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WO 2007/109027PCT/TIS2007/006344 TEMPERATURE-CONTROLLED
ENCLOSURES AND TEMPERATURE CONTROL SYSTEM USING THE
d Applications This application claims the benefit of United

2@%@@%@0@ Application Serial No. 560/784,044, filed a‘EEWEb‘Z“”“"“““
2006, and United States Provisional Application Serial No. 60/784,745,
filed March 22, 2006, the contents of each being incorporated herein by
reference, in their entirety. Field of the Invention 10This invention relates
generally to a temperature-controlled epclosure for connecting to a source
of temperature-controlled fluid, such as air, and a system including the
enclosure and the source. This invention relates in particular to a
temngraiier ORRICBRE ROATEE éﬁ@ﬂ%ﬂ?&%‘ﬂﬁﬁﬁmﬂ%w&m
of directing air to a device being tested, an exhausting system and a
self-closing cable feed-thrGMRTEMAIMENGSIDESSApION Of the Related Art
There are many manufacturers of standard temperature chambers. In

. hambers, air is circulated in a closed loop with a fan or
plowerrfhiseHRa R aliaY BRI ORALa'seRel B cRlLin CONAIOR ot o
temperature of the air before it enters a test area, he alr thien exits the
6ostedest aiidd 3agai n0j 2e0se dndueiithe hreati RehaRibien eaiRgtRilsi@ial No.

60/784,745, filed March 22, 2006, the contents of each being incorporated herein by

reference, in their entirety.

Field of the Invention

This invention relates generally to a temperature-controlled enclosure for connecting
to a source of temperature-controlled fluid, such as air, and a system including the enclosure
and the source. This invention relates in particular to a temperature-controlled chamber that
includes thermal insulation, 2 means of directing air to a device being tested, an exhausting

system and a self-closing cable feed-through module.

Description of the Related Art

. There are many manufacturers of standard temperature chémbers. In general, in such
chambers, air is circulated in a closed loop with a fan or blower directing the air over a
heating and/or cooling coil to condition the temperature of the air before it enters a test area.
The air then exits the test area and is again directed over the heating and/or cooling coil to
condition the temperature of the air before it reenters the test area. These steps are repeated.

The standard temperature chambers simply circulate the air with no method for directing the

air to the device being tested. In addition, the standard temperature chambers use a metal (or
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condition the temperature of the air before it reenters the test area. These
steps are repeated. The standard temperature chambers simply circulate
the air with no method for directing the air to the device being tested. In
Q85 #8%Etandard temperature chambers use a metal (or RYEHUS2007/006344
2007/109027PCT/US2007/006344 other material) liner inside the
chamber. The metal liner acts as a thermal load and significantly
increases the time to transition between set temperatures. Summary of
the Invention According to the invention, source of
temperature-controlled fluid is used as&f open-loop temperature source
for controlling the temperature within a temperature chamber. The source
is either attached directly to the inlet of the temperature chamber or there

ftherimiealingngs i ehambes Fhgimriat Kiess et hathamabiqadgnd
SBHIRENRPRIRINE SSIORE 4G SRAMARLBIEL LhG JSmpRAture-controlled

air exhausts out of the temperature chamber. By using the standard
source as the temperature source, it is possible to connect the

EUEE ik 3 t O

temperature chamber configurations, thus providing an economical

solutioftSHATE NG IR BFPRTERI ERUFFH R SRS AR RC DR Jid it yiedagan open-
[EPALG el AL ANRL. A% SAURR SR REBSRHLASASIPEIPNE SOHERIS! The

temperature testing various devices without attaching to a temperature
shambiecifhtraperdnliiabnitahe rdki dé tha tianpiyaairdeiinpebatorehere is a flexible
chambers for use with the 15source, i.e., the open-loop temperature

g iR Ter linca irg oy e B e RESR MATRASREER fS5 BT SFRiFthe temperature
mpsrAite-sRniRllecl gpclosra gt a ighly sicent ermalipsualien. sy

design that provides overall improvement in thermal performance by
msingmizngrieat oasancte dugagilie smnatipds pdssiblbes teatisteths theperature-
present invention is to provide a temperature-controlled 20enclosure with

SO EHICTRHTE 2R i 8-SR ahigeaITE HETREA PR ERSHFREGH fo ponfigurations,
ﬁﬂﬂrﬁ’%%ﬁjdmf £H‘eac'o§x%%%ss%ﬂﬂfo?i%%ﬂ%éx?égf‘&ﬁ?r%';@ ?‘e“rt?p%%éture chamber

configurations are required. In addition, the source can be used as a temperature source for
temperature testing various devices without attaching to a temperature chamber.

The present invention includes a family of temperature chambers for use with the
source, i.e., the open-loop temperature source.

A feature of the present invention is to provide a temperature-controlled enclosure
with a highly efficient thermal insulation design that provides overall improvement in thermal
performance by minimizing heat loss and reducing thermal loads.

Another feature of the present invention is to provide a temperature-controlied
enclosure with a highly efficient and field-changeable method of air distribution for improved
thermal response for specific testing applications.

Another feature of the present invention is to provide a temperature-controlled

enclosure with an air exhaust system for optimizing temperature uniformity.
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Another feature of the present invention is to provide a
temperature-controlled enclosure with an air exhaust system for
optimizing temperature uniformity. - 3 - Another feature of the present
invention is to provide a temperature-cantrolled enclosure with a
self-closing cable feed-through module. One or more of the above
features are included in each of the temperature chamber embodiments of
5Another, feature of the present invention is to

the ent inventio
pro 8@5 ;ﬁ%‘g&?&}é‘%ﬁﬁ%ﬂgﬁg@m%m&? e A tes R e R fted
inyentign is directed to a temperature
endoﬁlér%ﬁvér &om F?s?ﬁ’é’%"éli’é%%%a fﬁ H]%P Bsice can be located, the
ch ber beln conne tabl to a tem contro ource for
pr(?glgs ing 4t f%p@?qa tAreCortoled ?f e@éﬂgﬁ‘fg}@g %&Wtamre chamber
gtu%et of 10the cham er, and a self -closing cable feed-through
embo § he nt mven
e connecied 1o an outer surface of the chamber, the module
conAp ﬁ} tac1 rst% onreérsldn n ggg&ld portion, wherein cables are fed
through the first an on por |ons G PR FSPBCFE S SORBAl sy stem
Whléﬁe;nrpodule and the flrst an ?? rtlons form a leak tight seal around
oft

Orates one OI‘ ore o
e cables in a second posmon he mo%irele 15In one embodiment, the

e I B P R

directin e temperature -cont

whidH c%q/" ! 5%1 'Qéqr ﬁg???%?o AN o lednsl acr:%nar;%a {er;%;%%gl;%%%r%%ﬁrolled

mani rectt eV|ce n one em O

R L L A0 O e e
the Jflx% gt%&%@ %?lrﬁv &hsnlll Egb??sﬁmaé Oles%?,;gélh 8% O{Etg ?oﬂl'rll o ter surface of

ano er em ent a anito as a con gura
the &@%@gg@%p@ﬂ;@g %ﬁmﬂfg 6940 2N0NeL SRR odimeNt 3 manifold < are

fed through the first and second portions into the chamber in a first position of the module and
the first and second portions form a leak tight seal around the cables in a second position of
the module.

In one embodiment, the temperature chamber further includes a universal manifold
adaptor for directing the temperature-controlled fluid directly to the device.
In another embodiment, interchangeable manifolds are attachable to the universal manifold to
direct the fluid to the device. In one embodiment, a manifold includes a single horizontal tube
with multiple small holes for discharge of the fluid. In another embodiment, a manifold
includes a plurality of horizontal tubes with multiple small holes for discharge of the fluid. In
another embodiment, a manifold has a shower-head configuration to provide uniform
distribution of the fluid. In another embodiment, a manifold includes a baffle system.

In one embodiment, the temperature chamber further includes an exhaust system for
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In one embodiment, the temperature chamber further includes an exhaust
system for exhausting the fluid from the chamber. In another
embodiment, the exhaust system includes a plurality of exhaust ports
connected internal to the chamber ard & single outlet port for allowing the
fluid to exit the chamber. In another embodiment, the exhaust system
includes a plurality of exhaust ports connected internal to the chamber

t Il e exit the chamber. In
eth%sg rerriﬁx(;c(fjjlymenﬁ1r ﬁfCI‘%ml%as 1 i?ﬁ H’ga et Kiftdtgysteystem includes a
| d.in the bot om of th d an outlet port for
Plufgfmgﬁ iR exrﬁ%eefielagerpﬁki %s&% P08 AP BB RAH or
f t ec ble n one embadiment, the
alloaj %?élo 1%615%55 e())(og1 L(lj)#g gsugratlﬁ ha (St% dr‘l‘ﬂilsmrﬁ ?‘l?xgﬁﬁf’rﬁﬁsfﬁ%wdudes a

d dto th rf ce ft th rm I|ns atio materlal In
P lurg §, %&éﬁ il m%é%aa Qams Sﬁﬁﬁ RHBIPIR Giiehegres for

allo%ﬂgffﬁ@'ﬁﬂlﬁ ﬁqﬁe tiler 1B Or}neCtegctro ea é}gle Or]%);d; é@gm&gn includes

chamber suc top portion is opene

an &ﬁ&%?&ﬁ?&fﬂ%&lf?%@éﬂ‘%{ B Q(S)I;[lhgf t%m dl ent Hﬁ 5 tg%mr%%%éfor allowing

insulation material is pOSItIOI’]e etween an O er S

the ﬁﬁﬂﬁf‘e‘%%e]@é?%% tlaﬁa%%pbﬁ{ n thlert]r %pn bgrclltlmq[ gﬁe%f% aéxr%( aust is

has a front-loader configuration in which a fron po I0N°0
Sele%gge%;%p rear portion of the chamber such that the front portion is
opened in order to load the device into the chamber. In another

emﬂpglﬁ@g&ﬁoéﬁﬁr}gﬁr gllﬁlg&%g%&l rlal |$Iﬁ»osm r})%d etwe 1&1?8 diment, 2

outer shell of the front r and an nner line

thin E)BOHNRBENR ﬂ'&gdb?i%rtﬂg &%55)59 %ﬁle%e@n%a%@%ia%s&% efr}a e

invention, the invention Is directed to a

In one embodiment, the chamber has a clamshell configuration in which a top portion
of the chamber is connected to a bottom portion of the chamber such that the top portion is
opened in order to load the device being tested into the chamber. In another embodiment, the
thermal insulation material is positioned between an outer shell of the chamber and an inner
liner of the chamber.

In one embodiment, the chamber has a front-loader configuration in which a front
portion of the chamber is connected to a rear portion of the chamber such that the front
portion is opened in order to load the device into the chamber. In another embodiment, the
thermal insulation material is positioned between an outer shell of the front-loader and an
inner liner of the chamber.

In one embodiment, the fluid is air.
In accordance with another aspect of the invention, the invention is directed to a

temperature control system for controlling temperature of a device. The temperature control
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temperature control system for controlling temperature of a device. The
temperature control -5 - system includes a chamber in which the device
can be located and a temperature-controlled source connected to the
chamber for providing a temperature-cantrolled fluid to the chamber to
control temperature in the chamber. The temperature control system
further includes a self- closing cable feed-through module connected to an
outer su face e cha gbé‘ e module 5comprising a first portion and a

YL B PO on i S?é?n QS Y farbERetierrabdAdesarssArre-controlled

SRS G e ISt pon el nodue apd et and

second por oS for & fsh
0 C(glﬁgogh n%% 16 r%?lﬁq nlv%?lg;g mamng d ?é%%@ﬂ%&%%ﬁ%%&égfgﬁg%ﬁﬁes a self-
L .
Comg} gc%rge 0 gft%/ ?n r:n%maélrtgtr):ﬁ va/%grg%ltlpl %r??g% Wést OUgh the first and
SO R I L 1
P e SR %e%u. e TR S SR b annndi

e R eSS iﬁﬁﬁéﬁﬂﬁ%”fﬁe%%%
L el tehfﬁ’aa’l‘%a” Ste%"éﬁ“ cfwfmpw&le
horlﬂ}ﬁqﬁttﬁggév & ﬁb?%[@s}ggﬂfh ?csq”ex tt T Cha éﬁlﬁ taggm?aﬁ‘ynbodlment a

embodiment, the exhaust system |nclu es ane

maniRAAEAIIHING Bﬂﬁ%ﬂlﬂ%%r‘f oan%lP?ub%g%vl uq{a pP Osrrtn];q{ 1‘?0'1%\5/\/}n 9 discharge of the

fluid. In another embodiment, a manifold has a shower-head confi guration to provide
uniform distribution of the fluid. In another embodiment, a manifold includes a baffle system.

In one embodiment, the temperature control system further includes an exhaust system
for exhausting the fluid from the chamber. In one embodiment, the exhaust system includes a
plurality of exhaust ports connected internal to the chamber and a single outlet port for
allowing the fluid to exit the chamber. In another embodiment, the exhaust system includes a
plurality of exhaust ports connected internal to the chamber and multiple outlet ports for
allowing the fluid to exit the chamber. In another embodiment, the exhaust system includes
an exhaust port centrally located in the bottom of the chamber and an outlet port for allowing
the fluid to exit the rear of the chamber. In another embodiment, a location of an exhaust is
selectable by a user.

In one embodiment, the chamber has a hood configuration. In another embodiment,
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the fluid to exit the rear of the chamber. In another embodiment, a location
of an exhaust is selectable by a user. In one embodiment, the chamber
has a hood configuration. In another embodiment, thermal insulation
material is formed on side surfaces ef the-chamber, wherein a thin layer of
silicone is bonded to the surface of the thermal insulation material. In
one embodiment, the chamber has a clamshell configuration in which a

top portjon oft mber is onne ted to a bottom portion of the
thert ] R R RS P t?&rﬁ b O ek b icin layer of

silic nrtglts Ong Oe{]eln aa%t6he dlm ermal insulation material is
ormed on side SUTTACES D he C %?8%?&3{ rmal insulation

ma enal IS one etween an outer hamber and an inner
I|ner ot the cham erglﬁlo\n\ieaennnl%%r }(lflme% é‘ j '&uF?é?ﬁ RoNpifghgLep portion

ration.in Wh fr n Oportion of e champer is ted toa
Ofthreegrt}rlag[(l)rteilohsg??hl %r%ber Ve ﬂﬂgtl?ﬁe ror?t%lgrtl R Y5 %éﬁn ﬁ%’?ﬂ@?mon is
I vice. int the mper..In another emhodiment, therm
P ellggguﬁ?%%%?nggterfg i|ls orme gn %%8%‘6“ Haces Of e &haM drlm &%ﬁ”t%l

msure‘l]t%g@tl ? at' eorha!%ll e's f Ioneq‘ﬁqetwﬁenl?ae? (\)fv (_e:rrelsh&ll ?{xeﬁtin%gtsulatlon

ront-loader an an |nner I|ner n one embo

matéﬁm %E&'{ § R%Jwther [nelydgs) eﬁgg %',gé 005 b'e I%?& hfou

connecte {0 an outer surtace o Thé'™o
a&ﬂ)%l des a first portion and a second portion, whereln cables are fed
rough the first and second portions into the chamber in a first position of

themadhlc. 0 e [l and seepnd narians form a sk igny seal arand

the cables in a secon position of t e mo n on em odimen e

portiON G 9 tharp 4 ?scd&?ﬁ%@&%ﬁ okt h, a’}%@t: eﬁs&e ‘if %ﬁi‘n%ﬂ?n":ar‘cﬂr RatBe front

|nvent|on IS recte to a seli-closing rou

portETRYRING & URRORN: B Sceand ROILRN: AnABIoh for atalnenG

secon portlon relative to the fII’St portion, Whereln cab es are

ther]mt? insulation material is formed on side surfaces of the chamber, wherein the thermal
insulation material is positioned between an outer shell of the front-loader and an inner liner
of the chamber.

In one embodiment, the temperature chamber further includes a self-closing cable
feed-through module connected to an outer surface of the chamber. The module includes a
first portion and a second portion, wherein cables are fed through the first and second portions
into the chamber in a first position of the module and the first and second portions form a leak
tight seal etround the cables in a second position of the module.

In one embodiment, the fluid is air.

In accordance with another aspect of the invention, the invention is directed to a self-
closing cable feed-through module, comprising: a first portion; a second portion; and a joint

for rotating the second portion relative to the first portion, wherein cables are fed through the
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- I- first and second portions into an opening in a temperature chamber in
which a device can be located in a first position of the module and the first
and second portions form a leak tight seal around the cables in a second
position of the module. In one embodiment, the temperature chamber
further includes an exhaust system for 5exhausting the fluid from the
chamber. In one embodiment, the exhaust system includes a plurality of
rts connected internal to the chamber and a single outlet port

f exra:ust x : .
SRS MY ERORTE ER MBI RPER SR EPaRbsH dinidriehtagovice can be

X aus}.s stem .includes a plurality of exhaust ports connected internal to
ol B

4 RSP MOtipR B tE %ﬂ%ﬁéﬁt&mﬁ@eﬂ%%aw&%@m@ leak tight seal

arou%la}itﬁébcerblm another e‘ﬁnbodlmen he exhaust system includes 10an
exhaust port RehtrAM {0t FOHEAHBREHIf the chamber and an outlet

porf far allowin thetfllﬁid %o exit the re ro%the chamber. In another
em o%tlnr%g%lt,oa(ﬂme 1 eé’?PS%‘é{?gﬁﬁ%‘% fEHHieBycludes an exhapsigystem for

ocation o

ol I aH e e o erRceefaslces o
Pl O N B e e e adeiapeor
BRI IGh Sigh R e Chambe e RS 08 s
P SR O PR 8o Bl b
allox%?g rr@%'efﬁlzn'é‘ t;eor%tgtrgg C itrgrerrilr%(l#‘sth é) %itigg]%%%%%réﬁp tlolel:J teexrhgﬂsetl ls%tgl]g includes

an e%%%g( %)%%tocze%?rglwtljoscgl%%qr? %%Sﬁ(ﬁtom of the chamber and an outlet port for allowing

the fluid to exit the rear of the chamber. In another embodiment, a location of an exhaust is
selectable by a user.

In one embodiment, the chamber has a hood configuration. In another embodiment,
thermal insulation material is formed on side surfaces of the chamber, wherein a thin layer of
silicone is bonded to the surface of the thermal insulation.

In one embodiment, the chamber has a clamshell configuration in which a top portion
of the chamber is connected to a bottom portion of the chamber such that the top portion is
opened in order to load the device into the chamber. In another embodiment, thermal
insulation material is formed on side surfaces of the chamber, wherein the thermal insulation
material is positioned between an outer shell of the clamshell and an inner liner of the

chamber.
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In one embodiment the chamber has a front-loader configuration in which
a front portion of the chamber is connected to a rear portion of the

chamber such that the front portion is opened in order to load the device
‘?{%Z{f]g th&hber. In another embodiment, thermal insulation Rfat&ia4§006344
formed on side surfaces of the chamber, wherein the thermal insulation
material is positioned between an outer shell of the front-loader and an
inner liner of the chamber. In one embodiment, the fluid is air. In one
embodiment, the temperature chamber further includes a universal
manifold adaptor for directing the temperature -controlled fluid directly to
the device, whereln 10interchangeable manifolds are attachable to the

universal panifol o diget ihe fuidto.the device, 10 0G, SRLISH B on

manrfonolnc sa smg orlzonta tube WI'[ multrp esma

rbsahesgmoiinedivid Jshareiies £rehqdimenbransiamifele- e aes e front
plurality of horizontal tubes with multiple small holes for discharge of the

FRAHEPTY iF aPtfeineHiso drineA tha éRuieHdNp ﬁ%%@%hbﬁﬁe?ﬂt?éaﬁ’ wrmmﬁiamn

Eogrrovrde uniform dlstlr tlon fthe fluid,.In 15 erg |ment
ulat} r(ajmatena *f on id esurfa erem thteal'fennal
manﬁo’l Includes a baftle sys em. In accor ance WI ano er aspect o

itRamsanEamiihe fasmniea tsdlteriatola-a demperaturef sl d i bnner tiner

temperature chamber includes a chamber in which a device can be
dbextebaire chamber is connectable to a temperature-controlled source
for prolwdln% a te rPlerat re-conirolled fluid to the chamber to control
tempera ure |n A TE) & ?btemperature chamber further includes

therma}, i daiRR Mate iR t&ﬁg@@l&e Sldrsiifacrs alibe-shambatal mantfold

one embodiment, the temperature chamber further includes a universal
Fdrmiifofdraitagtiog the mmngmmeﬂwdedcemmmqmwmw@yem
the device. |[n one WO 2007/10%9

interchangeable manifolds are attach %ZE}%E@%%%?Q&% :?d to direct the fluid to the
device. Inone embodiment, a manifold includes a single horizontal tube with multiple small
holes for discharge of the fluid. In another embodiment, a manifoid includes a plurality of
horizontal tubes with multiple small holes for discharge of the fluid. In another embodiment,
a manifold has a shower-head configuration to provide uniform distribution of the fluid. In
another embodiment, a manifold includes a baffle system.

In accordance with another aspect of the invention, the inventien is directed to a
temperature chamber. The temperature chamber includes a chamber in which a device can be
located. The chamber is connectable to a temperature-controlled source for praviding a
ternperature-controlled fluid to the chamber to control temperature in the chamber. The
temperature chamber further includes thermal insulation material formed on side surfaces of
the chamber.

In one embodiment, the temperature chamber further includes a universal manifold

adaptor for directing the temperature-controlled fluid directly to the device. In one
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-9- embodiment, interchangeable manifolds are attachable to the universal
manifold to direct the fluid to the device. In one embodiment, a manifold
includes a single horizontal tube with multiple small holes for discharge of
tRECIRTH/ 1B Rother embodiment, a manifold includes a pluralREBUS2007/006344
horizontal tubes with multiple small holes for discharge of the fluid. In

another 5embodiment, a manifold has a shower-head configuration to
provide uniform distribution of the fluid. In another embodiment, a manifold
includes a baffle system. In one embodiment, the temperature

chamber further includes an exhaust sy3tem for exhausting the fluid from

the chamber. In one embodiment, the exhaust system includes a plurality

of exhaust ports connected internal to the chamber and a single outlet port

forbrdameitiftetrbanesdtls eenifhldotamisehahicdn s spaitd aanifald thdirect the
haust system includes a plurality of e St ports cannected internal to.
e R Ty S OG0 FORE R e

ahampkaimin asRINSF eRtRRYE R e HadshRyIaBbdNalAd@ARifold includes a
exhaust port centrally located in the bottom of the chamber and an outlet

pbyefity eflbavipenthldheiwishanitithie saealidfodes fondistherstrofthotieid. In another

embogdiment, a locatjon of an exhaust is 15selectable by auser. . In.one
TR 0 e s R R SR A1 TRV ARGy isteation of
epbadimanhahiB8yen-silicRagridanded odhasiyiang of the

thermal insulation material. In one embodiment, the chamber has a

clamsHelbronfigodétion ithevhicpeatop ghentlor Girther otvdurdsemiexbewm exted for
to a bottom portion of the chamber such that the topr%%ortion is 20opened

R &G A 1 TR R ARG e LR RS SARMSH GRS ARGy ncluces &
SmRALPELLINR BRI PsHaHRm M etialisRosiigReLiRaBVEAL: Bkt for

outer shell of the chamber and an inner liner of the chamber. In one
elivongtierfiyit eochitntisahhabea fioatddedembodiigantticreshandtigistenfriontudes a
WO 2007/109027PCT/US2007/006344

plurality of exhaust ports connected internal to the chamber and multiple outlet ports for
allowing the fluid to exit the chamber. In another embodiment, the exhaust system includes
an exhaust port centrally located in the bottom of the chamber and an outlet port for allowing
the fluid to exit the rear of the chamber. In another embodiment, a location of an exhaust is
selectable by a user.

In one embodiment, the chamber has a hood configuration. In another embodiment, a
thin layer of silicone is bonded to the surface of the thermal insulation material.

In one embodiment, the chamber has a clamshell configuration in which a top portion
of the chamber is connected to a bottom portion of the chamber such that the top portion is
opened in order to load the device being tested into the chamber. In another embodiment, the
thermal insulation material is positioned between an outer shell of the chamber and an inner

liner of the chamber.

In one embodiment, the chamber has a front-loader configuration in which a front



10

15

20

portion of the chamber is connected to a rear portion of the chamber such
that the front portion is opened in order to load the device into the
chamber. In another embodiment, the thermal insulation material is
pusiaeied¥Etween an outer shell of the front-loader and an iIRGEURIEYTEN6344
the chamber. 5In one embodiment, the temperature chamber further
includes a self-closing cable feed-through module connected to an outer
surface of the chamber. The module.includes a first portion and a second
portion, wherein cables are fed through the first and second portions into
the chamber in a first position of the nmodule and the first and second
portions form a leak tight seal around the cables in a second position of
the module. 10In one embodiment, the fluid is air. In accordance with

RABHAR PEGE SREBPIRIS AAUBRRIEH [HRASARRATHOM 9E (i chaetpan such s dha divat
%%P&B%' Syiemy far ?&’MQIMQ& dernRsratE AL aldevise 1 hgiem l%%r&&'id%cm the

control system includes a chamber in which the device can be locat
iEpalaisRoniralas sopradceanestiechtmibeaasingtio fomViding amd an
temperature-controlled fluid to the chamber 15to control temperature in
tineschamIEthashtatshiversal manifold adaptor for directing the
temperature-con Iled fI d dlrectlxjto t}I]] g ccordance W|thb

1
another S AT SR R e s e S e e b

Gesird-sygienadae comaiiagiampaiuimdceion e vigbeRe TReMpeIak ik ludes a
control system includes a chamber in which the device can be located, a

tﬁm@émmw%m%%f@ﬁé@ f@‘tﬁﬁ%@ﬁﬁﬁéﬁf&#'ﬁ’ré@ﬂ@hﬂﬁg’orﬁms

a temperature- con oI ed fJU|dt mber Eg Eroldtemg e |n
IH orHE: chamber m osition % eand ds sec d'{ ons rm a leak
Cchamper and a se C O Ing ca rough modaule COI’]I’]EC

ngmrssw&a&ﬁl@ﬂm@ast&amQ%cxk@ﬂmstsﬂ%mcéud&m.ﬁrst portion and a

second portion, wherein cables are fed through the first and second
portion&nipte tbehmetahaflaidistaiyO 2007/109027PCT/U52007/006344

osmoq of the module and the first and second. é)orthons form a %acctg L a

seal aroufid ?ﬁ@"ggb es |ar§l AL e po§ fORVEPYRE i uﬁcntﬁ’rn ef &

Resstinticn hihe HERWIRGS ontrolling temperature of a device. The temperature control

system includes a chamber in which the device can be located, a temperature-controlled
source connected to the chamber for providing a temperature~controlled fluid to the chamber
to control temperature in the chamber, and a universal manifold adaptor for directing the
temperature-controlled fluid directly to the device.

In accordance with another aspect of the invention, the invention is directed to a
temperature control system for controlling temperature of a device. The temperature control
system includes a chamber in which the device can be located, a temperature-controlled
source connected to the chamber for providing a temperature-controlled fluid to the chamber
to control temperature in the chamber and a self-closing cable feed-through module connected
to an outer surface of the chamber. The module includes a first portion and a second portion,

wherein cables are fed through the first and second portions into the chamber in a first



The foregoing and other objects, features and advantages of the invention
will be apparent from the more particular description of preferred aspects
h%&gl\{oegngipn, as illustrated in the accompanying drawings in which like
reference characters refer to the same parts throughout the dftferdifg007/006344
views. The drawings are not necessarily to scale, emphasis 10instead
being placed upon illustrating the principles of the invention. FIG. lisa
schematic perspective view of a hood chamber connected to a
temperature-controlled air source in accordance with an embodiment of
the invention. FIGs. 2A-2E are schéfiatic views of the hood chamber
of FIG. | with a universal manifold adapter in accordance with an
embodiment of the inyentign. 15FIG. 3 js a schematic perspective view of
T R orlE SIS T3 S G RE AT B AN GO gend e

HAYRBHPR second PasitolSF SehgBaatic perspective view of the hood chamber
of FIG. | in accordance with an embodiment of the invention. FIGs. 5A and

5B are schematic perspective views of a clamshell chamber connected

5 th? S tem t,erat re-controlled air source in‘accordance with an
en?bvcﬁmMMW’ SRS . FIGs. 6A-6D are schematic views of the
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clamshel ghapahey sfdims: 28804 2B40ac5rdAER YD %tﬁ@&%@@%ﬂ&m be

of the present invention. FIG. 6E is a schematic cross-sectional view o
theartamEhal| tbh amve rmisrtésder dimsceptiith ah pefbocimaptaf the preserhtion, as
iﬁvsetptio . WO 2007/109027PCT/US2007/006344 FIGs. 7A-C are
SRR S AP N EhE P e Eh i e esterence phpsetews ey to the same

pitivaisalmanitald agaptar inacceidanss with 4o ﬁm%gms%o{og@%axe, emphasis

invention. FIGs. 8A and 8B are schematic perspective view of a
instetld dding phardbepcdhneated theptéripesaifiuies @ortitbed air source in
accordance with an embodiment of the invention.
G. 1 is a schematic perspective view of a hood chamber connected to a temperature-

controlled air source in accordance with an embodiment of the invention.

FIGs. 2A-2E are schematic views of the hood chamber of FIG. 1 with a universal
manifold adapter in accordance with an embodiment of t'he invention.

FIG. 3 is a schematic perspective view of the hood chamber of FIG.1 in accordance
with an embodiment of the invention.

FIG. 4 is a schematic perspective view of the hood chamber of FIG. 1 in accordance
with an embodiment of the invention.

FIGs. 5A and 5B are schematic perspective views of a clamshell chamber connected
to a temperature-controlled air source in'accordance with an embodiment of the invention.

FIGs. 6A-6D are schematic views of the clamshell chamber of FIGs. 5A and 5B in

accordance with an embodiment of the present invention. FIG. 6E is a schematic cross-

sectional view of the clamshell chamber in accordance with an embodiment of the present

invention.
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5FIGs. 9A and 9B are schematic perspective views of the frontloader
chamber of FIGs. SA and 8B connected to a temperature-controlled air

&F//. § ordance with an embodiment of the invention. FIGs,
V%%)UA{ anga 1%Agcare schematic perspective view of the frontloadey Chamber o>
of FIGs. 8A and 8B connected to a temperature-controlled air source in

accordance with an 10embodiment of the invention. FIG. I lis an
exploded perspective view of the frontloader chamber of FIGs. SA and 83
in accordance with an embodiment of {he invention.  FIGs. 12A and

1213 are schematic views of the frontloader chamber of FIGs. 8A and 8B
with a universal manifold adapter in accordance with an embodiment of

the inkgglion. dSFIGSAMACLAE, AP SEREMEMANRA! 19 E0URI0LLE i o

chamber of Has. 8A and 8B in accordance with an embodiment o %ﬁe

uirivestionanifold-#GatdrdA dbdbldanessehe matiabiaineaf d geliclasipg cable
feed-through module in accordance with an embodiment of the invention.

20DeEfSa B {Rtisi stisrtdr e srbtaTifemE T e ardrsshigmber connected
' i ' fi ture-controlled flyid such.
t&&%g%m-%%ﬁ%ﬁggg?&ogég erggcgrdzggr%? o gﬂrigg%%og%rg 2&‘{\ ’ml%rentxon.

as air, for example, ThermoStreamm mo or

manufaGiiedaadBald yhdmimpiasiediosnsaden @k $8amhder chamber of FIGs.
Massachusetts, is used as an open-loop temperature WO

ot $8grmt o S souRRoEssaniclicden fourtsrieoptaotitmgethith an
SeRGrALIe t\ﬁ/éthin a temperature chamber. The source is either attached

directly to the inlet of the temperature chamber or there is a flexible air

transferdneoAana fiaxiblesendantepethrt 600 VRS Ao BERINRRAIALAS! of
temperature chamber inlet. The temperature-controlled air exhausts out of

RiKés 18 ped & rowteateh T 2AveprdiNes teptitee!led air source in accordance with an

embodiment of the invention.

FIG. 11 is an exploded perspective view of the frontloader chamber of FIGs. 8A and
8B in accordance with an embodiment of the invention.

FIGs, 12A and 12B are schematic views of the frontloader chamber of FIGs. 8A and
8B with a universal manifold adapter in accordance with an embodiment of the invention.

FIGs. 13A-13E are schematic views of the frontloader chamber of FIGs. 8A and 8B in
éccordance with an embodiment of the invention.

FIGs. 14A-14H are schematic views of a self-clesing cable feed-through module in

accordance with an embodiment of the invention.

Detailed Description of Preferred Embodiments of the Invention

According to the invention, a source of temperature-controlled fluid such as air, for
example, ThermoStream™ model TP04300 or TP04310, manufactured and sold by

Temptronic Corporation of Sharon, Massachusetts, is used as an open-loop temperature
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5invention, it is possible to connect the temperature-confrolled air source
(one at a time) to several different temperature chamber configurations,
thus providing an economical solution when several different temperature
charéneBafigurations are required. The device being testeP{FT{HE2007/006344
temperature chamber could be a printed circuit board, mechanical or
electronic module or any other device requiring thermal test. In addition,
the source can be used as a 10temperatUre source for temperature
testing various devices without attaching to a temperature chamber. The
present invention includes a family of Fri't%?changeable temperature
chambers for . use with the source, i.e., the open-loop temperature
source, The features of the chambers include a highly efficient thermal

ISR BREETGP &iAe (BORIRYTVEHA MiEvETMEREAM St diih apurce is either
peLfRuYARSS: vormmmé%mm%%mgwﬁy&egtﬂa@@'ti%%% %mg.bs'yer fine,

efficient and field changeable method of air distribution for improve

ikerandd-iesponaelégrispeciiniestinguap pisatons, tenjsieald @xhddsiniet. The
systems for optimizing temperature uniformity, and a self-closing cable

temactridGHRTelR @i prehatiett euhplobR PR BRTE Prmsksit iAverrding, thide

chamber is.of a hoo c&rlllfriégqr%tei?n. 20FIG. 1 als%hematic%)grs ective

M ture-cormral
VIGW OF & NOGd Chamber 13 accordimy 10 an Smbodimant of fhe i ditihe) ©

eonEGiEE i trsppieruldopidanna ke anRlrale drilvighseh Rsmihidd Solution
source 10 can be, for example, a ThermoStreamTm model TPO4300 or

TOEr3YO 2 HHEFRIPAL teRRG AR SORINBST FeRigtaHrnCurTonuien Gfigarins,being
g%%%%%%%%%%&%&ﬁéhg% Si %%5; ) _Iei%i)_;'lingd\é\(r%)uit board, mechanical or electronic
module or any other device requiring thermal test. In addition, the source can be used as a
temper;mire source for temperature testing various devices without attaching to a temperature
chamber.

The present invention includes a family of interchangeable temperature chambers for .
use with the source, i.e., the open-loop temperature source. The features of the chambers
include a highly efficient thermal insulation design that provides overall improvement in
thermal performance by minimizing heat loss and reducing thermal loads, a highly efficient
and field changeable method of air distribution for improved thermal response for specific
testing applications, unique air exhaust systems for optimizing temperature uniformity, and a
self-closing cable feed-through module.

In a first embodiment of the present invention, the chamber is of a hood configuration.
FIG. 1 is a schematic perspective view of a hood chamber 12 according to an embodiment of
the invention connected to a source 10 of temperature-controlled fluid such as air, The source
10 can be, for example, a ThermoStream™ model TP04300 or TP04310, manufactured and

sold by Temptronic Corporation of Sharon, Massachusetts, or other similar device. The
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source 10 is used as the temperature-controlled air source for controlling
the temperature within the hood chamber 12. A head 14 of the source 10
attaches directly to the top side of the hood chamber 12 with three knurled
sHeRY’NUtBbls are required to attach the head 14 to the hoRCTHZMIOBP06344
12. The head 14 is attached to the source 10 by a pivoting arm 15. 5FIGs.
2A-2E are schematic views of the hood chamber 12 of FIG. 1 with a
universal manifold adapter 20 in accordance with an embodiment of the
invention. The hood chamber 12 is provided with the universal manifold
adapter 20 designed to improve temperature response which reduces

time for completion of a test and, therefore, reduces the test cost. The
universal manifold adapter 20 allows interchangeable manifolds to be
Sewiad bistind astbedenperatitrectmdtinigd RIGuRA PECiirsiing thetemperature

interchangeable manifglds. To optimize thermal performance. it is )
T REEr o A Dome P BB LA DY henestpede ot
Hadue rlikpsieihia dhendQMiss-RAIBE {RSIeTo BNV HORALINS RN the head 14 to the

enclosures (chambers) simply circulate the air with no method for directing
throdghembrs HRyVide beddd 4dsattdciwitte the somiceishbmariifotid mataplst 20

in th d ber 12, a manifold can be added to direct 15the )
tomper o T P AR RS hB ITO S BRATS 1A GHO T W universel

WiiMaEIhmaRifoli RdRian2Q Riawa th st AlatripulionvaaRifoeHe B8 d chamber

changed to a different configuration if necessary to accommodate
dRdngey idetbwithebeireiveesricwit ol dladaptemz0 Wesigneth amitperab2, tbriBer2iire
is a sche at'kkc view of the_hood 12 with the universal manifold adaptor 20

AR 170 mATTfoTds FR AT RS ThE" ArikFeAod) HRERRETu ettt atyst cost. The

with no manil

28RasseevmarAtasRmen QRJ@E%EE?L%)%Q?&@H&‘MBH@Q@ B8 optimize

interchangeable manifolds. The manifold can be a single horizontal tube
2onpithatonea teplia s nkadih Gkeg Foillantrdis chaingerching axtd e Hobl fodds Do tuytialze
more horizontal tubes 22. FIG. 23 is a schematic view of the hood

BRI ACR I B R B RFRTFRGRINTRISHER RRingsSreplisd by the
disehaign.ataches e LORNAR Q 26RE THRZAAHA Q&@_e%%l _cgi??oE\L

Pg Slambers
universal manifold adapter 20. The manifold can be a piece of flexi f fa )
tsibelpdbetiere the air with no method for directing the air to the device being tested. With

e
the universal manifold adapter 20 in the hood chamber 12, a manifold can be added to direct
the temperature-controlled air directly to the device being tested.

The universal manifold adapter 20 allows the air distribution manifold to be changed
to a different configuration if necessary to accommodate changes in test requirements within
the same hood chamber 12. FIG. 2A is a schematic view of the hood 12 with the universal
manifold adaptor 20 with no manifolds attached thereto. The universal manifold adapter 20
has several attachment points (holes) that allow attachment of interchangeable manifolds. The
manifold can be a single horizontal tube 22 with multiple small holes for air discharge. The

manifold can be two or more horizontal tubes 22. FIG. 2B is a schematic view of the hood

chamber 12 with two horizontal tubes 22 with multiple small holes for air discharge attached
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direct air on the device being tested. The manifold can be a shower head
type to provide uniform distribution of temperature-controlled air, or any
other manifold for distribution of temperature-controlled air. FIG. 2C is a
SUREHEIYPEW of the hood chamber 12 with a 5shower-headP§paIs2007/006344
manifold 24 attached to the universal manifold adaptor 20. FIG. 2D is a
schematic view of the hood chamber 12 with a shower-head type manifold
24 attached to the universal manifold adaptor 20 and exhaust ports 26 at
side portions of the hood chamber 12. FIG. 2E is a schematic view of the
hood chamber 12 with a shower-head #¥anifold 24 and four horizontal
tubes 22 with multiple small holes for air discharge attached to the
universal 10manifold adaptor 20. FIG. 3 is a schematic perspective

19T whisesHorrnEpldadrnter 241 Fhempiifeld serdiepisorietiteeiib oitiete better

ghhe.inyention, the thermal sulation desian ueed for the.ood chamber,

as shown'in lows fempera ure changes to occur m er

thadrwithseietiog ErpipeLhas-cbhednedd chambeanis? inalidrsts: @yenhefion of

thermal insulation 16 with 15a thin layer of silicone 18 bonded to the
Smpsrsust-teatiabedaiontle. 2h bestautiaydei 8ftheiekdchembied 2 with a

rotectjon against d e to the insulation 16, The bonded layer 18 .
R B e SR P R I Y RRBIS AP 152D 152
ShRmBey déw Whirhnuou At a3 atharmabiaadch etk HCRI INSHEARA to the

the time to transition between set temperatures. The hood chamber 12
mndvgriabraahidrid|ed2dop OF ke ekivustquiTesrRGatsidrppeicis@filesmhoddisbamber 12.
f)é)dz hamber 12 of FIG. 1 in accordance with.an embodiment of the

anen foR 2 FTETEE HRY ROBE RAHABUPSS 1€ HERBARUEEDERS T AL 24 and

FAMIESCh A RuB U i GRRDRGHIH It SR #or GARRALIRthE: SUH fRnM Riversal
2007/109027PCT/US2007/006344 -3.6- The hood chamber 12 also

imodfpradessa @Bique air exhausting system to optimize temperature
%(Within the test area. All hood chamber configurations fﬁrO\l/i,de
1 1n

uniformity wij
multiprI%I RS IR RATR TR fedP ¥ 4B e Shra bRt of &
USbBAHIRN, 1 Ok OB HA HRENR PR G diish SXRRURL- AR IS AR SURISANY used for the

located in side portions of the hood chamber 12 but can be in
hoed chamber 12 as shown in FIG. 3 allows temperature changes to occur much faster than

with existing approaches. The hood cl}amber 12 includes a layer of thermal insulation 16 with
a thin layer of silicone 18 bonded to the surface of the insulation 16. The bonded layer 18
provides needed protection against damage to the insulation 16. The bonded layer 18
eliminates the need for a metal (or other material) liner inside the hood chamber 12, which
would act as a thermal load and significantly increase the time to transition between set
temperatures. The hood chamber 12 includes a handle 23.

FIG. 4 is a schematic perspective view of the hood chamber 12 of FIG. 1 in
accordance with an embodiment of the invention. In FIG. 4, the hood chamber 12 is
disconnected from the air source 10. An air-in c;)nnection 25 is used to connect to the source

10.
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5 other locations if necessary to optimize uniformity. As shown in FIG. 2D
and FIG. 3, exhaust ports 26 are located at side portions of the hood
chamber. 12. As shown in FIG. 2D and FIG. 3, all of the exhaust ports 26
aNOEBAMBIRERd internal to the hood chamber 12 with only one BKE/ESHATEH634
28 exiting the hood chamber 12 being used in a selected configuration.
Internal route 27 is the route of the exhaust in the hood chamber 12. The
exhaust location is user selectable 10(first and second exit ports 28, which
are 90 degrees apart) for test operator convenience. The hood chamber

12 includes a handle 23. In an alféfhative embodiment, the chamber

is of a clamshell configuration. FIGs. 5A and 5B are schematic perspective

views clamshell chamber 30 connected to the source 10, in o
accordsg‘r?ag'é) ?/\/C[Pﬁf‘ AR ST R BPEES AVRIRIS R ITREUSHRE FetTeom ioptimize

anindartalpadad, SHahdhat die.devics ke | 0. NCe multi
chal%hberr?rom the top. In FIG&Q gigcgnlg%g&g %ggl?(@%qu%g%%ge%oggﬁwgde multiple
txipsratssevitbhtibiecstirsstveasior ooiftrallisig dheaitempenatuewithie thearea.

clamshell chamber 30. In FIG. 5A, the head 14 of the source 10 attaches

(e RE R Brah A e iR lerrtsR R FidpRosiana of rbersrhambgh i@ but can be in
BApSISLRithe pRs Santioledal souree 10 tg the

clamshell chamber %%tylgr? (g]tl gé?%\%@éﬁ@é%%?ﬁ%%“ﬂﬁ@ét%é F04FIG. 3, exhaust
pivBtAsrrtocdtSd bt HHS pbifipthe ftispidoacHamsetiree ADsaiaahe$io. 118 and FIG.
side of the clamshell chamber 30 via the flex extender 32 which transfers

thé'tehiperaianst RfRAIRE Sortrstetineas fedhedesdisbaraprdRatith only one exit
chambss SALAEBEILALING HEXAHANIRT 2 8 0SSNk SN roue

30 is made with three knurled screws. No tools are
206 AHEOD0R pP (B d AdER60IA HaGid4d cHambée (R ratid @-ataghothe fieX user selectable
extender 32 to the clamshell chamber 30. The attachment can be made to

EiAndisRs WX PSP PRI ARSI SF ErBTR B h s test opa@lsr G Gmiemes. The
ﬁggfmgx(vlgeyi%c% @egla{;%s‘aeelﬁhamber 30 of FIGs. 5A and 53 in

accordance with an embodiment of the present invention. Specifically,

FIG. 6AnsunBsaheivatiasopimialy Bf hamRmshel chamker3Rhfl@i&3 BiGs. sA

a schematic rear view of the
and 5B are schematic perspective views of a clamshell chamber 30 connected to the source

E =N

10, in accordance with an embodiment of the invention. The clamshell chamber 30 is top-
loaded such that the device being tested is loaded into the chamber from the top. In FIGs. 5A
and 5B, a source 10 is used as the temperature-controlled air source for controlling the
temperature within the clamshell chamber 30. In FIG. 5A, the head 14 of the source 16
attaches to the side of the clamshell chamber 30 via a flex extender 32 which transfers the
temperature-controlled air from the source 10 to the clamshell chamber 30. In FIG. 5A, the
head 14 is connected to a pivoting arm 15. In FIG. 5B, the output of the source 10 attaches to
the side of the clamshell chamber 30 via the flex extender 32 which transfers the temperature-
controlled air from the source 10 to the clamshell chamber 30. Attachment of the flex

extender 32 to the clamshell chamber 30 is made with three knurled screws. No tools are
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clamshell chamber 30. FIG. 6C is a schematic front view of clamshell
chamber 30. FIG. 6D is a schematic view of the clamshell chamber 30 in
an open position. FIG. 6E is a schematic cross-sectional view of the
cYEthERe ¥ mber 30 along section E-E of FIG. 6A in accord®Gae0aHa 74196344
embodiment of the present invention. 10The clamshell chamber 30
includes a top portion 34 connected to a bottom portion 36 by a hinges 35.
When the clamshell chamber 30 is closed, the top and bottom portions 34
and 36 are latched together by latches 33. The clamshell 30 includes four
cable feed-through openings 41 for contfecting cables to the interior of the
clamshell chamber 30 on each side of the clamshell chamber 30. 15The
thermal insulation design used for the clamshell chamber 30 and as

E909iRLe efeshdhe flrnasttadthardrives chammiel (a5elaisfhubhe Rittembpipan be
yxg %lg“peg ggog%ch S, Th?l cLamngtll chamber 30 uses thermal

insulation 43 le., oamag‘etwee the olter Shell 37 6f the clamshell
chambeIca0saneHhe KReRkiney 3R s theIskamsh EHaaRN Y306 ] RAIRRESB in
liner 39 protects the insulation 43 from damage that might result from _
ﬁ@atﬂaﬁfsweth?ném@émmé@@2@@%%@0@&@@@1&@%@9&@r

ell 37 to minimize,th rmal plimiz therm erformance,
isgeh meartrl]cp%lpa‘fure rzgzheocnse and ennfggrrcéérgi:ﬁhgorm ? %ﬁé’ rear view of the

ermbhadimpaihtbesnnerdingr 39 SHAAsk: Ao VidRiBriaiiess $I8ebiP30. FIG. 6D
minimize thermal load, but could be other suitable materials. WO

SooEhE Mo UB20emabeb shambsg 30 in g cpsnpasitonarBIGchBrisatisshematic
cl%\slg%gl:}ithe IC\llaérVr\]’S Iecc gnr’ggeﬁ C Oax%{a Sal%ﬁ‘ asgdtlgnBrﬁ/% ??F*#E g?@%cordance

maniro ap er In accoraance with an em

Wie siasmsbelhehasher pesisnrvides with the universal manifold adapter
20 to improve temperature response which reduces time for completion of

a test ditd Gih'@ﬁéﬁd)lréweb@m&inebtdﬁeei?pﬁwiwi%psahmad ifoldbatiapteertion 36
B ghovss wiesghangeatic mapipida o be Used 1 opUmIZe ERETALIE 4

t 0 optlmlze ermal per orma

taReEatHEg oRBMa IBdiakHRe N0 SuRRlisckhM tBE membes A0 Reviirgetesl iQen
the device being tested. Conventional thermal enclosures (chambers)

skepineeitt itatecthectinawithlesontiet rwerfor ditbetigrthellainaolitred O eviesh side of
Hﬁin te t‘fjg With t3§ universal manifold adapter 20 in the 10clamshell
¢ ld can be added to direct the temperature-controlled

ail  The thermal insulation design used for the clamshell chamber 30 and as shown in FIG.
6E allows temperature changes to occur much faster than with existing approaches. The

clamshell chamber 30 uses thermal insulation 43, i.e., foam, between the outer shell 37 of the

clamshell chamber 30 and the inner liner 39 of the clamshell chamber 30. The inner liner 39

protects the insulation 43 from damage that might result from frequent use. The inner liner 39
is thermally decoupled from the outer shell 37 to minimize thermal losses and optimize
thermal performarnce, i.e., temperature response and temperature uniformity. In one
embodiment, the inner liner 39 is made of very thin stainless steel to minimize thermal load,

but could be other suitable materials.
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directly to the device being tested. The universal manifold adapter 20
allows the air distribution manifold to be changed to a different
configuration if necessary to accommodate changes in test requirements
W HER&eRMe clamshell chamber. The universal manifold a8@ptes22@7 /006344
has several attachment points is(holes) that allow attachment of
interchangeable manifolds. The manifold can be a single horizontal tube
22 with multiple small holes for air discharge. The manifold can be two or
more horizontal tubes 22. FIG. 7A is a schematic diagram of the clamshell
chamber 30 with two horizontal tubes 22 with multiple small holes for air
discharge attached to the universal manifold adapter 20. The manifold can
be a piece of flexible tube to better direct air on the 20device being tested.

The mBftifoithicah ¥ whsmptie viseadfyrectonioll ¢banhito A diSifisutibarek 5B

lemperature-contr I} d air, or any other manifpld for distribution_qf . )
R o W SRR A AR B e v

Tiaashelaharmhes3 withorishowrr-headilkarnanifeld 28 Al @diProve

the universal manifold adaptor 20. FIG. 7C is a schematic diagram of WO
ZOPFHIY0 2P ATFX RGO THd0634unc] Br adrandttintseicd|test anth dreBondtheduces test

h -head t ifold 24 and four horizontal tybes 22 with multiple
S e e e N IR B i ol Aoty

small' holes for air giee arge'a

Sflimize tABEAAISRAIEh A B R AR NG YRS A HINALSAie that the

exhausting system to optimize temperature uniformity within the test area.
Fheerimskeltshiaidebaasisobied iy BmeountindgOdiadorctcdsy ds: sloinmbiting

IG..6E on which the user places the device being thermally tested. The
e AL TR B o B EER DB AR i no meinod

RIPalr iR RGN ARN RIS SieMGE SO iR (RN ﬂ%ﬁhf&iﬁ Gdapter 20 in the

mounting platform 38 is located above an exhaust port 40, which is
clenshtly dboabed 1A, thedyoftheaf ik eddaits Hietiot Hertingre80usectihab Bitidafir
t{%e temperature-controlled air entering the clamshell chamber 30

?ﬁggﬁﬁﬁpﬁfj@%fﬁgiheﬁ@rfeﬁ?%ows over the device being tested before it

exits ﬂﬁ@lﬁﬁ@émumanifold adapter 20 allows the air distribution manifold to be changed
to a different configuration if necessary to accommodate changes in test requirements within
the same clamshell chamber. The universal manifold adapter 20 has several attachment points
(holes) that allow attachment of interchangeable manifolds. The manifold can be a single
horizontal tube 22 with multiple small holes for air discharge. The manifold can be two or
more horizontal tubes 22. FIG. 7A is a schematic diagram of the clamshell chamber 30 with
two horizontal tubes 22 with multiple small holes for air discharge attached to the universal
manifold adapter 20. The manifold can be a piece of flexible tube to better direct air on the
device being tested. The manifold can be a shower-head type to provide uniform distribution
of temperature-controlled air, or any other manifold for distribution of temperature-controlled
air. FIG. 7B is a schematic diagram of the clamshell chamber 30 with a shower-head type

manifold 24 attached to the universal manifold adaptor 20. FIG. 7C is a schematic diagram of
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chamber 30. This arrangement optimizes temperature uniformity within
the clamshell chamber 30 as well as temperature response, i.e., changing
set point temperatures is faster. The exhaust is internally routed to the
r84 WOTHE%¥amshell chamber to a rear exhaust 42, as ShownBETRIGE BB6344
and 6E. 15In FIG& 8A, 8B, 9A, 9B, 10A and 108, a source 10 is used as
the temperature- controlled air source for controlling the temperature
within a frontloader chamber 44, in accordance with another embodiment
of the invention. FIGs. 8A and 8B are schematic perspective views of the
frontloader chamber 44 connected to a'S6urce 10, in accordance with the
invention. In FIGs. 8A and 8B, the head 14 of the source 10 attaches to
the rear of the 20frontloader chamber 44 either dlrec%téy or via a flex

&&éhﬂ@h@bﬂb@meﬁrﬁamr%wfémaﬂﬁ@%ﬁ% %Moﬁr@rgy&@gs 22
is atta ﬁé d? tO {%n L@?Q IF %Eﬂgnegr %ﬁaJﬁeE t(o;ﬁie%l%}gagman S § a tor 20

e source 10 by a pivoting arm 15. FIGs. 9A an are

schematiepeisiRacivenvaVss akthechpatinadensqambenddueconnasted 6 a
source 10, in WO 20_07/109027PCT/1J52007/006344 -2 0 - accordance
ReEEORIC N URARIBT Wkihtheiesaran “F‘I@§Iamwdwbmé%mmas a

ofth sourc 10 attached toﬁ@ ar of th ontload % ber 4 via
RS SRR S TR O S R R s e

Mlﬂ%@&h eierilQades Ghararlodrl. Ue 658 e A adid R ral Biechanical or

schematic perspective views of the frontloader chamber 44 connected 5to

&legftreis modyle geeoméh@"eimm svinag B iierdnt st meantos alidiarmB 8 is
T 00 s o et hamR e ol dockeplo i hen

top of the source éferrlng

mrﬁmtka%i&h&hﬂmbafﬁéﬁ%}adﬁ&c%xff&mwQﬁtlé}ﬁé@:glﬁrﬁflﬁ&i@ﬁlztpcﬂam%r 30
portion 48 by a hinge 47. When the frontloader chamber 44 is in the

¢hosegh Hessiifon positéhdlows duecitherde trembeingitrsigrd @ef@mdseaasahmomshell

together. The frontloader chamber 44 h scabl feed-throu
R T AT R P IR TS ST A s Sleret

Lhisen sxplodadiperspastinévigwned the émagﬁagi%e shambepidptilGaer.

SA and 8B in accordance with an embodiment of the invention. The
thbererdiairst id atfomal bsigutedsediforehiefitbndeashe!t hbaniber WA rasr skivangt 42, as

in FIG. 11 allows teméperature changes to occur
shown in FIGs. 68 and

In FIGs. 8A, 8B, 9A, 9B, 10A and 10B, a source 10 is used as the temperature-
controlled air source for controlling the temperature within a frontloader chambér 44, in
accordance with another embodiment of the invention. FIGs. 8A and 8B are schematic
perspective views of the frontloader chamber 44 connected to a source 10, in accordance with
the invention. In FIGs. 8A and 8B, the head 14 of the source 10 attaches to the rear of the
frontloader chamber 44 either directly or via a flex extender 32 which transfers the
temperature-controlled air from the s;aurce head 14 to the frontloader chamber 44. In FIGs.
8A and 8B, the head 14 is attached to the source 10 by a pivoting arm 15. FIGs. 9A and 9B

are schematic perspective views of the frontloader chamber 44 connected to a source 10, in
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15much faster than with existing approaches. The frontloader chamber 44
uses thermal insulation 54 between the outer shell 56 of the frontloader
chamber 44 and the inner liner 52 of the frontloader chamber 44. The
inMerlinerid2 protects the insulation 54 from damage that mighttessdior/006344
from frequent use. However, the inner liner 52 is thermally decoupled from
the outer shell 56 to minimize thermal losses and optimize thermal
performance, i.e., temperature 20response and temperature uniformity. In
one embodiment, the inner liner 52 is made of very thin stainless steel to
minimize thermal load, but could be other-suitable materials. FIGs. 12A

and 128 are schematic views of the frontloader chamber 44 with a

universal manifold adapter 20 in accordance with an embodiment of the
inseondinge it @othay/@nBOPHE090 BRRG b8 2 00FIG8 584 4nd9B, iR Acandt of the
12B, thT frontloader chamber 44 is provided with the universal manifold

Aaistet LB YBSIHAY T fifIVET BRI e AR Al AR BtERdss 32 which
tiras s E%S@-@oﬁﬁh@@ qx#ﬁ@ﬁ‘?f% %oﬁ?&uﬁ?t% Eﬁg tf%%ﬁ%aﬁ@rec amber 44.

universal manifold adapter 20 allows interchangeable manifolds to be
U3 éd. thDéptinh 0B tempbeatatio pestingivEyioptinizie: thefithakpesfanbansecdnnected
is desirable that the temperature-controlled air being supplied by the

JBARREE bl Wi EEF A BRI RER g R (s al hETFtal 0A and
SRR RS AR RRLRL SRR gi,r@%a/\l;t@o&bgdqg Mt M@%%%O{ odirecting

the air to the device being tested. With the universal manifold adapter 20
in the fReftomgen EMamber 2B, Snsanifokl aan b, addeshtliceehih®er 44 includes
temperature-controlled air directly to the device being tested. 10The

Lﬁﬁv’é‘fs%rﬁﬁ’arﬁdiaﬂaaﬁfﬁé?_zﬁeaw_zaw;%é%r gistrmsutibn\Wasn e drestinader
changeddpiad kﬂ@%ﬁ’&&ﬁ%’&@%&?ﬁ%&’l@qg&ﬁ%{% fo.accommodate. ¢ and 48
changes in test requirements within the same ronfloader chamber 43,.

Theehinivarsairmelnifaie cdmpte 120 haseremiatiashmas: Qaindshes)s wo the
that allow attachment of interchangeable manifolds. The manifold can be

drgﬁﬁBFeOﬁIB%f?ZWﬁeﬁﬁﬁ‘ﬁfBF&rs‘fﬁall holes for air discharge. The manifold
can be g of e britbes Ao NRIG Al Roles (0L JRPORIRE: 5

The manifold can be’a piece of flexible tube to better direct air ont

chendi 6B bresacpiesiedwihameanidalthaanhrearshans-eadiymamaniials Qsign
provide uniform distribution of temperature-controlled air. FIG. 12A, is a

Stridrraties diagitatdes r e brortoarreRdndiE: 41 Wik nienpevernehenagp to occur

RN A abiRee AR HIRGUHRE RS LS (Al |
insulation 54 between the outer shell 56 of the frontloader chamber 44 and the inner liner 52
of the frontloader chamber 44. The inner liner 52 protects the insulation 54 from damage that
might result from frequent use. However, the inner liner 52 is thermally decoupled fr;)m the
outer shell 56 to minimize thermal losses and optimize thermal performance, i.e., temperature
response and temperature uniformity. In one embodiment, the inner liner 52 is made of very
thin stainless steel to minimize thermal load, but could be other suitable materials.

FIGs. 12A and 12B are schematic views of the frontloader chamber 44 with a

universal manifold adapter 20 in accordance with an embodiment of the invention. In FIGs.
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20manifold adapter 20. The manifold can be a bathe system 58, as shown
in FIG. 128, in which a plate uniformly distributes temperature-controlled
air over a large area or any other manifold for distribution of
t&YRpBeaILI2Gontrolled air. The frontloader chamber 44 also iR€GHERAABE06344
a unigue air exhausting system to WO 2007/109027PCT/US2007/006341
-22- optimize temperature uniformity within the test area. FIGs. 13A-13E
are schematic views of the frontloader chamber 44 in accordance with an
embodiment of the invention. Specifically, FIG. 13A is a schematic view of
the frontloader chamber 44 in a closed pbsition. FIG: I13B is a schematic
view of the frontloader chamber 44 in an open position. FIG. 13C is a
schematic 5top view of the frontloader chamber 44. FIG. 13D is a

dehetndichelir Fanlordnetnatrnat s ensitaseriththe eivesmliganifold adapter 20
ﬁ%BEH&@Q& ﬂg?o%et\é‘{n%%m%rEr%HQ%%e\L}%?@%]Qe er;rt.:sé:1r ﬂ’mp}%%%%%%%%g rof a test and,

chamber 44 can include various types o ving on whi e user

plaedsréhedevicesbeirg Themiatkiesiadiolhaidavicn BRiNG iaERU4RuM

be a printed circuit board, mechanical or electronic module or any other
W@?é&ﬁh@%&ﬁ?&ﬁ@ﬂ%ﬂﬁ@%@% Tvcaptiminiertbernakpsiowraige it is
El(s%xsa'b at eB tgﬁq dcxjégul?ﬁé-tcr(])%t%] e|<¥ i bSQnISsge %ﬁﬂ)\% tll('?g sage%clsggl gg Qné?eld to the
planes allowing the temperature-controlied aif to flow over the device(s

aeing esigdbrinredhexitpibedicont padesschamhendds) e SheivineRiSair with
attached to the frontloader chamber 44 by a mounting device 53. The

RiotiRthe e isectserthe ¥ tntihrdnvreHaing tretsdh With re halyerss napifiobicadapter

%er; d into,the mounting device ai multiple 15|ocations or. include )
S e B e S B Dl e raure
womtisiadeschambeiodte iraug bethe @it port 61 and flows forward to four

or more exhaust ports areas 60 located so as to optimize thermal
respon&beady essriyaratinle adamtnmafy et thetrir fistilo s oroimflseo 44 changed
Iohg dex e%lfleg n%rts r%{xen‘:asfo(e)c%rgaShgvgg 'c!xr‘}\rﬁ lgaitlig o thetfour forward ithi
corners but could be at other IS EatAS T optiize B8RS FEAHISme!s Within
Thes@xb@dstioader chamber 44. The universal manifold adapter 20 has several attachment
points (holes) that allow attachment of interchangeable manifolds. The manifold can be 5
single tube 22 with multiple small holes for air discharge. The manifold can be two or more
tubes 22 with multiple small holes for air discharge. The manifold can be a piece of flexible
tube to better direct air on the device being tested. The manifold can be a shower-head type
manifold to provide uniform distribution of temperature-controlled air. FIG. 124, isa
schematic diagram of the frontloader chamber 44 with a shower-head type manifold 24 and
four horizontal tubes 22 with multiple small holes for air discharge attached to the universal
manifold adapter 20. The manifold can be a baffle system 58, as shown in FIG. 12B, in
which a plate uniformly distributes temperature-controlied air over a large area or any other

manifold for distribution of temperature-controlled air.

The frontloader chamber 44 also incorporates a unique air exhausting system to
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2 ois internally routed to the rear of the frontloader chamber 44 through

rear exhaust port 62. FIGs. 14A-1411 are schematic views of a
self-closing cable feed-through module 64 in accordance with an
eEYDaUin@r2of the invention. The self-closing cable feed-throRgH/Ef30QT1E06344
64 of the invention can be used in connection with the frontloader

chamber 44, as shown in WO 2007/109027PCT/US2007/006344 -23-

FIG. 14F, in connection with the clamshell chamber 30, as shown in FIG.

140, and in connection with the hood chamber 12, as shown in FIG. 14H,

or in connection with any other standard4emperature chamber or other yet
undefined chamber configurations. FIG. I4A is a detailed schematic view

of section A of FIG. 14F, |Ilustrat|n9h the cable 5feed-through module 64
OB IR B I RS e atBiSrthe tosisemne. SIGHn ARA FRE geifcbrouitigiews of

SR asiihiauan ANkl o pIgvides a convepient wak [ar pasaina

CC W .
cables 66 from the exterior o '}1 erto the interior o ent"ﬁer ﬁcéﬁca”y’

eablas A efencarkio Gew bﬁf@rfmwmd@l@@mﬁsesumﬂoﬂmgebemimeﬁié. 13B is
of the device being temperature tested in the chamber. The cables 66

éémttﬁé'%\%@‘b%m@l?éé?é@mhﬁe%@@hmﬁy@oﬁ@meﬁ@éﬁ@nﬂh&hemam

S used 1 ? and/ar re dpg the eV|ce being tested in the
%: ambe 9 Se'Sele osﬁ’g ca % @fhrgﬁ]gl hile (f"le M8 A5 ROl frontloader

msaeqeh@szmrs instalatian sidhecalrias ﬁ@me&a:hb%ﬁb@mterm
routed through a first half 68 and a second half 70 of the self-closing cable

fé@al?ﬁﬁéug‘wﬁhsa &fecminph@%é#iemsceﬂﬂ@er@eaqh robigh throdhsleBdeisthe

ngialled into th Il and, wh lled, the first half 68
R SR SOy B R SRR e S

i’ﬂ&ﬁﬂblﬂSoﬂ@l&JﬂQ‘M@ ﬂﬁbﬁﬂﬁi&ar%ﬁoﬂa@pdwge Y fuiring thE¥enaPIE%|9S MY preferred
cable feed-through module 64 is secured in place with clamps 74 as

SHORHMST Sshopn i G2 4. By R aypdothiy the atitingsQissg eetrifyalivcated in

8H£gg 76 ft%row £s dr |rtto self- tclosm? a‘ ble feed-through module 64 to
fefe 18 m%|§ RS TP A R B I BYF i fRisR(FLbeing

ensure

&@w@gaareTb@xﬁel{nsI%m&&b infead:trough medils fti2lisGranegled

to an outer surface of a chamber. When the self-closing cable
feenilentoughimind dieb8 4 minmdinDpnicp 63itibi msushiog/devidel Gshdy Bugtiple
14C, the flr t half 68 and the second half are separated by rotating the

S8E8 i Mt B4 SIS nfe M HRIPARO B 72 P RAF v 2 muldiple
$&J£t€dﬁ§mg&ﬂh1@ fResID QUeBsBR ANl s iINERe PRSN BRI MINGar of the

cables 66 are
frontloader chamber 44 through the air-in port 61 and flows forward to four or more exhaust

ports areas 60 located so as to optimize thermal response and temperature uniformity within
the frontloader chamber 44, The exhaust ports areas 60 are shown, in FIG. 13B, in the four
forward corners but could be at other locations to optimize thermal performance. The exhaust
is internally routed to the rear of the frontloader chamber 44 through rear exhaust port 62.
FIGs. 14A-14H are schematic views of a self-closing cable feed-through module 64 in
accordance with an embodiment of the invention. The self-closing cable feed-through module

64 of the invention can be used in connection with the frontloader chamber 44, as shown in
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-24 - fed through the first and second halves 68 and 70 into the chamber.
When the self-closing cable feed-through module 64 is in a closed

position, first and second portions are closed and form a leak tight seal
avoRaebThesesibles 66, as shown in FIGs. 14A, 14D and 14E. A% Sh3eo07006344
FIGs. 14A, 14B and 14D-14H, self-closing cable feed-through module 64
includes a pull 5handle 78. FIG. 14E is a cross-sectional view along

section B-B of FIG. 14D. As shown in FIG. 14D, the self-closing cable
feed-through module 64 includes insulation 80. While the present
invention has been particularly shown-ame described with reference to
exemplary embodiments thereof, it will be understood by those of ordinary
skill in the art that various changes in form and details may be made
Fierd#Fwiiticonrtedtpa ritly thoetethehd Deipimbemil scophewi th&ISiebEhtand in’
invention as defined by the foIIowingncIaims. MCSLIP 25 CLAIMS 1. A
?8%‘5%?8%&%1&‘5%??&%%‘?&%6? Shown AL A ERPEFEOL Y infpy other

he-laraterpthasoemhREPe B EOMRSHIRRIR A R AR RARINRIGANtrolled

source for providing a temperature-controlled fluid to the chamber to
controFtemigér &t ardetiithicdivamiieriemdf sectasalbERISintiCailestrating the cable
feed-through module connected to an outer surface of thc chamber, the

FrstithRe el G 4 ps widhibn S e LE chAR B b AS AR erEmPeadiBg sclf-
B fariondh e iR LARA SR RREILEMH IR/ ED AP RESIRAIRL 66 from

position of the
the exterior of a chamber to the interior of a chamber. The cables 66 referred to can be for any

purpose to support the requirements of the device being temperature tested in the chamber.
The cables 66 connect the device being tested inside the chamber to a test system that is used
to send and/or receive data from the device being tested in the chamber, The self-closing
cable feed-through module 64 is removable from the chamber for installation of the cables 66.
The cables 66 are routed through a first half 68 and a second half 70 of the self-closing cable
feed-through module 64, The self-closing cable feed-through module 64 is then installed into
the chamber wall and, when installed, the first half 68 and the second half 70 close tightly and
form a leak-tight seal around the cables, as shown in FIGs. 14A, 14D and 14E.

The self-closing cable feed-through module 64 is secured in place with clamps 74 as
shown in FIGs. 14A and 14E or by any other suitable means. A dry air source 76 provides
dry air to self-closing cable feed-through module 64 to ensure that there is no moisture/frost
formation during cold temperature operation. The self-closing cable feed-through module 64
is connected to an outer surface of a chamber. When the self-closing cable feed-through
module 64 is in an open position, as shown in FIGs. 14B and 14C, the first half 68 and the
second half are separated by rotating the second half 70 relative to the first half about joint 72.

When the self-closing cable feed-through module 64 is in the open position, the cables 66 are
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10module and the first and second portions form a leak tight seal around
the cables in a second position of the module. 2. The temperature
chamber of claim 1, further comprising an exhaust system for exhausting
tREPHRIT HBM the chamber. 15 3. The temperature chamber dXIAif997/006344
wherein the exhaust system comprises a plurality of exhaust ports
connected internal to the chamber and a single outlet port for allowing the
fluid to exit the chamber. 20 4.The temperature chamber of claim 2,
wherein the exhaust system comprises a plurality of exhaust ports
connected internal to the chamber and dltiple outlet ports for allowing
the fluid to exit the chamber. MC SLLP 26 5.The temperature chamber of
claim 2, wherein the exhaust system comprises an exhaust port centrall

fod pery it the Botesrheartr ehimeruhtd dnte it BBRcfor m?gsﬂfec%sing
Dt B G ASALRALRE RORTASLPBolite ARSI WG ARSI A€ iRRa ang
2, wherein a location of an exhaust is selectable by a user. 7.The
temperaikiiiaeambrund daitiblesios! e sEompd TG the ANMINGdauen As shown
in FIGs. 14A, 14B and 14D-14H, self-closing cable feed-through module 64 includes a pull
handle 78. FIG. 14E is a cross-sectional view along section B-B of FIG. 14D. As shown in
FIG. 14D, the self-closing cable feed-through module 64 includes insulation 80.

While the present invention has been particularly shown and described with reference
to exemplary embodiments thereof, it will be understood by those of ordinary skill in the art

that various changes in form and details may be made therein without departing from the

spirit and scope of the present invention as defined by the following claims.
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material formed on side surfaces of the chamber. 10 8. The temperature
chamber of claim 7, wherein the chamber has a hood configuration. 9.
The temperature chamber of claim 8, wherein a thin layer of silicone is
bonded 15to the surface of the thermal insulation material. 10. The
temperature chamber of claim 7, wher2i the thermal insulation material is
positioned between an outer shell of the chamber and an inner liner of the
(dhaivber 2011.The temperature chamber of claim 10, wherein the inner
liner of the chamber is thermally decoupled from the outer shell. 12.The
temperature chamber of claim 11, wherein the chamber has a clamshell
configuration in which a top portion of the chamber is connected to a
lpottond pontiesmatfird4B Shbéer, 2oiheiclmamber such that the top portion is
opened in order to load the device into the chamber. 13. The temperature
chambahefidiginm Whivhedsivicheahibaibertbdstizefebataloadeing connectable to a

MCSLLP

temperature-controlled source for providing a temperature-controlled fluid to the
chamber to control temperature of the chamber; and

a self-closing cable feed-through module connected to an outer surface of the
chamber, the module comprising a first portion and a second portion, wherein cables are
fed through the first and second portions into the chamber in a first position of the
module and the first and second portions form a leak tight seal around the cables in a

second position of the module.

2. The temperature chamber of claim 1, further comprising an exhaust system for

exhausting the fluid from the chamber.

3. The temperature chamber of claim 2, wherein the exhaust system comprises a
plurality of exhaust ports connected internal to the chamber and a single outlet port for

allowing the fluid to exit the chamber.

4. The temperature chamber of claim 2, wherein the exhaust system comprises a
plurality of exhaust ports connected internal to the chamber and multiple outlet ports for

allowing the fluid to exit the chamber.
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5configuration in which a front portion of the chamber is connected to a
rear portion of the chamber such that the front portion is opened in order
to load the device into the chamber. 14. The temperature chamber of
claim 1, wherein the fluid is air. 10 15. The temperature chamber of claim
1, further comprising a universal maniffid adaptor for directing the
temperature-controlled fluid directly to the device. 16. The temperature

SchamBér ¢foldrmtes; chihetesn dhtdrohahgdabliemibe ifolds eyt battachpibiies an
to the universal manifold to direct the fluid to the device. 17. The

cxdmpé mirecehiaihybder ot dlairhd Boitvive@ithe nhanitsidaodmprsdstasinéie
horizontal tube with multiple small holes for discharge of the fluid.

alowd T kct8mp doatrnictloheaaroel thé claimbe6, wherein a manifold
comprises a plurality of horizontal tubes with multiple small holes for
discharge of the fluid. 19.The temperature chamber of claim 16, wherein a
manifold has a shower-head configuration to provide uniform distribution

6of the Flugdenppesturchgmber of claim 2, wherein a location of an exhaust is

selectable by a user.

7. The temperature chamber of claim 1, further comprising thermal insulation

material formed on side surfaces of the chamber.

8. The temperature chamber of claim 7, wherein the chamber has a hood
configuration.
9. The temperature chamber of claim 8, wherein a thin layer of silicone is bonded

to the surface of the thermal insulation material.

10. The temperature chamber of claim 7, wherein the thermal insulation material is

positioned between an outer shell of the chamber and an inner liner of the chamber.

11.  The temperature chamber of claim 10, wherein the inner liner of the chamber is

thermally decoupled from the outer shell.

12. The temperature chamber of claim 11, wherein the chamber has a clamshell

configuration in which a top portion of the chamber is connected to a bottom portion of

MCSLLP
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20.The temperature chamber of claim 16, wherein a manifold comprises a

baffle system. 521.The temperature chamber of claim 1, wherein the MCSLLP

self-closing cable feed- through module is removable from the chamber.

22. The temperature chamber of claim 1, wherein the self-closing cable
feed-through module is installed into a3¥all of the chamber, and clamps
secure the self-10closing cable feed-through module to the chamber. 23.
tithehtenboe sathrthehthn ber pirtlenns bplatién codeptisiogdtlsyl aii@ontoghe

for providing dry air to the self-closing cable feed-through module.
che@aberhe temperature chamber of claim 1, wherein the self-closing cable
feed- through module comprises a joint for rotating the second portion
relative to the first portion. 25. The temperature chamber of claim 1,

wherein the self-closing cable feed- 20through module further comprises
lihsulatibn.te2thetatarnpbratbee ebrltioh dystehefomabatcbinbeicimpe rirturtel odder
a device, comprising: a chamber in which the device can be located:
chrdigiutafia@oin which a front portion of the chamber is connected to a rear portion of

the chamber such that the front portion is opened in order to load the device into the

chamber.
14.  The temperature chamber of claim 1, wherein the fluid is air.
15.  The temperature chamber of claim 1, further comprising a universal manifold

adaptor for directing the temperature-controlled fluid directly to the device.

16. The temperature chamber of claim 15, wherein interchangeable manifolds are

attachable to the universal manifold to direct the fluid to the device.

17. The temperature chamber of claim 16, wherein a manifold comprises a single

horizontal tube with multiple small holes for discharge of the fluid.

18. The temperature chamber of claim 16, wherein a manifold comprises a plurality

of horizontal tubes with multiple small holes for discharge of the fluid.

19. The temperature chamber of claim 16, wherein a manifold has a shower-head

configuration to provide uniform distribution of the fluid.
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a temperature-controlled source connected to the chamber for providing a

temperature-controlled fluid to the chamber to control temperature in the MCSLLP

chamber; and a self-closing cable feed-through module connected to
an outer surface of the chamber, the module comprising a first portion and
a second portion, wherein cables are 3fed through the first and second
portions into the chamber in a first position of the module and the first and
second portions form a leak tight seal around the cables in a second
position of the module. 27. The temperature control system of claim 26,
2furthef o raprisiatyce wham bsalofGhaanifdlovdtapio r fovadifeblingnthases a baffle
temperature-controlled fluid directly to the device. 28. The temperature
syderol system of claim 27, wherein interchangeable manifolds are
attachable to the universal manifold to direct the fluid to the device.
1529.The temperature control system of claim 28, wherein a manifold
comprises a single horizontal tube with multiple small holes for discharge
20f the Thadeng@r AectempdetafeleontioMdystemtbe skifrelo8 pwhehrbinead-
manifold comprises a plurality of horizontal tubes with multiple small holes

thorugisohedyle of ter dicable2boB1thT kbatoheperature control system of claim
28, wherein a manifold has a shower-head configuration to provide

uniform distribution of the fluid. MCSLLP

22.  The temperature chamber of claim 1, wherein the self-closing cable feed-
through module is installed into a wall of the chamber, and clamps secure the self-

closing cable feed-through module to the chamber.

23.  The temperature chamber of claim 1, further comprising a dry air source for

providing dry air to the self-closing cable feed-through module.

24.  The temperature chamber of claim 1, wherein the self-closing cable feed-
through module comprises a joint for rotating the second portion relative to the first

portion.

25.  The temperature chamber of claim 1, wherein the self-closing cable feed-

through module further comprises insulation.

26. A temperature control system for controlling temperature of a device,
comprising:

a chamber in which the device can be located;
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30 32. The temperature control system of claim 28, wherein a manifold

comprises a baffle system. 33. The temperature control system of claim MCSLLP

26, further comprising an exhaust 5system for exhausting the fluid from
the chamber. 34. The temperature control system of claim 33, wherein
the exhaust system comprises a plurali of exhaust ports connected
internal to the chamber and a single outlet port for allowing the fluid to exit
the chatebperdOre3sontheltehiperatyranonedisistarimaofaiaiior B&ywdiegsin
the exhaust system comprises a plurality of exhaust ports connected
témiperrhto-thetohia e d ta theuttiptebeutie t poits! feradtouing thérflwichtober; and
exit the chamber. 1536.The temperature control system of claim 33,
whereirs¢HeckshauistiPystend- tonyghises dneaxitangst bt eemrsdtystotateds the
in the bottom of the chamber and an outlet port for allowing the fluid to exit
chambeartbé thedsthantivepri 87g THetamparatureé soatroldsysteom.of btamm 88hles are
wherein a location of an exhaust is 20selectable by a user. 38. The
fed pevnghutiee dontrol dystontl poctains 260 fltlvbroderprisirdy theesiadn of the
insulation material formed on side surfaces of the chamber. CSL.LP
module and the first and second portions form a leak tight seal around the cables in a

second position of the module.

27. The temperature control system of claim 26, further comprising a universal

manifold adaptor for directing the temperature-controlled fluid directly to the device.

28. The temperature control system of claim 27, wherein interchangeable manifolds

are attachable to the universal manifold to direct the fluid to the device.

29. The temperature control system of claim 28, wherein a manifold comprises a

single horizontal tube with multiple small holes for discharge of the fluid.

30. The temperature control system of claim 28, wherein a manifold comprises a

plurality of horizontal tubes with multiple small holes for discharge of the fluid.

31. The temperature control system of claim 28, wherein a manifold has a shower-

head configuration to provide uniform distribution of the fluid.
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31 39. The temperature control system of claim 38, wherein the chamber
has a hood configuration. 40. The temperature control system of claim
39, wherein a thin layer of silicone is 5bonded to the surface of the
thermal insulation material. 41. The temperature control system of claim
38, wherein the chamber has a clamsBeéll configuration in which a top
portion of the chamber is connected to a bottom portion of the chamber
33uch fhiat temtopportiontivbpstaead o draarld, lvhdrthe dmacdoldiseingrises a
tested into the chamber. 42. The temperature control system of claim 41,
befRersipithe thermal insulation material is positioned between an outer
shell of the chamber and an inner liner of the chamber 15 43. The
temperature control system of claim 42, wherein the inner liner of the
chamber is thermally decoupled from the outer shell. 44. The temperature
38ontrollsy stexpeoftetainoB 8o vehiesrenothd ahiadtbérrees eofranisiagleadehaust
configuration in which a front portion of the chamber is connected to a rear
s petio foo Exheushiag er feidnittat threciranbgiortion is opened in order to
load the device into the chamber. MCSLLP

34. The temperature control system of claim 33, wherein the exhaust system
comprises a plurality of exhaust ports connected internal to the chamber and a single

outlet port for allowing the fluid to exit the chamber.

35. The temperature control system of claim 33, wherein the exhaust system
comprises a plurality of exhaust ports connected internal to the chamber and multiple

outlet ports for allowing the fluid to exit the chamber.

36. The temperature control system of claim 33, wherein the exhaust system
comprises an exhaust port centrally located in the bottom of the chamber and an outlet

port for allowing the fluid to exit the rear of the chamber.

37. The temperature control system of claim 33, wherein a location of an exhaust is

selectable by a user.

38. The temperature control system of claim 26, further comprising thermal

insulation material formed on side surfaces of the chamber.

MCSLLP
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32 45.The temperature control system of claim 44, wherein the thermal

insulation material is positioned between an outer shell of the front-loader  MCSLLP

and an inner liner of the chamber. 546.The temperature control system of

claim 45, wherein the inner liner of the chamber is thermally decoupled

from the outer shell. 47.The temperatuté control system of claim 26,

wherein the fluid is air. 1048.The temperature control system of claim 26,
3%herelintHensedfatiosingnoabisy fead-othebig B lModeis fernbaatiierfhosmtheod

chamber. 49. The temperature control system of claim 26, wherein the
ceefigioging. cable feed-through module is installed into a wall of the

chamber, and clamps secure the self-15closing cable feed-through

module to the chamber. 50. The temperature control system of claim 26,

further comprising a dry air source for providing dry air to the self-closing
48able Téedanreughmeorhite] 208dnT hedempéYatunercontrtlisyisiemodfdiaime is

26, wherein the self-closing cable feed- through module comprises a joint
bfaydastavitiee thefsecoh thp dhton alstagivetionthefirsalportion. MOBLLP 33

41. The temperature control system of claim 38, wherein the chamber has a
clamshell configuration in which a top portion of the chamber is connected to a bottom
portion of the chamber such that the top portion is opened in order to load the device

being tested into the chamber.

42. The temperature control system of claim 41, wherein the thermal insulation
material is positioned between an outer shell of the chamber and an inner liner of the

chamber.

43. The temperature control system of claim 42, wherein the inner liner of the

chamber is thermally decoupled from the outer shell.

44.  The temperature control system of claim 38, wherein the chamber has a front-
loader configuration in which a front portion of the chamber is connected to a rear
portion of the chamber such that the front portion is opened in order to load the device

into the chamber.
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52. The temperature control system of claim 26, wherein the self-closing

cable feed-through module further comprises insulation. 53. A self-closing ;051 p

cable feed-through module, comprising: 5a first portion; a second portion;
and a joint for rotating the second portion relative to the first portion,
wherein cables are fed through the firsszand second portions into an
opening in a temperature chamber in which a device can be located in a
4first pdsditivengfethermedateohnybtiie fifstlaind 449 sekeaethpbetihasmfalin s ladkn
tight seal around the cables in a second position of the module. 54. The
nselfreibsipgcabieddedttmoag b uodhled loffdlaint &3 widneindhe inner liner of the
self-closing cable feed-through module is removable from the temperature
cbhardzer. 15 55. The self-closing cable feed-through module of claim 53,
further comprising a dry air source for providing dry air to the self-closing
cable feed-through module, 56. The self-closing cable feed-through
module of claim 53, wherein the self-closing 20cable feed-through module
4urtheil berteprisestims utatiorl. system of claim 45, wherein the inner liner of the

chamber is thermally decoupled from the outer shell.

47. The temperature control system of claim 26, wherein the fluid is air.

48. The temperature control system of claim 26, wherein the self—cldsing cable feed-

through module is removable from the chamber.

49, The temperature control system of claim 26, wherein the self-closing cable feed-
through module is installed into a wall of the chamber, and clamps secure the self-

closing cable feed-through module to the chamber.

50. The temperature control system of claim 26, further comprising a dry air source

for providing dry air to the self-closing cable feed-through module.

51. The temperature control system of claim 26, wherein the self-closing cable feed-
through module comprises a joint for rotating the second portion relative to the first

portion.
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52. The temperature control system of claim 26, wherein the self-closing cable feed-

through module further comprises insulation.

53. A self-closing cable feed-through module, comprising:

a first portion;

a second portion; and

a joint for rotating the second portion relative to the first portion, wherein cables
are fed through the first and second portions into an opening in a temperature chamber
in which a device can be located in a first position of the module and the first and
second portions form a leak tight seal around the cables in a second position of the

module.

54.  The self-closing cable feed-through module of claim 53, wherein the self-closing

cable feed-through module is removable from the temperature chamber.

55. The self-closing cable feed-through module of claim 53, further comprising a

dry air source for providing dry air to the self-closing cable feed-through module.

56.  The self-closing cable feed-through module of claim 53, wherein the self-closing

cable feed-through module further comprises insulation.



