1 |INTEGRATED CIRCUI T (I C) TEST ASSEMBLY | NCLUDI NG PHASE CHANGE MATERI AL
FOR STABI LI ZI NG TEMPERATURE DURI NG STRESS TESTI NG OF | NTEGRATED Cl RCU TS AND
METHOD THERECF FIELD OF THE | NVENTI ON The present invention relates to the
field of testing integrated circuits, and nore particularly, to a testing
apparatus and nethod of maintaining a ststantiaIIy constant tenperature of
a sem conductor device under test using phase change materials. BACKGROUND

OF THE | ' ' ' ' stress
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functional tests to insure their proper operation. During such stress
testing, MATERIAIGFOR, STARILIZING ERMPERATORE DURING STRESNEESTING i ce
under test, which is commonly called DUT, be held at a substantially
constant val ue. ANOFINGEGRAGED CIRCUIISANDMEAHORTHERE(DF i es a t est
signal of a predeterm ned pattern and neasures the electrical
characteristics of the DUT, is typically operated at various tenperatures
in order to performsuch stress testing procedures. Many IC testers use a IC

test assenbly, such as for e and insert, to bring the
DUTs into electrical cont actﬁm%gﬁggﬁg?%@gﬂn a test section of the IC
tester. However, the tenperature vm'th%i‘g %he,test sec(i‘i,on,is normal | y

unst abl e, and TOZPTEENtHERTIOP Klates o Shetic Ok tegng inigandied FrGRIgepldiPeE by FIG
1, for an illustrated desired set point tenperature of 90C. As illustrated,
t ypi cal | patichledy.gp agesting dppharatus aibmethot of ewintainingfa suhgant@liyesnsgant wi | | heat
until the desired set point tenperature is reached, wherein a thernostat
after senghpgegathieiof a sbRGIAARION ®videhindértedt ukiig@ phea!dang hatetigéever, the

| atent heat of the heater typically causes a spike in the tenperature,
overshooting the desired set point tenperature. Likew se, when the 2
tenperature within the test section falls bel ow the set point tenperature,

the delay in the BACKGROUND OF THE INVENTION

Semiconductor devices typically undergo a variety of stress test procedures, including
short-circuit tests, burn-in tests, and device functional tests to insure their proper operation.
During such stress testing, it is important that the temperature of the semiconductor device
under test, which is commonly called DUT, be held at a substantially constant value.

An integrated circuit (IC) tester, which applies a test signal of a predetermined pattern
and measures the electrical characteristics of the DUT, is typically operated at various
temperatures in order to perform such stress testing procedures. Many IC testers use a IC test
assembly, such as for example, a lead pusher and insert, to bring the DUTs into electrical
contact with a tester head in a test section of the IC tester. However, the temperature within
the test section is normally unstable, and varies within some tolerance as graphically depicted
by FIG. 1, for an illustrated desired set point temperature of 90°C.

As 1llustrated, typically a heater provided in the test section of the IC tester, will heat
until the desired set point temperature is reached, wherein a thermostat after sensing this
temperature will turn the heater off. However, the latent heat of the heater typically causes a

spike in the temperature, overshooting the desired set point temperature. Likewise, when the
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thernostat to turn on the heater and the delay to heat the heater, causes
the tenperature wthin the test section to dip bel ow the set point
tenperature. As a result of this heater- thernpstat action or

heat i ng-cooling cycle, IC device performance may be | ess than optimal and

i naccurate. Additionally, it is known that the DUTs self-heat, and that the
resulting rise in tenperature may caus2 the performance of sone of the DUTs
to degrade. This nmay cause further under-reporting of the performance of

t he DUTstemyaraturel svithinnghe tedt secdod £alls belgw the sdiipoint ésnpeaaarebthe elagdnl then an
attenpt to maintain the tenperature of the DUT around a constant set-point.

However , mWrhddtdieiart A (iR HeaREMEMPHRIGH B hedeitletRiter, (cRSde8 HeABRBAMBOVET ,
fluctuations my be so severe and dramatic, that current tenperature forcing

systens oftie il to accurately offset the effects of .self.-heating.
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tester has resulted in localized tenperature variations at each DUT. These
| ocal i zehermaosiat agliqn & hegling-eeqlingsyele. Isaleviss pesformance mayehs lessdhaeentiogal
tenperature of sone DUTs to rise beyond their test tolerance. Prior art

i npr ovenant ipadcordthhe heat transfer between the DUT body and the heat sink

i nclude using an interface material, such as thernmal greases and interface

pad materi al Additidnamy 8t is kloWRShat@hd DUTSkéTRhe ] SASRS tAOEbsulihghikaae pad
materials do not offer a neans to repeatedly renpbve a heat sink connected
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ddmage the DUT. This inability to apply a large clamping force gives little
advant agtechriquesihaye beaphuspd irsan dtemps tomdintagn the temperatureaithe HUT prwsodai zed
need in the art to provide an I C tester which mnimzes tenperature
vari at i ogorstane sstpolT Homd varhinvith madnfyeifredt semiadomdui@or dgviek Sidétiintagssny power
fluctuations may be so severe and dramatic, that current temperature forcing systems often
fail to accurately offset the effects of self-heating.
Furthermore, the lack of a suitable heat sink contacting each DUT in the IC tester has
resulted in localized temperature variations at each DUT. These localized temperature
variations or hot spots has caused the device temperature of some DUTs to rise beyond their
test tolerance.
Prior art improvements to the heat transfer between the DUT body and the heat sink
include using an interface material, such as thermal greases and interface pad materials.
However, almost all thermal greases and interface pad materials do not offer a means to
repeatedly remove a heat sink connected to sequentially tested devices without contaminating
the DUT package or damaging the interface material. The tackiness of a pad tends to tear it
when the heat sink separates from the DUT. Furthermore, heat-sink clamping forces are

typically limited to a couple of pounds per device such not to damage the DUT. This

inability to apply a large clamping force gives little advantage to using such pads.



a heat sink connected to sequentially tested device w thout contam nating

t he DUT package or damaging the interface material. SUMVARY OF THE

| NVENTI ON The present invention is IC test assenbly having a thernmal body
which is positionable adjacent an insert for holding a device under test
(DUT). A phase change material (PCM is enclosed in the thermal body to
provide |latent heat to the DUT. The PCMis selected to have a reasonable
hi gh | atent heat and change phase within a tepperature ran of interest.
Selecting a PeYEInghathyee feampnsatecranized n@%lndggméo B@twd,r&oﬁn?fﬁ tPHET Whirhss
testing the DUT, results in the PCM storing heat energy when the test
assenbl ymingmizesitestperdbare oy atidtongih aach DURzand avhicingféarsia mreans torrepdsitedlyrremnye, t he
PCM acts as a buffer delaying the test assenbly fromheating to a
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spi kes above the desire set point. Likew se, when the heater is tenporarily
of f at t‘?q‘amagﬁlr thd SIREAL &S i Mt waiting for thernpstatic activation, the
anount o a'.unlg eat energy previously stored rel eases when the
tenperature in the test section drops bel ow the phase change tenperature.
This rel ease of latent heat provides an instant delay in cooling of the test
assenbly, and is sufficientl Ion% so that the heater can resune heating
before the DUT tenperatureSéMMé. Y QF{THE INKENGAONt he t enperature of the
test assenbly is continuously nmaintained at the desired set point, such
that there i Theggdsed ihvention KT @ittssemtdy hatihga tirmbhisodyDiHich &spogitivpiibleal | y
depicted by FIG 2. In one enbodi nent, the present invention provides a
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material to the i,ntggqrat ed circuit under. test. |In another enbodi nent, the
present FRaspnablsrhigh klsng Beat and ehangp phassyuirhin adempparatiregiapggof interest.

Selecting a phase change temperature at the desire set point for stress testing the DUT,
results in the PCM storing heat energy when the test assembly is heated above the phase
change temperature. In this manner, the PCM acts as a buffer delaying the test assembly
from heating to a temperature above the desired set point, thereby minimizing temperature
spikes above the desire set point. Likewise, when the heater is temporarily off at the upper
temperature limit waiting for thermostatic activation, the amount of latent heat energy
previously stored releases when the temperature in the test section drops below the phase
change temperature. This release of latent heat provides an instant delay in cooling of the test
assembly, and is sufficiently long so that the heater can resume heating before the DUT
temperature drops. In this manner, the temperature of the test assembly is continuously
maintained at the desired set point, such that there is negligible temperature variation at the
DUT, as graphically depicted by FIG. 2.

In one embodiment, the present invention provides a testing apparatus for testing
integrated circuits. The testing apparatus comprises a test head adapted to receive an

integrated circuit under test and has a thermal body portion which includes a phase change



integrated circuits. The testing apparatus conprises a test head adapted to
receive an integrated circuit under test. The test head has el ectrical
contacts for making electrical connections to the integrated circuit and a
t hermal body portion which includes a phase change material. The therma
body is adapted to provide | atent heat fromthe phase change nmaterial to
the integrated circuit under test. Contrtolling circuitry is coupled to
comunicate, with the jntegrated circuit b f the electrical .
connect iTBHETAlo The Hisrgrl Hagkia AApedds piavade lﬁépé%ﬁeal ?PE%?FtChEFtﬁei‘ﬂﬁert‘%st ing.
Dedi cat ed processing circuitry is coupled through a data channel to the

i nt egr attedhecintegrated Giscuitampderftesthe el ectri cal connections to recei ve out put
signals fromthe integrated circuit during testing to determ ne whether the
integrated cldsiotiierefdodimdngihe presind invertial gonidees tdstngd agpardrey fo testing st i | |
anot her enbodi nent, the present invention provides a testing apparatus for
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for heatin I ntegrate urt under test, a tes ing electrical
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positioning the integrated circuit under test. The insert part has an

aper t ur ecangeciionsie thp éntegraied cirewit andonthganal body partiontwhicteingbides @ ghaseonnect i ons
to the integrated circuit under test. The test assenbly also includes a
pusher parahgernatetial. SThenheadil bodyeis wdeped wpeavida thtalt headrqm diet phaseschaagat | ve to
the insert part. The pusher part encloses a phase change material and is
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i gt egrated circuit under test. The testing apparatus further provides
control ] ci.rcuitry.. Tﬂ contr ol i ireui t.ry is -t nuni cat e
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functions of the integrated circuit during testing.. 5 In still] another
enbodi netrtegratehcipualduningtestia g PesticatedRrogessing cireaiiny i, ciiplash thiqueh pglaty est i ng
integrated circuits. The testing apparatus conprises an insert part having a
seat f orchapodito therintegraged ¢iruednyavaycofahe elactricalrmdanedtioss to racriveaoyputisegnalsar t
whi ch is noveabl e between

from the integrated circuit during testing to determine whether the integrated circuit under

test meets predetermined test criteria.

In still another embodiment, the present invention provides a testing apparatus for

testing image integrated circuits. The testing apparatus comprises a heater for heating an

integrated circuit under test, a test head having electrical contacts for making electrical

connections to the integrated circuit under test, and a test assembly having an insert part

providing a seat for positioning the integrated circuit under test. The insert part has an

aperture to allow the electrical contacts to make the electrical connections to the integrated

circuit under test. The test assembly also includes a pusher part which is moveable between

open and closed positions relative to the insert part. The pusher part encloses a phase change

material and is adapted to provide latent heat from the phase change material to the integrated

circuit under test. The testing apparatus further provides controlling circuitry. The

controlling circuitry is coupled to communicate with the integrated circuit by way of the

electrical connections to control functions of the integrated circuit during testing.



open and cl osed positions relative to the insert part. The pusher part

encl oses a phase change material and is adapted to provide |atent heat from
t he phase change nmaterial to the integrated circuit under test when
tenperature fluctuates above and bel ow a desire set point tenperature such
t hat- the device under test is exposed tg a substantially constant
tenperature. I n another enbodi nent, the present invention provides a nethod
for testing integrated ircuits in a test apparatus. The nmet hod conprises
posi (i oni ng hstikoes emlodifeat the preseqt {ientonTuaRAsT 4 (5N AIAR 0D { st
section, the test assenbly having a thernmal body enclosing a phase change
mat er i altestipgantegratedFiruits: hEre teHifigapparams kPmgriss astnsegtpartdermeaseat{ert o t he
integrated circuit via a test head, and thermally managi ng the test section
at a degjositionftg andntepratddeifpeit ahdereest,vdnd ragiushdr ipart Wideleisahavegile batweseh al

mai ntains the integrated circuit at the desire set point tenperature during
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includes "providing first control signa roma tester to the integrated

circuit by . of the test head tp coptr the integrated.cipcuit during
Cest | ng, MefCPer ol f Bt & ichPsst Fblihe RS cPRBE TPl e IR hbatiting
testing to processing circuitry by way of the test head and . the processing
ci rcuit rglfcuanlad@masty\%en dernpraatyin fhaptualespabare andibelo adesisesct palgt MPEIANIEY t o
determ ne whether the integrated circuit passes or fails testing. These and
ot her f esichthes thendtvivd waderags 3s efposditoiarsubstantmhlywohdtanseemperatufeul | y under st ood
fromthe follow ng description of the various enbodi nents of the invention

t aken t oget hgp andthérenibodia& OE sl OnnBvh PAYides a RS foPRSHRY MiddehleF THE
DRAW NGS The present invention is illustrated by way of exanple in which
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phase change material. The method further includes making electrical connections to the

integrated circuit via a test head, and thermally managing the test section at a desire set point
temperature, wherein the phase change material maintains the integrated circuit at the desire
set point temperature during temporary temperature fluctuations in the test section. The
method also includes providing first control signals from a tester to the integrated circuit by
way of the test head to control the integrated circuit during testing, transferring output signzﬂs
from the integrated circuit during testing to processing circuitry by way of the test head and
the processing circuitry, and analyzing the output signals in the processing circuitry to
determine whether the integrated circuit passes or fails testing.

These and other features and advantages of the invention will be more fully understood

from the following description of the various embodiments of the invention taken together

with the accompanying drawings.



according to one enbodi nent of the present invention; FIG 3 is a block
diagramof a ICtester in accordance with the present invention; and FIG 4
is a sectional viewillustrating a test assenbly according to the present

i nvention used in conjunction with a device under test. DETAILED DESCRI PTI ON
OF THE VARI QUS EMBODI MENTS A system device, and nethod for testing
integrated circuits is disclosed hereirf In the follow ng description, for
pur poses of expl anati onBRFsIEeci fic nonenclature and specific inplenmentation

details are set forth t BRESCRIPTHIN QR RHEAAR ASY ng of the present

i nvention. However, it will be apparent to one skilled in the art that these
speci fi c det dhk preaemt inveation sgllustemtd by wayefrextamppr imorhiclelikhefgeseent

i nvention. Al so, several specific itens of equipnent fromcertain suppliers

are i ndi pafca safildridMskntd hi@ whiker use in inplementing the present
i nvention, but those of ordinary skill in the art will recognize that other

itenms of equyhMa t j.m ti e r iers
could alter ngl i '\/iefs;}l %'g;;h (zfn[g% (l)h;%;[élagﬂg%olngé;%&{é |tglgen‘éﬁgﬁaIO?glhgéthEeﬁféeégﬁé e that
elements jn the figures are illustrated for sinplicity and clarity and have
not nece Prilqr;?“ﬂggﬁ“%ﬁa\m to scale. For exanple, the dinensions of some of
the elenents in the figures may be exaggerated relative to other 7 elenents
to hel p to i djpGo¥ s agraph ef the thenmalotsponee (temperakirewiioné)ad attest assemdy pr esent
invention. Referring FIG 3, a block diagramof an integrated circuit

testing appalisd bon@lenbodin®st 6f the pecdefitdhgtios;, one enmbodi nent of the present
invention is shown, indicated generally by the reference nuneral 100. The
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igt egrated cirfrcuits at a enperature. ter udes a
test-head 10 Lch stress tests a device under test.. 104 in a
t enper at ur e érc!m]‘t}bsl2}?ﬁu?‘?@i't‘”eg’eiélﬂ"f%mfd‘bt?“ﬁ?@"g’&/?@qu}ﬂégﬁ-ﬁ%8§etse'lt04 inthis

invention used in conjunction with a device under test.

DETAILED DESCRIPTION OF THE VARIOUS EMBODIMENTS

A system, device, and method for testing integrated circuits is disclosed herein. In the
following description, for purposes of explanation, specific nomenclature and specific
implementation details are set forth to provide a thorough understanding of the present
invention. However, it will be apparent to one skilled in the art that these specific details are
not required in order to practice the present invention. Also, several specific items of
equipment from certain suppliers are indicated as being suitable for use in implementing the
present invention, but those of ordinary skill in the art will recognize that other items of
equivalent or similar function from the same or other suppliers could alternatively be
employed.

Skilled artisans will also appreciate that elements in the figures are illustrated for
simplicity and clarity and have not necessarily been drawn to scale. For example, the

dimensions of some of the elements in the figures may be exaggerated relative to other



case is an integrated circuit. The test-head 102 can be constructed for
testing of integrated circuits when still part of the silicon wafer, or for
testing the chips after the inclusion of |ead connections and

encapsul ation. The follow ng description relates to a test-head construction
adapted for use with discrete, encapsulﬁied integrated circuits, such as
flip-chips, but it wll be readlly apparent to those skilled in the art
that the, teachi of the ent .nvention.can al so lied to testing
hppar at ST Hdele B BugicRadinY Sl Yaub i kunfpaifsTR el B pkGRu on' for
seating of the DUT 104 and for making el ectrical connections to contact

| eads t HBYe8HPD. The test-head 102 is coupled to a tester 108, which provides
el ectrical control signals to the test-head 102. The control signals

provi ded to RbferrirtgeRIG. Beatlotk diabrannof dicintegsdted citdidt tastmgeaipparatus velE esteont r ol
operations of the test-head, as well as signals which are passed to the DUT

104 durifgortiRgith Ble eﬁb@dlﬁﬁﬁtt&rmel se%lt AV eRQOY s3hSwa, mﬂi@ﬁt@é%&ﬂ‘e@hly'%ker 110
whi ch operates in conjunction w the test-head 102 to physi cal
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begi ns, and renove the DUT from the test-head follow ng conpletion of the
test. |rcYiNe ‘%‘ﬁ%’@mdr?érﬁws R ismPERUandl er 110 is control | ed by the

tester 108 so as to separate those DUT's renoved fromthe test-head 8 102
accor di ng t oTh&EC testsm (106, indluddser testdhieadh §02 vbichestrgsiesss pldaviceigndentsst devi ces
which fail the testing separately fromthose which pass. The test-head 102

is al so @UP ¥ iha témpestureSdcntalledPlieNGReE 1061 2Thet de@ick wnaér todt 104 invhisch s to
process si gnal s output fromthe DUT 104 during testing. The signals out put
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test sign oce sor way of an I nterface boar prov in the
e test out mcted in the
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116 to at | east one digital n processor (DSP) boards 118. The test
si gnal me@@%anqq@apwlaimplﬂr@ follpveipendasrriphion relatento tisstthead epnstygtiqhi ch
enabl es data to be passed

adapted for use with discrete, encapsulated integrated circuits, such as flip-chips, but it will

be readily apparent to those skilled in the art that the teaching of the present invention can be
also applied to testing apparatus’ using a wafer test-head.

The test-head 102 has provision for seating of the DUT 104 and for making electrical
connections to contact leads thereof. The test-head 102 is coupled to a tester 108, which
provides electrical control signals to the test-head 102. The control signals provided to the
test-head 102 from the tester 108 are effective to control operations of the test-head, as well
as signals which are passed to the DUT 104 during testing. The tester 108 also controls a
mechanical handler 110 which operates in conjunction with the test-head 102 to physically
manipulate the DUT 104. In particular, the mechanical handler 110 operates to place the
DUT 104 in position in the test-head 102 before the test begins, and remove the DUT from
the test-head following completion of the test. In one embodiment, the mechanical handler

110 is controlled by the tester 108 so as to separate those DUT's removed from the test-head



bet ween the processor 112 and tester 108 as is known in the art. Although
di fferent manufacturers wll be recognized by those skilled in the art as
applicable alternatives, one suitable tester 108 for stress testing

sem conductive devices at a desired tenperature i s manufactured by
Advant est Corporation, Tokyo, Japan ungs(rar the nodel nunber T558 1. A

sui tabl e nechani cal handler 110 is manufactured by Advantest Corporation,
Tokyo, Japan under the de| .name M541. A suitable test. signa cessor
195 < 02 Blkartingio e SuU Sbite drbrE Rt Pariae fose W HER SRR 8 S er ot ng
system Finally, a suitable DSP board 118 may conprise, for exanple, a
Dayt ona testingIsepasately feom thpseshelipassl PCl - based product avail abl e from
Spectrum Si gnal Processing Inc, providing at |east 2x1 gigafl ops of
processi ng pOhetest-idag 10Tid #lsd @upledQo alt&osignal lpuskessoa 11 Daheinction afywhieht
system for regulating the test section 106 at a desired set point

tenper atigfEprolSs sigh4ls bﬁ@b@ﬂomttﬁ@nmsmrdu%ﬂg,tésﬁgg.l $Re SiZRNSOLGHL frbQ the

thernostat 120 to set the predeterm ned deSired set point tenperature in the
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controlled by the thernostat 120 which nonitors the tenperate in the test
sect i on. W3y efiperintseheschaard 1 Hoproided inthe fashiigpatproqgssor dd2.n Jhe test pitpytidata o
effect to convert electricity to tenperature differential is one suitable
devi ce fiscommunhicd@2 withsn thie tess sigpdli ppeceasonil 2 froenthe nsttdace waphti4 yianmnge of
-100C to +200C, however those skilled in the art will recognize that other

convent i jafeatal BEAL 1618 atkdstce!digitl ﬁgﬂzil(pe&e%e@sﬂ@&!r@s 1@ tBenadtkigfs. For 1C
sifress testing, in one enbodi nent the set point tenperature is in the range
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a separate unit prov test sectrlon provi I'ntegra
eciated, fromthe earlier

with the test head 102. i1l be appr
i nt r oductGEFEN hf BFOgeser éﬁé@‘ﬁ tpgter ’g)Srﬂgr‘ﬁ known indhe alt f oct s of the heating and
cooling cycle illustrated by FIG 1 within the test section 106 in order to
provi de an optlihengh diffgreny mepwpfacturars will bercogizedlyy thaseskidadas the artes t s.
Accordingly, in

applicable alternatives, one suitable tester 108 for stress testing semiconductive devices at a

desired temperature is manufactured by Advantest Corporation, Tokyo, Japan under the

model number T5581. A suitable mechanical handler 110 is manufactured by Advantest

Corporation, Tokyo, Japan under the model name M6541. A suitable test signal processor

112, is a Pentium™ based computer operating under a Windows NT™ operating system.

Finally, a suitable DSP board 118 may comprise, for example, a Daytona single or dual

TMS320C6701 PCI-based product available from Spectrum Signal Processing Inc, providing

at least 2x1 gigaflops of processing power.

The IC tester 100 also includes a thermal management system for regulating the test

section 106 at a desired set point temperature. As illustrated, the tester 108 is also connected

to a thermostat 120 to set the predetermined desired set point temperature in the test section

106. A heating and/or refrigeration unit 122 which heats or cools the test section 106 to the

desired set point temperature is operably controlled by the thermostat 120 which monitors the

temperate in the test section. A thermoelectric cooler/heat pump (TEC/HP) using the Peltier



order to provide an environnment within the test section 106 which m nim zes
tenperature variations, the DUT 104 is provided to a test assenbly 124 for
clanping to the test head 102, which is constructed as shown by FIG 4. It
is to be appreciated, that the test assenbly 124 may form part of the test
head 102 or be a separate device proviged to the test head. FIG 4 is a
conceptual view of the structure of oné enbodi nent of the test assenbly

124, sho i.n_exploded. crqoss-section rofi.l e. The test. assemhl w,124 has
too. e AHECssof bR Gl IR R b PRl R & e hUlFonp B bic B TR MLy "o
appreciated that the test assenbly 124 allows_electrical connections to be
made t o SeRRliepyWidglempsiturGAIRARityrange ohdi0R ¢ Lo ¢ Enhemever thase skipd Hythe
renoval of the DUT fromthe test-head 102 for fast automated testing of

| ar ge nartivetlgeafgnizattiey otheeconyvientianat beatiAg and todingaleedes akeuitaidert part 126 of
the test assenbly mounts onto an interface board 130, which is a relatively
| ar ge CialtérhiivedO FOATATREEIE RAtihg) imOkk rbddimentRe det Pbint Renpeesttireliearthd02 (FI G
3). The interface board 130 has interconnections 132 for comunicating
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t hereon performng _interface/comunication functions or the |like. 10 The

i nsert [separate pyitipsovidndria thapstisectiond 6 o1 prvidgdiintegially Stipibe tespheadcdédyve t he
DUT 104, and an aperture 136. When the DUT 104 is positioned in the seat 134
of the i nserAspal be dpfreciated érommthe eadienmtiodon®n 1 hereax b elvsireio rhinimizglthet he
aperture 134 allowi ng electrical connections to be conveniently made to

el ectri Gfects %@Elﬁ%ﬁtiﬂg?&d(ﬁoofiﬂf%%lg iIhQdat 8y FERNCWAtRinGHe REE WeBHn 1068 | nsert
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[
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novenent of the insert and pusher ﬁ_iarts 126 aﬁé 28 of the test assenbly 124
is ef f SBYEAC BIPVidfean ROVHARMER | WIHHR thedest fagsiop e whagh mfipzes LeTBRFFAES | ed by
the tester 108. Wen

variations, the DUT 104 is provided to a test assembly 124 for clamping to the test head 102,

which is constructed as shown by FIG. 4. It is to be appreciated, that the test assembly 124
may form part of the test head 102 or be a separate device provided to the test head.

FIG. 4 is a conceptual view of the structure of one embodiment of the test assembly
124, shown in exploded cross-sectional profile. The test assembly 124 has two main
portions: an insert part 126 and a pusher part 128. It is to be appreciated that the test
assembly 124 allows electrical connections to be made to the DUT 104, but which also
permits convenient insertion and removal of the DUT from the test-head 102 for fast
automated testing of large numbers of integrated circuits.

As illustrated, the insert part 126 of the test assembly mounts onto an interface board
130, which is a relatively large circuit board mounted in and forming part of the test-head 102
(FIG. 3). The interface board 130 has interconnections 132 for communicating signals
between the DUT 104 and the tester 108 and signal processor 112 (FIG. 3). The interface
board 130 may have additional circuitry situated thereon performing

interface/communication functions or the like.



the insert and pusher parts 126 and 128 are positioned away from one anot her
access is provided to the seat 134, which enables the DUT 104 to be pl aced
in and renoved fromthe seat. The insertion and renoval of DUT's in the
insert part 126 is also perfornmed by the nmnmechanical handler 110. The
handl er 110 is controlled by the testeﬁ 108 to place a DUT 104 in the insert
part seat 134 to start the stress tes Qng procedure. The insert and pusher

parts 126 and 128 of the . test assenbly 124 are then brought to%%t,lher and
testing of thaemeArt payk 126G isfarmpedy wighya segh 134 duch isshanedte FeFivsdhol t he
test assenbly 124 is opened again and the DUT 104 is renoved fromthe

i nsert padansperturd 336.bWheh ¢henlURA0# éapositzondd éx the seat 134 ob thei ingert part K,
results of the tests on the DUT 104, the nmechanical handler 110 is then
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batch or a "fail" batch. The, procedure is then repeated for the next DUT.
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a lower surtace 1n"a facing relationship wt e upper surface o e DUT
104. The, cl anpin rtion 40 .i 5, constructed of a heat conductive nmaterial,
such as tE%Bﬁg‘??“‘gP‘gngfparr@al&% ai“?jézg alum num and other heat conductive
netals and materials, as will be explained in a |ater section. The 11

cl anpi ng por The pusheopars 13%ef the taskassembly di24 exmeveablrain relaiemta the insegdaxt and
pusher parts 126 and 128 of the test assenbly 124 are brought together, the
cl anpi ngl 260 tdwapd addidwv @)l fromshemsper irfaep of thedndadipldt4s indidakedl bynthemtropart seat
134 such that the electrical connects 138 of the DUT nake sufficient

contact pilhive f6vdniinebEMRRRGH A0 PusdhdZ pitts 1482andND8Iof AR Addeshbl P24 Ehus,

sfgnals can be comuni cated to and fromthe DUT 104 during stress testing,
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t hermal body 142 having a fhase change material _(PCM 144 encl osed therein
to provi'deissitand PRehst PAE HihandU?d pesaposifioned away, Epmnepagihengccess is

provided to the seat 134, which enables the DUT 104 to be placed in and removed from the
seat. The insertion and removal of DUT's in the insert part 126 is also performed by the
mechanical handler 110.

The handler 110 is controlled by the tester 108 to place a DUT 104 in the insert part
seat 134 to start the stress testing procedure. The insert and pusher parts 126 and 128 of the
test assembly 124 are then brought together and testing of the DUT 104 is performed, as
described further below. Then, the test assembly 124 is opened again and the DUT 104 is
removed from the insert part seat 134 by the mechanical handler 110. According to the
results of the tests on the DUT 104, the mechanical handler 110 is then controlled by the
tester 108 to place the DUT in, for example, a "pass” batch or a "fail" batch. The procedure is
then repeated for the next DUT.

The pusher part 128 of the test assembly 124 has a clamping portion 140 with a lower
surface in a facing relationship with the upper surface of the DUT 104. The clamping portion
140 is constructed of a heat conductive material, such as copper, steal, lead, iron, aluminum,

and other heat conductive metals and materials, as will be explained in a later section. The



t hrough the clanping portion 140. It is to be appreciated that in another
enbodi nent, the clanping portion 140 may al so hold a portion of the PCM
144. The PCM 144 is selected to have a reasonable high | atent heat and
change phase wthin a tenperature range of interest. For exanple, in one
enbodi ment for stress testing integr Fd chips at a desire set point
tenperature of about 89C, suitable P I ncl ude My(NO3)2.6H20 and

SrBr2. 6H20. .Q her. tr sstestln i nte ed chi t various
et poi ARTLRL R0 oot iad Sh horauhd e PRl uethBR Bl onanoe
Tenmp. (O storstat 6988TH (synt heti c wax 125 storstat 200TM (synthetic
wax) ' 92nd Adkehthe &t @ssl@bm@me broughittegathsicheeppimnporier 140 aligns and

i onam de/ C2HSCONH2 79 a(OH) 2. 8H20 78 Stearic acid/ CH3(CH2) 160000H 72
Phenyl kianzsaheDUTHDZGOUEHR st parseatNOBY) shich Hi thidteleckrddat SorfikethA08 27 theTEA O0TH
(hydrated salt)2 O TEA -4TH (hydrated salt)2 -4 12 TEA -10T114 (hydrated
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signals can be commumcated to and from the DUT 104 during stress testing, by way of the
interface board 130 in the test head 102, from the tester 108 and test signal processor 112
(FIG. 3).

The pusher part 128 also provides a thermal body 142 having a phase change material
(PCM) 144 enclosed therein to provide latent heat to the DUT 104, via conductive heating
through the clamping portion 140. It is to be appreciated that in another embodiment, the
clamping portion 140 may also hold a portion of the PCM 144.

The PCM 144 is selected to have a reasonable high latent heat and change phase
within a temperature range of interest. For example, in one embodiment for stress testing
integrated chips at a desire set point temperature of about 89°C, suitable PCMs include
Mg(NO3),*6H,0 and SrBr,*6H,0. Other embodiment for stress testing integrated chips at

various set point temperatures is illustrated by Table 1.

Table 1

PCM Phase Change Temp. (°C)
Astorstat 6988™ (synthetic wax)' 125
Astorstat 200™ (synthetic wax) 92
Acetamide/CH;CONH, 82
Naphthalene/C,oHg 80
Propionamide/C,HsCONH, 79
Ba(OH),*8H,0 78
Stearic acid/CH3(CH,),6COOOH 72
Phenyl benzoate/CsHsCOOCgHs 71
Zn(NOs),*6H,0 36
FeBr;*6H,0 27
TEA 0™ (hydrated salt)” 0
TEA -4™ (hydrated salt)’ -4




1- Honeywel |, Morristown, NJ 2- TEAP Energy, Perth, Australia However, those
skilled in the art will readily recognize that there is a w de range of

| atent heat storage materials available in the industry, which include for
exanple salt hydrates, low nelting netals and all oys, poly-alcohols,
eutectics and paraffins/waxes and other organic and inorganic materials,
such as linear crystalline alkyl hydrddarbons, fatty acids and esters,

pol yet hylene glycol s long alkyl side chain polymers—the solid state series
of pentiEAﬁHﬂWﬂgﬂmmdxﬂm%glycerine, and nedfentyl glylcol, quaternary

anmmoni umqgm@{ﬁm@@g@em -clathyates, whigch may bel used dependi ng on the
desire t pUinJiIL tenperatarew thopt—departi lig fromthe spirit and scope of
t he pre%'ziln\/mdfwsahi these materials di¥lfer from ne another in their
phase c -elmeunﬂmaﬂﬂ&mj?anges angd their hedt storage| capacities, it is to
be appr eCHah&AvdINMorrigoRAANENt S USing a particular PCM 144 is based on the

particuba@hp@ﬁﬁéﬁépé TAaRHLf£TENt for the test procedure. Selecting the
ap

PCM 144 wt e change tenperature at a desire set point tenperature
for stress testing the DUT, results in the PCM storing heat energy when the
test assenbly 124 is heaied by heater 122 (FI G, 3). abave the phase change

t enper a A W%ﬁ?@ﬁecnﬁlﬁh%fﬂ} “%{%éeagmr%@gn éfhé“ ﬁ‘gr%‘SBG‘F‘fi%Fm‘@@P GI{% the test
assenbly 124 from heating to a tenperature above the desired set point

t enper atheatstorageanatiosialgvailableiin ghet indpséryawbich inglidector exdraple salhbydiates.dew s et
poi nt tenperature, such as for exanple 90C, as illustrated in FIG 1,

wher ei n niedtifpematalsr@d 2o s podraicohotl, embaits hyd paratitls/waxeb hikbythsicorgatie and he
heater 122 (FIG 3) is tenporarily off at the upper tenperature limt
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previ ously store 144, rel eas when the tenperature in the test
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in cooling of the test assenbly 124 during the entire cooling cycle
pentaglycerine, and neopentyl glycol, quaternary ammonium clathrates and semi-clathrates,

which may be used depending on the desire set point temperature without departing from the
spirit and scope of the present invention. As these materials differ from one another in their

phase change temperature ranges and their heat storage capacities, it is to be appreciated that
embodiments using a particular PCM 144 is based on the particular temperature requirement
for the test procedure.

Selecting the PCM 144 with a phase change temperature at a desire set point
temperature for stress testing the DUT, results in the PCM storing heat energy when the test
assembly 124 is heated by heater 122 (FIG. 3) above the phase change temperature. In this
manner, the PCM 144 acts as a buffer delaying the test assembly 124 from heating to a
temperature above the desired set point temperature, thereby minimizing temperature spikes
above the desire set point temperature, such as for example 90°C, as illustrated in FIG. 1,
wherein temperature spikes are indicated by symbol A.

Likewise, when the heater 122 (FIG. 3) is temporarily off at the upper temperature
limit waiting for thermostatic activation, the amount of latent heat energy previously stored

by the PCM 144, releases when the temperature in the test section 106 (FIG. 3) drops below



indicated in FIG 1 by synbol B. In particular, the release of |atent heat
is sufficiently long so that the heater 122 can resune heating before the
DUT 104 tenperature drops. In this nmanner, the tenperature of the test
assenbly 124 is continuously maintained at the desired set point, such that
there is negligible tenperature variat%on realized by the DUT 104 when
enclosed in the test assenbly 124. Thé‘tenperature response of the test

assenbl 24 to these heati copl i C S .S .qraphj depi ct ed
ot woentie RBRE shindsiegeire o e BEMLC Pt ¥ i b ByUREPER 1442
substantially uniformtenperature value during the stress test period.
Accor di PigVides an instant dedayeipigoglinpof the tashrrsemblycletdiurge ths entiee golingcptles of the
present invention provide an IC tester 100 which mnimzes tenperature

vari at i oicatedemEIG.OUAY symitebd Bt i lopafticylar ghe tabsase gf tateat BG@Vislstdfi¢ientiyhleng her nal
body 142 of the pusher part 128 provides a repeatedly renovable heat sink

whi ch i §o GanmeatAad B2tan sQUHRMehild BefbRIhEBUTeMI4CMp¥iatl@dfops CONt ami nat i ng
t he DUT package or danmmging the interface material. Furthernore, any other
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is an applica rna ieve and

scope of the present invention. The fgregoing description.of the odi nents
of the mﬁ;ﬁﬁpdéw piaL ¢ ﬁtb%femﬁ&ha@le R EaE VATifRD e ﬁeerl?yglre ﬁfﬂ?
principles of the invention and its practical application to thereb enabl e
one of d04livhen gncldsetl in i teshassemblyt I24utTheiteraperhtarg respamse ohthee tesy assi:mbg'

enbodi nents and w th various nodifications as are suited to the particular
use contl24pl theRtheathd arildlingogblds is gtdphitallpdepiviad batweomsheaes ofiphhallal t he
scope of the invention as determ ned by the appended clains when
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appar at lf'esstf)eonrodt. esting integrated circuits, the testing apparatus conprising:

Accordingly, a test assembly 124 designed according to the principles of the present
invention provide an IC tester 100 which minimizes temperature variation at each DUT.
Additionally, enclosing the PCM 144 in the thermal body 142 of the pusher part 128 provides
a repeatedly removable heat sink which is connectable to sequentially tested devices without
contaminating the DUT package or damaging the interface material. Furthermore, any other
type of a test assembly of an IC tester filled with a phase change material is an applicable
alternative, and is believe to be within the spirit and scope of the present invention.

The foregoing description of the embodiments of the invention was chosen to provide
the best illustration of the principles of the invention and its practical application to thereby
enable one of ordinary skill of the art to utilize the invention in various embodiments and
with various modifications as are suited to the particular use contemplated. All such
modifications and variations are within the scope of the invention as determined by the
appended claims when interpreted in accordance with the breadth to which they are fairly,
legally and equitably entitled.

What is claimed is:



a test head adapted to receive an integrated circuit under test and having a
thermal body portion which includes a phase change material, the thernal
body is.adapted to provide |atent hed#d fromthe phase change material to
the integrated circuit under test; wherein the phase change material is

sel ected to have a phase change at a tenperature desire to be maintained
during testing. 2. A testing appar aClAIMS cl ained in claim| wherein the
phase change material is selected froma group of material consisting of
salt hydrates, low nelting netals and alloys, poly- alcohols, eutectics and

par af fin1. A teshing@ppirags dppiastiioUisteptited ciictig thateStirgd arpphrmoﬁipmsidge phase
change material is selected fromnmaterials having a phase change in the

range from ab%)[?ﬁt head edaptedisuigeeivparintegrated eigepi wgieawaanaitlwyl%sa emaed in

claim1l of
mat :ari al W RS ?ﬁlﬁﬂg’?ﬁ%%%@?%@hg@%rlﬁpgfl&kﬁ%aﬁ%ﬂ ﬁ‘eggfhg?mm,
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aci d/ CH3( CH2) 16CO00H, Phenyl benzoat e/ C61-15000C61- 15, Zn( N0O3) 26H20,

FeBr 3. 6H20, syhemixthe pheseshangermatpel inselestedhiothave g phaserchangesdi aappar at us as
cl ai ned {H¥ﬁz§&g%@$%ﬂgﬁﬁl 1ﬁﬁﬁmﬁ%ﬁ%ngﬁ§ﬁ%gﬁ0|“des a test assenbly having an
r ositl

i nsert pa aving a seat nngthe integrated circuit under test,
the insert part haV| ng an aperture to allow an el ectrical connection
between el ectrjcal contacts, of.the device under test to controlling

cir cwb lt ry- Adestigapparaig ap imedinplaigy | whereinthe ghgpe changeamaterialds se mdch is
poner. SAPRRERSEEH TR PR DO MBS GBS ABEBE IR foy 221 e

pusher par ses er ma appar a esting
i nt egr at gldolwly, @uicttics dnkdgataffihi ng apparatus conprising: a test head adapted
to receive an integrated circuit under test, the test head having

el ectrical contacts for making electrical connections to the integrated

circuit §nght@sttn%eai)ﬁ€+b%§é cB?rﬁé(% Jléliengi“\twﬂ@eﬁﬂhk Bhikddaindt RERAS i€ RAQE&

mat eri al 'S
from materials having a phase change in the range from about -30°C to about 125°C.

4. A testing apparatus as claimed in claim 1 wherein the phase change material is selected
from a group of materials consisting of Mg(NO;),*6H,0, StBr,*6H,0,
Acetamide/CH;CONHj;, Naphthalene/C;¢Hsg, Propionamide/C,HsCONH,, Ba(OH),*8H,0,
Stearic acid/CH3(CH,);sCOOOH, Phenyl benzoate/C¢HsCOOC¢Hs, Zn(NO;),*6H,0,
FeBr;+6H,0, synthetic waxes, and hydrated salts.

5. A testing apparatus as claimed in claim 1 wherein the test head includes a test assembly
having an insert part having a seat for positioning the integrated circuit under test, the
insert part having an aperture to allow an electrical connection between electrical contacts
of the device under test to controlling circuitry and dedicated processing circuitry, and a
pusher part which is moveable between open and closed positions relative to the insert

part, the pusher part encloses the thermal body.

6. A testing apparatus for testing integrated circuits, the testing apparatus comprising:
a test head adapted to receive an integrated circuit under test, the test head having

electrical contacts for making electrical connections to the integrated circuit and a thermal



provi de | atent heat fromthe phase change material to the integrated circuit
under test; controlling circuitry coupled to comrunicate with the integrated
circuit -by way of the electrical connkctions to control functions of the
integrated circuit during testing;, and dedicated processing circuitry
coupted through a data channel to the integrated circuit by way of the

el ect ri chpdycestier whishdnelydesachage changp matesialy Abg bhermad body és 4dapted tat ed

circuit i [ ' her ' r j .t under
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the dedi Catéied processi ng circui tlry, and g//\&er_el n the controlling circuitry
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processing cj i : i J i i nicates to
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8. Atesting apparatus as clainmed in ¢laim®6, the testing apparatus further
conpr i si AEFUTHEERS{Fting taastawamaé’vq\eﬁwr ihedaieerirg %waltﬁaé?rtt?%ﬂﬁ%& t he

i nt egrat ?gdggeﬁﬁﬂg&tégpgggrig_est to make connection to the electrical contacts
and for renoving the Integrated circuit followng conpletion of testing,

t he renovi ng operation of the nechanical apparatus being controlled by the
controlling citcuitry according.tq the indications aof whether the
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selected to have a phase change at the desire tenperature.
the output signal analysis.

8. A testing apparatus as claimed in claim 6, the testing apparatus further comprising
mechanical apparatus for inserting and positioning the integrated circuit under test to make
connection to the electrical contacts and for removing the integrated circuit following
completion of testing, the removing operation of the mechanical apparatus being
controlled by the controlling circuitry according to the indications of whether the

integrated circuit under test passes or fails testing.

9. A testing apparatus as claimed in claim 6 wherein the dedicated processing circuitry

comprises a computer equipped with one or more digital signal processor cards.

10. A testing apparatus as claimed in claim 6 wherein the testing apparatus comprises a
thermal management system for regulating a test section of the testing apparatus at a

desired temperature.

11. A testing apparatus as claimed in claim 6 wherein the phase change material is

selected to have a phase change at the desire temperature.



16 12, A testing apparatus as clained in claim6 wherein the test head

I ncl udes: a test assenbly having an insert part having a seat for
positioning the integrated circuit untler test, the insert part having an
aperture to allow an electrical connection between electrical contacts of
t he device under test to the controlling circuitry and the dedicated
processi hg A4itedingtapparatusas slapmedhiyclgar ¢ Wheeohthe sestrbeadabeladeset ween open and

closed positiogns, relatjve to the jnsert.part he sher .part encl] oses the
Cher mal " body. 215t ARl Pl drrioert SRTRAA Lt od BoRMIBRE ABblesfilSH O cui 1,
the test tipghituder Ry the iBSHTPPArbhaVing #h RAURS tofallbwhiadlddhca Borrdbeed at ed
circuit under test; a test head having electrical contacts for making

el ect ri chttweempleetricalrepniasts ¢fdhe devieangderigsidp thasantroHingreifcairy: and thest

assenbl y ,havi.n n.J.nsert r,%n aving a seat for positioning the integrated
circuit 8?1 %ﬁ’tec?%rg)f?ssf%ec“icﬁs r (gart havi ng an aperture to allow the
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circuit under test, and a pusher part which is noveabl e between open and
cl osed piseH pasthe ppsher pert epcleses thethenmal bad¥. . t he pusher part encloses a
phase change material and is adapted to provide |latent heat fromthe phase
change material to the integrated circuit under test; and controlling

circuitrys, Ahestmgrﬁpg@datdsrfgr Rbtinglimagy irtogtple dirtwitss ciErestingappardfus h t he
integrated circuit by way of the electrical connections to control functions
of the | RPBBHAYRZEd circuit during testing. 14. A testing apparatus for

testing int egg%&?r ]?)gélg%{g{ﬁs% i%‘%grnaté&%ikﬂg uﬂgm{aﬁt us conprising: an insert

part having a sea an I ntegrated circuit under test; and a
pusher part whitest head hmviagbleetrieal cvneiotsdpemaking etdcaiabcqmseitiononstheel ati ve to
the insert part, the pusher part encloses a phase change material and is
adapt ed imegsatgd caeuit under test;

a test assembly having an insert part having a seat for positioning the integrated
circuit under test, the insert part having an aperture to allow the electrical contacts to make
the electrical connections to the integrated circuit under test, and a pusher part which is
moveable between open and closed positions relative to the insert part, the pusher part
encloses a phase change material and is adapted to provide latent heat from the phase
change material to the integrated circuit under test; and

controlling circuitry, the controlling circuitry coupled to communicate with the
integrated circuit by way of the electrical connections to control functions of the integrated

circuit during testing.

14. A testing apparatus for testing integrated circuits, the testing apparatus comprising:
an insert part having a seat for positioning an integrated circuit under test; and
a pusher part which is moveable between open and closed positions relative to the
insert part, the pusher part encloses a phase change material and is adapted to provide
latent heat from the phase change material to the integrated circuit under test when
temperature fluctuates above and below a desire set point temperature such that the device

under test is exposed to a substantially constant temperature.

15. A testing apparatus as claimed in claim 14 wherein the insert part provides an aperture
to allow an electrical connection between electrical contacts of the integrated circuit under

test to a controlling circuitry.



| atent heat fromthe phase change material to the integrated circuit under
test when tenperature fluctuates above and bel ow a desire set point

t enperat.ure such that the device undet7test is exposed to a substantially
constant tenperature. 15. A testing apparatus as clainmed in claim14 wherein
the i*nsert part provides an aperture to allow an electrical connection
between el ectrical contacts of the integrated circuit under test to a
control ling ,cj itr 7 . A tasti ar.at as,clained.i,n claim 14
wherein tlﬁ'eAp %[gn %’Iﬁ’éfﬁ&é arsngi]a SIPF@P cﬁélm {;‘gwggtl 01%? gﬁﬁg\?ggrégedﬂ%tgréald%ange at a

t enper at yélecte@ td lidvetaghlse ¢hahgd & Aeperdturd@esirR3d bo ehaintdified dudig@Stebtitfy. appar at us
as clainmed in claim 14 wherein the phase change material is selected froma
group of materials consisting of salt hydrates, low nelting netals and
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mat er i al selbered Aignra pldap ef alasn@l dofsibig ¢sfaal dyfraes) bodélting @etiloagbout  125C.
19. Atesting apparatus as clained in claim1l4 wherein the phase change

mat eri al 2jleys, pelysdechyls; pyastics gréapraliin. nat eri al s consi sting of My(NO3) 2. 6H20,
SrBr2. 6H20, Acetam de/ CH3CONH2, Napht hal ene/ C10H3, Propi onam de/ C2HSCONHZ,
Ba(OH) 2. 8H20, Stearic aci d/ CH3(CH2) 16CO0O0CH, Phenyl benzoate/ C6H5CO006HS5,

Zn( NO3) 2.18 HADtestidgedpparatitd2( claiyind edlain Whwhsreirathe physdrchbmgt matetisl.is 20. A
testing apparatus as claimed in claim214, the testin aJ[opar atus further
conpri si nejected fropsmatsrialy havipe aphasecchengecialthe mge fom 4%991 ke gakusct ri cal
connecti (12 °(E-O the integrated circuit when seated in the test assenbly;
control li S ircuitry coupled to conmmunicate with the integrated circuit by
way of the electrical connections to control functions of the integrated
circuit during testing; and dedicated processing circuitry coupled through
a dat a cHanefesting apperatustasgiamed in claim 14 wherein the phase change material is

selected from a group of materials consisting of Mg(NO3),°*6H,0, SrBr,*6H,0,
Acetamide/CH3;CONH,;, Naphthalene/C,oHs, Propionamide/C,HsCONH,, Ba(OH),*8H,0,
Stearic acid/CH;(CH;),6COOOH, Phenyl benzoate/C¢HsCOOCsHs, Zn(NO;),*6H,0,
FeBr;*6H,0, synthetic waxes, and hydrated salts.

20. A testing apparatus as claimed in claim 14, the testing apparatus further comprising:
a test head having electrical contacts for making electrical connections to the
integrated circuit when seated in the test assembly;
controlling circuitry coupled to communicate with the integrated circuit by way of
the electrical connections to control functions of the integrated circuit during testing; and
dedicated processing circuitry coupled through a data channel to the integrated
circuit by way of the electrical connections to receive output signals from the integrated
circuit during testing to determine whether the integrated circuit under test meets

predetermined test criteria.

21. A testing apparatus as claimed in claim 20, the testing apparatus further comprising:
mechanical apparatus for inserting and positioning the integrated circuit under test
to make connection to the electrical contacts and for removing the integrated circuit

following completion of testing, the removing operation of the mechanical apparatus being



circuit by way of the electrical connections to receive output signals from
the integrated circuit during testing to determ ne whether the integrated
circuit .under test neets predeternminetBtest criteria. 21. A testing
apparatus as clainmed in claim?20, the testing apparatus further conprising:
mechani cal aqggr atus for inserting and positioning the integrated circuit

under t esentrallgd hyitlae eontioding dreuityy agsardingtorthe wgicabiong efcwvhetbaidhs or r enovi ng
the int eg[{tgérgttgﬁcc‘lr&ﬁy' derft&}bé)s\é\éﬁ&fgf?m%tﬁ{gj.on of testing, the renoving
[

operation e nmechani cal *apparatus berng 18 controlled by the
controlling circuitry according to the indications of whether the

integrated circuit under test sses, or fails testing. 22. A nethod for
testing PAt égrpatge@ fog tF%!mgtlgtegWP% qireults MAgstapparatus e mathoscamprsigs ng:

positioning an.i i [0 . : L j t est
section, the B? %géﬁgggéﬁﬂf%ﬁg\%r%ﬂgl?ﬁg@n% nﬁ%%?;w é%eéﬁ gg‘ﬁﬁg%%t%’ﬁa@% change
mat eri al estradsemblyclaenigra thedmat bodye endleniisg 4 phashehanpeeyatetiald circuit via a test

head; thermally, managi.ng the test section af .a desire set point

t enper at ur e, m%lr&figfgﬂc ﬁ%&@tlﬂw@ﬁheann%ﬁt?éarwlh‘@aﬁﬁ@ﬁ?ﬁdégrat ed circuit
at the desire i : r : i r

fluctuations it%?%lﬁgﬂlg}sl%élgg‘gtﬁi t%%%%?é‘%%?ﬁ%@??@?“@%ﬁ‘? tr?'gdlrtl(ﬂg’l tg%g{mgef rom a

t est er t chdrpe matéréd madigtdining theintegratedaircaf atthe desirestt preademperatun¢ r ol t he

integrated.circuit durin testﬁi ng;.. tran%ferri ng output signals fromthe
i nt egr at YIRS PeEROFary (PG AVES ‘i“ﬁ%‘t‘PBSH’r E&SESSEHO i rcuitry by way of the

test head andifeding B8 $5hI St ¥iedihdo ARANYEIN SRR PHLofhanal s [ 1

t he processi né) circuitry to erm ne whether the™ iIntegratéd c¢ircuit passes
or fail s tesebeadrig co@Bol the mixgnated aiscuit duirimgdestimge| ai m 22 wherein the tester

comruni cates testin aranmeters . an ass/fail test limts to the processin
Tt o e e RRal Signils frot (e o e oalr et dbung (e tohueeEriRe )
indicati Qﬁéui&fy be*’tﬁTthé a6t nati agd ﬁ{ee&oé‘eisiiﬁg"b{frcdiﬂﬁ%dt est passes

analyzing the output signals in the processing circuitry to determine whether the

integrated circuit passes or fails testing.

23. A method as claimed in claim 22 wherein the tester communicates testing parameters
and pass/fail test limits to the processing circuitry and the processing circuitry
communicates to the tester indications of whether the integrated circuit under test passes

or fails testing according to the output signal analysis.

24. A method as claimed in claim 22 further comprises inserting and positioning the
integrated circuit under test with a mechanical handler to make connection to the electrical

contacts.

25. A method as claimed in claim 22 further comprises removing the integrated circuit
following completion of testing with a mechanical handler; and controlling the removing
operation of the mechanical handler by the tester according to indications of whether the

integrated circuit under test passes or fails testing.

26. A method as claimed in claim 22 further comprises selecting the phase change

material to a have a phase change at the desired set point temperature.



or fails testing according to the output signal analysis. 24. A nethod as
claimed in claim?22 further conprises inserting and positioning the
integrat.ed circuit under test with a ndfhanical handler to nake connection
to the electrical contacts. 25. A nethod as clained in claim22 further
conprises renoving the integrated circuit follow ng conpletion of testing
with a nmechanical handler; and controlling the renoving operation of the

o e H ) i ; 0 ieodieat i f her the
a7 hantloedd Re1dibRdtiS slafth 28 ¢GeHed 'c5'19pf|:1&s s@l‘ébt‘f@gt the %%aé% A‘fh\rérﬁéﬁo d as

integrated circult under test passes or falls testing.
cl ai ned imatetialifror22 gromyt ¢resistiogpf sadtdy dsatése btw mgltingengthlasied eHaysgpolynat er i al
to a have ,a ?ase chan at .the desired set point tenperature. 19 27. A
met hod asalf:?}g’st’rﬁwe?tﬁ’sé’ﬁgipﬁ{ further conprises selecting the phase change
material froma group consisting of salt hydrates, low nelting nmetals and
al I oys, poly- alcohols, eutectics and paraffin. 28. A nethod as clained in
cl ai m 22 2&rA mathaslaslainegd is elagn 02 dgrthdneomprses seleating:the pheserdhahgef r om
materials _having a phase change jn the range fromabout -30C to about 125C
26 . o MO AL Terh A FOGHER ARDS PR P o FOBE0SH 201G HAOR. phase
change ng&@bial froma group of materials consisting of MJ(NOG3) 2. 6H20,
SrBr 2. 6H20,” "Acet anmi de/ CH3CONH2, Napht hal ene/ CloH8, Propi onam de/ C2H5CONH2,
Ba(OH) 2. 8H20, Stearic acid/ CH3(CH2)160000H, Phenyl benzoat e/ C6H5O00C6HS,
Zn(N03) 2. 6H20, FeBr 3. 6H20, synthetic waxes, and hydrated salts.

a

29. A method as claimed in claim 22 further comprises selecfing the phase change
material from a group of materials consisting of Mg(NO3),*6H,0, SrBr,*6H,0,
Acetamide/CH;CONH,;, Naphthalene/C,oHs, Propionamide/C,HsCONH,, Ba(OH),+8H,0,
Stearic acid/CH3(CH,)16COOOH, Phenyl benzoate/CcHsCOOCH s, Zn(NO3),*6H,0,

FeBr;*6H,0, synthetic waxes, and hydrated salts.



