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BACKGRQUND OF THE | NVENTION *G~2* (1) Field of the Invention The invention

relates to a thernocoupl e device and, nore particularly, to
devi ce having a ceram c bead insulator. (2) Description of th” i’@mm’m,ﬂ!
thernocouple is a tenperature sensing device. In integrated circul

manuf act uri ng, a to nmeasure ta"%”
tenperature in ans%gggg@t{BgﬁiFu?ﬁgg‘g?gFgggf@xgﬁ%p@kﬁgﬁ oXi datl

be used for growi ng of oxide, drive-in of dopants, |ow pr es M@mﬂmﬁi
vapor deposition, annealing, and so on. Al of these processes

performed at specifi %At%@ﬂ@b%b“b@sfm'ﬁ &W‘E‘ﬂf‘%‘i@ﬂp' e is used to cHfé¥R*the
accuracy of the tenperature setting of the furnace. Fig. IAillustrates a

typi cal thernocouple having a ceram c bead-type insulator. A pair of
parallel wires are connected at one end to a thernocouple 10 and at the

opposi(t1ly N1 oF chrnacGiv@ntilong 12. The ceram c beads shield the wires and
prevent the wires fromshorting and 1 ~i twisting. This type of

t hernocoupl e may be T¥ed iinveaitidnypeletds ¢iv tae meraiadotipdy idesninent i n
which flexibility is desired; that is, the wires can bend. In the

t her meeuplve e piagrt igfultard yor iter arthemiemaupie cfevime theerinecaupl e wires
may occur. For exanple, as shown in Fig. 1B, because of the ceram c bead 14
desi gifemafE & t’i’&ar?odd’@m t@%-es between the beads are easily exposed. The
exposed wire 16 is easily shorted when heated. Because of thernmal expansion
of the wres, the wres may be twi sted or defornmed 18. Twi sted or deforned

W res (aj)sq)t rcyne%teacsrléym I{}e@\ted Shorting of the wires results in
i ncorrect enpe ure senS|ng cau5|ng | oss of control of the oxidation

furnace tenperature, gand,dhg, r]%] Ofr S apped-dad sl Qys. It is
desired to inprove the design of e ceram ¢ bead insul ate t her nocoupl e so
that tdwe, et entidlidodgshadd | O dsi Oreatl yad@deed, thermocouples

are used, for example, to measure the temperature in an

oxidation furnace. For example, an oxidation furnace may be

used for growing of oxide, drive-in of dopants, low pressure

chemical vapor deposition, annealing, and so on. All of

these processes must be performed at specific temperatures.

A thermocouple is used to check the accuracy of the

temperature setting of the furnace.

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

shield the wires and prevent the wires from shorting and



U S. Patent 5,043,023 to Bentley shows a netal -sheathed thernocoupl e havi ng
a ceram c 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 thernocoupl es
havi ng ceram ¢ sheat hs nol ded around the wires wherein the 2 ceramc
sheaths are encased in a protective pipe. U S. Patent 4,937,434 to Nakao
shows vahl e therx | es 4 n. Qﬂﬁﬁ. atents 4,9 7 0

M t suhas E‘fi’é)leeg'al elg{:?o%cms%%eoa erlrhaea{l"gjra er n%oai,oﬁ% e de?ir?oﬁagpgr%&s%MVARY OF
THE | NMENITIEN ARG Y ey i d died Pl 5 PRirecdn of 1 &8 Presents i nvention is
to provide an inproved thernocouple having a ceram c bead insulator. In
accor dadwierad £ eHdre iah) etiess wifrddiGad myved j on an i nproved t her nocoupl e
having a ceranmi c bead insulator is achieved. A pair of wires in garallel is
joined at a first end to a thernocouple and joined at a second end to a
connector. The pair of wires is threaded through each of a series of

i nterl ocking cerani c beddse wiersioctlel seteesgmfof ntler |mclengacer ami ¢ beads
forns the ceram c bead insulator. BRI EF DESCRI PTION OF THE DRAWNGS In the
acconpsA Hndireiv te fherhnecper hatwites pay toofur hi sfeeserampleon, there is
shown: 3 Figs. |A and 1B show a ceram c bead-type thernmocouple of the
prior &% tShayysin N andl BB ReeRNSe PP Ef B¢ cteedmbdi e bt deeedani c

bead- type Lherancounl o of 108 PLeSen A0SO DFSR T L SEIHE
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 results in
incorrect temperature sensing causing loss of control of the
’oxidation furnace temperature, and the potential of scrapped

wafer lots.

It is desired to improve the design cf the
ceramic bead insulated thermocouple so that the potential for

shorting is greatly reduced.

U.S. Patent 5,043,023 to 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 thermocouples

having ceramic sheaths molded around the wires wherein the



The present invention provides an inproved ceram c bead-type thernocoupl e.
Figs. 2A and 2B illustrate the inproved ceram c bead thernocouple of the
present invention. Referring now nore particularly to Fig. 2A, there is
shown an isonetric view of the inproved ceram c bead-type thernocoupl e of
the present invention. A pair of parallel wres 30 are connected at one end
to a tQS%x cou@é%é%% %ﬂg at thedaggp%jte nd_.t.0 a connectpr. pl ug 22. The

1C S encase rotectiv e. LS.
connector plug 1's connec ed 36 A tenperature coﬁiﬁﬁﬁ1er, not” shown. The

t her mocauplie tiges 30 AP i Ahed D enAT G heads A dhe inj que design

of the ceram c beads greatly reduces of "exposi ng and

short ifig-ridie W ness 3Gatkit: Cerady BReads Mitdddii ot Al Hfws a
rectangul arl y-shaped as shown in Figs. A and 1B. Fig. 1B shows that the

W I es et die axpas etheadsd dgudied Wakirrmadtssy especial ly after thernal
expansion of the wires. 4 Referring now to Fig. 2B, the uni que shape of
the ceram c beads 24 of the present invention can be seen. The ceramc
beads are fornmed in a T-shape. The T-shaped beads are interl ocked so that a
Wde portion of a fi riMIERapEd THRJNENLj@Gtent to a narrow portion of a
second Tshaped bead. L-shaped beads 26 may be used as the cappi ng beads on
each end of the thernocouple, as shown. The wi de portion of the L-shaped
beads on each end are adjacent_to a narrow portion of the adjacent T-shaped
beads. Because of thePrFFREFIRELY nP AT MRS HRPERC heabisthe er§F$RS are not

d easily and theref “not_shorted easily. The flexibility of
Che cerSiPAt HEAG-T HE? BLOUPTS HosHERF 7Eeqar A AT REd s Lor ARTEI8r 2 any of her

i nsul at dah 1h g@g%mﬁthstand hi gh tenperatures can be used in
maki ng ?%%H?égéaped a%%}or -shaped beads. The thernocoupl e of the present
i nvention avoids the shorting problens of the prior art, thus preventing
| oss of tenperature control, and the potentially scrapped wafer |lots. The
uni que ceram ¢ bead desi §8cotrdénce TwsbApPeHei Obgetoskbngtheads; greatly
reduces the probability of exposing and shorting of the thernocouple wres.
5 \Wiheetheon ngenimpnohad brenmpavtptel batvynghawneaadideseadbed with
reference to the preferred _enbodinents thereof, it will be understood by
t hose &RPRi@ECFnighachievefat {HaPRbbsCEhdAERS LR PBFALARY d&t aPL8efmy be
made mﬁthou%,degarting fromthe s ir&t ang scoge of the inventiog. VWhat is
cl ai mefiti - I&rs end to a thermocdOuple and joined at a second en

to 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 OF THE DRAWINGS

In the accompanying drawings forming a

material part of this description, there is shown:



1. A thernocouple having a ceram c 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 ceranm c beads
wherein said pair of wires is threaded through each of said interl ocking
ceram c beads wherein said series of interlocking ceram c beads forns said
ceram ¢ bead insul atetr. 2. - Fh her, e - cli '} im1l wherein
each of said interlo?ﬁﬁﬁg éér%ﬁﬁc%gggﬁgﬂﬁégc%ﬁ%@%%é%g?b3F fﬁ% t her nocoupl e
accor ¢irRemo@ cdpdieMod Wher ¢l o3 Wrde portion of said T-shape of a first
ceram c bead is adjacent to a narrow portion of said T-shape of a second
ceram c bead. 4. The thernocouple according to Caim1l wherein a first
cerami c bead in said series and a | ast cerami c bead in said series have an
L- shape and wherein &liysat f2ey amt &H cidwigr @eresivre e aobadinsaid sferi es
have a T-shape. 7 5. The thernocouple according to Claim4 wherein a
W de per tdegrandfc dwmiadi-tysrapdapmemiub fe rest W amesdygadinverdiarent to a
narrow portion of said T-shape of a second ceram c bead and wherein a w 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. 6. The thernocouple
according to C é?ﬁﬁ%rx%rw PFa TR HIRRP FMBL BN Shape of said | ast
ceram c 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
cerani ¢ bead is adj acE §.Q el {OVPOILA W& s G bl - Shaps, & a third
ceram c bead. 7. The thernocouple according to Caiml| wherein said pair of
Wi res edakieptbdd D Eorindinedsiipre [ WiBidHNg iy &ad dserl pessofatat erl ocki ng
ceram c beads.

the improved ceramic bead thermocouple of the present

invention. Referring now more particularly to Fig. 2A, 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 thermocouple 20 and at

the opposite end to a connector plug 22. The connectoeor 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.



8. A thernocouple having a ceram c 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 ceranic
beads wherein said pair of wires is threaded through each of 8 said

i nterlocking T-shaped ceram c beads mherein said series of interlocking
T-shaped ceram c beags forns said cer gead nsulator

t her nocoupl e accor di A§ LEETEPHi RPY Wife égn Cp8FtRshR & a§§|8fT-shape of
a flrghec% ?Ehﬁcb%%gd quh%c% h%ege r QW RQr EIO@ %f aid I-shape of a

second ceram c be cou e accor |ng aim 8 wherein a

First rger %@r%mti%a%eaﬁssé'r‘é $ees and aT' %‘{n el afinG 'E}Q%‘E'la'p%dsa' d series
have an L-shape and wherein all other interl ocklng ceram c beads in said

seri epcALe atelivhaRQockbd Toe thier RPcAW © A&GNdioHd ot iEsdl m-10 wherein a
wi de portion of said L,shape of said first ceramc bead is adjacent to a

nar r owha@ied o a@f 1$alamgﬁfﬁwe.oofa & aTeANhaaidN o fheadeashaMterein a w de
portion of said T-shape of said second ceram c bead is adjacent to a narrow

porti chagfedsdiechdl- shape of a third ceram c bead. 12. The thernocoupl e
according to Claim210 wherein a wide portion of said L-shape of said | ast
ceram c bead is adjacent to a narrow portion of said T-shape of a 9
L-shaped beads 26 may be used as the capping
beads on each end of the thermocouple, as shown. The wide
portion of the L-shaped beads on each end are adjacent to a

narrow 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 ceramic bead
thermocouple design is maintained. Ceramic or any other
insulator material that cam withstand high temperatures can

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

The thermocouple 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 unique ceramic bead design; i.e.,
T-shaped interlocking beads; greatly reduces the probability

of exposing and shorting of the thermocouple wires.



second ceram c bead and wherein a wi de portion of said T-shape of said
second ceram ¢ bead is adjacent to a narrow portion of said T-shape of a
third ceram c bead. 13. The thernocouple according to Claim38 wherein said
pair of wires are kept fromshorting and/or tw sting by said series of
interlocking ceram c beads. 14. A thernocouple having a ceram c bead

i nsul at or conpri si ng:wAipai tnef iMi68e16A Ratabbeh HoLped, gL a first end to
a thernmocouple and joined at a second end to a conhector; and a series of

i nt er | Yekimganér descr beadswnber eéfesahde Pabr tRE PrEescisgt hreaded through
each of said interlocking ceram c beads and wherein a first ceram c bead in
sai d sefPediments theree®r aht cwbehdbenusaedssesd esy hanesanskishage and
wherein all other interlocking ceram c beads in said series have a T-shape
and whe? eFhe saf B Blat eanionnt ehangks nyn cEoami enbeadsai dsnmagabd ceranic
bead i nsul ator. 15. The thernocouple according to Caim14 wherein a w de
porti dFRDT ChFReYt sPeRRr bingnEre®r e cshiniiti sndd§acpat of othenar r ow portion
of sajchJéfyg.e of an 10 adj acent ceram c bead. 16. The thernocoupl e
accord}ng 0 aim 14 wherein a wide portion of said L-shape of said first
ceram c bead is adjacent to a narrow portion of said T-shape of a second
ceram ¢ bead and wherein a wide portion of said T-shape of said second
ceram c bead is adj aggpi+t (tion of said T-shape of a third
ceram c bead. 17. The t%%rg%gggg égégggfding to Caim1l4 wherein a wde
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 ceram c bead is adjacent to a narrow portion
of said T-shape of a third ceram c bead.



18. The thernocouple according to Claim114 wherein said pair of wires are
kept from shorting and/or twisting by said series of interlocking ceramc
beads. 11 .A9y. A9. Ae. A Aly. A{ . A?. AA& AA& AsR A" " (Je/ p )*

I"w{ vgl gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]ca
] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]c:aUlcalw

ok S ent ¢l sabeal el salcaleahoalealcatod calealelal e oal cal o ca ol

fg}§§£ﬁﬁgigiiggkgqh§@]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] cal ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]cal DI\!"" 9#: #1$f $$SSUCH WBORHETEE&&&&T( (( (
( a pair of wires in parallel joined at a first end

) S*++, 3, }xsnid_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] capca] cakecabcahpakcahdaljoahed] cal 3, 6o Bhdf $HSBVCH WHERHETEEE&E&
T
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10% u& ()-10% u& Fpries of interlocking ceramic beads wherein said

109&' ()-my10% & () -.m#L10% u& ()-.09510% u& ()-/i K-18t10% u& ()-@L! 10% u&
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i 0 ' -
|K|8t10/6u%ngérlocking ceramic beads wherein said series of

interlocking ceramic beads forms said ceramic bead

insulator.

2. The thermocouple according to Claim 1 wherein each of
sald interlocking ceramic beads has a T-shape.

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

ceramic bead.

4. The thermocouple according to Claim 1 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.



&$10% u& ()-'10% u& ()-S 10% u& ()-!10% u& ()-nmsl10% u& ()-10-ul0-ul0-u p
Axmbd 8t 10% u9! 10% h& ()-" 10-u 10-u 10-ul 8t10% u& ()- @-1"10% u& ()-M
+10% u&' () - @&Y"10% u& ()-"w dEnbd 8t 10% u +10% h& ()-,Z"10% h& ()- ML0%
h& ()- 10% h& ()-z 10% h& ()-1 10% h& ()- 3RbC 8t 10% uf 10%4| & ()-F
10%| & ()- 10 h 10 h 10 hl 8t10% h& ()-f31 10% h& () -

5. The thermocouple according to Claim 4 wherein a wide

portion of said L-shape of said first ceramic bead 1s

adjacent to a narrow portion of sard 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.

6. The thermocouple according to Claim 4 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 portiocn of said T-shape
of said second ceramic bead is adjacent to a narrow

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

7. The thermocouple according to Claim 1 wherein said
pair of wires are kept from shorting and/or twisting by

said series of interlogking ceramic beads.

8. A thermocouple having a ceramic bead insulator
comprising:

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

a series of interlocking T-shaped ceramic beads

wherein said pair of wires is threaded through each of



y/ " 10% h& () - RAEbC 8t 10% u (10%!| & ()-m'10%}| & ()- | L10%}| & () -
nﬂO@&I&V()-y 10%| & ()-Y 10%| & ()-2\]1~_bd 8t 10% uY 10%t| & () -
10%| & ()- @ F10%t| & ()- 104| 104| 104|18t10%| & ()-,)M 10%} & () - SAE: /
104| 104|Y8s10%t| & ()-,+'10%t| & ()- *10%| & ()- " '10%| & ()-gl
MLO%}| & ()-L!10%t| & ()-JIxnmbWB4| s10%& ()- 10G 10G 10GF@s10%xX' ()-F Y
10968 () sadl O¥B& r(lpcking, T10UHB&PEd ceramic beads wherein said

series of interlocking T-shaped ceramic beads forms said

ceramic bead insulator.

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

ceramic bead.

10. The thermocouple according to Claim 8 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.

11. The thermocouple according to Claim 10 wherein a
wide portion of said Lsshape 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.

12. The thermocouple according to Claim 10 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
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T-shape of said second ceramic bead is adjacent to a

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

13. The thermocouple according to Claim 8 wherein said
pair of wires are kept from shorting and/or twisting by

sald series of interlocking ceramic beads.

14. A thermocouple having a ceramic bead insulator
comprising:

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

a series of interlocking ceramic beads wherein said
pailr 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 said series of interlocking ceramic

beads forms said ceramic bead insulator.
15. The thermocouple according to Claim 14 wherein a

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

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

10
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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.

17. The thermocouple according to Claim 14 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 o0f said second ceramic bead is adjacent to a

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

18. The thermocouple actording to Claim 14 wherein said
pair of wires are kept from shorting and/or twisting by

said series of interlocking ceramic beads.
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