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TEMPERATURE- CONTROLLED ENCLOSURES AND TEMPERATURE
CONTROL SYSTEM USI NG THE SAME Rel at ed Applications
wabiog/1egopt i cati on clains the benefit of UnitedPt/Easm®e7/006344
Provi sional Application Serial No. 60/784,044, filed
March 20, 2006, and United States Provisiona
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
I nvention This invention refgtes generally to a
tenperature-controll ed encl osure for connecting to a
source of tenperature-controlled fluid, such as air,
TEMPERATYRECONTROWLLED ENCLOSURESUANDIFEMPBER AJRIREEEONTROL
This invention relates. in particular to a
t enper at ur e- cont r oSYSTEM UISIEG THEASAMAT| udes t her nal
i nsulation, a neans of directing air to a device being
Relateds Appllicationsexhaust i ng system and a sel f-cl osing cable
feed-through nodul e. Description of the Related Art
Théihés mpécmnwlamnﬂfed)@mfn@f Yniged Staten Frgvisionalpeplication Serial No.
chanber s. general, in such chanbers, air is
60/1:&4%1 filed Mqrw 20,2004 apd Usispd Shaten PEPVF%W%APB"%N@F Serial No.
irecting the air over a heating and/or coolln COI
60/18& 7één@ieg Maich o 20 @ondhes sonitsnts Afeaghkeing incerppigred fegein by
enters a test area. The air then exits the test area
mﬁ%ﬂﬂeﬂgtﬁﬁkﬁWF%ﬁrected over the heating and/or cooling
coil to condition the tenperature of the air before it
reenters the test area. These steps are repeated. The

. Standard tenperature chanbers sinply circulate the air
Flela-gg ﬂ]e kagﬁiélPP : :
od for directing the
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, a 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 chambers. 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 methpd for directing the

air to the device being tested. In addition, the standard temperature chambers use a metal (or
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air to the device being tested. In addition, the
standard tenperature chanbers use a netal (orp other
wordoenowk) |iner inside the chanber. The net al PCT/NB2007/006344
acts as a thermal |oad and significantly increases the
time to transition between set tenperatures. Summary
of the Invention According to the invention, source of
tenperature-controlled fluid is used as an openl oop
tenperature source for controlling the tenperature
within a tenperature chanbef2” The source is either
attached directly to the inlet of the tenperature
chanber or there is a flexible air transfer |ine,
othdr nfateria®) lfrleLibiak thechb@MBEC The inbal lifcrABL @S & tiermalloatardead
to the tenperature chanber inlet. The
signifidipey fictiasestditnekd @ghsition bevwtan sétseropdratofest he
tenperature chanber. By using the standard source as
the tenperature source, it is possible to connect the
Sunimarp ef Htelneantionr ol | ed air source (one at a tine) to
several different tenperature chanber configurations,
t husceprding @ithginaentivapsoarieed kengperattreaoninblénd fhad &ruaéd as an open-
different tenperature chanber configurations are
loop effiperatudte sdunceaftbd coritmitlingt the tesparatre sathinetemperaturs chamber. The
tenperature source for tenperature testing various
souxteVs either attachesidirestly tcth indettof the tempgravuzg chambenerthere s a flexible
The present invention includes a famly of tenperature
air eanafeb ding ikor flgsiblagxtender that eqnngets a sousce hqad do Hisdempasefpre
tenmperature source. A feature of the present invention
chamer iglep (Ibgitetapesatirergoaralias alc edastopyt eg thefemprigipes Ghepper- By
~a highly efficient thernal insulation,gesi n th%%
using, the pardardsaurcs s theismBeahEhtourss ftihepessiplede %P'BFﬁ‘a g temppgrature-
m ni m zi ng heat | oss and regﬁﬁ%qﬁwthernal Igaqg. .
confplidaif SHESHOREALIMN & FrYeRb AVTEroR IERCEINTP SR G PRV ERtions,

a tenperature-controlled .
thus providing an economical solution when several different temperature 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.€., 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-controlled
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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enclosure wth a highly efficient and fiel d-changeabl e
nmet hod of air distribution for inproved thernal
w0 e®poome’ f or specific testing applications. APOL/082007/006344
feature of the present invention is to provide a
tenperature-controlled enclosure with an air exhaust
system for optimzing tenperature uniformty. Anot her
feature of the present invention is to provide a
tenperature-controll ed enclosure with a self-closing
cabl e feed-through nodul e. Ghe or nore of the above
features are included in each of the tenperature
chanber enbodi nents of the present invention. Another
f ealndfier Rhtukd6f the presdtt inveuidt is @proside @ tgnpatatige-éontrolled
tenperature control system which incorporates one or
encloBir€with atsBE-chilbgeable dtadrthmougl hwdpleesent i nvention is
directed to a tenperature control systemfor
C O Kink @ Iriong)of thapeovatfedtere fre dndiadeid drecachiod thegrmperatugy ghamber
control systemincludes a chanber in which the device
embodimdnes dfolegirestnt mveivper at'ur e- control | ed source
connected to the chanber for providing a
t edpether Gaowe ofthe prdserd inventioh is¢o plowide laderperature ¢onkrel gystem
- tenperature in the chanber, and thermal insulation
whictpineorpatates oneretimore afiteeaboye featises. of t he chanber. |In
one enbodi nent, the tenperature control systen1furtq?
i ndlhegeasent invantian isairepteriq diempSERSE 69Nt Y &Kricppge!ling
the tenperature-controlled f|UId direct
temprsgtuescof 4 devisao THe FEMTHEHE feritol sysian f'@ﬁ’é’ﬁ%@ﬁ‘bﬁ"&be’ in which the

mani f ol ds t tachabl e h fold
devih FRrbe OREd T BPB EHROTTR LS OB R B b 7
mani f ol d i ncl udes
prowannsﬁrmpeﬁbmﬁcwpﬁgf pi }hgehé{ﬁﬁ% %?%th?ef*rpﬁr%'fm e
e f | ' f
et T STRISLIER B b1 S B8] HIBEG R tpR0ARY ©
di Sh%: Iggé ngmtexI;]tethfeltel:Jrlnperatlure control system 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 control system 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 and a single outlet port

for allowing the fluid to exit the chamber. In another embodiment, the exhaust system
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anot her enbodi ment, a manifold has a shower - head
configuration to provide uniformdistribution of the
w0 bairdo9ok anot her enbodi ment, a mani fol d i ncl RAEESA07/006344
baffl e system In one enbodi nent, the tenperature
control system further includes an exhaust systemfor
exhausting the fluid fromthe chanber. |In another
enbodi ment, the exhaust systemincludes a plurality of
exhaust ports connect ed |nternal to the chanber and a
single outlet port for allomnng the fluid to exit the
chanber. In another enbodi nent, the exhaust
system ncludes a plurality of exhaust ports connect ed
inclutiésed platalityooftelrhaishportsaronadete drintetriaplogh®citamdder mad msltipleroutlet
allowng the fluid to exit the chanber., I n anot her
poresrfooallaveing thetfluid @xexitule claynbee nianatherdaodimentithe gthaust system
port centrally located in the bottom of the chanber
inclaides anexbaust port panttally docad limthiepgttorh of fhewwhamber andian ontiet port for
rear of the chanber. |In another enbodinent, a | ocation
allayfing thedluiditosxitithe rot efthathambisy In apatber embpdiment, a location of an
enbodi ment, the chanber has a hood configuration. In
exhgnstiswelectablediasst-, a thin |layer of silicone is bonded
to the surface of the thermal insulation naterial. |n
onelnaps Gabadistent, thechambatias athaed gordieyrasing) [n another embodiment, a
configuration in which a top or |on of the chanbper is
thin-lgyeral sHigoReis fopdndite mep%rfﬁ? F'ﬁl:?‘ msulaten metsegl ¢ hat

the top rtion is ene ?rd

bei HPES eamm%éh% AT arﬂﬁﬁ6'&ﬁ%@ﬁ§%@ﬁ€*§8§ﬁéﬁﬁ°r> portion
or b oiGT e Srn 'ﬁaaﬂtr?%r&"e’aoléﬁ*ae BB e 0 14 Somion s
°P?‘F‘ifﬂ°"?gq8é?adé€%$% AR e e R of{angRy podjpent he
thefrif iSIRARE il 2 ;{&E&B?éjd bﬁ?w&nraﬁ%[.tep%ﬁl' i dqamﬁr and an inner

er on1I1s
lindrQf gggmggg.deV|ce into the chanber In another
eng nment

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, 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 around the cables in a second
position of the module,

In one embodiment, the fluid is air.
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thermal insulation material is positioned between an
outer shell of the front-|oader and an inner |iner of
wo b@7abmeber. I n one enbodi nent, a sel f-cl osi NBCT/ER1087/006344
feed-t hrough nodul e connected to an outer surface of
t he chanber. The nodule includes a first portion and a
second portion, wherein cables are fed through the
first and second portions into the chanber in a first
position of the nodule and tphe first and second
portions forma |eak tight seal around the cables in a
second position of the nodule. In one enbodi nent, the
fluid is air.In accordance with anot her aspect of the
i nMertéddance hithianvibert dspect ofthdiimeatiay thedngention is directed to a:
tenperature chanber. The tenperature chanber includes
temperatundrttamben T temperaties/¢hambenincludes adhambdr inTilich a device can be
chanber is connectable to a tenperature-controlled
locaterir Be dhambegrrio vordienigbla to & temneraturesontorlted spurse far|pneviding a
the chanber to control tenperature of the chanber. The
tempenapree-aonirodled Axidde thef dhamber tojcartral demmpesatusi of resehiamber. The
mani fol d adaptor for directi.ng the L
tempenapyse ehamber Bwther icludes 4 ynivessal meaifeldpdapsior fiee digesying ¢he
I n one enbodi nent, interchangeabl e manifolds are
temperatuseragiteolied fuidedirestly torthafeigmi fol d to direct fluid
to the device. In one enmhodinent, a manifold includes

a sPoge embedimephinerohangeatly mANIERIfS 31p PEACSARIE fo iGIUBY oSl
A R TSI 0 5 S .
o B DRSSP S 54 e bt
R R R PR AL A T 3 fare r
2 B 5o E5h b GRS A o
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
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,

thermal insulation material is formed on side surfaces of the chamber, wherein a thin layer of
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exhausting the fluid fromthe chanber. In one
enbodi nent, the exhaust systemincludes a plurality of
we@zdvanedo2ports connected internal to the chanbeCT/asmH0Z006344
single outlet port for allowing the fluid to exit the
chanber. I n another enbodi nent, the exhaust system
includes a plurality of exhaust ports connected
internal to the chanber and multiple outlet ports for
allowing the fluid to exit the chanber. In another
enbodi nent, the exhaust system i ncludes an exhaust
port centrally located in the bottom of the chanber
and .an outlet port for allowing the fluid to exit the
silicoeais whd¢die tihaurface of tha theroalhessulaivhadhteraiht , a | ocati on
of an exhaust is selectable by a user. In one
entloeherembodimint, teahieberthas a alamshell @ofifingtiomtn wihich & top portion
anot her enbodi nent, thermal insulation material is
of theorhambenia cennpeted e h ottem portion of tieshiraber sughethet the toptproirtion is
| ayer ofsilicone is bonded to the surface of the
open¢skinrpader knlioad thei denicainte theaghamper. dn enféhq;@mh@éimnt,tth@mal
. chanber has a clanshell configuration in which P
insulasionipaterisl is foemedhamtide syrfrcesfribehambetn Whetsin the ﬁl?erma insulation
portion_of the chanber such that the tog portion
matsrpaé Aepesitipngd Behveeyan euier shll ofibgichamberppd ah inenlings ef the
I n anot her enbodi nent, thermal insulation material is
chamBetied on side surfaces of the chanber, wherein the

buriBpre aPecipen i %ﬁg‘é%ahanﬁﬁ%%h&? e BHgIE fron
porfeetifd %*E‘E‘E’FP BSRRT 4D Rt PHARRCE e Bt tiet B g
port‘i%hnelnégsn d?h&)ol cﬁt%t ?gw m?o tﬁmg aﬁan?b%ﬁ't in anoa'}c&r 1émgodn(:j)gnt,

I‘OI’] ron 1S opene

theﬁn%blngelgtx&{ﬁa%ﬁ Xll is ‘fa’(frl'n%h 3n tspi% s&’?&@? ?f the kﬁamgtvb}grela the thermal

nsulation naterr a

insuldtif ﬁﬂééaﬁl?sepcbsﬁfongygetglgmecguterwaf 8¢ Hle FOG-ORE TRY 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 mociule 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 around 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
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 providing a

temperature-controlled fluid to the chamber to control temperature of the chamber. The
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insulation material is positioned between an outer
shell of the front-|oader and an inner |iner of the
webanher27 | n one enbodi nent, the tenperature CPEI82007/006344
further includes a self-closing cable feed-through
nodul e connected to an outer surface of the chanber.
The nodul e includes a first portion and a second
portion, wherein cables are fed through the first and
second portions into the chapber in a first position
of the nodule and the first and second portions forma
| eak tight seal around the cables in a second position
of the nodule. In one enbodinment, the fluid is air. In
temparetrachanbenfurthercincuithsra sifpdasingafableifesdi-thueergh inonlulet dv@nected to
invention is directed to a tenperature chanber. The
an quéarpenface of theghamben: Theahadwéssineluddsarfiyetrportiondnideiseaond portion,
devi ce can be | ocated. The chanber is connectable to a
wherginpabries are Eeddbrough Hedfitstand seconfl pprtion®intaitha ghamber in a first
tenmperature-controlled fluid to the chanber to contro
positienpéthgmadulerndithefitshandiscondmestiansiernna |ealk tighisedlaround the
further includes a self-closing cable feed-through
cablgp ing woeshpnsiticapfths medwWet er surface of the chanber.
The nodul e includes a first portion and a second
porlf PEfembpriment, the Seperatyrechpmlen fiithay dprludes ap pxkaustgystem for
secon ortLons into the chanber in a first position
exhgipg, et oM Ao ERbeF | Iehe ARTOEEah thess bRt Pfluges a
ak ti around t he a.s Siti

I h I I ' d
Pl 1ot SRR ACES CPRMeSITa BB R Shembiea A T e e Por
h furth [ | ud h . t f .
allovgv%%gﬁg IIIIISIS(I) FI‘.IEIIPI Cﬁgﬁg‘ﬁegﬂ%‘?{@f&%@%‘ Se¥lfcﬁ Itlﬁemwgﬁst sy./stem includes a
plurg@%qleﬁarﬁ fq&ﬁg%oﬁﬁ(e%\%?zr%efsn\é tto%I]Ig ﬁlzhgfnll))gxg a}e?e n?lhlgI eg)?lIlIét:%mgffor

) aus ports connec eynq . .
oA S B B Th LD S 8B i

an &H&Ispgﬁi"‘ceﬂtrally 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,
thermal ingulation 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, thermaIl
insulation material is formed on side surfaces of the chamber, wherein the thermal insulation
material is positic;ned between an outer shell of the clamshell and an inner liner of the

chamber.
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plurality of exhaust ports connected internal to the
chanber and nultiple outlet ports for allow ng the
wo bardodoo7 exit the chanber. | n another enbodi nRCL/PUS100B006344
exhaust systemincludes an exhaust port centrally
| ocated in the bottom of the chanber and an outl et
port for allowing the fluid to exit the rear of the
chanber. In another enbodi ment, a |ocation of an
exhaust is selectable by a uger. In one enbodi nent,
t he chanber has a hood configuration. In another
enbodi nent, thermal insulation material is fornmed on
side surfaces of the chanber, wherein a thin |layer of
si |Thoeaembsditmentl ée chambdrehas b fifbatkaddr coffégurtmmriawhich a front
i nsul ation. In one enbodi nent, the chanber has a
portidreriizhethandenisicpunegtaddn airear\phition ofithesbapbertsugnthef the front
chamber is connected to a bottom portion of the
portidaisiopened i hrdehtat loadhihe deyicpimta the ghambesp bangtlien embettiment,
to load the device into the chanber. In another
therasb ingitlerion matetiak isormied on sisleisurfaqen pEth ghamberwhareig tisthermal
side surfaces of the chanber, wherein the thermal
insylafion| raaterish inpasitiangd betweervan eutensbell pithaient-leades gadan inner liner
shell of the clanshell and an inner liner of the
of the\eh#p¥®ET- | n one enbodi nent, the chanber has a

fraont -1 oader, confi qur tlon in which a front portion of
thé“&ﬁ%ﬁﬁ@?mF§"%8W%ﬁ€$§@"to a rear portion of the

© o HenfeRHETme0F e PrpgREHBRFSRbe el erhaversal nSficola
s Jformed on

|
scagp B TRtz b P mel ERAnES RREVEE7 b 0 e b RheReh
| |
mter %Saﬁ$e%5¢e ntuhn ; rs(r?lrr] a acﬁ' &12?% attx]% aﬁersal?% \rﬂﬁ?ﬂ tg glr&#tﬂ?ﬁqﬂuld to the

I nne I ner

dev?clg.a rﬁp&{e e&ﬁbdﬁ’xﬂ&t?ﬂ%‘f&& mc‘ludtepg sxtxglglhgnﬁcﬁltﬁ'tﬁbe 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 accordance with another aspect of the invention, the invention 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 providing a
temperature-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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In one enbodi nent, the tenperature chanber further
i ncl udes a universal manifold adaptor for directing

W bh@7nesper at ure-controlled fluid directly to PEEUS2007/006344
devi ce, wherein interchangeable manifolds are
attachable to the universal manifold to direct the
fluid to the device. In one enbodi nent, a manifold
includes a single horizontal tube with multiple smal
hol es for discharge of the fluid. In another
enbodi nent, a manifold inclides a plurality of
hori zontal tubes with nultiple small holes for
di scharge of the fluid. In another enbodinent, a

embBBIHhdng) isteAnablo G folis aft A&@EHabLd Bid \Miveral plafifold €o direct the
uniformdistribution of the fluid. In another

flui@ feae HEBEd. , IndnBRMbbEhitnt, B GlanifoRl iAcliddsial singley/sdrizontal tabe with
accordance with another aspect of the invention, the

multipé&Hhiall Mdles SorcHischaige @f the fhuid. clrfaasthtienebalimentter mariifidd includes a
tenperature chanber includes a chanber in which a

plurdhityi of @orizontdl euties evdthanultifle amah Aoles foridéscbage ef tha lflul. tIo apother
tenperature-controlled source for providing a

emHodiment,at magfald has aoshower-héadicanfiguratinn to ipsavide urtiform distnitition of
tenperature in the chanber. The . tenperature chanber

the fluidt e rndtherlentedimdng mmadnifolkintlatésonbatie estemt. f or med on
side surfaces of the chanber. In one enbodi nent, the
t er'ipenapmbedimahﬂ@rtemmr@tneerchmbmméberénqjmev @p §¥haust system for
mani fol d adaptor for directing t

exhausting thet id fremy the ehaneher.f Inng embp@etqny theexbpst gysigng includes a
I n oneenbodi nent, interchangeabl e nmani folds are

plurghityzafigxhaust pastscorBnestrdyiatesal to b chagbgr ?’b’ afipgle Putefﬁ eort for
fluid to the device. In _one engﬁgmaf nifo

allopyirg e Syidfosii e ambet, I pagther et P Skt frctudes a
haol es. for di scharge of, the

plughiyfienamst poortswan? scinerel @&E%%“memfaqp ms'plﬁwﬂet ports for

allogl?ééég ?lggl t8¥el>{{k% tg)arnulp ﬁn‘gh?{t% d g &F )i,haust gystem includes

an {:’ﬁf“f% P?ﬁg 8?@?}]?'6 f) \é}e thfe% ortliheQ’: am‘aér Ahd ag oBO&Y poﬂ%or 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
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the fluid. In another enbodinent, a manifold includes
a baffle system In one enbodi nent, the tenperature
w@e b@mbeso2f urt her i ncludes an exhaust system f oPCT/US2007/006344
exhausting the fluid fromthe chanber. In one
enbodi nent, the exhaust systemincludes a plurality of
exhaust ports connected internal to the chanber and a
single outlet port for allowing the fluid to exit the
chanber. I n anot her enbomnqﬁgJ t he exhaust system
includes a plurality of exhaust ports connected
internal to the chanber and nultiple outlet ports for
allowing the fluid to exit the chanber. In another
por€idib 6ftheeimbel Ixcoandtandstd asystpertionro khecthamber sl thasthe front
port centrally located in the bottom of the chanber-
portion isapeadtih etdep 6y bbad the delicowitotheichanbdru lmlanother xibodiment, the
rear of the chanber. In another enbodi ment, a | ocation
theoal dnsulatiha usteriabis pebidcnealiebvdey an outseshelllaf tignizont-loader and an
enbodi nent, the chanber has a hood configuration. In '
innemloteh ef theghroobenent , a thin | ayer of silicone is bonded
to the surface of the thermal insulation material. In
onelnampethbadintent, thetewbembyes cambenfurthemipplttds a self-closing cable
configuration in which a top portion of the chanber is
feed-thrmegh madulocenngeied sanpuiterisyriacsfof theechambib ehhegnedila ingludes a
the top portion is opened in order to |oad the device
firspportign #@E Egordpestiomevherrdimeries arifed tyonelt the M&Pmnd portions
the thermal insulation material i s positioned, betwee
-nt%we lraiver e St BpSiHATLOLIREEHIE R thS rst AR Seco BPTigRs form a leak
e cha one enb di pent,. the chanber has a
gl ﬁ?ﬁharqua HErcaLGﬁfq HEfeaR § BAtIoR offiedRodt it  ont portion of
t he_chanber .is conn ed.to a rear portion of the
cha“ﬁﬁ? E%BﬂmFﬂﬁfmi %3f%%ht portion is opened in order

oad the deyice,into t

h
(ﬁc%ﬂ?ncetv“ @ﬁw%ﬁpe?t Eme dPYegﬁo%{le lrnvgtﬁlon is directed to a

tenggSI l}ée gcpn rol systt rll c%rrlltré:]H mpe alture gf a Eeﬁc réttél‘l‘l Sile 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
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inner liner of the chanber. In one enbodinent, the
tenperature chanber further includes a self-closing
w@e 2 aodoered- t hr ough nodul e connected to an outBCT/US2007/006344
surface of the chanber. The nodul e includes a first
portion and a second portion, wherein cables are fed
through the first and second portions into the chanber
ina first position of the nodule and the first "and
second portions forma |leak tight seal around the
cables in a second position’df the module. In one
enbodi nent, the fluid is air. In accordance with
anot her aspect of the invention, the invention is
positioh ©F tH2tn édul @arid@RPBFsAnd RcSrlPoitdns Foisd £ Bak GiEht seal around the
controlling tenperature of a device. The tenperature
cableiif 4 sHcosy pdsitioni ofehelifiédul@ chanber in which the device
can be | ocated, a tenperature-controlled source
connected to the chanber for provigding a
tenperature-controlled fluid to the chanber to contro
Bridfd@igsenipionrof theDratvingshanber, and a uni versal manifol d
adaptor for directing the tenperature-controlled fluid
di rlet foyegoingt drel otbeni clgiects,nfeatvrorahdnmivantagds cintbt Hevention will be
aspect of the invention, the invention is directed to
apperepte ey shay more particolar slgsaription of preferned | aspengs of the invention, as
.. tenperature of a _device. The tenperature contro
illusggataddimthreqegapanyangdravings in whichildg refeener ghagactera referdo the same
| ocated, a tenperature-control]ed source connected to )
parts thropghaus dhe differsht olave e Arpwinge pe Bptoncesssanly| toeygale, emphasis

stz Pl 48 QP o R e BB EHPBugh modu e
R BN IO M) | —
o SRS S AR Ry i eoond
t”?ﬁ{]gsfg{al Etg?%ﬁf&%%%ltﬁ:evq&% osﬁﬁeo Rgodpcgarguhgrno% Pflar Pw?thla%%(versa]
manifold adapter in accordance with an embodiment of the 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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cables in a second position of the nodule. 7 Brief
Description of the Drawi ngs The foregoi ng and ot her
wobjoeao®?7 f eat ures and advant ages of the i nvene@DOS207/006344
be apparent fromthe nore particul ar description of
preferred aspects of the invention, as illustrated in
t he acconpanying drawi ngs in which |ike reference
characters refer to the same parts throughout the
different views. The draw ngs are not necessarily to
scal e, enphasis instead bei%g “pl aced upon illustrating
the principles of the invention. FIG 1 is a schematic
per spective view of a hood chanber connected to a
t erfiGs alAHCge nthieolatie dieas bf the ilapshelnclabther AEFKE. HA hd 8B with a
enbodi nent of the invention. FIGs. 2A-2E are schematic
unixersshmaoifolt kdapterdd actvaddanes with afrb@bodiment ¢f the inventions al
mani fol d adapter in accordance with an enbodi nent of
t heFIGa\&Aaandh8B afe| sCher@aticpempsative view of afeorgipeddrichambdreannected
of the hood chanmber of FIG 1 in accordance with an
to aderhprtitirasconyolledhair fonpesrinacgorddRb@with ah smiodivtestefithe invention.
perspective view of the hood chanmber of FIG 1'in
5c dUPaHs endh PR precsshemlispemeemtive Viewse! infsmtionder cfiingasr of FIGs.
5A and 5B are schematic perspective views of a
8A ?}Fda% Enected ind tempsttnesprirpllied al source in accordance with an
enperature-controlled air source in'"accordance with
emb&‘?'%%@@ﬂ’u‘?éﬁ‘fenﬂf’“t he invention. FIGs. 6A-6D are

ard 165 160 delstheefebni v m e el e o
FIGs.nélzg anc& QQ 'conneged ?(F a te?np%ra?t&g-%gx%tr(lllced %lrr%gt?r%ee ?r} allccc):gr%ance 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
accordance with an embodiment of the invention.

FIGs. 14A-14H are schematic views of a self-closing 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



10

15

20

view of the clanshell chanber in accordance with an

enbodi nent of the present invention.FIGs. 7A-C are
waehetretorr vi ews of the clanshell chanber of RP@GYUSHAT/006344

and 5B with a universal manifold adapter in accordance

wi th an enbodi nent of the invention. FIGs. 8A and 8B

are schematic perspective view of a frontl oader

chanber connected to a tenperature-controlled air

source in accordance with an 3e_n‘ood_i ment of the

i nvention. FIGs. 9A and 9B are schematic perspective

views of the frontl oader chanber of FIGs. 8A and 8B

connected to a tenperature-controlled air source in
souftedor chatroingithd temperatubo dithinnitterdperhfuge chawdet. The sourtd3s either

10A and 10B are schematic perspective view of the
attathaaititeodyl tor the irdetiof theatmpéréimre hdmbacorgBere taneditsid air orafsfer line,

tenperature-controlled air source in accordance with
i.e..anflexitijo cxtempdet, thit coleecisrasontce bead thithe tethperatirachaebetl ddkedThe

perspective view of the frontl oader chanber of FIGs.
tem@gratimetc@irollad air cxhaais ot ofi thdricpaperafiivo diamher. Afcardieg to the

invention. FIGs. 12A and 12B are schenmatic vi ews of
inveriiion{ it ismoksibld 60 caimgetidhe tempeiuBe-corgellad dir 8Bire (dne at a time) to

uni versal mani fol d adapter in accordance with an
sevenehdifferentiemperatuie chamben eondigurapipis; thus providime ap economical solution

schemati c views of the frontl oader chanber of FIGs. 8A
whennwevenl differsptismpeittise ghamberernéigntippreie repirgheThe device being

i nvention. FIGs, 14A-14H are schematic views of a .
testechjnrthe [egperagure shtraber sed or p drigied sHeNiF Roared, mgchafieed E glectronic

o 20 BBy b e S s o
temperature 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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According to the invention, a source of
tenperature-controlled fluid such as air, for exanple,
wQa b@rregBetT ean(t m) nodel TP04300 or TP04310, PCT/US2007/006344
manuf act ured and sold by Tenptronic Corporation of
Sharon, Massachusetts, is used as an open-I| oop
t enper aturesource for controlling the tenperature
within a tenperature chanber. The source is either
attached directly to the inlet of the tenperature
chamber or there is a flexibt®e air transfer line,
i.e., a flexible extender, that connects a source head
to the tenperature chanber inlet. The
soufcRMOEs ddedrae tHeQerhperhiubeditlol i@k AiRstsikde fotiéon@rolling@he temperature
tenperature chanber. According to the invention, it is
witiia sise idod chambérnneathehd ©4 bEIKP %Lﬁééltwatﬁemsrdhiebt%dto&hé top side of the
source (one at a tine) to several different
hoodeqnabat 12rveitictheeeikmorledstrevasl INd toolsre tehuisedao avtach g héda 14 to the
econom cal sol ution when several different tenperature
hoodivhardaber 120 1The deadat4 ismtached to the sourexd10 BhepistetinganbE. ng
tested in the tenperature chanmber could be a printed
ci ridGist 2A@Eratk saremhtanyiews obthe bbat¢haobec ] hetkIGe 1 ovithaanyniversal
ot her device requiring thermal test. In addition, the
manjfld edapter 20 paceonidnegsswith aweipbodimentef thelinventippr The hood chamber
tenperature testing various devices wthout attaching
12 is proyidedipidy the ypizersplangnifold adaptep 2@ designed e/ isrirpyhtemperature
includes a famly of interchangeabl e tenperature
respoRsiWhich redyees tnnes g)r\ﬁpmﬁlefl%ogq)@ﬁcagd thergfore, trefhices the test cost. The
. oen | oop tenperature source. The features of the
uniygrsalMapifold adantereCaliows Antsrehangeahle mpnifolds toche qSﬁ%m %w'rrtw

tem‘é%?i%u%” 2tk Fﬁé}%»ﬂ o @%ﬁé%ﬁgea%%‘?%%ﬁge%ﬁﬁtm%ﬁ@ 3o optimize

thergy n%%orm'a%%d? s eSO el Sppa by the
cat | uni

o B0 BB RS A5 R s Ry

sim%{)]'dcir%ul%?el t{'le glll' stl g n%%?oc{s fofr Sggctltng rth%uagrhto rtrl?edéjewde being tested. With

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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In a first enbodi nent of the present invention, the
chanber is of a hood configuration. FIG 1 is a
W@ elveretoeT perspective view of a hood chanber R@I/US2007/006344
according to an enbodi nent of the invention connected
to a source 10 of tenperature-controlled fluid such as
air. The source 10 can be, for exanple, a
ThernoStream(tm) nodel TP04300 or TP04310,
manuf act ured and sold by Tenptronic Corporation of
Sharon, Massachusetts, or otffiér sinilar devi ce.
Thesource 10 is used as the tenperature-controlled air
source for controlling the tenperature within the hood
to tHemiReal rhadnifdd B8aster2d. The hidqifSldWas be 4 Bicat bEfldMiSle tube to better
directly to the top side of the hood chanber 12 with
direéthiirash the deviedbeing Rywd. Nee masifld adrcber edhoiveehlati oy et tb pedvide
the head 14 to the hood chanber 12. The head 14 is
unifain distribaition of fempemture-eortblley air, grianp bihegmanifiold Sor ditdsution of
2A- 2E are-schematic views of the hood chanber 12 of
tempdrSurelcontroledaitnFiGE 2€45 a seheifatité diewdd{phecliood@hamber 12 with a
accordance with an enbodi nent of the invention. The
showerdtbad IngrehaanifoRl 24at@chad td itk woivensal nenifold adapsen 20. FIG. 2D isa
mani fol d adapter 20 designed to inprove tenperature
schensgiooiye ofithie bhod dhnbes 12 with afshewerdiepd bipe orendpld24tastgehed to the
and, therefore, reduces the test cost. The universa
univegsal menifold ddanten202nd gKhayspars 26 ratﬁéﬁg‘@ﬁbvseofr?%hqf’él chamber 12.
to be used to optimze tenperature testing
FIGDPE i sohematiq view of H@ hogd ehamphes Q% Ytithe %'?aww'aﬂadé"anvfeld 24 and
optim ze thermal performance i esi rabl e tH
fourtwﬁewalttu?@ Z2otith Brtivle small *t?éfisrf@f %g'ﬁcrhaéﬂf geherido the Universal
source 10 be directed to the device being tested.
mantioil R4P105 A% t her mal encl osures (chanbers) sinply

g fﬁﬁe?&z«ﬁcggm%gwgp%a&:\aew B g
it - UEEHE e o
hoo&gﬁe?r? oqr tgfsj) gﬁ Q\(,en ﬂ%t} F&H‘?Igﬁxégé{u?g%ha;? tg 3%4%{12 ﬁﬁﬂth faster than
wntl{@mt n% agpltogclgg ﬁl&%%ﬁ g,l?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.onnection 25 is used to connect to the source

10.
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to a different configuration if necessary to

accommodat e changes in test requirenents within the
waawe/1wed chanber 12. FIG 2A is a schemati c RCEUSINT/006344

the hood 12 with the universal manifold adaptor 20

with no mani folds attached thereto. The universal

mani fol d adapter 20 has several attachnment points

(holes) that allow attachnent of interchangeable

mani f ol ds. The mani fol d can be a single horizontal

tube 22 with nmultiple small “Woles for air di schar ge.

The manifold can be two or nore horizontal tubes 22.

FIG 2B is a schematic view of the hood chanmber 12

wi tThethaod blonbeo A2 also indogmral@s amitiduentid dxhphsting s¥stdm fodBnize

for air discharge attachedto the universal manifold
tempefayreeymi 2Omity withinethe test atex vl lwdxhpnbaeoofigiratéos ptavide multiple

tube to better direct air on the device being tested.
exhausearagsVithin thectast atras to etsowenifbea dir dispibution gronghdet the test arca.

uni formdistribution of tenperature-controlled air, or
Theéﬁ{)ﬁt@t a1e3s as Fipically ldcated i side postionsof theg hood chamber 12 but can be in

tenperature-controlled air. FIG 2Cis a schenmatic
°thf‘\hlfe$\ﬁﬁws if PReeSRBIEo RS- uniformity. PAnshohaia FIGR2RIand PIG. 3, exhaust

fold 24 attached to the universal manifold adaptor

P°"2rr3.6 afe lpgategrgt |55d€é’°§!ﬂ'?é Rhthe &ogd ehgmber 1heAnshandn FXGetD and FIG.
5, ol e Pelaistiatis e SARROT el iniFe pasd chempsy ié’w%{%%my
o5 5 Pl e DALy ) G e
2 SRS A RO, B, RO e
(firs} Shd s %g?dlﬁgﬁx‘{tjd’oﬁ?'zs "BRLA Qrecbo YABRE O0paf) for estonatarbadg vepience. The

F'Specti ve VI'ew o

rmogkﬁﬁﬂérﬁfhggﬁgggﬁerna th an enbodi ment of the

I nventi on ‘i nsul ati on design used for the

hoog}, &%@hﬁhvé&n@édnﬁ%%e cﬂalﬁ) is OF aaélil;]rgmlltcg% A F1Gs. 5A

changes to occur faster an w t

and SBRFORRARSIC peieBPR i @\D@&tbe{lan]r&xeh RA4HEE S0 Johid¥RE t&fhe source

thermal insulation 16 wt
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. S5A
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 ld
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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a thin layer of silicone 18 bonded to the surface of

the insulation 16. The bonded | ayer 18 provi des needed
w@e@vaeteon agai nst damage to the insul ati on 1PCT/Ukm®07/006344

bonded | ayer 18 elim nates the need for a netal (or

other material) liner inside the hood chanber 12,

whi ch woul d act as a thermal | oad and significantly

increase the tinme to transition between set

tenperatures. The hood chanber 12 includes a handle

23. FIG 4 is a schematic per'Spective view of the hood

chanber 12 of FIG 1 in accordance wth an enbodi nent

of the invention. In FIG 4, the hood chanber 12 is
requited o BIfRG HROfIdX XiandBE3 Biolth& Slbh st 11 BamBét 381 Thi Attachment can be

connection 25 is used to connect to the source 10. The -
madeao ditledi 31 @F tht 2 mhshiel]l chaifep BsradoftGendenddli que ai r

exhausting systemto optimze tenperature uniformty

Wi tHIGE. 646E hiesichamatin, vidd ofhwoclanshie rbanbe S0fof FlGaBAGd 5B in

provide multiple exhaust areas within the test areas
accdrdarer suithaanienibod inmend of thel ipsdsentbonention.t Speoifighliy tFIGhEA isest

area. The exhaust areas are typically located in side
schemuatici top giepfoftieecldroshellchambar301 FIGUAB sarschmmnativ rearhvigw of the

| ocations if necessary to optimze uniformty. As
clamshelighamber G, FIB 66his aprigmaticdsantiview qf slamshelgchamber 30. FIG. 6D
. located at side portions of the hood chanber. 12. As )
is a gehemstic Niep of theglrmphelichanbe 304n jan gpen psitioph §IfS+ 6Byi§atsghematic

26 are caonnected internal to_the hood chamber 12 with
crossripgtiopakyie iof theclmpbell okangher 89 along pretin SE ehEIH &A inaccordance

eing used in a selected configuration. Internal route

Wiﬂg%“ ¢rabqdime tlé’gfr@ REfsePHaVERBust in the hood chamber 12.

e I M S NN R
L G TN AR e ——
36 atreb ?atc%lgg gc;og%{hexi‘ g’y I%Ichgs ﬁ.af]l?ehcel‘alullsh%ﬂ gt)lugzllﬁcﬁets ifo%? 'cabﬁflz %%d-thsréugh
openings 41 for connecting cables to the interior of the clamshell chamber 30 on each side of
the clamshell chamber 30.

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 performance, 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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and 5B are schematic perspective views of a cl anshell
chanber 30 connected to the source 10, in accordance
wowrd/1eg2enbodi ment of the invention. The cl anBtEUE2007/006344
chanmber 30 is toploaded such that the device being
tested is |oaded into the chanber fromthe top. In
FIGs. 5A and 5B, a source 10 is used as the
tenperature-controlled air source for controlling the
tenperature within the clanshell chanber 30. In FIG
5A, the head 14 of the sour@®"10 attaches to the side
of the clanshell chanber 30 via a flex extender 32
whi ch transfers the tenperature-controlled air from
t NFISOUTAGCHR §chembi GiEWHTIaE blagRReTDamBer 30 6F FiGs 554nd 5B
the head 14 is connected to a pivoting arm15. In FIG
wittbBunivbealankinifold afapleh20 madtterdanke with acdhetdiniert BEths lil@ntion.
of the clanshell chanber 30 via the flex extender 32
Thevdtamadhell charsbez 39 id previdedrpéth ahcundvesal mahifeld adapterf20amimpreve
source 10 to the clanshell chanber 30. Attachnent of
températurd expanst ehitbreddi2es time foa comaletitve bf a ecamd cther@fre, seduces test
made with three knurled screws. No tools arerequired
costt I hetuniveisat manifdle rdapter 20 ddows intdrchanpeabls mang feddd to be used to
chanber 30. The attachment can be made to either side
optigfize tampetabie testing. Cleeeritierizd hermad pordorimanesit istlegizablGhattiie
are schematic views of a clanmshell chanber 30 of FIGs.
tempgrayrricamrollnd i being sinptied\py Fregaursn o e dispatedsp thewdevice being
present invention. Specifically, FIG 6Ais a
test%d: rféw@moqabwewaé\ﬁnﬂpsmﬁéclaﬂshﬁga &IMply. pisgHiate the@ir wighao method

a schematic rear view of the clanshell chanber

for digpting the Ao dvice T TTed I the HEPIGH! TEANIL Adapier 20 in the
30. FIG f t
clarg P |l SR S TeR Col8 cam e A B SiFgt e Fagppera i coprolied ai

. sch ti.c .cross sec i onal view of the cl anshel
m"?ﬁ%ﬁgg?d§ﬁ°%V%Wﬁet tion E-E of FIG 6A in accordance

W t”lt]mearr]l”%r ng w%”’go% pteﬁ?iaﬁgées rétabr ; lo%r}n Fd to be changed

cl amshe

to a%?ﬁ&gﬁtcggﬁ éurat‘?on ?Béc%gs]agp{ota'c(?&mgigdate changes in test requirements within

the same clamshell chamber. The universal manifold adapter 20 has several attachment pointc
(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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by a hinges 35. Wen the clanshell chanber 30 is
cl osed, the top and bottom portions 34 and 36 are
wo adochew2t oget her by | atches 33. The cl anshel | PGDUS2007/006344
i ncl udes four cable feed-through openings 4 1 for
connecting cables to the interior of the clanshell
chanber 30 on each side of the clanshell chanber 30.
The thernal insulation design used for the clamshel
chanber 30 and as shown in FEG. 6E al | ows tenperature
changes to occur nuch fasterthan with exi sting
approaches. The cl anshell chanber 30 uses thernal
insulation 43, i.e., foam between the outer shell 37
the efamishl cambei3d With B ahddesr-h36d gpe mahifoldr2Aeind fourdiorizéhta fubes 22
the clanmshell chanber 30. The inner liner 39 protects
with F@itipkssthall hales #B8aif d schaulgnmgehedhiathenintersal swuifeld adapor 20.
frequent use. The inner liner 39 is thermally
de cThemllamkhel oharhbee 30 aiserineh@rite 3V uniquendinéxhausting Ispstena ko
| osses and optim ze thermal performance, i.e
optinérpemptange neifporityevithin the despareat Thee lamshel pmmly:r 30 includes a
one enbodi nent, the inner liner 39 is nade of very
mouiting patfrm|38sas stowelin FHG.i6Eimvhieh theaiserailaces the dewsige being
could be other suitable materials. FIGs., 7A-7C are
themmslriestide Rhiealarico being tested sowld &F B peiRtedisipuitboasd, nigelgnical or
5A and 5B with a universal nanifold adapter 20 in
clettanisimedwieon iy 19 then devier AWERE tormaliesti HiFaReyoRE PiRarm 38 is
cl anshel | chanmber 30 is provided with_ the unive
%?WF‘ an S’é@b‘ﬁteﬂ‘mz‘@ tfvalqhniﬁf&%"x E’ﬁ?}@ﬁ’ in the botkqre ﬁBﬁ@ glamshell
whi ¢ uce or conp

cafie . op i ALgties gewr@&wre&gwroﬁﬁﬁé%ﬁwwsi%q e heoer 3
ey s}ﬁém@p@?{{;ﬁsﬁﬁs ROBERhS TR R s e
oL B ISP ALP gkl L g
cha{?(;.oﬁl{lf(ﬁ?s \genlges tg??rggr%{ e reg nocl,;(z ngﬁg(ngﬁgngéew:sttt%ﬁg%\nes is faster.
The é){h%gt ?st lgtem‘la‘ly%lfted\{o tne Qe Eﬁhp QIQmshell chamber to a rear exhaust 42, as
shown in FIGs. 6B and 6E.

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 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 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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for directing the air to the device being tested. Wth

the universal nmanifold adapter 20 in the cl anshel
w@eb@mher280, a mani fold can be added to directP€TES2007/006344

tenperature-controlled air directly to the device

bei ng tested. The universal manifold adapter 20 all ows

the air distribution manifold to be changed to a

di fferent configuration if necessary to accommobdate

changes in test requirenents within the same cl anshel

chanber. The universal  mani d adapter 20 has severa

attachnment points (holes) that allow attachnent of

i nt erchangeabl e mani fol ds. The nmanifold can be a
accSidBgeavitDarioften taboditeRt of2heNinbéntidu| I PIGS. SABhY 9BOIhe Sutput of the

for air discharge. The manifold can be two or nore
soutrverli0deoattaahed tohlsreaPof the ffontloAdédchantbeneheit iadlefticaghden3afwhich

the cl anshell chanber 30 with two hori.zontal tubes 22
transferdthatdmpepdteresoairdllddaiirefsorh dre saurce dD s tha figatiaddea cliagtber 44.

to the universal manifold adapter 20. The manifold can
FIGselGA pndktiB ot s¢hemaitib [perspedbize viows of therfradilpoater cliambeod4 connected

t he device being tested. The manifold can be a
to assquige rl Ohie adcardapee withpnothekanhodinhent of the snvention. i i/ FI166. 10A and

tenperature-controlled air, or any other manifold for
10Byjtha fronslopdes shamnberddpedisactly doeksd te thelteriofthe sour¢ed0.7B i s

a schematic_di agram of the clanshell chanber 30 with a

S REIPTREARIT G 8RS 30198, 204 apd A0hahe ontqsder Abambpdk includes

mani fol d adaptor 20. FIG 7C.is a schematic diagram

a froptipeEian 4 RonBgcteddn s Podipnfidity athingratie rWhenie dippdoader
et 1% 58 o o Bl Bl 3o ek poions 0
rostffert 155 FonlBLambEr & b e hr DR AL TGS BrB it to the
imeFRES S FrohGPRELTAMBER 50 Tcl uddes. a mount i ng bl att orm
o155 BB IpRabd oo B of e R GUUREE B B4 alfigy 34

and%liln%cpoqdzﬂxcg Witﬂtaﬁ %m%ioﬁﬁrwn{ oﬂﬂg fn%nﬁ@:(? hﬁgitﬁ’eq}napfnsulaﬁon design

used for the frontloader chamber 44, as shown in FIG. 11 allows temperature changes to occur
much 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 inner liner 52 protects the insulation 54 from damage that
might result from frequent use. However, the inner liner 52 is thermally decoupled frc.>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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el ectroni c nodul e or any other device requiring
thermal test. The nounting platform 38 is | ocated
wW@bwvaowme? exhaust port 40, which is centrally PODES®A7/006344
in the bottomof the clanmshell chanber 30, so that al
of the tenperature-controlled air entering the
cl anshel | chanber 30 through the air-in port 45 fl ows
over the device being tested before it exits the
cl anshel | chamber 30. This arrangenent opti m zes
tenperature uniformty Wi t hif the clanmshel | chanber 30
as well as tenperature response, i.e., changing set
poi nt tenperatures is faster. The exhaust is
12A aidelr2B kHeyfrandlotdiat chanlidn a4 ieprovidéd itk tied wniednell maaifoldiadsapter 20
to a rear exhaust 42, as shown in FIGs. 6B and 6E. In
desighégsto iBiftrov@ Bempotatu@Bespbaye winidh feO@Bcesdinsofor camplétiorsofistest and,
as the tenperaturecontrolled air source for
therefone, reducesigsttciost. Thendversal manifpldiadapter 20 aliows datdehangeable
chanber 44, in accordance wth another enbodi nent of
martifedds tp be psdddn opinGe tergperatnes te®ingr dooptimipgtthermal performance it is
erspective views of the frontl oader chanber 44
desigahinthet the tqrepegaturgenogtolicgl ain heingowpplirdrivyethesaqurce Hibe directed to the
invention. In FIGs. 8A and 8B, the head 14 of the
deV§6 being testeda Goppprsionglgherral enslpsurss (¢hambeisysimphagiesulate the air with
44 either directly or via a_flex extender

32
eqlf : difRetng the gin o the Hﬁ@feawgete&ts%t%h fhegmiyersal mawfold adapter
d 14 to the f I 44, |
20 lrs“regf? RS ae e PRI 547 be SUELLHUIS DelrRPEEc

9A and 9B are schenmatic

CO"%%VCS%%E?iPVﬁ Yt g\%_ge‘é’?e 6?1%’5 {‘:’FtS it oager chamber 44
d .
o HSH SO o LA ORI e e
to a?lr et t c% ﬁ%).ngth Egcezs%xoy t‘!osacgg ! agcli']a?e C 0 ﬁ%sr}g t ! gre\ﬂhlrelﬂents within

ex ex

the garn?enﬁ&ﬁf dértlﬁalhgmr %P &%Qltrﬁﬁl n% %ja h{er 215 gg ste?%&l attaahment

source 1 tot front

pox%}{g\ﬁg@gﬁﬁm W&&agmng,rt%? ﬁﬁérwa%ggab%aa%olw erte i foRP8 be a

r 44 connect
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 38, as shown in FIG. 12B, in
which a plate uniformly distributes temperature-controlled 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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to a source 10 in accordance w th another enbodi nent
of the invention. In FIG. 10A and 10B, the
wo e@ntbwader chanber 44 is directly docked to PEEUSIPT/006344
of the source 10. Referring to FIGs. 8A, 8B, 9A, 9B,
10A and 10B, the frontl oader chanber 44 includes a
front portion 46 connected to a rear portion 48 by a
hi nge 47. When the frontl oader chanber 44 is in the
cl osed position, latches 49 |latch the front and rear
portions 46 and 48 together:??The frontl| oader chanber
44 has cable feed-through 51 for connecting cables to
the interior of the frontl oader chanber 44. FIG | |
optiimszeatsmpaptupcl @l fqpmvity pethin the tast &'6a. FIGE. NS AF IIBYrk eédatatic views of
chanber 44 of FIGs. 8A and 8B in accordance with an
the frotrtdderhbhmbér 44ia aconrdarice oih ahlkmbbligtenbdf themivk@idnO Specifically,
desi gn used for the frontl oader chanber 44, as shown
FIGi i3Acis@ schématid view df etrgfeonalbadee cltdnabieg d4 it closeeipositioa hFIG. 13B is
faster than with existing approaches. The frontl oader
a schérpativaviewt 4f thedoontibadenehambes 44 ot dnoaped podiddnaad(S. il B@ is a schematic
outer shell 56 of the frontl oader chanber 44 and the
top vigweaf the fientlodderchamber 44 GG Bddlisra schramdtisreat4ievlpEthe frontloader
inner liner 52 protects the insulation 54 from damage
champert44nif36t 1 3 5 schemasie sideadeye af the Srentlgagarshamber 4/ The
inner liner 52 is thermally decoupled fromthe outer
frondlgader chgmbes 4ficap inchude vadousdypes gshelvingen which fheser places the
thermal performance, |.e., tenperature response and
devicg ﬁﬁ@ﬁ a'%%méllm%ﬁeeﬁheﬂivwr keipg Eestedsevid Be aPrinfedirepih Beard,
stain| ess, ste

mecpiEtHo} Elep R Eodils o Sy oth by MRS fept ) te preferred
terials, FlGs. 12 12 hemat L.c. vi .
et G PO PG r R 0071 S 1S SHANJEH S0 SRFTRN ogeted n

B e B RFRSBRE R BT Bl RS v
test&ﬂ%mg Lt e%és TS fpc;n?l\c/)I &i ?%ha\l’}nngel;] 411.h el‘h% Qfléﬁ\%&s %b isna'qpalcl];e%l tg the
a ap? er esli gnea etO I nprove terrper agure response

fronmilcﬁ:b cﬁaqt%é? 92 bglia OJn?IBg 88’@ b%t iﬁl@ n?cfun’ané sg‘\ticeaﬁdhas multiple

notches, such that the shelves 50 can be inserted into the mounting device at multiple

locations or include multiple shelves 50. As shown in FIG. 13D, air enters the rear of the
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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t herefore, reduces test cost. The universal manifold
adapter 20 all ows interchangeable nmanifolds to be used
WO 200op0d0ori ze tenperature testing. To optim ze PECEUIRNT/006344
performance it is desirable that the
tenperature-controlled air being supplied by the
source 10 be directed to the device being tested.
Conventional thermal enclosures (chanbers) sinply
circulate the air with no nethod for directing the air
to the device being tested 2% th the universa
mani fol d adapter 20 in the frontl oader chanber 44, a
mani fol d can be added to direct.the
FIG! BT & dhhécBie WithGhé Sdmshdll dhamBért 30y ad shotvindn HEV. 1el6, bad ing
tested. The universal manifold adapter 20 allows the
conricfiofhih fhiethobl Rarienil 0dsdhbwn heFIchasigeat it coediidrf witieaty other
configuration if necessary to accommobdate changes in
stand#8 tenfip2eatine @@NAb& oniothet pettuhdefinedehdmben configweatioohanber
44. The universal manifold adapter 20 has severa
at FiG hisenis apletaiied s¢hemlatis yiewrdisectioh dvofiGa d Hifvdtustrgting the cable
i nt erchangeabl e mani fol ds. The nanifold can be a
feedsthrogizle ntodble 6321sed with thel frontloedes ghamben 4tcas anp grample. The self-
di scharge. The manifold can be two or nore tubes 22
closinigtdablefitedithtomgh maidhletfd] pravidesra qenyeniing wax rf‘ye)assi%cables 66 from
mani fol d can be a piece of flexible tube to bet
the efitering of aFhangher ththe drterioreof pehpmbereEeg@bles g “’rfﬁ'ﬁ‘?q‘ tBlca“ be for any
can be a shower-head type manifaold to provide uyniform
purmgmunmrr i resuineEyepts © % hgdsvics h?*P% Fq“H’&’aé‘i"F testadn thegh: amber.
is a schematic diagram o o

e & SR e Pl
to seRF Heeixe Cale i 6 dehﬁgﬁﬂr%gefﬁar“nﬁﬁﬁw@‘?easgf JiZhdsing

cabﬁelﬁqurt%ougg glofdﬂ?dql\ﬁ? gew?oglagl'e gliog\ gc rr‘?brﬁr %rﬁgﬁ%lﬁﬁgﬁ B?% cables 66.
The:ffelﬁig.? (ﬁgﬁr el&%(g l#ét}oglhlc?etgrts ab %d a%#o%ﬁgxglf%b%?th%rseﬂ'}l/osmg cable

fee -t%rx:rpugilat odufe 6C4o He sleif-%ijosﬂfg cable feed-through module 64 is then installed into

r]at%ﬁ Fesp;%'s{em that is used

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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The frontl oader chanber 44 al so incorporates a unique
air exhausting systemtooptimze tenperature

wanio7aesety within the test area. FI Gs. 13A- 13BT/ES2007/006344
schematic views of the frontl oader chanber 44 in
accordance with an enbodi nent of the invention.
Specifically, FIG 13A is a schematic view of the
frontl oader chanber 44 in a closed position. FIG 13B
is a schematic view of the frontl oader chanber 44 in
an open position. FIG 13C1i%¥ a schematic top view of
the frontl oader chanber 44. FIG 13D is a schematic
rear view of the frontl oader chanber 44. FIG 13E is a

fed F6\RIMGHE Girst hitBsevbVhabieslcB@nd 70 Hitd AREAEMBIAWIRh tHd sel fiE16sing
frontl oader chanber 44 can include various types of

cabeifeddvih R gh Motliedd ik irea closud pokition,Sirktumd denond poRidhs gre closed and
thermally tested. The device being tested could be a

formp aileakeightseaCarblindxha cahles6s; hashiooal in 51Ge 1441 Mihaed ] uAeshown
or any other device requiring thermal test. In the

in FpGefldAr &4B end btid1éH; selacoghuabld feed-thBsugh2gulel @Binaludes a puli
13B, the shelving 50 is generally located in

hanliier7i8z &G al 4Bpis avess-aédtionalngew hlong sevpien BtBIoEFIKH 1#PolAsstiown in
air to flow over the device(s) being tested before it

FIGe t#Dsthe balf-Elosing kakdel ted dhrangtemodule 64 nslusheingylatoro). i s
attached to the frontl oader chanber 44 by a nmountin
deWbide 88 prephmt invsnten he eey peréicwarly, ghowp dnddgscaibed with reference
not ches, such that the shelves 50 can be inserted into

to ex¢raplagy Arbodimenss thewok it Wil bej uari%rsqoe% By Fmﬁ%%qrdmﬁm skifkin the art
nmul ti pl e shelves 50. As shown in E air entg

thatoReiopCahangss | "e s ang lefad)s ey bem%é*}er%wt PYGPartiRg trom the
air-in port 1 and flows faq our o

SPir A SRS S TS B SO 50 S0 by et IO I eI S
thermal response and tenperature uniformty within the
frontl oader chanber 44. The exhaust ports areas 60 are
shown, in FIG 13B, in the four forward corners but
could be at other locations to optim ze thernal
performance. The exhaust is internally routed to the
rear of the frontl oader chanber 44 through rear
exhaust port 62.
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FI Gs. 14A-14H are schematic views of a self-closing
cabl e feed-through nodule 64 in accordance with an
wentwadogwent of the invention. The sel f-cl osi ngPCEDE®07/006344
feed-t hrough nodul e 64 of the invention can be used in
connection with the frontl oader chanber 44, as shown
inFI G 14F, in connection with the clanshell chanber
30, as shown in FIG 14G and in connection MAth t he
hood chanmber 12, as shown in FIG 14H, or in
connection with any other Standar d t enper at ure chanber
or other yet undefined chanber configurations. FIG
14A is a detailed schematic view of section A of FIG
CLAIMS illustrating the cable feed-through nodule 64
used with the firontl oader chanber 44, as an exanple.
The sel fclosing cable feed-through nodul e 64 provides
a conveni ent way for passing cables 66 fromthe
1. extAetemperabire gorgtod Ripeem fay cofteolling emporatuaé ofa ddvagebeomprising:
The cables 66 referred to can be for any purpose to
supshambariie whisd the dewigetoan bf lachteddevi ce bei ng
tenperature tested in the chanber. The cabl es 66
comeeperattee-epaiioied seuragoneasteddo thesharaberfer pravidingr2 t o
a test systemthat is used to send and/or recejve data
temparagpierqpatrabed Baid fie thg gharabar dgjcenirof feepereiirs i the hanber; and
sel f-cl osi ng, cabl e feed-through nodul e 64 is renovabl e
f r Siermakingtiatiagdpaterial formed ansideisyrfacss of the chambess 66.
The cables 66 are routed through a first half 68 and a
second half 70 of the self-closing cable feed-through

2. g4 e SRR oRFT YR 05 CBHE TGP TR e A AR ol
th hal f 70
sdapspoloE e ghe 1 et brr e e AU PSSR Ry ¢ e
cables, as shown in FIGs. 14A, 14D and 14E. The
self closing cabl e feed-through nodule 64-is secured

3. L@e%? eMt%rlg C%l’lé %r?i o?’%laﬁn QV\@K& *tgﬁharéoﬁalg %é’ﬁﬁs are

her SUI e neans alr urce

attacﬂx"aBl\é 't&lﬁ% ﬁf&érs@i Eqahi?olﬁ‘?cl fhrefchﬁé'ffﬁﬂi 1%494 Gevied-t hrough

to ensure ere Is no noi sture/frost

4, The temperature control system of claim 3, wherein a manifold comprises a single

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

5. The temperature control system of claim 3, wherein a manifold comprises a plurality

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

6. The temperature control system of claim 3, wherein a manifold has a shower-head

configuration to provide uniform distribution of the fluid.
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formation during cold tenperature operation. The
sel f-closing cable feed-through nodule 64 is connected
wo oooanowet er surface of a chanmber. When the  PCT/US2007/006344
sel f-closing cable feed-through nodule 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. Wen the self-closing cable
feed-through nmodule 64 is i#®he open position, the
cables 66 arefed through the first and second hal ves
68 and 70 into the chanber. When the sel f-closing
7. Calhe tdnfRehRIcoHEN sHBREM| o clifhn BSwhdleid aGhasRMH ERsiristONbaffle
first and second portions are closed and forma | eak
systthght seal around the cables 66, as shown in FIGs.
14A, 14D and 14E. As shown in FIGs. 14A3 14B and-
14D 14H, self-closing cable feed-through nodul e 64
includes a pull handle 78.. FIG 14E is a ,
8. Cr ahs téamperitareabnirblawstam@iglatie ¢ fuetheRoBipoing latextatif) syftem for
shown in FIG 14D, the self-closing cable feed-through
exhimtng the G4iid facrthubkeshaimbsul ati on 80. Whil e the present
i nvention has been particularly shown and descri bed
wth reference to exenplary enbodi nents thereof, it
Wi || be understood by those of ordinary skill in the
9. ar tTheteperatnieswstrelrasigmficlpih §r wherain theexaps sygggm gemprises a
made therein w thout departing fromthe spirit- and
plursbtyné egffaustnoriscernestediintomak o dhe champer andapingle pyflst port for
follow ng clainms. CLAIMS 1. A tenperature contro
allogyng theflpigrto gvihtheshPRe - t enper ature of a devi ce,
conprising: a chanber in which the device can be
| ocated; a tenperature-controlled source connected to

T g e e T
oSSy S BB R Ao o
alIOEV‘.fﬁ]&t}é?bgfaytﬁtgﬁﬁ'%fcg% im 1, further conprising a

11.  The temperature control system of claim 8, 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.

12.  The temperature control system of claim 8, wherein a location of an exhaust is

selectable by a user.

13.  The temperature control system of claim 1, wherein the chamber has a hood

configuration.
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adaptor for directing the tenperature-controlled fluid
directly to the device. 3. The tenperature control
wayawamoot claim 2, wherein interchangeabl e naPCT/OB97/006344
are attachable to the universal manifold to direct the
fluid to the device. 4. The tenperature control system
of claim3, wherein a manifold conprises a single
hori zontal tube with rmultiple snall holes for
di scharge of the fluid. 5. The tenperature contro
system of claim3 wherein a%kanifold conprises a
plurality of horizontal tubes with nultiple snal
hol es for discharge of the fluid. 6. The tenperature
control systemof claim3, wherein a manifold has a
shower - head configuration to provide uniform’
14. di The teiperabire ebntidigydtémdiofl cldim T avieedip e ttdh layer efuilidoat is bonded
system of claim3, wherein a manifold conprises a
to theahffhee of yistthermaBinsdlation maeeinlat ur e control system of
claim1, further conprising an exhaust system for
exhausting the fluid fromthe chanber. 9. The
tenperature control systemof claima8, wherein the
15. exAhetampsyatyre gortootsystera of clajmh Lralereiy thef chgmbemists aghamshell
connected internal to the chanber and a single outlet
configurationdn whidh@ipp gortien of thgicamberdx¢annedied torpaprittom portion of the
The tenperature control system of claim8, wherein the
charabay sydy thaththe omnegiasris geagleé ipyprderdpilead the deigedheing tpwed igto the
connected internal to the chanber and nmultiple outlet
chambgrt s for allowing the fluid to exit the chanber. 11.
The tenperature control systemof claim@8, wherein the
exhaust system conprises an exhaust port centrally

Io ted in the bottom of _the ?p er, d an P
16 fea}peatll:rs\xpwéolts%%em of c]alm wherein t e therma msulatlon material is

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

17.  The temperature control system of claim 1, 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.

18. The temperature control system of claim 17, wherein the thermal insulation material is

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

19.  The temperature control system of claim 1, further comprising 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
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fluid to exit the rear of the chanber. 12. The
tenperature control systemof claim8, wherein a

wo omatiowe7 of an exhaust is sel ectabl e by a usepPCT/1IS2007/006344
The tenperature control systemof claim1, wherein the
chanber has a hood configuration.14. The tenperature
control systemof claim 13, wherein a thin | ayer of
silicone is bonded to the surface of the thernal
insulation material. 15. The tenperature contro
system of claim 1, wherein 82 chanber has a cl anshel |l
configuration in which a top portion of the chanber is
connected to a bottom portion of the chanber such that

tight 4381 drBfhdBE LA ih & s&Al E’@Jsiti&x S fl@molidle] 0ad the device
being tested into the chanber. 16. The tenperature
control systemof claim15, wherein the thernal
insulation nmaterial is positioned between an outer

20. shdhk téhpdrit@reclanbleysteRdf anir Neherkinnis flafl id die
chanber. 17. The tenperature control system of claim
1, wherein the chanber has a front-I| oader
configuration in which a front portion of the chanmber

21. i s acem@emene tlanmber,eamppsing:i on of the chanber such
that the front portion is opened in order to |oad the
dewichembertio which acdeaiviesan bd Beatfdhdhe ehapbenbaing:canmagtalle to a
systemof claim 17, wherein the thermal insulation

temparatere-edntiodedesiraei forprdviding atemperatustreanirodpd flnidge therphamber to
front-loader and an inner |iner of the chanber. 19.

contrpldemperparaeithechamber;gndsyst em of claim 1, further
conpr[sin9 a self-closing cabl e feed-through pod LS
correiteesal mgnifpld adanser fordirestine te t?‘ﬁ@’%‘H‘&rﬁ?éF?“?%fgu‘

_ nmodul e conprising a first portion and a second

diregfhy tojthhdeNiffer ei n cabl es are fed through the first and
second portions

22.  The temperature chamber of claim 21, wherein interchangeable manifolds are

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

23. The temperature chamber of claim 22, wherein a manifold comprises a single

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

24. The temperature chamber of claim 22, wherein a manifold comprises a plurality of

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

25. The temperature chamber of claim 22, wherein a manifold has a shower-head

configuration to provide uniform distribution of the fluid.
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into the chanber in a first position of the nodul e and
the first and second portions forma | eaktight sea
w@e@aneoehe cables in a second position of theP@DUS1087/006344
20. The tenperature control systemof claim1, wherein
the fluid is air. 2 1. A tenperature chanber,
conprising: a chanber in which a device can be
| ocat ed, the chanber being connectable to a
tenperature-control |l ed source for providing a
tenperature-controlled flui®*o the chanber to contro
tenperature of the chanber; and a universal manifold
adaptor for directing the tenperature-controlled fluid
26. di Fgeldipdrtutd hal¥ S&1aim22, WHEein RATIAIMESHRRTR Bh R system.
claim 21, wherein interchangeabl e manifolds are
attachable to the universal manifold to direct fluid
to the device. 23. The tenperature chanmber of claim

27.22 :meh_@rhﬁératuae CRRIbePILIARAM! FSMEr confrdBlzanahiBo s for
tube with nultiple small holes for discharge of the

exhhlsthgl theZfuid Fog the ep@htat.ur e chanber of claim 22,
wherein a mani fold conprises a plurality of horizonta
tubes with multiple small holes for discharge of the
fluid. 25. The tenperature chanber of claim 22,

28. WheTieitemperatfd EahtbehofcldmsATowhéremahdlexhandtisgsteratcomprites a
provi de uniformdistribution of the fluid.26. The

plutaitypefleahausepatsavbacctalf inetmal wth2chantber @idm singlaputiasipdrt for
conprises a baffle system 27. The tenperature chanber

allogfingtha ifluidtb, exftihe ¢hmmbeonpri si ng an exhaust system for
exhausting the fluid fromthe chanber. 28. The
tenperature chanber of claim 27, wherein the exhaust
system conprises a plurality of exhaust ports .

29. corifedemperpivreehaaiber of dlaim 27h wherein the exhausfispysfea compriess 2

ort for
plurglity of exhaust ports connected internal to the chamber and multiple outlet ports for

allowing the fluid to exit the chamber.

30.  The temperature chamber of claim 27, 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.

31. The temperature chamber of claim 27, wherein a location of an exhaust is selectable
by a user.
32.  The temperature chamber of claim 21, wherein the chamber has a hood configuration.

33.  The temperature chamber of claim 32, further comprising thermal insulation material
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allowng the fluid to exit the chanber. 29. The
t enper ature chanber of claim 27, wherein the exhaust
W@ ymramoeonpri ses a plurality of exhaust port sPCT/US2007/006344
connected internal to the chanber and multiple outlet
ports for allowing the fluid to exit the chanber. 30.
The tenperature chanber of claim27, wherein the
exhaust system conpri ses an exhaust port centrally
| ocated in the bottom of the_chanber and an outl et
port for allowing the fluid t% exit the rear of the
chanber. 31. The tenperature chanber of claim?27,
wherein a | ocation of an exhaust is selectable by a
form8&6n side surfdes dRHP Shiamt bk, oviRhanh ¢in BiyeCfilitond is bynaEERiothe
t he chanber has a hood configuration. 33. The
surfaegipithathermaldhuidiinn mdterddlai m 32, further conpri sing
thermal insulation material formed on side surfaces of
t he chanber, wherein a thin layer of silicone is
bonded to the surface of the thermal insulation
34.mat ‘Brel tainperdvire dhmnttee npariat 2k, evheteamtbe chapfibes has arcladshell
wherei n the chanber has a clanmshell configuration in
configiatiomin whichetep portiod of the cdmeheb isrconrectadiin e botidmtportion of the
bottom portion of the chanber such that the top
chamber sush thas thegep pertion iversaed mnrdes fajlopd thedlsyice dntp thechamber.
chanber. 35. The tenperature chanber of claim 34,
further conprising thermal insulation material forned
on si de surfaces of the chapmher, wherein the thermal

> nsﬂreéema?rahﬁ? ghamper P§°'ﬁ)‘8‘s-?‘i fthescserriting hermad inslation material
f.t
fori i e susBices ng SRR e L ﬁ‘ef'e',:".ng@?s@mnnwﬁﬂal s positioned
wherein th as a front- confi guration
secl St 1 By S PR hAtRE AR s o ?ﬁef&? SAmEBnnect od
to a rear portion of the
36. The temperature chamber of claim 21, 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.

37.  The temperature chamber of claim 36, further comprising thermal insulation material
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.

38. The temperature chamber of claim 21, further comprising 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
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chanber such that the front portion is opened in order
to load the device into the chanber. 37. The
wao esopreweur e chanber of claim 36, further conpPCHUSIP07/006344
thermal insulation material formed on side surfaces of
the chanber, wherein the thermal insulation materia
i s positioned between an outer shell of the
front-l oader and an inner |iner of the chanber. 38.
The tenperature chanber of claim 21, further
conprising a self-closing cabte feedthrough nodul e
connected to an outer surface of the chanber, the
nodul e conprising a first portion and a second
tigh? 9édll hind MeRIaBled inCadtke6i%d pusRich@f e thewi@d) the first and
second portions into the chanber in a first position
of the nodule and the first and second portions form a
| eakti ght seal around the cables in a second position
39.0f THetempetatuee clidéthber bEcliianpis mhikieirethe Ratdienirof cl ai m
21, wherein the fluid is air. 40. A tenperature
chanber, conprising: a chanber in which a device can
be | ocated, the chanber being connectable to a
40.t e derapanaterecbamber, tadprisimg:ce for provi ding a
tenperature-controlled fluid to the chanber to contro
t erpehamber in witich & devitrerneie; located, the shirhbes beipigggnusgiable to a
f eed-t hrough nodul e connected to an outer surface of
tenwn@t%ﬁﬁwgﬂled serrceid previdingp famyieragurg-cpptraied flwid foghe ehagnber to
a second portion, wherein cables are fed through the
conro} tempgratnre eEbRGhHBPYi AMs i nto the chanber in a first
position of the podule and the first and second
pord febndosing rable feedithrougirnodidesongecierhie apiautes sptacs of theg
second position of the nodule. 41. The tenperature
°h381i’5h‘6‘?$r'g8‘?“'EF%{F?ﬁ'SA‘Eﬁ, a figsf pydpn shbieretdrerion. el pables are fed

throSu%E tt}?engirfsto arndes)écr:]oa}llésptolrtp stlrng ttfel clflllar(rjlbgrrir? g‘ﬁtrsg%ogipxgggf trh'e module and the

first and second portions form a leak tight seal around the cables in a second position of the

module.

41.  The temperature chamber of claim 40, further comprising an exhaust system for

exhausting the fluid from the chamber.

42.  The temperature chamber of claim 41, 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.

43.  The temperature chamber of claim 41, wherein the exhaust system comprises a

plurality of exhaust ports connected internal to the chamber and multiple.outlet ports for



10

15

20

42. The tenperature chanber of claim4l, wherein the
exhaust system conprises a plurality of exhaust ports
weoovigetoed i nternal to the chanber and a si ngl BCDUS1081/006344
port for allowing the fluid to exit the chanber. 43.
The tenperature chanber of claim4l, wherein the
exhaust system conprises a plurality of exhaust ports
connected internal to the chanber and nultiple.outl et
ports forallowing the fluid to exit the chanber. 44.
The tenperature chanber of dZa m 41, wherein the
exhaust system conprises an exhaust port centrally
| ocated in the bottom of the chanber and an outl et
alloRg! thE ALicAb QUL HaliSed | Ui d to exit the rear of the
chanber. 45. The tenperature chanber of claim4l
wherein a location of an exhaust is selectable by a
user. 46. The tenperature chanber of claim40, wherein
44.t herehafibatuRashambBPSItISRANM 1] GHERLN tRdlexiAdst sydiém comprises an
tenperature chanber of claim46, further conprising
exhhlzeportentafyllictatednin ERIREO@of HRIINBEb&TaNE iafl QuBiet poR FSal Riing the
t he chanber, wherein a thin |ayer of silicone is
flui @ &ethé eeat BEthe ehdmbe. of the thernmal insul ation. 48.
The tenperature chanber of claim40, wherein the
chanber has a clanshell configuration in which atop
portion of the chanber is connected to a bottom
45. porfthesempératuirechambrbeli clametl, vhakintdlecadtiop of en exlmnstiisselectable
opened in order to load the device into the chanber.
by 2igser.The t enperature chanber of claim48, further
conprising thermal insulation material fornmed on side
surfaces of the chanber, wherein the therm
insulation material is positioned between an outer )
46. shéllhe terpperpareshambeeef claimdtOaryhersinghe phamber bas 4 hpod configuration.
chanber.50. The tenperature chanber of claim40,
wherei n the chanber has a front-I| oader

47.  The temperature chamber of claim 46, further comprising thermal insulation material
formed on side surfaces of the chamber, wherein a thin layer of silicone is bonded to the

surface of the thermal insulation.

48. The temperature chamber of claim 40, 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 into the chamber.

49.  The temperature chamber of claim 48, further comprising thermal insulation material
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.



configuration in which a front portion of the chanber
is connected to a rear portion of the chanber such
W bav/1ed0e7 front portion is opened in order to POHUS100B006344
device into the chanber. 51. The tenperature chanber
of claim50, further conprising thermal insulation
material fornmed on side surfaces of the chanber
wherein the thermal insulation material is positioned
bet ween an outer shell of the front-|oader and an
inner liner of the chanber. 2. The tenperature
chanber of claim40, wherein the fluid is air. 53. The
t enperature chanber of claim40, further conprising a
50. uniThe namperatare chamberadfaiinrdof @herdinrtkettantbet had a front-loader
tenperature-controlled fluid directly to the device,
confifperatidminiwiich € framgatidnco fiths¢Haalbesis aoneatet 3@ b adak porttion of the
the universal manifold to direct the fluid to the
chamberi speh thatlthe Tioet partipeisatpemesl io baizberload theldavioe mBg the chamber.
wherein a manifold conprises a single horizontal tube
with nmultiple small holes for discharge of the fluid.
55. The tenperature chanber of claimb53, wherein a
51. marfihe ¢dmpesgngsrcbgmberofislaimaH0; fupthexf comprisingtheainat inlbdation material
with nultiple small holes for discharge of the fluid.
fornggl onide qu rod ther ehapibarstwdieresst the thermaldgsulagion medteriad is positioned
mani fol d has a shower-head configuration to provide
betwgen 8 HicH shellaf Hha fresy-legder ared an inpeg liger of thechagthser at ur e
chanber of claim53, wherein a manifold conprises a
baffl e system 58. A tenperature chanber, conprising:
a anber in which a device can be | gcated, the
32. ¢ hd BB A RSEIHY céBWE%"c‘}fﬁgﬂ"E DWE"F'@ﬁ’b"ea‘é‘a 4 &-control | ed
source for providing a tenperature-controlled fluid to
the chanber to control tenperature in the chanber; and

therrial insulatio r.ial formed on side surfaces. qf
53. t hjrhgﬁeé%eé?stpre c%amgerng%lc?alm qu, ;urti\er comprising a umversaiamamfoqd adaptor
for directing the temperature-controlled fluid directly to the device, wherein interchangeable

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

54. The temperature chamber of claim 53, wherein a manifold comprises a single

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

55. The temperature chamber of claim 53, wherein a manifold comprises a plurality of

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

56. The temperature chamber of claim 53, wherein a manifold has a shower-head

configuration to provide uniform distribution of the fluid.
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59. The tenperature chanber of claim58, further
conprising a universal manifold adaptor for directing
W bh@7nesper at ure-controlled fluid directly to PEEUS2007/006344
devi ce. 60. The tenperature chanber of claimb59,
wherei n interchangeabl e mani folds are attachable to
the universal manifold to direct the fluid to the
device. 61. The tenperature chanber of claimb59,
wherein a manifold conprises a single horizontal tube
with multiple small holes fo¥-di scharge of the fluid.
62. The tenperature chanber of claim59, wherein a
mani fold conprises a plurality of horizontal tubes
57. W tiheRdthpdridufe chabeér dTRlA% HOWhetem@haigRIDEompraset b Yafle system.
63. The tenperature chanber of claimb59, wherein a
mani fol d has a shower-head configuration to provide
uniformdistribution of the fluid.64. The tenperature
58. C haArbipeedture lchambdrSconwdistrgt N a mani fol d conprises a
baffl e system 65. The tenperature chanber of claim
58,a dhambkein wiieh deyiicegraa be dochdsthe shanitenbéiog connectable to a
exhausting the fluid fromthe chanber. 66. The
tempemmes-edriroiied kamteeior pfoviling ateperatireraitrolied Buiitidegsthamber to
system conprises a plurality of exhaust ports

congoltemptretire intthe ehmimben anle chanber and a single outl et

port for allowing the fluid to exit the chanber. 67.
Thethermap insaletierematerisiformesk orncgidy swigees offherchpmber e
exhaust system conprises a plurality of exhaust ports
connected internal to the chanber and nultiple outlet

ports for allowing the fluid to exit the chanber. 6%.
59.Thel lteéﬁlﬁg?ra@[ﬁ@aa%grrﬁfé}lal@f 58, fusthgr %l?prmraeqrﬂvetr% manifold adaptor

exhaust system conpri ses_an exhaust rt centrally
for disecling ghe tﬁmPﬂémﬁﬁ?n%)"é’ﬁf’S‘? ﬂt‘?f@“@ﬁ‘?’fﬁﬂé"g‘gﬂ(ﬁcean out | et
port for allow ng the

60.  The temperature chamber of claim 59, wherein interchangeable manifolds are

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

61. The temperature chamber of claim 59, wherein a manifold comprises a single

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

62. The temperature chamber of claim 59, wherein a manifold comprises a plurality of

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

63.  The temperature chamber of claim 59, wherein a manifold has a shower-head

configuration to provide uniform distribution of the fluid.

1
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fluid to exit the rear of the chanber. 69. The
t enper ature chanber of claim®65, wherein a |ocation of
wa@apooesnbmest i s sel ectable by a user. 70. The PCT/US2007/006344
tenperature chanber of claimb58, wherein the chanber
has a hood configuration. 7 1. The tenperature chanber
of claim70, wherein a thin layer of silicone is
bonded to the surface of the thermal insulation
material.72. The tenperature chanber of claim 58,
wherei n the chanber has a ct¥mshell configuration in
which a top portion of the chanber is connected to a
bottom portion of the chanber such that the top
64. PO fHeQBmbrafiRESMAh b o fUIAR 59! thér‘éﬁlda thRQfAIE Yoihifride€ h BEfle system.
tested into the chanber. 73. The tenperature chanber
of claim72, wherein the thermal insulation materi al
is positioned between an outer shell of the chanber
65. andri@itempéiaturd ¢HagibePdF ddif TN AMRSF comptisinklim dxBARES Bt r
chanber of claim 58, wherein the chanber has a
exhhiistifif; tHeOfil@ frofOME clanitaki on in which a front portion of
the chanber is connected to a rear portion of the
chanmber such that the front portion is opened in order
to load the device into the chanber. 75. The
66.1 erMertamperetuchetraonder of clamaiSywhdreinthe exhansttsigemlvempebes a
insulation material is positioned between an outer
plumlig] ¢f eghautshporfsraontedtesidoernahredhachambeeand 3 single ofitletipert for
chanber. 76. The tenperature chanber of claim 58,
allofwimg the flugbtoppxitshenghambsie| f - cl osi ng cabl e f eedt hr ough
modul e connected to an outer surface of the chanber,
67.t helhedemperaishehambienef daim; 55 whergin the pxhapst systers comgrises a
portion, wherein cables are fed through the first and

plusaliyorfexhasst POFRCOPNECE NeMah b ehabeRad muktipjsautles Rats for

of the npdul e and the first and second portions forma
allowing the fluid to exit the chamber.

68.  The temperature chamber of claim 65, 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.

69. The temperature chamber of claim 65, wherein a location of an exhaust is selectable
by a user.

70. The temperature chamber of claim 58, wherein the chamber has a hood configuration.
71.  The temperature chamber of claim 70, wherein a thin layer of silicone is bonded to the

surface of the thermal insulation material.
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tight seal around the cables in a second position of
the nodule. 77. The tenperature chanber of clai m58,
wob@raos2the fluid is air.78. A tenperature coPCT/052007/006344
system for controlling tenperature of a device,
conprising:' a chanber in which the device can be
| ocated; a tenperature-controlled source connected to
t he chanber for providing a tenperature-controll ed
fluid to the chanber to cont;ol tenperature in the
chanber; and a universal naniYold adaptor for
directing the tenperature-controlled fluid directly to
the device. 79. A tenperature control system for
controlling tenperature of a device, conprising: a
chanmber in which the device can be | ocated; a
72.t erfertemnperatucoshiambet efitlamUiss wheeintbe tiethteo hadveclamsieier
for providing a tenperature-controlled fluid to the
configuratien intwhicla tapgiortiengidhathamber is colvecteld dorb bottorapdrtian of the
sel f-closing cable feed-through nodul e connected to an
chambersuck that thedopportine iscipandsidn ordeh o loadithie alevioerbeing tasgpd anto the
first portion and a second portion, wherein cables are
champer-t hr ough the first and second portions into the
chanber in a first position of the nodule and the
first and second portions forma |eak tight sea

aro%pd the cables in a second position of the nodule,
73.  The temperature chamber of claim 72, wherein the thermal insulation material is

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

74. The temperature chamber of claim 58, 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.

75. The temperature chamber of claim 74, wherein the thermal insulation material is

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

76.  The temperature chamber of claim 58, further comprising 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.

77. The temperature chamber of claim 58, wherein the fluid is air.
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78. A temperature control system for controlling temperature of a device, comprising’
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.

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

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 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.



