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No: 5,492,223 U S Patent No. 5,374,158 discloses a nethod gifjy for
flipping i WR%% conputer chips at a 25 tinme andproceSS|ng§¥$2gﬁn

i ndi vidual chips. This nethod is undesirable as it requires the individual
handl i ng of each chip and is conparatively sl ow WD 99/ 02437
PCTr/ S9S/ 09294 -2- Stand-al one systens for flipping a stack of trays are

well_known. However, S“Chmﬁﬂ(ﬁfkmﬁﬂﬁmmhm@mummmﬂypper and is

not |ntegrated into a line or process. Summary OF The
I nventi on An object of the present |nvent|on is to provide a nethod and
systemfor flipping a tray of parts such as integrated circuit packages in
order to process the other side of the conponents. 10 Anot her
obj ect of the present invention is to

ical d

. 'This invention relates to methods and systems

5 for automaticaliy processing trays of parts and, in
particular,'to methods and systems for flipping trays of
parts such as integrated circuit packages.

Backsround

Packaged - semiconductor components (i.e.,

10 integrated circuit packages) typically are handled in
- trayé as they near completion of their manufacture.

. Typically, these trays do not permit processing £from
-'below because the parts are held by gravity (fixtured) -
from below the parts. However, the parts are visible

15 and acce551ble from above the tray. Some processing
"*;typlcally must be performed on the top side of the part
"fzwhlle other processing is necessary on the bottom side
of the part. This problem has been partially solved by

' the creation of "flippable" tréys (i.e. trays which can

20  5“ho1d the top of the part one way or the bottom of the
' part when flipped the other way) as shown in U.S. Patent

No. 5,492,223.

U.S. Patent No. 5,374,158 discloses a method

”and system for fllpplng individual computer chips at a

'zsﬂbﬁitlme and processing the individual chips. This method

" is undesirable as it requires the individual handling of
each chip and is comparatively slow.
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Summ Of The Inventio

_ An object of the present invention is to
provide a method and system for flipping a tray of parts
such as integrated circuit packages in order to process
the other side of the components.

Another object of the present invention is to

' prov1de a method and system for flipping a tray of parts

_such as 1ntegrated circuit packages in order to automate
"'fthe processes involved in completing the manufacture of

 these components (top and bottom side inspection,
N:marklng, repackaglng for shipment, etc.).

In carrylng out the above objects and other

'J_objects of the present invention, a method is provided

for flipping a tray’ of parts. The method includes the
“ fsteps of receiving at a flip station a first tray, which
.h°1d§ a plurality of parts, from a first part processing

station, joining a second tray with the first tray so

~ that the first and second trays mate, and inverting the

mated first and second trays together so that the parts

'~ are also inverted and held in the second tray. The

| 25L”5imethod also includes the steps of separating the mated

"'.;”flrst and second trays, and transferring the second tray

ff“;whlch holds the plurallty of parts from the flip station
'to a second part processing station.
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Pr ef er abl vy, nmet hod further includes the steps of clanping the nated
first and second trays together and then unclanping the clanped first and
second trays. 5 - Al so, preferably, the parts are integrated

circuit packages and the first and second trays are flippable storage
trays. Each of the trays has.an upper surf3ce which forns a grid of storage
conpartnments and each of the storage conpartnments is adﬁpted Lodhgld ﬁ 10
single integrated circuit Still, preferably, the nmetho urt her

i nctudes the steps of recggﬁg gBFva§h¢|@e§haé<ﬁu%F her r dnclydesi the

holds a second gtepsl idfy ellaping fene Lﬁ’&iﬁéc%r$1ﬁwzaﬁ?0f§éébﬁa SEAAYEN,

oi ning the flrst t with.t ir ray, so a rst an
{hlrd ?rays mat & %§g¥nJ3?? Rﬁ‘ SRS ¢ Qﬁd ¢ FWBeBr gérFEge?ng so
that the seccwmbe¢qmdltrgyet parts are also inverted and held in the first
tray. The nethod al so includes the steps of separating the mated first and

third trays, and ) ,
8 Also, preferably, the parts are integrated

circuit packages and the first and second trays are

flippable storage trays. Each of the trays has an upper

surface which forms a grid of storage compartments and

each of the storage compartments is adapted to hold a
10 single integrated circuit package. |

. Stlll preferably, the method further includes
.'the steps of receiving at the flip station a third tray
which holds a second plurality of parts from the first
., part processing station, joining the first tray with the
15 - . third tray so that the first and third trays mate, .and
- inverting the mated first end third trays together so
that the second.pluraiity,of parts are also inverted and
~held in the first tray. The method also includes the
.. steps of separating the mated first and third trays, and
20. - transferring the first tray which holds the second
plurality of parts from the flip station to the second

part processing station. |

The method may also include the step of

v1brat1ng the integrated circuit packages so that each

25 . __;___rn_t;egrate_d circuit package is properly positioned within

' ..»its corresponding storage compartment after the step of
hiig&erting.

] Also, preferably, the step of inverting
. .;1nc1udes the step of rotating the mated first and second
30:,,=trays through an angle of approximately 180°.



20 tran§+ 5 the first tray which holds the second plu5ﬁkhk% oparts
fromthe fl % lon to the second part processing station e nethod may
al so include the step of vibrating the integrated circuit packages so

t hat each 25 integrated circuit package is properly positioned within
Its correspondi ng storage conpartnent after the step of inverting. Al so,
preferably, the step of inverting inctaides the step of rotating the
mated first and second 30 trays through an angle of approximtely
180[err]. WO 99/ 02437
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each of the ”EH@¥¥yiﬁ§“éaéﬁeoﬁYEﬁén%ééhéapré ky a part of a larger system
where other operations will be perforned. system has the follow ng

feat ures:
The system is typically a part of a larger

system where other operations will be performed. The
5 system has the following features:
' 1. Is able to accept a tray of parts from
the process prior to it and releases the
resulting inverted tray of pérts to a
process following it.
10 2. Is able to invert the tray without spill-
ing or otherwise damaging the parts.
-3,  Is able to accept trays with the parts
: facing down or the parts facing up and
- inverts them. '
150 - HE weld 4g-f'Is able to perform this flipping on stan-
' “tosh e - 7 'dard- trays and may be changed over with
minimal effort to accommodate different
'sized trays.
5. Assuming that the flip will be accom-
20 w00 7 .."plished by using just one other tray, the
o ' o system does not require more than 1 extra
-~ tray.
6. Flips the tray such that the front of the
_ tray remains the front of the tray after
25 S - the flip. |

| " Prior to beginning the method of the present
“invention, ‘an empty tray is inserted into a "top" tray
cavity of the system. When the system is running, a

-tray with parts is received into the flip station via a
303-U?d§h§eYdr-or“bther transport means. The tray is further
" brought- into ‘the flip station until a stop point is
reached. - Then, the tray with parts is brought together



1. - Is ablygolees@sept a tray of parts fromthe process pri orpdmusysoezsd
rel eases the resulting inverted tray of parts to a process followng it. 10

2. “Is able to invert the tray without spill- ing or otherw se damagi ng
the parts. 3. s able to accept trays with the parts facing down or the
parts facing up and inverts them 15 4. |s able to performthis flipping
on stan- dard trays and may be changed oveP-with nminimal effort to
accomodat e different sized trays. 5. Assum ng that the flip will be
accom 20

| ished by using just ope other tray, .the system
does not requi rIEF nd énFﬂaﬁg'fheg't%ea %F%?'.' grgy Iﬁr}é;)s‘“?ﬁ%gtraggéué:l?ﬂ h%‘g‘it he
front of the trsyttematrayshare ochenfclampedatafetie?> This clamped
the flip. Pr "Oraégemﬂirnrk'irl%.t,hetﬂgt Q%% Oin&hSo%rt%%er\I.rays) is rotated

vertically 180° so that the parts are now held by

S gravity in what previously was the "top" tray. The
parts are now also inverted from how they had come into
the flip station. The clamping mechanism is then

relaxed and the upper tray is separated from the lower
. tray. The lower tray (i.e. previously the "upper" tray)
10 . is finally transported out to the following process and
the tray that remains in the flip station may be flipped
.in preparation for the next tray.

= - The above objects and other objects, features,
. and . .advantages of the present invention are readily
15 - apparent from the following detailed description of the
best mode for carrying out the invention when taken in
.. connection with the accompanying drawings.

Brief Description Of The Drawings

"FIGURE 1 is a schematic diagram illustrating
20 the method and system of the present invention;

FIGURE 2 is a perspective view of a pair of
. separated trays with a lower tray populated with inte-
grated circuit packages such as QFP or BGA;

SRV ' FIGURE 3 is a perspective view, partially
25 - .broken away, of the trays of Figure 2 after they have
.been mated and inverted;



inventionm,ﬁrbg% y tray is inserted into a "top" tray cavi tpcrodsesine294
system e e systemis running, a tray with parts is received into the
flip station via a 30 conveyor or other transport nmeans. The tray is
further brought into the flip station until a stop point is reached. Then,
the tray with parts is brought together WO 99/ 02437

PCT/ US98/ 09294 -5- or joined with the "tof*~ tray and mated. The top and
bottomtrays are then cl anped together. This clanped assenbly (i.e., the

top and bottomtrays) is_rotated verticall \ing[n[err so that the parts are
now hel d by 5 gravi t y FERURRFat? piLﬁviaouE‘Pg hE+eY oL tRay¥aY R%parts
are now al so ingantetgl and eedading nsbltantsmat oft he ffivist HEmodiment The
cl anpi ng nechan%sg%iss then rel axed and the upper tray is separated fromthe
| ower tray. Th8% rS?’FS}?"‘('i.e. previously the "upper"” tray) 10 S
finally transported out to the follow ng process and

FIGURE 5 is a side elevational view, partially
5 broken away and in cross-section, of the system of
Figure 4 including a conveyor and tray conveyed thereon;

FIGURE 6 is a top plan view of a second
embodiment of the system with a rotating mechanism and
" a tray illustrated by phantom lines;

10 ' FIGURE 7 is an end view, partially broken away
“. and in cross-section, of the system of Figure 6 includ-
'+ -ing a conveyor and a tray conveyed thereon illustrated

.. by phantom lines; and

. FIGURE 8 is a ‘side elevational view of the
1S  rotating mechanism of Figures 6 and 7 with a tray held
‘thereby. -

Best Mode For Carrying Out The Invention

- . Referring now to the drawing Figures, there is

‘illustrated in Figure 1 a schematic diagram illustrating

20 --‘a method and system for £lipping a tray of parts such as
integrated -circuit packages, generally indicated at 10

in Figure 2. The packages 10 are held in a flippable

.’ tray, two of which are generally indicated at 12 and 12’
oo intFigures 2 and 3. Each of the trays 12 and 12’ has an
25 ﬁpper surface 14 and 14', respectively, which forms a
- grid of storage compartments 16 and 167, respectively.
Each of the storage compartments 16 and 16’ is adapted

to hold a single integrated circuit package 10. Each of



the-tray t b odyd®y NS in the flip station may be flipped in POTVBIS09294 T Or
the next tray. The above objects and ot her objects, features, and

advant ages of the present invention are readily 15 apparent fromthe
followi ng detail ed description of the best node for carrying out the

I nventi on when taken in connection with the acconpanyi ng drawi ngs. Brief
Description O The Drawings FIGURE 1 is a~4thematic diagramillustrating 20
the nmethod and system of the present invention; FIGURE 2 is a perspective

view of a pair of separated trays with a |ower tray., popul ted W thdnte-
grated circuit t&&%&%@@* Qf?tﬂi %E JFERRICTEY gglss 23 83’?%5&?%% ew,
partially 25 1graméenawayxespectivelnyswhichki gayealsaf form laegrisl @bheen

mat ed and i nver,
PCTIU8939/0994§ﬁ?}age ég&5§¥égé§Zs. Each of the storage compartments

in the lower surfaces 18 and 18’ is also adapted tco hold

5 a single integrated circuit package. Each of the trays

12 and 12’ includes rim portions 19 and 19, respective-

ly, which are located at opposite ends of the tray 12

. and 12’. Tray notches 108 are formed in side walls of

.the trays 12 and 12’. The trays 12 and 12’ are held at

10 ‘the notches when separating (i.e., singulating) the
trays 12 and 12’.

Referring again to Flgure 1, in general, the

N ,method of the present invention. includes the steps of

”T::rgce1v1ng at a flip station 20 the tray 12 which holds

15.. the integrated circuit packages 10 from a first part

. Processing station 22. |

. . Then, the second tray 12’ is joined with the

flrst tray 12 so that the first and second trays 12 and
12’, respectively, mate.

20 . . . Then, the mated first and second trays 12 and
12’, respectively, are inverted together so that the

: packages 10 are also inverted and held in the second
. tray 12°.

. Then, the second tray 12’, which now holds the
_25W¢ﬂ;packages 10, is transferred from the flip station 20 to
a second part processing station 26.

. To ensure that the packages 10 are properly
. p091tloned in their corresponding storage compartments
_in the second tray 24, the method may also include the



FI GURE 4 i@ds%,; 40l an view of a tray and nounting. and. r ot atpdussIeN SMB
of a first enbodinment of the system FIGURE 5 is a side elevational .view,

partially 5 broken away and in cross-section, of the systemof Figure 4
i ncluding a conveyor and tray conveyed thereon; FIGURE 6 is a top plan view
of a second enbodi ment of the systemw th a rotating nmechanismand a tray
illustrated by phantom|lines; 10 -8- FIGURE 7 is an end view,
partially broken away and in cross-section, of the systemof Figure 6

includ- ing a conveyor apnd a tray conveyed thereon jllustrated - b antom
lines; and FI RePs 9k ¥ibratinge s ohBFegrahess THeeus- paf‘%??ﬁ%gf

mechani sm of Fagteestheastep W Hnvertdndiatd therfbip Beatidbd20For
Carrying Qut The Invention Referring nowto the drawing Figures, there is
illustrated in Figure 1 a schematic diagramillustrating 20 a met hod and
system for ‘flipping a trRefekrning snewchoaFignres atednd rSui themekabes,
general ly indi ¢a§gde3htd® a first embodiment of a system for flipping
5 a tray of parts of the present invention. The system
includes a main fixed mounting frame or a frame struc-
ture, generally indicated at 30, inc;uding a rectangu-
:larly-shaped frame 32 and legs 34 which extend down-
wardly from the frame 32 to support the frame 32 at its.
10 corners.

A rotating platform, generally indicated at
“36, is rotatably supported on the frame 32 by a pair of
.. .xotation bearings 38 mounted on opposing sides of the
“::frame 32. - The rotating platform 36 includes shafts 40
15 -and 42 which are rotatably supported by the bearings 38.
-.The shaft 40 is coupled'to a rotation unit or motor 44

1 by a belt 45 and gears 47 to rotate the platform 36.

: The platform 36 also includes a rotating mount

. frame 46 on which there is mounted at opposite corners

20 - thereof passive centering corners 48. Tray side "jaw"

clamps 50 and retractable tabs or singulators 107 are

‘mounted on opposite sides of the frame 46, all of which

are pneumatically actuable to move between extended and

_rétracted positions. The retractable tabs or singula-

25 . tors- 107 may be replaced by spring-loaded tabs or

- aingulators. The shaft 42 is hollow to permit air lines
45 to extend therethrough to actuate the clamps 50.

Referring specifically to Figures 1 and 5 , a
= conveyor frame 54 extends between the legs 34 of the
30  structure 30 and supports on top surfaces thereof spaced



I n- Fi gure 2y ckages 10 are held in a flippable tray, tvwcrRbsosvogds ar e
general ly |n8|cated at 12 and 12' in Figures 2 and 3. Each of the trays 12
and 12' has an 25 upper surface 14 and 14', respectively, which forns a
grid of storage conpartnments 16 and 16', respectively. Each of the storage
conpartments 16 and 16' is adapted to hold a single integrated circuit
package 10. Each of WO 99/ 02437 -9-

PCT/ US98109294 -7- the trays 12 and 12', respectively, has a | ower surface

18 and 18', respectively i ch na al so for rid of stora
conpart nent s. EEEHVGVWh?egE {p?’?‘ﬂ 4P | fRher %%?‘1’%%@51@8 and

18" is also ada@bﬁdeyarhwelﬂé sszaﬁarmme legegBat ethexe cis tdpspwdegd. anEach
of the trays 12

which are ocat& XF 83pi§ g‘%%‘d@ag‘ 06:1?]1 %Z?%a%fajiallaiglﬁ$eé§g§fér’l‘5¥ﬁﬁglsyi08

are formed in saaelnéubstsﬂ bircarrays 62 bfhdel2FiguTheS):aye altendate- are
hel d at 5 ly raise or lower the lower tray 12 (substantially
identical to the upper tray 12’) after it is stopped by
- the hard stop 58 when it is raised.

. Operation of the First Embodiment

Referring again to Figures 4 and 5, the system

10 illustrated therein operates according to the following
steps: '

. Component filled tray 12 reaches hard stop 58;

L Tray 12’ is held in place by tabs (singula-

: tors) 107 in slot or. notch area 108;

15 . Elevator 60 has pa551ve guldes to hold tray 12
' . in place; -

° ‘Elevator 60-raises component-filled lower tray

12 to mate with upper tray 12’, being guided

by passive centexring corners 48; :

20 - - - - . Side clamps 50 come in and clamps bottom tray
' .12 to top tray 12’; :
.. "Elevator 60 lowe;s to conveyor 54 level;
o . Rptating-mount'frame 36 rotates 180°;
. e  Elevator 60 rises to the bottom of lower tray
25 120 |
& . 8ide clamps 50 retract and un-clamp trays 12
‘and 12°;
©.». e . Elevator 60 lowers inverted tray 12’ to con-
- .veyor 54;
BQ . Tray 12’ is conveyed out to next process. The

following steps can be performed during this
tray conveyance:



10 the R9peh/Hzyhen separatlng (i.e., singulating) the tga¥ss d
12'. Referring again to Figure 1, in general, the nethod of gﬁe pféég%?

i nvention includes the steps of receiving at a flip station 20 the tray 12
whi ch hol ds 15 the integrated circuit packages 10 froma first part
processing station 22. Then, the second tray 12' is joined with the first
tray 12 so that the first and second trayst@2 and 12', respectively, mate.
20 Then, the nmated first and second trays 12 and 12
respectively, are |nverted togg} o that_the packages 10 are also
inverted and held in the Secon 1??% 8 THencompebagkodata imhaae buthi ch
now hol ds the 25 packages 10, ddsndwnpéefbﬁﬁ1}umutbgahbhagﬂéﬁéfgtggnto a

second part .processing station To .ensur.e .t t he packages 10 are
properly positioned in their co%&bsﬁbﬁﬁ Ekﬁm Eﬁ%%r?ﬂeﬁ%§mph it he

second tray 24, the nethod nayTabgo(smngudatbhs) 107 are retracted from
5 slot area 108 in tray 12 allowing the
tray to fall to the lower clamp arm;
L] Tabs (singulators) 107 are pushed back
out to the slot area 108 above tray 12;

. Rotating mount frame 36 rotates 180
10 : degrees;
o Side clamps 50 un-clamp tray 12;
® - Conveyor 54 can now move tray 12’ to
process 26’; and '
.®. . 'Next -tray on conveyor 54 can now be
155. >+ . . . . -brought into position to elevate and

‘repeat cycle.

Referring now to Figures 6-8, there is illus-
vi trated a second embodiment of the system for carrylng
fx+ --out the method of the present invention.

20 S -+ The system includes a fixed mounting frame,
generally indicated at 70, which is preferably mounted
to a main conveyor mounting platform (not shown). The
mounting frame 70 includes a vertical mount platform,

. ggnerally indicated at 72, which rotatably supports a

25 main rotating mount platform, generally indicated at 74,

.- by means of rotation bearings 76. The rotating platform

74 includes rotation guide shafts 78 and 80, respective-
MJ;,.Ly, which - are .rotatably mounted within the rotation
bearings 76. The guide shaft 78 is coupled to a rotat-

30> ing device such as a motor 82.
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of vibrating tﬁe I ntegrated circuit packages 10 after the step of inverting

at the flip stati-on 20. Referring now to Figures 4 and 5,
illustrated a first enmbodi nent of a systemfor flipping 5

frapme or a frane struc- ture, generally Thlfcated at 30,

36.

t here

is

a tray of
parts of the present invention. The systemincludes a main fixed nounting

I ncl udi ng a
rectangu- larly-shaped frame 32 and | egs 34 which extend down- wardly from
the frame 32 to support orners Arotatin

pl atform generally indi &g‘ﬁeﬂmé’g%s?ra}'%e %?a?BBPQ B Fy P tFRY 1 gﬁrre 32
by a pair of rataphenmhtdcuﬂiy%ﬁbennﬁ&&dconneppcemM@rmnyﬂﬁeﬁ1¢as 86ane

oiatabl y suppbfPEashy EPREPAEE %R MR SRify g SidpE o, L in

rotation unit bhlﬂotf@shd@rby thecktrays 8hdmgyake 47otatedt dne murh pthef or m

5 same fashion as the tray 24 of the first embodiment was

rotated. The guide shaft 80 is hollow to receive and

retain air lines (not shown) therein.

The mount platform 72 may .be alternately

10

15

raiéed or lowered relative to the wmounting frame 70 by
a motor 92 mounted on a mounting bracket 94 secured at
'the top of the mounting frame 70. The motor 92, when

- energized, rotates a lead screw 96 which, in turn, is

threadedly secured within a fixed lead screw nut 98

... which, in turn, is mounted to a linear slide unit 100 on

which the mount platfqrm 72 is secured.

. As also illustrated in Figure 7, a conveyor

;;“frame 102 supports conveyor belts 104 thereon to receive
. and move a second tray 106 populated with parts into the

.1_ﬁ11p station.

20 , .i)ér ion lhésamwdﬁhdwdhmun

The second embodiment of the system of the

~ present invention, as illustrated in Figures 6-8,
. operates according to the following steps: :
.- Compohent filled tray 106 reaches hard stop
25 _ (not shown) ;
- L Rotating mount frame 74 lowers empty tray 84

to just before mate position; Centering cor-

ners 86 move from tray 84;

.. Centering corners 86 move to trays 84 and 106;
30 Side clamps 90 move to trays 84 and 106;



" The platfo S0 includes a rotating nmount. frame 46 on ' IS
| W% CRRshaer294

nmount ed at e corners 20 thereof passive centering corners 48. Tray
side "jaw' clanps 50 and retractable tabs or singulators 107 are nounted on
opposite sides of the frane 46, all of which are pneumatically actuable to
nove between extended and retracted positions. The retractable tabs or

si ngul a- 25 tors 107 may be repl aced byl12pring-| oaded tabs or
singulators. The shaft 42 is hollowto permt air lines 45 to extend
therethrough to actuate the clanps 50. Referring specifically to Figures 1
and 5 , a conveyor f%ame Rtaking dnovat cEranae 14eghowarsf thecgpveyor
structure 30 and support sy @; tPBa g%ﬁace_-apﬁ;fi@ra%@‘rsswqabve FELRLPpes/
PCT/ US9809294 - 9- conveyor beléé 6 and a tray hard stop 58. Between the
conveyor belts 56 and t het¥ 4 there is disposed an el evator 60 which
may be alternately rei seoEmll ¢ D0 clamp trays 84 and ‘106; Tray end

5 - captivators 88 move to lower tray 88;

. Rotating mount frame 74 rises to rotate level;
° Rotating mount frame 74 rotates 180 degrees; -
. Rétating mount frame 74 lowers to conveyor
102; Side clamps 90 un-clamp trays 84 and 106;

10 ] Side clamps 90 move from trays 84 and 106;
e Rotating mount frame 74 rises to rotate level;
. Rotating mount frame 74 rotates 180 degrees;
° - Conveyor 102 can now move tray to process 26;

¢ and |

1537 e Next tray on conveyor 102 can now be brought

. into position to elevate.

A third embodiment of the system of the

" ‘present invention ié:alsé'provided and is a combination

" of the first two embodiments. - In particular, the

20 rotator unit of the third embodiment is substantially
the same as the rotator unit of the first embodiment
whereas the mounting unit is substantially the same as

the mounting unit of the second embodiment. The third
 embodiment incorporates the same features as the second

25 = ~embodiment with the addition of side clamping'and a
standard elevator .and has a reduced cycle time. The

- :system of the third embodiment operates according to the
following method steps: |

v Operation of the Third Embodiment

30" - & ' Component filled tray reaches hard stop;



as- i ndi cat g byjeasf ows 62 (i.e. Figure 5), to alternate- 5 POTYUSISNS4OT

| ower the lower tray 12 (substantially identical to the upper tray 12')
after it is stopped by the hard stop 58 when it is raised. Operation of
First Enbodi nent Referring again to Figures 4 and 5, the system 10

Il lustrated therein operates according to the follow ng steps: *

Conponent filled tray 12 reaches hard stopl®8; * Tray 12' is held in
pl.ace by tabs (singula- tors) 107 in slot or notch area 108; 15 *
El evator 60 has passive g es . to hold tray 12 in - X Elevator 60

rai ses conponent-filPed |§%EW3FF5yr?%SF@ ééWPQqugkékii ed txa Het g
gui ded by passive centeri ngetdnhgepoiht; Z(btatlng mdunt ﬁradﬁe csﬁir‘a:awéﬁscome
in and cl anps bottomtray tr 12! va 60 rs.to
conveyor 54 |evel; * Féﬁt& Ir.‘rgg}{t "?aé/a %6 P&fgtrg gﬁfér réien “B8%at or

60 rises to the bottom of Cbma iy move from tray;

5 L Centering corners 48 move toward upper and
lower trays 12’ and 12, respectively;
o Elevator rises to a tray thickness beyond mate
position; '
L Side clamps 50 move toward trays 12 and 12’
10 : and clamp trays 12 and 12’;
o Elevator lowers to conveyor level; Rotating
| mount frame 36 rises to rotate level;
. Rotating mount frame 36 rotates 180 degrees;
e ' Elevator rises to tray meeting point; Rotating
15 - mount frame 36 brings lower tray to elevator
' : "surface; Side clamps 50 un-clamp trays;
. Side clamps 50 move from trays;
. Elevator lowers inverted tray to conveyor;
Rotator rlses to rotate level;
20_'  | .. _-_Rotatlng mount frame 36 rotates 180 degrees;
' ‘ ‘. “Conveyor can now move tray to next process;
L Next tray on conveyor can now be brought into

_position to elevate.

While the best mode for carrying out the

25 invention has been described in detail, those familiar
with the art to which this invention relates will
"'}recognlze varlous alternatlve designs and embodiments

for pract1c1ng the 1nventlon as defined by the following
"clalms.' )
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25 0992432 ; * Side clanps 50 retract and un-clanp pcryssiddend
12 Ergva#g? 60 | owers inverted tray 12' to con- veyor 54; 30

Tray 12' is conveyed out to next process. The follow ng steps can be
performed during this tray conveyance: WO 9/ 02437

PCT/ US98109294 -10- * Si de clanps 50 cone back into place but do not
performfull clanping operation (there +34rot bottomtray to clanp); *

~Tabs (singulators) 107 are retracted fromb5 sl ot area
108 in tray 12 allowing the tray to fall to the lower clanp arm * Tabs
(si ngul ators) $ck out to the slot area 108 above tray 12;

1. A method for flipping a tray of parts, the
method comprising the steps of:
receiving at a flip station a first tray,
5 which holds a plurality of parts, from a first part
processing station; . '
joining a second tray with the first tray so
that the first and second trays mate; '
inverting the mated first and second trays
10' together so that the parts are also inverted and held in
' the second tray; , '
o separatlng the mated flrst and second trays;
S ~ transferring the second tray which holds the
15 plurallty of parts from the flip statlon to a second
part proces51ng statlon.

Sz : ey

2. The method as clalmed in claim 1 further
compr1s1ng the’ step of clamping the mated first and -
' 'second trays together.

A

20 3. The method as claimed in claim 2 further

comprising the step of unclamping the clamped first and
second trays.

N 4. The method as claimed in claim 1 wherein

_ 'f the parts are 1ntegrated clrcult packages and the first
25°  and second trays are f11ppab1e storage trays, each of
the trays having an upper surface which forms a grid of
storage compartments and each of the storage compart-

ments being adapted to hold a single integrated circuit
package.

—_—
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} : es:
* "Rotati o3t frame 36 rotates 180 10 PCT/USY 5;
* _Side crg)rrps 50 un-clanp tray 12; * Conveyor 54 can now nove tra

ht
" to process 26'; and * . Next tray on conveyor 54 can nom/be 15 broug
%ﬁto pogition to elevate and repeat cycle. Referring now to Figures 6-8,t
there is illus- trated a second enbodi nent of the systemfor carrylrgdou
the srethod of the present invention. 20 -15- ~ The systen1|nr udes a
fixed nounting frame, generally indicated at 70, which is preferably

he nmounti ng
nounted to a nmain conveyor, n latform (not shown). T
frame 70 includes a verti Cdl m?ﬁlt‘g?ﬁ&??lo?ﬁ] C-(lag@ﬁér am ycla:m cht fdrthe¥?2,

whi ch rot at abl ycemppdsﬁ.ngatﬂfe steps rbﬁot ating mount platform generally

i ndi ting platform 74
i ndicated at 74, by neans Q}; on, rings, 76. The rota L
i ncl udes rotation gw de sha fglda g %% t BFRtYOR @hitdHzst ctray

rotatably mountwhi th‘lpﬂ.da']@ rmmm@rphenalﬁgy ofi. phlr® =gHirflen St1d t F7BghkS
coupled tosa ropait processing station; '
' joining the first tray with the third tray so
that the first and third trays mate;
inverting the mated first and third trays
together so that the second plurality of parts are also
i0 inverted and held in the first tray;
separating the mated first and third trays;
and : :
transferring the first tray which holds the
second plurality of parts from  the flip station to the
15. second part processing station.

_ 6. The method of claim 4 further comprising

. the step of vibrating the integrated circuit packages so

-__._,that each integrated. c1rcu1t package is properly posi-

- .- tioned within its corresponding storage compartment
20 after the step of inverting.

7. The method of claim 1 wherein the step of
inverting includes the step of rotating the mated first
and second trays through an angle of approximately 180°

8. A system for flipping a tray of parts, the

25 _system comprising:
..a flip station for receiving a first tray,
-5:.:Iwh1ch holds a plurality of parts, from a first part

: _process:.ng station;

. . -~ means for joining a second tray with the first
30 tray so that the first and second trays mate;

e




30 ing device as a notor 82. WO 99/ 02437 . PCT/US98/09294
PCr | US98/ O g%ﬁggﬁhe nmount franme 74 supports an upper tray 84 at

pneumati cal | y- operated corner centering devices 86, tray end captivators
88, and tray end clanmps 90. 1In this fashion, the tray 84 nay be rotated in
much the 5 sane fashion as the tray 24 of the first enbodi nent was
rotated. The guide shaft 80 is hollow to<l#seive and retain air |ines (not
shown) therein. The nmount platform 72 nmay be alternately raised or | owered
relative to the nounting frame 70 by 10 a notor 92 nounted on a nounting
bracket 94 secured at themeansoforHmvexkingdtite aated fimat mndsespndihen

ener gi zed, rot aﬁt;:a}désté tRELCWIC MY Ghe Iphttd NarkSall BbCAGdQrE P GEHiced

within a fixed screw nut 98 which, tnturn, is noynted to a |inear
slide unit 100 hldsin thgisecend kEa¥e Bhet REARS7EOKs Joddimgy separat-

ing the mated first and second trays after the parts are
5 inverted; and
means for transferring the second tray which
holds the plurality of parts from the flip station to a
second part processing station. .

9. The system as claimed in claim 8 further

10 ' - comprising means for clamping the mated first and second.

" trays together and thereafter unclamping the clamped
‘first and second trays.

_ 10. The system as claimed in claim 8 wherein:
the parts are integrated circuit packages and the first
15  and second trays are flippable storage trays, each of
" * the trays having an upper surface which forms a grid of
- storage compartments’and each of the storage compart-
'ments being adapted to hold a single integrated circuit
- package.

20 - 11. The system as claimed in claim 8 wherein
" the flip station receives a third tray which holds a
second plurality of'parts from the first part processing
station, wherein the means for joining joins the first
tray with the third tray so that the first and third
25 trays mate and wherein the means for inverting inverts
. the mated first and third trays together so that the
" second plurality of parts are also inverted and held in
the first tray, the means for joining separating the
 mated first and third trays after the second plurality

30 of parts are inverted; and

This Sheet Has Been Replaced
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As also il l3kHd in Figure 7, a conveyor frame 102 supporpEroSsu/mysy
belts 104 ereon to receive and nove a second tray 106 popul ated with

parts into the flip station. 20 Qperation of the Second Enbodi ment The

second enbodi nent of the systemof the present ‘invention, as illustrated
in Figures 6-8, operates according to the follow ng steps: * Conponent
filled tray 106 reaches hard stop 25 -17- (not shown); * Rotating
nmount frame 74 |lowers enpty tray 84 to just before mate position; Centering
cor- ners 86 nove fromtray 84; * Centering corners 86 nove to trays 84
and 106; 30 whierein e weansydoro tranaferring tovansfergp

99/ 02437 the first tray which holds the seB6AHSE8{#294tyléf parts

Rot ati ng mount frane 74 | rs to gonveyor
g from the f‘%% statgon o the second part processing

station.

5 ' 12. The system of claim 10 further_comprising'
means for vibrating the'integrated circuit packages so
that each integrated_gitcuit,package is brqurly posi- -
tioned within its _cofieéponding storage compartment"
after the parts are inverted.

10 : 13. The sYStém of claim 8 wherein the means
for inverting includes a motor for rotating the mated

first and second trays through an angle of approximately
180°. -

This Sheet Has Been
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102; Tray gpgzag%%yvators 88 nove from upper tray 84; * E 8892090

clanp tray 106; Tray end 5 captivators 88 nove to

| ower tray 88; * Rotating nmount frang/g4 rises to rotate |level; *
Rotating nount frame 74 rotates 180 degrees;. * Rot ating nount frame 74
| owers to conveyor 102; Side clanmps 90 un-clanp trays 84 and 106; 10

* Side clanps 90 nove fromtrays 84 and 106; * Rot ati ng nount frane
74 rises to rotate level; * Rotating nount frane 74 rotates 180 degrees;
* Conveyor 102 can now nove tray to prgcess 26; and 15 * Next

tray on conveyor 102 can now be br@&ugh o position to elevate. A third
enbodi nent - of- the system of . the -:prepgnt invention is also provided
and is a conbination of the first i ments. In particular, the
20 . rotator unit of the third en3pdi nenf {is substantially the sane as the
rotator unit of tQe first enbodi ment—whgrigds the nounting unit is

substantially thé&¥sanme as
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t he nmount i nggedidesd® the second enbodi ment. The third embodi meatus9s09294

i ncorporates the same features as the second 25 enbodi nent with the
addition of side clanping and a standard elgggator and has a reduced cycle
tinme. The - system of the third enbodi nent operates according to the

*

follow ng nmethod steps: Operation of the Thi
Component filled tray reaches hard stop; /:\ K
PCT/ US98109294 -13- * El evat.or .rai /v}"\ s

NG ) W -l ay
meeting point; Rotating nmount fMNane 36 ./é '*‘ ; ///’§\\o‘§ w Rl e
mate; Centering corners 48 nove fromtr @ BAT rners
48 nove toward upper and | ower tyrays A \ , ©

S

El evator rises to a tray thicknels beffaNmuiong
. y /\ U




* Si de “\Jvﬁgz.ﬁzé? nove toward trays 12 and 12' 10 . pCTUSBReMY AND

trays 12 and El evator | owers to conveyor |evel; Rotating nount
frame 36 rises to rotate level; * - Rotat3i/§g nount franme 36 rotates 180
degrees; * El evator rises to tray neeting point; Rotating 15

nmount franme 36 brings |lower tray to elevator surface; Side clanps 50
un-cl anp trays; * Side clanps 50 nove f&wom trays; * El evator | owers

inverted tray to conveyor: Rotator rises to rofEER |evel; 20 *

Rotating mount franme 36 rotates 180 degrkes; /‘/&%\ GQnveyor can now nove tray
to next process; * Next tray on conygyor ;f$‘\s\§
to elevate. Wiile the best node for carryi ‘/4?( b

AWDe brought into position
\‘\§\- 5 i nvention has
RN 0 whch this

\
A
.

been described in detail, those fam|l ﬂrl 3
invention relates wll recognize varid 3:.,.._.:-. :\\
enbodi nents for practicing the inventio /;?.{ﬁ“;
cl ai ns. ,l
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-14- wo 99/02437 PT/US 98/0929 What |s Cained Is: 1. pgangpr
fl.ipping a tray of electronic devices, the nmethod conprising the steps of:
receiving at a flip station a first tray,gmhich holds a plurality of

el ectroni c devi ces, fronlg first electronic device processing station; 5
a second tray. belng pogl&ianad.in said flip station, joining said second
the second tray enga

22l A the first and second trays mate wighout
S Bxe, \ glc devi ces; |nver%éng t he ted first
and second trays togg o thht tRE el edbronidb devic#8 are g so inverted

and-held in the seco Eaxv————1t Nat the elkpbc hic 10 devi ces

tray with the first

: 10
separating the mated
tray which now hol ds

station to a séfend i@l]e
first tray in said
tray when a subseque
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: The claimed in claim11 further conpr|5|ng t
clanplng tﬁg;ﬂﬁgggﬁflrst and second trays together. 3. TE@C@%@ﬂM@&

claimed in claim2 further conprising thq%égep of unclanplng t he clanped
first and second trays. 4. ~The nethod @as clained in claim1l wherein the
el ectronic devices are integrated circuit #s and e first and second
trays are flippable 25 stora f the-trays having
an upper hac ch forms a grid of st "npart ts and each of the
st orage % s being ada gl e .tht'égrated circuit
package.

The net s>ﬁ11 f
the steps of: receiving at ' . -t
second plurality 5 8¢ - e—tre riiF
el ectroni c devi ce processi ~ T
tray so that the f}r i
third trays toget hesf

al so inverted and héel

t her conpri sing

whi ch Ids a

-ﬁron1the"

rst\(ra W|th the third

el T | N thl?mated first and
3ty oflqleétronlc §@V|ces are
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- . |
10 . separating the +idted first and ﬂcmlﬁ a>95,8 énq 92
transferring the firsttray which holds the second plurality M hC
devices fromthe flip station to the second el ectronic devi cgp 1:8 JUN 19
station. 6. The method of claim4 further conprising the step of

vibrating 15 What Is C sht egrated circuit packages so that each
integrated circuit package is properly positioned wwthin its correspondi ng
storage conpartnment after the step of inverting. 7. The net hod of claim

1 wherein the step of invejtingaiR&hddft fii b 6dy ofF lééﬁﬁﬁéﬂ&iéégeth@%ﬁiﬂod

first and second trays through an an%kfie cﬁlﬁ%é y © appr oxi mat el'y

180[err]. 8. compridingrtiecstepslofppi ng a tray of el ectronic devices, the
system conprising: a flip station for_recejving a first_tray, which holds a
plurality of 25 TecgIVing Flofi P FAFIOBCR, Tire, oAy, which dtoldsia piurality of

processing stati agéu'&gé‘ﬂéviééﬁr ﬂ%ﬂpgﬁ}&ieﬁFﬂgﬁ?‘.%?@?Pﬁws%ﬂ?ﬁ%‘ﬁ flip station '

means for joining said second tray wt ray the first

and gecond trays mate Wth@mqaymwimne@Wﬂq,gm,ﬁl ectronic
devices; neans for inverting the mated first and second trays together so

t hat 30 the el joining paid serond tray withehe fiesy trapi se thas theofinst ang s¢cond
the second tray gso that t.he ectroni c devices are novable.in the second
tray between the %'@%‘ef‘ﬁ"h@? ¢ JIRY §neagos ‘ﬁ%@eﬁ%ﬂ&%d?"d?esf oi ni ng

separating the mated firstimyBingeaNthatedHifst AiChocol® tFlyR ClopObS sICME e

are inverted;

electronic devices are also inverted and held in the second tray so that the electronic
10 devices are movable in the second tray between the mated first and second trays;
- separating the mated first and second trays; and
transferring said second tray which now holds the plurality of
electronic devices from the flip station to a second electronic device processing
station and leaving said first tray in said flipping station to function as said second

15 tray when a subsequent first tray is received in said flipping station.

2. The method as claimed in claim 1 further comprising the step
of clamping the mated first and second trays together.

o : 3. The method as claimed in claim 2 further comprising the step
of unclamping the clamped first and second trays.

4. The method as claimed in claim 1 wherein the electronic
devices are integrated circuit packages and the first and second trays are flippable
25 storage trays, each of the trays having an upper surface which forms a grid of storage
compartments and each of the storage compartments being adapted to hold a siﬁgle
integrated circuit package.
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-16- means for transferring the second traylShich now hold

ralit .
of electronic devices fromthe flip station to a second el adsvdt& 1999
processi ng station, and 5 means f'or positi oning

saibd now enpty first tray in the position previous]y occupied by said
second tray so that said fi.rst Fheaethodanrlaimed iniclain § further somprising the steps
subsequent first .tray is received in said flip station. 9. The system as
claimed in clai lﬂf8 further conprising neans for 10 cl anpi ng t he

mated first and second tr%@eiﬁggﬁhneﬂiﬂmﬁmfﬁa?rwmmﬂamMohﬂ'ﬁhﬁhmyﬁgd

first and second trays. 10. e systemas clainmed in claim8 wherein
el echroni ¢ devi ofsleatrenicrdevigesifronh the firstielectranicaipyice processing ftation; and second

trays are flippable 15 stora rays, each of the trays having
an upper surface which fodm%?mtwyﬁgkéﬁa&%ﬂaﬂm%gﬁﬁan‘géﬂqust he
storage conpart S being adapted to hold a single integrated circuit

package. 11. e systemas clainmed in claim8 wherein the flip station 20
receives a third tray whi dhvertihgltheamated dirst andithirtitiays edgetiier Gorthati the desondes

fromthe first electronic devjce processing station, wherein the neans for
joining joins tplurplitysef electronic devices are also inverted and held in the first tray;
10 separating the mated first and third trays; and
transferring the first tray which holds the second plurality of electronic

devices from the flip station to the second electronic device processing station.

o 6. The method of claim 4 further comprising the step of vibrating
15 the integrated circuit packages so that each integrated circuit package is properly
positioned within its corresponding storage compartment after the step of inverting.

7. The method of claim 1 wherein the step of inverting includes
the step of rotating the mated first and second trays through an angle of
20 approximately 180°.

8. A system for flipping a tray of electronic devices; the system
comprising:
a flip station for receiving a first tray, which holds a plurality of
25 electronic devices, from a first part processing station;
means for supporting a second tray in said flip station
means for joining said second tray with the first tray so that the first
and second trays mate without the second tray engaging the electronic devices;
means for inverting the mated first and second trays together so that
30 the electronic devices are also inverted and held in the second tray so that the
electronic devices are movable in the second tray between the mated first and second
trays, the means for joining separating the mated first and second trays after the

electronic devices are inverted;

N 0 AMENDED SHEET



us 7 /0929

tray with the third tray so that the first-Hrd third trays ma(e and

the mans for inverting inverts the mated first and third tl‘pwus geﬂ
that t.he second plurality of electronic devices are also inverted an
in-the first tray, the neans for 0| ni ng separ at i

mated first and third traymseansfortrang @gmmmn%awpmbmmwsr@%pbnﬂity

First tray whi oRnonr s R vk e U n 57 = pEE ol BB 2
flip station togid@nseePnd part processing station. 30 12. The system of

claim 10 further conprising nmeans for vibrating the i ntegrated circuit
packfges so that each int agcmeﬁrcpasnmingpsmﬁagm empfy 6ipssr trgy (inshe inosision

within its correspqnding storage ment ter,,the parts are i.gverted.
AVENDED SHEET — Previeusly dccup ?}@%ﬂ?‘&@% P‘éﬁ}ﬁ‘ 8‘“%%?‘&?’&’ mﬁagmﬂ s

t I : f dt
i nverting inclu f@%pprom@'{ ﬂf%ﬁf%&ﬁav@%‘iﬂfﬁm&m secon rays

t hrough an angl e err

9. The system as claimed in claim 8 further comprising means for
10 clamping the mated first and second trays together and thereafter unclamping the
clamped first and second trays.

10. The system as claimed in claim 8 wherein the electronic
devices are integrated circuit packages and the first and second trays are flippable
15 storage trays, each of the trays having an upper surface which forms a grid of storage

compartments and each of the storage compartments being adapted to hold a single
integrated circuit package.

11.  The system as claimed in claim 8 wherein the flip station
20 receives a third tray which holds a second plurality of electronic devices from the
first electronic device processing station, wherein the means for joining joins the first
tray with the third tray so that the first and third trays mate and wherein the mans for
inverting inverts the mated first and third trays together so that the second plurality
of electronic devices are also inverted and held in the first tray, the means for joining
25 separating the mated first and third trays after the second plurality of electronic
devices are inverted; and
wherein the means for transferring transfers the first tray which holds
the second plurality of electronic devices from the flip station to the second part
processing station.
30
12.  The system of claim 10 further comprising means for vibrating
the integrated circuit packages so that each integrated circuit package is properly
positioned within its corresponding storage compartment after the parts are inverted.
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13.  Thesystem of claim 8 wherein the means for inverting includes
a motor for rotating the mated first and second trays through an angle of
approximately 180°

Y

AMENDED SHEET



