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FOR STABI LI ZI NG TEMPERATURE DURI NG STRESS TESTI NG OF | NTEGRATED ClI RCU TS
AND METHOD THERECOF FI ELD OF THE | NVENTI ON The present invention relates to

' the field of testing integrated circuits, and nore particularly, to a
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circuit (1C) tester, which applies a test signal of a predeterm ned pattern
« and measures the electrical characteristics of the DUT, is typically
" operated at various tenperatures in order to performsuch stress testing

procedures. Many | C testers usieL® OETHEINVERTROR!I Y. such as for exanple, a
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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 DUTSs 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 illustrated, 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




2 tenmperature wthin the test section falls below the set point
tenperature, the delay in the thernpbstat to turn on the heater and the
delay to heat the heater, causes the tenperature wthin the test section
to dip below the set point tenperature. As a result of this heater-

- thernostat action or heating-cooling cycle, 1C device performance may be

"~ less than optimal and inaccurate. Add|2t|onally it is known that the DUTs

self-heat, and that. the resulti se in erature cause, t he
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contacting each thé IC tester has resulted in Tocalized errperature
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spots has -1 “the device tenperature of sone DUTs to r| se beyond their
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coupl e of pounds per device such not to damage the
constant set-point. However, with many current semiconductor devices, instantaneous 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.



inability to apply a large clanping force gives little advantage to using
such pads. | 3 Accordingly, there renmains a recognized need in the art to
provide an I C tester which mninmzes tenperature variation at each DUT and
- which offers a neans to repeatedly renove a heat sink connected to

" sequentially tested device w thout contami nating the DUT package or
damagi ng the interface material. SUVMARY OF THE | NVENTI ON The present
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FIG 2.

a reasonable high latent heat and change phase within a temperature range of 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



I n one enbodi nent, the present invention provides a testing apparatus for
testing integrated circuits. The testing apparatus conprises a test head
adapted to receive an integrated circuit under test and has a thernmal body
" portion which includes a phase change 4 material. The thermal body is

adapted to provide | atent heat fromthe4 phase change material to the
Integrated circuit under test. In another enbodi nent, the present invention

provides a testing a ratus for testin integrated circuits. The testing
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under test. The test head has el ectrical contacts for making el ectrical

connect ito#w intggrated ditguisgnderdest.ci rcuit and a thermal body portion which
i ncludes a phase change material. The thermal body is adapted to provide
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integrated circuit during tées cated processing circurtry is
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and a test assenbly having an insert part oviding a seat for positioning
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integrated circuit under test. The test assenbly al so includes a pusher
part wh iipteerated cycuit dpeng testing Pedicated processing circuitry is 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.

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 naterial and is adapted to provide | atent heat
fromthe 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 testipg..,.o Ln still]. another enmhodi nent, the present invention
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apparatus conprises an insert part having a seat for positioning an

i nt egr attl@sdng integrpted gheidts. (Thettesting appargus ermmprises an igsext pait baviog e adst forbet ween
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fromthe phase change material to the integrated circuit under test when
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the processing circuitry, and analyzing the output signals in the

pr ocessimgsecghapgg maigriply 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 signals
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.
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determ ne whether the integrated circuit passes or fails testing. These and
ot her features and advantages of the invention will be nore fully
understood fromthe foll ow ng description of the various enbodi ments of
the invention taken together wth the acconpanying drawings. 6 BRI EF
DESCRI PTI ON OF THE DRAW NGS The present invention is illustrated by way of
exanple in which |like references i ndi date sinmilar elements, and in which:
FIG | is a graph of the_thernal resggnse rgﬂe&ggerature v. tinme) of a heated

test section of a pri oBRIEF DESGRIETION G RAWINGSph of the ther mal
response (tenperature v. tine) of a test assenbly according to one

enbodi nent ofThe presgnt dsvention is\vbwstiated; byRv & of 2xample ihwiiéh keagfeaenced a | C
tester in accordance with the present invention;, and FIG 4 is a sectional

vi ew i | liddicaesinithr 3tdn@ats, agb@itivh:according to the present invention used
In conjunction with a device under test. DETAILED DESCRI PTI ON OF THE
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of expl ar}.at i on, sI ecific nonenclature and specific inplenentation details
are set {SYRUIPTAB grtEﬁW‘"de a thorough understandi ng of the present

I nvention. However, it wll be apparent to one skilled in the art that

t hese speci f FIG.deisaigrapheofshetdiermal gedpoest (temperatere . time) af & teseassémblyr esent

i nvention. Also, several specific itens of equipnment fromcertain

suppl i erg&ceonding to dn€ ainbodiarenbel the pevérit ableatib®r use in inplenenting the
present invention, but those of ordinary skill in the art will recognize
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FIG. 4 is a sectional view illustrating a test assembly according to the present

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



enpl oyed. Skilled artisans will also appreciate that elenents in the
figures are illustrated for sinplicity and clarity and have not
necessarily been drawn to scale. For exanple, the dinensions of sone of
the elenments in the figures may be exaggerated relative to other 7
“elenments to help.to i nprove understanding of the various enbodi nents of the
present invention. Referring FIG 3, & bl ock di agram of an integrated
circuit testing af)par_at us or ICtester according to one enbodi nent of the

present lameat Pdelp te improxs undsrstprdingof e yarious spbpdiments of the presente nuner al
100. The IC tester 100 is constructed particularly for the purpose of
stress ihwsitiomg integrated circuits at a desired tenperature. The IC tester
100, includes a test-head 102 which stress tests a device under test (DUT)

104 in a t enRefeAiny FIGE 314 botk BidglaRPéf a?ﬁﬁfe%fﬁbd]@ﬁuit-f&ﬁngggﬁzﬁﬁué’&d@teEt@lSt 104

in this case is an integrated Circuit. The test-head can be
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connections and encapsulatigon. The foll ow ng descriptjon relates to a
t est - he JBFCESHRE PRMES ﬁqp. Tga tester 189 15 ropstited Rarulariytor thepusease of stiess

integrated circuits, such as flip-chips, but it will be readily apparent
t 0 t hosdestinglintegrated cirbaitsaat a desicad temperatmachi ng of the present invention can
be also applied to testing apparatus’ using a wafer test-head. The

t est - head 10Zhé1ES teftep YOG istudes a tést-hbad 0200 hich etréddTestOfldeavicd nder @&k ng
el ectri cal connections to contact | eads thereof. The test-head 102 is
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t est - hea control signals provi to the test-hea omthe
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al so Conc;[irrcgiltss wlellen still part of the silicon wafer, or for testing the chips after the inclusion of lead
connections and encapsulation. The following description relates to a test-head construction
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



mechani cal handl er 110 which operates in conjunction with the test-head 102
to physically manipulate the DUT 104. In particular, the nmechanical

handl er 110 operates to place the DUT 104 in position in the test-head 102
before the test begins, and renove the DUT from the test-head follow ng
conpletion of the test. In one enbodi t, the nmechanical handler 110 is
controlled by the tester 108 so as to separate those DUT's renpoved fromthe
test-head.8 102 acgordin the results of the testing, foy. exanple
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pass. The test-head 102 is al so coupled to a test signal processor 112, the
f unct i orfesingsppasaielyifrom $hose whiohPass. gnal s out put fromthe DUT 104 during
testing. The signals output fromthe DUT 104 during testing are passed

fromthe tesThéeathéddA02ds ilecdupidd 16 agesabignd peasr 112,2hdSuncibly obWhieh
I nterface board 114 provided in the test signal processor 112. The test
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the processor 112 and tester 108 as is known in the art. Al though different
manuf act Hreekanipterfagecbaagd blhproxided yn thi testsignal presgsson 11 heThe testantpygptai cabl e
alternatives, one suitable tester 108 for stress testing sem conductive
devi ces iarommudirsiederdthiretheaeshsignal processon it 2 &our the intgrfde\beatdeblid vimapor at i on,
Tokyo, Japan under the nodel nunber T558 1. A suitable nechanical handl er
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nodel name M6541. A suitable test sSignal processor 112, is a Pentiumtm
based co ' - W ' Fipally,
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Although different manufacturers will be recognized by those skilled in the art as

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



at least 2x | gigaflops of processing power. The IC tester 100 al so

I ncl udes a thernmal managenent systemfor regulating the test section 106

at a desired set point tenperature. As illustrated, the tester 108 is al so
connected to a thernostat 120 to set the predeterm ned desired set point

tenperature in the test section 106.,® heating and/or refrigeration unit

122 which heats or cools the test secti'on 106 to the desired set point

t enper at ' A t .4 he..thernost.at, 120. whi ch . itors the
t erpor at ATecs ooV Bt tolip E by BB ok HRUbIR B Sl Bbis et o ek )
using the P‘eltier 9 effect to.convert electricity to tenperature
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t enperature_capacity range of -100C to +200C, however those skilled in the
art wi | 1art wibigaognize thatotharicenventiona heatingaind iveating e vives arecaltably devi ces are
suitable alternatives. For IC stress testing, in one enbodi nent the set
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heating and/or refrigeration unit may be a separate unit provided in the
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the effects of.the .He(ﬁtigg and cooling cycle illustrated by FIG | wthin
t he t estSCBURE;YH PIPRdedin the tget seetipnlGhar peovadedipearally with/the destrhead ¥03r stress

testing integrated circuits. Accordingly, in order to provide an
envi ronnment istwillbetapprecigted frome the garlicO Bitsedictiongriberents aelssitectnainimize che
variations, the DUT 104 is provided to a test assenbly 124 for clanping to
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appreciated, that the test assenbly 124 wmay formpart of the test head 102
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view of the structure of one enbo ’Hvan in
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that t hevatrigtsitt)ns, 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.



assenbly 124 allows el ectrical connections to be nade to the DUT 104, but
which also permts convenient insertion and renoval of the DUT fromthe
test-head 102 for fast autonmated testing of |arge nunbers of integrated
circuits. As illustrated, the insert part 126 of the test assenbly nounts
onto an interface board 130, which is 8 relatively large circuit board
mounted in and formng part of the test¥head 102 (FIG 3). The interface
board 130 has_interconnections 132 for comrunicating signals between the
DUT 104 and tTheinsed pait 1298 formedsyvish a seab d 3b ohich is shapedpp tcceiye ther YT, Kier f ace
board 130 may have additional circuitry situated thereon performng

i nt er f acadaorapenture 486.0WHenrlt DOAsI0dris pdsitidned én theGeat TR of thedntertopart 12626 i s
formed with a seat 134, which is shaped to receive the DUT 104, and an
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part 126, the interconnections 132 extend up through the aperture 134
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parts 126 and 128. 'Lﬁhe us&gr Hﬁ% 128 of the test assenbly 124 is noveabl e
in rel at P6/PSEE apd, BushRERAYS Teap 6, toward and away fromthe upper surface
of the insert plate as indicated by the arrows. Relative novenment of the

i nsert and pd&hepsheapars 12%ef the ipst msemblyi124 is meveahlesa aelpijon toghe inse pagct ed
by the nechanical handler 110 (FIG 3) which is controlled by the tester

108. WhelR6, tdweard aseawayfromhs iygper pafics of &6 imsert platd asindicaedityi theedowsiay from
one anot her access is provided to the seat 134, which enables the DUT 104

to be plpagevd Moddent 8IMMEGRkeh Al philRr pABAL26 ah928 BE RicltRAsRAMbly ePal of
DUT's in the insert part 126 is also perfornmed by the nechani‘cal handler |
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the insert and pusher parts 126 and 128 are positioned away from one another access 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



seat 134 to start the stress testing procedure. The insert and pusher parts
126 and 128 of the test assenbly 124 are then brought together and testing
of the DUT 104 is performed, as described further below. Then, the test
assenbly 124 is opened again and the DUT 104 is renoved fromthe insert
part seat 134 by the nmechani cal handl er,110. According to the results of
the tests on the DUT 104, the rrechanl cal handl er 110 IS then controll ed by
the tester 108 to place the DUT in, for exanple, .a "pass" batch or a
"fail" b‘é@@’@ﬂ’ngﬂ‘?@%]&@éﬁiﬂ?@l?@d a{’ﬁélﬁe‘F ¥pbak when fhe inscet and pushogparts 26 pusher
part 128 of the test assenbly 124 has a clanping portion 140 with a | ower
surface aml R8foddhentgstrassemnbily h2hane brught wigethen therclamping pertioh 1A aliPisanto4. The
cl anping portion 140 is constructed of a beat conductive nmaterial, such as

copper, &lamps thel AT, 104 (DIhe il?slcﬂ(?aﬂlsmt 13a86thahfahe flegticAl @bkt M3 dfehadl s and
materials, as will be explaine n a later section. The 11 cl anping
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parts 126 an e test asse y 124 are toge
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contact with the interconnections 132 of the interface board 130. Thus,

si gnal s HvgiTase beasdhiaf in thedest headal{2, fromthe teatepifiB ansley signakpreeessarsl 12est i ng,
by way of the interface board 130 in the test head 102, fromthe tester
108 and (H6&t 3pi gnal processor 112 (FIG 3). The pusher part 128 al so
provides a thermal body 142 having a phase change material (PCM 144

encl osed t hergiehutiter paf MR8 Qlsb PrévidesPaBérniaPbédie1 2Whvikah phaseckappéiifatdridf
heating through the clanping portion 140. It is to be appremated that in
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and ¢ hangﬁmpgrlﬁﬁg 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(NO;),*6H,0 and SrBr,*6H,0O. 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
Acetarmide/CH;CONH, 82
Naphthalene/C,oHg 80
Propionamide/C,HsCONH, 79
Ba(OH),*8H,0 78
Stearic acid/CH3(CH,),sCOOOH 72
Phenyl benzoate/CsHsCOOCqHs 71
(NO3),*6H,0 36
eBr3°6H20 27
TEA O™ (hydrated salt)’ 0
TEA -4™ (hydrated salt)’ -4




wWithin a tenperature range of interest. For exanple, in one enbodi nent for
stress testing integrated chips at a desire set point tenperature of about
89C, suitable PCMs include M(NO3)2.6H20 and SrBr2. 6H20. O her embodi nment
for stress testing integrated chips at various set point tenperatures is
~illustrated by Table 1. Table 1 PCWPha 2 Change Tenp. (C) Astorstat 6988TH
" (synthetic vvax) 125 Astorstat 200TH (sj thetic wax)' 92 Acetam de/ CH3CONH282
Napht hal ermreCoHg80—F upl lilla.lll deiC3 5@&%%9‘9%8442078 Stearic

aci d/ CHTEAR QS spiny| bhenzdat e/ CHSEHNCEH, 571 Fn( NO3) 2- 6H2036

FeBr 3. 6I-12£R716'E¢(hgailatcﬁhmifat ed salt|)20 rrEA_1¢Th (hydrgted salt)2-4 12 TEA

'---10TM(h a 2 [EA - IG6THArated sa Z-16 TEA -21T14 (hydrated
0TV, PR A, Gh ol st D]
TEA -31™ (hydrated salt)’ -31
1- Honeywell, Morristown, NJ
2- TEAP Energy, Perth, Australia

However, those skilled in the art will readily recognize that there is a wide range of latent
heat storage materials available in the industry, which include for example salt hydrates, low
melting metals and alloys, poly-alcohols, eutectics and paraffins/waxes and other organic and
inorganic materials, such as linear crystalline aikyl hydrocarbons, fatty acids and esters,
polyethylene glycols, long alkyl side chain polymers, the solid state series of pentaerythritol,
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



ydrated salt)2-31 ,TFA |- Honeywell, Mrristown, NJ 2- TEAP Energy, Perth,
Australia However, those skilled in the art will readily recogni ze that
there is a wide range of latent heat storage materials available in the

i ndustry, which include for exanple salt hydrates, low nelting netals and
al l oys, poly-al cohols, eutectics and p éaffins/maxes and ot her organic and
I norganic materials, such as |inear cr3 talline al kyl hydrocarbons, fatty

acids ang ester ol yet hyl ene s, lLon | kyl. side chali.n pol yners,
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gl ycol , quaternary anmoni um cl athrates and sem -cl athrates, which may be
used depAviderAnORStandelysn ceolingtof ts test assamhly A24iduring the ontire ¢egling dyaly f r om
the spirit and scope of the present invention. As these materials differ

f r om onendicated ér FiGh 1tHyasymbopBa&epartieulgs thearefoaseadf Uatentteage suffiaidntly king heat
storage capacities, it is to be appreciated that enbodi nents using a
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the test procedure. Selecting the ECI\/I 144 wth a phase chandge tenperature

at a desire . pQj Nt e r [ r.str t est.ing the .results in
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122 (FI gg .agove t he pgase change t_e,rrlgerature. In this _manner, the PCM
144 act Shgdesired seypointgsuch thay thepa is negligible dermpgrptyrevaniation prakizask byhe DUT
tenperature above the desired set point tenperature, thereby m nim zing

t enper at {Mewhgpidneloseduinshetestassaatdy 1 24.sThe teoipatature nespomsewf ¢he testabseably or
exanple 90C, as illustrated in FIG 1, wherein tenperature spikes are
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tenporarily off at the upper tenperature limt waiting for thernostatic

activati @f3ned lifes BPIDE, iBbsthating Alsubeatiafll) QLAY lepe Ltk Yaltlk ALAAg the stress
test period.

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:



by the PCM 144, rel eases when the tenperature in the test section 106 (FI G
3) drops below 13 the phase change tenperature of the PCM This rel ease of
| at ent heat by the PCM 144 provides an instant delay in cooling of the
test assenbly 124 during the entire cooling cycle indicated in FIG 1 by
synmbol B. In particular, the release of |latent heat is sufficiently |ong
so that the heater 122 can resune heatﬂﬁg before the DUT 104 tenperature
drops. In this manner, the tenperat%ﬁgﬁai the test assenbly 124 is
continuously maintained at the desi 2t poi nt, such that there is
negligible tenperature variation realized by the DUT 104 when encl osed in
the testl-aA &sHPE yppRsatus fop iestingintogsater férqu%dé%eémaﬁ ARPAEANSCOMDPEISIGhD| y 124
to these heating and cooling cycles is graphically depicted between the
sets of par aldtedt heathstapttdité reesive an it€grated icirtuis tmder tesyaral mvingtaxhéinadl | y
uniformtenperature value during the stress test period. Accordingly, a
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i nvention provide an I C tester 100 which mnim zes tenperature variation at
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t he pusher part a repeated enova Sink which is
connectable to sequentially tested devices without contam nating the DUT
package or damaging the interface material. Furthernore, any other type of
a test assenbly of an ICtester filled with a phase change material is an
appl i cab}-eA tesfibgapparatyseas chaimedl in eaim &whierein the phiaserihangehmatepialris selegtetl tocope
of the present invention. The foregoing description of the enbodi nents of

t he i nvdnive aphaseshaiges a témpgpatore disire tote aiataindd| dusing adstiogy of t he
principles of the invention and its practical application to thereby

enabl e one of ordinary skill of the art to utilize the invention in various
enbodi nents and wth various nodifications as are suited to the particular
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from a group of material consisting of salt hydrates, low melting metals and alloys, poly-

alcohols, eutectics and paraffin.

4. A testing apparatus as claimed in claim 1 wherein the phase change materiat is selected

from materials having a phase change in the range from about -30°C to about 125°C.

3. A testing apparatus as claimed in claim 1 wherein the phase change material is selected
from a group of materials consisting of Mg(NOs),*6H,0, SrBr,*6H,0,
Acetamide/CH3;CONH;, Naphthalene/C;oHs, Propionamide/C,HsCONH,, Ba(OH);*8H,0,
Stearic acid/CH3(CHy),6COOOH, Phenyl benzoate/CcHsCOOCsHs, Zn(NO;),*6H;0,

FeBry*6H,0, synthetic waxes, and hydrated salts.

6. 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



appended cl ai ns when interpreted in accordance with the breadth to which
they are fairly, legally and equitably entitled. Wiat is clained is: 14
CLAIMS 1. Atesting apparatus for testing integrated circuits, the testing
apparatus conprising: a test head adapted to receive an integrated circuit
under test and having a thermal body ﬁgrtion whi ch i ncludes a phase change
material, the thernmal body is adapted provide |atent heat fromthe

o COBRE LI ool PGPSR AL Bk 5, ot

sel ected t.o have a phase change at a tenperature desire to be naintained

during tYifh gnoveable beaeeen gpemandnlesed positions ralatizeita the énsart pait, thipushien t he
phase change material is selected froma group of material consisting of
sal t hydrattenslosdsahe thetmalibgdyret al s and al | oys, poly- al cohols, eutectics and
paraffin. 4. Atesting apparatus as clained in claiml| wherein the phase
change material is-selected frommaterials having.-a phase change in the
range from about -30'C to about 125'C. 5. A testing apparatus as clainmed in

claiml whgraij; éﬁrm L ak. i .ected _froma. group of
materi al s consﬁ%% ng o e%ﬁ@?'geggﬁé%é l}@ftﬁr@? Eegé% PPARALYS GompLls CONH2,
Napht hal ene/ leg , r&giﬁgnam de/ CZHSCO\IHﬁl,S. Ba 298H20, Stearic
aci d/ CH3( CH2)™! g%ﬁﬁf? G FECEYR 2B Attegrals I tesh tharesthead-paying
FeBr 3- 6H20, synthetic waxes, and hydrated salts. 6. A testing apparatus as
cl ai med elestriqabrontactsfos makingtelestricat cormeetipnis te thedate gratedasicuid ssdatiieymalhavi ng
an insert part having a seat for positioning the integrated circuit under
test, tedypesion wiielr included nphae change mateial ahathemmnaldode iemtapied 8 poigeect i on
bet ween el ectrical contacts of the
latent heat from the phase change material to the integrated circuit under test;
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.

8. A testing apparatus as claimed in claim 7 wherein the controlling circuitry is coupled to
communicate with the dedicated processing circuitry, and wherein the controlling circuitry
communicates testing parameters and pass/fail test limits to the dedicated processing circuitry
and the dedicated processing circuitry communicates to the controlling circuitry indications

of whether the integrated circuit under test passes or fails testing according to the output

signal analysis.



15 device under test to controlling circuitry and dedi cated processing
circuitry, and a pusher part which is noveabl e between open and cl osed
positions relative to the insert part, the pusher part encloses the
thermal body. 7. A testing apparatus for testing integrated circuits, the
testing apparatus conprising: a test hﬁ d adapted to receive an integrated
circuit under test, the test head havi 8 el ectrical contacts for making
el ectricgl ctions to .the j.ntegrated circuit and_a_ thernal , body
portion ghﬁé‘ﬁ%%@i’ﬂ%‘??ﬁﬁ‘&?& lﬂﬁgﬁag’ ﬁgttgsppgpppqrﬁgs fustheremPRSRE i s~ adapt ed
to provide  latent heat fromthe phase change material to the integrated
circuit Wechamcabapparatysfor weertingard pesitianing the iniegsated eireuihmader test to mikeh t he
integrated circuit by way of the electrical connections to control

f unct i oneonpectidngo ithret edeptrtab dontacts and fod vavhoving the firitegrated ritcuid eliovanged
processing circuitry coupled through a data channel to the integrated

. Circuit &ympeorodf téstipgcthe edrh oﬁéﬁmﬁfit%&lﬁnfcﬁ%&nﬁﬁ%coﬁhgﬁ@ s from
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the integrated circuit during testing to determ ne et her the 1 ntegrated
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coupl ed tod go&mni cahel wi t.h the dedicated processing circuitry, and
wher ei n YHET ESRPTIT RS D& try communicates testing paraneters and
pass/fail test limts to the dedicated processing circuitry and the

dedi cated processing circuitry communi cates to the controlling circuitry
i ndications of whether the integrated circuit under test passes or fails

testing HcAnteiting apparstheaelaimet in slagn alwherah Wi dedicdd plocesih@sirduidy
apparatus as clainmed in claim7, the testing apparatus further conprising

mechani cedmpibess asmputtOéquighRa Wil SheR RO ighth PP piddEssbPE£@E at ed circuit
under test to make
11. A testing apparatus as claimed in claim 7 wherein the testing apparatus comprises a

thermal management system for regulating a test section of the testing apparatus at a desired

temperature.

12. A testing apparatus as claimed in claim 7 wherein the phase change material is selected

to have a phase change at the desire temperature.

13. A testing apparatus as claimed in claim 7 wherein the test head includes:

a test assembly having an insert part hax-ling 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 the controlling circuitry and the 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.



connection to the electrical contacts and for renoving the integrated
circuit followng conpletion of testing, the renoving operation of the
mechani cal apparatus being controlled by the controlling circuitry
according to the indications of whether the integrated circuit under test
passes or fails testing. 10. A testing gpparatus as clained in claim?7
wherei n the dedi cated processing circuﬂ?ry conpri ses a conputer equi pped

with on r .e digital.signpal. processor ,cards. .11. A testing apparatus as
ol ai mod 11 A FEstifl 3Py fon ol intage HigErals &GRS HE AyE SBRATANS  her
managenent systemfor regulating a test section of the testing apparatus at
a desir ¢@MAEMEer ature. 12. A testing apparatus as clained in claim?7
wherein the phase change material is selected to have a phase change at

t he desire t enipateaferteatidgan iAtepgemdd ciguitppderatsis as clainmed in claim7?
wherein the test head includes: a test assenbly having an insert part

having a seat at&f he¥@Halin@Ricdftichl@ntd2tsBf AhRfg efelircd] dondBdfRns k8, the
i nsert part having an aperture to allow an electrical connection between

el ectric . devi ce under test to the controlling circuitry
ijlogfl bR ublied b

and the processing circuitry; and a pusher part which is
noveabl e bet ween open.apd .cl osed positigns relative to the _ insert part,
g bt b i

the pusher pdtEst ayipgan MSeThBart Byage a eat for posifionigg thegtegrated at us f or
testing image integrated circuits, the testing apparatus conprising: a
heat er f@fcuRaaderiestahe inser garahadng ar apsiruratoddlowt the electaicalavntaotsad makei ng
el ectrical contacts for nmaking electrical connections to the integrated
circuit thediectricalstonnections 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.

15. 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.



a test assenbly having an insert part having a seat for positioning the
integrated circuit under test, the insert part having an aperture to all ow
the electrical contacts to nmake the electrical connections to the
integrated circuit under test, and a pusher part which is noveabl e between
.open and cl osed positions relative to tHe I nsert part, the pusher part

encl oses a phase change material and i d adapted to provide |atent heat from
t he phan ch%%ge material to the integrated circuit under test; and

cont r ol | thgAdssting appayatus aclaimed in piaim 45 sherein theyinseg narauovidesasaparinredoe
with the integrated circuit by way of the electrical connections to control
f unct i onallayf an ¢lectiical egniectidn betweenelectdoalicogtats of ihegntegfatedAitcait uinde test
apparatus for testing integrated circuits, the testing apparatus

conpri si g conabllinge@thitfpar t having a seat for positioning an integrated
circuit under test; and a pusher part which is noveabl e between open and

cl osed positions . relative to the insert part, the pusher part encloses a
phase change material and is adapted to provide |latent heat fromthe phase
change egial. to the integrated circyuit under test when tenperature
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device under test is exposed to a substantially constant tenperature. 18
16. A t et9thanga ppasgchengs ah g emnparerate desire fodhenmaintamedrduring tdsing.nsert part

provi des an aperture to allow an electrical connection between electrical
contacts of the integrated circuit under test to a controlling circuitry.
17. A testing apparatus as clainmed in claim15 wherein the phase change
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mai ntai ned during testing. 18. A testing apparatus as cfained in clalm15
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alcohols, eutectics and paraffin.

19. A testing apparatus as claimed in claim 15 wherein the phase change material is selected

from materials having a phase change in the range from about -30°C to about 125°C.

20. A testing apparatus as claimed in claim 15 wherein the phase change material is selected
from a group of materials consisting of Mg(NO3),*6H0, SrBr,*6H,0,
Acetamide/CH;CONH,, Naphthalene/C,oHjz, Propionamide/C;HsCONH,, Ba(OH),*8H,0,
Stearic acid/CH3(CH,),sCOOOH, Phenyl benzoate/CsHsCOOCsHs, Zn(NO;)2*6H,0,

FeBrz*6H,0, synthetic waxes, and hydrated salts.

21. A testing apparatus as claimed in claim 15, 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



al cohol s, eutectics and paraffin. 19. A testing apparatus as clainmed in

. claim 15 wherein the phase change material is selected frommaterials

havi ng a phase change in the range from about -30C to about 125C. 20. A

~ testing apparatus as clained in claim15 wherein the phase change materi al
is selected froma group of materials gonsi sting of My(NOGB) 2. 6H20,

SrBr2. 6H20, Acet am de/ CH3CONH2, NaphtH | ene/ C14H8, Propi onam de/ C2H5SCONHZ,
Ba( OH) 28H20, |, Stearic aci d/ CH3( CH2) 16COOCH, Phenyl benzoat e/ C6H5COOC6HS,
Zn( N03) 2' 6H2dledicpisgbprocssyng clecpipetupled thseugh a dafa chyanehtodbe integrated pircuin
testing apparatus as claimed in claim15, the testing apparatus further
conpr i simpway of theslectiealconpactings tel rectivd @uputcignalkdtan therineghatedgihiect ri cal
connections to the integrated circuit when seated in the test assenbly;

cont r ol | dutipgedstingid déterabPhethérahe HPRtes airduitirider feBEmédts Pﬁﬂ&hﬁﬁned fesui t by
way of the electrical connections to control functions of the integrated

circuit gigtng testing, and 19 dedicated processing circuitry coupled
through a data channel to the integrated circuit by way of the electrical
connections to receive output signals fromthe integrated circuit during
testing to determ ne whether the integrated circuit under test neets
predetermned test criteria. 22. Atesting apparatus as clainmed in claim
21, the 4% tesingppraraies as dlaimed in claisnpl.ithe testing apperatusi foethergopprisings f or
inserting and positioning the integrated circuit under test to nake
connecti on t anédheniehlexpparatalforciasdreng andypditfoningrtherintégrgted bizciinieRf Red
circuit following conpletion of testing, the renoving operation of the

mechani cthkePgoRAs ol So Rl eltus@NEdmadiSshd 1OV rénftfifOMb iRbihidd L Bl
according to the indications of whether the integrat e%lﬂaci rccutlﬁlt ungnegr t est
passes Oéod]ﬁéd(ﬁl Jf?éstﬁhg,%e 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.

23. A method for testing integrated circuits in a test apparatus, the method comprising:

positioning an integrated circuit in a test assembly provided in a test section, the test
assembly having a thermal body enclosing a phase change material;

making electrical connections to the integrated circuit via a test head;

thermally managing the test section at a desire set point temperature, the phase change
material maintaining the integrated circuit at the desire set point temperature during
temporary temperature fluctuations in the test section;

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 signals 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,



23. A nmethod for testing integrated circuits in a test apparatus, the

nmet hod conprising: positioning an integrated circuit in a test assenbly
provided in a test section, the test assenbly having a thermal body

encl osi ng a phase change material; making electrical connections to the
integrated circuit via a test head; thermally managi ng the test section at
a desire set point tenperature, the ph&Se change material maintaining the
integrated circuit at the desire set point tenperature during tenporary
tenperature fluctuations in the test section; providing first control
signals froma tester to the integrated circuit by way of the test head to
cont rol 24eA methograa chimed inotaim 28whergintths teisteg corhmanichtes reistigg parhipeterssingnal s
fromthe integrated circuit during testing to processing circuitry by way

of the tesi/fiiasd liaie b iR R6QLARS LincLiG) bid!ite Procesuisk Rty EQHmbRRaRY {PUt
signals 1n the processing circurtry to determ ne ether” the integrated

CI T Cul t BBRSRS ifdficaliBhd of ifetler Bk infeBratch ciftuifThladed Dalle8bIBlls fdlyf 2 M 23
wherein the tester conmunicates e I'ng paraneters and pass/talt test
limts to the pracessing.ciycujtry and the processing circuitry

conmmuni &FP%@“{%%%@P‘&%{%#W&S&H ons of whether the integrated circuit
under test passes or fails testing according to the output signal

anal ysis. 25. A nethod as clained in claim23 further conprises inserting
and positioning the integrated circuit under test with a nechani cal

handl er 2% Awlethclosrbdmedin dlaint 2fuethectomprises inseritg ahd posifonifyg thet hod as
claimed in claim23 further conprises renoving the integrated circuit

fol | owi nigitearitdd @icuRtn8ér k@ il PmbéHaRical RBERA N fiftke SAMELRIR toAel€QALAO! | T NG
the renoving operation of the nmechanical handler by the tester according
to indi cafipps of whether the

26. A method as claimed in claim 23 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.

27. A method as claimed in claim 23 further comprises selecting the phase change material

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

28. A method as claimed in claim 23 further comprises selecting the phase change material
from a group consisting of salt hydrates, low melting metals and alloys, poly-alcohols,

eutectics and paraffin.

29. A method as claimed in claim 23 further comprises selecting the phase change material

from materials having a phase change in the range from about -30°C to about 125°C.



integrated circuit under test passes or fails testing. 27. A nmethod as
claimed in claim23 further conprises selecting the phase change materi al
to a have a phase change at the desired set point tenperature. 28. A nethod
as claimed in claim?23 further conprises selecting the phase change
material froma group consisting of s i{t hydrates, low nelting netals and
al l oys, poly-alcohols, eutectics and g raffin. 29. A nmethod as clained in
claim 23 further conprises selecting the phase change material from

mat eri al s having a phase change in the range from about -30C to about 125C
21 30. A nethod as clained in claim23 further conprises selecting the
phase ch3hgh methastasalaimed brelaimy?himptherf coreprises sdlecting thsi Pasechange material

My( NO3) 2- 6H20, SrBr2-6H20, Acetan de/ CH3CONH2, Napht hal ene/ C oHS8,

Pr opi onafromie/ geaigbihiRateRds ChhsptifEidDM g(ISOsR#H0a SiBYLGH3OCH2) 16CO00H, Phenyl
benzoat e/ C6HSCOOCr H5, Zn( NOGB3) 206H20, FeBr 3- 6H20, syntheti c waxes, and

hydr at edagdhhite/CH;CONH,, Naphthalene/CyoHs, Propionamide/C;HsCONH,, Ba(OH),8H,0,
Stearic acid/CH3(CH,)1sCOOOH, Phenyl benzoate/CsHsCOOCHs, Zn(NO5),+6H,0,

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



