-1 12 MAY 2005 METHOD AND APPARATUS FOR PROCESSI NG AN ARRAY OF PACKAGED

. SEM CONDUCTOR DEVICES 5 Field of the Invention This invention relates to a

- method and apparatus for the handling of! arrays of electronic devices, and
in particular to the testing and marki ng of such el ectronic devlkeﬁA‘f%ﬁgS

subsequent processing after they have been electrically separated. 10 e

el ectronic device may be any one of a variety of devices, including but not

limted to, aMETHOD ANBRAPPARATUS FOR PROCESSINGSRN ARRANPOfFcal e bal |
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denser and-pj n .each die is increasing. The 20 drive to achieve
increaégd Fﬁ%@&fﬁ?ﬁﬁvgﬁwgﬁit (1C) capability inside a snmaller package has
resulted in the devel opnment of chip-scale packages (CSP). These new snaller
devi ces are gai ning acceptance and the back-end 3gsenbl and test
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present®d BPEREHIAVRIGEVEECRAYRE alY (NE ¢led tvagelygel dpdces, including but not

limited to, a chip on a wafer, a chip scale package (CSP) or chip scale ball grid
array (CSBGA) package.

Background a;nd Prior Art

15
The growth of and the demand for miniaturization of consumer electronics
(especially portable electronics equipment) has consistently required the
reduction of the size of semiconductor packages, while concurrently, die
components are becoming denser and pin count of each die is increasing. The

20 drive to achieve increased integrated circuit (IC) capability inside a smaller
package has resulted in the development of chip-scale packages (CSP). These
new smaller devices are gaining acceptance and the back-end assembly and test
infrastructure is consequently coping to meet the challenges of handling and
processing these small devices.

25
Meanwhile, we are seeing the rapid adoption of chip-scale packages such as
fine-pitch ball grid array (FBGA) and micro leadframe packages (MLP), which are
defined by the package size being no more than 20% larger than the size of the
die. The challenges presented by chip-scale packages at the test-stage are

30 primarily in the areas of fixturing and handling.



30 primarily in the areas of fixturing and handling. 12 MAY 2005 1In a

typi cal sem conductor device manufacturing process called front-end
processing, a plurality of integrated cigcuits is formed on a walZrMA uzm:as
a silicon wafer, Once the integrated circuits are forned, the wafer 1s
diced into individual chips. The front-end processing of sem conductor
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defective electronic devices. 20 The I C conponents are generally tested
after they are fabricated on the wafer and just prior to dicing the wafer
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15  controlled and monitored, IC component failures still occur. Thus, it is important

to detect the defective IC components as early as possible to prevent the
unnecessary expense of continuing the fabrication of any defective electronic

devices.

20 The IC components are generally tested after they are fabricated on the wafer
and just prior to dicing the wafer into individual chips. These chips are then
assembled during back-end processing by electrically connecting the individual
pads of the chip to the electrical traces on the substrate for FBGA and at the
individual electrical paths on the lead-frame for MLP. The process is known as

25  wire bonding. Typically, 25um diameter gold wire is used. The next step in the
process is to protect the device from the outside world, by panel-molding the
substrate of the electronic device with a laser-markable plastic molding
compound, such as that described in US Patent no. 4,753,863.

30 The next sequence in the process is to isolate the electronic devices electrically

by singulating them into individual electronic devices and then testing them.



conpound, such as that described in US Patent no. 4,753,863. 30 The next
sequence in the process is to isolate the electronic devices electrically
by singulating theminto individual eleftronic devices and then tec?dﬂg{,w,g
them 12- MX Currently, 1C chips are often tested and marked i ndi |y
after singulation. The testing and marking process is difficult and
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The test contacts extend out of the contactor housing vias to contact the

electronic device's balls or pads.

The test is not reliable unless the devices are separated electrically. However, to
20  separate them electrically will require them to be separated physically by sawing
or other singulation means. The difficulty is to test the electronic devices
individually at the testing stage and to identify each individual device as “failed”
or “passed” without slowing down the process. Electronic devices on a tape
within a wafer ring can be tested for specific electrical characteristics by sending
25  and/or receiving signals through the test contacts. The electronic devices that fail
the test procedure are "mapped" such that when an array of devices is diced, the

failed electronic devices will not be picked up for packing and can be culled.

Conventional back-end assembly typically comprises many independent
30 processes or if the process is mechanized, it is a process dedicated for particular

equipment. Die Bond, Wire Bond, Molding, Ball Placement, Marking, Sawing,



the test procedure are "mapped" such that when an array of devices is diced,
the failed electronic devices wll not be picked up for packing and can be
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15  With the foregoing background in mind, it is an object of this invention to provide
for test handling electronic devices using 2 method and an apparatus that can

effectively handle an array of electronic devices substantially simultaneously.

It is a further object of the present invention to improve the handling of an array
20 of small electronic devices and increase the productivity of testing, inscribing and

collecting electrical devices.

According to one aspect of the invention there is provided a method of
processing an array of electronic components comprising the steps of providing
25 mounting means mounting unsingulated electronic components onto the
mounting means, singulating the components to physically separate them, and
testing the singulated electronic components for defects whilst they are mounted

on the mounting means and without removal therefrom.

30 According to a second aspect of the invention there is provided an apparatus for

processing an array of electronic components comprising mounting means for



nount i ng neans, singulating the conponents to physically separate them and
testing the singulated el ectronic conponents for defects whilst they are
mounted on the nounting neans and wi th®ut renoval therefrom 30 Appyi Jlefie
to a second aspect of the invention there is provided an apparatus for
processing an array of electronic conponents conprising nounting neans for
- 5- 12 mMeorgiogselestsanici agmepeetisoni singolatiogedeyce dosismpylatingghelsaice for

For teat] A0 AT BFORE GRS oC B0 7o et b S o pab) i R i on

and testi '&6n€Hon@|n@§tfd?nld‘efe@t§prﬁ@fétﬁ/ agiggglangncted wWeistiegt ey ed@rament ed
on the nmounting neans 5 without renoval therefrom It wll be convenient

her ei naf t @ﬂﬂ'tm)f‘@@ﬁfcralfﬁeCCtﬂﬁ’é’CterWéﬁ‘ﬂ’Eoﬁﬁ‘eNna@r gRrwHedamitne gpouniterengesto t he
acconpanyi n aw ngs I lustrate one enbodi ment of the invention. The
partic Ialy‘f'&? Efe'{‘ﬂ Prg\%H\/“\3’/|?'Jr(]i)grfl'ls and the related description is not to 10 be
under st ood as superseding the generality of the broad identification of the
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Figures 1(tayvilt be(egnvanentdugrenafigelty desqiver tie am@ntwn df‘r%{ﬁgé@feﬁﬁ?"ow

el ectroni n I nme,

and an  arfSg e By atbRhBEa] HRRLER RRAE i SH Y o ARk e SiET™

devi ces; ﬁ%n\mmnenz TlSe @actm@ftgse;ttm@neéwmgevarmftm rmsttadmgssmsnbn as not t@an
apparatus according 20 to a preferred enbodi ment of the inyention

i ncl ud?Png bf VBYeTBIon A3 UARE ling the genecIfty Altthe Bie@dsidratiieation of the

illustrat I%t%b ROgE R 5)1 &ec(ﬂgprggqent parts, including a vacuum chuck and
an XYZ-Theta table; Figure 3 ows cross-sectional views of the electronic

devi ces secured to the
Brief Description of the Drawings

15 Figures 1(a) to (c) are respectively illustrations of arrangements of electronic
devices on a singulation tape secured by a singulation frame, and anr

arrangement of a singulation saw with respect to the electronic devices;

Figure 2 is a cross-sectional view of a testing position of an apparatus according
20 to a preferred embodiment of the invention, including a tester's test head, a test
contactor and schematic illustrations of some of its component parts, including a

vacuum chuck and an XYZ-Theta table;

Figure 3 shows cross-sectional views of the electronic devices secured to the
25 singulation tape in inverted positions at an inscribing position of the apparatus,
and a laser beam for inscribing a surface of the electronic devices that is

attached to the singulation tape; and

Figure 4 is a schematic illustration of an apparatus according to the invention,

30 showing testing, inverting and inscribing positions respectively of the apparatus.



25 singulation tape in inverted positions at an inscribing position of the
apparatus, and a |laser beamfor inscribing a surface of the electronic
devices that is attached to the singutétion tape; and Figure 4 L?f ﬁ%" 2005
schematic illustration of an apparatus according to the inventioH] * 30

showi ng testing, inverting and_inscribing positions respectively of the
appar at us Detgiled Pgscymian ohiheLreferred Eap ent ptined n¥eNt9L Preferred

Enbodi ment of the Invention Figure 1(a) shows a nmounting neans in the form
of a support or singulation frane 12, to which a filmof singulation film
or tape 1l#igureh1@) sidivesiavenountiognperns iontheniersi dé aokuppat tapenddaiien
secured, being stiffened b he frane 12. Tapes 14 suitable for this purpose
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18 t h% eorMEmee&@ H]oeo AL plate) may be used on the surface of a vacuum chuck 21,

22 to provide suction flow on its surface.

On the adhesive side of the singulation tape 14, there is arranged an array of
CSP packages 16 that are to be singulated. The electrical contacts of the CSP
20 packages 16 face away from the tape 14 to allow the contacts to be tested. To
the right of Figure 1(a), an enlarged view of an array of CSP packages that have
been singulated is illustrated. Figure 1(b) shows the singulation frame 12 and
adhesive singulation tape 14 with CSBGA packages 18 thereon, wherein the
electrical contacts of the CSBGA packages 18 face away from the tape 14. To
25 the right of Figure 1(b), there is an enlarged view of CSBGA packages 18 that
have been singulated. These exemplary CSP packages and CSBGA packages

will hereinafter be referred to collectively as “electronic devices 16",

Figure 1(c) is a side elevation view of a singulation frame 12 placed onto a
30 vacuum chuck 21 to secure it in position during the singulation process by a

singulation device. Electronic devices 16 are arranged on the singulation tape 14,



el ectrical contacts of the CSBGA packages 18 face away fromthe tape 14. To
25 the right of Figure | (b), there is an enlarged view of CSGGA packages 18
that have been singul ated. These exenpl7rary CSP packages and CSB(,‘;? W ges
will hereinafter be referred to collectively as "electronic devic '
Figure 1(c) is a side elevation view of a singulation frame 12 placed onto a
30 vacuum ahdick smgwailoeﬂeeav\/e%tISl poloiad elorgurciutipgt heesiofigheapivoditprdcess
by a singulation device, ctronlc deV| es 16 are rran d_.aon, the

si ngul ati o?n'ngB@Cfd FVICEF. 1615’ R)K\tfh%q’?, Icgs érﬂﬁ‘d SHAF ﬁﬁ&\ﬁ?lﬁ'@ i's
positioned along cutting lines of the plurality of el ectronl c devices 16 to
dice the devices 16 and separate them physically. Figure 2 is a
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doubl el®&ndéd tedh@a{%@atﬁnﬁgﬁvweeﬁeéam.'eg@mpg Fuhiscripihg ehihe deices(1Omy&rd 60
to a devic a | anl SNe
e uscy  BelpifEd AR 188K Coftctof AiREiscd S IR orkdrilactdit 78 TRFRAT
68 conpl et exceptacie etherefont actcontdwuboangl. SDhéweéurm‘ ethel sontatoespmlseé@ anidgnnment
ins 70 and t est .head | ocki al, i the test

P ont actor " Sieelam e dPnetEs B TR nand Bublerkdo8y SONEN P B UedriCally s e
an x-axis pohMdcting, th¥-cdntact 'BYRd 604oaddelinetintereBtbdfid 88, CAlighhew b 20

el ectronic devices to be oriented in the x, y, z and rotary axes.
62 with locking mechanisms are used to ahgn the contact pins 28. A device
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interface board stiffener 68 completes the test contactor housing. There are also
test head alignment pins 70 and test head locking mechanisms 72 to align and
engage the test contactor 24 to the tester's test head 26. The XYZ-Theta table 50
includes an x-axis mount 52, y-axis mount 54 and theta mount 56 which allow the

20 electronic devices to be oriented in the x, y, z and rotary axes.

Figure 3 shows cross-sectional views of the electronic devices 16 secured to the
singulation tape 14 by the adhesive in an inverted position at an inscribing
position of the apparatus, wherein the electronic devices 16 are resting on the

25 vacuum chuck 22. An inscribing device such as a laser beam 48 is irradiated to
inscribe markings 49 on a surface of the electronic devices 16 that is attached to
the adhesive side of the singulation tape 14, through the singulation tape 14.
Thus, the singulation tape 14 should be substantially transparent to the laser
beam so as not to absorb the laser energy. Moulding compound used for the

30 electronic device 16 should thus be one that is laser-markable, such as that
described in US Patent No. 4,753,863.



Fi gure 3 shows cross-sectional views of the electronic devices 16 secured to
the singulation tape 14 by the adhesive in an inverted position at an
inscribing position of the apparatus,-8herein the electronic devic S@}? J.e
resting on the 25 vacuum chuck 22. An inscribing device such as a Ni% 1 52&&
48 is irradiated to inscribe markings 49 on a surface of the electronic
devices 16 that is attached to the adhesive side of the singulation tape
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envi saged ennloditmeah oétheninvebtien.e woul d be no need 5 to invert the
singulation frame 12 before marking using this particular enbodi nent of the

invention. Figure 4 is a schematic representation of a test-handling
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el ectroni ghgeyMbsed. 16 are | oaded by the | oader onto the vacuum chuck 22 of
the XYZ-0 table at position B. An orientating device, preferably an inage
recognition vision system (eg. Pattern Recognition Systemor "FIRS") 42
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verified havirfieelBBSoAiR,devices 16 after the devices are singulated by a dicing saw 20.
15  The electronic devices 16 are loaded by the loader onto the vacuum chuck 22 of
the XYZ-8 table at position B. An orientating device, preferably an image
recognition vision system (eg. Pattern Recognition System or “PRS") 42 could be
used as a means of checking the location and correct positions of the devices.
After the location and position of each device has been verified by the PRS 42,
20 the XYZ-6 table 50 will move the array of electronic devices 16 to testing position
A just below the test contactor 24 to be tested. An image stored in the PRS 42
will guide the system for positional accuracy, and with reference to such an
image, the XYZ-6 table 50 will align the array of electronic devices 16 according
to the orientation of the test contactor 24 for testing.
25
The tester’s test head 26 is engaged to the test contactor 24 to provide electrical
contact between the two devices. Once the electronic devices 16 are correctly
orientated, the vacuum chuck 22 will be raised so that the contact pins 28 are in

electrical contact with the electronic devices 16. The array of electronic devices

30 16 will then be mapped so that the positions of any defective devices 16 can be



20 the XYZ-19 table 50 will nove the array of electronic devices 16 to
testing position A just below the test contactor 24 to be tested. An inage
stored in the PRS 42 w | guide the sysgem for positional accurac e onns
with reference to such an inage, the XYZ-0 table 50 will align the array*o’f
el ectronic devices 16 according to the orientation of the test contactor 24
for testingcaéd Theetatiohen' thetiemigehefatie 26ra\sthen degebe e cbtenee sregonsigct or

24 to provide electr] caI cont ac t the t evi ces. ce the

el ectroni cng@v'fscf% agigalf WeEMAA ng %r%f"é%fjﬁi”éa\,s,\qtﬁﬂat%e?éh'ﬂ EHIBRES2 will be
raised so that the contact pins 28 are in electrical contact with the

el ectronic devices 16. The array of electronic devices 30 16 will then be
mapped so fthatpretesrgsodiat ibes t@ﬁtmwhajefremoﬁ@&@@ﬂl@é@vmesc1§n thye pagern of

or ovi outl y S0P efbd e (ol AT 8F ol &0 ABURY- Gt PR TER B0 BhBBSt oy s

on in the peoressic dte hét RERIESIFRMahBaUsIWheMi¢ RStd r@glattéeanaéléavo@t Rivésd roni ¢
devices 16: the pattern of 5 contacting the contact pins 28 with each

devi ce- undép- tader itestsliem eRiacealjdrvies 18\ ersimiee api@sadalk: datesigrence
si mul t aneously, dTgklg?t dor\%mteg L&al jbv%eﬂ’leg gf(hra @"é& (R’Fj %eéxa%&le from

adj acent devices Cr 0Ss- ren

di st or t i ons, orespedtalibys \Mnee testetiang thad] @rﬁ:ﬁ@tqu&QQB roBY yepdatedgxaopd & i f
one device 16 is to be tested at a tine, contact |ns 28 repeat edlg/ nove
in 10 %%quéﬁ@lée‘P‘Fﬁ BU@HQWI%GSGE\ rPWﬁ/sOfé'?e ?H@Va?’?%y" FRIUEThENT %’qgaﬁé YoV

repeat edl y yimy, gh thgré?}églhréw@eo?yr%n?ﬁ?\é:’z e bhﬁe@%r@%egggt%dpumeaﬁﬁﬁesrcf eat ed

until all the colums o array are tes In the case ere
there are angl mlamnSyofdﬁe aroapt acst tasters %tmasasmgvmerpltbeea atey aoflutaditt ofi t es,

a nunber of e tron es, 16. can he.tested ai s of he

ol oot roni o caBiAcL 88 1 Htlor RIS detraiet 1 g e R T e 2

It t is prefeaaleteshat with vl radinCemnhe dedtersc dbvisss 16tteTonthAthd b@n@@tﬂe
' e 15 pins 28, but in any event, it is preferable that no two adjacent devices 16 are

tested at the same time.

After the positions of any defective devices 16 are mapped, the vacuum chuck 22
together with the singulation frame 12, singulation tape 14 and electronic devices
20 16, are moved by the XYZ-8 table 50 to an inverting device, which in this
embodiment is a flip mechanism 40, at position B. The flip mechanism 40 inverts
the singulation frame 12 so that the electronic devices 16 are now positioned on
the bottom of the singulation tape 14, with the adhesive side of the singulation
tape 14 facing downwards. This will subject the surface of the devices 16
25  opposite to the surface on which electrical contacts are located (usually used as
a marking surface) to be accessible by a laser beam 48 for irradiation. Since the
singulation tape 14 has adhesive properties, the electronic devices 16 are

secured to the tape 14 notwithstanding the inversion of the singulation frame 12.

30 The XYZ-6 table 50 will then move the vacuum chuck 22, singulation frame 12

and electronic devices 16 just below the laser marker 46 at the inscribing position



After the positions of any defective devices 16 are mapped, the vacuum chuck
22 together with the singulation frane 12, singulation tape 14 and

el ectronic devices 20 16, are noved byi(lhe XYZ-O table 50 to an |2 ¥ing.-
device, which in this enbodinent is a flip mechanism 40, at position B. ‘The
flip mechanism 40 inverts the singulation frame 12 so that the el ectronl o
devi ces 16Card pitoepduneiemed thilasendepdidtom tefmafietsl aggiranicoteiee 184,

with the e 4. faci hi s
Wil subj St eaeesl Pt PP L e SRyl A PR RER IR 155,
whi ch el ec¢ha itesd nepnbachs rawnsl teatt @@ frasanaittey bipelde aest aystamkiTige sasdrace)
to be accessible by a | aser for irradiation. Since the singulation

t ape 14 h§§caaﬁ@swmc rsoﬁr@tos% '@ﬁéampéﬁeﬁ*tm ogeifiecedmyidted eMissiedid t o
t he ta }ﬁd@ﬁbw}ayﬂsbﬁr‘éﬂtj Qeﬁhﬁ:do?éﬁ $HRe & p‘i’{)}lﬁr iﬂer\ﬁf@r@ﬁt N the¥Bnt 4o 30

The XY Otab en nove t vacuu gul ation frame 12
and el ect imsdribedembdhs sbﬁfajcastofltmé dmmt:he15asTé*re tmarhemf 4t atill phss thmeaghbi ng

t 10- 1 t ft head 4 t k
Phe. o sct famtianagalet s oA idnm AR it one S04Aamadr © B A5 CAURBHEaThe
devi ces wiyhd 5’6‘@:&?& keikaREe€ 0hdiAg él@ctrérﬁ@ &éi‘/%es”% Nl Lee h&Kebt By t@@hgare

transmtted by t test system | aser beam 48 (which is created

| i ght anplscbraed. onAﬂr‘dms ttheestthemelac@mtabrﬁegmesn 16f rémeadiadteicony ta Ithebe
adj usﬁ d accordl ifge appropriate intensity of the beamto inscribe
onto the §U}9r%% devi ces 16. The beam of Iight will pass through

the transparent si ngul ation tape 14 without any danmage to the tape 14

whereas the opaque surfaces of the electronic devices 16 will be narked by
bei ng scd¥ftaidaseranprking @t ppadiontGhehe vasyyncdiucHe’d seshifted paskito pasitiabhed t o

the 19,5 9YhRIRR 42 Rerld o ALkoLl Bt LAY 18E-RO3 4 By ciLbEqRCUUM

chuck 22 i's shifte ack to on en enp oye
det er m ne danitdsotithat €acs bekentrharkeldead faalty ¢ Thesdfteasthkbsihgalbtibaveantean

marked as f?ulty Theree?;ter t he si nqul ation frame 12
be moved to off-load the non-fadlty devices 16 into a magazine for the next
process. The electronic devices 16 may then be removed by a pick-and-place
device (not shown) or other off-loading means and may be stored inside a

cassette or a magazine.

20 The electronic device 12 may be a simple logic device or a simple memory
device or a mixed signal device or memory device with exposed input and output
signal paths. Further the system and method may involve testing more than one
device at a time. The testing handling apparatus 10 may also include a
singulation saw 20 to singulate the array of electronic devices 16 on the

25 singulation frame 12. The present invention may further include an on-loader to
load the singulated devices 16 onto the XYZ-8 table 50 or manually load the
singulated devices onto the XYZ-6 table 50.

The invention described herein is susceptible to variations, modifications and/or

30 additions other than those specifically described and it is to be understood that the



15 will be noved to off-load the non-faulty devices 16 into a nagazine for
the next process. The electronic devices 16 may then be renoved by a

pi ck- and- pl ace device (not shown) or -other off-Ioadi ng neans andlzﬁmgyegm:
stored inside a cassette or a magazine. 20 The el ectronic device 12 nay be
a sinple logic device or a sinple nenory device or a m xed signal device or
menory devientiging Mcdsdsssall suspuyargignsutmdificadipgmaanddet Rediticast waicht fed
system and, BY_| t Le. n one device at a tinme. The
testing hgw %ﬁ%gg%@g?g€§§$%%oiﬁ%z%?%gqgﬁgwﬁ e'a singulation saw 20 to
singulate the array of electronic devices 16 on the 25 singulation franme 12.
The present invention may further include an on-loader to |oad the

si ngul at ed devices 16 onto the XYZ-8 table 50 or nanually | oad the

si ngul at ed devices onto the XYZ-O table 50. The invention described herein
is susceptible to variations, nodifications and/or 30 additions other than
those specifically described and it is to be understood that the 12- NMAY

i nvention includes all such variations, nodifications and/or additions which
fall wthin the spirit and scope of the above description. 12 NAY - 12
Claims 1 . A nethod of processing an unsingul ated array of packaged

sem conduct or devi ces conprising the steps of~ 5 nounting the unsingul ated
array of packaged sem conductor devices on a nounting device, then

singul ating the packaged sem conductor devices to physically separate the
packages; and then testing the singul ated packaged sem conductor devices for
defects while they are nounted on the nounting device and w t hout renoval

t heref rom



10 2. A nmethod according to claim1, further conprising the step of applying
mar ki ngs to di stinguish non-defective ones of the packaged sem conduct or
devices from defective ones after testing while they are still nourp?ﬁ,gnonm_‘,,g
the nmounting device. 15 3. A nethod according to claim2, wherein AL
singul ation, testing and marking stepd2are carried out at two or nore
stations. 4. A nethod according to claim 3, including the step of noving the
20 packagedcssmisconduct or devices at | east between the testing and marking
positions for testing and marking respectively. 5. A nethod according to any
one of the preceding clains, further including the step of detecting the
alignments of the JgheRadePsiPessilsct B dBvingaetedsagay ook thaskags§, and

orienting tbenRbhaYctof dRALAIRh Y FeStés desired before testing. 6. A

met hod according to any one of clanme 2 to 5, wherein the markings are
appl i ed by di r ectiongting thgsdisingsiated ey oélpeckaasdosrsriconductar qexiseages. 30 7.

A nmet hod acgor.di t i o | Ni g td [ mrises a film
ot Tacer v arEdufithg SedLd! el sTafid tnd PEcERNE SMeHRIIRE GQMRE RSV 215
wher ei n t heppgidadigsdpsmite thenuhokbges; deditoems are nounted on the adhesive

TR o e el AR e AR B3 BLOERLE R, oo™ 0
adhesi ve sutHegcee ifwamesf on thet meusting dsscecdnd Withquackaged tisesiromnduct or devi ce
bei ng s ked bei ng

2. A method according to claim 1, further comprising the step of applying

markings to distinguish non-defective ones of the packaged semiconductor

devices from defective ones after testing while they are still mounted on the

mounting device.

15
3. A method according to claim 2, wherein the singulation, testing and

marking steps are carried out at two or more stations.

4. A method according to claim 3, including the step of moving the
20 packaged semiconductor devices at least between the testing and marking

positions for testing and marking respectively.

5. A method according to any one of the preceding claims, further including
the step of detecting the alignments of the packaged semiconductor devices
25 Dbefore testing, and orienting the array of packaged devices as desired before

testing.

6. A method according to any one of claims 2 to 5, wherein the markings
are applied by directing a laser beam onto selected ones of the packages.
30
7. A method according to claim 6, wherein:
the mounting device comprises a film of laser transparent tape with an

adhesive on one surface;



the one in contact with the adhesive surface of the tape. 8. A nethod
according to any one of the preceding clains, wherein the packaged

sem conductor devices are maintained in a substantially coplanar |20MAY 7089
relati onship on the nounting device during testing. 9. A nmethod according to
any one of the preceding clains, whereild-the packaged sem conductor devices
are tested in subsets selected such that adjacent devices are not tested

si mul t aneously. Wherbfr the pdauRapéd UsenhiebndUc@sieasiitss adte URRDUREEY @hethear ray of
packaged semi conductor devices conpri si ngw a nounting device for nmounting
G

the unsi nguPgfevasyiaredy “’ﬁﬁa&'ﬁh@fé@”sﬁﬁﬁ”é u®@r devices; 20 a singul ating
devi ce for singulailingid Bfeled %Y &Esnﬁ@ﬁ?@%@r%%%%@{ He flIFHaMf €& and a

testing device operative to test eac t he singul ated packaged

seni conduct gensrareridapd mwajéﬁ@:a@hewtéi@yeéh&fggﬂ atl on and testing of the

si ngul at ed pack i Lhe they are
nount ed gn t he a.g]g “fﬁageso eV| t:ﬁeﬁ ?ﬁ%gﬁcﬁ{j&é het eggﬁbnerqir\f(.gb&%”ﬁ;par at us
accordi ng tihecd)rm |mcbﬁtact wath diok a@jﬁ@wa sigface of tige tdpei ce for appl yi ng mar ki ngs
to di stinguish defective and non-defective tested packaged 30 sem conductor
devices while they are nounted on the nmounting device. 12. An apparatus
accordi ng t 8. cl ahmméthodwnzoeding ttheanyi @gajbalthe)tpredeelmg nlgirandwhmrrk'tmag are
carried out at t or _.nor tations of the a ratu

03 an appaPatEI PRI R Sp R B MERBRRANG & SEAAYEN CBPE RN g he

10 relationship on the mounting device during testing.

9. A method according to any one of the preceding claims, wherein the
packaged semiconductor devices are tested in subsets selected such that

adjacent devices are not tested simultaneously.

15
10. An apparatus for processing an unsingulated array of packaged
semiconductor devices comprising:
a mounting device for mounting the unsingulated array of packaged
semiconductor devices;
20 a singulating device for singulating the array of packaged semiconductor

devices; and
a testing device operative to test each of the singulated packaged
semiconductor devices for defects;
whereby singulation and testing of the singulated packaged
25 semiconductor devices are conducted while they are mounted on the mounting

device without removal therefrom.

11.  An apparatus according to claim 10, including an inscribing device for
applying markings to distinguish defective and non-defective tested packaged

30 semiconductor devices while they are mounted on the mounting device.

12.  An apparatus according to claim 11, wherein the singulation, testing and

marking are carried out at two or more stations of the apparatus.



packaged sem conductor devices for processing at | east between the testing
and marking positions 5 14. An apparatus according to claim 13, wherein the
conveyor is adapted to nove the packaged sem conductor devices rcib?kwﬁ,}tﬂ%
| inear and rotary axes. 15. An apparatus according to any one of 5 <10’
to 14, wherein the 10 mounting nmeans dé¢i-ce conprises a filmof material
stretched on a support franme, and having an adhesive on one side for

recei ving the packaged sem conductor devices. 16. An apparatus according to
claim 15, further including a yacuum chuck 15 operative ﬁ) maintai n the
position of '#he SUFPBRFENYS 2FROTHRY 19 PRI d%r |”ﬁb‘dﬂ€23 CONYRYSI Hrinving Bt i ng and
marking of bh&ReekasatoshEtd oMslikdsOfor ¢rYdes8hg At/ leadNbafRanathEtedfgor ding to
any one of claims 10 to 16, including an oriéenting device to adjust

al i gnment ofnd MargagRaglenseni conduct or devices 20 and/or to |ocate the
positiong of defective ones of the packaged sem conductor devices. 18. An
apparatus according to claim 17, wherein the orienting device is an i nage
recogni ti onl14i si dn appatatun aa®rdiog taalaip Pdr athescindhocaiveyot s agapteshte of
clainms 11 te

i . L Rl i j ﬁﬁﬁ i operative
to mark a surog7 gg%é,\@g@ﬁgd%E@%J&ggg{ogg%ﬁr/]g%%%\t%ﬁ %rtb?gg?ﬁce '{(/)taggéhg{sﬁg t he
surface. 30 20. An apparatus according to claim19, wherein. the nounting
device conprjises,a film.of transparent tape with an dhesi ve surface on
Wi ch t he PAEKaga BRATONAEEGTRIdy oY & bt 85 Thniierfs e

10  mounting means device comprises a film of material stretched on a support
frame, and having an adhesive on one side for receiving the packaged

semiconductor devices.

16.  An apparatus according to claim 15, further including a vacuum chuck
15  operative to maintain the position of the support frame and film during the

singulation, testing and marking of the packaged semiconductor devices.

17.  An apparatus according to any one of claims 10 to 16, including an
orienting device to adjust alignment of the packaged semiconductor devices
20 and/or to locate the positions of defective ones of the packaged semiconductor

devices.

18.  An apparatus according to claim 17, wherein the orienting device is an
image recognition vision system.

25
19.  An apparatus according to any one of claims 11 to 18, wherein the
inscribing device is a laser device operative to mark a surface of the packaged

semiconductor device by heating the surface.

30 20. Anapparatus according to claim 19, wherein:
the mounting device comprises a film of transparent tape with an
adhesive surface on which the packaged semiconductor devices are mountable;

and



the | aser device is operative to direct the | aser beam generated thereby
through the filmtoward the adhesive surface thereof to mark packaged .
seni conduct or devices mounted on the adhesive surface. 5 21. An agoafréf udh
according to claim 20, including an inverting device to invert the
transparent tape to expose the surfacé1gf' each packaged sem conduct or

devi ce nounted on sai d adhesive surface of the transparent tape to the

| aser devi ce f orthede&ermdevickOis2derdiivedppireat the laserovetinmgeteradery themebyof cl ai ns

14 to 21, erei.n the,, canveyor, is an XYZ-Theta.table., 23. An apparatus
M cordrmy tDRRRYT ShECarT IPUENC g, 3 fes B B 1R o ol R et or
devi ces ar essmidvhaucteddévices rpobsteanhitad byheaxng angce. 15 rel ati onship on the

nounting device during testing. 24. An apparatus according to any one of
claims 10 to 23, wherein the packaged sem conductor devices are tested in

subsets sel eqt edagUgdpardtat acREiRSLId cHEv S@SindlLRinNg kN tiasér8Ag Sdedet gneousl y.
invert the transparent tape to expose the surface of each packaged
semiconductor device mounted on said adhesive surface of the transparent

tape to the laser device for marking.

10 22,  An apparatus according to any one of claims 14 to 21, wherein the

conveyor is an XYZ-Theta table.

23.  An apparatus according to any one of claims 10 to 22, wherein the
packaged semiconductor devices are maintained in a substantially coplanar

15 relationship on the mounting device during testing.

24.  An apparatus according to any one of claims 10 to 23, wherein the
packaged semiconductor devices are tested in subsets selected such that

adjacent devices are not tested simultaneously.





