
---------------------============~-~~-·~· ............ . 

... 

W099/02437 PCf/US98/09294 

METHOD AND APPARATUS FOR INVEllTING A TRAY 

Technical Field 

This invention relates to methods and systems. 

s for automatically processing trays of parts and, in 

particular, to methods and systems for flipping trays of 

parts such as integrated circuit packages. 

Background Art 

Packaged · semiconductor components (i.e. , 

10 integrated circuit packages) typically are handled in 

trays as they near colnPletion of their manufacture . 

.. Typically, these trays do not permit processing from 
.. bel~w ·because the parts are held by gravity ( f ixtured) · 

from below the parts. However, the parts are visible 

15 and accessible from above the tray. Some processing 

; t}rpically must be performed on the top side of the part 

while other processing is necessary on the bottom side 

of the part. This problem has been partially solved by 

. the Creation Of n flippable II trays ( i • e • trays Which Can 

20 · · hold 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 syste~ for flipping individual computer chips" at a 
25 . ·. timf! -a~d. processing the individual chips. This method 

: isi"' mi.desirable as it re~ires the individual handling of 

each chip and is comparatively slow. 
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Stand-alone systems for flipping a stack of 
trays are well known. However, such a stack flipper is 
a stand-alone flipper and is not integrated into a line 
or process. 

Snmmaa Of The Invention 

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 
provide a method and system for flipping a tray of parts 
: . . . . . . . 

s~ch as integrated circuit packages in order to automate 
-- --~-he processe-s involv~d in completing the manufacture of 

- °these components (top and bottom side inspection, 
. ·.::.t.:: 

15 ~~rking, repackaging for shipment, etc.). 
····'- .. ··.· .· 

··=. · .. 
In carrying out t~e above objects and other 

objects of the present invention, a method is provided 
for flipping a tray"of parts. The method includes the 
steps of receiving at a flip station a first tray, which 

20 _ ho_ld~ a plurality of part$, 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 
~re also inverted and held in the se~ond tray. The 

..... 
25 method also includes the steps of separating the mated 

_ --~ _ --f~_r'st- _-an(i second trays,_ and transferring the second tray 
__ ., __ ,. ~hi~h,hold~ the pi~rality of parts from the flip station 

-= .. ;', ~ .. . ::· .. 

to a second part processing station. 
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Pref er ably, the method further includes the 
steps of clamping the mated first· and second· trays 
together and then unclamping the clamped first and 
second trays. 

5 Also, preferably, the parts are integrated 

10 

J_: 

circuit packages and the first and second trays are 
flippable storage trays. Each of the trays has an upper 
surf ace which forms a grid of storage compartments and 
each of the storage compartments is adapted to hold a 
single integrated circuit package. 

Still, 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 : , ,,th~r~ tray so that the ,first and third trays mate, .and 
_inverting the mated. first and third trays together so 
that the second plurality.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 
vibrating the integrated circuit packages so that each 

25 .•_integrated ·circuit package is properly positioned within 
-~·it_~ corresponding storage compa;rtment after the step of 

~-. 
. :· ~nyerting. : ·'~- - !•:···: • ... . . 

. :.:).'',"· , .•... 
.. .. ·• -·•·I>,.': Also, preferably, the step of inverting 

includes the step of rotating the mated first and second 
30 · trays through an angle of approximately 180 • . 
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A sy~tem is also preferably provided for 
carrying each.of the method steps. 

The system is typically a part of a larger 

system where other operations will be performed. The 
5 system has the following features: 

10 

."!~~-: .·.:·_t:: 

/~?-.. 

20 

25 

1. Is able to accept.a tray of parts from 

the process prior to it and releases the 

resulting inverted tray of parts to a 

process following it. 

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. 

Is able to perform this flipping on stan­

·dard· trays and may be changed over with 
'minimal effort to accommodate different 
·sized.trays. 

5 ~ .:: Assuming that the flip will be accom­

6. 

: '.plished by using just one other tray, the 

·system does not require more than 1 extra 
tray. 

Flips the tray such that the front of the 
tray remains the front of the tray after 
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 
3 o·: · · · . conveyor or· other 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 
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or joined with the 11 top 11 tray and mated. The top and 

bottom trays are then clamped together. This clamped 

assembly (i.e., the top and bottom trays} is rotated 

vertically 180 • so that the parts are now held by 

s gravity in what previously was the 11 top 11 tray. The 

parts are now als.o 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 11 upper 11 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 Drawines 

· FIGURE 1 ·1s· ·a schematic diagram illustrating 

20 the method and system of the present invention; 

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

.L • '.·. 

FIGURE 3 is. a perspective view, partially 
25 · .. broken away, · of the trays of Figure 2 after they have 

--~~en mated and inverted; 
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FIGURE 4 is a top plan view of a tray and 
mounting and.rotating mechanisms of a first embodiment 

of the system; 

FIGURE 5 is a side elevational view, partially 
s 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 
15 rotating mechanism of Figures 6 and 7 with a tray held 

thereby.··· 

Best Mode For Can:ying Out The Invention 

Referring·now t~ the drawing Figures, there is 
:. illustrated in Figure 1 a schematic diagram illustrating 

20 .... 'a method and system for flipping 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' 
:-,·. ,~ ,·,. in> Figures 2 and 3 . Each of the trays 12 and 12' has an 

25 upper surface 14 and 14', respectively, which forms a 
grid of storage compartments 16 and 16', respectively. 
Each of the storage compartments 16 and 16' is adapted 
to hold a single integrated circuit package 10. Each of 
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the trays 12 and 12', respectively, has a·lower surface 
18 and 18', respectively, which may also form a grid of 
storage compartments. Each of the storage compartments 
in the lower surfaces 18 and 18' is also adapted to hold 

s 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 Figure 1, in general, the 
method of the present invention. includes the steps of ... . 
receiving at a flip station 20 the tray 12 which holds 

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

.. ~rocessing station 22 . 

. .. . Then, the .~econd tray 12' is joined,. with the 
first 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 
25,,,, ~:packages 10, is transferred from the flip station 20 to 

Ci. _sec()n<i part processing station 26 • 

.. To ensure that the packages 10 are properly 
~~sitioned in their corresponding storage compartments 
in the second tray 24, the method may also include the 
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step of vibrating the integrated. circuit ·packages 10 

_after the step of inverting at the flip station 20. 

Ref erring now to Figures 4 and 5, there is 

illustrated a first embodiment of a system for flipping 

s .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, including 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 

'., .... ,rotation 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 ~8 . 

. ·;The. shaft 40 is coupled to a rotation unit or motor 44 

·.:.<,.by a belt 45 and. geaz:s 47 to rotate the platform 36. 
: -~ _; . : .. . .. ·. 

The platform 3 6 also includes a rotating mount 

.. frame 46 on which there is mounted at opposite corners 

20· thereof passive centering corners 48. Tray side 11 jaw11 

clamps so 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 

retracted positions. The retractable tabs or singula-

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

-singulators .. The shaft 42 is hollow to permit air lines 

45 to extend therethrough to actuate the clamps SO. 

· - :··:·:· Referring specifically to Figures l and 5 , a 

. .. : :-: conveyor frame 54 extends between the legs 34 of the 

30 structure 30 and supports on top surfaces thereof spaced 
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conveyor belts S6 and a tray hard stop S8. Between the 
conveyor belts S6 and the legs 34 there is disposed an 
elevator 60 which may be alternately raised or lowered, 
as indicated by arrows 62 (i.e. Figure S), to alternate-

s ly raise or lower the lower tray 12 (substantially 
identical to the upper tray 12') after it is stopped by 
the hard stop S8 when it is raised • 

. 'lJ.Rqation of the First Embodiment 

Referring again to Figures 4 and 5, the system 
10 illustrated therein operates· according to the following 

steps: 

15 

20 ' 

2S 

30 

• Component filled tray 12 reaches hard stop 58; 
• Tray 12' · is held in place by tabs (singula­

tors) 107 in slot or notch area 108; 

• Elevator 60.has passive guides to hold tray 12 
in place; 

• Elevator GO.raises component-filled lower tray 
12 to mate with upper tray 12'1 being guided 
by passive centering corners 48; 

. . 
• 
• 
• 

• 

.·"~. • .. 

• 

Side clamps SO come in and clamps bottom tray 
. 12 to top tray 12'; 
·Elevator 60 lowers to conveyor S4 level; 
~otating mount frame 36 rotates 1ao·; 
Elevator 60 rises to the bottom of lower tray 
12'; 
Side clamps SO retract and un-clamp trays 12 
and 12'; 
Elevator 60 lowers inverted tray 12' to con­
.veyor 54; 

Tray 12' is conveyed out to next process. The 
following steps can be performed during this 
tray conveyance: 
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• Side clamps SO come back into place but 
do not perform full clamping operation 
(there is not bottom tray to clamp); 

• Tabs (singulators} 107 are retracted from 
slot area 108 in tray 12 allowing the 
tray to fall to the lower clamp arm; 

• Tabs (singulators) 107 are pushed back 
out to the slot area 108 above tray 12; 

• Rotating mount frame 36 rotates 180 
degrees; 

• Side clamps SO un-clamp tray 12; 
• Conveyor 54 can now move tray 12' to 

process 26'; and 
• 

15 (; .. ·. ··-~ , .. 

·Next · tray. on conveyor S4 can now be 
·brought into position to elevate and 
·r:epeat cycle. 

20 

· -· Referring now to Figures 6-8, there is illus-
.,,.·;: :' trated a second emb~diment of the system for carrying 
·: '. ;c. out the method of the present invention. 

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, 
generally 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
ly, whi~h . are . rotatably mounted within the rotation 
bearings 76. The guide shaft 78 is coupled to a rotat-

30_·< ing deyice such as a motor 82. 
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The mount frame 74 supports an upper tray 84 
at pneumatically-operated corner centering devices 86, 
tray end captivators 88, and tray end clamps 90. In 
this fashion, the tray 84 may be rotated in much the 

s 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 
raised or lowered relative to the mounting frame 70 by 

10 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 

·' wh_ich, in _turn, is mounted to a linear slide unit 100 on 
15 which the mount platform 72 is secured. 

20 

25 

30 

As also illustrated in Figure 7, a conveyor 
., , f.r~me .102 supports co:i;iveyor belts 104 thereon to receive 

and move a second tray 106 populated with parts into the 
flip station. 

·<:Jperation el the Second Embodiment 

The second embodiment of the system of the 
>present invention, as illustrated in Figures 6-8, 

operates according to the following steps: 
• · Component filled tray 106 reaches hard stop 

(not shown) ; 

• 

• 

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; 

Side clamps 90 move to trays ·a4 and 106; 
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• Rotating· mount frame 74 lowers to conveyor 
102; Tray end captivators 88 move from upper 
tray 84; 

• 

• 
• 
• 

• 
• 
• 
• 

• 

End clamps 90 clamp trays 84 and 106; Tray end 
captivators 88 move to lower tray 88; 
Rotating mount frame 74 rises to rotate level; 
Rotating mount frame 74 rotates ~80 degrees; · 
Rotating mount frame 74 lowers to conveyor 
102; Side clamps 90 un-clamp trays 84 and 106; 

Side clamps 90 move from trays 84 and 106; 

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 
Next tray on conveyor 102 can now be brought 
into position to elevate. 

A third embodiment of the. system of the 
· ·.present · invention is : also 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: 

,_ .. ·> Operation of the Third Embodiment 

30 Component filled tray reaches hard stop; 
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• Elevator raises component filled tray to tray 
meeting point; Rotating mount frame 36 lowers 
empty tray to just before mate; Centering 
corners 48 move from tray; 

• 

• 

• 

• 

• 
• 

• 
•. 

• 

Centering corners 48 move toward upper and 
lower trays 12' and 12, respectively; 
Elevator rises to a tray thickness beyond mate 
position; 
Side clamps 50 move toward trays 12 and 12' 
and clamp trays 12 and 12'; 
Elevator lowers to conveyor level; Rotating 
mount frame 36 rises to rotate level; 
Rotating mount frame 36 rotates 180 degrees; 
Elevator rises to tray· meeting point; Rotating 
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 ri~es to rotate level; 
Rotating mount frame 36 rotates 180 degrees; 

• Conveyor can now move tray to next process; 
• Next tray on conveyor can now be brought into 

position to elevate. 

While the bes·t mode for carrying out the 
25 invention has been described in detail, those familiar 

with the art to which this invention relates will 
re·cognize- various alternative designs and embodiments 

~ . . 

fo:r prc:tcticing the invention as· defined by the following 
. claims·~ 

. ~ . 
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What Is Claimed Is: 

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; 

separating the mated first and second trays; 

and 
transferring-the second tray which holds the 

15 plurality of parts from the flip station to a second 

\'.)art processing station. 
i. ..~~ :: • '.·~~--~-~. 

2 . The --method as claimed in claim 1 further 
. ~- .:.:~ ·.=) ~!~ '!, . 

- -_comprising the step of clamping the mated first and 

second trays together. 

20 3. The method as claimed in claim 2 further 

comprising the step of unc.lamping the clamped first and 

second trays. 

4. The method as claimed in claim 1 wherein 

· the parts.are integrated circuit packages and the first 
... ·, .·.·. 

25 and second trays are flippable storage trays, each of 

the trays having an upper surf ace which forms a grid of 

storage compartments and each of the storage compart­

ments being adapted to hold a single integrated circuit 

package. 

I IJlllll IJllll llllJ 11111111111 
C l M S * 

THIS SHEET HAS BEEN 
REPLACED 
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5. The method as claimed in claim 1 further 
comprising the steps of: 

receiving at the flip station a third tray 
which holds a second plurality of parts from the first 

5 part 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 
10 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 . s_econ~ part processing station. 

6 . The method of claim 4 further comprising 
the step of vibrating the integ~ated circuit packages so 

.. ~hat each integrated. circuit package is properly posi­
tioned within its corresponding storage compartment 

20 after the step of inverting. 

25 

·-~. .. . 

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 1ao·. 

8 . A system for flipping a tray of parts, the 
~yet.em comprising: 

.__a flip station for receiving a first tray, 
.. ~J::ii~~ ~.:td.~. a plurality of parts, from a first part 
~~o_cess_ing station; 

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

;· -·~ 

I IJlllll lllll/ 111/l lllll II Ill/ 
C l M s * 

THIS SHEET HAS BEEN 
REPLACED 



W099/02437 PCT/US98/09294 

-16-

means for inverting the mated first and second 

trays together so that the parts are also inverted and 
held in the second tray, the means for joining separ~t­
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, eacb of 
the trays having an upper surf ace 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, whe~ein 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 fo.r joining separating the 
mated first and third trays after the second plurality 

30 of parts are inverted; and 

11111111111111 11111 1111111 1111 
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THIS sHEET HAS BEEN 
REPLACED 



W0'9/02437 PCT/US98/09294 

5 

-17-

wherein the means for transferring transfers 
the first tray which holds the second plurality of parts 
from the flip station to the second part processing 
station. 

12. The system of claim 10 further comprising 
means for vibrating the integrated circuit packages so 
that each integrated ~ircuit.package is prop~rly posi­
tioned within its corresponding storage compartment· 
after the parts are inverted. 

10 13. The system of claim 8 wherein the means 
for inverting includes ·a motor for rotating the mated 
first and second. tray~ through an angle of approximately 
100· . 

.. /· 

111111111111111111111111111111 
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