\ ARG AND METHOD FOR CONTROLLI Ng THE?) €0 2
TEMPERATURE OF AN ELECTRON (HiiNanaHIININIBER TEST Background of the Invention
5.The present invention generally,relates to tenperature control systens
for maintaihpgodhfhe tenperature of an el ectronic device CTUS02/16673
predeterm ned tenperature while the device is being tested. 10 Testing
equi pnent has been utilized in the electronics industry to test the
operation of -integrated circuits and other electronic devices naintained
at a predeterm ned t APPARATUSEAND Q4BEEHQD |ROR (GQNTROILING &HE pnent wi | |

i ncl ude a 15 t her mEMPRRATUREVORJAN EREGERONIC OEVIGE GINDER THSIf ace for
contacting the electronic device being tested. The thermal head is

si mul t aneously heated and und afi aheelnvetbigni ntain the

predeterm ned tenperature. The test equi pnent 0 us i..e., electronic
devi ce mafuf act ur er §he FEESLRT ¢IYEBEFPY Q‘Fféﬁr"’lﬁey t’ﬁ%%%és H&hd be capabl e

of mai ntaini ng {the JWRIBLELHNRRS1L 8YBEERS U Gr Uiiitatding ot tions wth a
vari ance of f3C. Wth sonme such testing equipnent, the 25 predeterm ned

tenperature cartemparativag af eheeloptreml ofdevies ethrt cian conducting the
testing procedsy e tiine RehpRBLE.EEVRER: Cat RectRSs etk wiiripl tipl e

tenperatures to sinmulate a wide variety of operating conditions. |In order
to produce the t3biasbi red tenperature at the thermal head, these devices

have cirqHIated a'Cﬂ¥éA€¥%&ie ifgmeﬁgcﬁagsbeen utilized in the

electronics industry to test the operation of

integrated circuits and other electronic devices
maintained at a predetermined temperature.
Generally, the testing equipment will include a

15 thermal head having a temperature controlled
surface for contacting the electronic device being
tested. The thermal head is simultaneously heated
and cooled in an attempt to maintain the
predetermined temperature. The test equipment

20 ugsere (i.e., electronic device manufacturers)
generally specify that the thermal head be capable
of maintaining the predetermined temperature under
all conditions with a variance of #3°C.

With some such testing equipment, the

25 predetermined temperature can be varied at the
option of the technician conducting the testing
procedure. Thus, electronic devices can be tested
at multiple temperatures to simulate a wide variety
of operating conditions. In order to produce the

30 desired temperature at the thermal head, these
devices have circulated a chilled liquid, such as
water or ethylene glycol, through the thermal head.
The liquid itself is chilled in a heat exchanger

including the evaporator of a separate
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wat er or ethylene glycol, through the thermal head. The liquid itself is
chilled in a heat exchanger including the evaporator of a separate
*166166* WO 02/097342 PCT/US02/ 16673 2 refrigeration system |n other

wor ds, thg;V 5%7@9% ator is cooled by the refrigeration sysp@mwso2abs7gh t hen
serves to é%l e circulating liquidy Heat may be added by heating

el enments incorporated 5 into the thernmal head when necessary to maintain
the predeterm ned tenperature. This prior art technique of using a separate
liquid | oop presitricemtiombaystemsi giinf other Whsdsvaki@ges. For exanpl e,

addi tional maintenance 10 requiregen ' wddne presence of
the liquid | odp’® 3 ﬁ?gﬂSﬁ‘t g&’eEﬁ%g%gfg?%fég?&ﬁ??@| i quid | oop will
of ten be bel owew RYdH seriies toeghillnghextbnsulatingul iquish. Oiten, it

takes systens utilizing a liquid Ioog,ug t? an _hour _to 15 rggfh t he
desired t enperBeaf anaieiks & g Beahingegr AeHhE TGOFRPTR0p” al so

i norcaseg the ﬁk&‘f MR GRAUMBEhOReEeAAEPNESt BaDhtahe testing
system Summary of the Invention 20 In one-aspect, the present invention

provi des an apparrredetermingd CEMPEX§LEke -t enperature of an el ectronic
devi ce under test. PPHATE eFRAE8SoR hBehgBa Bepslrdvying a

tenperature controlled“surface for making thernal contact with 25 the
el ect roni ¢ devliiguidhkoch@uaderiteng gambpssof significant

disadvantages. For example, additional maintenance

10 requirements are contributed by the presence of the
liquid loop. Moreover, the entire "cool side" of
the liquid loop will often be below dew point, thus
requiring extensive insulation. Often, it takes
systems utilizing a liquid loop up to an hour to

15 reach the desired temperature before testing can
begin. The liquid loop also increases the size and

power consumption requirements of the testing

system.
Summary of the Invention
20 In one aspect, the present invention provides

an apparatus for controlling the température of an
electronic device under test. The apparatus
comprises a thermal head having a temperature
controlled surface for making thermal contact with
25  the electronic device. The thermal head defines a
flow channel for passage of a refrigerant fluid so
as to cause transfer of thermal energy between the
electronic device and the thermal head.
The apparatus further includes a refrigeration
30 system in fluid communication with the flow channel
of the thermal head to supply refrigerant fluid
thereto. The refrigeration system includes a

metering valve operative to regulate flow of the



flow channel for passage of a refrigerant fluid so as to cause transfer of
thermal energy between the electronic device and the thermal head. The
apparatus further includes a refrigeration 30 systemin fluid

communi cat I“PCP q\5/\49%} the flow channel of the thermal head tporfispRicé73
refrigerant P thereto. The refrigergtion systemincludes a netering

val ve operative to regulate flow of the WO 02/097342 PCT/ US02/ 16673 3
refrigerant fluid. The netering valve is |located operatively adjacent the
fl ow channel ofethtgetdrar Mailkbad The asteringgualve ismtkasthled on of

refrigerant fluid into the thermal head. A 5 nt{o | S operative to
control the mePREFHGVEH Jfa(ﬁer;%aitﬁ\ea%%f)ﬁ’gcgg%?%%e %ﬁgnﬁléned temperature at
t he tenperat urgnéamdl R sldAtd regndane énerplwectianmudi nents, the
refrigeration systemincludes a capillary. tube ﬁo aving a first end and a:

second end. TheeEetgerannE B H&tfihe e Pabe$®% corfhected to be in
fluid cognuni Cé#ﬁ@?oﬂézh A iRl i%e e cohevol chranpdtafiddie thermal head.
a

The netering valve In such enbodi nents may be located at the first end of
15 the capi | | avglvebior maintarinisld & riredeterningd yreRAHEH %0 al l ow the

predet er m ned é@”Pﬁ%aééM§%£4EJ¥%" .€¥$f@édasugg§%e.ln this regard, the
y

netering valve ray be a - pulsing valve operate a pul se wi dth nodul at ed
20 (PWY) signal. FoInexemplexengiaglesibogiinghte,ithepreferably actuated at

Wil of ton he BEEFPABIACTar SYRST HeoyisRa HBLAPErP e Menst "one heat er
devi ce q0so having a first end and a second end. The second
end of the capillary tube is connected to be in
fluid communication with an inlet of the flow
channel of the thermal head. The metering valve in
such embodiments may be located at the first end of
15 the capillary tube.
The controller is preferably adapted to allow
the predetermined temperature to be varied by a
user. 1In this regard, the metering valve may be a
pulsing valve operated by a pulse width modulated
20 (PWM) signal. For example, the pulsing vadlve is
preferably actuated at least énce per secpnd. The
controller itself may be a PID controller.
It will often be desirable to equip the
thermal head with at least one heater device also
25 controlled by the controller. For example, the
thermal head may be equipped with a plurality of
cartridge heaters.
Other aspects of the present invention are '
provided by an apparatus for controlling the
30 temperature of an electronic device under test.
The apparatus comprises a refrigeration system

including a compressor and a condenser. The

refrigeration system is operative to circulate a



25 controlled by the controller. For exanple, the thermal head may be

equi pped with a plurality of cartridge heaters. Ot her aspects of the
present invention are provided by an apparatus for controlling the 30

t enper at ur %v@f!z/@ﬂ gl ectronic device under test. The appampeiiRosfem i ses a
refrigeration sys? em including a conprgssor and a condenser. The
refrigeration systemis operative to circulate a WD 02/ 097342

PCT/ US02/ 16673 4 refrigerant fluid through a fluid flow |l oop such that
the refrigerantrefiniigerant fdpddgehpevgBen THHGFAOWMAPOP §UFE states so as
to alternately v, ahsqil andf1gleane ENGIARy1 BN Ubhgd bERGeaRPAr at us furt her
I ncl udes a thernal head having a tenperature controlled surface. The
thermal head defdssens Fndbdigmaddnebates paszade cfltexmatedirigerant fluid
to thereby fungidifs /D reg_\é%ggr Ehgh%f é‘g&%ﬁfri geration system A
metering 10 valve 1s |l ocated operatively adjdcent the evaporator in the
fluid fl dwv | oop. Th&heetappargtusafuether obecludes a dhexgalaheadnt r oducti on

i ntai i ng a SRR AP tachE i eoar fr it ThEASmarBhur o cont rol | ed

surface. Stil ltHasidletheatperifines AhElpw esleanindln\iont ipagsageeopHr ovi ded by

an apparatus for contraollin tge _ée erature of an .electronic device under
ipd rgg

test. The apparZtuEsEInss eFBeFRY EheR285i ABl udi ng a

conpressor and g fRidRitselin the rbeliggeaed 0yt M ASmeperahgve to
circulate a refrigerant. fluid through a fluid flow | oop such that the.

refrigerttht f1 vadve 148 diesafedpeppiahively adjacent the
evaporator in the fluid flow loop. The metering

valve is operative to regulate introduction of
refrigerant fluid into the flow channel of the
thermal head for maintaining a predetermined

15 temperature at the temperature controlled surface.

Still further aspects of the present invention
are provided by an apparatus for controlling the
temperature of an electronic device under test.
The apparatus comprises a refrigeration system

20 including a compressor and a condenser. The
refrigeration system is operative to circulate a
refrigerant fluid through axfluid flow loop such
that the refrigerant fluid will change between
gaseous and liquid states so as to alternately

25 absorb and release thermal energy.

The apparatus further includes a thermal head
having a temperature controlled surface. The
thermal head defines a flow channel for passage of
the refrigerant fluid to thereby fuﬁction as an

30 evaporator in the refrigeration system. At least
one heater device is operative to supply thermal

energy to the thermal head.



gaseous and liquid states so as to alternately 25 absorb and rel ease
thermal energy. The apparatus further includes a thermal head having a
tenperature controlled surface. The thermal head defines a flow channel

for passagg
evaporator In

flow | oop. The net eAi mgtezling Vvalvepks

refrigerant f
controller' i

o(?)fz/o?js.lbe refrigerant fluid to thereby functi orpEgusdn16:93
t

€ refrigeration systemsAt | east one heater device is
operative to supply thermal energy to the thermal head. WO 02/ 097342
PCT/ US02/ 16673 5 A netering valve is adjacent the evaporator jin

ative 1o control e neter

the fluid

et ef Jpeens CBguPHRROYRED ULt on of
SkﬁégFingg E?gwf&8¥$gh |méyé£i%§QbQ§GEahshead- A5

val ve and the heater

devi ce for mai pipeiratigeatopredelatei huvradgtdiont gferafrigerartmper at ur e

face.. Additional..aspects af ¢t r hn I 0 10 are :
rf'a'H’rgdlBgonﬁ?‘ﬁt SHR¥n weqelogg??’%ni%§ggé\a}lic%g€%ble[htest at a
predeter g ned dopFpendes §s Eperatépe do tdomtreiihatiei mebkyisg providing a
t hermal head havi ng both cool i n capabh%i%g and heati,ng capability, the

r

control |l ed sur
provi ded by a

thermal head 1953lyel adch§he heaper afeyi

contact with t
power consunpt
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ion

SHDE20LPECR in therma

eekhidRke EeMbEPatdrd At t1f tehpagatatei nstant aneous
y the electronic device is then determ ned and conpared

with a predet ecentaelikdeshzifacerf the rate of 20 change exceeds the
threshold in a ”annﬁﬁdﬁQQb&%g!?QPeEQ€ﬁmﬁqﬁk@@h@%@%ﬂsiﬁQ&ﬁEi@@nSUﬂpt'0“ I's
ilTty o

decreasing, the hea

activatetO |f

15

20

25
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I'ng capa | |
saied pravidefl byapgwethod of maintaining an

electronic device under test at a predetermined
temperature. One step of the method involves
providing a thermal head having both cooling
capability and heating capability, the thermal head
including a temperature controlled surface in
thermal contact with the electronic device. A rate
of change of instantaneous power consumption by the
electronic device is then determined and compared
with a predetermined threshold. If the rate of
change exceeds the threshold in a manner indicating
that instantanecus power consumption is decreasing,
the heating capability of the thermal head is
selectively activated. If said rate of change
exceeds the threshold in a manner indicating that
instantaneous power consumption is increasing, the
cooling capability of the thermal head is
selectively activated. For example, the cooling
and heating capability may be selectively activated
by being activated at fuli operation for a
predetermined period of time.

Still further aspects of the present invention
are provided by a refrigeration apparatus operative

to circulate a refrigerant fluid through a fluid

the thérmal head is selectively



.exceeds the threshold in a manner indicating that 25 instantaneous power
consunption is increasing, the cooling capability of the thermal. head is
selectively activated. For exanple, the cooling and heating capability may

be sel ectiyel tivated by being activated at full opergéipgnfigdrza 30
predeterm@a‘yzﬂ]gﬁ“%d of time. Still furtger aspects of the present

I nvention are provided by a refrigeration apparatus operative to
circulate a refrigerant fluid through a fluid WO 02/097342 PCT/ US02/ 16673
6 flow | oop sucfilewalodmhesucd thgdr e frefirdigerant Thbshaviddt ween gaseous

and liquid states so gs . to alternately.absalpsand ker mal energy.
The refri gerat‘?l&?fl% géerté(ﬁ%‘ gg%ﬁlgﬁlgesa%g ?:% Jlr')‘ilassortre? %?e%d% i \?{a to increase
pressure of thealedrngesiantabsicdriti cnidn refleagaserisnasl ®nergy .cofdenser i s

al so provided, ere the refrigerant fluid.releas | energy while-
passi ng t her et h¥® %l%ﬁ?ﬁ%ﬂ%blsacppaﬁ%ﬁe%taatcgoinpﬁ%gre rigerant fluid
10 absorbs t her gpér£0BFd )t Miinceep@es prestireugh e mfanigreatamt t o t her eby
change to a gaseous state. A netering valve i%miocated operatively

adj acent the evBpeidiir the geeeons #LRLSw | BopPRISHEME R AP val ve i s
operative to regilolfed 5 iU ek sht | ARIATrdldidbd Nto 1 he
porator. A controller 1's operative t0 control the nmetering valve for
mai nt ai ni ng a pteewnal Mnexyy vvider pagsdngt theretdiEgietnt®d O her obj ects,
et ures, 210 25B6Ekgegcd P 3 AR SAGRE. LIHEDULOR: fiSrthocusians 10 oreater
10 absorbs thermal energy while passing through an
evaporator to thereby change to a gaseous state.
A metering valve i1s located operatively
adjacent the evaporator iﬁ the fluid flow loop.
The metering valve is operative to regulate
15 introduction of refrigerant £fluid into the
evaporator. A controller is operative to control .
the metering valve for maintaining a predetermined
temperature at the evaporator.
Other objects, features and aspects of the
20 present invention are discussed in greater detail
" below.
.Brigf Description of the Drawings
A full and enabling disclosure of the present
invention, including the best mode thereof, to one
25 of ordinary skill in the art, is set forth more
particularly in the remainder of the specification,
including reference to the accompanying drawings,
in which: '
Figure 1 is a diagrammatic representation of
30 an apparatus constructed in accordance with the
present invention for controlling the temperature

of an electronic device under test;



A full and enabling disclosure of the present invention, including the
best node thereof, to one 25 of ordinary skill in the art, is set forth
nore particularly in the remainder of the specification, including

reference tg bhgapcompanying drawings, in which: Figure getingsodie673
di agrammati c representation of 30 an apparatus constructed in accordance

with the present invention for controlling the tenperature of an
el ectroni c device under test; WD 02/097342 PCT/US02/ 16673 7 Figure 2 i.s a
bl ock di agram il | ust Fagrung 2his ardvlmck idiaghiachilhustpphinguthef Figure 1

functions as a closed,|l oop, systemto maintai .pr.edet ecni
temperature; 5 FPGJUPE 37 RégglE&FcﬁQEﬁEﬂ%qﬁhg%igégg%g gdgg%ggg%?sopen | oop
techni que whi chagan beose@dlbdep dystdertentdntainha predeteymbhiedhe

apparatus of Figure 1; Figure 4 is a side elevational view of a 10 :
preferred enboditFERETBEUESf her mal  head assenbly which can be utilized with

the appara us of Figeigute ki gyrg Hldw dagrew sBpwihgnaui ew of the thermal
head assenbly of Figure 4; 15 Figure 6 is an expl-oded vLeM/shgmﬁng vari ous

parts of the th&dddtiprad aBSBnPIP fefhHgie Whichi GarePe 1P&ed HBtt om pl an
view of the the&%&kpggagnﬁgﬁegneﬂé bl ASFeRhkY aBbakh8UECof Showing the
e

t enperature control surtace thereof; 20 Figure 8 1s a cross sectional
vi ew t aken al on@Figureel8-8 of Figure 7; and Figure 9 is a cross sectional

view taken al ong Figure 4 is a side elevational view of a

10 preferred embodiment of a thermal head assembly
which can be utilized with the apparatus of Figure
1;
Figure 5 is a view top plan view of the
thermal head assembly of Figﬁre 4;
15 Figure 6 is an exploded view showing various
parts of the thermal head assembly of Figure 4;
Figure 7 is a bottom plan view of the thermal
head component of the assembly of Figure 4 showing
the temperature controlled surface thereof;
20 Figure 8 is a cross sectional view taken along
line 8-8 of Figure 7; and
Figure 9 is a cross sectional view taken along
line 9-9 of Figure 8.
Repeat use of reference characters in the
25 present specification and drawings is intended to
represent same or analogous features or elements of
the invention.
De;giled Description of Preferred Embodiments
It is to be understood by one of oréinary
30 skill in the art that the present discussion is a
description of exemplary embodiments only and is

not intended as limiting the broader aspects of the



kine 9-9 of Figure 8. Repeat use of reference characters in the 25 present
specification and drawings is intended to represent sane or anal ogous
features or elenments of the invention. Detailed Description of Preferred
Enbodi mant§, olh Jsgzto be understood by one of ordinary 30psSkusdok/iéenzt he art
that the p 20738 scussion is a descrgption of exenplary enbodi nents only
and is not intended as limting the broader aspects of the WD 02/097342
PCT/ U502/ 16673 8 present invention, which broader aspects are enbodied
in the exenpl apyeesenst dovenbhen, Mhjigte braadexs 8eREEESaR  Qppar at us f or

controlling the tenperatur f I [olall I .5 10 under test
("DUT"). In thF§L8§§8? ggv?%% ?%?ﬁé?é%?iéﬁﬁg}ﬁgggéggfrcuit devi ce nmounted in
a suitable test fiFigueel?. iThedthdbairen Eppamaplise§orhe energy to power
device 10, as well as.the various read/wite_c ' t he

per f or mance ofcP@t&@aﬂégglﬁﬁ?st%NEﬁ{é%Qﬁf y Fﬁe%ggﬁggégggl %é?ex

t enper at yr e confy @nlird teukf acpyi6 j n Iharmial camet, adevivehl@eisce 10. In
this case, thermal, head 14 is,attachgg to thergp%g.of asﬂggggi rod 18

whi ch oper at es 2o iRsegresefdefpEr it urd®Edif MAYRE %S dfr 8c8 Imto and out of
engagenent Wit R devigggrli@e( as. i Nfhsat ekthyrarrowupplieBothexanpl e, rod 18

may formthe piston rod of a pneumatic cylinder mhkgg I s _actuated to
position ther eaengyadol Poxar atevitce O détf ekl A% HHESVREICYD As shown, a

thermocoupl e 2Q..0f3 QLNGl %gh—%a&é& b SREin | Ehergavirdedhaabet 88DEr at ur e
controlled surfac to detect the tenperature of device 10.
10 device 10 is evaluated.

A thermal head 14 has a temperature controlled

surface 16 in thermal contact with device 10. 1In
this case, thermal head 14 is attached to the end
of a movable rod 18 which operates to move
15 temperature controlled surface 16 into and out of
engagement with device 10 (as indicated by arrow
A). For example, rod 18 may form the piston rod of
a pneumatic cylinder which is actuated to position
thermal head 14 adjacent the device to be tested.
20 As shown, a thermocouple 20 or other suitable
gsensor is provided at temperature controlled
surface 16 to detect the teﬁperature of device 10.
This information is fed to a processor 22 for
controlling the operation of thermal head 14 so as
25 to maintain a predetermined temperature. For
| example, the temperature to be maintained is
entefed by a user at temperature selector 24. One
skilled in the art will recognize that the
functions of processor 22 and témperature selector
30 24 may be performed by a single digital computer or
the like.
Thermal head 14 is preferably configured
having both cooling and heating capability to



This information is fed to a processor 22 for controlling the operation of
thermal head 14 so as 25 to maintain a predeterm ned tenperature. For
exanple, the tenperature to be maintained is entered by a user at

t enper at ur r 24. One skilled in the art will recegphgbuichat the
functions §Y8§%§§%§sor 22 and tenperature selector 30 24 may be perfornmed

by a single digital conputer or the like. Thermal head 14 is preferably
configured having both cooling and heating capability to WD 02/ 097342
PCT/ US02/ 16673 a&cwests it e&zyirmam ai nldev\ralnge anfyepassipdsesi bl e

tenperatures. In thls case e d a cool ed
portion 26 sitUe8ERe %%hgéﬁgtﬁﬁge ??cﬁ*aéﬁiéjr%gfg% 5 and a heat ed

5 portion 28. H@@é&dl@(}[éé(w e%%léacbudesoﬁnzsommd bedavierg el enents 30
operative to supply thermal energy when_t he téqggg %? of, device 10 drops
bel ow t he desi refMPeFpatEs (FALLQ dt&HFgaﬂ?|¥ n 5%t roll ed by

Pr 0CesSor 522 SGods. {6 HPP! ickhddpozedhshb eLpgneted @rperansrbeat | ng
el enent 3 d portion 26 of thermal head 14 forns the_ evaporator of

a refr|geratlonh%qtingnQﬂ@ﬁﬁﬂﬁﬂﬂi&hqmgraélgénﬁ?e%%RRlxth%ﬁTQ& condenser 34.
The refrigerat! Qhofyo Gl f@l{&@bﬁkwee&,en&em{é do dhdpauch as Ri34a,
erna

circul ated so as sorb and rel ease thermal energy. This
occurs when thbele@rtmgndaﬂlﬁéduutm@haaggsebet&wﬂ#ﬂ%ﬁh&ﬁnﬂ?lvﬁﬁd l'i quid

art i cul ar - thefoffi el e HesPReoter2 28 L SRR AHEAT, o0 a1 e
| ocati on 10f devikée #équisite power to operate heating element 30.
Cooled portion 26 of thermal head 14 forms the
evaporator of a refrigeration system also including
a compressor 32 and a condenser 34. The
refrigeration system employs a refrigerant fluid,
15 such as Rl134a, circulated so as to alternately
absorb and release thermal energy. This occurs
when the refrigerant fluid changes between gaseous
and liquid states in accordance with the well-known

refrigeration cycle.
20 In particular, the refrigerant fluid absorbs

excess thermal energy at the location of device 10
when refrigerant fluid "evaporates" from a liquid
state to a gaseous state. This evaporation occurs
in a fluid flow channel 36 defined in thermal head
25 14. The low pressure gas exiting thermal head 14
is then fed along pipe 38 to compressor 32. The
resulting high pressure gas is fed to condenser 34
by pipe 40, wherg'accumulated thermal energy
digsipates. As a result, the refrigerant fluid is
30 condensed to liquid form.
High pressure liquid from condenser 34 is fed
back toward thermal head 14 along pipe 42 and
capillary tube 44. BAn "expansion valve" is formed



when refrigerant fluid "evaporates” froma liquid state to a gaseous
state. This evaporation occurs in a fluid flow channel 36 defined in
thermal head 25 14. The | ow pressure gas exiting thermal head 14 is then

fed al ong pipe 38 to conpressor 32. The resulting high sis fed
to condensgﬁﬂ§%wrﬁ§ pi pe 40, where accu%ylated t her mal eﬁggggghgfggipates.
As a result, the refrigerant fluid is 30 condensed to liquid form Hi gh

pressure liquid fromcondenser 34'is fed back toward thermal head 14 al ong
pi pe 42 and caipi |dtdrey dasee bir than iheepbans @f wapidlaxy tobaedit WO 02/ 097342

PCT/ US02/ 16673 10 Jj.n .thisg case_b he_ i ntgrf f piblkary tube 44 and
fluid flow charﬁfﬁf tjslé‘.l%p@a"f ic?’:i‘f'%? ‘i?‘?%é %?@&35%&%% #ﬁ i quid form

under goes a pr essaxiRyerHmp ias lilquidagesn tirlergds isnmeresduzeaet er of 5
capillary tube 44 and enters the er_encl osed,, volune at the inlet of

|
f1 ow channel 3@romhiad iy deayes &Pg:)g%t]a%e’sn%rr SIS OF tenperature as

predi ctedsby thgddealrgasdeaa\s Lhe aRperattle S Rnklgeed 1 is
operative 10 to maintain the selected tenperature at tenperature

control | ed surfeRlamss af toheniigH ekc Ofr 829¥ hRPfINSPal , TPs tenperature can

be easily Cont[é%ééghré“6¥b§ié¥ﬂ§§sfEegeaﬁﬁEEbﬂ“ﬂﬂ“ﬂéﬂﬁ@&a&&@er&ﬁUirenﬁnt-
For exanple, tHhHe apparatus”i s capable of operating 15 over a specified

range between -pO80ctedInoChesiideadngagclaecy of 0.5C in presently
e v Cuatve e T e b B R e g epsammal v B,
as to reqol ate £ amaindftain the selected temperature at temperature
controlled surface 16 with high accuracy. In
general, this temperature can be easily controlled
over a specified range within the 13°C requirement.
For example, the apparatus is capable of operating
15 over a specified range between -100°C to +200°C
with an accuracy of +0.5°C in presently preferred
embodiments.
To tightly control the selected temperature, a
metering valve 46 is located operatively adjacent
20 to thermal head 14 so as to regulate flow of
refrigerant fluid into flow channel 36. Although
the use of various proportional valves is
contemplated, the illustrated embodiment utilizes a
normally closed solenoid pulsing valve controlled
25 by a pulse width modulated (PWM) signal. The duty.
cycle of the PWM signal is chosen by processor 22
so as to maintain the desired temperature.
Preferably, metering valve 46 may be located
within 18 inches of the inlet to flow channel 36 so
30 as to regulate flow of refrigerant fluid thereto
without substantial lag times. In the illustrated
embodiment, for example, metering valve 46 may be

located at the inlet to capillary tube 44. Often,



refrigerant fluid into flow channel 36. Al though the use of various
proportional valves is contenplated, the illustrated enbodinent utilizes a
normal Iy cl osed sol enoid pul sing valve controlled 25 by a pulse width

nodul ated (P signal. The duty cycle of the PWM signal ,j 559% by
processor W&”ﬁ to maintain the desijed tenperature. Brbzgjgra F‘R’
netering valve 46 nay be located wthin 18 inches of the inlet to flow

channel 36 so 30 as to regulate flow of refrigerant fluid thereto w thout
subst anti al | agcapibElary ntubee 44 widflr hewd aehéngtmerlt nd groxexanpl e,

metering val ve 46 may, be Jocated at e Ln ; ' ray, e 44. O ten,
WO 02/ 097342 Pd‘r?‘%ﬁo%‘?%%%z ‘ff%cezfpi | }rngr’E’t%‘tél‘z%’mﬂA‘%}tgvlee@q%ength of no
nmore than abouind2shaThesnneihalisfleielrveEycapbllaterngie 4nd snal | inner
di aneter of capillary tube 44 ensures a ﬂui ck reaction tine %%ween

rol | ed

operation of 5 9RPYELELA B GhIRSHIONatife DetYesDIRRIAECL

surface 16 KrygLecd, 44 Ngnd 1 2pedaearef at heehpesgitire i nvention, has
previ ously devel oped testing equipnment in which the thermal head is

configured 10 asomhreybedraunfagen 1®.refrigerati on system Refrigerant

fluid passes to the ghermmly heaf i n cil Qubdghos Tor Wes Gidaedit expanded. The
resulting tenperature drop absorbs thermal energy for the electronic

devi ce being teshwentbons has myevisiusly @sved ckeFHEP t enperature. One

such system tLLESheRe VB Wt RN LOR0URLER 0 ddies Giguipner

operating under *FH&PCon roportional contr As in many
enbodi neri0s of tbeanr esapbratmentn ean reffirégevapiensaysten. condenser

Refrigerant fluid passes to the thermal head in
liquid form, where it is expanded. The resulting
temperature drop absorbs thermal energy for the
electronic device being tested so as to maintain a
15 predetermined temperature. One such system
utilized a valve adjacent the outlet of the
condenser operating under the control of a
proportional controller. As in many embodiments of
the present invention, the compressor and condenser
20 were located several feet (e.g., 4-5 feet) away
from the thermal head in the flow loop of the
refrigerant fluid. In part because of the distant
location of the valve, this system was capable of
controlling the selected temperature only to an
25 accuracy of about +10°C.
" An overall diagram of the closed loop control
system provided by the apparatus of Figure 1 is
- ghown in Figure 2. 1In this case, the control
| system is depicted as a digital control system,
30 although one skilled in the art will recognize that
various analog systems can also be constructed in
accordance with the present invention. As shown,

thermocouple 20 provides a continuous temperature



.20 were located several feet (e.g., 4-5 feet) away fromthe thermal head
in the flow |loop of the refrigerant fluid. In part because of the distant

| ocation of the valve, this system was capable of controlling the selected
t enper at ur %(2”%{{9 %9 an 25 accuracy of about 10C. An over alplorftisesiiggm of the
cl osed | oop SHETH system provi ded byighe apparatus of Figure 1 is shown
in Figure 2. In this case, the control systemis depicted as a digital
control system 30 al though one skilled in the art will recognize that

vari ous anal og syghabsy tian whisth biss cempilledcand dhgibtzeddad®e with the

present inventiqn.,,As_shown,, .thermcquple vigde I nuous
tenperature WO 6??16557"39@ %%ﬁ%sg"ﬁ i’éﬁ?‘? alﬁglg?g%gl ﬁ%@?ﬁmﬁeﬂ c%‘n i s sanpl ed
and digitized, asgnaddypated aighhl tokn)elid theanpbepatedperture signal
y(kT). Signal y(kT) _is_then conpared w t | deal tenperature signal -
r(kT), as indi céfleéldaiﬂSt%@e’{%P%(ﬁ}(%‘aganET f §?ghﬁ$}?‘é‘—(‘€#.ae%s i ndi cat ed
at 52, pragessoke22;h pkEaRad S et lslgnalgerkehm on error’ signal e(kT)
to produce a correction signal u(kT). In presentlé Eégierred enbodi nment s,

the control al gorit hd® niydieated Rt 5FpoPEPEREFOPI 4 SRSRED| Fis
Qerlvatlve_(PIDjEo E?Hir%igé%ﬁEH&FJH“é%%d%h% alhe (ko) r est ppsaségnal  u(kT)
I's pul se width odul at e ,_as Indicated at 54, or otherw se transforned to
an appropri ate anabogecsigmasianal U &Topedant PoasentiviePrefperedure 15
control apparatus £ "plant) 5 : rpection signal
u(kT) may cont aieﬁ‘bglaﬁ‘g?l%%ti%nes %r%&g{)le?ai?{s%%gg? {g%?hﬁfgh% systenmls cooling
and heatity capgopbtyional plus integral plus derivative (PID)

control algorithm as shown. The correction signal
u(kT) is pulse width modulated, as indicated at 54,
or otherwise transformed to an appropriate analog
signal u(t) for operation of the temperature

15 control apparatus (or "plant") 56. For example,
the correction signal u(kT) may contain
ingtructions for operation of both the system's
cooling and heating capability.

It will be appreciated that the closed loop

20 system shown in Figure 2 is very effective at
maintaining the desired temperature under steady
state operating conditions. Preferably, this
system will sample the temperature signal and
produce a desired correction signal at least once

25 per second. For example, the temperature at
gurface 16 is sampled at least every 300 ms by this
closed loop portion of the control system in
presently preferred embodiments.

Due to the low mass of electronic devices,

30 however, they may dramatically change their
temperature faster than a purely closed loop system
can effectively compensate. Because such a change

in temperature will virtually always be due to a



1t wll be appreciated that the closed |oop 20 systemshown in Figure 2 is
very effective at maintaining the desired tenperature under steady state
operating conditions. Preferably, this systemw || sanple the tenperature

si gnal andw@@%ﬁ‘g a desired correction signal at |east oRegushd 1895
second. For , the tenperature at ygsurface 16 is sanpled at |east

every 300 ns by this closed |oop portion of the control systemin
presently preferred enbodi ments. Due to the | ow mass of el ectronic devices,
30 however, theyhamye dimngdvieaaldonscingtdent Heilth sempesdighe faster than a

purely closed | oop system, c ef.fectiyel t such a

change in tenp%?§¥ﬂ¥€ £§3ﬁ'iﬁhﬁlﬁﬂ%ﬁ?néﬁﬁéfggggggég ?8n§8@§#%§?097342

PCT/ US02/ 16673 o# 3t k& aeDectrorimyelevders wapt ben ugeidt hosdieestight ther nal

| ag), the instantaneous power consunption ,of &he el e tronicggevice can be
| ;

used to direct | prediek ¥pid Fhpngesh dds eV 158 FEBPEERPRF St ur &2 Fhus, 5 as

shown in ki gure,d, sREQECHS O i crdrP 1S Yradfilessoreoel peesarablpal 58 from test
fixture 12 indicating the power consunption of electronic device 10.

Figure 3 illustrecetvenca mygnal 58 iHoth LeOtpFo¥ERE6r 122 may utilize the
power si gnal fr?ﬂh%ﬁé&in | S e deingcl®aPbeC8IScBASnsLar ! ed (as
] n

I ndi cated at 60 e 1 nstant aneous power = consunption of device 10 is
sanpl ed (as inddewied 1@t 62). In order to quickly respond to predicted 15

tenperature variati ORS suPL Ofeffﬂlsd:%%%sefo‘?feaﬂaéne?ﬁgﬁl Gaibhe power

consunpti on many tinesS”per -~ secon exanpl e, the power consunption may
be 10 processor 22 may utilize the power signal from test

fixture 12. After the process has started (as
indicated at 60), the instantaneous power
consumption of device 10 is sampled (as indicated
at 62). In order to quickly respond to predicted
15 temperature variations, processor 22 preferably
samples the power consumption many times per
second. For example, the power consumption may be
sampled 20-50 times per second or more in
accordance with presently preferred embodiments of
20 the present invention.

The rate of change of power consumptibn (i.e.,’
the first derivative of the power consumption) is
then compared against a predetermined threshold (as
indicated at 64). If the rate of change does not

25 exceed the threshold, the process loops back for
the next sample.

If the rate of power consumption does exceed
the predetermined threshold, processor 22
determines whether the power consumption is

30 increasing or decreasing (as indicated at 66). A
positive power change indicates that the
temperature of the electronic device will be

increasing. Similarly, a negative power change



~sanpl ed 20-50 tines per second or nore in accordance with presently
preferred enbodi nents of 20 the present invention. The rate of change of
power consunption (i.e., the first derivative of the power consunption) is

t'hen corrpa,ﬁv%qﬁﬁ)g%i‘tpst a predeterm ned threshold (as i ndi eermdonissB4). |f
the rate of change does not 25 exceed t{g threshold, the process | oops back

for the next sanple. If the rate of power consunption does exceed the
predeterm ned threshold, processor 22 determ nes whether the power
consunption isis@iicateeathay thedeempasatere Lf ithe cAes§rafife). A
positive power e Jihdi gcat i hde  Aernsk atan §eof the electronic
device w || bed%gﬁ%%bgg?%gsgsﬁﬁ$%§$%§,Qa negati ve power_change WO 02/ 097342
PCT/ US02/ 16673 imivediiatied gt eskehatot heunbepestt thesedradd et ronic  devi ce

wi || be decreasing. Action can ' ' YodAkEaN counteract these
pr edi ct ed ten%ﬁW%FﬁP Yehali %gggé ?%ggﬁg#gégéc?érlnngg For exanple, the
system nmey/ be acti vaierdekaiplen thel spebemnmaydue goisiviat¢idcanse@ at 68) when

the rate of power _.consupption exceeds,the threshold.in h ositive
direction. Ful & Haddi §9°hdRE BafehiassiRfFERTS! ani i‘gaa{t é”&le%laghigndi cated at

70) when the 1Q.gid & OhoRe¥EECABARPERbhOBXEXEEE dshd thriduhedldolid in the
negative direction. Preferably, this open_| oop pontre%bs st$ﬁ1mﬁll
mai ntain full déw DRPIGAvendarerEipist FBhY BERWHIF W uﬁ%t“e Sct the

g;gna}ic tLen?%P]jﬂkﬁgﬁh%@ggvahadpq§§9EEEY09%83e&ﬁeﬂﬂl5dﬁﬁfﬁﬁhﬁ3ntS, for
nmai maﬁnmj 1? or urate c;r}:_ p%‘v)vg:a}:gggumgtight eigeegg ttl.l'Teg tci{recs%%lldngnl S
the negative direction. Preferably, this open loop
control system will maintain full cooling or
heating just long enough to counteract the dramatic
temperature change. In presently preferred
15 embodiments, for example, the full "on" operation
. of either heating or cooling is maintained for
about 200 milliseconds. The closed loop control
system will then continue as usual to maintain the
temperature of electronic device 10.
20 Figures 4-6 illustrate a thermal head assembly
72 that may be used with the apﬁaratus of Figure 1.
As shown, assembly 72 includes a thermal heéd 74
having a cooled portion 76 integrated with a heated
portion 78. Refrigerant f£luid enters cooled
25 portion 76 through capillary tube 80 and exits via
outlet pipe 82. 1In this case, heated portion 78
defines a plurality of transverse holes 84 in which
respective cartridge heaters are inserted. Leads ‘
from the thermocouple exit through a central
30 vertical hole 86.
As shown, thermal head 74 may be adapted to
mate with the particular configuration of a socket

cover 88 (which is part of the test fixture). 1In



~about 200 mlliseconds. The closed |oop control systemw | then continue
as usual to maintain the tenperature of electronic device 10. 20 Figures
4-6 illustrate a thernmal head assenbly 72 that may be used with the

appar at us F%gﬂﬁ 1. As shown, assenbly 72 includes a thefgab égsad 74
havi ng a 03%93 pd?tion 76 integrated wijsh a heated portion 78.

Refrigerant fluid enters cooled 25 portion 76 through capillary tube So and
exits via outlet pipe 82. In this case, heated portion 78 defines a
‘plurality of trahdsecasehofer Slamplenisdckatesioyeri 68 tnclvdecaheaters are

' d. d N h h . EXi t. h 30 I cal
ol o 86, As. shoRALTL AEr RRFEHASHIS by B HA & (o THeL TR che

particul ar conf ikggedtredninf the Ssack®tbetomer 28 a@jlaicehti paparef of the test
fixture). In WO 0210873 2 PCT/USOZ%%? 73 15 this case Eﬁr eanpIe, socket -
cover 68 includ§8¥8 2gatPcaFed R W8T BRI RSFYsO80 EB TR 90 are

recei ved isn t henaaga<7het ween an adj acent pair of ears 92 |located on the
| ower periphery of thermal 5 head 74. Preferably, thernal, head 74 is
received in a housi REebEERR1IY4 FRPHRRL fread if dSoIrecrh¥ERat®V®  naterial,

such as nylon 6hByusdng Blakkasserdiwedthor 5 Aliltatiadihsuatsi@g bl ock 94 to
facilitate even 10 mati ng between thernal head 74 and the devi ce under

test. In this cBeserisdenBighossiprlericd/ & | dwsiimbplapesoBLERP @n upper
plate 100 interggnogeLefleRY+8 hBﬁQLﬁ%ggmﬁgé5&ﬁ&?§%aﬁ?§i§atéuéaéﬁs post 102

Each of the corner posts is surrou elica
10 mating between thermal head 74 and the device under

test. In this case, assembly 96 includes a lower
plate 98 and an upper plate 100 interconnected by a
plurality of corner posts, such as post 102. Each
of the corner posts is surrounded by a helical

15 spring such as spring 104 to normally urge plates
98 and 100 away from one another.

As shown in Figure 7, a temperature controlled
surface 106 is defined on the bottém of thermal
head 74. Surface 106 is preferably polished or

20 otherwise configured so as to exhibit exceptional
flatness and thus a rélatively high reflectivity.
The thermocouple is received in é central hole 108
defined as shown in surface 106.
Further details regarding the construction of
25 thermal head 74 can be most easily explained with
| reference to Figure 8. As one skilled in the art
will appreciate, thermal head 74 is preferably made
of materials which exhibit high thermal ‘
conductivity. At the same time, thermal head 74 is
30 configured to have low mass in order to allow rapid
transfer of thermal energy. In this regard, cooled
portion 76 may be formed of copper with heated

portion 78 being formed of brass. The two pieces



15 spring such as spring 104 to normally urge plates 98 and 100 away from
one another. As shown in Figure 7, a tenperature controlled surface 106 is
defined on the bottomof thermal head 74. Surface 106 is preferably

pol i shed o qm?%l);rwi se configured so as to exhi bit excepgtpsdlises! at ness
and thus a’relati'vely high reflectivity;g The thernocouple is received in a
central hole 108 defined as shown in surface 106. Further details
regarding the construction of 25 thermal head 74 can be nost_easily

expl ai ned wi t h careter gredmetio tBggther Ssudls amw kinazdagi kot Héehdt  wil |

appreciate, thermgl head.74 is preferably made of materials which exhibit
hi gh t her nal éﬁh&ﬁﬁﬁgﬁagy?tﬁchHEeSane time, thermal head 74 is 30
configured to have quhﬁﬁﬁg showsden éxemblawy ridmwd chianaedf 8100f t her mal

, cool ed

energy. In this _regar . rfion 76 e forned qQf er with
heated porti oWrigH&aty bﬁoﬂﬁéangg ﬁ?a%%?lq@?’aﬂo& grcggs &B 8%?897342

PCT/ US02/516673 o5l C b 18 ge2bR@J£1 Q08 EREess ihrsudly inlati ng2to yield an

i ntegral structure. Figuré 9 shows an exenpl ary flom/chggnel 110 which can

be defined in cowl epvyss @lengybhe| gerpertine RAEeTeOL &dC¥nt fluid enters

through inl et oMES 3hQBILEACE SEFRED dier RAldaRER ORIl OW  channel
110. Absorbed thernal energy causes the refrigerant to evaporate before

exi ting throughefmidestartl 4o ewaphrstenbefivrergxifingytbreNgdl 110 10 is
formed by indi i dual, drid | eq Nkes Ligbadhénr COMNGE\atnalandabhe | ength of
the path. It can be seén that the present 1nvention provides apparatus and
met hods f®r nmiid diovmegl &y individual drilled holes that are
connected along the length of the path.
It can be seen that the present invention
provides apparatus and methods for maintaining an
electronic device under test at a selected
15 temperature. Because the system uses a circulating
refrigerant fluid instead of a liquid loop, the
various disadvantages of liquid loop systems are
eliminated. For example, there is no need for
insulation of pipes as is required in a liquid loop
20 system because all of the parts except the
evaporator aﬁd suction tube back to the compressor
remain at ambient temperature. For the same
reason, many of the condensation issues presented
by liquid loop designs are also eliminated. Set up
25 time and energy efficiency are also improved in
comparison with the prior art liquid lqop gystems.
While preferred embodiments of the invention
have been shown and described, ?odifications and
variations may be made thereto by those of skill in
30 the art without departing from the spirit and scope
of the present invention. It should also be
understood that aspects of various embodiments may

be interchanged both in whole or in part.



~electronic device under test at a selected 15 tenperature. Because the
systemuses a circulating refrigerant fluid instead of a |liquid |oop, the
vari ous di sadvantages of liquid | oop systenms are elimnated. For exanple,
there is n r insulation of pipes as is required j I1fgkH3d | oop
20 systen1§g£§ﬁgghgll of the parts excepi the evaporatorbgﬂgsgﬁgg?on t ube
back to the conpressor remain at anbient tenperature. For the sane

reason, many of the condensation issues presented by liquid | oop designs
are al so elinm ratecheSstreyp tAosei vf endirary ggkEXY iigi dlney aate al so i nproved

in conparison w t he pr._qr t. liquid loop. systens.. \\ile_preferred
enbodi ment s of Y+éiH?RRﬁéﬁ ehgbgtbégﬁ gﬁS%ﬂgﬁ%%‘%ggg?fﬁgg#lggdifications
and vari at i onsbyawapeofratanipler ehdyhyahtiose wdt sikritddnded t80behe art

wi t hout departi fromthe irit_and, scope f_t.he esent_ i.nyention. It
shoul d al so be F%ﬁﬁ%ﬁcﬁigbea§3§@P518? §3r$%ﬂ¥1 |qﬁ£9Fg é%y be

i nt erchanged bothe i fpopdroie @laiimspart. WO 021097342 PCT/ US02/ 16673 17
Furthernore, those of ordinary skill in the art wll appreciate that the
foregoing description is by way of exanple only, and is not intended to be
limtative of the invention so further described in the appended clains.
WD 02/ 097342 PCT/ US02/ 16673 18 WHAT IS CLAIMED IS: 1. An apparatus for
controlling the tenperature of an el ectronic device under test, said
apparatus conprising: 5 a thermal head having a tenperature controlled



~surface for making thernmal contact with said electronic device; said
thermal head defining a flow channel for passage of a refrigerant fluid so
as to cause 10 transfer of thermal energy between said electronic device
and said t o ;ad; a refrigeration systemin fluid coppposeakéman wth
sai d flow CHaKhel '6f said thermal head g0 supply refrigerant fluid
thereto; 15 said refrigeration systemincluding a netering valve operative
to regulate flow of said refrigerant fluid, said netering val ve be€ing

| ocat ed oper at imgly ¥licigamepsdsd fl ow channel of said thermal head so as

to regulate introduction of 20 sajd refrigerant,.f.luid.into said thernmal
head; and a controlteer @Sbﬁ@??yﬁk?% ﬁéﬁné@ﬂtﬁﬁ%%%d%kgpgring val ve for

mai ntai ning a pagaluiReds hanpesattaei @ldasick tewdeer aeste control | ed
surface. 2. An apparatus as set forth in claim1, 25 wherein said

refrigeration SatdmBRRTaiRes cCamPEAPIMTary tube having a first end and a.
second end, said secqil.RRd fkadahivioapid | @dnpdrdtaiieecbatirdllebui d

communi cation with an inlet of said flow channel of said thermal head. 30
3. An appar at usufaga fax mekipgcthernel comard Witk #3d€t ering valve is

| ocated at sai | &NgRfi8ai d capillary tube. WO 02/097342
PCT/ US02/ 16673de]1‘{9é%n&n agpé'rcat' us as set forth of claiml wherein said

control l er is adapt eshid tdidrowlshead @efiming @ fdew é’l’?ﬁ@ﬂ&tiuﬁ@rt 0 be varied
by a user. S. A s""é%’%er A4S %%f?‘?éei‘gﬁ{: hel By &' Mo 2afaerein said
nmetering val ve R¥HDUIS ng “valv

10 transfer of thermal energy between said electronic
device and said thermal head;

a refrigeration system in fluid communication
with said flow channel of said thermal head to
supply refrigerant fluid thereto;

15 said refrigeration system including a metering
valve operative to regulate flow of said
refrigerant fluid, said metering valve being
located operatively adjacent said flow channel of
said thermal head so as to regulate introduction of

20 said refrigerant fluid into said thermal head; and

a controller operative to control said
metering valve for maintaining a predetermined
temperature at said temperature controlled surface.

2. An apparatus as set forth in claim 1,

25 wherein said refrigeration system includes a
capillary tube having a first end and a second end,
said second end of said capillary tube being in
£luid communication with an inlet of said flow
channel of said thermal head.

30 3. An apparatus as set forth in claim 2,

wherein said metering valve is located at said

first end of said capillary tube.



~operated by a pulse width nodul ated (PWW signal. 6. An apparatus as set
forth in claim4, wherein said pulsing valve is actuated at | east once
per second. 10 7. An apparatus as set forth in claim4, wherein said

controller_js D controller. 8 An apparatus as set fo §d3/164731 m 1,
F el e,

wherei n sal head further incl s at |least one heater device,
operation of said heater device 15 also being controlled by said
controller. 9. An apparatus as set forth in claim8, wherein said at |east
one heater device canpri ¢msappapatmalas setf foarth icdgelhdmt dys. 10. An

apparatus for cqntralling.the 20 eratu of I ronk§ devi ce under
test, said apﬁ'g"reﬂ"te&gl & F?Pﬁﬁ?igg;rpejf%%%af?patteldo%%s%% é?ﬁ gﬁ%ﬁudi ng a
conpressor angredayyieiised, tenpdritihre gss dd ormwtest &y beusgr.operative to

circutate a refrigerant fluid through 25 a f Ui\'g’hf'l ow.l Qgop,such that said -
refrigerant fluid Wil &RaRBBaHRE e?'tsg%teotl&r 31 ©4at8 &rates so as to

alternatedy absgidi-anfl dafleenstet ey W1 vOSIdY pulldiegmehibead having a
tenmperature controlled surface, said thermal head defining a fl ow channel

30 for passage afexnsdiafl fof g gutantwidth e katabhP"Minetedalas an
evaporator in said refriger QgBQPat§§S+§@e@”EB£@ Q2% @943th24PCT/ US02/ 16673

20 a netering val ve 1ocated eratively adjacent said evaporator in said
fluid fl ow | oophexidh saddepuhgingl velreiirg apardedsatt depsful at e
i nt roduction ofoﬁscai d rrefsreic%gﬁant fluid into said 5 fl ow channel of said
t hermal head for it ai i ng a
10 7. An apparatus as set forth in claim 4,

wherein said controller is a PID controller.

8. An apparatus as set forth in claim 1,
wherein said thermal head further includes at least
one heater device, operation of said heater device

15 also being controlled by said controller.

9. An apparatus as set forth in claim 8,
wherein said at least one heater device comprises a
plurality of cartridge heaters.

10. An apparatus for controlling the

20 temperature of an electronic device under test,
said apparatus comprising:

a refrigeration system including a compressoxr
and a condenser, said refrigeration system being
operative to circulate a refrigerant fluid through

25 a fluid flow loop such that said refrigerant fluid
will change between gaseous and liquid states so as
to alternately absorb and release thermal energy;

a thermal head having a tempgrature controlled
surface, said thermal head defining a flow channel
30 for passage of said refrigerant fluid to thereby

function as an evaporator in said refrigeration

system; and



predeterm ned tenperature at said tenperature controlled surface. 11. An
apparatus as set forth in claim10, wherein said refrigeration system
i ncludes a 10 capillary tube having a first end and a second end, said

second endéﬁp‘%oi@zﬁzcapi | lary tube being in fluid comuni gafiyddekish an
inlet of s W" channel of said thejgmal head. 12. An apparatus as set

forth in claim1l, 15 wherein said netering valve is |located at said
first end of said capillary tube. 13. An apparatus as .set forth in claim
12, wherein said nef eidtegingl velve aopatednoperxdtiorelopedireenby a pul se

wi dt h nodul ated (P signal . 20 14, .An. apparatus as set .forth of claim13,
further conpri sﬁfarfgji\/\gv PGP et P 8?1ﬁrgﬁ‘bﬁ‘?n’é}f%‘&?]cooq:’m%ta%?gnal , said

control | er adapfethtingvaawes de@ingPopdeaeive nesl teygiatat ure to be varied by
a user. 15. An apparatus, as set fqorth_in C'a'"héﬁggiZS wher ei.n sai d :

control ler is dmreduian ofr saig raRriFpErRt SR 8P i n clai m 10,

wherein sqi d thergplciigadhil Wit Baidi BREYESS Béad eBs# maiealifahgradevice
operative to supply thermal energy to said tepperature controlled surface

when 30 necess®uederernnined FesRrgapredecder A HeCeMRERFNZUre. WO 02/ 097342

PCT/ US02/ 16673 c%ﬁtﬂ%?léﬁ1éﬂﬂ%ikﬁﬁus as set forth in claim16, wherein said
at | east one heater device conprises a plurality of cartridge heaters. 18.

An apparatus for cort¥ol IAmgppacasuseapesat uferph im dladat A8mi ¢ devi ce
under test, Savirkgexaé) 32 rsaaFilfis r%%%'e%%@gon system includes a
10 capillary tube having a first end and a second end,

said second end of said capillary tube being in

fluid communication with an inlet of said flow

channel of said thermal head.

12. An apparatus as set forth in claim 11,

15 wherein said metering valve is located at said
first end of said capillary tube.

13. An apparatus as set forth in claim 12,
wherein said metering valve is a pulsing valve
operated by a pulse width modulated (PWM) signal.

20 14. An apparatus as set forth of claim 13,
further comprising a controller for producing said
PWN signal, said coﬁtroller adapted to allow said
predetermined temperature to be varied by a user.

15. An apparatus as set forth in claim 14,

25 wherein said controller is a PID controller.

16. An apparatus as set forth in claim 10,
wherein said thermal head further includes at least
one heater device operative to supply thermal
energy to said temperatﬁre controlled surface when

30 necessary to maintain said predetermined

temperature.



~a refrigeration systemincluding a conpressor and a condenser, said
refrigeration systembeing operative to circulate a refrigerant fluid

through 10 a fluid flow |l oop such that said refrigerant fluid wll change
bet ween gagseous and liquid states so as to alternately apﬁg-p,hg,zﬁ@ginr el ease
l'ed surface,

t her mal en&‘b%’”&“ her mal head havi ng a?éterrperature contro
said thermal head defining a flow chann 15 for passage of said
refrigerant fluid to thereby function as an evaporator in said .
refrigeration system, atad eaphraseshaat est diewitde impeiatinvesio supply

thermal energy to said thermal head; 20 a neterjng valyv ed between
said condensemMhEREidhiSRiS RbolsREF PRESREHCHY Lﬁe IeoﬁlogP%g%?és%i d netering

val ve bei ng opefiaf e & eQuhat @obnhegeess | on of said refrigerant fluid
into said flow%{c%ar?ng'lé}gfo sai d the?mal head; and 25 a_ ,controller operative-

to control said netldindnAPPErakds &P ‘é‘?n‘F’E%ﬂslti”@néhﬁeater device for
mai nt al n'§9 a We%%;eéze{t{ﬂ&e%f %?Pg'ié&i;:fSn% 3&tike tpRIREr 8EHES control | ed
p

surface. 19. An apparatus asse orth in claim18, 30 wherein said
refrigeration sssit®emppetaiss comprapingary tube having a first end and a

second end, said secan f.sai o | i bebRBre8s¥® 02/ 097342
PCT/ US02/ 16673 22 f% Lﬁ%%‘%ﬁ#ﬁ%ﬁt gg%egmht%ﬁ%%ué lr#légta of ggi dsf | ow channel

of said thernaladtbad.cfienSermppaidt nefasgexatian tdystemcbaing19, wherein
ool d et er! 10 Vele Rl et bl pfellista bithsthongal |1 ary (ube

10 a fluid flow loop such that said refrigerant fluid
will change between gaseous and liquid states so as
to alternately absorb and release thermal energy;

a thermal head having a temperature controlled
surface, said thermal head defining a flow channel

15 for passage of said refrigerant fluid to thereby
function as an evaporator in said refrigeration
system; -

at least one heéater device operative to supply
thermal energy to said thermal head;

20 a metering valve located between said
condenser and said evaporator in said fluid flow
loop,.said.metering valve being operative to
regulate introduction of said refrigerant fluid
into said flow channel of said thermal head; and

25 a controller operative to control said
metering valve and said at least one heater device
for maintaining a predetermined temperature at said
temperature coqtrolled surface.

19. An apparatus as set forth in claim 18,

30 wherein said refrigeration system includes a

capillary tube having a first end and a second end,

said second end of said capillary tube being in



~wherein said netering valve is a pulsing valve operated by a pulse wdth
nodul ated (PWWM signal. 22. An apparatus as set forth of claim18, 10
wherein said controller is adapted to allow said predeterm ned tenperature
to be varie ser. 23. An apparatus as set forth in ¢LahQhAre7z Wherein
sai d contra'?9§¥°9?§4a PID controller. 242 An apparatus as ske:t orth in claim
18, 15 wherein said at | east one heater %evice conprises a plurality of
cartridge heaters. 25. A nethod of maintaining an electronic device under
test at a predefBiid neshinaiieitdon: @ithsan dinbéthask eeipr ifdiowg steps of : 20
(a) providing a thernal head hayin ofh .cooling capability and heating
capability, sai@PaRmR} f qﬂ%ﬂth%Egﬁgiﬁﬁag'tenperature controlled surface

in thermal contact wgh sl dil8att8NaE s&eVish 2n (dlaidetionnning a rate
of change of instantaneous power consunption by said el ectronic device;
(c) conparing seherehr esatd net@rdagwahva 19rer@t@diatedaify eshol d; 30 (d)

if saidrgte Off£P399§n§X&@%Qﬁ£§%Egiéigfﬁsgﬁﬁg.in a manner indicating that

i nst ant aneous power consunption | ecreasing, selectively WO 02/097342
PCTI USO2/ 16673 23 a2ti vahn rapreaiatubeasi agt cEgah |4n \wl@imsdBd t her mal

e o Ehar B Ao o ARRE YGRS Sl st 7 o e
sel ectivel y actopatatgd sy ca qadlsengidapabodulgted WM teignadl. :

22. BAn apparatus as set forth of claim 18,

10 wherein said controller is adapted to allow said
predetermined temperature to be varied by a user.

23. An apparatus as set forth in claim 22,
wherein said controller is a PID controller.

24. BAn apparatus as set forth in claim 18,

15 wherein said at least one heater device comprises a
plurality of cartridge heaters.

25. A method of maintaining an electronic
device ‘under test at a predetermined temperature,
said method comprising steps of:

20 (a) providing a thermal head having both
cooling capability and heating capability, said
thermal head including a temperature controlled
surface in thermal contact with said electronic
device;

25 (b) determining a rate of change of
instantaneous power consumption by said electronic
device;

: (c) comparing said rate of change with a
predetermined threshold;

30 (d) if said rate of change exceeds said
threshold in a manner indicating that instantaneous

power consumption is decreasing, selectively



head. 26. A nethod as set forth in claim?25, wherein said cooling
capability and said heating 10 capability are selectively activated in
steps (d) and (e), respectively, by being activated at full operation for

a predeter %Q%ﬂoﬁ?‘{zi od of tine. 27. A refrigeration appar glcysusapsdad | ve to
circulate a'refrigerant fluid through afluid flow 15 Ioop such that said

refrigerant fluid will change between gaseous and |liquid states so as to
alternately absorb and rel ease thermal energy, said refrigeration system
conpri sing: a caspiesising aeardatheatihg capakhtityref ssaid dfherd@lsai d
refrigerant fl uli_ld %_n saéd gaseous state; a condenser where said refrigerant
fluid rel eases®®®et it energy while passing therethrough and thereby
changes to a |iquid gdpteif amieyapeeabsr cibinge eateedefgdigerant fluid 25

absorbs thermal energy. while passing,therethrough  anpd thereby changes to a
gaseous state; Bhreskeldgin s \F@I’InéEaf‘EélﬁﬁE?’égig}éﬁ/ ’db‘i‘tﬂfgﬁﬁne\éﬁ d

evapor at o i n Sgifef | thisdh dr0R. ifakHas iRy e baleded Walpei Ng operative to

regul ate 30 introduction of said refrigerant fluid_ into said evaporator,
and WO 02/ 097342cPratisuy/seiey Focding esRabsliby @pesaid véraddont rol said
metering valve forymaintaining a predetermned tenperature at said
evaporator. 28. An apparatus as set forth in claim27, 5 wherein said
refrigerati on systen2énclhdesthwd agppetafgorihbénnhadaily 26first end and a

second end,  sajfle 2660NdL E0G Y1 13y BapaBih L BYYahdPEa i Kkt thg
10 capability are selectively activated in steps (d)
and (e), respectively, by being activated at full

operation for a predetermined period of time.

27. A refrigeration apparatus operative to
circulate a refrigerant fluid through a fluid flow

15 loop such that said refrigerant fluid will change
between gaseous and liquid states so as to
alternately absorb and release thermal energy, said
refrigeration system comprising:

a compressor operative to increase pressure of

20 said refrigerant fluid in said gaseous state;

a condenser where said refrigerant fluid
releases thermal energy while passing therethrough
and thereby changes to a liquid state;

an evaporator where said refrigerant fluid

25 absorbs thermal energy while passing therethrough
and thereby changes to a gaseous state;

a metering valve located operatively adjacent
said evaporator in said fluid flow loop, said
metering valve being operative to regulate

30 introduction of said refrigerant f£luid into said

evaporator; and



~fluid conmmunication with an inlet of said flow channel of said thermal
head. 10 29. An apparatus as set forth in claim28, wherein said netering
valve is located at said first end of said capillary tube. 30. An

appar at us t rth in claim27, wherein said neterin 83 a
pul si ng vamgﬁ%‘%gerat ed by a pul se wiglfh nmodul ated (P\/\PV)Q’C\si‘?ﬂgsggIld.653 31. An

apparatus as set forth in claim30, wherein said controller is a PID
controller. 32. An apparatus as set forth of claim27, wherein said
controller is adaptedl ¢entatdldwrs@pdrafver edetenprokdsakdperature to be

varied by a us%&étering valve for maintaining a predetermined
temperature at said evaporator.
28. An apparatus as set forth in claim 27,

5 wherein said refrigeration system includes a
capillary tube having a first end and a second end,
gaid second end of said capillary tube being in
fluid communication with an inlet of said flow
channel of said thermal head.

10 29. An apparatus as set forth in claim 28,
wherein said metering valve is located at said
first end of said capillary tube.

30. An apparatus as set forth in claim 27,
wherein said metering valve is a pulsing valve

15 operated by a pulse width modulated (PWM) signal.

31. An apparatus as set forth in claim 30,
wherein said controller is a PID controller.

32. An apparatus as set forth of claim 27,
wherein said controller is adapted to allow said

20 predetermined temperature to be varied by a user.



