony T-whaped eerdd eobebds
wherein said series of interlocking T-shaped ceram c bead forns said
ceram ¢ bead i nslilsgidr L-shaprheft pekhdéstipteragdeoberhd st 894G &h 6°wherein a
W de narrow portion of said T~shape of a secend ceramic bead and

wherein a wide portion of said T-shape of said second ceramic

bead is adjacent to a narrow porticon of sald T-of a third

ceramic bead.

5. The thermocouple according to Claim 1 wherein said pair of
wires are kept from shorting and twisting by said series of

interlocking ceramic beads.

6. A thermocouple having a ceramic pead insulator
comprising:
a pair of wires in parallel joined at a first end
to a thermocouple and jeoined at a second end to a
connector; and
a series of interlocking T-shaped ceramic beads
wherein saild pair of wires is threaded through each of
said interlocking T-shaped ceramic beads wherein said
series of interlocking T-shaped ceramic bead forms said
ceramic bead insulator.
7. The thermocouple according to Claim & wherein a wide
portion of said T-shape of a first one of said ceramic
beads is adjacent to a narrow portion of said T-shape of

& second one of said ceramic beads. s




portion of said T-shape of a first one of said ceramic beads is adjacent
to a narrow portion of said T---shape of a second one of said ceramc
beads. 8 1 4 F s ?0 8. The thernocouple according to Claim6 wherein a
first ceramc bead in said series and a |ast ceram c beag 4§ mrsapglisseries
have an L-shape and wherein all other interlocking ceramc beads in said
series have a T-shape. 9. The thernocouple according to Caima8 wherein a
wi de portion of said L-shape of said first ceramc bead is adjacent to a
narrow portion of said T-shape of a second ceram c bead and wherein a w de
portion of 8sai drhel-tSlapecoiplsahdesatondteetlanincs bgat<is adj acent to a
narrow portion of said T-shape of a third ceramc bead. 10. The

t her nocoupl e actordi rgréwi Chabm B: wedekerigswede porasitonepdrnisai d L- shape of
said |l ast ceramc bead is adjacent to a narrow portion of said T-shape of
a second ceranpeahéadsaltl sprérei e whde pgorei ond ofhesaild 24- shape of said

second cerami c bead is adjacent to a . . ‘
other interlocking ceramic beads in said series have a

T-shape.

9. The thermocouple according to Claim 8 wherein a
wide portion of said L-shape of said first ceramic bead
is adjacent to a narrow portion of said T-shape of a
second ceramic bead and wherein a wide portion of said
T-shape of said second ceramic bead is adjacent to a

narrow portion of said T-shape of a third ceramic bead.

10. The thermocouple according to Claim 8 wherein a
wide portion of said L-shape of said last ceramic bead
is adjacent to a narrow portion of said T-shape of a
second ceramic bead and wherein a wide portion of said
T-shape of said second ceramic bead is adjacent to a

narrow portion of said T-shape of a third ceramic bead.




narrow portion of said T-shape of a third ceramic bead. 9 1 4 F;B 2E 06 11.

The t hernocoupl e according to Caim6 wherein said pair of wires are kept
fromshorting and twisting by said series of interlocking ceram c beads.
12. A thernocoupl e having a ceram c bead insul ator corrprii ﬁi 2 ﬁﬁﬁ)ai r of
wires in parallel joined at a first end to a thernocoupl'e and’jol ned at a
second end to a connector; and a series of interlocking ceram c beads
wherein said pair of wires is threaded through each of said interlocking
ceram c beads and wherein a first ceramc bead in said series and a | ast
ceram c bead in said series have an L-shape and wherein all other
interlocking ceram c beads in said series have a T-shape and wherein said
series of inhterTieckhagreeraiecacdeadsaof benslasai 8 ¢erranncsdead i nsul at or.
13. The thernocouple according to Claim12 wherein a wide portion of said
T-shape of one wfimaifdvcersanire bedds ey shorting and twisting by

said series of interlocking ceramic beads.

1z. A thermocouple having a ceramic bead insulator

comprising:

a pair of wires in parallel joined at a first end
to a thermocouple and Jjoined at a second end to a
connector; and

a series of interlocking ceramic beads wherein said
pair of wires is threaded through each of said
interlocking ceramic beads and wherein a first ceramic
bead in said series and a last ceramic bead in said
series have an L-shape and wherein all other
interlocking ceramic beads in said series have a
T-shape and wherein saild series c¢f interlocking ceramic

beads forms said ceramic bead insulator.
13. The thermocouple according to Claim 12 wherein a

wide portion of said T-shape of one of said ceramic beads is

adjacent to a narrow portion of said T-shape of an

10




adj acent to a narrow portion of said T-shape of an 10 14=LB 2066 adj acent
one of said ceram c beads. 14. The thernocouple according to Claim1l2
wherein a wide portion of said L-shape of said first ceramc_bead is

adj acent to a narrow portion of said T-shape of a secong er ot H0bead and
wherein a wide portion of said T-shape of said second ceramc bead is

adj acent to a narrow portion of said T-shape of a third ceram c bead. 15.
The thernocouple according to Claim 12 wherein a wide portion of said
L-shape of said last ceramc bead is adjacent to a narrow portion of said
T- shape of a@jacsetonde cef a&miid beadhiandeavherein a wi de portion of said
T-shape of said second ceram c bead is adjacent to a narrow portion of
said T-shape of a third ceram c bead. 16. The thernocouple according to
Claim 12 wherein said pair of wires are kept fromshorting and tw sting by
sai d seriesdof Thi éhesEREMP Cepraftiigatis. Clipfin 12 whereln a

wide portion of said L-shape of said first ceramic bead
is adjacent to a narrow pertion of said T-shape of a
second ceramic bead and wherein a wide portion cf said
T-shape of said second ceramic bead 1s adjacent to a

narrow porticn of said T-shape of a third ceramic bead.

15. The thermocouple according to Claim 12 wherein a
wide portion of said L-shape of said last ceramic bead
is adjacent to a narrow portion of said T-shape of a
second ceramic bead and wherein a wide portion of said
T-shape of said second ceramic bead is adjacent to a

narrow portion of said T-shape of a third ceramic bead.
16. The thermocouple according te Claim 12 wherein said

pair of wires are kept from shorting and twisting by

sald series of interlocking ceramic beads.
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