-1- TEST HANDLER TEMPERATURE MONI TORI NG SYSTEM Field of the Invention 5 The
I nvention relates to a nmethod and apparatus for neasuring surface
tenperature of electronic devices while they are undergoing a test handling
process in a sem conductor test handler. Mre specifically, the apparatus is
equi pped with tenperature sensors to nonitor the tenperature of the 10

el ectronic devices as they are prepared for electrical testing. Background
and Prior Art DurlngedienAROER TEMPENAPORE MORFIGRING sYRTERFS. |1
particular, integra ' ' ' or industry,

It is necessary for the devices to be electrically tested after the
packages have Bf@@hg&%ﬁphbrnally, the devices are tested only after they
have been brooght—to a certain predeterm ned tenperature by heating or
cooling. This predeterm ned tenperature usually reflects the expected
operating environnments for the 20 deyices being tested. A typical_testing
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packagi ng industry to performfinal electrical tests on el ectronic devices
30 automatically at high speeds. Test handlers feed el ectronic devices to
and away fromBagkdreatd phaPrior Artat desired rates of speed. These test

handl ers wusually include heating chanber(s) within which the electronic
devices to be tested are first soaked to the specified test tenperature

before they apgrihgh€dnanufacture of some electronic devices, in particular, integrated
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15  circuit packages in the semiconductor industry, it is necessary for the devices
to be electrically tested after the packages have been molded. Normally, the
devices are tested only after they have been brought to a certain
predetermined temperature by heating or cooling. This predetermined
temperature usually reflects the expected operating environments for the

20 devices being tested. A typical testing temperature is about 90-100°C, but
different testing temperatures may be selected depending on the type of
device being tested. The following description shall focus on heating the
electronic devices before electrical testing, although it should be appreciated
that the invention is equally applicable to the cooling of electronic devices

25 Dbefore testing.

Various testing devices have been developed to perform such electrical tests.
For example, test handlers have been developed in the integrated circuit
packaging industry to perform final electrical tests on electronic devices

30 automatically at high speeds. Test handlers feed electronic devices to and
away from a test platform at desired rates of speed. These test handlers
usually include heating chamber(s) within which the electronic devices to be
tested are first soaked to the specified test temperature before they are tested
on the test platform.



on the test platform -2- Wen the electronic devices are passing through
the heating chanbers, their tenperatures need to be constantly nonitored so
t hat gradual heating of the devices can-be attained wthout subjecting them
to excessive thermal stress 5 or damagi ng them Tenperature sensors are
commonly used for such tenperature neasurenents. Exanpl es are contact-type
t hernocoupl es and resistive tenperature devices (RTD). However, the ability
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| ocat ed at t hgeGeNin8ideqRE RBEIhBAdIBF BNRtiteh! OW rates. This nmeans that the
sensor readi ngs cannot accurately represent the surface tenperature. This

becones ¥ gnificant when a carrier for the test device has a relatively
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15 temperature and to calibrate the sensor readings. Furthermore, when using a
single temperature sensor inside a large volume of a thermally controlied
chamber, a temperature reading of the sensor over the heating chamber will
vary with different airflows according to chamber geometry. Sensors located
at the edges of the chamber encounter lower flow rates whereas sensors
20 located at the center encounter higher flow rates. This means that the sensor
readings cannot accurately represent the surface temperature. This becomes
significant when a carrier for the test device has a relatively high heat loss or
has its own temperature distribution.

25  Using non-contact type sensing on a test handler would allow probing without
affecting the temperature of the test device, especially when the test device is
small. It allows the test handler to handle different types of test devices
without any major design change in the system.

30 Moreover, soak time is becoming shorter and temperature sensors with faster
response times are required. Whilst typical contacting sensors have response
times that are more than a few seconds, radiation sensors such as thermopile
sensors can complete a measurement within one second. Furthermore, by

not locating the temperature sensor inside the thermally conditioned chamber,



response tinmes are required. Wilst typical contacting sensors have response
tinmes that are nore than a few seconds, radiation sensors such as thernopile
sensors can conplete a neasurenent wthi n3ene second. Furthernore, by not
| ocating the tenperature sensor inside the thermally conditioned chanber,
-3- this subjects |l esser thermal stress on the sensor and reduces nmachine
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di sadvant ages associated with prior art contact-type sensors. According to

a first aspec -Hbv'ﬂoér-\ , there is provided a tenperature nonitoring
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systemfor a sing a preparation stage for 15 bringing a
test device to a predeterm ned tenperature; a test platformfor testing the
test device ah_hsai d predeterm ned t er atur%ﬂand at | east one radiation
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aspect of the invention, there is provided a nethod for nonitoring
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device to a pggR&igrm ned tenperature while providing at |east one

radi ati on sensor to detect a surface tenperature of the test device by
nmeasuring radiation emtted fromthe test device; and testing the test
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acconpanyi ng @tenitoriag , systene for |d tesit risdrelleoneoraprixinl e prepairation stage for
15 bringing a test device to a predetermined temperature; a test platform for
testing the test device at said predetermined temperature; and at least one
radiation sensor adapted for detecting a surface temperature of the test
device by measuring radiation emitted from the test device.

20 According to a second aspect of the invention, there is provided a method for
monitoring temperature in a test handler comprising the steps of: bringing a
test device to a predetermined temperature while providing at least one
radiation sensor to detect a surface temperature of the test device by
measuring radiation emitted from the test device; and testing the test device

25 atsaid predetermined temperature.

It will be convenient to hereinafter describe the invention in greater detail by
reference to the accompanying drawings, which illustrate one embodiment of
the invention. The particularity of the drawings and the related description is

30 not to be understood as superseding the generality of the broad identification
of the invention as defined by the claims.



the invention. The particularity of the drawings and the rel ated description
Is 30 not to be understood as superseding the generality of the broad
identification of the invention as defindd by the clains. -4- Brief
Description of the Drawings Fig. 1 is a front view of a typical test handler
machine; Fig. 2 18 a schematic illustration of a test handl er nodul e
according to Brigf Desctiplien of e awiisent of the invention; Fig. 3is a

gr aphi cal |IIustrat|on of a typical heating sequence as a test device is
prepared for testing at a test platform Fig. 4 is an isonetric view of a

t her nopi | e sefibr iaédondviey of@ Wﬁ'éakiﬁétf@nﬂlﬂﬂ maghigdi ment of the invention:
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Fig. 6 is a crosSs-sect vi ew of the thernopi e sensor al ong seciion A-A
of Fig. 5% Fpgefer‘x‘ed emhnquﬂtoﬂm invantioof t he ther nmopi | e sensor of Fig. 4;

and Fig. 8 is sorretr W _of r t ation of the. test handler
modul e 18 acElrd Rg TarhielifBbe 2o BuieR nrefifs spilete 4 S 1n Bvihn an | e
Descri ption ois pr’@pallérdefblefesmb Brdbadt patfornfzig. 1 is a front view of a typical
test handl er %achlne 10. The test hapdler . 20 machi ne 10 mat\é i nc] ude a
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the test handleiiddPh&ashe iRGent as to facilitate a user to set process
parameters such as heating tenperatures. The test handl er machine 10 has a
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Fig. 8 is an isometric view of a preheat location of the test handler module

15  according to the preferred embodiment of the invention.

Detailed Description of the Preferred Embodiment

Fig. 1 is a front view of a typical test handler machine 10. The test handler

20 machine 10 may include a display screen 11 to view in real time process
parameters associated with the test handling process, as well as to facilitate a
user to set process parameters such as heating temperatures. The test
handler machine 10 has a preparation stage, which may be in the form of a
preheat location 12, where test devices are heated prior to testing.

25
Fig. 2 is a schematic illustration of a test handler module, including a preheat
location 12 and test platform 20, according to the preferred embodiment of the
invention. The test handler module has an outer wall and inner case 14. To
transport test devices (not shown) around the inner case 14, a number of

30 movable carriers 16 are integrated therein. Each carrier 16 preferably carries
a test device, which may comprise a leadframe, Ball-Grid Array or other
electronic package. In the preheat location 12 of the test handler module,
there is an on-load position 18 where test devices are introduced into the

inner case 14 and placed onto the carriers 16. The carriers 16 are then



transport test devices (not shown) around the inner case 14, a nunber of 30
novabl e carriers 16 are integrated therein. Each carrier 16 preferably
carries a test device, which may conprisg-a |leadfranme, Ball-Gid Array or
other electronic package. In the preheat |ocation 12 of the test handler

nodul e, there is an on-load position 18 where test devices are introduced
into the i nnBlovedsongsheaingotharekerenwpichieay derfugher dgidedhptacdifferests 16 are
Lhen -5 movefbrild g ! hUlingNASTRA! SwnehhChediBis B TiLHiBRE) HeXd!dte | Nt O
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I nput fromthe conmputer 32, is in turn electrically connected to and

As the thermopile sensors 28, 28A-D detect radiation from the test devices,
they produce an analog output, which corresponds to the temperature of the
test devices sensed by the thermopile sensors 28, 28A-D. An Analogue-to-

20 Digital converter 30 converts the output of the thermopile sensors 28, 28A-D
from analogue to digital form. The Analogue-to-Digital converter 30 is
electrically connected to a computer 32 and the digital output is received by
the computer 32 for processing. A temperature control unit 34, which
receives input from the computer 32, is in turn electrically connected to and

25 controls a temperature controller, which controls heating/cooling parameters
in the test handling module. Thus, the computer 32 may control factors such
as a heating period of the test devices according to the soak time of the test
devices desired and selected by a user, through the utilization of test device
temperatures sensed by the thermopile sensors 28, 28A-D. The output from

30 the computer 32 is applied to the temperature controller 34, which in tumn
operates the temperature controller according to the output from the computer
32 to make precise automatic temperature control possible.



25 controls a tenperature controller, which controls heating/cooling
paraneters in the test handling nodule. Thus, the conputer 32 may control
factors such as a heating period of the-6est devices according to the soak
time of the test devices desired and selected by a user, through the

utilization of test device tenperatures sensed by the thernDplle sensors
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graphical illustration of a typical heating sequence as a test device 1is
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device goes t{hrough the on-I|oad OSI&I on different heatin S?Idzones (Zones

A-C), the 10 {S¥EPFELifPle 'ﬂ)a%ﬁ‘] Pmﬂlzejo‘“t‘??é“%ﬂ & sURNR 4 FBHCS 2.

Package te”pegééélfrﬁéuglpﬂwetd?ﬁloh@%saﬂ&\’ H @ Efifereft ﬁ@dﬁn%%bﬁ@s KAdried A- b?rtH@p' le
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a fourth thermopile sensor 28C is located at Zone C, and a fifth thermopile

sensor 28D is located at the test platform 20. Information collected from the

thermopile sensors 28, 28A-D may be compiled to form the graphical

illustration of Fig. 3, which may be output to the display screen 11 for

20  monitoring by a user.

Fig. 4 is an isometric view of a thermopile sensor 28 according to the
preferred embodiment of the invention. The thermopile sensor 28 generaily
comprises a sensor cover 30, a sensor fixture 32, threaded nipples 34

25 conveying compressed dry air to and away from the sensor 28 and a cooling
support 36.

Fig. 5 is a top view of the thermopile sensor 28 from direction C of Fig. 4. The
threaded nipples 34 carry compressed air into and out of the thermopile

30 sensor 28. The compressed dry air is meant to cool the thermopile sensor 28
to avoid thermal stress or other interference from the heating chambers of the
preheating location 12.



preferred enbodi nent of the invention. The thernopile sensor 28 generally
conprises a sensor cover 30, a sensor fixture 32, threaded nipples 34 25
conveyi ng conpressed dry air to and away-fromthe sensor 28 and a cooling
support 36. Fig 5is atop viemrof the thernopile sensor 28 fromdirection

C of Fig. 4. t hr eaded n| l es 3 arr orrpresse I nt g and out of
the thernopi| '9 §05§e9’1'9%°’r“3":2‘§'° h‘(ée‘efé’ Rireyse&ﬁPf géal?@arﬁecf@ Al the

thermopi | e sepppig. 88 THis 36N sShdvirea rmémﬁatprre@eweé o@ﬁﬂrtegraréu erré@r(em)esé romthe
heati ng chanbers of the preheating | ocation 12. - is a
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thermal stress or shock, the |life of the thernopile sensor can
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thernopile 1C 38 includes a substrate having a nenbrane structure, a first
i nsul ati on | agensaindevicase omtieh |ﬂf@dm@tﬁdrﬂn'ﬁlﬁ?eﬁhesﬂ‘éﬁMSPb@h?erﬁoﬁmﬂacaret her eon.

Two t her m)cougk Ectfeﬂrtg?rferf?rﬁl &tFlsf'ss gcond insulation layer are connected in
series. Each CRErmveco as a ot junction and a cold junction. The

thernopile I C 38 further I ncl udes a tenperature sensor forned 20 at one side
of the SqundTih tHle%%c';p?lre ICa¥§ mclucpees 5 s%strﬁelheav{n% 38m£m”£rarr]1%rstructure, a
first insulation layer and a second insulation layer successively formed
thereon. Two thermocouples formed on the second insulation layer are
connected in series. Each thermocouple has a hot junction and a cold
junction. The thermopile IC 38 further includes a temperature sensor formed
20 at one side of the second insulation layer. The thermopile IC 38 further
includes a third insulation layer and a black body formed on the third
insulation layer over the hot junctions.

According to Wien's law, radiation intensity is proportional to the fourth power

25 of the temperature of an object, and thus the radiation intensity increases
sharply as surface temperature of the object rises. This property may be used
to calculate surface temperature of an object, as empioyed in the preferred
embodiment.

30 In order to allow radiation to reach the thermopile {C 38, a wave-guide 39 is
formed in the cooling support 36. The wave-guide 39 preferably has a
polished wall to reduce scattering of radiation waves before they reach the
thermopile IC 38. Also illustrated in Fig. 6 are test devices in the form of IC



includes a third insulation |ayer and a bl ack body fornmed on the third

I nsul ation | ayer over the hot junctions. According to Wen's |law, radiation
intensity is proportional to the fourth péwer 25 of the tenperature of an
object, and thus the radiation intensity increases sharply as surface
tenperature of the object rises. This property nmay be used_ to calcul ate
surface tenpePatkage Haf“tsdﬁootﬁ‘ﬁta@fe, Cég'etgnﬁ'l“g‘ifﬁﬁgtf‘nthﬁh%o%}‘@ of 89 seaph8di nent .
30 I'n order tg,a%lgﬁmer@gi_i ation to reach the thernopile 1C 38, a wave-guide
39 is forned in the cooling support 36. The wave-guide 39 preferably has a
polished wall to reduce scattering of radiation waves before they reach the
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test device upon heati ng. us, the "thernopile sensor generates a voltage
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of the thernopile IC 38.
15 Fig. 7 is an exploded view of the thermopile sensor of Fig. 4. It shows, in
sequence, the sensor cover 30, the sensor fixture 32, the thermopile IC 38,
the threaded nipples 34 and cooling support 36. The cooling support 36
includes a wave-guide 39 dimensioned to allow insertion of the thermopile IC
38.
20
Fig. 8 is an isometric view of a preheat location 12 of the test handler module
according to the preferred embodiment of the invention. The preheat
chambers are enclosed by a housing or an upper casing 50 as the carriers 16
are carried within the cavities of the chambers and are heated. Carriers 16
25 are infroduced via an on-load position 18 and then moved info the preheat
chambers underneath the upper casing 50. A number of thermopile sensors
28 are mourtted on the housing or upper casing 50 over the heat chambers. It
would be appreciated that the wave-guide 39 of the thermopile sensors 28
should extend through and be exposed on an underside of the preheat cover
30 facing the test devices 40 of the carriers 16, so that radiation from the test
devices may be received by the thermopile |C 38. After passing through the
preheating zone, the carriers 16 are moved to the test platform (not shown in

Fig. 8) for testing of the test devices.



20 Fig. 8 is an isonmetric view of a preheat |ocation 12 of the test handl er
nmodul e according to the preferred enbodi nent of the invention. The preheat
chanbers are encl osed by a housing or an-8ipper casing 50 as the carriers 16
are carried within the cavities of the chanbers and are heated. Carriers 16

25 are introduced via an on-1oad position 18 and then noved into the preheat
chanber s undekn¥ayid Pﬁ@ﬁ?ﬁ%?teéaﬁ;\ahdh%dw%“ﬁﬂn'l’.’)‘éke%f't PAsYRIBpIa @ckiev®ors 28

are nmount ed OeoﬁtQ@tléﬁgut?étB&ldN ofJeaﬁécec@éhﬁ@aépe@\b@relémn&ea&weé@mﬁﬁ | 1
woul d be appreciated t t he wave-guid he thernopile senso 28

shoul d extendPEQﬁiﬁJétFyh énﬁieaféotaméﬂnwerapﬁrahw of heabiransier medifetag. cover 30
facing the tept devhGrdidtGigf Fé}% ﬁééf‘éh Wg%ﬁ?tur%oéé h@%nf&?rgbaHs% fhom t he
he

test devices may be receiveéed passi ng through
the preheati peeheatieg andéestmgrlpeatsan% 'E&mperaumei data trieasuresit canl be usedn (not

shown in Fi ret | t e Vi =97 | I

appreci at ed '? }‘%@Tﬁ‘%, Tﬁé%@?g‘?ﬁ{%k&g?a&q 3’@%253?-bﬁgglft&!“%&%‘é‘?iéﬂ"’}%ﬂ}??gé?| ess

flet ect ijonf of Bardmaajeﬁeasrparoﬁsplmescre?n ﬁ"@m BQYet ft@leroselgwdmrdr ntige renécwuctl on.
nst ead of neasuring tenperature eat _transfer media

ot | col d a1y ERRTALEs haas obisatrdRisee. | Qohofia e da furtyd PAIS 165 eheat i ng
and testing | ggaélaftiof ﬁam@%&mﬁﬁ&m&q&émé%@tﬁéﬁiﬁhabi@nsté%ﬂlﬂ/ for alarms,

f eedback control, or data analysis. Real-tine tenperature that can be

di spl ayed1®n a d| splay screen allows a user to closely nonitor the rate of

tenperature Cl?ﬁ@%e@ |claﬁ 8§§cn98&( 'h@reeﬁw 15%% e;ﬁlB%' %%)aﬁat’f&@ h’l‘éﬂﬁ@ onb%ﬁhlﬁﬁje the

correl ation of 0SS and tenperature profile or t |nsta|I|t
The invention adélhms tiber thandhese speciiisallypddsbiied and/dis tot heorurderstodd that at i ons

Cinder st ood 1 hifle TeRAER R, o R FREEbhT et t6ir PhoBhARB Rty b Brar Sﬁs
SQS/C?{ ??glntl ceniswithin thie spfridbhd Btdge of thehabspidestripiod. scope of the above
p :



-10- CLAIMS: 1. Atest handler for testing a packaged el ectronic device
conprising: 5 a heat transfer |ocation operative to bring a packaged

el ectronic device to a desired test tenp@rature, wherein the heat transfer
| ocation conprises: a plurality of successive heat transfer chanbers; a
plurality of heat transfer elenents respectively disposed in the heat
transfer chanbers; and 10 a conputer operated controller for the heat
transfer el engpamsa test platformconstructed and configured to test the
el ectronic device at said test tenperature; at |east one radiati on sensor
| ocated at the heat transfer |location adapted to detect the surface

tenmperature of the, RACKANRE B} Rl Q'p‘écf’é:'?é'dcé??] ctrohr: @dlibeic ure

mai nt enance arrangement oper ative 1o ens at a sensin in the
radi ati on Ssensor ixsheatttranglsy éasation openapes to lring 2 padkpged mmmwdw

subst anti al fe t f r nment
external to tt{?ea ‘?‘% Qtt%%ﬁeégﬁﬂs%ﬁrg ‘%&5& tﬂg %a{ ﬁ%@aﬁ%ﬁ@%@&%ﬁﬁ;‘ﬁﬁé@t o claim1,
wherein the radi atd mnratyrm‘csluccasndedmtednﬁdn cteantters0 the test platform 3. A

cont ol ler that 1 & PLGHbhel D8 bsre A EeRscisbaivEp ittt Btha P8 sensor.

wher eby to regalsfdrachiafiieed: aihdres in the test handl er. 4. A test handler
according to any one of t he precedi n ein: the electronic

device ha¥ a surfef’c‘é"m%tﬁbﬁp%?teﬂlcé@fm@rrﬁ%’tta?|h§i3t té?ﬁ‘ﬁf?'}ﬁiem%ﬁsatl on 30 sensor
i s positioned so if st pRtEmPoNitRIMdSahd ESHTRERIEH tBY¥ thla%&tr%%td Gevicd face. 5.

A test handl er according to any one of the preceding clains, further
i ncl udi ng: a Paaichiest ienyreratdre;i ers operative to nove packaged el ectronic

devi ces at least one radiation sensor located at the heat transfer location
adapted to detect the surface temperature of the packaged electronic device;
15 and
a temperature maintenance arrangement operative {o ensure that a
sensing element in the radiation sensor is not subject to temperature changes
without any substantial effect on the temperature of the test handler
environment external to the radiation sensor.
20
2. A test handler according to claim 1, wherein the radiation sensor is
located adjacent to the test platform.

3. A test handler according to claim 1 or claim 2, including a temperature
25 controller that is responsive to signals received from the radiation sensor,

whereby to regulate temperatures in the test handler.

4. A test handler according to any one of the preceding claims, wherein:
the electronic device has a surface formed of plastic material and the radiation

30 sensor is positioned so its field of view is intercepted by the plastic surface.

5. A test handler according to any one of the preceding claims, further
including: a plurality of carriers operative to move packaged electronic devices

through the heat transfer chambers to the test platform; and a plurality of



t hrough the heat transfer chanbers to the test platform and a plurality of
-11- radiation detectors |ocated along the travel path of the carriers, the
carriers being constructed and configur-ed o bring the packaged el ectronic
devices into thermal comunication with the heat transfer el enents and with
the radiation detfectors as they are noved through the heat transfer
chanbers by ?Cﬁﬁ@nc%?t??tﬁ'fsslocﬁted@'?%%lthehHﬂYﬁ'é}at%@EH?QjFW@efso B FaBigEs of t he

preceding cl ahapg ¥pgfiGiEd dridecdrtgurid &b le
device. 10 7. ?est rand | er a%cfzor@dl ng ﬁg?gmpgmggf%?%@rﬁg%ﬁg%mpl |l e

device incl ut!ﬂé% thﬁ&ﬂ*rd@@lfb“’@@“t%‘nWébt*@@ hﬁ‘ﬁtstéﬂﬂsé%’ elementsnviapd withde j uncti on
and a cold | ipetdAetdetors Alset% won ﬁ%d%‘éﬂgﬁ“tﬁlaghéé} {Fh de‘?'?:%ambeFégﬁy

precedi ng clains, wherein tion Sensor Inc gui de

adj acent th ithe chetiest | ng surface that is adapted to define a transmn ssion
path for radiation fromthe electronic device to reach the radiation
sensor. 9. A test handler according to claima8, wherein the wave-gui de has a
20 polished wal] | tA testchareles arcbeing® @rﬁy bﬁélioattﬁe!)ﬂre\aemﬁg.claﬁﬂ}s, whegsmi handl er

according to of t he preceding c wherein the heat transfer
| ocati on corrpﬁle)s/réa augn ﬁ%%%O&CBM‘P%%agM Hspﬁ VIC&omruni cation with the test
platform a heat transfer elenent in the heat 25 transfer chanber; and a

comput er o&erat ed controller for the heat transfer elenment. 11. A test
handl er ad€ordi ng fdeel hardlanaceqidingele FlART Goiwheraincter Shermogjisefavi¢se t o

move packaged; n“r‘:ld‘c‘i%%rtﬁé‘t‘n?oc% Fe@%%nh@ét@&'%‘ sk Nerh \}"gﬁcon unc%Qn“a*hﬁr%er to

the test plat orm e carr bel ng constructe igured to bring the
packaged el ecteldjunctigByvi ces |nto t hermal communication with the heat
transfer elenment and with the radi ation detector as they are noved through
the heat transfer chanber by the carrier.

8. A test handler according to any one of the preceding claims, wherein

15 the radiation sensor includes a wave-guide adjacent to its detecting surface
that is adapted to define a transmission path for radiation from the electronic
device to reach the radiation sensor.

9. A test handler according to claim 8, wherein the wave-guide has a

20 polished wall to reduce scattering of radiation waves.

10. A test handler according to any one of the preceding claims, wherein
the heat transfer location comprises: a heat transfer chamber in
communication with the test platform; a heat transfer element in the heat

25 transfer chamber; and a computer operated controller for the heat transfer
element.

11. A test handler according to claim 10, further including a carrier
operative to move packaged electronic devices through the heat transfer

30 chamber to the test platform, the carrier being constructed and configured to
bring the packaged electronic devices into thermal communication with the
heat transfer element and with the radiation detector as they are moved
through the heat transfer chamber by the carrier.



-12- 12. A test handler according to any one of the preceding clains,
wherein the tenperature maintenance arrangenent provides a coolant to the
radiation sensor. 5 13. A test handler -d@cording to claim 12, wherein the
coolant is air. 14. A test handler according to any one of the preceding

cl ai ms, wher ej t radi afion sensor is attached to a support including the
t enper at ur e int’gﬁ%ﬁﬁ?r‘atefﬁﬁ%rﬁmt.o Ay 91 Oﬁ cRIECHARY ICEHMECWBREIhg t o
claim 14, whethel tampBmatlireagintinahee affBhgdrRaait6vidéd ARE8BRNMo thENVRIIGSS @

cool ant supply, coolant flow channels to conduct coolant to the radiation

sensor; and as®®8fant recovery arrangenent to conduct spent cool ant away
fromthe radiation sensor. 15 16. A test handler according to claiml15,
wherein the cool ant supply arrangenent, the coolant flow channels, and the
cool ant rezovédy &t&séﬁgetﬂ\@h@ccmlim ioselain t2,06kaiein|toevcpeiant ismirch prevent s

| oss of coolant into the environnent around the radiation sensor. 20 17. A
test handl er according to claim 16, wherein the coolant is air. 18. A test
handl er accor t4.ng A desdrhandiee astornding for anediangf tHeapresedingeiaime, whaeim adi at i on

sensor i s posjtioned. adj t.t e heat_transfer |acation 25 19. A test
handl er accor enga‘ﬁ%'% lﬁl‘%ﬁﬁ‘eo%'s %Hé&(ﬁdn?ot I‘?‘esl"‘ﬁ%ﬁ’it'?%ﬂ‘%g%ntb&?rtel@er? Eat ed over
a path of tramginte@iargecdretigement: devi ce between an onl oad position and the

test platform 30 20. A test handler according to claim 19, wherein the heat
transfer 1%cation is operative to gradually change the tenperature of the

el ectronic deysce RStdst hdANES agéBRgt e dIdkh ©f Whée® -the temperature

maintenance arrangement comprises a cootant supply, coolant flow channels
to conduct coolant to the radiation sensor; and a coolant recovery
arrangement to conduct spent coolant away from the radiation sensor.

15
16. A test handler according to claim 15, wherein the coolant supply
arrangement, the coolant flow channels, and the coolant recovery
arrangement comprise a closed flow path which prevents loss of coolant into
the environment around the radiation sensor.

20

17.  Atest handler according to claim 16, wherein the coolant is air.

18. A test handler according to any one of the preceding ciaims, wherein
the radiation sensor is positioned adjacent to the heat transfer location.

25
19. A test handler according to claim 18, wherein the radiation sensor is
located over a path of travei of a electronic device between an onload position

and the test platform.

30 20. A test handler according to claim 19, wherein the heat transfer location
is operative to gradually change the temperature of the electronic device as it

moves along the path of travel.



-13- 21. A test handler according to claim?20, including a plurality of

radi ati on sensors positioned adjacent to the heat transfer |ocation,
wherein each radiation sensor is |located3at a different tenperature zone at
which a tenperature of the electronic device is to be nonitored. 5 22. A

met hod for tesfing ckaged el ectronic deyice at a desired.test..

t enper at ur e a?‘}'a t%&s‘%&a&?@g)@ﬁmrﬁmg tPe@?mhg%d'Pglf‘,gmgh% pﬁﬁ?'ﬁ%@fé%%ﬁ'%i ng the
steps of: briggisees dopAHED edijRIeRE ttb OthieC hatv trafsfeo Iecalion] fatkréiastach

t enperature by: assi ng the packaged. el ectroni c device through a

10 (
successi on of Fadiafient pefisef JF IOERiEHLAY @ KAtEreR] IeomeratuemAcse 8l eYRith € t herei n;

control | ing t{aghRpalA 6fQRe SlectBficliRaie id RN Abnikdredent s by a conput er _
operated controller; neasuring radiation emtted by the packaged el ectronic

device as 3t 15 passes through each of the heat transfer chanbers;

control l'ing t?@per@%tﬁo&‘tfor: %gtiﬁ%t péék%@éé e tBAPEEFed St %g?ééire'det%éf one

radi ati on sensor to detect rface Cenperature of the electronic device
by nmeasuring teagiesatuenataitesteplatforonin hded kardiasnithe thethadecemprigimgthedi ng
i nformation ageégoghe detected tenperature to the controller; 20 testing the
el ectronic det1 as said desired test tenperature; and controlling a

tenperature of a swinginyda phekaged elgttiohie deaitedd iaalesiredsest terhper@figdibg: t hat it

IS not subject to tenperature changes w thout any substantial  effect on the
{omer arufb: opatsng TEgEchaskl ECENIR ABHHR MTOuat & SHEFORIoT e Hansiet on

sensor. 25 23ghdnbat hadingteal famdert QetbhtsMheidin; Wherein the step of
mai ntai ning the radiation sensor at a desired tenperature includes

provi di ng a suppl ycostroding the operatiop ithe ineat Kansfer elemestighy @ncamputer ow pat h.
operated controller,

measuring radiation emitted by the packaged electronic device as it
15  passes through each of the heat transfer chambers;
controlling temperature at the heat transfer chambers using at least
one radiation sensor to detect the surface temperature of the electronic device
by measuring radiation emitted from the electronic device and providing
information as to the detected temperature to the controller,
20 testing the electronic device as said desired test temperature; and
controlling a temperature of a sensing element in the radiation sensor
to ensure that it is not subject to temperature changes without any substantial
effect on the temperature of the test handler environment external to the
radiation sensor.
25
23. A method according to claim 22, wherein the step of maintaining the
radiation sensor at a desired temperature includes providing a supply of air to

the radiation sensor through an air flow path.

30 24. A method according to claim 22 or claim 23, further including the step
of locating the radiation sensor adjacent to a test platform on which a

packaged electronic device is to be tested.



30 24. A nmethod according to claim?22 or claim23, further including the

step of locating the radiation sensor adjacent to a test platformon which
a packaged electronic device is to be tdd4ted. -14- 25. A method according
to any one of clains 22 to 24, wherein the electronic device is brought to

the desired test tenperature b a heat trans arra ement and further

i ncl udi ng thefite[f‘ EBEtF‘SQa"l’qCH IRg, 0 2y é’f‘leoﬂff g{gﬁ‘g%rZZ jAeeMrerel thee neat
transfer arraggegmid devicd® bpeugmttbQﬁb aégmodbagtehme@étweowachfea@{rama 22 to
25, further including the step of regulating tenperatures in the test

handl er with %[rqqg@ﬂmt%defm%hmc&qﬂ& thengleri &f lpeatjgntiev@dialioni sgrapss

received fromj Q@erﬁ@@t@tﬂﬁtrggggpgrrar;&n@m A nmet hod according to any one of
clains 22 to é wherein: the electronic device has a surface forned of

pl astic rreﬁerlal and the radlatlon emtted fromthe plastic surface is

measur ed. 28. 26A m;& %%&P&&foﬁdiggdﬁ anj‘gﬁ(e 8f13a| dQ‘ ﬂ ﬁJ f&r%hérqdﬁenzdm & ein the

step of 15 bringing the el’ectroni ¢ device t'o the Sir t est

t enperature sieprpmﬁ segulatipgs $emperaheepac kihge tesé | leartdierninvith de vieowerdtueugh a
heat transfer eat t nsf er gl enent erein; controlling
the operati onc%ﬁroﬂﬁr tﬁﬁ%‘é{eﬁ%ﬁg’ﬁg? Sgna ﬁ?e'lﬂ'§p Eor@gﬁ%mcﬁ? on3$180er at ed
controller; and neasuring radiation emtted by the packaged el ectronic
devi ce as it asses througqh t he heat transfer chanber. 29. A method

according'@o &hy dhdneihof| 35CREING 1o AMYgONGHr AINS He & @B, HhereiB: #Ag nt ai ni ng

the radiati onggehsiE dalice Higs Eﬁﬁ'aéeefHPﬁéétdfrpﬂ’adnecrh%ﬂﬁl Bhe\{hé"r&ﬂaﬁ’on supply
of coolant to the radiation sensor through a flow path

accordi ng to emiitedienythecplastiessuptace & TZQGSWEI@rel n the st ep of msu nt a| ni ng
the radiation sensor at a desired tenperature includes providing a

28. A method according to any one of claims 22 to 27, wherein the step of
15 bringing the packaged electronic device to the desired test temperature
comprises:
passing the packaged electronic device through a heat transfer
chamber having a heat transfer element therein;
controlling the operation of the heat transfer element by a computer
20 operated controller; and
measuring radiation emitted by the packaged electronic device as it
passes through the heat transfer chamber.

29. A method according to any one of claims 22 to 28, wherein the step of
25 maintaining the radiation sensor at a desired temperature includes providing a
supply of coolant to the radiation sensor through a flow path.

30. A method according to any one of claims 22 to 29, wherein the step of

maintaining the radiation sensor at a desired temperature includes providing a
30 supply of coolant to the radiation sensor through a closed flow path such that

there is no loss of coolant into the environment around the radiation sensor.

31. A method according to any one of claims 22 to 30, wherein the

radiation sensor comprises a thermopile device.



30 supply of coolant to the radiation sensor through a closed flow path such
that there is no | oss of coolant into the environnent around the radiation
sensor. 31. A nethod according to any erié-of clainms 22 to 30, wherein the
radi ati on sensor conprises a thernopile device. -15- 32. A nethod according
to claim31l, wherein the therngpile device includes thernocouples connected

in series, eash wit Mg apeHeinBol? &fiMa31comersilniie demepds devisgst hod

according to ABYidedehetinceb@ple® cdrndedh s¥MR) @abh it a H3Hiudction apgnsor s
| ocated over a path of travel of a electronic device between an onl oad

position and € &8ctign.atform 34. A nethod according to claim33, wherein
the step of bringing the 10 electronic device to the desired test

tenperature includes the step of gradually changing a tenperature of the
el ect roni & de¥d.ce Agnéthod sacnovding dboany ohe phclimefla tadd, . wisgeinAtheet hod

according to clai. I nel udi f .l [ 5
plurality of '%gg%t@b i%éﬂs’ésrg%‘s%r%gedo%rr léﬂinagig Rtggveibgggfegroﬁ@g&gkl {&gnbaet\‘ﬂ%%} ein each
radi ati on sensmonload lpositibedndta tastdildtfeement tenperature zone at which a
tenperature of the electronic device is to be nonitored.

34. A method according to claim 33, wherein the step of bringing the

10 electronic device to the desired test temperature includes the step of gradually
changing a temperature of the electronic device as it is moved along the path
of trave!.

35. A method according to claim 34, further including the step of locating a

15 plurality of radiation sensors over the heat transfer location, wherein each
radiation sensor is located at a different temperature zone at which a
temperature of the electronic device is to be monitored.



