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apparatus and a systemfor inspecting the |eads of encapsulated |C chips,
'sorting out those that fail the quality criteria and re-conditioning their
| eads. BACKGROUND OF THE | NVENTI ON Igtegrated circuits have achieved

t remendous technol ogi cal advancenents in recent years. The small feature
sizes and nultiple circuit layers achieved today enable ultra | arge-scale
integration (ULSI). Mdire and nore circuit nodules are also integrated into
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Besi des, these I C chips are incr @SCnQHIRS econoni ¢ val ue despite the

~ decreasing costs of production. Wth the continual push towards automation
in the manufacturing industries, the quality requirenments of IC chips are
becom r i - is is constrasted by the fact that finer and
_nore cﬁgggﬁvsgéggég@fggggigre nore suscepti ble to danage during handli ng,
whi ch i s aggravated by the use of high-speed, fully automated machi nes. The
bi gger surface areas and decreasing rel ati.ve thicknesses .of the chips al so
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chips are rar at y nore expensﬂve, it is nore econonmical to inspect and
re-condition the | eads of those chips that have passed the functional tests
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Integrated circuits have achieved tremendous technological advancements in recent years.
The small feature sizes and rﬁultiple circuit layers achieved today enable ultra large-scale
| iﬁtegratiou (ULSI). More and more circuit modules are also integrated into a single chip.
These IC chips are therefore getting more external lead connections. These leads also tend

to be finer and more closely spaced.

Besides, these IC chips are increasing in economic value despite the decreasing costs of

-

production.

With the continual push towards automation in the manufacturing industries, the quality
requirements of IC chips are becoming more stringent. This is constrasted by the fact that
ﬁnei!: and more closely spaced leads are more susceptible to damage during handling,
which is aggravated by the use of high-speed, fully automated machines. The bigger
surface aréas and decreasing relative thicknesses of the chips also lead to warpage and
distortion of the leads in terms of parallelism and planarity once a chip is encapsulated and
removed from its mould. As the chips are relatively more expensive, it is more economical
to inspect and re-condition the leads of those chips that have passed the functional tests but

~ have not met the external quality requirements.

The push towards automation is net sufficient. The yield and throughput of the machines

are becoming important factors, especially in the increasingly competitive manufacturing




The push towards automation is not sufficient. The yield and throughput of
the machines are becomng inportant factors, especiahbgeggmbggmw

i ncreasingly conpetitive manufacturing 13 Septenber 2005 envi ronment. As
the econom c value of IC chips is hi%h, automation with mnimal or no human
intervention or handling is desired. “This will ensure fewer operator
errors, for exanple, that 1C chips of different |ots are not

m s-ident.i fied, SUMVMARY OF THE I NVENTION Wth this invention, the primary
obj ect FPEPNPhe exanpl e enbodi ments is to provide a fully integrated

i nspection process and systemfor | C chips and neans for re-conditioning

the | e%%sthe%&hpﬁﬁc QRIRCIL HE chips! B ﬁigﬁ,r SADMatiDR Wit MARRME 00ho tifndFRChI Ne.
According to a first aspect of the present Invention, there is provided
appar atnterveotion pnbpeiting ng desictdr #bnatilt ereninfpweh @perRt sroks, | for chamyple,

conprising., |ead.inspecting neans .for..dnspecting | C chips for defective
| eads; %%%4@68%‘51‘%&8%\(% ?Tﬁ%tﬂgls’flgefmﬁg@ondi tioning | eads deternined to be

rewor kabl e by said | ead inspecting neans; -and transfer nmeans for

transferring chips. wth | eads reconditioned by said | ead reconditioning
means §8m@M%§P¥5ﬁﬁnﬂﬁ§H¥@?Pﬂﬁmheans for reinspection; and for selectively

presenting IC chips to said | ead reconditioning nmeans w thout first passing
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' fully integrated inspection process and system for IC chips and means for re-conditioning

the leads.
Another objective is to increase the throughput of the machine.

According to a first aspect of the present invention, there is provided apparatus for
inspecting and reconditioning the leads of IC chips comprising:
lead inspecting means for inspecting IC chips for defective leads;

lead reconditioning means for reconditioning leads determined to be reworkable by
said lead inspecting means; and

transfer means for transferring chips with leads reconditioned by said lead
recondifioning means to said lead inspecting means for reinspection; and for selectively
presenting IC chips to said lead reconditioning means without first passing through said

lead inspecting means.

Preferably the apparatus may further comprise sorter means to remove chips that fail
reinspection.
The apparatus may also further comprise

a buffer station for a buffer of chips that have previously passed quality acceptance;
and

a lead reject station;

wherein said sorter means is operable to remove chips that fail reinspection, to said

lead reject station and to replace them with chips from said buffer station.




reinspection. The apparatus may also further conprise a buffer station for
a buffer of chips that have previously passed quality (geeapheseass and a

| ead reject station; wherein said sorter nmeans is operable to renove chips
that fail reinspection, to said Iea% reject station and to replace them
with chips fromsaid buffer station. 13 Septenber 2005 3 In one node the
apparatus may be operable to accept a tray of chips for reworking and to
recondyf hndohe Meh ggaﬁﬂk thif 8¢ o éf&tﬂ@% h&g w%y %T'@hfp@'fﬁﬁé%ﬁhﬁ@aﬁd‘ﬁm af ter
reconditioning. To Operate’in this node t ere may preferably be: a scanning
li ne f ooconditéy thdm pithps firsbinspeciingsthen radircinapectup thdintaftoricengditionisg f or recei vi ng
trays fromthe scanning line for reconditioning of reworkable chips; and a

rework_|ine for the input of t r ewor kabbl e chi ps for reconditioning
vvlthou?oﬁP?r@Pm@Jéé‘?ﬂqFﬂ%reWrS{?ﬁéfﬁeus may usefully be operable such that

t he cont ea[gca]r;)ﬁg1%%;&%)“%@5:@3@%5&3&&@canned whil e the defective contents
of a previous scanned tray of chips are reconditioned. The apparatus may

t hen be fajretchadm@pm dibt doss eehivingatrays fromythevseanaing] line favwwsedmalificaingholps have

been reco ed i, reinspected, while the reworkable contents of a

previ oY% a ray of chips are reconditioned. For increased

Usef ul nessretiagk B}ﬂ:pﬁrf BeliSipitR tfayd h@ivol@BBIE ichis for reconditioning without prior
'scanning. '

The apparatus may usefully be operable such that the contents of one tray of chips is
scanned, while the defective contents of a previously scanned tray of chips are
reconditioned. The apparatus may then be further operable such that a tray where all
reworkable chips have been reconditioned is reinspected, while the reworkable contents of a

previously scanned tray of chips are reconditioned.

For increased usefulness the apparatus may further comprise
marking inspection means for inspecting chip markings;
removal means for removing chips that fail the chip marking inspection; and
reconditioning of the leads of reworkable chips and re-scanning, while a second tray
containing chips for reconditioning of the leads is in concurrent process,

whereby the chips from the first and second tray are differentiated.

According to a second aspect of the present invention, there is provided a method of
inspecting and reconditioning the leads of IC chips, comprising the steps of:

inspecting IC chips for defective leads;

re-conditioning the leads of chips determined to be reworkable in said inspecting step,
and

transferring chips with the leads reconditioned in said reconditioning step to said lead
inspecting step for reinspection; and

selectively presenting IC chips for reconditioning without first passing through said

lead inspecting step.
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mar ki ng i nspecti on neans for inspecting chip markings; renoval neans for
removing chips that fail the chip marking inspection; @rdptenB&pdsti oning
of the | eads of reworkable chips and re-scanning, while a second tray
contai ning chips for reconditioning_of the leads is in concurrent process,
whereby the chips fromthe first and®second tray are differentiated.
According to a second aspect of the present invention, there is provided a
met hod of inspecting and reconditioning the |Ieads of IC chips, conprising
t he st ' ' ' f.ar [ ; = i.tiLoning the
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t r ansf eonditigninh tigsleadst 6f Khehipedide leatsorfdiht ichipachre ncanaed! to detomuiine ithads ng st ep
to said |lgad .inspecting step for reinspection; and selectively presenting
| C chiﬁ%mﬁBlllﬁbonditioning wi t hout first passing through said |ead

i nspecting step. 13 Septenber 2005 3a The exanpl e enbodi ments provi de an
appar atus and system for inspecting and re- conditioning the leads of IC
chi ps. The | eads of the chips are scanned to determne their conditions by
13 Septenber- 2005 4 conparing the inages with that of a standard reference;
t hose which do not match the reference inmage would have the | eads
re-condi ti oned and re-scanned, before being sorted




for acceptance or rejection In concurrent processing, another tray with IC
chi ps having reworkabl e | eads may be input for reworki LSt r
recondi tioning. The chips fromthe two trays are di fflé‘??%?‘f‘g?%&“gﬁd
rTeturned to their respective trays, so as to preserve their |ot
identifications. BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention.
will be further described by way of fon-limitative exanples with reference
to the acconpanying drawi ngs, in which: Fig. 1 shows a schematic |ayout of
a syst ejenipafing WP 8EAdeh GvidiNchat 8€ QngHrlde@Nidigehdte tha@adshioh dol Kot Ghates tecor di ng
to the enbodi nent of the invention. DESCRI PTI ON OF THE EMBODI MENTS OF THE

| NVENT IreferqRet émpgayorld rive thelleadshys-copditiensdand risjsarnqdaelors beingsodet t he
process r diti.oning the |leads involve various stations and steps in
a checkﬁogéccgﬁtég%e%gﬁgﬁ@om ng machine 1. IC chips, typically held in a tray
10, are loaded into the machine 1 at an input station 20. The trays 10
have i ndividual identifiers that allow themto be identified at different
poi nt s INEPBFHETeNhRrocessNg, AREer frax vath IGchupschaving reworkadia leats eyt PEGt i on

20, th 0 1St Nl £k bk : - tion
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tray . Iewrmedtthéhdinegectivotmays) at asan pBervenisgielt identificatbosie two at a tine.
However, only one chip is placed on the inspection station 30 when
encountering an odd colum of tray. The inspection station 30 works in a

st andargh waypedbppaaisoefTHher GvadiRS are scanned and an i mage captured.
This is then conpared to a reference inage to determne the 1 3 Septenber

2005 5
| The present invention will be further described by way of non-limitative examples with

reference to the accompanying drawings, in which:-

Fig. 1 shows a schematic layout of a system for inspecting and reconditioning the leads of

IC chips according to the embodiment of the invention.
- DESCRIPTION OF THE EMBODIMENTS OF THE INVENTION

Referring to Fig. 1, the system of inspecting IC chips and the process of reconditioning the

leads involve various stations and steps in a checking and reconditioning machine 1.

IC chips, typically held in a tray 10, are loaded into the machine 1 at an input station 20.
The trays 10 have individual identifiers that allow them to be identified at different points

along the route they travel in machine 1.

From the input station 20, the tray 10 is then conveyed to a pick-up position of an
inspection station 30. A pick-and-place means 32 transfers two IC chip at a time from tray
10 to the inspection station 30. Inspection is done two at a time. However, only one chip is

placed on the inspection station 30 when encountering an odd column of tray.

The inspection station: 30 works in a standard way. The leads of the IC chips are scanned

and an image captured. This is then compared to a reference image to determine the




conditions of the | eads. The paraneters of the |eads of the I'C chip, such
~as |lead co- planarity, skew, pitch, length, foot angl esajdieqiBeiUos are then
stored in nmenory together wth an identifier of the chip, usually its

position in the tray 10. After being scanned, the |1C chips are returned to
their original positions in the trays, Once all the chips have been scanned

and returned to a tray 10, the tray i% conveyed to the pick-up position of
a unit rotation station 40. There unit rotation pick-and-place nmeans 42

pi cks Ugnidwlpne Riftthe d¢ada. Therparanmtat ed thndeadetafirths IChanpt sichhes leadagount i |

all the chips have _been rotated in their orientatjon .Once thjs has been
done, tManarHyskew, Bﬁméﬁéﬁﬁh’tfg% prele PRg Sotoflaﬁ’?ftg‘?n stosgd ghmg@_oryF{,ogﬁt?%e i nput
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st at i onl(5€hipsart retymied to themwsiganat pesitiorsin fflediayson 52 to the start of an

out put conveying line at position 54. These positions 52, 54 al so serve as
buffer positions for the transfer of trays. There may al so be internediate

posi ti 0ffee AIf tHRRAHS BV bech's@MRAShA r@ikmed td Ay 1AMAC traf¥etonivayed 6 il ght
line in an opposite direction al ongothe outgut conveyling |ine. From

posi ti opick4p pasitivapf i gnit oetatgrestation 40.nkheke pbdationdrickerd-Plase BoansHe
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- inspection are stored in nenory together with the positions of the

r espect ransfeEiagen p® the tray. The tray is then indexed forward to rework
position 56. At rework position 56, a rework pick-and-place neans 130
retrieves fromthe tray 10 those chips with rewrkable | eads, one at a
time, fProns thelihgnsetion 2 ta thewandersdtatidna), totrébarseds ona shigghtding insa f r om
the first direction on an input cdnveying line. At the tray transfer station 50, a tray is
transferred from position 52 to the start of an output conveying line at position 54. These
positions 52, 54 also serve as buffer positions for the transfer of trays. There may also be
intermediate positions, if necessary. From position 54 the trays travel in a straight line in
an opposite direction along the output conveying line. '
From position 54, a fray is conveyed to a mark inspection station 60. The markings of
every chip are inspected by means of a camera. The conditions of the markings, such as
clarity, orientation, mark identification and so on are also required to be satisfactory. Thus
the results of the inspection are stored in memory together with the positions of the

* .
respective chips i the tray.

The tray ié then indexed forward to rework position 56. At rework position 56, a rework
pick-and-place means 130 retrieves from the tray 10 those chips with reworkable leads,
one at a time, for realignment at a rework station 142 (based on the results from the
inspection station 30). After reworking, the chips are returned back to their positions in
tray 10 at rework position 56. Once all the chips with reworkable leads in a tray have been

reworked, the tray 10 is then indexed to rescan position 58.

The chips for reworking are picked up based on the results of the inspection at the
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I nspection station 30). After reworking, the chips are returned back to
their positions in tray 10 at rework position 56. Oncg sblembBeo6hi ps W th
reworkabl e leads in a tray have been reworked, the tray 10 is then indexed
to rescan position 58. The chips for reworking are picked up based on the
results of the inspection at the 13 Septenber 2005 6 inspection station 30,
using the menorised tray identificati%n and the chip positions within the
tray 10. After being picked up, the chips are rotated 180 vertically and

noved tifispRctiGit anitiy3QeSinkitedmemoasad e/ idehtTRMtian end BKRAIPPosRIONS Wathkn
transfer arm 140 for reworking. The rework station 142 operates in a known

manner ,the 8anilRg Afisa brigaduckedaips thanchipy areryotaded §3Qrevestiicatly and gnevesiuteea corr ect
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again from a’sor pl'ace neans aken back
for rescanning at the I nspection station 30. Those that pass reinspection

are returned to their positions in tray 10. Those that fai]l are taken to a
| ead r jHEAEWPTHRSAtAN 4ZRperatsiita kioxn Iéﬁﬂ% bepdingrinakigned deads day apy thig) when

it fil |(ﬁmgﬁ)smrédﬁi)l éﬂsfi’r%aéoh&t Al 355@%%8 4PN 58, any chips that failed the

mar k |nspect|on at mark Inspectron station 60 are renoved, also by the

- sorter pick and pI ace means 70 and | oaded |nto a separate mark reject tray
at mark, reject statign 10 Is too is em)v and ced as and when
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‘renoving all the defective chips (ie, lead reject and mark reject), the
sort er pebcicinspectisinege refamed @hmlem&am in e k). Thake thaty Gdldare bl toraom

buf fer ion 11 t hj he.out ra ter aSSI ng t hrough
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Additionally, at rescan position 58, any chips that failed the mark inspection at mark
inspection station 60 are removed, also by the sorter pick and place means 70 and loaded
mto a separate mark reject tray at mark reject station 100. This too is removed and

replaced as and when it fills up.

A buffer tray containing chips that have passed both the quality and functional tests is
provided at buffer station 110. After removing all the defective chips (ie, lead reject and
mark reject), the sorter pick and place means 70 replaces them all with good chips from
buffer station 110. In this way, the output tray, after passing through rescan position 58,
- would be fully filled. Finally the tray passes to an output station 80, with a full

complement of chips for further use or processing.

The above process is a concurrent scan and rework process. There is a continuous
throughput with transfer from one station to the next, relying not only on completion of
-working at the current station but also on the next station being vacant. As mentioned
- above, positions 52 and 54 act as buffers. There may be additional buffers elsewhere to

avoid bottlenecks, especially if there is a particularly bad batch.

It should be noted that the above machine can be used to conduct just scanning alone — this

would miss out the reworking steps, with all reject chips being removed at rescan position
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would be fully filled. Finally the tray passes to an output station 80,
with a full conplenent of chips for further use or prigcepeinbg.200he above
process is a concurrent scan and rework process. There is a continuous
throughput with transfer fromone station to the next, relying not only on
conpletion of working at the current station but also on the next station
" being vacant. As nentioned above, pgsitions 52 and 54 act as buffers.
There may be additional buffers el sewhere to avoid bottlenecks, especially
i f therss. ils can pddot be ulsad ljyst bada rawotking tmashme) dybmissingechitt thatscatmengbove
machi ne can be used to conduct, j.ust sgﬂnngng alone - this would mi.ss out
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ni ssing ouf the scanning, = rescanni ng and sorting steps or mssing out only

t he scanaworkgprbesss lis¢ agl 2 eswdnmiodg and sorting. To nake the latter
possibility easier, the present invention includes a dedicated rework
process line and a rework node. In the rework node, a tray with only

- rewor kaflg ©RbRembodc, R tﬁg@@tﬂ SHLP r@vdiRINE Khib® RUlaceldhto@rewdAOnpditeatiohay i s
indexed to a position 122 and a rework rotary pick-and-place neans 130
retrievigd. Ehetray ks indéxsd tp @uposikiond 22 and ndewarkeroimy pack-andsilacegaepngidle. After
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accunul ated at the output station 124 of the rework process line.  From
t here irewpgkpblsechipskbayedisen opgecteth derather aligngenty) Qrescampletsd thadiy St ati on
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From there it may be taken out, for instance to be placed in the input station 20 for

concurrent scanning and reworking as described above.

~ In another concurrent mode processing, a tray 10" with chips is placed into input station 20
while another tray 10" with chips having reworkable leads is placed into the rework mput
station 120. In this mode the controller memorises the identities of the chips picked up at

« positions 56 and 122 during processing. To preserve the lot identification of the chips, the

| chips from each tray must be returned to the same tray afier processing. Of course, the
chips in bﬁffer station 110 must be from the same lot as those loaded into station 20.
However, the reworked chips at station 120 may be from a different lot. In this way, the
utility of the scan station 30 and rework station 142 is further maximised, with neither
bein}g idle for long. If necessary a separate buffer of acceptable chips from the batch on

the rework line may also be present.

~ Mark scanning and identifying is present in the preferred embodiment. However, it is not

- essential and the sorter may just remove and replace those that fail lead rescanning.

In the above deseription, the use of linear conveying means for the tray containing the IC
chips are exemplified. However, the method of transferring the tray is not a limitation on
" this inventive conecept. The use of a robot with rotary end effector may replace the

transferring means for the tray, both linear and rotary.




~ Is-placed into the rework input station 120. In this no

I n anot her concurrent node processing, a tray 10° with chips is placed into
input station 20 while another tray 10" with chips hﬁ%'g&e%ﬁﬁgb&?ble | eads
e controller
menorises the identities of the chips picked up at positions 56 and 122
during processing. To preserve the lot identification of the chips, the
chips fromeach tray nust be returned to the same tray after processing. O
- course, the chips in buffer station 110 nust be fromthe sane |ot as those
| oaded into station 20 However, the reworked chips at station 120 may be

froma different lot. In this way, the wutility of the scan station 30 and
r ewor k Whidg joshy PR §Remmly haRparAls @nd etpveral t‘fPFeWBlaﬂhéPo eﬁe?ih@hq dreetlor | ong.
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i n t he mpodifieatioas aﬁumadaﬂ[mmtcould)hemde fot thespreseht imssémt wathoandepatimgsor t er
may just renove and replace those that fail |ead. rescannin n the above
descri gt e $9Ree g Qleo‘F‘V‘F‘}tWé‘aPc’chﬁ%W mhgr Plgiewp SW%F? %50 i%ing the
1 C o ChifSie #idh GeSORk S Infisto gh biltGo TRk pasteqf The mﬁtfs%rfrtwgw&mmt ray is
not alrmtation on thls |nvent|v concept. The use of a robot with rotary
end ef fvalitow beaspellebbutde thelvdaims witk feerenegtombarsditdpsurie tray, both |inear
and rotary. 13 Septenber 2005 8 Wiile only one exenplary apparatus and
several exenplary nodes of the present invention has been described and
illustrated, it is to be understood that many changes, nodifications and
variations could be nade to the present invention w thout departing from
t he scope of the invention. For instance, the nunber of rework station 142
may be nore than one so as to inprove the throughput of this process. The
limts of the invention




will now be spelled out in the clains, with reference to above discl osure.
9 1 3 Septenber 2005 CLAIM5S 1 Apparatgs for inspectingsaagefnssoa64 tioni ng
the | eads of IC chips conprising: |ead inspecting nmeans for inspecting IC
chips for defective | eads; |ead reconditioning neans for reconditioning

| eads determ ned to be reworkabl e @yH@gi d |l ead inspecting neans; and
transfer means for transferring chi h | eads reconditioned by said | ead
recondi tioning neans to said | ead i nspecting neans for reinspection; and

for selgctivgl resepting | hi 0 said lead., econditianing neans

w thout i r stPoarberRE kP ding and Bpameliue e sei o1 C BB g ar ot e
accordi ng t o leadinspekting orskhe for amppctingl IGghpsforedefentisa featis; r enove chi ps that
fail reinspectipn. " S or di.n | g fyrther rising a
but fex st at 1 49 BroRERRETEHE of @il Srf BeBiPintith b8 TeuER eS| ()
accept anceby aaid lemdliespeciirgg meansadi on; wherein said sorter neans is
operable to r, | bs. t hat Ll reinspection, to .sai ead. reject
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Appar at us erooditining thoeaasy tooseidofeat! hiespeoting dneansc Faxri reinspeatidnh eandc tompr i si ng:

For e vkl Erebbiharlc, Sodoid RyBriehd “BEH Fbnif AR iER 1 e

r ewor kabl epdrspw; thengh said lead inspecting means.

2. Apparatus according to claim 1, further comprising sorter means to remove chips
. that fail reinspection.

3. Apparatus according to claim 2, further comprising

a buffer station for a buffer of chips that have previously passed quality
acceptance; and

a lead reject station; ‘

wherein said sorter means is operable to remove chips that fail reinspection, to

" said lead reject station and to replace them with chips from said buffer station.

4, Apparatus according to any one of the preceding claims, further comprising:

a scanning line for tray of chips to be inspected;

a reconditioning line for receiving frays from the scanning line for reconditioning
of reworkablechips; and

a rework line for the input of trays of reworkable .chips for reconditioning without

prior scanning.

5. Apparatus according to any one of the preceding claims, operable such that the
contents of one tray of chips is scanned, while the reworkable contents of a previously
. scanned tray of chips are reconditioned.
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whereby the chips from the first and second tray are differentiated.

8. A method of inspecting and reconditioning the leads of IC chips comprising:

inspecting IC chips for defective leads;

reconditioning the leads of chips determined to be reworkable in said inspecting
step; and

transferring chips with the leads reconditioned in said reconditioning step to said
lead inspecting step for reinspection; and

selectively presenting IC chips for reconditioning without first passing through
said lead inspecting step.






