WO 02/ 097342 PCT/ US02/ 16673 1 APPARATUS AND METHOD FOR CONTRCOLLI NG THE
TEMPERATURE OF AN ELECTRONI C DEVI CE UNDER TEST Background of the Invention
5 The prewer/pmvENti on generally relates to tenperaturePCantSonicesyst ens
for maintaining the tenperature of anjelectronic device at a
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 integhBPRARYATYS cHNPSMETHODt R CONERPBRINGIEHECes nmi ntai ned
at a predeterm NEEMPERHEVRE UDE. ANBRECTRONICt DEVIEEt UNDEBqUERTENt Wil |

i nclude a 15 thermal head having a tenperature controlled surface for
contacting the el ectroni c EEekiae el E thes tledrenbhiesd hermal head is
sinultageously heated and cooled in an attenpt_to intain the

pr edet ePmi ned tenp@h%tEF@SG?Eelp¥§Ptéaﬁl%ﬁ@ﬁ?al%ﬁ Eggﬁ§e€it8 el ectronic
device manuf ackiupberaburgeRehakly speebhy B3t mhiacLhek Ay thead be capabl e
of maintaining the predeterm ned téenperature under all “conditions with a
vari ance of +B€mpvrahusenefsanheﬂestrnglquEMNEﬁtatthe 25 predet erm ned

t enperature can $ cyar eda% %iow Eg §99n|C|an onductlng t he
testing procRAGPErCTHuE 8@??5ﬁ| Getil %e? n beVtest 8§ CStTHul tipl e
tenperatures tessedgul ate a wide variety of operating conditions. |In order

to produce the 30 desired tenperature at_the thernmal head, these devices
have cillcul ated a &RPFiLBE PRYGPASNEUBASBecHatbi laRes A &BE gl ycol ,

through the tQEégﬁkoﬂﬁég 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
tegsted. The thermal head is simultaneously heated
and cooled in an attempt to maintain the
predetermined temperature. The test equipment

20 users (i.e., electronic device manufacturers)
generally gpecify 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 ligquid itself is chilled in a heat exchanger

including the evaporator of a separate



The liquid itself is chilled in a heat exchanger including the evaporator
of a separate WD 02/097342 PCT/ US02/ 16673 2 refrigeration system In other
wor ds, thwooeweqser ator is cooled by the refrigeration systPemusomhicch t hen
serves to chill the circulating liquid2 Heat nmay be added by heating

el ements incorporated 5 into the thermal head when necessary to maintain
the predeterm ned tenperature. This prior_art technique of using a separate
liquid | oop p¥@§§h9§rath9ﬁbévséﬁmsigEPfPEBﬁF wardadvihtages. For exanpl e,

addi tional mgj 10.r [ t r At Li-Qut presence of
the |iquid |%g%§8?/§‘r9§5vg?,e?ﬁ%é§g??r ghgcgggg%ggeggﬂ tg%g’klgﬁé]ui d 1 oop will
of ten be bel owhdew pbent setrhres tpeqguifiilnghextémsivtetingullabudad. Often, it

takes systens utiIiziEg a Iigg%d ooE_ug t? an _hour to 15 rga h the

desi red tenpeﬁﬁfﬁr@aﬁe r 8908¢t P¥gPER Th8egr iTthE FRGEFECFE6H%al so

increasgs thejgizetaRdthReWaN GEBSUNRELOA:EEAHLEOTERt Ma9hibha testing

system Sunnaré of the Invention 20 In one aspect, the present invention
P

provi des an appapuedstesmivedt Eempelgtuke-tenperature of an el ectronic

devi ce under test.TgEEdgggg%aggg tgggﬂa&ags??e%%gﬁgg%nggggrggging a

tenperature contro surface for nmakrng , with 25 the
el ectroni ¢ detigaidTheophetaeknhead dembsesoé sfibawfdbanmel for passage of
a refrigerant fluid so as to_cause tr%nsfer of .thermal ,energy between the

el ectroni ¢ de?tE89HRBLEAEST heFREI SHENRleThRGppAPREYs "PEREREARCRCI udes a

refriggpati onyequirements are contributed by the presence of the
ligquid 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 liguid 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 temperature 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



30 systemin fluid commnication with the flow channel of the thermal head
to supply refrigerant fluid thereto. The refrigeration systemincludes a
met eri ng waleosperati ve to regulate flow of the WO 02/ 09P84A1S02/16673

PCT/ US02/ 16673 3 refrigerant fluid. The metering valve is |ocated
operatively adjacent the flow channel of the thermal head so as to

regul ate introduction of refrigerant fluid into the thernmal head. A5
control | er | &edFedstdps £4Udht r dhe MELREEES NG LVfalFe 1PGAERE ntai ning a

pr edet er mi ned Jeupsratiy 6qiakehie theMaal Wianeent bel ked surface. In sone
exenpl ary enbodi nents, "'the” refrigeration systemincludes a capillary tube

10 havi ng a fthegmagndeadd se eectrd regoil aTiee isdcoddceéndnobt he capillary
tube is connected to b% 1 Ui mrunicatia@n with anp inlet of the flow

channel of tRE tHEMEr higghl.ldTﬁg%ﬁg%&% TGS AR e PPRY - suéh enbodi nents may be

| ocated at t kentidcdtleend sobpelatiRe Gapiddntmpit Hhe. mEkexcertroller is
preferably adapted to allow the predeterm ned tenperature to be varied by
a user. In VRYe &g 2iffelpansr Pn@reaere idiehe tEMPSTRSUAG val ve
operated by 3:Puhe cthillhmhddl abad 2016, sugaal . For example, the

pul sing valve is preferably actuated at |east once per second. The
controller itself Imgdne axPmblaayt rolbdogiment-swi theoft en be desirable to

equi p the thertrral head with at |eas ne heater.l evi cg gl so 25 controlled
by the contr S ér-2FEer-1EXafgife" Hé ? KE&d Yh&UEGui pped with a
pl uralfioty of hagakily izdge ReakesSand 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. In this regard, the metering valve may be a
pulsing valve operated by a pulse width modulated
20 (PWM) signal. For example, the pulsing valve is
preferably actuated at least once per second. 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 condensexr. The

refrigeration system is operative to circulate a



O her aspects of the present invention are provided by an apparatus for
controlling the 30 tenperature of an el ectronic device under test. The

appar at uswoenp9ilses a refrigeration system including a cecprissyos7and a
condenser. The refrigeration systemi$ operative to circulate a WO

02/ 097342 PCT/ US02/ 16673 4 refrigerant fluid through a fluid flow | oop

such that th?%f { éggﬁﬁe%lﬁkglgh¥%u§ cgag Sige%iﬁernagaseouﬁ and |iquid

states so as erna abso ease PeRergy. 5 The
appar at us furthet thelndéslgethﬂtnﬁlumeadllmauhagga beapeeat ure controll ed

surface. The thermnmal g g defines a flow channel for passage of the
refrigerant fPRFECED BREr LbYUdnttRbRSa8CafS EQapLESFBRERAYT he

refrigerati onggystsMmnd gggggg@gtggrmgivgné§g&ocated operatively adjacent
the evaporator in the fluid flow |l oop. The netering valve is operative to

regul at® introductTha apparatwsgbeaphef| imdlides ahehéroalcheadel of the

t hermal head for mai ntai i n r edet re at the

t enperature con TO ?Iedggﬂ??g%§u§esf??€r$%$?% ?uﬁtﬁgg a% €t he present
invention arehproyldedabydaniappas atUswf Ohasaslr obti pgsthge benperature of
an el ectronic device under test. The aggaratus conErlses a refrigeration
system 20 i neladfRbra9e6APF eSsvtdate BhesrEBnSERctiRR afefRi geration

systemis opeéaagge;fa»&ercmceﬁ@tPeﬁ“%gia?gs ﬂ@%sit_é Ld fhrough; gofluid flow

| oop such that the refrigerant f etmeen gaseous and
Iiquidl@tatesvabva51$ole¢a9e@a@p¢ya25vabgoa@jaudntethase t hermal energy.

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 a fluid 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 function as an

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

energy to the thermal head.



The appar at us
controlled su

further includes a thermal head having a tenperature

rface. The thermal head defines a fl ow channel for

passage of

the refriwerang73it uid to thereby function as an 30 evapor @Carusomidehe
refrigeration system At |least one hedier device is operative to supply

thermal ener

gy to the thermal head. WO 02/097342 PCT/ US02/ 16673

5 A

metering valve is adjacent, the evaparatqr, in the fluid flow |qop. The

metering valve is “of&rative (¢ VEgdifafEIAMRSIIdS Y BIPHEE g&rant  fluid

into the flowtghamnel;ofs1the 1tdegy nalTHeeald e ini Ll ligy is operative to
control the netering valve and the heater device for maintaining a

pr edet er ni ned oPeHpELFEULE AEIHE e mpdraccd 1 agomtr gafad canamice.
%%é.?e ggﬂttoh %h%r %S_L%QJ C!b%.éq%_%tll %@j t}l[% %rh% I[?‘{’C?g_\t/ Ih%%% by Aa met hod of

mai nt ai ni ng an

Addi tional as

t enper atiur e.
havi ng both ¢
including at

el ectroni c deyie@etAfatRd Werfhtang,Qf dinstant

roni ¢ device under test at a pre erm ned
Goatsbafeal itchepmtdtadd meoloves rglr aHedinkg: e itrer mal

head

ool.ing capability and heating capability, the thermal head 15

RpEPaPHfe LG Y5195 SEUCEC & 9h M 1%bit act wi

the electronic device is then determ ned and conpared wth a

pr edet er mi ned contesRdled. sifrfigtee .rate of 20 change exceeds the threshold in

catin t.hat iqgta Qgﬂgo%% Q%%pr consunption.i.s _decreasi ng,
ead |

a nmanner i ndi
the heating c

apabi I'i d)}tolfont e erma resseqnectlinyeqnyt

th the

fR@wer consunption by

Ttivated. If

sai d rate of ehangeovaxeeeds thenddloeshal chaiimtainEnrerard ndi cating that

15

20

25

30

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. TIf the rate of
change exceeds the threshold in a manner indicating
that instantaneous 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 full 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 f£luid



25 instantaneous power consunption is increasing, the cooling capability
of the thermal head is selectively activated. For exanple, the cooling

and heatiwgocapai | ity nay be selectively activated by becmgsavidevated at
full operation for a 30 predeterm ned périod of time. Still further aspects
of the present invention are provided by a refrigeration apparatus

operative to circulate a refrigerant fluid through a flujd W 02/097342
PCT/ US02/ 16673 1% %R I%Hﬁlsﬁfbaﬂ:tﬂé? X +%€P1F?f¢}'er€’n‘%l‘$l‘&+ Iwill change
bet ween gaseousaAk IHAUbSIHR$P A%t Piqdld st &L Ys@bsorboand rel ease
thermal energy. The refrigeration apparatus conprises a conpressor 5

operative to isndreamatne alpfanderebfasgerhanmnalk | enerym. t NEhgaseous

state. A cond . 1 S Qv . ef ri fluid rel eases
t hermal energy ﬁljléeesrpagéslsoﬁ}lga%{ aefr‘%ﬁgsr oug I:\llné sec%a%%@%%gérl iquid state.
The refri ger ardpddatidrel . ahisorhs ddepradsenergy e | e passeéngnt hr ough an

evaporator to thereby change to a gaseous state._ A netering valve is
| ocat ed oper atidVEtd HjheHaIR v at or® i FPRIRNFS DI BS 13551 oop.  The

metering val Ve, QRey atins d & Ko At fdpahint FRdUEtiON. Ol £ ef ri gerant
fluid into the evaporator. A controller is operative to control the

met eri ng val veHeymagpianeaiay hial e redes orgni teeetlonpeglatamé@ at t he
evaporator. Oher oebé' ects lf.eatu es%%ind asﬂgcts Pf' t he ent

. . cpan d 13 s e : 20 pr &
i nvention are dittlssed it greater” derai | el%?/v.rﬁ"?re?mbegg tPtion of the
Dr awm ngs) absorbs thermal energy while passing through an
evaporator to thereby change to a gaseous state.
A metering valve is located operatively
adjacent the evaporator in 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.

Brief Degcription of the Drawings

A full and enabling disclogure 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 rémainder of the gpecification,
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 partwouwkasiy2in the remai nder of the specification, PCRaiSoziideg
reference to the acconpanying drawings,7 in which: Figure 1 is a

di agrammatic representation of 30 an apparatus constructed in accordance
with the present invention for control]ling the tenperature of an

el ectroni c devi ce dH@eTe @stls DB BeD e/ USOE HEE7ANI T gure 2 is a

bl ock. di agramiid st iat g ihe ndmangerd i e appanalds ols Figure 1

functions as a c | oop systemto nmaintain a“predeterm ned

t enper at ure; BmFigurlesed dod |sye diadgramsshoeing saapreatkdi¢rmirad open | oop
t echni que whi (;E% can t?_% used to further enhance the accuracy of the

appar at us of T E T Higure 4 is a side elevational viewof a 10

preferred enmbodi menti @fred 3t ey Rl £ ead Bssemd|showitichhican be utilized with
the apparatus of Figure 1; Figure 5is a viewtop plan view of the

thermal head @Efviopadt dFIgurler UFimigiHe Wi drmeis deeri view showi ng
vari ous partstg_jt}#eP}e eﬁﬁ%{}n@é ,Jljleeﬁceiaa 28 yof_oftﬂc?f %l{_i{%rdé{tué:' re 7is a

bottom pl an view of thé therm onent assenbly of Figure 4
showi ng the tEnrperatiyre controll ed surface thereof; 20 Figure 8 is a cross
sectional ViGMItak%qgﬁégui f;'gaé%éé‘gléﬂéﬁﬁé%gﬁ éyg% 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.

Detailed Degcription of Preferred Embodiments

It is to be understood by one of ordinary
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



Figure 9 is a cross sectional view taken along |ine 9-9 of Figure 8.
Repeat use of reference characters in the 25 present specification and
drawi ngs we /9 Bmried to represent same or anal ogous feat Bceasor/i@renment s
of the invention. Detailed DescriptioBof Preferred Enbodinents It is to
be understood by one of ordinary 30 skill in the art that the present

di scussion is a descr.iption of egerrg}lcgéy enbodi nents only and is not
i ntended as | PRPEFRY tRYSHEdS8er VAL OFASTh&SRECHS 389342 PCT/ US02/ 16673

8 present invepbbeRedMinChnar @%@%Fl@%@e%b%s%&%ct%%%qi ed in the exenplary
constructions. Figure 1 illustrates an apparatus for controlling the

tenperature of an &lewmeodi ¢ ldegteetes a0 apperatast fOXDUT"). In this case,

device 10 is_an:inhearat ed CLLguLl device muntad jn. g 8uidahle test
fixture 12. TESt fixtur SUppPI es the energy to power device 10, as well
as the $ariouso ueddrmccse qopoands bynwhidhk tdaeeperkarivana® afs 10 device
10 is evaluated. A thermal_  head 14 has .a tenperature controlled surface 16
in thernmal coffadPi@ERtGvicdecEdt Prvics acased tRepmiliféRde14 is

attached to tpesen¢; @, @ ARvablesio¢;18.whi 6 Qperaties tpemove 15
tenperature controlled surface 16 into and out of ““engagenent w th device

10 (as indi cacegdrgy &or @eweh) deFareeddnples, wedd B8 e fverrhoulse pi ston rod
of a pneumatic %yl irn%er V(\Dlhi ch isbac'gﬂ at, d \tﬂ% %oski[fti on therfmal head 14
adj acent the GEFA¥TTEHEFTENdd P¥o E& E’h& . PEREMBCEGUdte 20 or ot her
sui tablig 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
sensor is provided at temperature controlled
surface 16 to detect the temperature 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
entered by a user at temperature selector 24. One
skilled in the art will recognize that the
functions of processor 22 and temperature 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



sensor is provided at tenperature controlled surface 16 to detect the
tenperature of device 10. This information is fed to a processor 22 for
control | iwg o2log73aper ati on of thernmal head 14 so as 25 to mairnisar/n6as
predeterm ned tenperature. For exanpl® the tenperature to be maintained
is entered by a user at tenperature selector 24. One skilled in the art

w Il recognize that the functions of processor 22 and tenperature sel ector
30 24 may be PEFEEFRBAYLTRANSPAG & UitgPt ARRE6nREL 8PS6P1ehe i ke. Ther nal

head 14 is pretgpabhy,cenligynhednibayhag bebh eqakiig ardchegting
capability to 02/ 097342 PCT/ US02/ 16673 "9 accuratel'y maintain a w de

range of posshbkd ltehper at grededl porhiisncidsesitortedalgitereenher mal  head

14 has a cool ed portion 26 situated between e rature.control |l ed surface
16 and a heatgﬁm eﬁngFSncfgprﬂggngsﬁ ?%F8n158g5 cPudEEt8Se or nore

heat i ng5el emepbgt3Bnoper.at ivatkd pupplynt her Ak ludeer gnewWdenmbhe
tenperature of device 10 drops_below the desired tenperature. A suitable
driver 32 isheskirgl Eé6TSRLSr 80eB6r252VE0 tQs SLEPIYpHPTTGt he requisite

pover to Operéhgrgﬁgkh@g %EE”?%& 3041 080Led gROL 0 026, Bt hermal  head 14

forms the evapor r ot are eration system al so |nclu§ing a
conpr essor 32bahdwatbendesserd34enPhreateirei. geRatudnadyst émisapl oys a

fri fluid, 15 R134a, ci | d | |
absor b and roPbadl ERBFRAL ERoFdy o  PHFG Bicdrs SwAdh Chs FBY| gorant 1 ui d

changesgbet wegRegaegals i tangokicdlUicd shat-asel Reataaigdaneaetict Bot he
vel - known 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 R134a, 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 "evaporatesgs" 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
ig then fed along pipe 38 to compressor 32. The
resulting high pressure gas is fed to condenser 34
by pipe 40, where accumulated thermal energy
dissipates. 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. An "expansion valve" is formed



refrigeration cycle. 20 In particular, the refrigerant fluid absorbs
excess thermal energy at the |ocation of device 10 when refrigerant fluid
"evaporatwe02fesm a liquid state to a gaseous state. Thi PCENSPDI@I3 On
occurs in a fluid flow channel 36 defilled in thermal head 25 14. The | ow
pressure gas exiting thermal head 14 is then fed along pipe 38 to

conpressor 32, The, resultin i gh pressure s is.fedt ondenser 34 by
b 40, wher $iabBfuERAS) TRl TR RIA e it SRR AL UEY a1, ¢ he
refrigerant flwigdfisi30 raendensemhdlo 6. quispdarmnceadliigh prrssure liquid from

condenser 34 is fed back toward thermal head 14 al ong pi pe 42 and

capi | | ary tub&e&xigmgandy gandiichivhfpam uadegidass \RD O TIERS2

PCT/ US02/ 1667 0_i.n .thi t isnt.er f of Gani Ilary tube 44  and
fluid fIOM/chgﬁﬁélafG.Esgggﬁ%%%a yfﬁgﬁé'gg%¥$fgﬁgﬁ%ﬁ |nc#?quid form

under goes a prespildfierydrapeastd tarddkareershe hendldrdgamemnddicset er of 5

capillary tube 44 and enters the | r encl ose vol une at the inlet of
fI ow channel §@.u?ﬁi§t 5&@%§ﬂpéﬁﬂfgé%§éﬁb g lﬁﬁj(i?%%? tenperature as
predi cted by thedsdeal Bap lawscEe aRPRIALIYS: ShoWkddeRtdife 5k 1S

operative 10 to maintain the selected tenperature at tenperature
control | ed suifgedctednbivh thigghdeedurggsy 1awh  general , this tenperature can

Egr egi;' Y controlled %‘té%rar%t%ecér{ﬁvﬁld i][na’%qgru‘@et hy Qiés%g»e}sa%irv%q”i rement.
npl e, the apparatus is capable of oOperating ver a specified
range bEl weentol@@Cnit@ait?@le sslidriad acappeacytuife GO Ednpagy=asetft | y
preferred controlled surface 16 with high accuracy. In
general, this temperature can be easgily controlled
over a specified range within the +3°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 procegsor 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 f£luid 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,



enbodi nents. To tightly control the selected tenperature, a netering valve
46 is located operatively adjacent 20 to thernmal head 14 so as to regul ate
fl ow of rwbroegernant fluid into fl ow channel 36. Al though PCRAISOZ&60S
various proportional valves is contendllated, the illustrated enbodi nent
utilizes a normally closed solenoid pul sing valve controlled 25 by a pul se

wi dt h nodul ated ( signal . The .du cycl.e of .the PMWM signal is chosen
by processor f?p("‘gﬁgha"é’ ttgl%ﬁai%t éﬁlrﬂt h]évt?es% rléﬂlgcté"rrﬁgr AUrE Preferably,
netering val vend® mmybule 11206aleks W tiHa) A8 ddichas, afhdhe Iddpth to flow
channel 36 so 30 as to regulate flow of refrigerant fluid thereto w thout

substantial | agd ismedl Hanee dilgneharaadd camdditetubs ¢ exanpl e,

netering valv be . .l t t Ml capi ) 44. O ten,
WO 02/ 097342 %8%%%%5/5‘1%%’7?%%%%%% raﬁ&‘{e?l?%tewtf%nw'aﬁ%%{%ﬁa ength of no
nore than abeull vi2 44ncines thEhe anedeatdtueley agharamdearzgture and smal | i nner

di aneter of capill ar;_(L tube 44 ensures a quick reaction tinme between

operation of SOREFPd AL SNFIAFE t'émerature at tenmperature controlled

surface 16. Kryoteghwdceh, the assinegOigddhe 4 egrntyddgntion, has
previously devel oped testing equipment in which the thermal head is
configured 10iayeasievapdest mraviicuslef dayelaash topftidls Ref ri ger ant

[ passes LaLORIeITELitesd . Mt SO WsLsid ol grpanded. The
devi ce 1oei ng bestked esSapm@sadtorraimtaitefrigeration system.
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 sgo 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 wvalve, this system was capable of
controlling the selected temperature only to an
25 accuracy of about x10°C.

An overall diagram of the closed loop control
system provided by the apparatus of Figure 1 is
shown 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



15 predeterm ned tenperature.

One such system wutilized a val ve adj acent

the outlet of the condenser operating under the control of a proportional

cont rol | ew0 08997312 many enbodi ments of the present

and conde

nser

20 were |l ocated several eet (e.g., 4-5 feet) away
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thermal head in the flow loop of the refrigerant fluid. In part because of
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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
control apparatus (or "plant") 56. For example,
the correction signal u(kT) may contain
instructions for operation of both the system's
cooling and heating capability.

It will be appreciated that the closed loop
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
per second. For example, the temperature at
surface 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,
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

mbodi nents, th t th be .a 10 t | pl
o UGS (BT C BT ol Yo i hTAC 'Shon. The corr ect|on



or otherwi se transforned to an appropriate analog signal u(t) for
operation of the tenperature 15 control apparatus (or "plant") 56. For
exanpl e, wohe/ogBsz ection signal u(kT) nmay contain instrueCirarss2ienrs
operation of both the systemis coolind3and heating capability. It will be
appreciated that the closed loop 20 systemshown in Figure 2 is very

effective at paintaining the desired tenperature under, steady state
operating condPPFESs 1rpPerEramqRs Wi td ons ywtdih \iame Sisite t he tenperature

signal and preduce ia1desi," €6heCAhelitoh ShENHowdlr |Lashin@RGaSR5 per
second. For exanple, thé tenperature at surface 16 is sanpled at |east
every 300 ns by tchies elelctgenilcodevioe icom dfe tisede dot ddlresyrsityem i n
presently preferred,enbodijments. Due _to, the IQCW nmass ,of el e¢ctroni c devices,
30 however, tR&EyOTEY AP&RHSt ﬁqgfscﬁélhgjeevtlﬁeei SSRGS Ur e 'er than a
purely ¢l osedalsogmosystiemrigarrcehf, eglrioeigsFompensalferaBggause such a
change in tenperature will virtually always be due to a WO 02/ 097342

PCT/ US02/ 16673 €CE3 VeRaig&ligiadowsr f&&ems masth o ahteh I2one slight ther nal

lag), the insﬁﬁz@ti@&%(lg@ E%‘ﬁ&o%@%&u%tigin tie aleationic device can be

used to directly predict d changes I'n device tenperature. Thus, 5 as
shown in Fi gudevicepridcessor 22 preferably receives a signal 58 fromtest

[ixture 12, indi cabinguhe poer cotulon ol o1 gl devi e 10,
pover siognal bhrePe@str 22 may utilize the power signal from test
fixture 12. After the processg has started (as
indicated at 60), the instantaneous power
consumption of device 10 is sampled (as indicated
at 62). 1In 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 consumption (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



fixture 12. After the process has started (as indicated at 60), the

i nst ant aneous power consunption of device 10 is sanpled (as indicated at
62). I n owOer/09B4ui ckly respond to predicted 15 tenperat ®Ce/vsaz/1@&r3 ons,
processor 22 preferably sanples the pdder consunption many tines per
second. For exanple, the power consunption may be sanpled 20-50 tines per

second or nore_in ccordance.with presently preferred enbodi nents of 20
the present iﬁ?gﬁFP%ﬁ? ?ﬁégrng %Fmgﬁgﬁ 8I@fo%o = €§ﬁ§§ﬁﬁpﬁgn (i.e., the
first derivatgegiek Whe1ppueree@BSEARY.ONKCS ont BeR genpared against a
predeterm ned threshold (as indicated at 64). If the rate of change does

not 25 exceedifmpediriedtiokakerhEoprovaserpespshsgek Predictiee next sanpl e.
If the rate oESQ%QQ%i%QQS%EBngg g%e%h%§g%§% O%Qgr e qpernlned t hreshol d,
22 et her f

processor etermnes e power “consunption’is 30 increasing or
decreasbng (as i ndFoat edaapl66) thA sgesic waypbeencthiaaged dditeat es t hat

the tenperatur f the_electraqnic device will be increasing. Simlarly, a
negative powef %HgﬁggoﬁéFﬁﬁlﬁg 8432BCENI36 E66 78 684 Wﬁ&?c&géé t hat the

tenperature oh-atBe ¢l geWEeNEEnsARMEEBMchl-cRedeakeas-aghsAGt ign can be
i mredi ately taken to counteract these predicted tenperature changes as

they are occukhengyposithge dizmpltdonthe Faydt dwairdycbaogdet icpat &¢ into a ful
gggg;gg fﬁget ﬁ@g%%ﬁﬁ%?%%%gﬁét@%)xwgeﬁngﬁ%at%%F%t0209° LrCRAZUMPL i on
positivé direction. Ful'l "heating node can be

10 rate of power consumption exceeds the threshold in
the negative direction. Preferably, this open loop
control system will maintain full cooling or
heating just long enough to counteract the dramatic
temperature change. 1In 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 apparatus of Figure 1.
As shown, assembly 72 includes a thermal head 74
having a cooled portion 76 integrated with a heated
portion 78. Refrigerant fluid enters cooled

25 portion 76 through capillary tube 80 and exits via
outlet pipe 82. In 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



simlarly activated (as indicated at 70) when the 10 rate of power
consunption exceeds the threshold in the negative direction. Preferably,
t hi s operwbee973ennt rol systemwi || maintain full coolingPer/usheaterfhg j ust
| ong enough to counteract the dramatic15tenperature change. In presently
preferred 15 enbodi nents, for exanple, the full "on" operation of either

heating or cool i.ng IS rraifnt ai ned for about 200 m || sec%?r:H . The cl osed
| oop control St &R5Ri11 EorhEXERIE nFOFEUSTNET & St % e

t enperat ure ohzgheds ARt BheMinee a1Q grd® WL - 6 HildUsfg akve a ther nal
head assenbly 72 that may be used with the apparatus of Figure 1. As

shown, assenbEcrdviesc lind&dea afieer Palt Weead apd adhiaden§ Pacigolodd portion 76
integrated w t rtion,78. fri ant i cool ed 25
portion 76 th%%&%hggg&?ﬁaat%& bl L nEo 10REhT S Hel) e |t§{gf§‘.ra§e 82. In this
case, héated phewid oa.78 defines a plurality of transverse holes 84 in

whi ch respective cartri d%e heaters are inserted. Leads fromthe

t her nocoupl e exit EHETGIR A Ye ehtiedmado Negd idaltshdeseggehd s own, t her mal

head 74 may begdaplediiRk Bal ¢oMdel Ure PanlicGidy 16QRf1IgURAL i on of a
socket cover 88 (which is part of the test fixture). In WO 02/097342
PCT/ US02/ 16678 ate5 iehi, s stiabe a5f oy lexamplee, focketadowsss@dliyndéudes a pair

of upet andi 0l 9919, 15, 10, 70,300 0 ic@xed din e aren betveer
head 740 Pref ey behtean theathald hesd gaeiaved thd @evice 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 bottom of thermal
head 74. Surface 106 is preferably polished or

20 otherwise configured so as to exhibit exceptional
flatness and thus a relatively high reflectivity.
The thermocouple 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 most easgily 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



housi ng bl ock 94 fornmed of a suitable insulative material, such as nylon
6/6. A ginbal assenbly 96 1is attached to housing block 94 to facilitate
even 10 raDiongI13er ween thernmal head 74 and the device und@cT/useyias73n this
case, assenbly 96 includes a |lower pldabe 98 and an upper plate 100
interconnected by a plurality of corner posts, such as post 102. Each of
the corner posts is surrounded bxga helical 15 spring such as_spring 104 to

normal |y ur geCplabgs 10d8egdh o966 8Ray M oMmSohy XGRS, tRs ViR in Figure

7, a tenperatype;eealfohl ed ysupface 106 is defined on the bottom of
thermal head 74. Surface 106 is preferably polished or 20 ot herw se

configured so as t&iguhebiot sbrwepeinoraknpiliaatynddovandanmes 410l ati vel y

high reflectivit The.t hernocoupl.e i s received.in central e 108
defined as shg&ﬁ%fﬂn &y chgeﬁg?gF&ﬁ ﬁéDrOl&Ceateé)ﬂrs lroélgg]eri nd k& %Jonst ruction
of 25 ther nakabead ré4ragerhatnosuidashnityex piiictet Wnfllkt naeberence to
Figure 8. As one skilled_.in the art wll appreciate, thermal head 74 is
preferably nmad8d BPVeSt LPraPs LR SRTeLRtEne Mgy sFerfalf 19%¥onducti vity. At

the same ti ”eghgh%qa}lﬂae.ad;\tﬁﬁo&ﬁeﬁot@l%waqulre%%@ havedLowyEass in order

to all ow rapi transfer of ermal energy. In thr's regard, cooled portion
76 may be for medrifbeceppetonwehpbeated baforts exiZ8 nigeitigcfugiined of br ass.

The 2, B 20, YO 021097212 T US0RL 196 0010 00, DRLSREd paet e suer
fl ow channel 110 fowhieah 1520 nBevaahianediyiin 16eoled portha@n aé@ I n this
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 ailiquid loop, the
various disadvantages of liquid loop systems are
eliminated. For example, there is no need for
ingulation of pipes as is required in a liquid loop

20 gystem because all of the parts except the
evaporator and 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 ligquid loop systems.

While preferred embodiments of the invention
have been shown and described, modifications 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.



5 case, refrigerant fluid enters through inlet 112 and noves al ong the
serpentine pattern of flow channel 110. Absorbed thermal energy causes the
refrigerawo oko9B¥nporate before exiting through outlet 1PET/USO2/1d873
enbodi nent, flow channel 110 10 is fori&d by individual drilled holes that
are connected along the length of the path. It can be seen that the
present inventjon rovi des . appar at us and net hods, f.or i ntai ning an

el ectronic deﬁut?gk’l?ﬁ:&}ﬁret'ezlhofte & 8% Yl?%lgépé'rrht ABecause the
system uses awgilncWpdretd atefigena fdaidbimptradofpaidd gy d 1oop, the
various di sadvantages of liquid | oop systens are elimnated. For exanple,
there is no n®¥dwear ofi examitlico®rdfy pigpes ids nof rlegnced ite 9 iquid | oop
20 system becaus il JNEHRAGLY, SHGER! NG, SYAROTAIDL A0t yet] on tube
back to the conpressor ~remain at anbien enperature. For e ‘sane
reason, Smany the Rpoeordensdtiian . ssues presented by liquid | oop designs
are also elimnated. Set up 25 tine and energy efficiency are also inproved
in conparison with the prior art liquid |oop systens. Wile preferred
enbodi nents of the invention have been shown and descri bed, nodifications
and variations may be nade thereto by those of skill in 30 the art

w t hout departing fromthe spirit and scope of the present invention. It
shoul d al so be understood that aspects of various enbodi nents nay be

i nterchanged both in whole or in part. WD 02/097342 PCT/ US02/ 16673 17
Furthernore, those of ordinary skill in the art w/ll appreciate that the
foregoing description is



by way of exanple only, and is not intended to be I|imtative of the
invention so further described in 5 the appended clains. WO 02/097342

PCT/ US02/wW682897338 WHAT |S CLAIMED | S: 1. An apparatus f@cTasari@hsi ng the
tenperature of an el ectronic device und8r test, said apparatus conprising:
5 a thermal head having a tenperature controlled surface for making
thermal contact with said electronic device; said thermal head defining a
fl ow channel PHAL d8s&32dMED dSrefrjgerant fluid so as to cause 10 transfer

of thermal energy het vve%?,] %‘?ggrgltg%t Relal %onq%vﬁlﬁn?ggg%ai d thermal head; a

refrigeration systemin conmuni cati on fl ow channel of said
t hermal head tempsuptinrer effr iagerdeictidoniid tlesrieteountfersaiedtr,ef ri gerati on
system i ncl udi ng nmet erin val ve g\%lerati ve to regulate flow of said
refrigerant fParg aé’é%adfﬁé’%ercpﬁlﬁr\}gl &d°being |ocated operatively adjacent

said flgw channel @f tr=ainfhit hecmhaRead $0 tasded-dead ale drdneduction of
20 said refrigerant fluid into said thermal head; and a controller

operative to evftpse Ford najangr thgrialy eondaataivitdl wadg a predet ermi ned

tenperature agl%%itq: glg%%re%ti%ree, controlled surface. 2. An apparatus as set
forth in claimT, 5 erein said refrigeration systemincludes a

capil lary tube havisad da thheraialeheadnded isdennd eichw Samthededord end of
said capillar i/)atslég%eb%itn% irgfrfilgléirgn(t::o ur}_idcaétoi %ns V‘L\:/iot rclza?'lnsei niet of said
fl ow

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 f£luid thereto;

15 said refrigeration system including a metering
valve operative to regulate flow of s=aid
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 saild refrigeration system includes a
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.

30 3. An apparatus as set forth in claim 2,
wherein said metering valve is located at said

first end of said capillary tube.



channel of said thermal head. 30 3. An apparatus as set forth in claim2,
wherein said netering valve is located at said first end of said capillary
tube. WO WDP/00BTB42 PCT/ US02/ 16673 19 4. An apparatus as ®Pem/usor/ids7df claim
1, wherein said controller is adaptedibPo allow said predeterm ned
tenperature to be varied by a user. 5. An apparatus as set forth in claim
4, 5 wherein said netering valve is a pulsing valve _operated by a pul se

wi dth nodul ated (PAY) sAFh&PPagathAs gspash JOHE &t F6ifh lim cl ai m 4,

wherein sai d puksicng \Walive dosirdehdated At d-8A%1g NGA 1RRS sacond. 10 7. An
apparatus as set forth in claim4, wherein'said controller is a PID

control |l er. 8prAdegspariaads tampser thiget fd declvanhel, bywlsereiar .sai d t her nal
head further incl u%es arpﬁllt east ne r(_lleatert %vi e,. O%Str at i Qn of said heater
device 15 also beirig coft FEPPEGTRY &5 §ComF M e F2Ah “apparat us as set
forth ig clai Wh@reithesgid mediettialy hedvle dnre heatleyimdevwisaereconpri ses a
plurality of cartridge heaters. 10. An apparatus for controlling the 20

t enper at ure ofPPEF3&EEC IR0/ PUIER ¥ ArhdErdEsted EFHR apdardtius conpri si ng:

a refrigeration sygtem ipglclal}_g) 1209 +& <€ AWPILIS Ho - aNd A cq%;lgi(pqser, sai d
[ I

refrigeration system being perative to circulate a refrigérant fluid

t hrough 25 a fihgireifdl eaildogplsucl tiadtvesdisd arcefusitgetr antt lfidasitd wi Il change
bet ween gaseous and Ii%ui d %t ates so as to alternately absorb and rel ease
t hermal ener gy c< Per secona.

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 compressor
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 releage thermal energy;

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

30 for passage of said refrigerant f£luid to thereby
function as an evaporator in said refrigeration

system; and



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

t her eby fwooRiogrs4nas an evaporator in said refrigeration ®gItESn/1@an WO
02/ 097342 PCT/ US02/ 16673 20 a neterin@oval ve | ocated operatively adjacent
said evaporator in said fluid flow | oop, said netering valve being
operative to regulate introduction_of said refrigerant fluid into said 5
fl ow channel of saPdMeRerFRE NeadeSf sPCARERt SPSIRG 1Sy edepstRitned

temperature al.sai d LeARELBLULE sGoRt FoLlad s3Uif agey 1Laifn apparatus as

set forth inclaim1 erein sal efrigeration stem i ncludes a 10
capi |l l ary tubmehaviing saflvesbeénd apdratseeond emdulasai d second end of

said capillar ube bei.ng i fluid conmuni catign w th an inlet of said

fl ow channel¥8¥r§§P&%ﬁﬁgrﬁglSﬁééd?e%f?gﬁﬁaESpgﬁ }§§c%€Flﬁorth in claim
11, 15s5wher eNofaicBafBERr LY s¥AHY € hkesmhIC aked ForSAadnthiihSheead of said
capillary tube. 13. An apparatus as set forth in claim1l2, wherein said

met eri ng val vergdesepniisedg teapesatyper atedabyl &opwesatiirét h nodul at ed
(PVW) Sig”al'cggt}éﬂﬁéﬁ %Bg%gggus as set forth of claim13, further
€

conprising a contro r for producing said PWN signal, said controller
adapted to all ow said phedeberatnedakcepper &outd tio khdadar i@d by a user
15. An apparatgs as set forth in claim14, 25 wherein said controller is a

PI D control | eFRe¥ginagaddpirirdgesetdor FyrtR™ Analdces16,

10 capillary tube having a first end and a second end,
said second end of said capillarxy 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 controller 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 temperature controlled surface when

30 necessary to maintain said predetermined

temperature.



wherein said thermal head further includes at |east one heater device
operative to supply thermal energy to said tenperature controlled surface
when 30 rwoaegmemy2to mai ntain said predeterm ned tenperalPGTAISOND60R/ 097342
PCT/ US02/ 16673 21 17. An apparatus as2set forth in claim16, wherein said
at | east one heater device conprises a plurality of cartridge heaters. 18.
An apparatus for controlling the 5 tenperature of an electronic device
under test, said appar uSPPERBENSI A§: ek FerthydratilédTsy&tem i ncl uding a

conmpressor  afoacgandensen: $ahde! Shel deLRblORSERCaLAEIAgos0per ali ve 1o
circulate a refrigerant fluid through 10 a f U|§ | ow | oOp such that said
refrigerant fpludaliitlyl ofchaagerbdgeebragaseous and |liquid states so as to

alternately absorb_and rel ease thermal enerqy; .thermal head having a
tenperature controf-fed A?ungéé?pgﬁrgofhEPﬁgﬁoﬁgéﬁgd ning a flow channel
15 for passageefbpesaicdriebs garantcthbhdct actherehndednetisen as an
evaporator in said refrigeration system at |east one heater device

operative to §aéélﬁppﬁﬁéﬁw§lC@W@Ké§lﬂ€=3aid thermal head; 20 a netering
val ve located between §3iid., %@Sgggﬁgtéﬁdi%%h%dﬂpgp%f%%%%r%%s%%‘d fluid

flow |oop, said netéring-valve g operative regufate i ntroduction
of said refri gadaat cbhdiethseirnt easdi deflrayechainel sgplicteal thetilhegr mal head; and
25 a controller op%n%%i%e %grgg ggglas%g ring&ggkn l%%%y%h%g% %gid at | east
one heater deYPg&at © g g
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 heater 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 controllied 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



for maintaining a predeterm ned tenperature at said tenperature controlled
surface. 19. An apparatus as set forth in claim18, 30 wherein said

refri ger awDoR/0g¥Bs1 em i ncl udes a capillary tube having a fPPCTatiSoEn@7and a
second end, said second end of said capillary tube being in WO 02/ 097342
PCT/ US02/ 16673 22 fluid comunication with an inlet of said flow channel
of said thermal head. 20. An apparatus as set forth in claim19, wherein
sai d net eri ngfiHide cogmugdgesdoat wdghd ans ipledt odn@gagd $dic# capil | ary tube.
21. An appara S fanth [ ,  Wherein said netering valve is
a pul sing va|§§§”§%%rgﬁeégﬁy‘Ehgﬁﬁég %% th nodul ated (PWW signal. 22. An
apparatus as set fanoth ah eppami8s a0 seterfertthsdind cdedtr aldl,er s adapted

to allow said redeternined tenperatyre to he varied by g user. 23. An
apparat us as YBETFORt Rl BEAPRIBS, Yagilar &fn 1O5Pd ot SPREr IS a Pi D

control ker. 24irAR 2pRabLE WS i3S cael 1farih tiubec! ai m 18, 15 wherein said at
| east one heater device conprises a plurality of cartridge heaters. 25. A
met hod of mai nt ai nRAg aRnekepBrenie ageviete fomddr imestladm &8pr edet er ni ned

tenperature, wﬁ%&giﬁ%ﬁﬁ‘& ﬁl%%%:i?lifg[]gait\r%p%gg{a{ ﬁ)élq_s(i%b?frﬁ.ci\(riedi ng a thermal

head havi ng bo cool'ing capa y an cap ity, said thermal
head i ncl udi ngpartergdeibgt ar pudtept walkditad mosiwlbaed i(PwWherignatont act W th
said electronic device; 25 (b) determ ning _a rate of _change of

22. An apparatus as set forth of claim gS,

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. An 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 sgaid
threshold in a manner indicating that instantaneous

power consumption is decreasing, selectively



i nst ant aneous power consunption by said electronic device; (c) conparing
said rate of change with a predeterm ned threshold; 30 (d) if said rate of
change exwoead®9satd threshold in a manner indicating tharCrisbamseaneous
power consunption is decreasing, selecRBvely WO 02/097342 PCT/ US02/ 16673

23 activating said heating capability of said thermal head; and (e) if
said rate of change exceeds said  threshold:i,n a manner_indicating that

i nst ant aneousC51FekER I FRITPEREATTs CRREPEdL ity s @izd &t itveradct i vat i ng
said cooling gapabi Ligy of said thermal head. 26. A method as set forth in
claim25, wherein said cooling capability and said heating 10 capability
are sel ectively actlevat éd isaist epse( df ahdnge) excesgectsiadel y, by bei ng

eiri gorat § on“UEBEPARGe 0nd ETPET 4 POt PEITS & 4y AFRGREAREFIU ¢ t hr ough
a fluidsflow pbheloepnsuahtiial isaiidcrebiiaey,arelfddtidanl | change between
gaseous and liquid states so as to alternately absorb and rel ease thernal
energy, said 3FEAVPEANG iS6H s oL i Eo FpPPSIidgtva omsrics $&er8pdr ati ve to
increase presgurg of 20 said refrigerant fluid in said gaseous state; a
condenser where said refrigerant fluid releases thermal energy while
passi ng therethrougle. addneltdioebpschangéeertt dnl icquiich 2A5qt e; an evapor at or
where said re&hé%%&%h%a&%p%%oling capability and said heating
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 f£luid
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 fluid into said

evaporator; and



25 absorbs thermal energy while passing therethrough and thereby changes
to a gaseous state; a netering valve | ocated operatively adjacent said
evapor at owoiosaiszd fluid flow | oop, said netering val ve Iperngoppsrati ve to
regulate 30 introduction of said refri@drant fluid into said evaporator;
and WO 02/097342 PCT/ US02/ 16673 24 a controller operative to control said
netering valve for maintaining a predeterm ned tenperature at said

evaporat or. 28. An3aRAIHAUS S WELH G th QH%R2E2LE wherein said

refrigerationpgyshamd RellUdes - AR idhd W had g ddd st end and a
second end, said second end of said capillary tube being in fluid
comruni cat i on teirKeratUnd &t cfaishieyafdagwtaghannel of said thermal head. 10

29. An apparatus as,set forth in.claim 28 r.ei.n said ring valve is
| ocated at said fi§r8:'t it a&%pasrﬁtélscgﬁ Iﬁéatr y&rﬁ_ﬁé.lﬁfi%{nﬁ:ﬁtﬁar atus as set

forth i clai Mh&keinheriel raRiidigrelitdiomgnalane drfclaudud sl ng val ve 15
operated by a pulse w dth nodul ated (PW) signal. _31. An apparatus as set
forth in ciai ¥ 11amereine Savdrdort fdiMssr 9 20 B dsfast (981, 32, An

PP A Sl Sl 2hig Wi el oy s adeptod
ffiid communicatiggowith an inlet of said)%low . ‘
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.



