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PCSI TI ONI NG ELECTRONI C DI E W THI N COMPONENT PACKAGES TECHNI CAL
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met hods and systens for manufacturing products in a high volune, autonated
continuous process and nore particularly to inproved nethods and appar at us

for automatically positionin electronic die within conpo gckages.
BACKGROUND OF THE METHORTABR ARATOR éﬂé‘ ke im o1 T~ known
in the prior art. SUCFFI-E&'&'FBE%%‘? EN re N Iy designed to
be supporte‘ggég_ml ' a package haV|ng a plurality of pins or |eads.
The package VES as a carrier and as a heat sink and is nornmally square

or rectangul ar igh&hppesent Tiifvention relates generally to computer-aided

methods and systems. for manufacturing products in 2 high
volume, automated continuous process and more particularly to
imptovéd methods and apparatus for automatically positioning
electronic die within component packages.
BACKGROUND OF THE INVENTION

Integrated circuit devices ‘are well-known in .the prior
art. Such devices or so-called "die* are normally designed to
be supported oi: carried in a package having a plurality of
pins or leads. The package serves as a carrier and as a heat
sink and is normally square or rectangular in shape. The
packages, which include a cavity. in which the integrated
circuit die is placéd. may be formed of metal, ceramic or
plastic components. After the integrated circuit is secured
in the cavity of-the package, a component "lid" is typically
placed over an exposed surface of the circuit. A bottom
surface of the 1id includes a "pre-form" material such as
epoxy or solder that is used to secure the 1id over the
circuit to provide a protective cover. The pre-form is cured
by placing the package in a furnace.

Packaging unusable die which must be scrapped after
testing is inefficient and costly. Accordingly, the die are
often tested for continuity during the manufacturing process.

This has been accomplished by placing die in temporary



packages, which include a cavity in which the integrated circuit die is

pl aced, may be fornmed of netal, ceramc or plastic conponents. After the
i nt egrat ed WO 9528737 i s secured in the cavity of the packaggcl.,?J &mgnent
"lid" is typically placed over an exposed surface of the circu

bottom surface of the lid includes a "pre-fornt naterlal such as epoxy or

sol der thalidediEla! e nNehd d ANRREINA. CLERRES D DEOYLBIZe

protect i e pre-formis cure pl'aci ng the package in a

furnace. testmg.Packaﬂemg helaaks dlmmuiqh Mdall beaatguryteed ekkelingtesting
Is inefficient and costly. Accordingly, the die are often tested for

cont i nuiDisahetengtesteingmnihatudes nfeptingsthe TAevites Boen spasdpandhed by

plaCIngéﬁgaé;;éfgmﬁgfgg may occurwgfgiézigilmbly and after burn-in.
Burn-in testing accelerates failure mechanisms such that
devices which have the potential to fail 1later but which
failure would not otherwise be apparent at nominal test
conditions can be eliminated. |

However, testing unpackaged die requires a significanf
amount of handling. The tenporary package must not only be
compatible with test and burn-in procedures, but must also
secure the die without damaging the die at the bond pads or
elsewhere during the process. Bonds pads are conductive areas
on the face of the die which are used as an interconnect for
connecting the die circuitry to the'p;ckage. The positioning
of the die within the cavity of the temporary package is
therefore critical since the piacement of the die bond pads
relative to the temporary package electrical interconnects
must be properly aligned in order to subject the die to such
extensive testing.

Precising die packaging includes‘mechanicélly locating a
cbmponent in a precise position or placement. Various
“precising” methods for this purpose are known in the art.
Howevef, there have been several problems associated with such
precising methods and systems. For example, it has been

difficult to position the die bond pads in electrical contact



PCT/ US95/ 04690 packages and subjecting the assenbl ed package to extensive
testing, mhigaoﬁ#gibudes burn-in and discrete testing. Discrete
testing includes i ng the devices for speed and for errorBCTHS9SiMGRY
occur after assenbly and after burn-in. Burn-in testing accelerates
failure mechanisns such that devices which have the potential to fai

| at er but whitih témpdnany padkdgeokletheiwale inteappaneatsainnani agturate
condi tions can be elim nated. However, testing unpackaged die
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The positi QJ¥t¥h destroyed upon contact with the temporary package.
Moreover_, a significant investment in the costly integrated
circuit device is often lost when the positioning of the die
within the temporary package is not properly aligned.
Accurate placement and positioning of the die in the temporary
package is thus critical to providing acceptable results.

One attempt to overcome the problems associated with the
prior art has been.to precise die and packages by mechanical
fixturing. However, assembly tolerances used in mechanical
fixtﬁring techniques are often insufficient to prevent
improper alignment. Mechanical fixéu;ing also leads to damage
of the die or tempofary package. While such techniques have
proven useful in improving the accuracy and reliability of the
die placement, these techniques do not enable die to be
precisely positioned within temporary packages in a manner
that allows production efficiencies capable of suppdrting
large volume operations.

Accordingly, there remains a long-felt need in the
semiconductor industry to provide for improved methods and
apparatus for manufacturing integrated circuit tempbrary

packages in a high volume, cost-efficient and reliable manner

which includes automatically positioning integrated circuit



of the die wwthin the cavity of the tenporary package is therefore
critical since the placenent of the die bond pads relative to the

t enporary %%@7& ectrical interconnects nust be proper pgrokdsiaéed i n
order to subject the die to such extensive testing. Precising die
packagi ng i ncludes nechanically locating a conmponent in a precise

posi ti orgj drwi PhHF FMdNt tempSrd GtiSpacikigd Sutth ¢RIt alice fB6nd hpsapuapese are
known in the art. However, there have been several problens associated
with sudn pekectsriwpl necdmidect amdithystemporar¥or packagel eelectribat been

difficult to position the die bond pads in electrical contact
-2- intengpnpecks7te allow extensive testing to be performed.
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It is thus a primary object of the present invention to
provide computer-controlled methods and apparatus for
automating the positioning of integrated circuit devices or
die within temporary packaqe; utilizing a high voluﬁe,
continuous process.

- It is another object of the invention to provide an
automated apparatus for the positioning of electronic die
within temporary packages that is used in-line with other
machines to facilitate formation of assembled packages which
may then be subjected to-continuity testing and the like.

It is yet another object of Eh; invention to describe
methods and systems for accurately positioning electronic die
within temporary packages in a reliable, cost-effective manner.

It is still another object of the invention to provide
methods and appaiatus for continuous positioning of integrated
circuit die within temporary packages in a production line
while significantly reducing the percentage of die and
temporary packages in which continuity is not established.

Yet another object of the invention is to provide
multiple inspections of the die and temporary package prior
to, during and after placement of the die within the temporary

package. By inspecting the die at various stages of assembly,



wi th tenporary package electrical interconnects in an accurate and

copnsi stent manner so as to facilitate a high volune, continuous

mafuf acture oVYO%&BPbrary packages. Anot her di sadvant agecassssisévoe d
with the prior art is that the die is often destroyed upon contact. with
the tenporary package. Mreover, a significant investnent in the costly
integrated ager Cwhicklewree h6tOofprdperiy Widgnede pesi pooitignéd tdun dibe
within the tenporary package is not properly aligned. Accurate placenent
and positiomepgsbtiohed dite imaximizeenpbearnumpsrkade elechuicali idondlacts
provi di ng acceptable results. One attenpt to overcone the probl ens
associ at ed Bptyeene the jdie gppndaPaitionang FreRRFALY cPARKaRRcl8IREs riFal
mechani cal ,f[xturing. However, assenbly tol erances used in nechani cal
fixturing P@tﬁﬁ?ﬁﬁﬂé&t%ne often insufficient to prevent  inproper
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use multiple cameras to facilitate precise placement of the
die in the temporary packages in a continuous manner, thereby
significantly enhancing the efficiency of the processing line
and increasing the number of packages in which continuity is
established.

It is still a further object of the invention to provide
an apparatus for placing die in temporary packages wherein the
packages are supported on carriers such as boats or trays that
'ére conveyed along a path through a predetermined
assembly/disassembly position. A cér;ier preferably includés
a body pottion and at least one side rail having a plurality
of spaced openings therein. The carrier may be formed of
plastic or metal. The apparatus further includes an indexing
mechanism that functions to place each temporary package in
the predetermined assembly/disassembly position to allow the
integrated circuit die to be positioned precisely therein.

Still another object of the presept invention is ¢to
provide a method and apparatus which utilizes previously
stored die characteristics for a die in &8 known temporary
package and in a known boat to disassemble electrical die and

temporary packages from one another based on predetermined

parameters and to classify the die appropriately.



proven useful in inproving the accuracy and reliability of the die

pl acenment, these techni ques do not enable die to be precisely positioned
wi t hi n t enp@952§73packages in a nmanner that allows productpeainusekibdiess enci es
capabl e of supporting |arge volume operations. Accordingly, there
remains a long-felt need in the sem conductor industry to provide for
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pads in electrical contact with temporary package electrical
interconnects. Once the die bond pads are in contact with the
electrical interconnects, the temporary package can be placed
in a standard device tester ahd subject to extensive testing.
Such testing includes burn-in testing and the 1like to
establish various die characteristics and eliminate
mortality. These characteristics, while not meant to be
limiting, include the gquality of the electrical contact
between the die and the temporary package in addition to
classifying the die in the temporary package based on speed
grade characteristics.

The method and apparatus in accordance with the present

invention includes a system which piék; up and places a die on
a die inverter. The die is then inverted and placed in view
of a rough die camera, which takes a picture of the die.
Using positional feedback from the rough die picture, a robot
having a primary gripper with a restraining device attached
thereto retrieves the die. The die is then ﬁresented to a
fine die camera by the robot and multiple pictures are taken.
While the die is being located by the die cameras, a proceés
carrier cbntaining a plurality of temporary packages is
‘simultaneously 'indeied to place a temporary package in a
predetermined assembly/disassembly position along a conveyor.

An electrical socket is then inserted into the temporary

package for continuity testing.
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die within the tenporary packages such that die bond pads are in

el ectrical cod 3,7\M'th tenporary package electrical interconnects to
al Fow extensive téSting to be performed. BRI EF SUWARY OF THEETVS9RbdEbON

It is thus a primary object of the present invention to provide
conputer-controlled nethods and apparatus for automating the

posi tioni ng of Antroyelt &PMPOTATYt RROKAGESs Bictyre dst thhen cbpkenr pfpddieages
utilizing a high vol une conti_nuous, p anqtheﬁéobject of

the | nvont FOPREREY oPPELAER 2B GiARIES aPRkEamATe (s TO%WR 1BBBELPBN Ry of
e non Con Syl dfiey, DALY sheckRgC noi SRR R
subj ected §f GOPidFdrireal @hbbBImand,t Re 1dder height | behSoy ChapNBehtisea
object of the invention to describe nethods and systens for accurately
posi ti oni ngoel @etérmine dithe height of the temporary package at the

positionlpriOt to taking fine package vision pictures in order

to keep the camera in focus. A fine temporary package camera

is then positioned over the selected electrical interconnects

of the temporary package at the assembly/disassembly position

and multiple fine temporary package pictures are also taken.

The die and restraining device are then transferred by a
primary gripper to the predetermined assembly/disassembly
position. The robot aligns the die and temporary package
using the fine temporary package and fine die pictures, and
presses the die, restraining device End package together to
form an assembled package.

During the assembly process, the robot preferably drives
to a minimum programmed assembly interlocking height and tests
the completed assembly £for continuity. If continuity is
confirmed, the robot then releases the restraining device and
die. If continuity is not established, the robot increments
to a maximum programmed force setting. If continuity is still
not established, the restraining device and die are removed
from.the temporary package. A new temporary package is placed
in the predetermined assembly position and the fine die, rough

package, and fine temporary package pictures are retéken. The



within tenporary packages in a reliable, cost-effective manner. It is
still another object of the invention to provide nethods and apparatus for
cont i nuous vgeg #hing of integrated circuit die within te@assisAckages
in a production line while significantly reducing the percentage of die

and tenporary packages in which continuity is not established. Yet

anot her @ig ecandf new itemporiagy | packageoviake rhhen plredsgambdedbnans t he
die and tenporary package prior to, during and after placenent of the die

wi thin t¥ete rary package. By inspecting the die at various stages of
asserbl y, In an alternative embodiment ~8F - the pre\é\Qngy izrigv?e?’n?tion,
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the robot drives down until physical contact is established

between the die and the temporary package. After physical
contact is established, the robot drives to a minimum
pro_gramméd assembly interlocking height. The primary gripper
releases the die and 1lid or other restraining device and
retracts to a waiting position. Electrical continuity of the
assembly is tested. If the assembly has electrical continuity
between the die and the temporary package, the process is
completed. If electrical continuity is not established the
primary gripper retrieves the die and restraining device and
awaits instruction from the operator. The operator may choose
to retry the present temporary .p'aci:age, utilize the next
package, or purge the die from the system and use the next die.

Any electromechanical device which is capable of
transferring component parts from one position to another may
be used in the present invention. 1In a preferred embodiment,
however, the transferring dJevice is a robot arm. The
apparatus has a control mechanism including a mi_croprocessor
and associated program routines that selectively control the
robot arm (i) to move the primary ogripper to pick up a
restraining device and to a lid feeder station to pick up a
1id, (ii) to move the primary gripper along with the 1lid and

restraining device to pick up the die following photograbhing

¥



die which are not properly aligned or positioned can be repositioned to
maxi m ze the nunber of electrical contacts between the die bond pads and

t enporary packggé’s’é?’é'ét rical interconnects. It is stil pcansbirasoe
object of the invention to preferably wuse nultiple caneras to facilitate
preci se placenment of the die in the tenporary packages in a continuous
manner, thebebyhesizmigh cdbe| gameranci(ig idhetef movieertthe obrimarypr geépseng
line and increasing the nunber_of packages in which continuity is

est abl i sheddlong withcthe | 1iq fendnekhepj@te oFothd i ROEAEISR 8O prBSi de

D o o PN S od "SR YRR 965 RIS o Blrg PR 058
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side rail hpytded dldiigitheY conveyor.

The control routines also :unction to return the primary
gripper to the predetermined assembly position and retrieve
the die and restraining device in the event that continuity is
not established with the temporary package. The primary
gripper then returns to select a second 1lid, another
restraining dQevice and a second@ die while the carrier is
simultaneously inde;ed to place the next temporary package of
the carrier in the predetermined assembly/disassembly position
along the path. The assembly process continues in this manner.

The present invention also {hcludes a method and
apparatus for disassembling the electrical die and temporary
package based on predetermined parameters or characteristics.
The disassembly process oecurs in a manner substantially
opposite the assembly process. In particular, a carrier
containing a plurality of temporary packages approaches the

 predetermined assembly/disassembly position. Each package
contains an electrical die which has been subjected to
extensive testing. The ©primary gripper retrieves the
electrical die and inverts the die using a die inverter. A
1id precisor similar to the one used for assembly is used to
place the 1id in a known location. The die is thus separated

from the temporary package.



of spaced openi ngs therein. The carrier may be forned of plastic or

net al . TQf 8 aratus further includes an indexing nechanismthat
functions 19 %ﬁ%f% each tenporary package in the predet ePaTmsss/o4690
assenbl y/ di sassenbly position to allow the integrated circuit die to be
positioned precisely therein. Still another object of the present

i nvention i sSTHe fpregoikg ahast ok Hredppamet wof wtheh moie¢ i pestinentous! y

stored die characteristics for a die in a known tenporary package and in a
known bekiects dpfasthenhpresertt inygntdpa.andrhessps dﬁytﬁaﬁwﬂsﬂgf P8m one -
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PCT/ Usgéégnd‘iq?e%t features and applications of the invention. Many
other beneficial reéults can be attained by applying the
disclosed invention in a different manner or modifying the
invention as will be described. Accoi:dingl_y, other objects
and a fuller understanding of the invention may be had by
referring to the following Detailed Description of the
preferfed embodiment.
BRIEF DESCRIPTION OF THE DRAWINGS .

For a more complete understanding of  the present
invention and the advantages thereof, reference should be made
to the following Detailed Description taken in connection with
‘the accompanying drawings in which: ’

FIGURE 1A is a plan view of an assembly/disassembly
system for automatically positioning die within temporary
packages in accordance with the present invention;

FIGURES 1B-1C are side views of the assembly/disassembly
system shown in FIGURE 1A;

FIGURES 2A-2B are side and plan views respectively of a
die pack feeder for use in accordance with the present
invention;

FIGURE 3A-3C are side views of a wafer handler base

having a transfer mechanism which is suitable for use in the

present invention;
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According to nore specific 'aspects of the present invention, an

assenbly systeqhg iyided to place die bond pads in electrical contact
witth tenporary p gﬂ% el ectrical interconnects. Once the di ePODUSHSHacHS
are in contact with the electrical interconnects, the tenporary package
can be placed in a standard device tester and subject to extensive
testing. Such t &GURE idhdiucessbde nviaw: oft imgrengh thie | camexd whiehpbmpxh

vari ous di.e char,acteri stics fnd glimnpate nortality. These
char act eri st d5ed\imy thegresgnt i1nvenRtion: | niting, include the quality

_ _ ne qu
i tron (o ol aEiPRy Pheh aut, FReRc BN o oscage, ofa S BE ke sy

grade charag8idpdlyd ©% a robotNgr@Et hod and apparatus in accordance with the
present invention includes a systemwhich picks up and places a die on a

die inverter. ThFI¢URE % tiEIustwstdsdaand ipl acesy | feeder £of aseough the
canera, which takes a picture of the die.
present invention; _

FIGﬁREs 7A-7B illustrate plan and side views respectively
of a lid feeder station suitable for use in accordance with
the present invention;

FIGURE 7C ié ﬁh enlarged view of the 1id carousel
illustrated in FIGURE 7A;

FIGURES 8A-8B are plan and side views respectively of a
1id precisor which is suitable for use in accordance with the
preseht invention;

FIGURE 9 is a'plan view of the ;arious components of an
indexing mechanism for use in accurately positioning the boat
in tﬁe assembly/disassembly station of the apparatus;

' FIGURE 10 shows a rough temporary package camera for use
in accordance with the present invention;

FIGURES 11A-11B illustrate side views of a fine temporary
package camera and secondary gripper which are suitable for
use in accordance with the present invention; |

FIGURES 12A-12B show an unclipping mechanism in a lowered

position which is suitable for use in the disassembly process

of the present invention; and
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Usi ng positional feedback fromthe rough die picture, a robot having a ‘
primary griyptg With a restraining device attached thereto retrieves the
die. The 9?’?7:! hen presented to a fine die canera by tperosssmassond
multiple pictures are taken. While the die is being |located by the die
caneras, a process carrier containing a plurality of tenporary packages S
si mul taneousIF}GlﬁRﬁde%éd ildusprates adi cABEPRAPrYpadRuPEtern apd

det d nbl y/ d I I
Ol cotr| GRORORtERE, BAEn IhabPPc aRRAs Sy, oRED %ﬁi‘)”é g cpFgpent

conti nuigt st ng. WO 95/ 28737
. PCT/ U89§ f%ﬁ%ton A rough tenporary package p| cture I's then taken of
t he Similar reference characters refer to similar parts

throughout the several views of the drawinés.
DETAILED DESCRIPTION

'rhe. inventive method and apparatus will now be described
in co_njunction with the continuous positioning of integrated
circuit die within temporary package. It should be
app_reciatéd that the use of the inve’ntion for this purpose
should be considered merely exemplary and that the tec_hniqnes .
and mechanisms described herein can be used whenever it is
desired to accurately position, bond or attach dies.

In an exemplary embodiment, a method and apparatus are
provided for automatically positioning die within temporary
packages to facilitate extensive testing. As shown in FIGURE
1A, the apparatus 10 generally includes surface 42, a
programmable robot arm 12 which preferably includes three arms
12a, 12b and l2c, wafer feeder station 14, die inverter 16,
rough die camera 24, a 1id feeder station 22, 1lid precisor 26,
fine die camera 30, a predetermined assembly/disassembly
position 28, a clip tray feeder 50, and rough and fi:;e
temporary package cameras (not shown .in FIGURE 1a). The
assembly/disassembly position 28 is 1located along a conveyor
36 that conveys a carrier along a linear path indicated by

arrow 34 between a first position, corresponding to inlet 38,
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tenporary package and used to determ ne a rough |ocation of the tenporary
package at thggassenbly/disassenbly position. In a preferred enbodi nent, a
| aser height s ﬂgﬂpnﬁhy be used to determ ne the height of tpersysassmry
package at the position prior to taking fine package vision pictures in

order to keep the canera in focus. A fine tenporary ckage canera .iS
Chen posi t i ¥fbd80$EFOPAe POBRELPBA EPEEEFPEARLPRL &Pc Gy (e aie,

enporary PACKARR Aind "Be9T88 PANd YeRARIRIRY BOSKAGE" o A0Y dBdennAkA [ h0C

tenporary package pictures are als e and restrainin

devi ce are JedmlTyiSisassehblY Spod¥tiBH Y28 | #PChiN] 1B MIFited NRore
assenbl y/ di sassenbly position. The robot aligns the die and

tenporary pRskagchensdinng the fine tenporary package and fine die pictures,
and presses the die, restraining device and package together to form an
assenbl ed packadgikk shoul@uibengappreciatath| gheptooeash cthsriebotenhegiserthey
drives 1o & paratus’ bt Une Ta1ct “55" and "then travels Slong the path
through Ehe assembly/disassembly position 28 where the die are
positioned within the packages in the carrier. The continuity
beéween the die and temporary package is preferably evaluated
at assembly/disassembly position 28. Thereafter, the carrier
is conveyed through the _outlet' 40 and the die is then
subjected to additional testing.
Although not shown in detail in FIGURE 1A, it is dgsired
that a plurality of carriers, each supporting a number of
temporary packages, be continuously supplied to conveyor 36.
While not meant to be limiting, this can be accomplished by
the use of a carrier input elevator 38a and carrier output
elevator 40a. A new carrier is supplied at the inlet after
all packages in a previous boat located at the
assembly/disassembly position 28 have been indexed through
predetermined position 28. Die and restraining devices such
as lids and/or clips are then supplied to the packages in the
new carrier. Appropriate sensor and indexing assemblies are

located at the inlet 38 and outlet 40 of the conveyor 36 to

control the movement of carrier thereon.
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the conpleted assenbly for continuity. If continuity is confirned,
the robot then rel eases the restraining device and die.

not establ WhE#™¥he robot increments to a maxi num pr ogr aPEHRFUSISH469e

setting.
and die
pl aced
package,
-7-
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If continuity is still not established, the restraining device
are renmoved fromthe tenporary package, A new tepporaly kage is
FoeniBisn

in t Ronye¥ester miSWP ast®rbtRoFSsi (PAHERRFYIRE £ i :
réNhi s Y % LI AT Al " Fax L ° £862K60aBl8 for use

conveyors, timing belt conveyors, wa;kihg beam mechanisms and
the like are also suitable for use in the present invention.
The conveyor is controlled by a suitable electric motor and
gearing hechanism as is well-known in the art.

As described generally above, a plurality of cameras are
used in accordance with the present invention to insure
precise placement of die within temporary packages. While not
meant to be limiting, one embodiment of the present invention
utilizes five cameras or image producers. As will become
apparent, a first camera is used to aécurately locate the
initial position of a wafer and individual die before the die
is moved. Two additional cameras are used to locate the die
and the remaining two cameras are used to locate the temporary
package or device under testing (hereinafter "DUT"). The
present invention uses rough cameras to locate the die and
DUT's general positions such that the die and DUT can each be
positioned in the respective fine camera's fields of view.
Preferably, the fine cameras have fields of view in the range

of about 0.0020". In an alternative embodiment, three cameras

-are utilized, namely, a first camera to accurately locate the

position of a wafer and individual die, a die camera and a

temporary package camera.
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ret est ed. In an alternative enbodi nent of the present invention, the
robot drives _ Il physical contact is established between the die
and the tenporary package. After physical contact is estabPCHUS9S/04d9e
robot drives to a mninmum progranmmed assenbly interlocking height. The
primary gripper releases the die and |id or other restraining device and
retracts to a wihe rhpgissioperating eethodalofcdie ravitopagict ke niscementis
tested. If the assenbly has electrical continuity between the die_and the

tenporary RRRGKALUS { RANpRRWEsde | desephbedt ed RELQITipgo Y c4P HHFVRES t v
I's not estahlished,the rimary grippes.retrieves the die and,resiraipjng
devi ce andaﬁ}f\ﬂg'ts ’1%5?’}’88 ioﬁxf rﬁﬁggﬂél%pe?%i%?m Tﬂ’e %ﬁér Neladi "%ﬁg e
toretry t r STcelely C Ll n rge
the die frgt%s?htg%?}?tgtem andaﬁggpﬁhggﬁggfgg#e.ia%ﬁa%znf/ﬁ{ eTectrone&g‘?ljf@gl
device whiggle ipresenRabifivestionr ansf @hownd COWREEEs] Pafich f haweobeen

position to another may
previous;y tested to select die from a wafer map or ink dot,
are positioned in wafer feeder station l4. The wafers may
have previously been divided ‘into individual die.
Alte;natively, singulated die may be supplied to wafer feeder
station 48a-48c.

FIGURES 2A-2B illustrate side views of a 2x2" die pack
feeder 48b. The die pack feeder 48b include die pack input 60
and output 64, die shuttle 62 and pneumatic cylinder 64.
Alternatively, a 4x4" die pack feeder may be used or as shown
in FIGURE 1lA, a 2x2" die pack feedér-48b and a 4x4" die pack
'feeder 48a may be utilized. Die pack feeders 48b are
particularly suitable for use in the invention when singulated
die are supplied to apparatus 10. Packs are placed into input
60 and one pack is then moved onto shuttle 62 by pneumatic
cylinder 64 into the workcell. Die are then placed into or
taken out of the packs. When the process is completed,
shuttle 62 is moved by pnéumatic cylinder 64 to output station
66.

Alternatively, a Qafer handler base 170 as illustrated in
FIGURES 3A-3C may be used when the die are sqpplied in wafer

form. First camera 20 as shown in FIGURE 1A is preferably

- 15 -



be used in the present invention. In a preferred enbodinent, however,

the transferring device is a robot arm The apparatus has a control
mechani sm i WOI¥8%8Y a ni croprocessor and associ at ed pr ogr F@radbidess t hat
selectively control the robot arm (i) to nove the prinmary gripper to pick
up a restraining device and to a lid feeder station to pick up a 1lid,

(1i1) to positidredovexr Jogakppsar 18l onfoeathohhd8| cdraaspondst tai ai Agedevi ce
to pick up the die follown photographing .

- 8- transfigy wpsidion. st ¢amere drl denoReefqrahly (loeatedt ke

Primary g iPPEsun A€ bhe" Hin "Frand 08 wifes! © FPrée POEnELS 20 ¢ 85t
determines the exact position of the wafer on the film frame
by looking for combi marks or fiducial marks.on the wafer.
The camera then takes a picture of each die to verify that the
die is fhere, verify that there is no ink dot on the die, and
to locate the die's exact pqsition to account for any change
in position when the film frame is stretched.

Die transfer arm 70 shown in FIGURES 3A-3C of the present
invention picks .up a die from location 18 and places the die .
on die inverter 16. The die is then inverted by die inverter
16, placed on die pedestal 74 and brought into view of rough
die camera 24. While not meant to be limiting, die is picked
off of wafer handler base 170 or die pack feeder 48b.using
vacuum quills and pneumatic cylindérs. The c¢ylinders are
reciprocated in such a manner that the die is tfansported and
placed on die inverter 16.

Rough die camera 24 is preferably located on surface 42
behind 1id feeder station 22. As shown in FIGURE 4, rough die
camera 24 includes a CCD (Charge Coupled Device) camera 80,
lens 82 and prism. 72. Rough die camera 24, which is
preferabiy located behind feeder station 22, looks up at the
die through prism 72 at 'die inverter 16 to determine the
general position or location of the die so that robot 12 using

gripper 52 may place the die within the field of view of fine

- 16 -



phot ographed by the fine die canera, and (iv) to nove the |lid and the die
to the predet ) assenbl y/ di sassenbly position |ocated al ong the

conveyor. E8%ntrol routines also function to return t PET/P9S69Y
gripper to the predeternined assenbly position and retrieve the die and
restraining device in the event that continuity is not stablished wth

the tenpord® Canene,3o- P?H@’ 5O FRUEh Giep samet@c 24, &2 Pﬁg poPickure. o

second 1id,_,ano her. rest |n| de nd er
ool mul { HEURTS ifucRett et oo ARNe8, MR pELRLILRd,® FRLSH
carrier indhe phaded eny “ﬁ&’exé‘sﬁﬁﬁﬁky/éﬂ' piaeare! >efp0éhé' ®le AONIntELLEAL N.
The assenbly process continues in this nanner. he present invention
‘also incl ydetion 29ethod and apparatus for dlsassenbllng the electrica
die and tenporary package based on predeterm ned paraneters or

charact eri sti cs TheTheoubls adienigictmrecess enalyzedn utitdaziag saibsomputer|y

program to determine the rough position of the die. A blob
finder is used to locate the centroid of the die, which is
held on the pedestal arm 74. The blob finder analyzes the
binary (black/white) picture of the die and pedestal. Based
on the position of the céntroid, -an edge finding ruler is
utilized in the negative Y direction (away from the pedestal
arm) in order to locate the bottom edge of the die, as
referenced in the vision window. A line finding box is then
used at the bottom edge of the die to locate the angle of the
bottom die edge. )

The die size is preferably known and stored in the data
file (IGES format in particular) associated with the die. An
edge finding ruler is utilized .in the negative X direction
relative to the vision window. The edge finding ruler starts
in the centroid of the die and is used to locate an edge of
the die perpendicﬁlar to the edge located above. A line
finding box is used at the perpendicular edge to locate the
angle of the side edge. Once the angle.and location of two
perpeﬂdicular sides of the die is determihed, two edge finding
rulers are placed over the image. One ruler is placed across

the die in order to measure the width of the die. The second

- 17 -



opposite the assenbly process. In particular, a carrier containing
a pIuraI|t¥w§% t enpor ary packages approaches the predeterm ned
assenbl y/ direas @My  position. Each package contains pcressesgpcal die
whi ch has been subjected to extensive testing. The primry gripper
retrieves the electrical die and inverts the die using a die inverter. A
lid precider ésniplacedo perpesdicuded ter thecfbr§ti §“&§éd tf’o finddehe he 1id

in a known Iocatlon e di
0.2 KNQUNotRedti e 1€ €0 atfeimiie SRS 8kSE: S120" SECLhE ROL 2" Yp@ckage:

Egr22525é$€$%0p35%%Eﬁgngnven |oﬁgglpT%%ggagteggf:Qgﬁ%ul%ﬁ%ea€g¥ébémgéInent

the angles obtained above.

Using positional feedback data from the computer and
rough dig picture, robot 12 then orients primary gripper 52 to
the die. As shown in FIGURES " 5A-5B, primary gripper
preferably includes vacuum quill 90, 1linear slide 92 and.
suction cups 92. Primary gripper 52, which has é restraining
device attached thereto, retrieves the die. While not meant
to be limiting, the restraining device may be a bridge clip, a ‘I
clip and 1id, screw or combination thereof. When 1lids are
used with clips as the restraining device, 1lid transfer arm 54
shown in FIGURES 7A-7B selects a 1id from 1id feeder station
22 and presents .the 1id to mechanical precisor 26. Lid
'precisor 22 is used to place lids in a known location.

‘In a preferred embodiment, 1id feeder station 22 supports
a plurality of lids in multiple stacks on a rotatable carousel
100 shown in FIGURE 7A. As the lids are exhausted from each
stack in the carousel, the carousel 100 rotates to present a
new stack to the lid transfer arm 54. When all stacks of the
carousel 100 are exhausted, the carousel 100 may be rotated
away from the 1lid transfer arm 54 and a new carousel provided.

FIGURES 7A-7B illustrate 1id feeder station 22 while
FIGURE 7C depicts a plan view of a 1id carousel 100 for use in

the present invention.
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construed to be nerely illustrative of sone of the nore prom nent features
and applicati 6 the invention. Many other beneficial results can be
attai ned by a%g ﬁ the disclosed invention in a different PeImsssoas0

nodi fying the invention as will be descri bed. Accordi ngl y, other objects

and a ful [Br undge syaftiBhed’ dudve, "R Q2alBYeDC JIA BY el 0 10atNE

follow ng Detailed scription of the pre erre I ment

DESCRI PTI ONegbm THR PRAYENEY stati®h 2 20ramdopreseftyNdeKst AIAE NG oOf 1she

present invention and the advantages thereof, reference should be made to
t he fol |l ow pge@isar | eZSDesmlGMREonBAakémlust:mMcta orplant hviewe of 1id

acconpanyi ng draw ngs in which: FIGURE 1A is a plan view of an
assenbl y/ di BESGMy 26y whidef oF IGURB AR cAepictssi a8 owmidry iew, ofi nlid
temporary  packedsy 20.2°Yd ' peecyir B¢ Padhids '8V Vacudl chuck 110,

pneumatic cylinder 112 and precisor block 114.

The clip secures the die in the temporary package during
testing. Clips, which may have various configurations,
provide {ahysical connection of the tops of the temporary
packages to the bottoms thereof. FIGURE 6 illustrates a clip
tray feeder which is suitable for use in the present
invention. More specifically, clip tray feeder 50 preferably
includes an elevator 120 which carries a stack of clip trays
for presentation to the machine. Each tray is individually
removed and pulled into the robot's work volume by the tray
presentation arms (not shown). The clip tray feeder 50 will
utilize different styles of clips by utilizing optional clip
trays. The restraining device may include a clip and die, a
clip, 1id and die or a clip/1id combination which are formed
as a unit and used in conjunction with a die. Preferably,
however, the clip is picked up by the primary gripper 52
before the 1lid or die. The 1lid i_s placed on the vacuum chuck
110 shown in FIGURES 8A and 8B. The 1lid is placed on the
vacuum chuck 110. The pneumatic cylinder is actuated,
pressing the precisor block 114 against the 1lid. This action

puts the lid into a location that is "known" to robot 12. It

- 19 -



FI GURES 1B-1C are side views of the assenbly/disassenbly system shown in
FI GURE 1A; FI GURES 2A-2B are side and plan views respectively of a
die pack MOAS@8B7 for wuse in accordance with the priegsesndedyenti on
FI GURE 3A-3C are side views of a wafer handl er base having a transfer
mechani smwhich is suitable for use in the present invention;

- 10 - should bW 8ppr8Tiated that the present invention is not

PCT/ US95/ 04690 FIGQURE 4 is a side view of r qu di e _.cane ich
may be limikedn t9e garé:g,gr;traiiﬁ\;gﬁt i gﬁygce which aincoll.raé]es cl(:;l.ps rgnglm ¢

lids. Any method of restraint is possible. For example,
screws, adhesives or the like may be substituted or used in
addition to clips.

In an alternatiie embodiment, the restraining device need
not be picked up. Rather, the restraining device may be
attached to or be an integral part of the temporary package.

After the die has been picked up by the primary gripper
52, the die is then presented to fine die camera 30. Fine die
camera 30 is preferably located on base 42 near conveyor 36 so
that it looks sideways through a prism, up at the die. The
base 42 of apparatus 10 may be constructed of metal, granite
or a vibration isolation table. Base 42, however, is
pteferablf formed of granite. A 'granite base provides
stability, which is critical for precision and accuracy. Fine
die camera 30 determines the precise location of the die and
takes multiple pictures of the die such that the die bond pads
and electrical interconnects can be properly aligned.

‘More specifically, the die is secured and opposite
corners of the die are presented to the fine die camera 30.
The following algorithm describes the analysis done for each
corner of the die. First, a picture of the die corner is
taken; The binary picture is used for all subsequent analysis
steps. Two edge findiﬁg rulers are positioned across the

width and height of the screen in order to locate the edges of

- 20 -



FI GURES 5Athe adie ffesturexl ¢(Vble visgs Gbnd padiaretc Or i gpecififed r dnxe |
arm FIGURE 6 illustrates a clip tray feeder for use in the present
i nventi on; the twr| @lges ane7docated,r kine| finding sbazes; axe riaces: idtel vy

of alid feeder statiogn suitable for_ use_in accordan wi_it h, the present
i nvent i on; the trapséggen peints °§nth€nF99§§d°EvFg® SgF fepkures 4 :@EFﬁhse

il lustrated_in Fl T4, El QU 8A: 8 r I Si Vi

respecti vela;yeofu?%_JﬁE%l ﬁ?gﬂ'gor’:t\?fnia&%i%s ‘S:Ei _Eggl gigo?ébut?e&i'n g@ceor _(:ees
wihthe BRASHPbiptYCllreOused to M sticafiyP! 2R1¥LEHEST thie dG¥derus
conponents of ah 1 ndexing nechanismfor use I n accurately positioning the
boat in tlpeiatsyrleHdl 808 SetEhing! 2hi @ReOficha AEPAHRWISSE the cdmddRE 10

shows a rough tenporary package canera for use in accordance with the
present intheti @n; and Y position of the corner point is the only
| information used from the fine die picture. |

Once the die X and Y points of two opéosite corners are
known, two additional pictures are taken in order to precisely
determine the angle of the die. The pictures are taken by
placing two opposite features of the die in front of the
camera. The features are on the same side of the die,
however. By locating two points of the etching along the same
side of the die, the angle of the die relative to the angle of
the grippér can be calculated.

A picture is taken and the binary picture is used for all
subsequent analysis steps. An edge finding ruler is utilized
from the top of the vision window in the negative Y direction
in order to locate the etching of the die. At the point where
the etching is located, a line finding box is placed across
the screen, perpendicular to the edge finding ruler in order
to_verif& that the edge of the die has been located. This

" information is later used to position the die in proper

alignment with the temporary packages.
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FI GURES 11A-11B il lustr Bmu a fine temporary package canera
for use in accordance wth the

and secondaa& ?%ﬂgger whi

present inve FI GURES 12A§12B show an uncl i ppi ng pepRIRIwAIasss | N 2
| owered position which is suitable for use .in nbly process of
the present invention; and 99 wBSIET HAS BEEN

PCT/ US95/CIPrEMs : FI GURE 13 |IIustr tes mepesaCBDary ifjverter and die
precisor for use.in senbly prd : i nventi on.

di sas
Simlar referdbdd &ﬁaFiEE@?S $2ter to sinmilar parts throughout the severa
views of the dr%“‘Hgsmetﬁﬁié'LEE&EESC§'PEES§zammab1e robot having ‘a

plurality of arms, one of the arms having a primary §£ipper

attached thereto for automatically positioning electronic die
within temporary packages for testing, the primary gripper
.having 5 restraining device attached thereto and wherein at
Igast one temporary package is supported on a boat, comprising
the steps of:

(a) conveying & first boat along a path between a first
position and a second position;

(b) removing a die from a wafer feeder station utilizing
a_die transfer arm and moving the die to a die inverter;

(c) inverting the die at. the die inverter;
_ (d) taking a picture with the die in the inverted
position; _ .

(e) removing a first lid from a lid feedet station using
a 1id transfer arm; |

(f) reciprocating the 1lid tranSfer arm between first and
second positions to thereby transfer the first 1id from the
1lid feeder station to a 1id precisor; _

(g) placing the 1lid in a known location using the 1lid
precisor:-

(h) moving the primary gripper and 1lid from the 1id
precisor to the die inverter and picking up the inverted die;

(i) taking a second picture of the 1id and die to
determine the precise location of the die;

- 32 - T
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The inventive nmethod an nom1be described in conjunction
with the contl nuous pos Iﬂmm" nﬂm” l thin

t enporary pa e *app e@ﬁ&ﬁﬁE&WﬁASBEEN TUSHS/04690

i nvention for th|s purpose should be: consiflder edRABE&FFDexenpl ary and t hat
the techniques and mechani snms described herern can be us enever it is
desired to accungthel yapdagt aopichaned of al ttamipotiaxy. packagel imrthexcogdtary
‘enbodi nent, a nethod and apparatus are provided for automatically

posi ti oni ngodudeemrmm ttdvep generalp adeiddon ©Ff sthe | tenporsay rpackagessin ng.
As shown in FIGURE 1A, the apparatus 10 generally includes surface 42, a
progrannabF@erGBGF'arn112 whi ch preferably includes three arnms 12a, 12b

'1d footier statiBh usthtAP EPesFiSe QFbhELagE 1n U 0 SR EA ©

pr edet er m-ped / Vi R y feeder 50, and
rough and %?néai'?g%g%agilé@%g%%eth%}?eﬁdﬁ%pa@kﬁ b Bfl|an FI GURE 1A).

The (1) aligning the die and temporary package utilizing the

pictures to assemble the die and temporary package into an

assembled package in the boat for testing.

2. The method as described in Claim 1 further including
the steps of:

(m) releasing the primary gripper and returning the
primary gripper to the position in step (h);_ |

(n) indexing the boat to place a second temporary

package in the predetermined assembiy position along the path;

and

(o) repeating steps (b)-(n) for a predetermined period.

3. The method as described in Claim 1 further including

the step of:
taking a picture of the die prior to the die being
transferred to the die inverter to verify that the die has no

ink dot thereon and to locate the die's position.

4. The method as described in Claim 1 further including

the step of:

e - 33 -
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assenbl y/ di sassenbl y po Emmﬁﬁﬂzg i s | ocat ed along a conveyor 36 that

conveys a carrier along ",”ﬂ,’!‘”"rgl cated b arrow 34 between a

f | rst posit "hISBBr espo :
WO 95/ 28737 HAS BEEN PCTIUS95M4690

PCT/U895/04690 and a second p Ok gto outlet.40. The
die, restraini,ng.device and enpora ckage .are_assenbl ed at ,

assenbl y/ di sa?&@%ﬁw poR; t§ oﬁ 28 a‘glé\#l Fab?e %éé@rafgedgm%er f Blrl"?rhe"‘%i n.
It shoul pr.ec e C. v tedPparatus at the
I nl et 38q’ain %ﬁe%‘it Fg%e?n{’g oﬁgat? e %éé'he&tl%rﬁﬂsi ot

position 28 where the die are

5. The method as described in Claim 1 wherein the step

of assembling the package includes:.

driving the robot to a predetermined minimum programmed
assembly locking height; | _ |

assembling the die within the temporary package;

testing the completed assembly for continuity;

‘releasing the primary gripper if continuity is
established; |

incrementing the robot if continuity is not establiéhed
to a maximum programmed force setting and retesting for
continuity; ]

releasing the primary griéper if continuity is
established;

removing the 1lid and die if | continuity is not
established, and positioning a second temporary package in the
predetermined assembly positioﬂ: and

retaking pictures using the second, third and fourth

image producers and reassembling the package.

6. The method as described in Claim 1 wherein the step
of assembling the package includes:
driving the robot until a physical contact is established

between the die and temporary package;

eet Has Been Replaced
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p05|t|oned W thin the- pg’!m&m u‘m m, ﬁrLier The continuity between the
di e and tenporar cka e%yng enbl y/ di sassenbl y

position 28. %er, the car ridr “is C QMR éSaEﬁEB‘uﬁh t hecorubdsmissed O
and the die is then subjected to addni+ﬁﬂal tes Al t hough not.
shown in detail in FIGURE 1A, it is'desired that a plurality of carriers,

gach supporting drivifizer thle ftrobper aty packageimube pebbrammeal yassgmbigd
/Mo conveyor 36. Wile not neant to be limting, this can be acconplished
by the useﬁnﬁezﬂanﬁﬂgemeﬁgptt el evator 38a and carrier output elevator

40a. A newcarrier is supplied at the_ inlet after al] packages in_ a
previous boat TelRakidg the 1id pand sdienfremyithes REAMALY, 2T IPRRE 28URAYe

devi ces sudinethe Wikst ERG/aRe CAkBe of " ehedtaanat: uHAH neWBackamRE RRY e
new carrier acﬁ%ﬂﬂ“%ﬂéfﬁﬂ? %%Qﬁ?ﬁgagﬂ LBd8Hb18a2paERRYL SWn2i€ the primary
gripper ;s retracted to a waiting position; and
testing the assembled package for continuity and if
continuity is not established, the primary gripper retrieves

the die and 1id and awaits for further prompting.

7. A method, using a programmable robot having a
pluraiity of arms, one of the arms having a primary gripper
attached thereto for disassembling electronic die positioned
within temporary packages for testing, the primary gripper
having a restraining device attached-thereto and wherein at
least one temporary package is supported on e boat, comprisiﬁg
the steps of:

{a) conveying a first boat along a path between a first
position and a second position;

(b) removing a die from a temporary package utilizing
the primary gripper and moving the die to a disassembly die;

(c) inverting the die at the disaesembly die inverter
such that the die is face up;

kd) placing the 1id on a 1lid precisor;
(e) retrieving the face up die;

(f) disposing the die into a predetermined output device;

- 35 -
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| ocated at the inlet 38 and outlet 40 of the conveyor 36 to control the
novenent carrier thereon.
WO 95/ 287

Conveyors, - such as those
|l ocated in Richardson, Texas, I n the present

I nvention. ?g réBRpPYHating @ §§dfkahnb£ht a®f\bttveen tsevordl beid
conveyors, walking beam mechani sms and the |like are also suitable for use
in the pigsenposiviods cro tHémehprveamsfes thmtfiXstedlisy fromithe kid

el ectric nmotor and gearing nechanismas is well-known in the art. As
descri bpdegiser s$tatiamik® & Liidcariongeds: caneras are

(h) releasing the primary gripper and returning the

IeX|bIe Technol ogy

primary gripper to the position in step (b); and
(i) indexing the boat to place a second temporary

package in the predetermined assembly position along the path.

8. The method as described in Claim 7 further including

repeating steps (b)-(i) for a predetermined period.

9. Apparatus for automatically positioning a die having
die bond pads within a temporary package for testing using a
1id, wherein at least one temporary gackage is supported on a
boat, comprising: -

a programmable robot having a plurality of arms, one of
the arms having a primary gripper attached thereto;

a wafer feeder station;

a die inverter for inverting a die;

2 transporter for conveying a die from the wafer feeder

station to the die inverter;

an image produéer for taking a picture of the inverted

. die;

a 1id feeder station;

a lid precisor;

a second transporter for picking up a lid from the.lid

feeder station and moving the 1id to the 1id precisor;

B L A"
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used in accordance with th ' yon to insure precise placenent
of die within ﬁgp%g:by paﬂlmgmr"mmuﬂ —oeant o be |imting, one
enbodi nent of the preSent ihventiton® Ut i1 zesgHEEY BASHRNAY OPCT/USYSGH590
producers. As wi Il becone apparent, ﬁ firstreganeEy |'S uged to accurately
| ocate the initial position of a wafer e ellbefore the die
is noved. Two addattipied ©rarypr tre foreddoiplroeateng hehdi primity tffipper
remai ning two caneras are used to |locate the tenporary package or device
under testity pitkrupngheedid’ Pyom) the Mid precdisont iamdemoiven thee sl ird uh
caneras to |locate the die and _DUI's general_ positions such that the die
and DUT can @i inyenterossd pickner thgdnverted ddecanmera’ s fiel ds of

view. Preferably, the fine caneras.have fields, of view.,in the range of
2bout 00020+ 1 1F aRESerdr mEFe PERANHT FOF ERpEho hrBisdure; ot e Do
nanely, a fi G .t 0 accurately locate the position of a wafer -and
i ndividual die, a die camera and a

a fourth transporter for conveying a first boat along a

path such that a temporary package in the boat is stationed at
a predetermined assembly position;

a third image producer for taking a picture of the
temporary package at the predetermined assembly position to
determine a general position of the temporary package:

a fourth image producer for taking a picture of the
temporary package to determine the precise location of the
temporary package at the predetermined assembly position;

a transferring device for nmviné the lid and die to the
predetermined assembly position; and

a positioner for aligning the die bond pads of the die
with the temporary package and assembling the 1id and ‘die

within the temporary package to test for continuity.
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t enporary package caner a. - 14 - WO
95/ 28737 PCT/ US95/ 04600 basi c
operating neWRI82%B7t he automatic di e pl acement apparat us PERWﬂﬁ%Mf

descri bed. Referring now to FIGURES 1A-1C, in which an assenbly systen1
10 for automatically positioning die within tenporary packages in '
accordance with the present invention is shown. Wafers, which have
been previously tested to select die froma wafer nmap or ink dot, are
positioned in wafer feeder station 14. The wafers may have previously
been di vi ded into I ndi vi dual die. Alternatively, singulated die
may be supplied to wafer feeder
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station 48a-48c. FIGURES 2A-2B illustrate side views of a 2x2" die
pack feeder 48b. The die pack feeder 48b include die pack input 60 and
output 64, ¥ uttle 62 and pneumatic cylinder 64. 98469 | v,
a 4x4" die pack feeder may be used or as shown in FIGJRE 1A a 2x2" die
pack feeder 48b and a 4x4" die pack feeder 48a may be wutilized. De
pack feeders 48b are particularly suitable for use in the invention
when singulated die are supplied to apparatus 10. Packs are placed into

i nput 60 and one pack is then noved onto shuttle 62 by pneumatic cylinder

64 into the workcell. Die are then placed into or taken out of the
packs. Wen the process is conpleted, shuttle 62 is noved by
pneumati c cylinder 64 to output station 66. Al ternatively, a wafer

handl er base 170 as illustrated in FIGURES 3A-3C may be used when the die
are supplied in wafer

Fig. 1B
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form First canera 20 as shown in FIGURE 1A is preferably

- 15 - WO 95/ 28737
PCT/ US95/ 0463Y0 9%3833% i oned over |ocation 18. Location 18 coPCEUMWSAP0t0 a

die transfer position. First canmera 20 is preferably located to | ook
down at the filmfranme and wafer. First canera 20 first determnes the
exact position of the wafer on the filmfranme by |ooking for conbi marks
or fiducial marks on the wafer. The canmera then takes a picture of each
die to verify that the die is there, verify that there is no ink dot on
the die, and to |locate the die's exact position to account for any change

in position when the filmfranme is stretched.
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Die transfer arm 70 shown in FI GURES 3A-3C of the present invention picks
up a die fromweeststsm 18 and places the die on die inverter | e
is then inverted by die inverter 16, placed on die pedestal f%gg%§g§?%tght
into view of rough die canera 24. VWile not neant to be limting, die is
pi cked off of wafer handl er base 170 or die pack feeder 48b using vacuum
quills and pneumatic cylinders. The <cylinders are reciprocated in
such a manner that the die is transported and placed on die inverter 16. -
Rough die canera 24 is preferably located on surface 42 behind |id feeder
station 22. As shawn in FI GURE 4, rough die anera 24 includes a CCD
(Char ge Coupl ed ' '

canmera 24, whic i's preferabl§ | ocated behind feeder station 22, s
up at the die thrjough prism72 at di &g . 6 to deternmine thg
general position ﬁr | ocation of the di hat rfpbot 12 using gripf 2
may place the diew thgggthe field of f fin
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- 16 - WO 95/ 28737

PCT/ US95/ 04690
di e canera %95{859/ to rough die canera 24 taking a picturecrntddsnsoe i S
pteferably i

lTumnated with backlighting. Rough die canera 24 then takes
a picture of the die at inverter station 22. The rough die picture is
anal yzed utilizing a conputer programto determ ne the rough position of

the die. A Dblob finder is used to |locate the centroid of the die, which
is held on the pedestal arm 74.

The bl ob finder analyzes the binary
(bl ack/white) picture of the die and pedestal. Based on the position of
the centroid, an edge finding ruler is

|
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utilized in the negative Y direction (away fromthe pedestal arn) in order
to | ocate thewiomwsuzsrsredge of the die, as referenced in the VipgirRiZessdeslP V-
A line finding box is then used at the bottomedge of the die to ?ocate
the angle of the bottomdie edge. The die size is preferably known
and stored in the data file (IGES format in particular) associated with
the die. An edge finding ruler is utilized in the negative X direction
relative to the vision window. The edge finding ruler starts in the
centroid of the die and is used to |locate an edge of the die

perpendicular to the edge |ocated above. A line finding box is
used at the perpendicular edge to |ocate the angle of the side edge. Once
the angle and | ocation of two perpendicular sides of the dig is
determ ned, two edge finding ¢ L made. One rul er
I's placed across theneino Vi e die. The
second = -
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- 17 - WO 95/ 28737

PCT/ US95/ 046 9s/astd7er 1S pl aced perpendicular to the first rrdTawsssodshe nd
the length of the die to determ ne the exact size of the die. The center
position of the die is calculated, using the average of the angles '
obt ai ned above. Using positional feedback data from the conputer
and rough die picture, robot 12 then orients primary gripper 52 to the

di e. As shown in FIGURES 5A-5B, primary gripper preferably

i ncludes vacuumquill 90, linear slide 92 and suction cups 92. Primary
gripper 52, which has a restraining device attached thereto, retrieves the
die. Wile not neant
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to be limting, the restraining device may be a bridge clip, a clip and
lid, screw or WOSBR#VaTi on thereof. - Wien lids are used wth g&ivp $95;3§695he

restraining device, lid transfer arm54 shown in FIGURES 7A-7B selects a
lid fromlid feeder station 22 and presents the |id to nechanical
preci sor 26. Lid precisor 22 is used to place lids in a known | ocati on.
In a preferred enbodinent, |id feeder station 22 supports a plurality of

lids in multiple stacks on a rotatable carousel 100 shown in FI GURE 7A
As the lids-are exhausted fromeach stack in the carousel, the carousel
100 rotates to present a new stack to the lid transfer arm54 Wen all ...
stacks of the cardUSer I0U arcg exmaosted—tire caroose syamme ot :
way fromthe lid tjransfer arm 54 and a new car ousel prow ded
FIGURES 7A-7B illudtrate lid feeder station 22 while FIGURE 7C depi cf
plan view of a lidjJcarousel 100 for use in the present invention.
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WO 95/ 0737 PCT/ US95/ 04690 As
nmenti oned aboW® 95287t ransfer arm 54 selects a lid fromlid freanswssdssi on
22 and presents the lid to lid precisor 26. FIGURE 8A illustrates a
plan view of |id precisor 26 while FIGJRE 8B depicts a side
view of |id precisor 26. Lid precisor 26 includes a vacuum chuck 110,
pneumatic cylinder 112 and preci sor block 114. The clip secures the
die in the tenporary package during testing. dips, which nay have
various configurations, provide physical connection of the tops of the
tenporary packages to the bottons thereof. FIGURE 6 illustrates a clip
tray feeder which ls.suitable for use in the hresent _ipvention Mire .

specifically, clig tray feeder 50 preferably "includes an el evator 12
which carries a sflack of clip trays

Az

|
Cybex Technologles
CONFIDENTIAL

9717



for presentation to the machine. Each tray is individually renoved and
pul l.ed into t héV@8%MISE work vol ume by the tray presentatlon é$h§?8
0 ﬂ?oby

shown). The clip tray feeder 50 will utilize different styles

utilizing optional clip trays. The restraining device may include a clip
and die, a clip, Ilid and die or a clip/lid conbination which are forned
as a unit and used in conjunction with a die. Preferably, however, the

clip is picked up by the primary gripper 52 before the lid or die. The
lid is placed on the vacuum chuck 110 shown in FIGURES 8A and 8B. The lid
Is placed on the vacuum chuck 110. The pneumatic cylinder 1is
actuated, pressiggyg-the precisor block 114 agajnst the lid. This action

ave
sesonee

puts the lid intofd Tocation that 1s "known' to robot 12. 1t 'l :
- 19 - )&
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WO 95/ 28737 : PCT/ US95/ 04690 shoul d be
appreci at ed t h#O25/2873Jr esent invention is not Ilimted to a reWs%/R&go

device which includes clips and lids. Any nmethod of restraint

possi bl e. For exanmple, screws, adhesives or the |like may be substltuted
or used in addition to clips. In an alternative enbodi nent, the
restrai ning device need not be picked up. Rat her, the restraining
device may be attached to or be an integral part of the tenporary
package. After the die has been picked up by the primary gripper 52,

the die is then presented to fine die canera 30. Fine die canera 30 is

preferably | ocated”on base 42 near conveyor 36 so that it |ooks sideways™i
through a prism ‘up at “the die. 1he base 42 of apparatus 10 may be' :
constructed of nmetpl, granite or a vibration isolation table. B

42, however, 1is
n
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preferably formed of granite. A granite base provides stability,
which is crltldﬁ99ﬂﬂw3breC|S|on and accuracy. Fine die camera g,

determ nes the precise location of the die and takes multiple p|é¥ures of
the die such that the die bond pads and electrical interconnects can be
properly aligned. More specifically, the die is secured and
opposite <corners of the die are presented to the fine die canera 30. The
foll owi ng al gorithm describes the analysis done for each corner of the
die. First, a picture of the die corner is taken. The binary picture is
used for all subseguent analysis steps. Two edge finding rulers are
positioned aCI’OSS ’_me Mgt oand hEJ nhf nf j‘J"!e scleaon Ln nrdEL_LQ__L.Q

t he edges of - 20 -
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pad, etc.) speci
2tV

ake placed

fied. Once
Y873 ansi ti on poi nts of the edges of the die

PCT/ US95/ 04690

the die features (Vbb ring, bond
the two edges are located, line éiﬁikgg“ggxes
eatures.

These are used to |locate the angle of the die corner. The angles and
points are used to mathematically calculate the corner point of the die

etching in the field of view of the canera.
corner point

is the only

The: X and Y position of the
i nformati on used fromthe fine die picture.

Once the die X and Y points of two opposite corners are known, two
addi tional pictures are take
the die. The pictures are t

die in front of the

Caner Ne.

in order to precisely determne the angle of

n by placing two opposite features of the

the sanme side of

e features are on
the die, however. By Iocatﬁap wo points of the etching along the sane
SN
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[
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T

side of the di the angle of the die relative to the angle of the gripper

can *be cal cul a%éh?s’zs"” A picture is taken and the binary pictyre is used

for all subsequent analysis steps. An edge finding ruler is u (CR{US2304698 oy

the top of the {Isron W NOOW TH TNe ME0ar T VE—r=grectrom—tn——or der to

| ocate the etchiing of the die. At the point where the etching is Iocateng

a line finding *ox I s placed across the screen, perpendicular to the ed l
[

finding ruler order to verify that the edge of the die has been
| ocated. This Jinformation is |ater used to position the die in proper

al i gnrrerg’wi th yhe tenporary packages. - 2?
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CLAI MS: VWhat is clained is: . 1. A nmethod, using a programable
robot having VOBSRR7ATity of arns, ‘one of the arns havi ng a prf&ﬁpﬁmﬂuhﬁper
attached thereto for autonatically positioning electronic die |
temporary packages for testing, the primary gripper having a restraining
device attached thereto and wherein at |east one tenporary package is
supported on a boat, conprising the steps of: (a) conveying a first
boat along a path between a first position and a second position;

(b) renoving a die froma wafer feeder station utilizing a die transfer
armand noving the die to a die inverter; (c) inverting the die at
the die |nverterl_" NI E-1'a ] ol n.tho lovor
posi ti on;
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(e) renoving a first Ilid froma lid feeder station using a lid transfer
arm (fWO9s@B37ocating the lid transfer arm between fir 64 ond
positions to thereby transfer the first lid fromthe 1id feeder station to
a lid precisor; (g) placing the lid in a known |ocation using the lid
pr eci sor; (h) reciprocating the primary gripper froma first gripper
position to pick up the |id fromthe lid precisor and nove the |lid to the
die inverter and pick up the inverted die; (i) taking a second
picture of the lid and die to determne the precise |ocation of the die;

- 32 -
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(j) taking a third picture of a tenporary package in the boat to determ ne
the general PY2P¥I83H of the tenporary package in the boat; pcT/O%9s/04G0 NT
the position determned in step (j) and taking a fourth picture of the
tenporary package; and (1) aligning the die and tenporary package
utilizing the third and fourth pictures to assenble the die and tenporary
package into an assenbl ed package in the boat for testing. 2. The

met hod as described in Claim1l further including the steps of: (m

rel easing the primary gripper and returning the primary gripper to the
position to the first gripper position; (n) indexing the boat to place a
second tenporary .package in an assenbly p05|thon al ong the path and (o)
repeating steps (b oGl SOt —gn=
described in Claim1 further including the step of: taking a pict

that the die has I nk dot thereon and to | ocate the die's position.
4. The method as scribed in Aaim1l1 further including the step of:
picking up a clip wth: t primary gripper prior to picking up the

die fromthe die iphverte 5. The nmethod as described in Caim
wherein the step asse I ng the package includes: '

1 4

i

Fieure 13
1

17717



re

dri'ving the robot to-a predeterm ned m ni mum programred assenbly | ocking

(recomcer 4" asserd ANV '.;;;;;é;gﬁi&;;?;}i puiFih SHEFY

continuity is establlsh 1

33 - CLAIMS: |ncrenent|ng t he robé Dafe : coné%%ht not
established to a maxi num programed force SsetEFrFg—are—etesttng for
continuity; What disegghiaigathedSvimary gripper if contan|ty i s established:;
removing the Ilid and die if contjnuity is not est |she and, positioning
a second tenpdkary pdRkERRA i n BRiBgseRpl )PI%W@} &ndt° °tre’c‘gl¥?ﬁ§ tﬁe
second, third and fourth pictures amﬂ%reasse ling the packa e.
The net AN idascPFbéFMsn 988 nPf e ™h ﬁbg Yn@rt"ﬁé’er

k I ; .
pac age;éﬁ%&%ﬁ? thereto for automatically positioning electronic die

-within temporary packages for testing, the primary gripper
having a restraining device attached thereto and wherein at .
least one temporary package is supported on a boat, comprising
the steps of: .

; {a) ' conveying a first boat along a path between a fir§t

position and a second position;

(b) removing a die from a wafer feeder station utilizing
a éie transfer arm and moving the die to a die.invérter;

) (c) inverting the die at the die inverter;

(d) taking a picturé with the die in the inverted
position;

(e) removing‘a first 1id from a 1lid feeder station using
a 1id transfer arm;

(f£) reciprocating the 1id transfer arm between first and
second positions to thereby transfer the first 1lid from the
lia feedei station to a 1id precisor;

(é) placing the 1id in a known location using the 1lid

precisor;

(h) reciprocaﬁn& the primary gripper from a first gripper position to pick up the

lid from the lid precisor and move the lid to the d1e inverter and pick up the inverted die;

(i) taking a second plcture of the 1id and die to

determine the precise location of the die;

- 32 -



RAEPL ﬁSEMH’NTI’S&E‘rETb« tween the die

ari v zﬁpat':r;°Bzzk;3L||I|||ﬂ|||1ﬂlllwmlm”ta

ot t R
assenbly.interl ocki ng*het ght s rel easi g)atehgg%gsa dte frmﬂ" SHEET
primary gripper such that the 1id and di hin the

S POSEFoRea Wt
t enpor ar y pa(ik dglsing lacthirt picturernfratemporasy package ipthehoge tavetesminedshp general/

gri pper WJ and testing the assenbl ed
package f g%'ﬁlgﬂr&d}y an #kg%nﬁ nhH )g/pl s not established, the primry
grlpper retrleves the die and lid and awaits for further prorrpting. '

7. A met hod,,us r : a one of
e ares b, B BORATHRAinkf 38 b 8 Bl M i Yl e
el ect r oni temporagyopackageisahdy t hi n t enporary packages for testing, the
primary gripper having a restraining device attached thereto and wherein at
| east one tenporary package is supported on a boat, conprising the steps

of : (a) dnaligning the tier arid tmatomrlycpagkaqudlhuigahmhird and fowrth pictures e and
second posi ti renovin om a tenposa ack il izing
he_br i modtpeiEi the;cip St BERBIARY packias ot g FassEbreakebe i TRy e, ne
die to a thstiagsenbly die inverter; (c) inverting the die at the

di sassenbly die inverter such that the die is face up; (d) placing a lid
on a lid precisor; (e) retrieving the face up die;

- 34- 2. The method as described in Claim 1 further including the steps of:

{(m) releasing the primary gripper and returning the primary gripper to the position to
the first gripper position;

(n) indexing the boat to place a second temporary package in an assembly position

along the path; and

{o) repeating steps (b)-(n) for a predetermined period.

3. The method as described in Claim 1 further including the step of:
taking a picture of the die prior to the die being transferred to the die inverter to verify
that the die has no ink dot thereon and to locate the die’s position.

4. The method as described in Claim 1 further including the step of:
picking up a clip with the primary gripper prior to picking up the inverted die from the
die inverter.

5. The method as described in Claim 1 wherein the step of assembling the package
includes:

driving the robot to a predetermined minimum programmed assembly locking height;

assembling the die within the temporary package:

testing the completed assembly for continuity;

releasing the primary gripper if continuity is established;
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(f) disposing the die into a predeterm ned output device,
reci procating a lid transfeL_aLm—befweerl secondF=an

thereby transfer a fiFst lid fr premsRsPaA
(h) releasing the pri ‘m“‘ ﬁm‘& E‘Feturni ngl the pri rrar
first gripper p05|t|om exi ng thd baat!§
tenporary package in a dis Sssenbl y position al a-'----a— 3 Lh';f‘- -----
nmet hod as described in G al m 7 further including repeating step
for a predeterm ned

er . rat us, f ut orratj cal |
bosi £1 oni ng. BEEPTHEG: g “abet i sontniina B be etRblshea dh o Ty gramyped
testing uﬁ*msmhgdndwbwsﬁn@fatcdmmity,one t enporary package I S supported on

a boat, conprisin bl e rohot hayi a plurality of arns,
one of the aﬁeb@sﬁ‘g\fi“ﬁé’"g‘ﬁ ngﬁ?’?fﬂ?éﬁ't"d?f’ﬁ ﬁ!ﬂ‘egher eto; a waf er
feeder statif@hioving tiie Bd @nddié liit €ntinkiity 1§ 1161 ‘ebtablished] @nd positidning2d SBE6HET
for conveying a die fromthe wafer feeder station to the die inverter;

an i mage PSRN Package inanassemhly. posiionsrand,e  hverted die; alid
feledgrfst at'tn%?akmg thePsécofld PiHihvdl &1 fourth pictufed GmddedsabiiRg tkd padkagBl CKi ng up
ali rom ;
a third transporter for reciprocating the primary gripper to pick up the
lid from thegl ifthematouds deseribsam ¢ibitn h'v%ér&n&h@sf@peof'd%li&hbﬁﬁ S{e up
the inverted die; a second i nmage producer for taking a p|c ure of

lid and tineludess: a fourth transporter for conveying a first boat al ong

a path such & Rirg thel rﬁﬂﬂﬁ%@? ?ipggﬁkél%n{d&t s/ stdtBhed Botwedh tnd'@e afli témporary

pr edet er m ne assenb
-35- package;

driving the robot to a minimum programmed assembly interlocking height;

ons to
PHAGEMENT SHEET,

: to the

releasing the lid and die from the primary gripper such that the lid and die are
positioned within the temporary package thereby forming an assembled package while the
primary gripper is retracted to a waiting position; and

testing the assembled package for continuity and, if continuity is not established,
the primary gripper retrieves the die and lid and awaits for further prompting.

7. A method, using a programmable robot having a plurality of arms, one of the arms
having a primary gripper attached thereto for disassembling electronic die positioned within
temporary packages for testing, the primary gripper having a restraining device attached
thereto and wherein at least one temporary package is supported on a hoat, comprising
the steps of:

(a) conveying a first boat along a path between a first position and second position;
(b) removing a die from a temporary package utilizing the primary gripper positioned
in a first gripper position and moving the die to a disassembly die inverter;

{c) inverting the die at the disassembly die inverter such that the die is face up;
{d) placing a lid on a lid precisor;
(e) retrieving the face up die;

- 34 -



a third image producer for taking a picture of the tenporary package at the
predeterm ned assenbly position to determ ne a general position of the

tenporary package; a fourth i mage prodyeer—for taking a pi kﬁﬁ%ﬁ
ENT SHEET

e e AN, . sty Er B

for nmoving the lid ‘and dite fo the' predet er ’nm@__a&g y1 6SI I on; and

a positioner for allgnlng t he di e bond pad f—t-he i e Wit h the t enporary
package and ,kgss th and e tenporary package to test
for conti nw(ﬁy s°°s'“gg‘1'6 f%'%frﬂfﬁdetﬁg?'ﬂ QumaFQﬁﬁ'abl e robot having a
E)r imary gri m)ei;r réﬁﬁr}g&ﬂﬁ?‘gmtlidoﬁbﬁs)f?;pﬁih@n beﬁvedigst?ﬂoﬁd';arnﬂrﬁﬁ?[ positivhs 6o Itherﬁby
enpor ary ages for_tes an erein east one tenporary package
is suppor?&?ﬁ%gg' reyd f’°'8£§:‘f5fﬁ‘$l°ﬁ@’ WE’°§tt‘éﬂgldd?a'°“se' (a) conveying a first
boat al- ong )P akleabing the primaly §ripped ARH rétarhikd thecprindsry 'YpPBeSIol the Firstgrippeh at
a tenpora éhéw: e thereto is at an assenbly position; (b )”T%#gvrﬁg a
die from der station and noving the die to a die inverter; (c)
inverting ting fHdRxibg thedodt fo galﬂh‘@bts@éond tempoary pdlekagb in ms&s&ﬁ\m bbs.dw in
the inverted position; renmoving a first lid fro
station; along hﬁp?ﬂﬁnsferrlng the first lid fromthe I|d f eeder statlon to
a lid precisor; (g) placing the lid in a known |ocation using the lid
preci sor;

8. The method as described in Claim 7 further including repeating steps (b)-(i) for a

predetermined period.

9. Apparatus for automatically positioning a die having die bonds pads within a
temporary package for testing using a lid, wherein at least one temporary package is
supported on a boat, comprising;

a programmable robot having a plurality of arms, one of the arms having a primary
gripper attached thereto;

a wafer feeder station;

a die inverter for inverting a die;

a transporter for conveying a die from the wafer feeder station to the die inverter;

an image producer for taking a picture of the inverted die:

a lid feeder station;

a lid precisor;

a second transporter for picking up a lid from the lid feeder station and moving the lid
to the lid precisor;

a third transporter for reciprocating the primary gripper to pick up the lid from the lid
precisor and move the lid to the die inverter and pick up the inverted die;

a second image producer for taking a picture of the lid and the die;

a fourth transporter for conveying a first boat along a path such that a temporary
package in the boat is stationed at a predetermined assembly position;
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(h) reciprocating the primary gripper froma first gripper position to pick
up the lid fromthe lid precisor and nove the lid to the d|e I nverter and

pi ck. up the inverted die; (i) takin E?t'ﬁcﬂ EN'[aSHEET
die to determne am\m m,mgum ml on off ¢he .di-eiur 3 *ﬁg-p aking a third
picture of a tenp he bpgat to flgtggm gener al
position of the tenporary p ckage in the bheat; ¥ Y-( kmm g the position
determned in step (j) and takl ng a foubth-pieture—of errporary :
package; and

(1) aligning tWé’ddi"é"%&"f‘B‘r‘Fﬁb ar yralgag & pictyrs sz‘i“ﬁg‘ﬁ"?@’?’ﬂﬁ packags b then

pi ctures mda&miﬁdd&shmwlpasmd té mﬂﬁiﬁéh gﬁﬁa‘émmdhtoa tWé(j‘teﬁﬁﬁ%Jﬂpﬁdkage. _
asS descCr | alm

k th t for t d
D ot her | APyl imade erogbbeycFby taking a mietire o tha SPMBOrARE PAGKARS 19 dRtpINIED
~(n) i ndeXt'hag:rtaeiee hfmuohmfpheeanﬁorsqcﬁukageapﬂfeaﬁrydaaﬁmee ab&ﬁﬂy%’%&iﬁk y

t I th th d t
B?Zlﬂe![ gpmangg%ﬁﬂs\? %g devncrla for mognng the I| g dlg t%ptshe predgtgrmmed assembly

position; and

a positioner for aligning the die bond pads of the die with the temporary package and

assembling the lid and die within the temporary package to test for continuity.

10. A method, using a programmable robot having a primary gripper for automatically
positioning electronic die within temporary packages for testing and wherein at least one
temporary package is supported on a boat, comprising the steps of:

(a) conveying a first boat along a path between a first position and a second position
such that a temporary package thereto is at an assembly position;

(b) removing a die from water feeder station and moving the die to a die inverter;

{c) inverting the die at the die inverter;

(d) taking a picture with die in the inverted position;

(e) removing a first lid from a lid feeder station;

(f) transferring the first lid from the lid feeder station to a lid precisor;

{(g) placing the lid in a known location using the lid precisor;

(h) reciprocating the primary gripper from a first gripper position to pick up the lid
from the lid precisor and move the lid to the die inverter and pick up the inverted die;

(i) taking a second picture of the lid and die to determine the precise location of the
die;

(j) taking a third picture of a temporary package in the boat to determine the general
position of the temporary package in the boat;

(k) using the position determined in step (j} and taking a fourth picture of the
temporary package; and
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12. The method as described in Caim10 further including the step of:
taking a picture of the die prior to the die being transferred to the die
inverter.to verify that the die has no ink dot thereon and t e Wmm-hs}mn

|dingl 3dP(r)13i E ihgnstep OJ I"ml ”"Emnﬂm;")ﬂua; g??[\ﬁﬁ%‘#%@&ﬁsgk&%y gri pper prior
i

to picking up the invertér di € from'the diellipvertky S 9%_14 The net hod
as described in Claim10 wherein the step of SsenbLLng___the_- atkage

I ncl udes: vi.ng_ the rohot to a det er r anned
wasenbly | oclll natanRE e e'shdJowpfrafy Raciane Sffeni o ek HEM R pidiyes to
package; assenibie ttherglié land cempbrirg (hackagerinty dnoassemhilédpatkage in thechoutsiong
the prim rlpper if continuity is established, i ncrementing the
robot if 'nuity I's not established to a nmaxi mum programred force

setting against the tenporary package and retesting for continuity;

-rel easi ng the_primar ri roi Q est I S r enovi ng
the lid and ﬁ?'e *'Fréei/?ﬁ'?‘?%ggﬁ?ﬁ'@eﬁm ﬁf"‘é’ﬂ'@ﬂ'“ %%ﬂ'&ﬂ’%?ﬁg a second
t eggor ary pagiPpaeldaBingthe pHaiE yripgert t i on; and

(n) indexing the boat to place a second temporary package in an assembly position

A

along the path; and
(o) repeating steps (b)-(n) for a predetermined period.

12. The method as described in Claim 10 further including the step of:
taking a picture of the die prior to the die being transferred to the die inverter to verify
that the die has no ink dot thereon and to locate the die’s position.

13. The method as described in Claim 10 further including the step of:
picking up a clip with the primary gripper prior to picking up the inverter die from the

die inverter.

14. The method as described in Claim 10 wherein the step of assembling the
package includes:

driving the robot to a predetermined minimum programmed assembly locking height;

assembling the die within the temporary package;

testing the completed assembly for continuity;

releasing the primary gripper if continuity is established;

incrementing the robot if continuity is not established to a maximum programmed
force setting against the temporary package and retesting for continuity;

releasing the primary gripper if continuity is established;

femoving the lid and die if continuity is not established, and positioning a second
temporary package in an assembly position; and
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retaking the second, third and fourth pictures and reassenbling the
package. 15. The net hod W%@d in Caim10 wherein the step of

cl udes unti | cREPHAGEMENT SHEET
contact i's established b ! terrpor ~\7=\ vi ng
the robot to mnlrrumpro y|nterloc'

HMENT SHEE
the lid and die fromthe pflmary gri pper such tha 1= &R '
positioned within the terrporary package thereby fermng _dn ass

Cact g tne SCkgrh Susond. Bird i b Wg‘%%e'"ﬂﬂinﬁ e pegaae

establ i shed, retrieving the die and lid with the primary gripper, which

e L 8k, P P by, e spedoe B, A CTy vﬁ?é%ﬂsée%{t?ﬂgo%seemr g e o

posi t i onepackap@inciidegpor ary packages for testing and wherein at |east one
tenporary pagkage is supported on a boat the steps of: (a)
conveying a 8 'Iﬁ)'&g°g$ﬂﬂ§ Vﬁ'&?'rf’%&wtgﬁ'ﬁh {‘] ithe,die and temparany

posi ti on,packagéb) removing a die froma tenporary package utilizing the
primary gripper, positioned in a first gripper position and npving the die
to a di sasse 95)6"‘%"?'%‘?\7(!? fnipimum programmed asgepbly ipterigelking heloht: (i sassenbl y

die invert errema%thgt Bl dhihddiR frém' BeCpiRary gnpﬂ)s&haﬂiai'&hé lid dn@ru.@ dréd
preci sor; retrieving the face up die, (f) disposing the die
into a prm@'ﬁﬁ'? w@blrbmqammemm package thgeby Jorming.an pegpmabled package; pad
ar m bet weragfihg Mk amaw 6,§ﬁpepQ§htw5mﬁ' bgﬂ%ﬁ.naﬁ‘pr afirst lid froma lid
precisor station to a lid carous rel easi ng the prinary grlpper
and ret ur ni ngsting the |aﬁeﬁryblg¢|q9glsagec B'ftmtlﬂwnstﬂﬂg-r if postingity: is net estahlished
(1) T ndexjodeviny thPdib and 11 AR te PRMEA ordgpel WAt s FRhepranfidRgsSemdl y

pOSI tion

———

16. A method, using a programmable robot having a primary gripper attached thereto
for disassembling electronic die positioned within temporary packages for testing and
wherein at least one temporary package is supported on a boat, comprising the steps of:

{a) conveying a first boat along a path between a first position and second position;

{b) removing a die from a temporary package utilizing the primary gripper positioned
in-a first gripper position and moving the die to a disassembly die inverter;

(c) inverting the die at the disassembly die inverter such that the die is face up;

(d) placing a lid on a lid precisor;

{e) retrieving the face up die;

(f) disposing the die into a predetermined output device;

(g) reciprocating a lid transfer arm between second and first positions to transfer a
first lid from a lid precisor station to a lid carousel;

(h) releasing the primary gripper and returning the primary gripper to the first gripper
position; and

{i) indexing the boat to place a second temporary package in a disassembly position
along the path.

- 37a -



al ong the path. - 37a -
17. The nethod as described in Caim16 further -=.- st eps

(b)-¢k) $or a predet erm ned peri od. 187 AP PR . NP qﬂﬁ
positi'oning a die havin ﬂll‘llmnﬂﬁmtﬂﬂl t hi nz te hg?'areg‘ﬁ Rdog T or NTYSHEET
testing using a lid, wh t enpd _ el 5 supported on

a boat, conprising; a’ prlog ranfhabf e T obot hadwag—a ) -rnper;

a wafer feeder station; a die inverter for inverting a ;

transporter I FHY W .

i nverter; ‘i?an |rra§ieﬂog%o ue%gﬁbé rqléa'Ef"m'%Eﬁré ureﬁ%?etﬁ%%hﬂgs{e st@d"ﬁn‘?
alid feaianMImdpenod alid preci sor; a second transporter for
picking up alid fromthe lid feeder station and novi ng the lid to the lid

pr eci sor; a third transporter for reciprocating the primary gripper to

pi ck up the 18.d Appanatumefdri alitgmaticallyrpositioningt andid having diehisordisepads\withiara and
Pi oK UP, {afglBaiST biadh Sor tosting AF°H i, WHHFoIR SR Tu5 ore forb RS pdbidpS 1 ©

supported on a boat, comprising;

a programmable robot having a primary gripper;

a wafer feeder station;

a die inverter for inverting a die;

a transporter for conveying a die from the wafer feeder station to the die inverter;

an image producer for taking a picture of the inverted die;

a lid feeder station;

a lid precisor;

a second transporter for picking up a lid from the lid feeder station and moving the lid
to the lid precisor;

a third transporter for reciprocating the primary gripper to pick up the lid from the lid
precisor, move the lid to the die inverter and pick up the inverted die;

a second image producer for taking a picture of the lid and the die;

a fourth transporter for conveying a first boat along a path such that a temporary
package in the boat is stationed at a predetermined assembly position;

a third image producer for taking a picture of the temporary package at the
predetermined assembly position to determine a general position of the temporary package:

a fourth image producer for taking a picture of the temporary package to defermine
the precise location of the temporary package at the predetermined assembly position;

a transferring device for moving the lid and die to the predetermined assembly
position; and

a positioner for aligning the die bond pads of the die with the temporary package and
assembling the lid and die within the temporary package to test for continuity.
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(57) Abstract

An apparatus for automat- .
ically positioning electronic die
within temporary packages to
enable continuity testing and the

feeder stations, a die inverter, and
a plurality of cameras or image
producers. The cameras take
several pictures of the die and
temporary packages to precisely
align the die bond pads with
the temporary package electrical
interconnects. A predetermmed
assembly position is located
along a conveyor that conveys
a carrier between a first position,
corresponding to an inlet, and a
second position, corresponding to . &0a
an outlet. The die, a restraining

like between the die bond pads and

the temporary package electrical 16 ]
* interconnects is provided. The ~aX
apparatus includes a robot having " Jl\ﬂl{;@,

a programmable robot arm with )”h'.\.‘;' A

a gripper assembly, die and lid 2% ] W e e
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(54) Title: METHOD AND APPARATUS FOR AUTOMATICALLY POSITIONING ELECTRONIC DIE WITHIN COMPONENT

device and temporary package are assambled at the predetermined assembly position and tested for conumuty therebetween. The apparatus
further includes a fifth camera which locates the die at a wafer handler. The apparatus has a control mechanism including a microprocessor
and associated program routines that selectively control the robot arm (i) to move the gripper assembly to the lid feeder station to pick up a
lid, (ii) to move the gripper assembly along with the lid to pick up the die following photographing by the rough die camera, (jii) to move
the gripper assembly along with the lid and the die to a position to be photographed by the fine die camera, and (iv) to move the lid and
the die to the predetermined assembly position located along the conveyor. The method and apparatus may also be used for disassembly.
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