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WO 2004/ 086827 PCT/ US2004/ 007890 THERVAL APPARATUS
FOR ENGAG NG ELECTRONI C DEVI CE Background of the

woOnvegesan The present invention generally rel RUEAISE@4/007890

apparatus for naintaining an electronic device at a 5
pr edepai-RivASd AlERARANRYUFOR ERRINGING RRAGIREN I DEVICE
utilized in the electronics industry for controlling
the tenperature Batkanoehécofohihe devéveiduring
testing.and burn-in, procedures. In.years .past the
devi ces LUd&F FTE& ﬁ@%ﬁﬂ%ﬁf%m%%?%ﬁa%%Xﬂfﬁ%? Sowet

di spbpatiten, fAdiaimatiRe ainBuign-am Qens'onies eidwtisde at a
that--ovens. It was necessary to add heat to get the
DUPE e tegmiped ttemperatii™® -at which testing was to be
per f or . t few. years, it i | on has

15 cha%gg.ﬁ%elc%%ggﬁ%l DUTJ:S wer e %?o%ﬁng él gher
poeéerctsome csodlnidug thad ficor werdappllilechg Ittid itadnperdthate
cooling cane from just .blow ng air_over the and .,
Lher SRy Tesr Sl MEY S (e (15 S IO gt
Labebcelhg ise afh Ghiddsegddtquind and,ihey nalads eeddd ¢
20 Coolers (TEC) was added to the arsenal. Wth these
| asPUflio Wettfe Gindiisi WL avs ARsiaTy Heehinst ok sithatart e
ot estl in.hat th 'jjgiﬂﬁfate in the
cas%gg%'?%éqgﬁ%ﬂie ]$h5$%¥yzﬁgﬁ{he is:§§ﬁ%%$er

i t seldfess2hvSummardd dfeatheed mwentilen DUTONg aspedie t he

present invention provides an apparatuys for

RO B he b et ore (10 03 e e G formed.
el ect r onirC tGRYI1GR e aRRAAL UL UMM SeSora hdd ow

| oop through which refrigerant fluid is 30 conducted

t o cAlanerasht elBecabssr B handPUTE et thraaming dheghsr A
t h%%rvrv%lr,h%aoqnel Scococlqr}l%aheaqj W g, d tkepgllloé% Initially

that cooling came from just blowing air over them,

and then adding heat sinks to them with air blowing.
Later, the use of chilled liquid and Thermal Electric
Coolers (TEC) was added to the arsenal. With these
last two, the industry is using technology similar to
other testing in that they use either heaters (in the
case of the chilled liquid) and the TEC is a heater
itself.

Summary of the Invention

In one aspect, the present invention provides an
apparatus for controlling the temperature of at least
one electronic device. The apparatus comprises a
flow loop through which refrigerant fluid is
conducted to alternately absorb and release thermal
energy. A thermal head is connected into the flow

loop for engaging the electronic device.
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| oop for engaging the el ectronic device. WO
2004/ 086827 2 PCT/ US2004/ 007890 The apparatus further

wonel4odesr7a base structure including a nount peCcTIUSE0R007890

whi ch the thermal head is nounted. The base structure
defi nes I f f.l ow | oogp so as tqQ route

t he refr?ggrgﬁﬁgfﬁﬁpg gﬁgg%%%dl F%%ﬁtseat%@FﬁhF d:ure
| n additdong ahmoha$epostﬁu©tMbewmﬁ©$ﬁd©§ &Féﬁﬁﬂﬁﬂﬂé&@
arrangenent for e _nount portion. e isolation
arréﬁg@ﬁﬁﬂ%eﬂorngFFybaﬁﬁiﬁFéPﬁ§uFﬁedﬁﬁ&ﬁﬁspéﬁﬂhﬂﬁﬁhwpart
pl apar tabi gnERNL oWt Bo LleBase skl uekune HUtL Darmi s ;g
novenent of the nount 10 portion to facilitat’e

enghgeardt f6pmt hhet hberak lhbadd .wi Th thkieli¢liect,r ahiet base
device. (o] X | ary.enbodi.nents, the isolation
arr%ﬁ%%ﬁ%ﬁ%éigg E §§Ea€n|éggﬁagﬁgnfﬁgfﬁgpgmgpﬁ,for the
defimoung goftovnpassageibenathenr efirhageashtl hitha 115
For_exanple, the isolation arrangenent may have a .

pl UPatRty1BF FRExTBrEtaPRETL1PR018f PAARGN adfiigneent with
resﬁﬁ@tb¥§efbE§Ec€ﬂgesBﬁgngeghg%%pﬁ§§@&§®t et €8 bbunt
will be desirable to provide a total o hr ee

fl ex¢btecarhs Sappoditehg thgapemehtport ikhe. tA@rmal head

Enbodigegts a%e ?Iso,co tenplated in which the
f1 Xt bt e” 47 nT USFFhREIEWEBaFSr 1 el f1 ow passages for

respective ingeesseApdaeyr eaboafinkREEl gehant sbhuid 4o
and fromthe thermal head. Preferably, the base

st rictrechast alBeABAaR| 3t 2saplanar Edmkilgdraricon in
whi &@fmfngoynhwgsgggggéfop%@t F88 - AELANGRTRY], A ©

formed by Configure n-suc iments,
basEostexatpt e, nhgecoapibstonaaplkangkintytohagenaral by

P SPRLLRYEL oo buxl apossd Lo, one anether, Fol, exam e

sanewksdedi et weestt 9RdaBdcond flow passages. Often, it
will be desirable to provide a total of three
flexible arms supporting the mount portion.
Embodiments are also contemplated in which the
flexible arm defines two parallel flow passages for
respective ingress and egress of refrigerant fluid to
and from the thermal head.

Preferably, the base structure has a generally
planar configuration in which the mount portion and
isolation arrangement are formed by configured slots.
In such embodiments, the base structure may comprise
a plurality of generally planar layers juxtaposed to
one another. For example, the base structure may
have an intermediate layer sandwiched between top and
bottom layers in which the intermediate layer defines

flow passages for the refrigerant fluid. In other
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bottom | ayers in which the internediate | ayer defines
fl ow passages for the refrigerant fluid." In other WD

waQosk/odead27 3 PCT/ US2004/ 007890 enbodi nent s, PCeSkmse07890

structure nmay conprise two | ayers juxtaposed to one

anot her.. At .| ea 0 f r .
gr 88g8§ lg‘&nitﬁ f néthteh g) %ﬁ%ov?/tg&gzg gl\gg%eén %g cl%rq%ngﬁ\étgvsoes ,
t heafkew hosp apbstidie tapparcatanotheid.]  @itr dleatte one of

refrigerant fluid in refrigeration _.system.including
a EBRPFESsIPYARE &FondeiTs 0o S eTget dre iy

n ggég assystemw || change between gaseous and
Iigw gt ates to alternately 10 absorb and rel ease
t her mal Ienewgy. cEsssdi rhdet & lave lgloyo aforithanmrnastr e

whi chth t us. i.ncl ud al vie | ocat ed
Pade S EGECPE S 6 ST GITG W BE PO A ot am T PP

i NkYstiehe ihkenmBindheatorpraarm cases ddelamdare. NEfhe
be 15 attached to the nount portion of the

st Fedrdiderarthe Welld & el &l so B ¥t ted oy asfi?ﬁ%ch
po'b%ttwe%%nfgla%léro% ihf A Passags ofo the daseely

structure. I'n anot her aspect, the present invention
pr avisded amdappdreatas frorrmcontaroidtdyng t he tenperature

20 of a plurality of electronic ,devices. . The [
conpri s bé’og'é%eé'}/tsst ARG e At BHRIFRT TSy of ﬁ%ﬁ%ﬁ%‘é
heags,a rEe Pass 1siddtarg has Boddisdldd yeiod iphaaar
springs supporting respective thernmal heads. FEach of

t hestppitatarr ss grd e b0 hobketit 0% o et sttt Trovetehtto
25 Of, g g el(:tﬂevaedt heymal  head i1¢ 0 angagemeat W, the a

correspondi ng electronic device. 1n exenplary
enbkadiamndds,td hthapparat usoinodudes tlae donte obtabteure.

mechani sm operati ve tg?%mv%eloerrgehg bt her nal he&%’f’n% nto

enddife AEnY STty rksie y & pinch

configured in a flow passage of the base structure.

In another aspect, the present invention
provides an apparatus for controlling the temperature
of a plurality of electronic devices. The apparatus
comprises a base structure and a plurality of thermal
heads. The base structure has a plurality of planar
springs supporting respective thermal heads. Each of
the planar springs is movable to facilitate movement
of a respective thermal head into engagement with a
corresponding electronic device.

In exemplary embodiments, the apparatus includes
a controllable mechanism operative to move the
thermal heads into engagement with respective
electronic devices. Often, it will be desirable for
the controllable mechanism to be actuated by a source

of pressurized gas. The controllable mechanism may
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30 electronic devices. Oten, it will be desirable for
the controll abl e nechanismto be actuated by a source

wohoq@roserar i zed gas. The controd4l abl e mechani sECTAR2000007890

2004/ 086827 4 PCT/ US2004/ 007890 preferably conprise a
Senbgbgb§a9h9deeﬁpw@eehapeeﬁg§lg&®ebﬁg% %ﬁfﬁdﬁﬁ%s
engagenment with respective electronic eV|ces
sonehexehplary brbddi AbmPs engeljersert wiigihd relspeder weay
engage %%Ives assoc iated. 5 with the r spectl e t.herma

S.

hea BF&FabPY I CPRe BassClfr GEEIPS ahy Spodiments,

- conthgusefliasgadnanitiokd mdef enigagel hawvRas sagesif@leq

routlng refrigerant fluid to_and fromthe thernal
head$th| hhg §FﬁP?CF&V?h§Pe§§§écbeaﬁﬁe pPesderably, the

'nVEQEeOQtrégtﬁkgvbggsb%nc@HE??ﬁEgﬁ %%”Brh%hQ%oﬁd

general |l y pl anar e structu ef Irning a
por dédhntiogwhil ol gasshgeﬁaﬁoheadutanomefedgeYbetnﬁumﬁd

portion supporte solatlon arr angenent
conﬁlgu?%dff88 gé %ﬂ@in@ £98f the thermal head

bet ween rgtpastedl iﬁr@ﬂareébge@@d @ﬁ%'bk@%%ntTH%ventlon
i sol ation arrangenent is forned by confrgured slots

def PREBLFASt Ak PEBErasPPUEPUPELSARGt Repgeaspedtl vobleher
pre@&@é 59¥ Ati,pn a@¥9§gﬁ§trucoaBBagég%io%O”%f'%'”3 3

gener al | anar base ture I'nrng a
porthenmab hbadhla nhentet. head msumbupbediohhe smount

portion |§ u gorted bX an isol ati on arrangenent. The

i sof AP 9h %5 g gehentolptieBnfrgareameB tpepPRiteE gured to
noviegent + ohot8echheprathBeafde rRgli WBBA4 BEERAEERD raRd s cted
extended g05|t|ons In 25 addition, the isolation

ar r angePEheNfad| Deestapnpe” athe eﬁelﬁteﬂnbaerangement is
def £ 01Aga 3! 9@599@&9@@ Lobescagavaling refrl gerant
G he ea

flurd. ures an aspects
structure.

Another aspect of the present invention involves
an apparatus comprising a generally planar base
structure defining a mount portion to which a thermal
head is mounted. The mount portion is supported by
an isolation arrangement. The isolation arrangement
is configured to permit movement of the thermal head
between retracted and extended positions. In
addition, the isolation arrangement includes at least
one flexible arm defining a flow passage for
conducting refrigerant fluid.

Other objects, features and aspects of the
present invention are discussed in greater detail

below.
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present invention are discussed in greater detail 30
bel ow. WO 2004/ 086827 5 PCT/ US2004/ 007890 Bri ef

woeswroseei on of the Drawi ngs A Jull and enabl i RQT/US2004/007890

di scl osure of the present invention, including the

best node t hermofsr tis oe i o018 Nty skiindd the

art, is set forth nmore 5 particutarfy tn the remai nder

of the speépiilcaprfoanabilhsbudinglrefizrendethe thesent
accpnpanyi de awi [ ich: Fi,qu 1
diagggnn%%gg’régﬁgggant?gﬁm% Sanmog%pgﬁgFﬁg%' to one of
constdimcsed bRiatcondaneeawkt hikheepr €sent, mdQe

i nventjon ior controlling@the tenperature of an

el T ohFelaslyci? ERguFe®a2adardosBthpl goecatd cahdon,
basen St HHCHYr B FO panat Nelt i th the.
t her nal hea%s eFnE?éggag?egﬁgngéggﬁgﬁgggﬁgoéfﬁkgﬁgf’ =
respetehvel y; 15 Figures 3A and 3B are enl arged vi ews

of a sin her mal .head_in_respective retracted and
extendedﬁlg%gét?oﬁg;d#?%ﬁ?%mQE%g H°BrGEENsaLLPEnaf an

Vi eapppesitual tynstragteamahi gecbakencal gnan! tne $rédseht
Figure 3A; 20 Figures 5A-Cillustrate respective top

i ntENVET AP SR8 BoRt6AdLAyer shef temperptasel afern
base) st Heh YL eqsHoMp, in Figure 4; Figure 6 is a top
plan view of a first alternative base structure

havi ng tWodjoxs apbsadd 2B {ayessraFegthesbIAcandréBrure
are gr.oss sectional vie taken along line 7-7_of
Fi§ﬁ€e > Wit u%a?teﬁiﬁur?eip@%{?vgh%pEﬁeﬁﬁalchﬁééé
p?Shiiﬁ@Sﬁa&igﬂfﬁn@ ¢Bt8n&E@Ssoseei bppal rubguctaken, ,

al ong

Figures 3A and 3B are enlarged views of a single
thermal head in respective retracted and extended
positions;

Figure 4 is a cross sectional view (partially
diagrammatic) taken along line 4-4 of Figure 3A;

Figures 5A-C illustrate respective top,
intermediate and bottom layers of the three-layer
base structure shown in Figure 4;

Figure 6 is a top plan view of a first
alternative base structure having two juxtaposed
layers; ’

Figures 7A and 7B are cross sectional views
taken along line 7-7 of Figure 6 with the valve in
respective open and closed positions;

Figure 8 is a cross sectional view taken along

line 8-8 of Figure 6;
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30 line 8-8 of Figure 6; WO 2004/ 086827 6
PCT/ US2004/ 007890 Figure 9 is a top plan view of a

weoeeomrdesal t er nati ve base struct@re havi ng a si RQITAIS2004/007890

flexible arm and Figure 10 is a cross sectional view

as takenibugbongski gec30- 1001 vELGULe 9 Jepsat use

of reference characters In the present specification

and® HEairAgsvesbrAReAliBHCEBrer Bprésent samgler flexible

ana ous features or elenents of the invention. 10
a ed Description of Preferred Enbodi nents It is

to be unBigsreodObysoaecobssr denaiynski khiew Bst harant

t hat the resenbnglscu55|on is a description of

exempPa? y EiBodP kAt SToRE§UBRA% s not i ntended as

[imtingrébesbr effa sent

i nventi on, ﬁmh?cﬁggrggdgggggégg%sEggg;gﬁ%Eg gg tPﬁ t he

exdﬁ%?%?@tc%ﬁgﬁiﬁecabhen #hgudeatinpbustr ahesnadad to

ap tructed, in accordance wth t

prggé él|nven ?@%. % : Falg9°das eagﬁﬁﬁFaPEsei@ments of

f uncte olrsvéwt tont rol 20 sinul taneously the tenperature

of nultlple | ectronic devices 12 undergoing a

bur n- i nP5tcedst £esAL 1Rid Ie ofs Fare £ aluAc dnbi irant s

i ntegratg reyited unt e 0 e tive

carrier eﬁbg%rggeéelﬁﬂ&éﬁé %??a?% gﬁé ggc |%0Fu3esglll

pIUMhrﬁh@ @ﬁtcbh@hcthQSPpemenﬂGd(ecueshen $Hi gabl e

sockets of the

burt T Fr e o e F o ST TR aeT ht B dr ek PP mot

urn-i1n ure

applrremmi@:l 44 Xt uufer 18y @M@pbreedeﬁeégpfeéesIOQWGEhéhe
res ective devices 12, and also initiates the various

{FG e HORPRIAHRN t 0VBDCHPEPR devi seredbs anse embodied
SUQ]rf-‘CE]f?éj @?l:’élﬁ]gpﬂafy SR Qe 5 ons

Figure 1 illustrates an apparatus 10 constructed

in accordance with the present invention. In this
case, apparatus 10 functions to control
simultaneously the temperature of multiple electronic
devices 12 undergoing a burn-in procedure. As can be
seen, devices 12 are integrated circuit devices
mounted to respective carrier substrates 14.
Substrates 14 each include a plurality of contact
pins 16 (or other suitable contacts) mating with
corresponding sockets of the burn-in fixture 18. As
one skilled in the art will appreciate, fixture 18
supplies energy to power the respective devices 12,
and also initiates the various read/write commands to
which devices 12 are subjected during the burn-in

procedure.
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weaol/aeroci ated with a corresppndi ng devi ce

procedure. W) 2004/086827 7 PCT/ US2004/ 007890

Apparatus 10 includes a plurality of thermal heads 20,
ROT/US2004/007890
Thermal heads 20 are noved so that their respective

bot { om SHpbaces ua" & obiaUaNkiekNbOHERTAl: 5 Sngggerent

wth the top surface of a correspondi ng “device
a resafs, 2Phecopbr assogaktednpértat ar eorofe sgevidies; Hvice

w |l ~be irably contralled. In this se, thermm

hea %'209§§£m82n FS@Fe 8a§ree98589a98r%%@% gheir
refregpeation bystem ghs@aknel HEeNGrol@hd GO €38%Ma1
22 and a condenser 24. The refrigeration system
empPBYRISGEREr FgERakbef LAPdSUELRERI afed SOoWSE p@nlimiod

f 1 oMel 000 §9.aSA%oa ?EEE&E?tﬁhX @B%%%Qi 3%%5%% %%%ature

thermal energy. This occurs when ere era
fl upd dehmhges batweéd b6 daséoablandohitquildest.ates in

accordance wth the | - kn refrigeration cycle.
The parti%u%%%s Féﬁ?réﬁbﬁﬁ?agﬁg§8§8f8 ?ﬁ@scﬁﬁﬁé8§éed as
W | ¢veppeatdoes ihhe @EQ%H&E@aE@@Hi%9@@@&5a@%otﬁ%cluding

application. The refrigerant fluid absorbs excess
t he? n8PTPYOS8REr gy ahdt RecPpeansen 8ft-defhee 12 when

it ,a " iquid_sta aseQus .
starer RRratEon LraTEA bR D R AT ue e
passageul2Be(Faguned4y defidedlbn Lbepr espest icve

therpal head., The | ow pressure gas exiting the .
t et haF T HEaALY s2PRERO28 AT CBSLPORG. DUEFER |t BB a8 - oThis
ConpEess9r widdn THE ré@%ybékgﬁthfﬂﬂiﬁr@ﬁﬁH@@sgﬁétgéeRed
al ong tube 30 to condenser 24, where accunul ate

t he¥hatoeneryy lépssdpateses Asnaaresufiencehwith the
e R O R
refrigerant chosen for this purpose will depend on
the specific requirements of the application.

The refrigerant fluid absorbs excess thermal
energy at the location of device 12 when it
"evaporates" from a liquid state to a gaseous state.
This evaporation occurs in a circuitous flow passage
26 (Figure 4) defined in the respective thermal head.
The low pressure gas exiting the thermal head is then
fed along outlet tube 28 to compressor 22. The
resulting high pressure gas is fed along tube 30 to
condenser 24, where accumulated thermal energy
dissipates. As a result, the refrigerant fluid is
condensed to liquid form.

High pressure liquid from condenser 24 is fed

back toward thermal head 20 along inlet tube 32. 1In

this embodiment, the inner diameter of tube 32



10

15

20

25

30

waQw/eaad27 8 PCT/ US2004/ 007899

back toward thermal head 20 along inlet tube 32. In
this enbodi nent, the inner dianeter of tube 32 WO

changes at aPCT/US2004/007890
predeterm ned | ocation so to forma capillary tube

34. chsngap he sepredthermhcieadsa2q A ed acated. o
under a generally pl anar base structure 36. In the 5

i || G8PtatedYerBBEi mént, base structure 36 functions as
a mani f oj I gkn oW. e ich
refrigera%tggﬁu?s %ggbéuF§%§®%gni§§éﬁw?grflfb&QQ§$QQJ
t heundspeset gererbéignblheadsb2Be Sitmukatlrg, 36. In the

fri t fluid exiting the thermal heads i t ed
10, bhERCEB=BGE! BoPHBEoDa- by FFok-pRssaes 361 Tbigs ons

strust areadbroOpeqskihliad irNolhgaakh gwsl b §699R1 Ze
that base structure 36 conprises part of "the flow
| oopehbbUtranhi Ehuifeiperpigedahiron ghgidilrcyl ates. 34 to

The [ hg syeh that .expansi on of
thetﬂgeﬁggg%?%%?ef?B%gﬂggcﬁéggﬁngphe g%%ﬁgﬁfggm
portébnigéranhefihow Eropihg phedutermadesch8d is routed

tenperature d .. The nner in which refrigerant
exp %%?d%oo%%gfgt Eggﬁna BY fhevpepepadrar odebrgh.
Forsexasphes 26€. expansi on may occur across the

conbi nation of capillary tube 34 and the interna
fl ow paseageskbilefdate theustrtireiBs. rénognésenthyt base

pre [ xpansjon SO occur at a
con%?%*?g%fgbggl€§H%§i%%§i??5 et ggxbghﬁﬁeﬁo?ﬁb@ggﬂt
andviintlettind tdertespenti veuihecimbuhgadsevapprat ors.
In this case,, each of the valves 38 is constructed

hay%@EFEFR&ﬁv%Sh%%%F;@Uﬁﬁdi%uﬁhiEhatae%aaOQi@neﬁﬁnthaz

i s toca feheafs £ESCHI Hed, D iﬁOPﬁQdEBQnQPPEEﬁabéggion of

serial no. 09/871, 526,
the flow loop to produce a desired temperature drop.
The manner in which refrigerant expansion occurs
depends on the particular design. For example,
expansion may occur across the combination of
capillary tube 34 and the internal flow passages of
base structure 36.

In presently preferred embodiments, expansion
may also occur at a controllable valve 38 positioned
between tube 34 and inlet of the respective thermal
head evaporators. In this case, each of the valves
38 is constructed having a valve housing 40 in which
a valve element 42 is located. As described in
copending application serial no. 09/871,526,
incorporated herein by reference, valve element 42

functions to meter refrigerant fluid into the
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functions to neter refrigerant fluid into the WO

waQodaad27 9 PCT/ US2004/ 00789 correspondi ngCriusequaioo7soo

head in a manner that achieves precise tenperature

CO”E69£e5§B§d§5§|kﬁgrhﬁltﬂgaerﬁnmn|haﬁ§QEe%h%Eea%%§

refrigeration system nay be construct conpr|3|
5 theeabbecoappessbrrpl genkicqli-d punp (i .

d t t d herefore ressure
bel ow ¢ he"SaP SE T Pon  Br GL8uPE o 1t a@&ﬁ&?l@%ﬁ Hhrtg 2

fromthegéhet rah bgademsmaonpectedsteuthedr ebw EﬁlSlng a
l'ine The vapor condenses in the condenser, en 10
t hetTEEHRY FEMBHAPEATWPLHS ahloRAPNREYD! i(duld - p@np to

gen@éﬁ&@né@Pr§§S§5ﬁedtg&gé?ﬁ%9rgoaﬁal eag%%f%igressure

delivery of the [iTquidt e thernmal
coubdeQ tepi stbdrahifngporestuby Déptheingpomnmeeaﬁﬁﬁng
condense nd .condenser 24 with 15
b O Paf CUHE T onG ARGRenFe SPFERgerent REak chetn
useﬂlné) gni fheanbpERCEENASAYERISNOYRE E:Bﬁdéh%aﬁgeﬁﬁ%
shown in the draw ng may be possible. Also, a

ref FRget AR BR &FfRefedn bENaghi eVEEnBYY hagHiAgPtie to
ref&éﬂ@f@@ét%e £Q§§u£gaalkrgkeﬁ¥ép95aheT d%gvltt F

Generally, e are ts for coofing:
by @@hn@@rpfoﬁtahe 1iqumidi goi dhtothasméllaheat. Thls
heatin $ secong by _war m n the as from sone

coo?%? LTSt ol RoftIWar mir PY ehpRIAEUPE Compressor

(Se@@'ﬁ&@hh£aébﬂ@éns§@tQnﬁfE8ﬁ8§n§@¥ Q@ @HEhoxeﬁlhﬂlé5
the thermal head, depending on thernal

coﬁ@W%@onsI%fS%h@aEl@@Fr@hﬁéedébﬂéearaanbemghtfp@n1be
or#0 £00l L 00r 006, C200 08y SLBOL FLCARLLY. PLANSL angement

coollng e uni ran Clrcu
Wi tdthaowrs oime mméo@a@WEngem@prhéupesyablat|on.

Also, a refrigeration effect can be achieved by
warming the refrigerant, rather than just evaporating
it. Generally, there are two effects for cooling:
first, by change of state from liquid to gas (latent
heating), and second, by warming the gas from some
cooler temperature to some warmer temperature
(sensible heating). Both effects may be employed in
the thermal head, depending on thermal load
conditions of the electronic device, although from
latent cooling one can get significantly higher
cooling effect per unit of refrigerant circulated
within some allowable temperature variation.

Referring now to Figures 2A and 2B, a

controllable mechanism is preferably provided to move

thermal heads 20 into engagement with respective
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mechanismis preferably provided to nove thernal

woead®s@27i nt o engagenent w th l0especti ve WO PCT/US2004/007890

2004/ 086827 10 PCT/ US2004/ 007890 devices 12. Wile a

var detycek defewa&uethp@&r&%tyﬁ%%h@ﬁE%%§e%%yt@%es of
utilized for thlsngur pose .g., electronechanical),

t he"PFRa8E PREeBaE @dpﬁéﬁﬂze@tﬁpmzéglanp@xp@w@aubeg ,
blagg@&tﬁég%gh%gkkgggy %Hg §l§%%% gﬁewgogégﬁnt

t her mal osi tion.
bIaduéliﬁésiannexphedahﬂéhbmaddehou$|m@ 4615y k@d
forma ch er 48. %R@ S case bl adder 44 is a

conﬁ%gFF@ fiavi HgVs Féméﬁe@€a§@ 2Rpiagor position.
semgi ghd Bhegteh?. blggéé;l@q'ﬁét%guﬁxe@f%qghﬁﬁ a

pressurlzed as such air is introduced into
chappeping. 49heo aésubtingmeﬂp&hsmbaroﬁBbladdemh4é case,

cau g ush agai of th
res%g%?§§g1%gl%g ahous%ﬁgétio sl 328§F$18Tﬁ eet® 50
conhagadatooa sémibifliexshketsbeet 50 pernits

semrigid sheet 52 to remain substantially horizontal
during th?siPexpahsfoRY ASTq"r edul Preeruriardheads seeh

area§0V§9y”f£991ithﬁtksaﬁééﬁegnﬂesEE%&BeQFh%“re 76

into an ‘extended position (Figure engagi ng
deviesgliPngoenpansaovontrbllhdbke ﬂérceusésrsammrlgld

add al~f ture of the, a w |l now, be
des%ﬁéggd%%nﬁﬁ ?e?ereﬁ%énfg EEZUP s"BR T§RQeSBiVAsvalve
shaveu s tnds guo es 3Au 1 tAsesak1headr8 bsnriyxi-apesgdotro
bas structure 36 in the retracted 25 position. As

EXHPEF gBReeBR U nBnEveEs eaBiFapidhahgeR05Rsto
Sp&&ﬁgaﬁﬁaé&béfgﬁ%igfl?tﬁ&k zBQEgﬂoaugi?gagﬁg this

structure 36 in the extended position

encexpazeien r ucksire 86suht) utdesrmat espedsi 98 are moved
from their retracted position (Figure 2A) into an
extended position (Figure 2B) engaging devices 12
with a controllable force.

Certain additional features of the apparatus
will now be described with reference to Figures 3A
and 3B. As shown in Figure 32, thermal head 20 is
juxtaposed to base structure 36 in the retracted
position. As shown in Figure 3B, however, thermal
head 20 is spaced apart from the static portion of
base structure 36 in the extended position. Toward
this end, base structure 36 includes a respective
mount portion 56 to which each thermal head 20 is
attached. Mount portion 56 1s supported by a
corresponding isolation arrangement 58 which permits

the downward movement of thermal head 20.
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mount portion 56 to which each thermal head 20 is 30
attached. Mount portion 56 is supported by a

woaoraseandi ng i sol ati on arrandgénent 58 whi ch perTmiSt®4/007890

the downward novenent of thermal head 20. WO

2004/ 0868271 PET,US20044084890, okt he JhLystiat ed
enbodi nent, isolation arrangenent 58 i's forned as a

pl aparagpeinagtt hEt iwi fbrmbd s pl aranaal isgaregt thiatthwill

h i ti .of Db . t 6 inth
(5L BERL! 88 RSB P UELUEE 90, D AR o

"hiddea"stputbersi d6 Yhewhef rekirgdred3foshisbat.i Ofhyus
arrangenment 58 also allows thermal head 20 to "float’
wi t RheespecemeBteharst ahitedpsr't isnthef sbase véeruetur e
36. pibhscepgures co-planarity 10 between thermal head

0 and device 12 despite sonme variation between their
respecti ¥eopkanan aoreegeatnbn58Mailecehil@oisvehehennal

engage ang_.th he transfer) between device 12

angh$%g$£ Iéohegﬁoﬁgﬁigl?ﬁeF§B§ngc%Pigg?e&?aféc portion

Ref ef ribaige novrtiotfrcguse. 4, ThaseesburebUre-3@ aRBY i the

constructed having a plurality of generally planar

| ayR?PsWiemt Bpesedlt Beafe28nanfefevine Adl tiebayjee some

co ' ' far th

o vt o ane rPoraced paSlsbRRsRRsE LA pdfes (e 20

interientatibase Moracelifec86veFoheexaipkagatbent (and

illqgtraﬁed enbodi ng gnﬁludes an.internediate | ayer

60 SANdwi Ched"betiesn’ aEocPayEF V65 and & Botfsmal

| ayiesa®420 | s erpedeByerhayer +§8ehs configured to

define the flow passages for ingress and egress of 25

refri gerdaferrind ppridieaféduse 66 Bage6FLructure 36 may

re ct e S_0 .structure 36 be

najggo 6%%5%%%F%§bpé9%§ e?i%%?gég%ﬁ§a§%s ai'n 8%g%yplanar
layers juxtaposed to one another. The multilayer

4

construction permits flow passages for the
refrigerant fluid to be easily formed within the
interior of base structure 36. For example, the
illustrated embodiment includes an intermediate layer
60 sandwiched between a top layer 62 and a bottom
layer 64. Intermediate layer 60 is configured to
define the flow passages for‘ingress and egress of
refrigerant fluid (indicated at 66 and 67,
respectively). The layers of base structure 36 may
be made of any suitable material, such as stainless
steel. In embodiments where the layers are
constructed of sheet metal, a brazing technique may
be used to join them together.

A series of slots 68 are defined through base

structure 36 in order to form mount portion 56 and
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steel. In enbodi ments where the |ayers are constructed
of sheet netal, a brazing technique may 30 be used to

woadw/oséseem t oget her. A series dR slots 68 are #detriusem4/007890

t hrough base structure 36 in order to form nount

porEb@maﬁﬁoﬁngr@Qn%QQ@EQ8@%27 %%o@gT%@S%ggﬂ!qgﬂﬁgo

i solation arrangenent 58. Slots 68 thus form

r espeePPeEiveetilbld bdemares Ak magimg tive tpleandranar
Spri ?? eferrlng now al so to Figures 5A-5C, the 5
specrfic”configuration of layers 60, 62 and 64 in a

pr ef er r edegaedngenbwc an sbe tseangullds Baree | ayrrs
define a _central hole 70 through which refrlgerant
fIuFBeFFSﬁPvSpﬁélépéﬁ§ﬁ9n49fpé§§€§sl@po e o4 in a

pasﬁ@@?ér%@dogmbgﬁﬁ%ghth%Qg 2Q. SE%B | aygn 62 fuu po%S%rs

defines a hole al'igned wi th the térmna
74 defintet pasgagé @@ledéﬂ|medoughlwhamMede&maderaﬁt
60) sSu refr| nt flui d condyct
CheHATS: ThaTs 154 i PIofSEE  ERr BigHeRore TP Chraltue
el epeptaddsand bheﬂh@QWElthé@deOh0|@oﬁolae%Ee%21§urther
traversing fl ow passage 26 of thernmal head 20, th

ref FPEERERt 2 NAILE WAl Plégredt HaFRal-hhe&e r20 nERr Gugh 10
eXhayséthh§§t79§SQa?@ Ret L AMEL Axar ;644 %éQ%%%§§ hgh%%er

76a-b are aligned t he tern1na| portions
exh@dst passagessBlt(aksérdegbiraed ifau2d icohemedidate ong

| ay n|f cant |, it n_that inlet
pasggael%%eg Sﬁﬁgﬁswlggsgﬁﬁés ?Ougitgﬁ&eaﬁgmgvalve
fl exibhenaros 684 Rakar ablE BAWLEHFHBUEES06-8ardRy
alternative base structure 80 is’illustrated. In this

caserapaseingsispruBREFaI802Fsof o hedmat éeadeQayéhe
82 9@9r§g@9£59nklh§Mte§ﬂ EQHQeEhEQﬁQlahggdegol%%rough

structure
exhaust holes 76a-b in bottom layer 64. Exhaust

holes 76a-b are aligned with the terminal portions
78a-b of exhaust passages 67 (also defined in
intermediate layer 60). Significantly, it can be
seen that inlet passage 66 and exhaust passages 67
extend along flexible arms 69.

Referring now to Figures 6-8, an alternative
base structure 80 is illustrated. 1In this case, base
structure 80 is formed of a top layer 82 and a bottom
layer 84 rather than a three layer structure as
described above. Because there is no intermediate
layer, the fluid passages are formed by grooves
defined in one or both of the two layers. For
example, it can be seen in Figure 8 that inlet
passage 86 is formed by a groove 87 in top layer 82.

Otherwise, the construction of base structure 80 may
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exanple, it can be seen in Figure 8 that inlet
passageuB6thatfianmedsbyiaagr eevend? bk HARd ayet, 82«
O herwi se, the construction of base structure 80 nmay

WO 20604/ 086827 13 PCT/ US2004/ 007890 be substanti al | y
simlar se r r In sone ase

t he baseigt%gg%u?ésggh Egg g%%% gﬁ%ggtﬁg§

i ntegnaigvatdehbuingaeh ﬁﬁtEBEal5vhm&éW&brh%@@%,of the
r at er th n, an exterg I unted val ve as descri bed

abo s%%ﬁﬂsrnrﬁ ESF Banf gp exafprel mereted valve

paS§§g@e§§rb§§daaﬂb@§nedAQOEBb9H 88 @Egu?es%le%§gd
| ocation, Referring now to Figure 7A ~~portion wi |

be %%@m@l$y bbéﬁédpﬁésagﬁoﬁﬁfhaﬂ/afW1deneﬂrpgemabh 88 at
fI fo a ed owever
5 POera Sommuar (oRSE, L1000 boteyer o

I cated by arrow rgur
paqsagelaml88belplnbhedo@ﬁélay bbéﬁed|@6ab&Q6w A3 o& of
resuléﬁ t he ro refrigerant fluid can be

N Jf%nEo Pbiﬂ t hERERpefarireref fphee1ss applied,

assosiabed, ther pak: hsady 169 neoskbhl g6 k0,1 he %gt the

w | appreC|ate a suitable necﬁanlsn1|s p?OVIde
actiraket thkowapyesagegui &1 9oé | pusthadesfﬁ at this

ba ucture, 92 construc accordance with the
przgeﬁ%!fﬁéent%%na r%ﬁu#% %' tg%% $h§e£§69§FPBF fluid
ar rargenentodisl doedeto byoar 860t t 94 dehbal-AguaeSBir ahe

of decreasing radius. Slot 94 thus produces an

i SGSHRTOIF T angeReat havfng Aa enpgskiiled bhethﬁma@ﬁ
rathen than galiipl s Lhexdbie ac aﬁfvsﬂn';:gsga #debMco

the previous 25 enbodlnents
i ngFds®mtEndche valve.

Figure 9 illustrates a base-structure 92
constructed in accordance with the present invention.
In this case, the isolation arrangement is formed by
a slot 94 defining a spiral of decreasing radius.
Slot 94 thus produces an isolation arrangement having
a single flexible arm 96 rather than multiple
flexible arms as illustrated in the previous
embodiments. As shown in Figure 10, ingress and
egress of refrigerant fluid is provided by a pair of
fluid passages 98 and 100 extending in parallel along
the length of arm 96.

It can'be seen that the present invention
provides apparatus for maintaining an electronic
device at a selected temperature. While preferred

embodiments of the invention have been shown and
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egress of refrigerant fluid is provided by a pair of
fluid passages 98 and 100 extending in parallel along

woOheodlosesgth of arm 96. It can 4 seen that therpTaS2M/007890

invention 30 provides apparatus for maintaining an

el egkEeRi Beqderbae ratat 1akeahed vheNRen LY & Wﬂﬂé fade
preferred embodi nents of the invention have

Shoﬁheﬁﬂ§OV@NZDb@ﬁ@8@g2$k141P¢m/@SEO@4KO®M&%@ut

herePoE by Pnesa i ERPREeEh FRE BFPEM Polt SaBparEniG

fromnvhetspnrltFamdesempeeofthbecbb&%@nborkﬂkﬁﬁkﬁo&he
For exanple, the cooled portion of the 5 thernmal head

i s EDRFMYLr BA3Es 18nCORAPEHAESr 2PN aPhEVabOVETe&s cr hde
eanQbG@nééscgﬁggg'@ﬁﬁbﬁlﬁéﬁtglSogmﬁ%@&%@%&%t%qe also
however, in wh a chil [T qui circul ated

thr@gghemhéathérnhDWHead, Thosbioh aordiindryl dKiduid s

t he appreciate that 10 thef re oi n
des%?fp r%% I's ro%gﬁ g% igﬁﬁpéa ﬁ 5?

i nt endedato bﬁlﬂﬂﬁhhathéeaﬁt Wﬂ@llEY%Btb%?re%QaE%rE%%&
descri bed in the appended clainms. W 20047086827 15
PCTFUS2094£ 007890 CPFATPESCRLARMED W8y ©f Axaappar ardy,
foraﬁgniéohbthnEQﬁdehegBeﬁétEﬁﬁlegtﬁbel%%Sgh%ngnventlon
el ectronic device, salrd apparatus conprising

fl osw| Depthbrodghcnhbel ief thgerppenblkedi dliasms.
conducted to alternately absorb and rel ease therma
energy; a thermal head connected into said flow | oop
for engaging said electronic device; 10 a base
structure including a nmount portion to which said
thermal head is nounted, said base
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structure defining at |east part of said flow | oop so
as to route said refrigerant fluid to and from sai d

wohewroaés2head; and 15 said basgsstructure incl BdTug2@m007890

i solation arrangenent normally maintaining said nount

porfmof td NoPAfEes fblgnment with said base structure
but—permrttTng mnovenent of said nount portion to

facilitalte enyagepeataofssaod thetnal lhegdtiet h sai d

20 el ectronic device.. 2. appar at as set forth in
ol & Lo o b S5 163561 G0 R ar T ERGSReNEY i AEr uaas

at iﬁﬁﬁﬁat&gmhémﬁﬁigiﬁgarn1defining a fl ow passage for
sai refrigerant fluid. 25 3. An apparatus as set

forth irechepwn Poop whkFenah sehéch soearioarantahigement s
h [ ' f 1d
asc%%%%ﬁel ty ﬁteﬁk&’&%f{/ CaRL s kr)s%% ge%%%éﬁthFSWl

pl ur fining Trespective and
passagesy; 4. An apparatus as set forth in claim3, 30

wherein said plurality of flexible arns conprises a
t ot al ofa?EH%ib?i2&?%¥ec%?%%cgﬁ pb???nﬁaéﬁrglﬁﬂuﬁPOP for
POrdri iy 1 WD 2004/ OBE8271 6 PEI( 1S2004/ 007890 5. An

apparatus as set forth in claim2, wherein said
fl exi bl e draneledinestune pachidehgfsd onouphssagesohoto

i . fri t fluid to and f
ca et Regemr boiged 0580l ed Mo B AP Sr s "ae

setstfordtute ¢dimdg avwhesesh pase strygidr€1basidop so
genera%ly £Ianar ,configuration, said nount portion
ard &

and*3 HratIde Setahgehtnt berhg Foramd byom said

confiamred 1 d o s defined in said base structure. 10
7. An apparatus as set forth in claim6®,
said base structure including an isolation

arrangement normally maintaining said mount portion
in planar alignment with said base structure but
permitting movement of said mount portion to
facilitate engagement of said thermal head with said
electronic device.

2. An apparatus as set forth in claim 1,
wherein said isolation arrangement includes at least
one flexible arm defining a flow passage for said
refrigerant fluid.

3. An apparatus as set forth in claim 2,
wherein said isolation arrangement has a plurality of
flexible arms, two of said plurality defining
respective first and second flow passages.

4. An apparatus as set forth in claim 3,
wherein said plurality of flexible arms comprises a
total of three flexible arms supporting said mount

portion.
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wanoapges2at us as set forth in ggaim?7,

wherein said base structure conprises a plurality of
general ly planar |ayers juxtaposed to one another. 8.

base structure has an internediate [ayer 15

sandw ched be d_.ho - AN

appar at us” as éﬁfgpg%?ﬁt?% cFaEEESformﬁerelﬁl§&Wd2

int@haEdiateaidyéﬂedebﬂaearmldmﬁ@assaga& pheanileg Faisl
of ,said flow,.l oo 10. An apparatus as

| east par
setp?%??ﬁ £8FaFﬁ9665826n§h@9 ?ﬁssﬁﬁdr8§§ég§ﬁﬁ@@t§ﬂ@ld
CONpsi 588 ¥/ §a§a8thbymwp9§se t eegaéc%ﬁ%ﬁg
| east one of said two |ayers having grooves eflnlng
fl ow pasSagesAforppPagatyai dsasekedsttpait oflagai d,fl ow

anarerh i E PPORFFHE RS, Bfb ok Uar ol Plgerant

fl ucanfhgarsefohgesai domosyst partAehudhAgdsaid isolation
co ressor and a condenser such that said refrigerant

Hr%Pg?m%%Bnﬁ%l%%tﬁﬁéﬁeﬂagéoﬁgnﬁhéuFﬁéu§é0§ﬁaﬁé§lned
to ghtesnatsly- absprbrapd rel ease thermal energy. 30
12. An apparatus as set forth in claim1, further
conpri si hg a Aal ¥ephvehtedasnsshi GobakeiMOc2804/ 686827
17 PCT. U82004/ 7890 _structure, said valve tlve
to SSRETor ??d@?%?ses%ﬁﬁqu?F?gngﬁfl?Fﬁl8 ngﬁa ary of
theqamérﬁBBﬁ.pﬂ@naﬁml§9@§§a§U§téﬁo§@H terbhei Anekakm,
12, mherein said valve is attached to said nount
portion.8-5 120 ApPapphrat@as astséprtbrin rhaémailm 12,
“heﬁ@%ﬁeﬁﬁ'gaﬁﬁl%%séSs{PﬁgFgrthgspéﬂcbnggkggdi te layer
configured in a ow passage of said base's Fuctare;
15. S&Wﬁ%&&%ﬂ@db@t@sesetopoanh bottbai aferfurt her
conpr|3|gg a ontrollaple nechag §n1o eratly 1
nmove said’ t hermafPREEAT it 05 efighgefEht Wit Ateaid

wherein said intermediate layer defines flow passages

tO

forming said at least part of said flow loop.

10. An apparatus as set forth in claim 6,
wherein said base structure comﬁrises two layers
juxtaposed to one another, at least one of said two
layers having grooves defining flow passages forming
said at least part of said flow loop.

11. An apparatus as set forth in claim 1,
wherein said flow loop circulates said refrigerant
fluid in a refrigeration system including a
compressor and a condenser such that said refrigerant
fluid will change between gaseous and liquid states
to alternately absorb and release thermal energy.

12. An apparatus as set forth in claim 1,

further comprising a valve located on said base

wher ei RCTAISEN04/007890
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el ectronic device. 16. An apparatus as set forth in
claim 15, wherein said controllable nmechanismis

waebuasest7by a source of presddrized gas. 15 BZT/UAZN04/007890

apparatus as set forth in claiml1l, wherein said base

stryetureuhas aaphurahizky opl MYt RO i%&?ﬂaq§g>e%f
I'I]-l (0] sal

to carry a respective therimal head, eac
moufgigorefongebentig fdupporingd byial thespadt ihead.

i sol ati on,arrangenent. .20 18. An par at.us as set

forth inTgrai %?PpﬁﬁéFaﬁna§aF&ti3%F i ot &rlPayerfent
conphesesnasplianablvephisngtth@heMn t3PRANAL U@ portion.
controlling the tenperature of a plurality of

el ectronitd-dedlcepparabusapd sppalartd donpdissimdg2,a

plU%ﬁékéynogaEBeQQﬁbeh§§d§brﬁeBa%§ %F%H%%%reoha%ing a
plurality of planar springs supporting resﬁé&?lve of
sai donhegnukdheéads; flandp3dBsegeh odf ssdiddbplsanat ructure.

springs gging novable to facilit%te novenent of a

respecti V8"t hBFnBPPREAGUFNES WP 2084 H86827 1edm 1,

PCT£WS2004/ 066890 1 6§0agenBRt-owibR18 GRERESRAAdIAL rative
said electronic device. 20. An apparatus as set forth

i n EParAve9saifuthhsmadohprisingoacoontrokehibéth said

nec@§g5§9599§rﬁggyge 5 to nove said thernmal heads into
engagenent Wi th respéctive of said electronic devices.

21. An appar ahnsappasetubonthskn ebaitm 20, cl1wher eisn
sai d_control |l able nech?nisn1is actuated by a source

of BPresstti 58ddgasntinliablannspparaslis 1asasétiatert hy a
in gbarde2df pressurized gas.

17. An apparatus as set forth in claim 1,
wherein said base structure has a plurality of mount
portions adapted to carry a respective thermal head,
each of said mount portions being supported by a
respective isolation arrangement.

18. An apparatus as set forth in claim 1,
wherein said isolation arrangement comprises a planar
spring.

1. An gpparatus for controlling the
temperature of a plurality of electronic devices,
sald apparatus comprising:

a plurality of thermal heads;

a base structure having a plurality of planar
springs supporting respective of said thermal heads;
and

each of said planar springs being movable to

facilitate movement of a respective thermal head into
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wherein said control |l abl e nechani sm conprises a
semrigid bl adder which pushes said thernmal heads

wonov@/oseszagenent with respectivg of said el ect POMIUS2004/007890

devices. 15 23. An apparatus as set forth in claim 22,

fur ' di res [ l. unted to said
base SrPEnre AVl Soboir S B GG SR on s
t hedewlicheads, said semirigid bladder engagi ng said

val ves tgopush sai d thermal heads into engagenment 20

|
with sai Vel eblr BRPETAEVECES. S84 TRY thppar &tlad s Set
f orgturtie 1€l @InP Ai% i ngvhered it 53 thibas en S 1et Uk eoﬂ)?rative

configured as a manifold defining flow passages for
rold AR Ve efaiigaranmdl digprdd and feroyasaieht het ol

he 25, par at u set _forth in 24, wherein
sai%%ssbpggcgc léifer udg1 us%gcgoeﬁp%%s@lac pﬁieu‘fjacf?? y of

general | g1pl anar abpypess usuxtsapesedor@hone anetiken.o,26.
An aggarat us as set forth in claim?25, wherein said
basBNEFPUBt P& hESRER OLAeE el e 8eds ggtuated by a

$ang%ﬁhédo@eF%%ButrQE,e@T‘%a%‘?t tomlayers, said
internedi ate [ayer defining said flow passages. WO

2004/ 086827 18nPEPPE32004/ 667890 f2ZLhAnnappariat 1Bl ,as

set rth in_claim25 rein said.base struycture
conirPEtln: dathS e Rer taRLE Bt BB e o Rkotingr. Sar

| eastmopegotl pakddewowhkayepsshav Bgigr eovemadeficridzg
said fl ow passages. 5 28. An apparatus as set forth in

cl aiHF29SnIGHENERR Wash §8S@eplaisr cdpsrrg Erecides ia
| eagt,9nes flexible armdefining a'flow passage for
said refrigerant fluid. 29. An apparatus as set forth
in claink28, 20 whereBtueaek saitd fpkaharinsplidg 22,

inckgggﬁe% EL%E%BE%& respective valves mounted to said
base structure and associated with each of said
thermal heads, said semirigid bladder engaging said
valves to push said thermal heads into engagement
with said electronic devices.

24. An apparatus as set forth in claim 19,
wherein said base structure is configured as a
manifold defining flow passages for routing
refrigerant fluid to and from said thermal heads.

25. An apparatus as set forth in 24, wherein
said base structure comprises a plurality of
generally planar layers juxtaposed to one another.

26. An apparatus as set forth in claim 25,
wherein said base structure has an intermediate layer
sandwiched between top and bottom layers, said

intermediate layer defining said flow passages.
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wappEraérs as set forth in claijm 29,

of flexible arms, two of said plurality defining
respective first and second fl ow passages. 30. An

plurality of flexible arnms conprises a 15 total of

hree flgxi bl . f i
cl ai m 307 -wineP oPREZAR 671 8%, BPG SPHorPned it 25

parahkekifl ewidppasagesrheturageesprasd segiess affers
refrigerant fluid to and fromsaid thermal head,
respBEEpREFGd DOP3oNCARNSHPSFat B8 a§asét oper P isgid two

cl aj i Ldp ' SAri re. e f d
M T O e R i A g R A
33. An appar abosappaprissngs aegeferdhl ynplcdmam Bdse

structure defining. 5_nount _porti,on_ta which a

Chel fiarhBa§=F HOdAt 42" Car B ROEnE B3P Eon Sheitag st one
suppdekedibyaan bseliathgna @&nbangerBabe Faird dasel ation
arr angenent being configured to permt novenent of
sai et hegRBEPPReddubEt ween 30 retracted and extended

positionsy and.said.i tiLan r n [ f-qr med
by conf?éﬂregnsggggkggpgnég F%Esgﬁg%ggéé g?ﬁﬁ%&&%é.
WO @D84£08682¢h26aRPGTHUSREB46007890 1n34ndhs appdnatals ty

as set forth.in clai 33, further comprisin o
e For LRt Bl pmarhey hrenaracrag Pig b E e ded ifriatm

heaﬂegﬁé@t@ﬂ@agﬁﬂaetawhtBeeandekggmrga%%a@%%tce- 5 35.
An apparatus as set forth in claim34, wherein said

control | 8Bl e AechBRRREALLS a6t ggtedolyhainsededa @d,
D SPRUBLFRC 85, pif 09500 2o B Sy oL »
as dotal of three flexible arms.

31. An apparatus as set forth in claim 30,
wherein said flexible arm defines two parallel flow
passages for ingress and egress of refrigerant fluid
to and from said thermal head, respectively.

32. An apparatus as set forth in claim 19,
wherein said planar springs are each formed by
configured slots defined in said base structure.

33. An apparatus comprising:

a generally planar base structure defining a
mount portion to which a thermal head is mounted,
said mount portion being supported by an isolation
arrangement;

said isolation arrangement being configured to
permit movement of said thermal head between
retracted and extended positions; and

said isolation arrangement being formed by

configured slots defined in said base structure.

wher ei n 8aras2004/007890



10

15

20

25

30

10 mani fol d defining fl ow passages for routing
refrigerant fluid to and fromsaid thernmal head. 37.

wono@apeer2at us as set forth in 39 wherein sai 8Chase004/007890

structure conprises a plurality of generally pl anar

ayers | gut apRaedoba pa 20d gk, ba A8 A anRarAL us

as set forth in ¢ wherei n sai d base °str uct’ur e
has vart hient eromgdiiatiend ay eron tsaridwd ieihe dndiei sveiesm t @pe el ve

bott om | ayers, i.nternedi ate | ayer def|n|n sai d
f1 0% BEYSagésd 3‘318 ik Etjdk LQLndqITeitth Yhtel 2 m

36€1éa&ﬁymyaﬂdéﬁyyéibase structure conprises two
| ayers 5uxtaposed top one another, at |east one of
said two 5+ayéﬂsaﬁﬁﬁrﬁﬁugré@vé@tdébmﬁhngnsad@lm oW,

pas 4 onprisin ral
pl aﬁgggéégegg ruc?g?gggﬁgg%%nngChaﬁégm T % t@ﬁ'@@ a
mhlshuacehefnpkebeaﬁlzsdngaeted said nnunt portion
bei ng su orted by an isolation arrangenment; said

i solatio arr%ﬂg@ AE2BbEFNEScERti 4AFER B8 Cpeim B3

nUV@HEBélﬁfs§§HdbEB§rg@&uagﬁgebggm@gﬁf§%u&gﬁr%%t%d and
ext ended ﬁOSItlonS and WD 2004/ 086827

PCThes2004¢ 0078901 ngaf dois phasihgrsafpangemenng

asERGE PBr TG ORI G, FOR PGEPaRE i G Rgl. PARS:

appar at us7as BetappathtiB abasmt4@or5hvvﬂﬁr 85N @aehein
said lsolatlon arrangenent includes a plurality of

f1 eXPbfePaPRsStEWetBEesarurpiarsl pt pludefifyngt
respegiiyer§i ﬁ§$n§9dl§§%99dpﬁk9 gegéaaggsonézan her.

apparatus as set forthin clfalm wher el n sai

plurality8of Ahexpbheadnssacospti §esth ihOcflatial 36f,

thr%§e£é9§iggfdaéggesggggégagg ggdagnln%ermedlate layer
sandwiched between top and bottom layers, said
intermediate layer defining said flow passages.

39. An apparatus as set forth in claim 36,
wherein said base structure comprises two layers
juxtaposed top one another, at least one of said two
layers having grooves defining said flow passages.

40. An apparatus comprising:

a generally planar base structure defining a
mount portion to which a thermal head is mounted,
said mount portion being supported by an isolation
arrangement;

said isolation arrangement being configured to

permit movement of said thermal head between

retracted and extended positions; and
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portion. 43. An apparatus as set forth in claim40,
wherein said flexible armdefines two parallel flow

woassiange7f or i ngress and egregg of refrigeranPcriusza4/007890

15 to and fromsaid thermal head, respectively. 44. An

appar at us, ag $eb1EeELh :aﬁ}r%}lgiemeﬂ?’ inva/fi%ﬁh@ %ﬂ q hage
structure conprises a pluralrty of “generall’y pl anar
| ayens flskabosedriodeiénangt helflo#5paAsaappdoat us as

set forth in claim, 44, 0 .wher.ein said nmount portion

andC%%?ﬂcF%89afﬁgﬁlg§FF§ﬁggﬁgﬁg'are formed by

configured, sl phsagdghi-aedsi Bs saicdrbase shreabune.qo,
wherein each said isolation arrangement includes a
plurality of flexible arms, two of said plurality
defining respective first and second flow passages.

42. An apparatus as set forth in claim 41,
wherein said plurality of flexible arms comprises a
total of three flexible arms supporting said mount
portion.

43. An apparatus as set forth in claim 40,
wherein said flexible arm defines two parallel flow
passages for ingress and egress of refrigerant fluid
to and from said thermal head, respectively.

44. An apparatus as set forth in claim 40,
wherein said base structure comprises a plurality of
generally planar layers juxtaposed to one another.

45. An apparatus as set forth in claim 44,
wherein said mount portion and said isolation
arrangement are formed by configured slots defined in

sald base structure.



