19 JANUARY 2006 APPARATUS AND METHOD FOR TESTI NG SEM CONDUCTOR DEVI CES
FI ELD OF THE I NVENTION 5 This invention relates to an apparatu
for the testing of sem conductor devices, and in particul ar t??@@?ﬁﬂ%
of such devices in a singulated form BACKGROUND OF THE | NVENTION to
Sem conductor circuits are initially manufactured as wafers. A circul ar
waf er of a sem conductor material such as siliconis formed with a plurality
of individual circuits each of which is called a die (pl. dice). After the
dice are formed on the wafer, the wafler is cut so as to separate the dice
fromeach other and each die is then assenbled into a sem conductor package
with bond wires is connectj 0, R?é:l]s“ ie wwth the pins of the
package. A number of testéagﬁ%ﬁggﬁ% arecgérF?)ngd out at various stages in
the process. In particul BEESTING SERXGONDECTOR BEVICESt he devices whil e they
are still part of the wafer is carried out. This test is known as a wafer
test and is used to discard dies that have been incorrectly fornmed. 20 Once
the die is assenbled in a pa€kaldeOFtTHEINVENHONagain to ensure that the
package has been properly assenbled and that no damage has occurred to the
di e dursng the Essdémizhtiorandatesoteani aygpasatds tandvemetHod fdnathettestirdewst ce still
neets its design specifications. This test may be carried out at several
di fferent se¢reicpedutarr dsvides, @hdcik pratianet ter thet teatingrey soeh tdenjees dh wr e
sensitive. For

singulated form.

BACKGROUND OF THE INVENTION

10 Semiconductor circuits are initially manufactured as wafers. A circular
wafer of a semiconductor material such as silicon is formed with a plurality of
individual circuits each of which is called a die (pl. dice). After the dice are formed
on the wafer, the wafer is cut so as to separate the dicevfrom each other and
each die is then assembled into a semiconductor package with bond wires

15 connecting the bond pads of a die with the pins of the package. A number of
tests on the dice are carried out at various stages in the process. In particular, for
example, a test of the devices while they are still part of the wafer is carried out.
This test is known as a wafer test and is used to discard dies that have been
incorrectly formed.

20 Once the die is assembled in a package it is tested again to ensure that
the package has been properly assembled and that no damage has occurred to
the die during the assembly and processing and to verify that the device still
meets its design specifications. This test may be carried out at several different

temperatures to check parameters that may be temperature sensitive. For



19 JANUARY 2006 2 exanple commercial devices may be tested at 0C, 25C and

70C. Devices intended for mlitary applications nmay be tested F%)
extrene tenperatures still, for exanple -55C, 25C and 125C. Ipﬁ% ou‘flgyé?os%

be understood that the processing of sem conductor devices 5 is
conventionally divided into two categories: front end processing and back
end processing. Front end processing includes such processes as the

manuf acture of die bearing wafers and the separation of the dice fromthe
wafer. Front end processing is usuaIFy hi ghly aut onat ed. Back end
processing, on the other hand, includes device assenbly and packagi ng

Pracesses. oAb /\SHinAEAPEEDES: A, g0 WP ligdel Yodt ufs SRt pbliEly nature

and the degree ut omat'1 on. onent's i verse back end

brocessi NG, hpaKabiSyRld JRKOSUR. HeRbd fddy B mABEheRE (Ghbherent Mt hods

of delivering e sem rdi mai N~ Choi ce” bei'ng bet ween

del | veri ngstgur’] or%&)gﬁﬁﬁq% i2'3°é‘%ﬂ&§b§%,” ated form attached to a | eadf r ane,
or in a singulaté orm TésSting procéesses and apparatus, which 1s may
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processing is usually highly automated. Back end processing, on the other hand,
includes device assembly and packaging processes, and these processes are
10  more widely diverse in their nature and the degrees of automation. To supply
components to diverse back end processing apparatus and methods results in a
number of different methods of delivering the semiconductor dice, with the main
choice being between delivering the components in non-singulated form attached
to a leadframe, or in a singulated form. Testing processes and apparatus, which
15 may conventionally come between front and back end procéssing, may therefore
need to be highly flexible and capable of testing a large number of devices with a
reasonably efficient throughput so as not to slow down the manufacturing and
assembly processing time.
In summary, the testing of semiconductor devices is an important part of
20 the manufacturing process, and in order to prevent the processing time being

seriously delayed, methods and apparatus need to be designed that facilitate the

testing of such semiconductor devices in the most time-efficient and reliable

manner possible.



testing of such sem conductor devices in the nost tine-efficient and
reliable manner possible. 19 JANUARY 2006 3 PRI OR ART Wen thf29%ﬁ§ 5006
assenbl ed i nto sem conduct or packages, the packages are conventi ???
formed as part of what is called a leadfrane. In the past a 5 |eadfrane may
i nclude a single row of sem conductor packages, nore recently however

| eadf ranes may include two or nore rows of packages such that the

sem conduct or packages are arranged in an array. \Wen they are attached to
the | eadframe, the packages are electrically isolated fromeach other and
are physically connected to the | eadframe by one or nore tie bars. In this
condition io the devices are conventionally referred to as being

non- si ngul at ed sem conductor devices. United States patent application
serial nunmber unknown filed June ﬁ%mgéggé entitled "Method and Apparatus for
Testing Sem conduct or Devices" an | Eed to the assignee of the present
application, t contents of whi are incorpaorated herein by reference,
Gober | bes an apAPARICORR AR A oo st B RO, Mot pehvahSs

sem conduct or devi ces. ce the sem.conductor deyi ces haye been separated
from each Brteh‘é(?”vef‘ﬁ@f"éﬁr ot Paid oL |'Sa€’%"[?dd%\\f‘?aé’§§mev¥[? {5,83%ted hods are
known for &F ging siq%ﬁiated.dﬁvices, but enerall%abecause t he devi ces
have been éa PIE JBAY IETHde: 3 Snle 11, e M HUTHURIQE PapfR9es s OEE 1956P dual |y one
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semiconductor packages are arranged in an array. When' they are attached to
the leadframe, the packages are electrically isolated from each other and are
physically connected to the leadframe by one or more tie bars. In this condition
10  the devices are conventionally referred to as being non-singulated semiconductor
devices. United States patent application serial number unknown filed June 27
2001 entitled “Method and Apparatus for Testing Semiconductor Devices” and
assigned to the assignee of the present application, the contents of which are
incorporated herein by reference, describes an apparatus and method for testing
15 non-singulated semiconductor devices.

Once the semiconductor devices have been separated from each other
they are known as singulated devices. Various methods are known for testing
singulated devices, but generally because the devices have been separated from
the leadframe they must be tested individually one device at a time and this

20  substantially increases the time required to test a number of such devices. This is
particularly problematic when it is desired to carry out multiple tests per device,

for example during environmental testing when the devices must be tested at

different temperatures.



particularly problematic when it is desired to carry out multiple tests per
device, for exanple during environnental testing when the dev ?$N3E¢§2563
tested at different tenperatures. 19 JANUARY 2006 4 Conventi ona

exanpl e, tests on singul ated devices nust be carried out on substantlally
an individual basis. That is to say it is only possible to test one device
(or at nost 3 or 4) at a tinme. Conventionally for exanple, a test socket is
used. A test socket receives one device at a tine and is connected to a 5

| oadboard. At nost perhaps four differtent test sockets can be | ocated

si mul t aneously on a single | oadboard. The | oadboard may be | ocated within a

thermal chanber .to test  a eV|ce 0 as are. provided on.the

| oadboard) at %O’H'EQF eyt Frﬁé?’ﬁ‘?lé %S?A%?'Héwafﬁgt‘#dﬁ’%ﬁfm‘f |‘f?§”?fﬂdi vi dual
devi ces |nvolves sli des. s.to be_ 1o teste oad intfo rails or
tubes and Y Bl B0l gsi” ThEC s SR R0l SRS st o e
brought to esir One device a is | pad d into a
Dont S0t or ek ISR of ohEPRES Prlet 2 thas CoRvaE oAb R i aRe: SIEheoRE! devi ces.
15 SUWARY, OF TH INVEhWI%N According, to the present .invention there is
provi ded alSp&iest s 1§ rsock ﬁ&?'t"??lé’”%l iﬂea?tea e @PH dRiPNB.IPL S Juring a

testing oper atl on, risin mai n_body and a support nenber, wherein
sai d su?)poltola Pl%ﬁfﬁer qﬁgd@ergppsndﬁur different’ test sockefs can be locatéd

simultaneously on a single loadboard. The loadboard may be located within a
thermal chamber to test a device (or as many as are provided on the loadboard)

at a desired temperature.
Another method of testing individual devices involves slides. Devices to be
10 tested are loaded into rails or tubes and are allowed to slide into a thermal
chamber where they are brought to a desired temperature. One device at a time
is loaded into a contactor mechanism that brings a test head into contact with the

devices.

15
SUMMARY OF THE INVENTION
According to the present invention there is provided apparatus for
supporting singulated electronic devices during a testing operation, comprising: a
main body and a support member, wherein said support member is made of non-
20  conducting high-resistivity material and comprises a plurality of recesses, each

said recess being adapted to receive an individual singulated device.



20 conducting high-resistivity material and conprises a plurality of
recesses, each said recess being adapted to receive an indiviﬂyj UARY 2006
si ngul at ed device. 19 JANUARY 2006 5 Preferably neans are provide
associated with each recess for releasably holding a singulated device in
the recess. For exanple the hol ding nmeans may conprise suction nmeans or
gripping neans. In preferred enbodi nents of the invention the recesses are
shaped so as 5 to conformto the shape of a device to be received therein.
In one exanple, each recess is formed with sides that taper inwardly
towards the bottom of the recess, at |least two raised projecting portions

for supporting Hé?er%ﬁl?%ﬁ Ea‘?e gfowio%% %Q%étgé witﬂeefa};ﬁ"r sgférprgfégsgbq recei ving

t he body of a device cess wou recerving devices

formed wit ol'd Fr@ﬂ%&é&%exﬁ&ﬂ%hg rQ{ & #&C&%ﬁwlétd h&Bnﬂb'rﬂcX&n@’}ﬂafor med wi th

a flat bot or receiVving ereln anar 241 ess

devi ces. DCB%?L§Q£UC§'BRH%#‘ trgﬁgp@;eﬁ ces nde used wth the sane nmai n body

dependi ng on nature o 0 be tested, and the support nenbers

can be readily fn:}SrS(e?ﬁé@%%umﬁ’é%&%BF {h%ll \Yen om rr%'c:.%]s%soafreﬁH%ngo ggsrrbers may

be is |located O 1S forned
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at least two raised projecting portions for supporting the leads of a device and for
defining a space for receiving the body of a device. Such a recess would be
useful for receiving devices formed with leads. Another example of a recess is

10 shallow and formed with a flat bottom surface for receiving therein generally
planar leadless devices.

Different support members may be used with the same main body
depending on the nature of the devices to be tested, and the support members
can be readily interchanged. Potentially a plurality of support members may be

15 located on a singie main body.

Preferably the main body is formed with an embedded heating element for
heating electronic devices to be tested.

Viewed from another aspect the present invention also extends to
apparatus for testing singulated electronic devices, comprising: a plurality of

20 carrier means, each said carrying means being adapted to carry a plurality of
singulated devices, input means for placing singulated devices onto said carrier
means, at least one environmental control means for subjecting said devices to

be tested to selected environmental conditions, a test head, means for removing



20 carrier means, each said carrying neans being adapted to carry a
plurality of singulated devices, input nmeans for placing singuhﬁj Aﬂﬁyiﬁﬁ§
onto said carrier neans, at |east one environnental control ngans for

subj ecting said devices to be tested to selected environnental conditions,
a test head, neans for renoving 19 JANUARY 2006 6 tested devices fromsaid
carrier neans for further processing, and neans for conveying said carrier
nmeans between said i nput nmeans, said environnental control neans, said test
head, and said renoving neans, Viewed® roma still further aspect the
present invention extends to 5 apparatus for testing singulated electronic

devi ces, R IS Aol WALLL Y, Heor€LY hARCIBANSCFACH PRInERe vi g oans
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singulated devices, input means for placing singulated devices onto said carrier

means, a test head, means for removing tested devices from said carrier means

for further processing, and means for conveying said carrier means between said

10 input means, said test head, and said removing means.
Viewed from a still further aspect the present invention extends to a
method of testing singulated electronic devices, comprising: placing a plurality of
singulated devices on a carrier means, conveying said carrier means to a test

head, conveying said carrier means from said test head to an output location,

15 and removing said singulated devices from said carrier means.

BRIEF DESCRIPTION OF THE DRAWINGS
Some embodiments of the present invention will now be described by way
of example and with reference to the accompanying drawings, in which:-
20 Fig.1 is a perspective view of a support member for singulated devices
according to a first embodiment of the invention,
Fig.2 is a perspective view of the combination of a support member

according to a second embodiment of the invention,



of exanple and with reference to the acconpanying drawi ngs, in which: 20
Fig.1 is a perspective view of a support nenber for singulate%yﬁaﬂéz 2006
according to a first enbodi nent of the invention, Fig.2 is a perspective

vi ew of the conbination of a support nenber according to a second

enbodi nent of the invention, 19 JANUARY 2006 7 Fig.3 shows a variety of

di fferent support nenbers in cross-section, Fig.4 is a section through
support nenber of Fig.2 located on a carrier nenber show ng the use of
gripping neans to hold singulated devices on the support nember, 5 Fig.5 is
a section through the support nenber of Fig.1l located on a carrier nenber

Of 79,1 showi B, 4 1Ruio, GlerdUEliionnt 8,0k drimgulaled deyiges on the

support nenber, rspecti ve' vi ew e conblrnhati'on of the
support nenber on . a.carrij 7 is a

f . .Fig. 1.l t | . ;10 Fiqg.
per spective vi g{%'4ofs '?%80%0 h ?%lgqq\ BIPPSH 'P%r@b%trj%ﬁ'gge(?gﬂtﬁgrono?Icgﬁleé. 2 | ocat ed
i nb i 0.8, ti i f. t nbi nat | f
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illustrates the use of an overhead heating elenent in a testing 15 process,
and Fig. 10 sho&)f SYRPRY QISR of a testing sequence using an enbodi ment of

5 Fig.5 is a section through the support member of Fig.1 located on a carrier
member of Fig.1 showing the use of suction to hold singulated devices on
the support member,

Fig.6 is a perspective view of the combination of the support member of
Fig.1 located on a carrier member,
10 Fig.7 is a perspective view of the combination of the support member of
Fig.2 located on a carrier member,
Fig.8 is a perspective view of the combination of a support member and a
carrier member according to another embodiment,
Fig.9 illustrates the use of an overhead heating element in a testing
15 process, and
Fig.10 shows an example of a testing sequence using an embodiment of

the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
20 Referring firstly to Fig.1 there is shown a support member 1 for carrying a
plurality of singulated semiconductor devices through a testing process. The
support member 1 comprises a generally rectangular member formed of a non-

conducting material of high electrical resistance such as Torlon provided by



the present invention. DETAI LED DESCRI PTI ON OF PREFERRED EMBCODI MENTS 20

Referring firstly to Fig. 1 there is shown a support nenber 1 I a
plurality of singulated sem conductor devices through a testi n%&‘?)‘?]g@&égh%e

support nenber 1 conprises a generally rectangul ar nmenber fornmed of a non-
conducting material of high electrical resistance such as Torlon provided by
19 JANUARY 2006 8 Anpbco Polynmers Inc. Wthin the upper surface of the
support nenber | are forned a plurality of recesses 2 each sized and shaped
SO as to receive a single singulatedgdevice to be tested. In the enbodi nent
shown in Fig.1l, ten such recesses 2 are provided in two rows of five, but
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recess and which extends through the support member as will be discussed
below, the recesses are formed in the upper surface of the support member 1 but
do not extend therethrough.

10 Fig.6 shows in perspective the combination of the device support member
1 and a main body 4. The main body 4 is formed of a conducting material coated
with a non-conducting material. The main body is formed to be generally
rectangular and slightly larger than the support member 1. In an upper surface of
the main body 4 is formed a recess defined by shoulder portions 5 of the main

15 body. As can be seen from Fig.6 the recess is of the same size as the support
member 1 which rests on the shoulder portions 5. Fig.5 is a sectional view
through Fig.6.

Figs.2, 4 and 7 show a second embodiment of the invention in which a
support member 1 is located within the recess of the main body 4. In this

20 embodiment ten recesses 2 are provided in two rows of five. As will be explained
in the following, the two embodiments of Figs.1 and 2 are designed for different
types of semiconductor devices. In particular the embodiment of Figs.1 and 6 is

designed in particular for semiconductor devices formed with leads extending



menber 1 which rests on the shoul der portions 5. Fig.5 is a sectional view

through Fig.6. Figs.2, 4 and 7 show a second enbodi nent of the,4 ion. |
which a support nenber 1 is located within the recess of the h%?/xﬁ%‘ﬁﬁw
As

In this 20 enbodinment ten recesses 2 are provided in tw rows of five.

wi ||l be explained in the follow ng, the two enbodi nents of Figs.1l and 2 are
designed for different types of sem conductor devices. In particular the
enbodi ment of Figs.1l and 6 is designed in particular for sem conductor
devices formed with | eads extending 19 JANUARY 2006 9 from an encapsul at ed
body portion, while the enbodi nent showmn in Figs.2 and 7 is designed
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thin and which ave s exten ere ring firstly to
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i nwardly sTi positioning 1nthe recesses 0 evices to be
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t he surface recess wt 1 is slightly higher
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the guide )Mi,le!nsd tfngrsu%ggé)(fﬁto’f tr?engec%gse%ithltke guide walls 11 is slightly higher

than the surface 13 of the recess 2 between the guide walls 11 and the side walls

10. The objective of this design is so that the recess is configured to receive

10 therein a particular packaged semiconductor device for testing. In particular the

encapsulated body of the device will be received within the guide walls 11 and

resting on the surface 12. The leads of the device will extend at right angles from

the body and may rest on the top of the guide walls for éupport, and then will

extend downwardly toward (but not necessarily touching) the surface 13 of the

15 recess 2. It will thus be understood that the size and configuration of the recess

will be designed with the size and shape of a particular encapsulated

semiconductor device in mind, which may be either an in-line device or a quad

device.

Located in the surface 12 within the guide walls 11 is a suction aperture

20 14 that connects via bore 15 to a suction passage 16 formed in the main body 4.

It will be understood that in this way a device may be held in place within a

recess 2 by means of suction applied through passage 16, bore 15 and aperture

14. The suction may be provided through a one-way valve (not shown) such that



extend downwardly toward (but not necessarily touching) the surface 13 of
the 15 recess 2. It wll thus be understood that the size and 39{}“ urati82
of the recess wll be designed with the size and shape of a p rOOARY 20
encapsul ated sem conductor device in mnd, which may be either an in-line
device or a quad device. Located in the surface 12 within the guide walls
11 is a suction aperture 20 14 that connects via bore 15 to a suction
passage 16 forned in the main body 4. It will be understood that in this
way a device may be held in place within a recess 2 by nmeans of suction
appl i ed through passage 16, bore 15 Hnd aperture 14. The suction may be
provi ded t hrough a one-way val ve (not shown) such that 19 JANUARY 2006 10 if
t he carri,ﬁr is t.er‘rPO@%]ril . removed {roma sour(\;e of suction there renmains a
vacuum beh&§ FATIRE 'SqleUIPOEE TS 6°HQVad TR SRR AT SURURP E6HR f$T0@N8 @ be hel d in
pl ace. Alternatively the apertures could connect to a si ngl e conmon vacuum
chanber f\GI°HEd PW%&HW&‘?W'%@P ando @GﬁW@ct{“?hEﬁ‘eb/cﬁoﬁf“PUQFPe ¢ delkskes to
provide 5 suction thereto. Figs. 2, 4 and 7 show an enbodi nent of the
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sen conduct or devices such as |eadl ess devices and area array packages. An
i npor t antchanioes femed ibdsveai PedsandayBichhio ahietrregsses tCFPEj,é(!G%, 5 and 6 is
that the devices to be tested are 1o generally planar and relatively thin.
Ther ef’or SUchen theeieses 2 forned in the support menber 1 are correspondingly

shal l ow and there is no need to provide .
Figs. 2, 4 and 7 show an embodiment of the invention designed in

particular for use with generally planar semiconductor devices such as leadless
devices and area array packages. An important difference between this
embodiment and thét of Figs.1, 5 and 6 is that the devices to be tested are
10 generally planar and relatively thin. Therefore the recesses 2 formed in the
support member 1 are correspondingly shallow and there is no need to provide
guide walls within the recess. Instead the devices simply rest on the surface 12
of the recess. In this embodiment instead of using suction to hold the devices in
the recesses, gripping members 20 are used, with two gripping member 20 being
15  provided on either side of each recess 2. Each gripping member 20 is adapted to
pivot about a pivot axis 21 by movement of a pneumatically operated piston 22.
Piston 22 is connected to an air supply through passage 23 formed in the main
body 4. It will be understood that upon application of air pressure to the piston
22, piston 22 moves upwardly so as to urge the gripping members 20 apart. The
20  gripping members 20 may be spring-biased so that upon removal of the air

supply they pivot inwardly toward each other and so as to grip a device held in

the recess.



guide walls within the recess. Instead the devices sinply rest on the

surface 12 of the recess. In this enbodi nent instead of usin i
hold the devices in the recesses, gripping nenbers 20 are usgld({sjj@m%‘ﬁ?‘f%\g%

gri ppi ng menber 20 being 15 provided on either side of each recess 2. Each
gripping menber 20 is adapted to pivot about a pivot axis 21 by novenent of
a pneumatically operated piston 22. Piston 22 is connected to an air supply
t hrough passage 23 fornmed in the main_ body 4. It will be understood that
upon application of air pressure to t he pi ston 22, piston 22 noves upwardly
SO0 as to urge the gripping nenbers 20 apart. The 20 grippi ng nenbers 20 may

be spring- bi asegl fpnd Uﬁderé{BQ&'tHa?'fﬁ?eVﬁJgpgﬁ n’%é?ﬁbﬁ'enf gbl.%‘{Bl%%y LR ¥pt i nwardl y

toward each other and so as to grip evi ce in the recess. 19 JANUARY
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nunber of ul'ated sem conductor devices at on I e, e si'ngul at ed
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tested. As aiS(S) bsehtPn ersitgocj:tihgt z:ag Wi(}eh\(/aarlre?ycgfs (ﬁﬁesrerr]rta%rn\{sa (r)]y SJp'bgm member may
be provided for different types of singulated devices, and a different form of
support member can be fitted to the carrier member depending on the nature of
10  the devices to be tested. As is shown in Fig.3, the recesses may vary from
shallow recesses for thin planar devices, to deep recesses with supporting walls
and intermediate depth recesses.
Fig.8 shows another embodiment of the invention in which a carrier
member 28 is adapted to support a number of smaller support members 29 each
15 of which is in turn provided with a plurality of recesses for holding a number of
semiconductor devices per support member. Again it will be understood that the
number and type of the support members may be varied on the universal carrier
member depending on the devices to be tested. By providing multiple smaller
support members on a single carrier member, potential difficulties with thermal
20  stress of the support member as it undergoes heating and cooling cycles may be
mitigated.

It should also be noted that to facilitate the heating of semiconductor

devices for testing purposes, the carrier member may be provided with a number



shal | ow recesses for thin planar devices, to deep recesses with supporting

walls and internedi ate depth recesses. Fig.8 shows another e i ment
nvention i n | - oo Pl 2l

the invention in which a carrier nenber 28 is adapted to suppor

of smaller support nenmbers 29 each 15 of which is in turn provided with a
plurality of recesses for holding a nunber of sem conductor devices per
support nenber. Again it wll be understood that the nunber and type of the
support nenbers nay be varied on the universal carrier nenber dependi ng on
the devices to be tested. By providing nultiple smaller support nenbers on
a single carrier nmenber, potential difficulties with thermal 20 stress of
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devi ces’ f ofPR '@9 %r%ﬁ%’@%f (S gr 'gISEﬁN@Pa%{ﬁO B\V/%gﬁé%{@ heating device such as

a heating plate 27 (Fig.9) until it is brought near to or into contact with
t he devi ces. Another way of heating semiconductor devices for testing purposes is to

lower an overhead heating device such as a heating plate 27 (Fig.9) until it is
brought near to or into contact with the devices.

An example of an environmental testing method and apparatus employing

10 an embodiment of the invention is shown in Fig.10. Fig.10' shows the sequence

of steps as a carrier is moved through a testing apparatus. The sequence begins

at position A where singulated devices to be tested are placed within the

recesses formed on the support member. The carrier is then elevated by

elevating means 30 to position B. From position B the carrier is moved by kicker

15 means onto a conveyor 31. Conveyor 31 then transports the carrier to position C.

from position C the carrier is then moved sideways off the conveyor 31 into an

environmental control means 32 which is designed to either heat or cool the

devices prior to being tested so that they are tested at a desired temperature.

The testing is performed with the carrier at position D by testing means 33.

20 Although not shown in Fig.10, testing means 33 will include a test probe head

comprising a plurality of pogo pins adapted to contact the leads of the singulated

devices received within the recesses and to carry out appropriate tests on the

devices. The configuration of the test head will depend on the number, type and



An exanpl e of an environnental testing nethod and apparatus enploying i0 an
enbodi nent of the invention is shown in Fig.10. Fig.10 shows t 6
of steps as a carrier is noved through a testing apparatus. The Sequence
begins at position A where singul ated devices to be tested are pl aced
within the recesses forned on the support nenber. The carrier is then

el evated by elevating neans 30 to position B. Fromposition B the carrier
is noved by kicker 15 neans onto a conveyor 31. Conveyor 31 then transports
the carrier to position C fron1p03|ﬂ%on Cthe carrier is then noved

si deways of f the conveyor 31 into an environmental control nmeans 32 which
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singulated devices are removed from the carrier. Devices that passed the testing
process may be delivered by any suitable means for further processing, while
10 devices that failed the test may be destroyed. The carrier is then lowered by
elevator means 34 to a position G level with position A and the empty carrier may
be returned by a conveyor back to position A for the cycle to begin again.
It should be noted here that for devices for which thé test is ambiguous in
the result, the devices may remain on the carrier and may be tested again. Also,
15 if it is desired to test devices repeatedly at the same temperature, the devices
may be left on the carrier to be tested again, or the devices may remain on the
carrier to be tested a second time, but the environmental control means 32 may
be set to provide a different temperature.
Generally, it will be understood that by providing carrier means for carrying
20 a plurality of singulated devices for testing allows a high degree of flexibility, and
the ability to construct modular testing facilities. For example, in the embodiment

of Fig.10 it would be possible to provide a second environmental control means

and a second testing means so that the devices could be tested at two



position Fin a direction opposite to the direction Cto D. At position F
the singulated devices are renoved fromthe carrier. Devices

the testing process nay be delivered by any suitable neans fo?&$£N€§§§3906
processing, while to devices that failed the test may be destroyed. The
carrier is then lowered by elevator neans 34 to a position Glevel with
position A and the enpty carrier may be returned by a conveyor back to
position A for the cycle to begin again. It should be noted here that for
devices for which the test is anbiguols in the result, the devices may
remain on the carrier and may be tested again. Also, 15 if it is desired to

t t devi t edl t .t t t i | ef t
e cner: SRk A ET ol SR o ML I b TR o e T
be tested a second tine,, but the envionnmepntal ggﬂ%bﬁk means ﬁgénay be set
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providing carrier means for, carrvyin 0 a plurality of_ singulated devices
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construct nodular testing facilities. For exanple, in the enpodi ment of
Fig. 10 it G @ BEYHERUIEMEans ossypPHias FOUEE BhemBerASAdIRRIRG SISTESR r ol means
and a second testing neans so that the devices could be tested at two 19
JANUARYS 2088 df&“%sé*ﬁp?é?oé{ffu?fe@a%é’lﬁﬁ@ﬁt%ﬂ%he%"t heting smery AssEessEPthder st ood
that the enyjropnmental _control neans may .be provi de neans. for heating or
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means nmay conprise, for exanple, an oven, or m ovi de neans for

Suppl yi ng BB Mashs b e dERIHRETARY BRkARKpS accompilshed, for example, by

providing means for introducing a cooling gas such as evaporating liquid

nitrogen.



s as di scussed above, or may include an overhead heating el enent as
described with reference to Fig.9, or a conbination of the ab@vgnda gjq?6
environnmental control neans is a cooling chanber, that nay be accoﬁ%iis ed,
for exanple, by providing neans for introducing a cooling gas such as
evaporating liquid nitrogen. 10 19 JANUARY 2006 15 What is clainmed is: 1.
Apparatus for supporting singulated electronic devices during a testing
operation, conprising: a main body and!a support nenber, 5 wherein said
support nenber is made of non-conducting high-resistivity mterial and
conprises a p bd Ay recesses, each said recess being adapted to
recei ve an ingw%?ggg#ng%HEUIated device. 2. Apparatus as clained in claim1l
wherein nmeans are provided 10 associated with each said recess for

rel easably holding a singulated device in said recess. Apparatus as cl ai ned

in claim2 wherein i oldin ns.. i S ion.neans. 15 4.
Apparatus as cl ai n%@?%r%tu It??rﬁ%p&ﬁﬁpef'ﬁ&g’g{;eﬁ g%lcﬁgrﬁéc(gesvé&%sgu?qﬁ' %ed wth a
suction apertyr(ta connected to a.suction pa sagewa f or mag in %ai d main
body. esfing operation, comprising: a main bo 9 and a support member,

5 wherein said support member is made of non-conducting high-resistivity

material and comprises a plurality of recesses, each said recess being

adapted to receive an individual singulated device.

2. Apparatus as claimed in claim 1 wherein means are provided
10 associated with each said recess for releasably holding a singulated

device in said recess.

3. Apparatus as claimed in claim 2 wherein said holding means
comprises suction means.

15
4 Apparatus as claimed in claim 3 wherein each said recess is
formed with a suction aperture connected to a suction passageway

formed in said main body.



19 JANUARY 2006 16 5. Apparatus as clainmed in claim3 or claim4 wherein
each said recess is fornmed with a suction aperture that conn

single comon vacuum chanber formed in the main body. 5 6. AggéfalggggépO6
clainmed in any one of clainms 2 to 5 wherein said hol ding nmeans conpri ses
gripping nmeans. 7. Apparatus as clained in claim®6 wherein said gripping
means conprises a pair of gripping nenbers di sposed on respective sides of
10 each said recess. 8. Apparatus as clladimed in claim?7 wherein said

gri pping menbers are adapted to pivot between positions in which they

croase o 0oV se. . A0S RRR LI rkd RS, SLF SR FSaehbagedl 12,

Appar atus as cl ai ne n'sai pl Ng - nmenbers

are adapt ed t%fpi VOtAE% méanﬁhof a ﬁneumat' calntbx act uat,(edt i st on menber. 19
JANUARY 2006 TFC1D, 'S AlSpEFdt (N a2 HCHPRetPa )b 78N 37t ne 8r8‘888i ng clai ns
wherein said recesses are sh%pig%so as to co fo({%ranto t he shape of a device
to be recei vEYNMRENECHUMChRMDER frmed: i theymayry d in any one of the

precedi ng cl ai n8 wherein

5 6. Apparatus as claimed in any one of claims 2 to 5 wherein said

holding means comprises gripping means.

7. Apparatus as claimed in claim 6 wherein said gripping means
comprises a pair of gripping members disposed on respective sides of

10  each said recess.

8. Apparatus as claimed in claim 7 wherein said gripping members
are adapted to pivot between positions in which they engage a device,
and positions in which said device is released.

15
9. Apparatus as claimed in claim 7 or claim 8 wherein said gripping
members are adapted to pivot by means of a pneumatically actuated

piston member.



each said recess is formed with sides that taper inwardly towards the

bottom of the recess, at |east two raised projecting portions fg)jAl.ﬁH,ﬁggﬁ jghg
the | eads of a said device and for defining a space for recei V]i ng the oddy

of a said device. 10 12. Apparatus as clainmed in claim 11l wherein the space
defined by said raised projection portions has a surface that is higher
than the bottom surface of the remainder of the recess. 15 13. Apparatus as
clainmed in any one of the preceding cldi’ns wherein each said recess is

shal low and formed with a flat bottomsurface for receiving therein

screrel |y plaver | s ans SeUofse: ol SHBS1 i huaBfaEd Wby one

t he precedi ng Cl ai sal d ppor ocated wthin an

por L1 ons. of | <78 IRETTCBaT “aaesh e R o Ong T Ko eely SR8 ha g, 15,

Apparatus as cl ai rr%(r:} in.claim14 wherein a plurality of support 5 nenbers
are located ofFE"S B '€ hai n body. 16. Apparatus as clained in claimany one
of the preceding clains wherein the main body is formed with an enbedded
heating el ement for heating electronic devices to be tested. 10

5 11. Apparatus as claimed in any one of the preceding claims wherein
each said recess is formed with sides that taper inwardly towards the
bottom of the recess, at least two raised projecting portions for supporting
the leads of a said device and for defining a space for receiving the body

of a said device.

12.  Apparatus as claimed in claim 11 wherein the space defined by
said raised projection portions has a surface that is higher than the bottom

surface of the remainder of the recess.

15 13. Apparatus as claimed in any one of the preceding claims wherein
each said recess is shallow and formed with a flat bottom surface for

receiving therein generally planar leadless devices.

14.  Apparatus as claimed in any one of the preceding claims wherein

20 said support member is located within an opening formed in said main



17. Apparatus for testing singulated el ectronic devices, conprising: a

plurality of carrier means, each said carrier neans being adapf@fw@%&aié%
a plurality of singul ated devices, input neans for placing singulate

devices onto said carrier neans, at |east one environnmental control 15 nmeans
for subjecting said devices to be tested to sel ected environnent al
conditions, a test head, neans for renoving tested devices fromsaid

carrier neans for further processing, ald nmeans for conveying said carrier
means between said i nput neans, said environnental control means, said test

head, and said r [ : RY. . par s for
testing si ngu:%é)fjggé%\eéll %g{spg'ﬁ{gﬁoﬁégﬁ égglgﬁggﬁﬁ?ﬁdég%% &cgdylgftﬁﬁgﬁ&@é@q carrier
means, each s:‘a;]j‘d carrier. neans being adapted to carry a plurality of

si ngul ated deVi¢85eS Phvdle OREXRE for pl aci ng singul ated devices onto said
carrier neans, a test head, neans for renoving tested 5 devices fromsaid
carrier neans for further processing, and neans for conveying said carrier
means between said input neans, said test head, . and said renoving neans.
19. A met hod dﬁ-teé\PPg@t‘éﬁ Ay AIEMEd 18] deifit dfi Whelel eerluradibngt sYrrRyt 10
placing a plurality of singulated devices on a carrier nmeans that includes

one or noré sUMPBRErsAeHRsARI R SHYleMABRAnduct i ng high- resistivity
material and conprises a plurality of recesses, each said recess

16.  Apparatus as claimed in claim any one of the preceding claims
wherein the main body is formed with an embedded heating element for

heating electronic devices to be tested.

17.  Apparatus for testing singulated electronic devices, comprising: a
plurality of carrier means, each said carrier means being adapted to carry
a plurality of singulated devices, input means for placing singulated
devices onto said carrier means, at least one environmental control

15 means for subjecting said devices to be tested to selected environmental
conditions, a test head, means for removing tested devices from said
carrier means for further processing, and means for conveying said carrier
means between said input means, said environmental control means, said
test head, and said removing means.

20



bei ng adapted to receive an individual singulated device, conveying said
carrier neans to a test head, 15 conveying said carrier neans f§5§&6ﬁﬂ§566§“
head to an output |ocation, and renoving said singul ated devices fromsald
carrier neans.

19

18.  Apparatus for testing singulated electronic devices, comprising: a
plurality of carrier means, each said carrier means being adapted to carry
a plurality of singulated devices, input means for placing singulated
devices onto said carrier means, a test head, means for removing tested
5 devices from said carrier means for further processing, and means for
conveying said carrier means between said input means, said test head,

and said removing means.

19. A method of testing singulated electronic devices, comprising:

10 placing a plurality of singulated devices on a carrier means that
includes one or more support members made of a non-conducting high-
resistivity material and comprises a plurality of recesses, each said recess
being adapted to receive an individual singulated device,

conveying said carrier means to a test head,

15 conveying said carrier means from said test head to an output

location, and

removing said singulated devices from said carrier means.





