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-FIELD OF THE INVENTION 5 10 15 This invention relates to an apparatus and
nmet hod for the testing of sem conductor devices, and in particular to the
testing of such devices in a singulated form APPARATUS AND METHOD FOR ,
TESTI NG SEM CONDUCTOR DEVI CES BACKGROUND OF THE | NVENTI ON Sem
circuits are initially manufactured as wafers. A circular vvarmmmm mm’mmmm
sem conductor naterial such as silicon is formed with a plurality, o
i ndi vidual circuits each of which islcalled a die (pl. dice). Aftér'*¥he
dice are forned on the wafer, the wafer is cut so as to sepgmate t he dice

from each other and each Q‘P%ﬁlg%ﬁg(}gd;t& ?hs?rr:‘iec Wﬂ,ﬂwmﬂ’mﬁwage

wi th bond wires connecting t
out at vari oumoskages in

[
package. A nunber of te3IESTING SAMIGONBUSTOR BEVIGES
the process. In particular, for exanple, a test of the devices while they
are still part of the wafer is carved out. This test is known as a wafer
test and is usd to discard dilleldd OfatHERINENBEON i ncorrectly forned. 20 Once
the die is assenbled in a package it is tested again to ensure that the
packagé has beéhispinggdionyreipies tpladdappatatus andnyethereige thedestiog wofred to the
die during the assenbly and processing and to verify that the device still
meets its WEYFAHUStoe drFicesitanenk. patiewan tosthenteptings of apeh deviers irae sever al
different tenperatures to check paraneters that may be tenperature
sensitive.Sa¥ated foomo r 12062 12: 42 675A3186 r=; Sh~1 LEG-L , PAGE 04j 26 2

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 dice'from 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 carned 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
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exanpl e commerci al devices may be tested at 0C, 25C and 70C. Devi ces
.intended for mlitary applications may be tested at nore extrene
tenperatures still, for exanple -55C, 25C and 125C. It should al so be
understood that the processing of sem conductor devices s is conventionally
*divided into two categories: front end processi ng and back end processing.
Front end processing includes such processes as the manufacture of die
beari ng wafers and the separation of the dice fromthe wafer. Front end
processing is usually highly automaté&d. Back end processing, on the other
hand, includes device assenbly and packagi ng processes, and these processes
A oo e o bRl SBvEL, WG, BRI & 8% Johe dAacr@es oilioaut ot of.
To supply conponents to diverse back end processing apparatus and mnet hods
results i ; | fnfi B4 t f Lvekr L conduct or
i oo, i 1 IR e e Rt ot e e o B

non- si ngulat %ngﬁ\g'qugqg%%ggdqz opadf rane, or in a singulated form

Testing procéesses and apparat us, Ich is may conventionally conme between

front and backy Eﬁ%lcﬁ’éllgs%éﬁjnﬂg%d&)fh%t% | Qés%ir%ﬁﬁgaﬁlfbopﬁuc%rg%{/%eg | exi bl e and

capabl e of testing a l'arge nunber o i ces th a reasonably efficient
t hr oughputs &shvastidhally Hi‘?id@&%‘i\f??‘@at%ﬁ&ié%?ﬂbﬁt%ﬁ”drbé&siﬂﬁ%,n&%%@(‘@ﬂxd’ processi ng

time. In summary, the testing of sem conductor deviceS Is an | nportant part

of 20 t he prRREdIRG RIGHNIIrOERSiRg iklkes Budl StBEeskBs BE MeSHMnUurB'opCcessi ng
time being seriously del ayed,” net hods and apparatus need to be designed

that faci lijd pesrirgh@afefs bhd GhkeSatalibrs 81MHE0ME. Glof tHHEWRIRESFoRt ERE Most
time-efficient and reliable manner possible. 19,107/ 2807 12:42 6?58513 ~;

SP. 9 LEGHprdoe&ding & Listily3highty SBtofiated/ BBk bhe prlicessiry, @nakss sthibl Rghdi nt 0

sem conduct or packages, the packages are conventionally fornmed as part of

what is cadridsaidvicadssamBly aritt pakaging tprécessés; 2Rl nAsSR: prvedsaslasle a single
row of sem conduct or packages, nore recently however | eadfranes nmay incl ude

tWwo orjoniveoré avidelpfdiveesekingpeir Haale tahatthé Riegesiof antbaettion. PaekRges are
arranged in an array. Wien' they are attached to the | eadfranme, the

packages abpBhéié td Giddrsy bSOk BdcbdsiHy Aparated Hed mathdda resudinsa cal |y
connected to the |l eadfrane by one or nore tie bars. In this condition zo

t he devi ceamberoCdiigient methabs vf d&fveringthetseniconbettogdioe with thg wheii ed

sem conductor devices. United States patent application serial nunber
unknown f ichéide Buing bdtvedDiklivating tthe compdniehtadn aostsifgplatedtforen dttachdest i ng

Sem conduct or Devi ces" and assigned to the assignee of the present

appl i cati ¢} [¢dufracenbeint s sinfulateddormarTestingcpropessas add apparates bwhickef er ence)
descri bes an apparatus and nethod for testing as non-singul at ed

sem coridumaeayrconeerntoaslly @mebetivees nntcandchack end geocessitg, Imaydheretone spar at ed
from each other they are known as singul ated devices. Various nethods are
known for neestad behighlydiekibtecanddmpible of teisting g éamgs aurhlerof daviess withea devi ces
have been separated fromthe | eadfranme they nust be tested individually one
devi ce at reasonably affitiantithropghmsitiisetasnat 40 Islow dewr dheemanufecturing an@équired to
test a nunber of such devices) This is particularly problematic when it is
desired t @sgembly pragessing tinpl e t ests per device, for exanple during
environnmental testing when the devices nust be tested at different

t enper at ures. n sigmmaryy the tesiggrofisemicrdectandavdds-ig grimportantpsit oP~GE 061 26 4

Conventionally, for exanple, tests on singulated devices nmust be carried
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.
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out on substantially 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
time and is connected to a s | oadboard. At nost perhaps four different test
"sockets can be | ocated sinultaneously on a single | oadboard. The | oadboard
may be located within a thermal chanber to test a device (or as many as are
provided on the |oadboard) at a desired tenperature. Another nethod of
testing individual devices involves slides. Devices to be to tested are

| oaded into rails or tubes and are allowed to slide into a thermal chanber
where they are brought to a desired tenperature. One device at atine is

| oaded into a contactor nechanismthat brings a test head into contact with
t he devices. 15 SUMVARY OF THE | MHNR ARIFAccording to the present invention
there is provided apparatus for supporting singulated el ectronic devices

during a testiwnhefles dibé are assempledshtd emtoRBidloriReNageBttha patiest nenber,
wherein said support menber |Is made of non 20 conducting high-resistivity

mat eri al  arsl comEptidRAy farmddias paft \of Ahal RCEHIZES 1683FEMSE.AhThE _Qiﬁet?? being
adapted to receive an individual slngulated device. 1910 ~ 2002 12:
49 675391 8shdfenmel mardlude~4kinglél rd & semiconductor packages, more recently
however leadframes may include two or more rows of packages such that the
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 conﬁected 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.
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Preferably neans are provided associated with each recess for rel easably
-hol ding a singulated device in the recess. For exanple the hol ding neans
may conprise suction means or gripping nmeans In preferred enbodi nents of
the invention the recesses are shaped so as s to conformto the shape of a
"device to be received therein. In one exanple, each recess is fornmed with
sides that taper inwardly towards the bottom of the recess, at |east two
rai sed projecting portions for supporting the | eads of a device and for
defining a space for receiving the bddy of a device. Such a recess woul d be
useful for receiving devices fornmed with | eads. Another exanple of a recess

general |y pi anceYuBaiEg, i iclakele sy L bAEh S A5 Eet Blnh BF Eatte) e sea
Cested, it PhacRianidy SCREUALAGAR, The B3 467 itk s etSHls Bt ont i al 1y o
I i f el i.n . body.

Pr ef o1 ;Lfly"‘?‘teh%"%%?%'t%@’éﬂy@ P f‘ﬂ?‘%%fﬁ*%ﬁ‘?%@ﬁ‘%ﬁ@e@;ﬂsﬁa"ﬁ%%% i B tfent or
prasent | i eReron PCRABE BeE ISadite o ST WhE MM RS

el ectrani G, AL ar CRER' balads uP! Mfdeht Y 68kt dahChe TRRLGy aCH said
apt e i ed

carrying means being a 0 carry a plurality of Singdlat devi ces,

| opat oeaimbiRineBldyioRth Sifibalde. it BRRN € i) db BRREN SufEars; °

| east one environneht al neans ftor Subjectrng sal evices to be

161" 01" oS DAY B I oo IO R b Re P e B the BERRRA)°" TV N0

at a desired temperature.
Another method of testing individual devices involve§ 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.
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6 tested devices fromsaid carrier nmeans for further processing, and neans
-for conveying said carrier neans between said i nput neans, said

envi ronnmental control means, said test head, and said renobving neans.
Viewed froma still further aspect the present invention extends to s
apparatus for testing singulated el ectronic devices) conprising: a
plurality of carrier means, each said carrying neans being adapted to carry
a plurality of singul ated devices, i?put means for placing singul ated
devices onto said carrier nmeans, a test head, means for renoving tested
devices fromsaid carrier nmeans for further processing, and neans for

conveyi ng sai torgfrdtlEedReRS HElNEEEssDaiafbd it éb@H?eéE%é“fb‘iweléﬁé%l;ﬁ est head,
and said renoving neans. Viewed froma still further aspect the present

I nventi thﬁﬂihﬁ@dfﬁnétﬂat@d RUiIeGh He feB8ds. For akaagu& HeLRolBihg MidapBinsaydevi ces,
conprising: placing a plurality of singulated devices on a carrier neans,

conveyi ngcémpribetRtliorime Mt yripping Mmeadk head, conveying said carrier neans
fromsaid test head to an output |ocation, is and renoving said singul ated

devi ces from SRipeefeméd embodiB@nts. of By infeddoh @ FRELSNsGre SilipddOVASNGS Sone
enbodi nents of the present invention will now be described by way of

exanpl ¢ atcconfdrin toahesieapecoflaidvite 1666 pegeirYitngeid! MVdredsamble, vhdrch: 20 Fig. 1
is a perspective view of a support nenber for singulated devices according

to a firstecesbisdonmatt with sitibethianiepst inaardiyHiogailisithe Bolten spthetresessyi ew of the
combi nation of a support nenber according to a second enbodi nent of the
| nvent | onat 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
depsnding 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 single 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
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191 ' 0?1 2002 12: 48 6~ 503103 ~; S~5~1 LEGHL PAGE 09126 7 Fig.3 shows a
variety ofi different support nenbers in cross-section, , Fig.4 is a
section through support nenber of Fig.2 |ocated on a carrier nmenber show ng
the use of gripping neans to hold singul ated devices on the support nenber,
s Fig.5 is a section through the support nenber of Fig.1l |located on a
carrier nmenber of Fig.1l showi ng the use of suction to hold singul ated
devi ces on the support nenber) Fig.6 is a perspective view of the
conbi nati on of the support menber of ’Fig.1 | ocated on a carrier nmenber, ,
1o FIg.7 is a perspective view of the conbination of the support nenber of

523 BB ST S TR o Do RS R, L

conbi nati on a carri accor o anot her

enbodi "en%n\,:eg@gggélé g:%afe&ﬁgg%t Eﬁw&év’? sgfd ﬁgwg%g%ﬁ%e, a%i$§§{i%o%%eﬁ{a?mnt in a

testing is pr OWS an ex ng sequence usi ng

an enbod:\llurg'ggd &(eefakgesamégﬁggatdlr 5'3(49%&"1'2';%‘% Trﬁ%én'éD DESCRI PTI ON OF PREFERRED

EVBCDI MEN erring Tirstl nere is shown a support menber 1
for carrying ayild afhya Oy WAt Hsfillt SRET GRAGMCIIEntRY bfERad i OUGh 8

testing process. e support ne conprises a generally Tectangul ar
menber sf OLpEgaRl Rr N8RingONAYAbE SIdtRboRIc! @dvicdt, BbABrigh B pifalty besSi st ance

such as Torl on provi ded by 1910712007 12: 48 67503123 HSI ~~1 LEGAL PAGE
101 26 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, 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 singutated electronic devices, comprising: placing a plurality of
singulated devices on a carrier means, conveying said carrier means to a test

head, conveying sald 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,
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8 Anoco Polyners Inc_ Wthin the upper surface of the support nenber 1 are
formed a plurality of recesses 2 each sized and shaped so as to receive a
single singul ated device to be tested. In the enbodi nent shown In Fig.1,
ten such recesses 2 are provided In two rows of five, but it will be
“understood that the s nunber can be greater or smaller than ten and the
recesses nmay be provided in various configurations.. Wth the exception of
a suction hole 3 formed in each recess and which extends t hrough t he
support nenber as will be di scussed Bel ow, the recesses are forned in the
upper surface of the support nenber 1 but do not extend therethrough. Fig.6

shows in perspp.atslérﬁwgggvgyg f@mms@pophﬁerqséfrwc@wgé&.h member 1 and a

mai n body 4. Thé main fornme a conducting material coated with

2 non- conduct | o 418 £ehdlon (e 'HQ P it LPETPA ey 08 Nhat | ¥

rectangul ar and S|I suppo I'n "an upper

surface of theg Q‘Rﬂ% r portions
5 of the main as Sjl%:hlaeﬁ"sft?cebrf Er%%}ﬁ%ﬁ: '%Zé k'ﬁgg?tle%ée%ge%gsg@f t he sane
size as the sumg%b ﬁ%ﬁ{beul whi ch rests on the shoul der portions 5. Fig.5
is a sectional vi ew through'Fig.6. Figs.2, 4 and 7 show a second enbodi nent

of the i nvent i pig 5 9 aWalofidh RrcUdARAY dud R¥SdmblerioP F lgCBLAey bh bldafhiet e T ecess

of the main body 4. In this zo enbo ment ten recesses are provided in
two rows of fiwgmpAsotkibl é%w%ﬁhéh@@Gf LR e i gmwaﬁd deEod Y

enbodi ments of Figs.1l and 2 are designed for different types of

sem conduct or gi,g\élug?-&[ empafticul ar the enbodinent of Figs.1l and 6 is
designed in particular for sem conductor devices formed with | eads
extending  19kgQ7ik2DPSspdcdivé 2ichv 5OBE &3 mbHlardn bFERLeUBAGH mHIERS of from an
encapsul at ed bogy portion, while the enbodi nent shown in Figs.2 and 7 Is
desi gned pri maFiglyloéfed beadaars mébeges or area array packages that are
relatively thin and which do not have | eads extending therefrom Referring
firstly to Figrig.7is avpéispstiveviendot thatcohibinationlef tiel duppdd nedmiidh@f S recesses
2 slope inwardly slightly to aid positioning in the recesses of the devices
t o be connect eHig. Mbtdtedhoradiarteeamssbe?, i s forned upstandi ng guide walls 11,
and the surface 12 of the recess within the guide walls 11 is slightly

hi gher than t hEigslisfagueespettiod vieWwef trecemsbiation tofve anppdremgonbeleawbad | s 11 and
the side walls 10. The objective of this design is so that the recess is
configured to cariei memher ddeordingioanpthet ercbbdimemackaged semni conduct or devi ce
for testing. In particular the encapsul ated body of the device will be
recei ved w t hi Rigtthéluginatde thvaluse dflamrderhesd ihegting etemeent un feadestid®. The | eads
of the device will extend at right angles fromthe body and may test on the
t op ofist he gui peocess, Bedf or support) and then will extend downwardly toward
(but not necessarily touching) the surface 13 of the ~s recess 2, It wll

t hus be under sFigod shosis drhexagpie oba destiogsegquanae iusingain ¢riledimedsf will b
designed with the size and shape of a particul ar encapsul ated sem conduct or
devi ce in m ndthewnéssint imygntisn. ei t her an in-1ine 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

pl ace within a rREBALER Q@S%@T@BDFSBBEFBRREPFﬁM%@DtMﬁN)T@h passage 16,
bore 15 and aperture 14. The suction may be provided through a one-way

val ve Pnot shofgferdneciirstyhigcFio. 1 tieerg s stpam a suppograemhe -1 fascalying €G-~ PAGE

121 26
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
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10 if the carrier is tenporarily renoved froma source of suction there
remai ns a vacuum beneath the devices so as to ensure that they continue to
be held in place. Alternatively the apertures could connect to a single
common vacuum chanber formed in the main body and connecting to all the
"recesses to provide s suction thereto. Figs. 2, 5 and 7 show an enbodi nent
of the invention designed in particular for use with generally planar
sem conduct or devi ces such as | eadl egs devices and area array packages. An
i nportant difference between this enbodi ment and that of Figs.1l, 4 and 6 is
that the devices to be tested are generally planar and rel atively thin.

Ther ef or e Aol PEIFHERSING. AR thd Gpﬁéﬂesuﬂ’dé‘é)gﬁ &%rﬁﬁnﬁb%& thefber §O4rg espondi ngly

h
shall ow and there’is no need to provide guide s within the recess.

I nstead t hgnftRvd ﬂaﬁany dTREEsEESD Qb 5iDEd akd gﬁéﬂ%d]s@ Rito rdRiVetSSige | N this

enbodi ment i nstead of using suction to hold the devices in the recesses,

gri ppi ng rshigoRkSd d6vied G Wee@steW 1M tHevemBbhipRNDShe@ e Fik, R f@nhls provi ded
on either side of each recess 2. Each gripping nenber 20 is adapted to

pi vot aboukceds®d ROire drbvidedL N TENRNE fived buiit WIEBERINWERIoY thiEthat ed pi ston
22. Piston 22 is connected to an air supply through passage 23 fornmed in

the maisn hRMbefcar be \Gtddtert® siztier hhA @sh AktPhe YBsRs@PRIal BRtPrévdeRe inai

pressure to the piston 22, piston 22 noves upwardly so as to urge the

gri ppi ng RRABYY Sordidurliahd.. WHREthe BxBEptRRT dTth SWITBRHRI28 18fMkdR edghi Ng- bi ased
so that upon renoval of the air supply they pivot inwardly toward each

ot her and rﬁ&hs@ssﬁdowrchpeﬁerdﬁvm@ﬁhqhé éuBBérh%énﬂfe@Sa%- will BOGRédE882 12: 45
67503153 A5h~1 LEGAL PHGE 13F26 It will be understood that the support

nenber i s palwg thedretaddey afe MBS In 1BE up'f,évgamlrraw@lf tAE BUSIONCtHEMBEr KLl ces at one
time. The singul ated devices may be placed in the respective recesses by

any form afo riot eltend thepdth@BgiRppar at us and may be held in place either by
suction or by the gripping neans. Once the s singul ated devices have been

| ocat e@ on t heFigd shoWs ih peyspadtivelthe combinptior fdhé deiesuPportdiemierst i ng

| ocations by noving the carriers on conveying neans. It will also be

under st ood 4ritbd mainbaly 4 Thbebyin bbdyd4s i fermed off otorslucting, matppa cbategnber may be
provi ded for different types of singulated devices, and a different form of
support nevither vemcdrelutiing edbtedalt e craaini bodymisriiermedetoe heli gepeaatlyt he nat ure
of io the devices to be tested. As is shown in Fig.3, the recesses may vary
f r om shal lrestengtdarsdsslightly laigenthah dmasumbetimasbertlo Idaepppes sedarenfwi t h
supporting walls and internedi ate depth recesses.' Fig.8 shows anot her

enbodi nentthemaimbodyh4 ésfarmad ianresddsctefined by rshenldepdtions23 of theauaipt ed t o
support a nunber of smaller support nenbers 29 each is of which is in turn
provi ded Wiody As paubalsesy from Figdetbeascdssris abthei saneasizriad he 8fppolini conduct or
devi ces per support nenber, Again it will be understood that the nunber and
type of tHeersbgipbrwhiche figids on Hwulgsr ipedions & Hug.Brk e ssdionglaviewer menber
depending on the devices to be tested. By providing nultiple smaller
support ndhieugh Figb.a single carrier nmenber, potential difficulties with
thermal Zo stress of the support nmenber as it undergoes heating and cooling
cycl es may be HigsiZy4tanfl 7 1showhaeebndl erabasimendtafdhe inventian inaehich eat e t he
heati ng of sem conductor devices for testing purposes, the carrier nenber
may be pr ouppet memberal risrbeated within0the200essL 2f 4 nGhs BodB 4AIn-is LEGAL PAGE
141 26 12 of enbedded heating el enments, for exanple strip heating el enents
ext ending amkosimentden recassassdarerpsovidad indwo newseffiveudhwilderaxataineg el ement s
25 shown in Fi?s.4 and 5. The enbedded heating el enments) nay be powered

t hrough eliedte folawing| thgdwo emhsdinents of Flge. 1eand Haretdasignad |f¢fé¥ff3f€mfber. Power

may be
Y types of semiconductor devices. In particular the embodiment of Figs.1 and 6 is

designed in particular for semiconductor devices formed with leads extending
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5 applied only when a carrier nenber is stationary to avoid arcing. Another
.way of heating sem conductor devices for testing purposes is to |lower an
over head heating device such as a heating plate 27 (I=ig.9) until it is
brought near to or into contact with the devices An exanple of an
“environnmental testing nmethod and apparatus enpl oyi ng ao an enbodi nent of
the invention is shown in Fig.1O Fig.10 shows the sequence of steps as a
carrier is noved through a testing apparatus. The sequence begi ns at
position A where singul ated devi ces fo be tested are pl aced within the
recesses fornmed on the support nmenber. The carrier is then el evated by

el evati ngfr@ﬁ?&?eﬁ&p&&aféﬁsﬂo@%Hdi@n,lﬁﬁi%%ggﬁibbﬁi%ntﬁﬂﬁm if§ids £hnd # moved by

ki cker is means onto a conveyor 31. Conveyor 31 en transports the carrier

Lo posi L g desighédBriRehy! iNekulbhie dBAbed oF drda 1B) SRYEGsSHiRYS Off the

conveyor 31 into an environnental control neans 3 is designed to

ei ther headlafielCtBRl arkdVoniEleNé RBHhaRE Icdids eRtcRBnGher&rdrgd so that they are
tested at a desired tenperature. The testing is perfornmed with the carrier

at position DPerFrﬁtgtfir@Qy B 5 38 wilPBe AldtdtPUHh thOlsidhaums ho dfitde 10) testing
means 33 will include a test probe head conprising a plurality of pogo pins

adapt ed t pec8BéCt sibpe iheadly Slightifiao Sdid Pesilibitlg d8\the @8cdsBBgigrafe W thin the
recesses and to carry out appropriate tests on the dvices. The
conf i gur aldedBedfo Borinesfedh@atlinvddch reeRe2ds Esmsl RipBlaAdiRg guite RRIEN
191' 07i "' 2802 12: 43 6 r 50133 ~,' Shl LEG L PAGE 15126 13 disposition of
t he singuliat ad drvéerBe A2 dfliRe esvess Quithinntte yalehealie Miangedgayaigrérngl y, The
carrier may be provided with appropriate identification neans to identify
t he nunbetharitiipeudaub 18 oftos rdcess2 bétwicka tisd guidd walst 10md thesidewalle carrier
so that the configuration of the test head can be set in advance. s
Fol | owi ng 10hghé ebjdctiee Bf tHiedasigh e se Aldtiths récessy eonfigargaoni feceive E by a
conveyor in a direction parallel to the direction Bto C) and is then noved
t o posiot i eréini Nparticlilarcsddkaged Bgmizbiduciop detiee drrtestingom garticuldd.thét posi tion
F the singul ated devices are renoved fromthe carrier. Devices that passed
the testi Rgcapsuless bomyoftibe dizvice avile e bycearad \sithin el guideeaatls ibanéiurt her
processing, while to devices that failed the | est may be destroyed, The
carrier i sedtingonltosvsurtate)2, Eheleztis of thealesic84vilt extendoatsight anyles frewel with
position A and the enpty carrier may be returned by a conveyor back to
posi ti on Ahd bodyt bhred mayl rest on tregtop cighe guidetwallsdai suppertnendethenewxik t hat for
devices for which the test is ambiguous in the result) the devices nay
remai n on extead clomniwardia taward (b idenct @ecessadly douching) $he surfacei 13 ¢fttheé s desi r ed
to test devices repeatedly at the sane tenperature, the devices may be |eft
on t hetscaregass 2 ¢ ik thussecundegrivod thet thersizedend eanfigvrglion efnthe eadsst he carri er
to be tested a second tine) but the environnental control neans 32 may be
set to pr &l dke Hegignper with " thenpige afiid eshaganelh A Rprticutar wenoarsidatgdder st ood
that by providing carrier neans for carrying 2o a plurality of singulated
devi ces f Gemicesdugigr davieas raindi which&eayeke either jaaxinting idevice gha aUAd ability to
construct nodul ar testing facilities. For exanple, in the enbodi ment of
Fig.10 it de¥iged be possible to provide a second environmental control means
and a second testing neans so that the devices could be tested at two
191' 0~:' 2002lacetedip hesuggcq $3 withinghe guidepwgils HASE 3ution apartyrénper at ur es
sequentially. It will of course be understood that the environnental

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
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control neans nmay be provide neans for heating or cooling the devices, In
. the case of heating, the environnental control neans may conprise, for
exanpl e, an oven, or may provide nmeans for supplying power to enbedded
heati ng el enents s as di scussed above, or may include an overhead heati ng
“elenent as described with reference to Fig.9, or a conbination of the
above. If the environnental control neans is a cooling chanber, that may be
acconpl i shed, for exanple) by providhpg means for introducing a cooling gas
such as evaporaing liquid nitrogen. ao 1910712002 12: 48 67503183 ~SM
LEGAL PAGE 17126 15 CLAIMS 1. Apparatus for supporting singul ated

el ectroni ¢ He\dafRy i§leerhparadty tresbidiDremes abiired of GOMIN hbfOrentaifdes N body and
a support nenber) wherein said support nenber is nmade of non-canductl ng

hi gh-r esi shéint YeAB4tR thé!lde@béb o G8THENEES tRatPihdy dohfinleob BLRAGIES, each
sai d recess being adapted to receive an individual singulated device. 2.

Appar at us pifeeC AREMBEVEI tid apéfubedVaeligi donABANS RkmglR’ Borhfed vassmei ated with
each said recess for releasably holding a singulated device in said to

recess. .3.chdppérRibed RSthe|rmdineaddy Bn€ tairdelngMredieins redsded @) stonige means
conprises suction nmeans. is 4. Apparatus as clainmed in claim3 wherein each

sai d recesaction thereteed Wi th a suction aperture connected to a suction
passageway fornmed in said main body. 5. Apparatus as clainmed in claim3
wher ei n each skigd. Redeand i7s show nad emibblinen? @f She tinventiap adesigned timhat connect s

to a single common vacuum chanber formed in the main body. 19! 0 7 ~
2602 12: 4artisulab Soride AGthigdrietily TRAGE sédic@6dudtorclevitep aneit as larsless ai med i n
claim 2 wherein said hol di ng means conprises gripping neans. 7. Apparatus
as cl ai nedevines | aridmabeatrrrayi packeigds.ginp pipertiant adierensep rietwaena ts pai r  of
gri ppi ng nmenbers di sposed on respective sides of each said recess.
embodiment and that of Figs.1, 4 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 16
of the recess. In this embodiment instead of using suction to hold the devices in
the recessés, 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.
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8. Apparatus as clainmed in claim6 wherein said gripping nenbers are

. adapted to pivot between positions in which they engage a device, and to
positions In which the said device is released. 9. Apparatus as clainmed in
claim7 wherein said gripping nenbers are adapted to pivot by neans of a
“pneunmatical ly actuated piston nenber. ~s 10. Apparatus as clained in claim
1 wherein said recesses are shaped so as to conformto the shape of a
device to be received therein. 11. paratus as claimed in claim1 wherein
each said recess is formed with side¥ that taper inwardly towards the
bottom of the recess, at |least two zo raised projection portions for

suppor ting t hey hARS udertosdit HRUpBoR Rbnidet sdffid H (B ARASE of O
recei ving the body of a said device. 19J07J2002 12:48 6750A83 ASh.1 LEGAL

PAGE 19J2Ginklilaled seMiBSHdRicts? daGicEs at BRE timd, ThéisMglBteth@dviie hilepspace

defined by said raised projection portions has a surface that” i s higher

than t he A B {56195 roARcSEHREARImQ dtoarRf apphrds oAPDAT ot Us as

clained in claim1l wherein each sal ecess | wand forned with a

flat bottomsye ke gfagé E‘egtfngtl" hg%ukﬂﬁf iéi‘ B%Qljé‘%ﬁg}?igg ReHRA0NEARL eSS

devices. 14." Apparatu In clai n sard support menber is

| ocat od ¢ QyithlahideeRte Baoh RIGARA i\ aftcl ey el falsichBlgo on shoul der

portions of “sal y extendi ng along the sides of sald opening. 15,

Appar at Us oag of InfdraRskting 16da86rB8 ByAmbliRg e catridts Whalohbatirf masRP ANy menbers are
| ocated on a single mairn body. 15 16. Apparatus as clained in claiml

wherein t koG ihdepslyod that 2 WiddvaMeyhofaiiferamesiichf Rapsdrigembenmay for

heating el ectronic devices to be tested. 17. Apparatus for testing

si ngul at etheehra¢ib® TbiC dHBMINE Bipes CATEMdURAED dedcsd, Windl & tdiffetéhtabme @k i er nmeans)
each said carrying neans being adapted to carry a plurality of singulated

devi ces, isoppdrt Feaiber Eat bokited ROthei dagitr MePtbed epERENPOW theShitete BRI I'i er
nmeans, at |east one environnental control neans for subjecting said devices
t o be foestiesl devices ke beedstedy As 0nshowAalin Fug8| theorsesses 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
membesr 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 muitiple 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



19/87/2082 12:48 67503183 ASM LEGAL PAGE  14/26
19;f0, 12002 12: 46 6r509169 r~SM LEGAL PAGE 20126 18 a test head, neans for

. renoving tested dvices fromsaid carrier neans for further processing, and
means for conveying said carrier neans between said input neans, said
environnmental control neans, said test head, and said renbving neans. s 18.
" Apparatus for testing singulated el ectronic devices, conprising: a
plurality of carrier means, each said carrying neans being adapted to carry
a plurality of singulated deV|ces i nput means for placing singulated
devices onto said carrier means, a t®st head, means for renpving tested
devices to fromsaid carrier means for further processing, and neans for

conveyi ndop Bivflofdlid heligBEARehE! 1P Hharile sthﬁ‘%&t:@e BhenRftdiyy head, and

sai d removi ng neans sting Sin ate nic devi ces,
conpri si ngansRJ Xﬁ’cr@séaihlérégrhérym%bé" Qﬂ:ﬁ ﬁ\éleﬁ?e%tsoﬂﬁ bl §d € neans,
conveyi ng sal rrrer neans to t est veyl ng sal carrier neans
fromsaid t t e gul at ed
devi ces f r%;g%s gﬁ‘gasga?ﬁ g&bﬁggﬁdsj hegfgrfgakl\?ﬁr%nt( %A%y{ H;% %%A%quﬂm

y. Af e. Af hyjepita. ﬁ]ﬁ s 4B fei fle @ 1SkRd A% e '%E\{rire{ A&7 BowET Wa§ e N

] zupkfa\ W cal ca] ca ca] cal calca] cal ca]cal ca] ca]ca]ca] caJcalcalc”a]ca]c

al cal cal Cabﬂ%h%]ﬁﬁ]éﬁ%ﬂrﬁeﬁ%rﬁsér%h@% e SEhESO) } xsni d_2] c] ca ca] cal

ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] ca] ca] cadndfiMr way bf hdating ‘semitonasiot@8ices for testing. purposes s to

""" }xsni d_Z] c] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]ca] ca] ca] ca] ca] ca] ca]

Ca] Ca] €a] flef BhG 9@1@5%&@% a]rs: %aflé‘a%]n }e(té MFF %s{uht it 15] ./ 333\ 56

mhch cal ca cal ca c"hal ca ca ca]ca]ca]ca
] ca] ca] Cab&ﬁbﬁﬁ]&aﬂ&@ﬂuﬁt%]dbﬁiaE%i‘Prﬁﬂhﬁ%b%Lé?a] ca] ca] ca! WDEGHHJi LNO OPVUVXVVWAK
YXZZZL[ [\ *] A bl oY Y badiohehtl c@llﬁ@mﬂba%eabpabﬁa]&ﬁdmlg: a] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca!

" {192 ah dipoaimem dPaReRTEbR I shdvin ksHigA 0hEig. YD éhewd el sajueadeal | ca] ca) ca

]ca] ca] cal ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]calca
679: ; RTi Kof stépd8e b )carrier is moved through a testing apparatus. The sequence begins

109 () -, #10%& () - &$S10%&' () - FMLOY& ()- Y 10%& () - Ly) 10%&' ()- TWZ6Ri J+", 100&
()- 1098 &) pOsifioVEs (Wherd Giigu(ated HRVBEL )to Bl CfEd( prel PlaRed )wifRi-dNENC | 10%&
recesses formed on the support member. The carrier is then elevated by
elevating means 30 to position B. From position B the carrier is maved 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
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disposition of the singulated devices on the carrier and may be changed
accordingly. The carrier may be provided with appropriate identification means to
identify the number, type and disposition of the singulated devices on the carrier
so that the configuration of the test head ¢an be set in advance.

Following the testirig process, the carrier is moved to position E by a
conveyor in a direction parallel to the direction B to C, and is then moved to
position F in a direction opposite to the direction C to D. At position F the
singulated devices are removed from the carrier. Devices that passed the testing
process may be delivered by any suitable means for further processing, while
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,
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
a plurality of singulated devices for testing allows a high degres 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

15/26
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10%: () - RSMEeiRNes CiaRHIYR. (il o O3Fad bs Ynd DS et 10 dRidho &g ERC
control means may be provide means for heating or cooling the devices. In the
case of heating, the environmental control means may comprise, for example, an
oven, or may provide means for supplying power to embedded heating elements

5 as discussed above, or may include an overhead heating element as described
with reference to Fig.9, or a combination of the above. If the environmental
control means is a cooling chamber, that may be accomplished, for example, by
providing means for introducing a cooling gas such as evaporating liquid
nitrogen.

10
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CLAIMS

1.

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-conducting high-resistivity material and
comprises a plurality of recesses, each said recess being adapted to

receive an individual singulated device.

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

recess.

Apparatus as claimed in claim 2 wherein said holding means comprises

suction means.

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.

Apparatus as claimed in claim 3 wherein each said recess is formed with a
suction aperture that connects to a single common vacuum chamber

formed in the main body.
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6.

10.

11.

Apparatus as claimed in claim 2 wherein said holding means comprises

gripping means.

Apparatus as claimed in claim 5 wherein said gripping means comprises a

pair of gripping members disposed on respective sides of each said

recess.

Apparatus as claimed in claim 6 wherein said gripping members are
adapted to pivot between positions in which they engage a device, and

positions in which the said device is released.

Apparatus as claimed in claim 7 wherein said gripping members are

adapted to plvot by means of a pneumatically actuated piston member.

Apparatus as claimed in claim 1 wherein said recesses are shaped so as

to conform to the shape of a device to be received therein.

Apparatus as claimed in claim 1 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.

109 ()-F'@ S 109 ()-!'@ S 109KK& ()- 109%& () - STWWUVXWr S4l
10 10 10! 10%&' ()-F"! 109 ()- F" VWWKXOXXYxnbd
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12.

13.

14.

15.

16.

17.

Apparatus as claimed in claim 10 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.

Apparatus as claimed in claim 1 wherein each said recess is shallow and
formed with a flat bottom surface for receiving therein generally planar

leadless devices.

Apparatus as claimed in claim 1 wherein said support member is located
within an opening formed in said main body and rests on shoulder portions

of said main body extending along the sides of said opening.

Apparatus as claimed in clam 14 whereln a plurallty of support members

are located on a single main body.

Apparatus as claimed in claim 1 wherein the main body is formed with an

embedded heating element for heating electronic devices to be tested.

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

subjecting said devices to be tested to selected environmental conditions,

L1 - 109 ()-!x# 1098N& ()- # 10%
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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.

Apparatus for testing singulated electronic devices, comprising: a plurality
of 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, 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 test head, and said

removing means,

A method of testing singulated electronic devices, comprising: placing a
plurality of singulated devices on a carrier means, ¢onveying said cartiet
means to a test head, conveying said carrier means from said test head to
an output location, and removing said singulated devices from said carrier

means.



