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FIELD OF THE INVENTION
10 This invention relates to an apparatus and
method for inspecting and handling devices that are
semi-constrained in compartmented trays. More
particularly, the invention relates to an apparatus and
method for conveying devices contained in trays to and
15 through multiple inspection and handling stations.

BACKGROUND OF THE INVENTION
Semiconductor devices such as integrated

circuit chips need to be precisely fabricated since

20 exact precision is required to insure that such devices
have an exact predetermined geometry. Although such
fabrication produces high quality results, defective
devices are fabricated that have geometry variations in
coplanarity, span and sweep as well as mark defects in

25 content, legibility, contrast, orientation and quality,
which are outside tolerances for acceptable devices.
Accordingly, inspection of the devices is necessary to
ascertain whether the devices meet exacting acceptance
standards. The inspection stages generally include

30 “both camera and laser inspections.

The semiconductor devices to be 1nspected are
typically provided in compartmented trays which have
multiple rows and columns of pockets into which the
devices are placed. Trays typically hold between 50

35 and 100 devices, and the trays are often configured to
be stackable.

Machines of the type to which this invention

- relates have been used in the past. In that regard it
has been proposed to cycle a tray loaded with
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Accordingly, among the objects of this
10 invention are to improve the speed and reliability of

the inspection and/or otherwise processing of such
semiconductors and to do so without complicating either
the machine's structure or the process.

15 S . INVENTION
For the achievement of these and other

objects, this invention proposes to transport trays
loaded with semiconductor devices through the infeed,
inspection, pick-and-place (PNP) and outfeed modules,
20 and an inverter module, along a linear path. That is,
the transport moves the loaded tray in a straight line
to and through the modules with the various operations
being performed on the tray and the semiconductor
devices carried in the tray, with the tray positioned
25 on or in registry with that linear path. Consistent
with that format, the inversion of the tray between
inspection modules is accomplished by displacing the
devices while in a tray vertically from the linear
path, rotating the devices 180 degrees while they are
30 still held captive in the tray, and returning the
devices to the liner path, again in a tray. 1In
executing the inversion, the inverter module is loaded
with a pre-positioned empty, transfer tray which
cooperates with an incoming loaded carrier tray to
35 achieve the inversion. 1In the course of carrying out
the inversion step, the pre-positioned tray becomes a
carrier tray and exits the inverter module as a carrier
tray loaded with the semiconductor devices. What had
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BRIEF D IPTION OF THE DRAWINGS
Fig. 1 is a front view of an inspection
handler apparatus;

15 Fig. 2 is a plan view of a typical
compartmented tray;

Fig. 3 is a schematic front view of the
inspection handler apparatus;
Fig. 4 is a schematic plan view of an infeed

20 module of the inspection handler apparatus;

Fig. 5 is a front elevation view of an
inverter module including a tray inverter apparatus;

Fig. 6 is a side elevation view of the
inverter module;

25 Fig. 7 is a top view of the inverter module;

_ Fig. 8 is a top view of a vertical transport
assembly for the tray inverter apparatus;

Fig. 9 is a side view of the vertical
transport assembly;

30 Fig. 10 is a top view of a tray holder shown
lowered to a position on top of a pair of quide rails
and engaging two device trays that are each disposed in
the upside-down position;

Fig. 11 is a sectional view through line 11-

35 11 in Fig. 10;

' Fig. 12 is a partial sectional view through
line 12-12 in Fig. 10;
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for Fig. 17 is a plan view of an alternative tray
inverter holder assembly embodying the invention;
10 Fig. 18 is an enlarged partial view of the
tray inverter holder assembly as showﬂ in Fig. 17;
Fig. 19 is a sectional view taken along line
19-19 of Fig. 18;
Fig. 20 is a plan view of an upper outer
15 " pawl;
Fig.21 is an end view of the upper outer pawl
of Fig. 20;
Fig; 22 is a plan view of a lower outer pawl;
N Fig. 23 is an end view of the lower outer
20 pawl of Fig. 22;
Fig. 24 is a plan view of a tray;
Fig. 25 is a .sectional view taken along line
25-25 of Fig. 24; and
Fig. 26 is a side view of two nested trays.
25 Before one embodiment of the invention is
explained in detail, it is to be understood that the
invention is not limited in its application to the
details of construction and the arrangement of
components or steps set forth in the following
30 description or illustrated in the drawings. The
invention is capable of other embodiments and of being
practiced or being carried out in various other ways.
Also, it is to be understood that the phraseology and
terminology used herein is for the purpose of
35 description and should not be regarded as limiting.
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10 the linear path along which the trays are moved.
Addressing first the modules other than the
inverter module, the machine 10 can be viewed as
starting with an infeed module 100 and proceeding
downstream from that module, there is a scanner module
15 200, an inverter module 300, a Package Vision
Inspection (PVI) 400, a pick-and-place (PNP) module
450, and an outfeed module 500. Associated with the
PNP module is a tray module 700 and a taper module 900,
one located on each side of PNP module 450. All of
20 these elements are supported on a sub-base 52. The
sub-base 52 is located above a storage area 54 which
houses the process and control equipment, such as a
computer system for controlling the overall operation
of machine 10. The storage area 54 is protected by
25 various access doors 56 that provide access to storage
area 54. Monitors 851 and 852 are provided for
monitoring machine operation.
A typical tray 12 is illustrated in Fig. 2.
Trays for containing semiconductor devices include
30 JEDEC style trays. The tray 12 has multiple columns
and rows of pockets 14 into which devices are housed.
Tray 12 include a first surface 16, a second surface
18, a first corner 20, a second corner 22, a third
corner 24, a fourth corner 26, a side edge 28, a side
35 edge 30, an end edge 32, an end edge 34 and preferably
notches 36 in the side edges 28 and 30. The corner 26
is preferably slightly bevelled and is used to
determine the orientation of the tray. ' The tray 12 is
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A number of the trays 12, loaded with
semiconductor devices or other types of units, are
stacked at the infeed module against columns 11. The

10 stacked trays are supported by singulators 13. The
singulators have fingers (not shown), which are
extendable from and retractable into the singulators by
conventional actuators 99. These actuators can be
electrically or pneumatically operated. When a tray is

15 to be delivered to the transport 17, the singulator
fingers are retracted and the stack lowers with the
lower-most tray engaging transport 17. Fingers 99 are
again extended to engage and hold the tray which is

. second from the bottom and the lower-most, released

20 tray is moved along path 42 by transport 17. Transport
17 includes a belt 19 which carries a pusher 101 and is
driven by a reversible stepper motor 21 through a belt
assembly 23. The pusher moves a tray 12 from the
infeed module to the entrance or staging area for the

25 scanner inspection module 200. The pusher is returned
to the left hand of the infeed module to await
subsequent delivery of another tray 12 for transport to
the scanner module. i

Transport guide members 59 and 61 extend from

30 the infeed module a short distance into the scanner
module as does transport 17. This cooperates in the
transfer of the tray 12 from transport 17 to transport
35.

While in the scanner module, laser unit 25

35 inspects the upper, exposed surfaces of the
semiconductor devices in the tray. The laser is
conventional and is moveable on both an x and y axis as
illustrated by the arrows 27 and 29, and thus is



Fig. 19 is a sectional view taken along |ine 19-19 of Fig. 18;

Fig. 20 is a plan view of an upper outer 15 paw ; Fig. 21

is an end vi e¥08%03%e upper outer paw of Fig. 20; PCT/USS8/14441

Fig. 22 is a plan view of a | ower outer paw ; Fig. 23 is an

end view of the | ower outer 20 pawl of Epg. 22; Fig. 24
‘is a plan view of a tray; Fig. 25 is a sectional view taken
“along line Q@aaﬂeOBfFi:ﬁav&ﬂsufy”ld:he entire tray to ihisgec£6al} &f si de

vi ew of two nested Bef ore one enbodi ment of the

i nvention is 39% ai ég ueheR c%evﬁcesl' is to be understood that the
invention is not i nlted |nMPY§m%&ﬁNQﬁ:§PFbﬁrPB inko and thrgugh; the o
construction and tkmannemamgdﬁtet19faccompllshedphpemtanayv:&teps whichorth in

i the follow ng gﬁ§£JI t o{g e T
“invention is capabf‘ tﬁeiroggtnb% ment l%h d %P%ﬁ%w Mcmﬁﬁgmgtb?sced or

' being carried out PRIZERAIGsViERHD erSlde °fﬁﬁ§ﬁ)é¥q§’|sTP8
under st ood t hat thérWatasbarolaoggvemhble steppernnntbngﬁyl el ahendilayi s for

i the purpose of 35 arréififienk! 58D afrhrfpisd 380khe PEvéLIA L 2Y kb i Ng.
inverter module 300. Guide rails 63 and 65 in the
10 scanner module and the inverter module, respectively,
are in line and parallel and further define the linear
path 42 as do transports 17 and 35. It will be
noted that two trays are illustrated as being in the
scanner module at the same. This is the preferred
15 arrangement as it reduces the overall time for
processing the trays as is more completely described in
U. 8. patent 5,668,630 assigned to the assignee of this
application. Reliance is placed on that patent should
details of the scanner be necessary to an understanding
20 of this invention.
The operation within the inverter module will
be described hereinafter.
Transport 35 extends from the inverter module
through the PVI module 400, PNP module 450, to the
25 outfeed module 500 and transports a tray serially
through those modules. Guide members 67 and 69, 71 and
73, 75 and 77, and 79 and 81 are generally relatively
aligned and parallel to each other and the linear path
to further define that path. For convenience, the
30 guide members have been illustrated as separate members
in each station. As desired various of the modules may
share guide members. All of the guide members
associated with all of the modules, including the
inverter module, can be adjustable to vary their
35 relative spacing in a direction transverse to linear
path 42 to accommodate trays of different widths.
In the PVI module, the surface of the
semiconductor devices opposite to the surface inspected
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pi ck- and- pl ace ( ¥rotdse s lffus}s‘%%e&ngya?FEQﬂsT éed aﬁadg# es‘?ioié'.‘é"\é
Associ at ed with thbe camerapmgnnbraNerses thet enginepdpper7e8pesed a t aper

nodul e 900, s@ffadeif difed10Mofadie Yet@cohadddomadwieedStn ¥iid of 20
t hese el enents argrggpported on a sub-base 52. The sub-base 52 is

| ocat ed above a storage area 54 which houses the process and control
equi pn"ent, ghch as a After inspection in the PVI module is

complete, the tray is transported to the PNP module
450. The PNP module 450 includes a conventional
precisor assembly 45 having a downwardly- projecting
vacuum cup 49 with assembly 45 including a conventional
i5 vacuum-producing mechanism that cooperates with cup 49
to produce a lifting vacuum.
Assembly 45 is moveable vertically as
illustrated by arrows 47 to engage a semiconductor
~ device, remove that device from the tray and transport
20 that device to a pre-selected area. The semiconductor
devices removed can be either a "good" device or
"reject" device. The assembly 45 is moveable on a y
axis (indicated by arrow 51) to displace the unit from
linear path 42. The PNP assembly 45 can move the
25 selected device to a tray station 700, where it will be
loaded into another tray. Alternatively, the selected
unit may be moved to a taper module 900 whexe the
selected device will be loaded into a carrier tape.
When moved to the tray station, the selected unit can
30 be either a “good" or “reject" device. When moved to
the taper module, the selected unit will be a "good”
device to be packaged in the carrier tape for delivery
to a customer for the devices.
The tray station is preferably of the type
35 described and claimed in co-pending U.S. Application
Serial No. , £iled entitled * " and
assigned to the assignee of this application. The
taper module is preferably of the type described and

This Sheet Has Been Replaced




conputer system for controlling thepreverad et-ati-ot of machi ne 10.

The storage area 54 is protected by] THIS SHEET ﬁﬁﬁu EEN chs d soafiaddpat
provi de acce¥P 83 or age ar ba 54.RBAACERrs 8 B@@é are provided
for noni t ori ng nmachi ne oper atT o A typical tray 12
Is illustrated in Fig. 2. -Trays for _gantaining sem conductor devices

I ncl ude 30 JEDEC style trays. The tray 12 has nultiple col ums
and rows of pocketsaimed nixo colpehdilnyiwes appliicasion Serial Nray 12

include a first surface 1f,,¢3 second sijfdiaGeq » 18, &arfd ragtsﬁgéaer 20
a second cor ner 22—a—rh <ol cor ner % sid

edge 28, a side 3%° th%owlﬁ?eeaﬂfeﬁlal%cﬁ}?%éf,atéﬂnendF%lag%lr?Esﬁﬁd°
preferably thbs cigepsl 3fatidont, hit ssimulet] es ne8ed nth&9 . cafrdegotape 26
is.preferably slighkl ys R@mpddmRd £284 assmq; r@el 908 anlei&ia¥inNpable
orientation of th%h rg%f mfg%fg’qgo where 1nd1v¥g05§ égéfgég are
PCT/ US98/ 14441 SIR3REE% 0 be
transported through Pacheeonpartment| ef the carrier taPe- Downstream of
that placement, a sealing tape (not shown) is adhered
to and closes the open surface of the carrier tape.
10 The closed carrier tape is wound onto a spool %12.
Turning now to the inverter module, trans?ort
170 takes a tray as it leaves the scanner module on
transport 150. Transport 170 is shown as a continuous
assembly moving a tray through the inverter module, PVI
15 module, PNP module and the outfeed module. The
inverter module also includes a pair of spaced guide
rails 202 and 204 arranged parallel to each other and
the linear path 42.
Returning to the inverter module 300, it
20 includes a tray inverter apparatus 302, a base plate
303, and a front and a rear guide rail 508 and 511
mounted on the base plate 303. Guide rails 508 and 511
define a bay area 306 therebetween. The outfeed
transport assembly 502 operates to move trays into and
25 out of the bay area 306. The transport assembly 502
receives a tray near a left end 307 of the guide rails
508 and 511 (i.e., from a preceding inspection module)
and transports the tray to the bay area 306 where the
tray inverter 302 acts on the tray. When a tray is
30 transported to the bay area 306, the tray rests
squarely between guide rails 508 and 511 and in a lip
516 of each guide rail 508 and 511. A slide bar
assembly 392c on front rail 511 is actuated when the
tray is in position and which pushes the tray against
35 back rail 508.
Inverter module 300 is adaptable to handle an
industry-standard semiconductor inverted or noninverted
device tray 12 such as tray 12 depicted in Fig. 2. The
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the upside-down position when all four lifting notches

36 are facing upward. Additionally, one corner 26 of
15 the tray 12 is bevelled such that the bevelled corner

26 is preferably positioned in the rear left corner

when the device tray 12 is in the upside-down position,

as shown in Fig. 10.

The tray inverter includes a fixed support
20 .| frame 319, a linearly movable frame 320, and a
rotatable tray holder 321. The tray holder 321
provides means for selectively engaging and supporting
one or two trays simultaneously. Linearly movable
frame 320 supports rotatable tray holder 321 while also
25 providing a means for rotating tray holder 321 about a
center axis 322 and a means for moving the tray holder
321 in the vertical direction. Preferably, inverter
module 300 inverts a tray by rotating it 180 degrees
and in a position located vertically above linear path
30 42. That is, the tray is not moved laterally with
respect to the guide rails 508 and 511 and is
maintained along and/or above the linear path 42
throughout the inverting operation. The fixed support
frame 319 supports the linearly movable frame 320 and
35 various other components of the tray inverter 302. The
tray inverter 302 also includes control components that
are preferably mounted adjacent the guide rails 508 and
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t he sem conductor devices in the tray. The laser is _
conventional and is noveable on both an x and y axis as i1 lustrated
by the arrows 27 gngl &9 otded ElpSoirS locatioh® lew%spect;\.on

PCT/ US98/ 14441 13 appara capabl e of
traversing the enPPPEHI%FPPET] ﬁgie%q all of - the seni conduct or

devi ces. I\/ﬁ\ﬁé#ﬁmn@fnmhéq Fagsi n§ canch b it fiixedghsupport

scanner nodul e i sfeamenqld ¥xeenlY VéPHERly 22omVibelthd the irBakUgRSd@ belt

h 5 n eabl.e wi th the underside
é?Bt ﬁ:r{)rlggg_-, _?_htergg]%gog&s e gggi’%&) a‘J‘rr 8\%?5 B e 6‘«3? P8r 31 and

a pul l ey arPéﬁﬁe$&ﬁﬂe?§332$rﬁﬁ%p&wﬁeQE?nQEF?Ve?%Fkiﬂiﬂ#ﬁa?zﬂo

fastened between the side gussets 323. Side gussets
323 are mounted onto a frame base plate 325 located
below rear guide rail 508. A top bearing plate 326 is
10 fastened to the top ends of side gussets 323 and back
plate 324. The top bearing plate provides a mounting
surface for several components of tray inverter 302.
Forward of back plate 324 and in between the
side gussets 323, a vertical screw shaft 327 is
15 rotatably mounted ontc a bearing block 328 that is
mounted to the frame base plate 325. Screw shaft 327
extends upwardly from bearing block 328 and passes
through a flanged bearing 329 mounted on the underside
of top bearing plate 326. Below top bearing plate 326,
20 an anti-backlash, self-lubricating nut 330 is movably
mounted onto screw shaft 327. A shaft pulley 331 is
mounted onto a top end of screw shaft 327. Behind
back plate 324, a stepper motor 332 is mounted to the
- underside of the bearing plate 326. The stepper motor
25 is operably connected to a horizontally disposed drive
pulley 333 located above the top bearing plate 326. A
timing belt 334 is mounted around drive pulley 333 and
shaft pulley 331. Stepper motor 332 is operable to
selectively drive screw shaft 327 in either a clockwise
30 or the counterclockwise direction, and to drive nut 330
up or down on screw shaft 327.
Linearly movable frame 320 includes a lift
plate 335, a back bar 336 mounted to the lift plate
335, and a pair of stationary arms 337 and 338 attached
35 to right and left ends of back bar 336. Lift plate 335
is fastened directly to the front of the 330, and moves
up and down with the 330 upon operation of stepper
motor 332. Referring to the top view of Fig. 7,



i nverter nodule 300. Guide rails 63 and 65 in the 10 scanner nodul e and

the inverter nodul e, respectively, are inline and p d
further defi nNOPHB6E near path 42 as do transports 1§E‘?}U§%§l§m

will be noted that two trays are illustrated as being in the
scanner nodule at the sane. This is the prepberred 15 arrangement as it
reduces the overall tinme for processing the trays as is nore

conpl etel y descri hgtengular lidt Plapat 238 iy @A8p686dasstwpesd tsddehe

assi gnee of this ques ergpﬁijcat‘)‘eﬂlcg@ﬂl@\;&@eﬂé ol?.l 2¢gd théé‘aﬂsspafsent

It

. Shoul d deta scanner _be necessar ﬂ ygﬁerstandl 20

_of this invention. 9“1 d by a Vertl°a+hﬁrfﬁﬁﬁeﬁq GPPLY n e?qqﬁﬁé%? modul e
will be deswsf Ifedrheraovesf wheels 340 cooperable mespmtv-:;s-a@xs%ds
fromthe inverter gypdul e through the PVI nodul e 400, PNP nodul e 450,

to the 25 outfeed nodul e, 500 and trapsport tray serlall
t hr ough t hose nodul es. d% ékﬁﬁﬁﬁg % Ph%ﬁ ég wheels, 3400004 77,

and 79 and 81 are %Grlahtyaﬂf etiewi Lol yhe drawna:ngneaeamurpteﬁechlﬂcm to each
other and the |inesdjustmént on sd:c‘éwf bﬁéb&fad@dmﬂrhat b@shingd @42

conveni ence, the 3 cth a%#aggste t8e§ ?e}aa%en Lé I :.lf%t {,?%EQ Q%S separate

menber s in €& Ion arlous of Ul €s may
shar e gui de ¥9enberBighl cognermofytihge LaEkbriate 335. Zbgcetk@RedEYA th all of

the nodul es, incl Uﬁiléast hen the 1eﬁ'tnvaﬁ.~bemonmmb& ®n FaRebeaxéy unidldre to
vary their 35 :fﬁt 'a{ﬁ%sigé‘fé ng d- r%cﬂ' SE’E %’%&h@ﬁﬂé%ﬁ e dp i

path 42 to acconnn rays
bars that are each fastened to the front of side

gussets 323. One side of the bar is cut to form an
15 angle or "V" (as viewed from the top). The two wheels
340 on each side of lift plate 335 ride up and down on
the same "V-track" 341.
It should be noted that the linearly movable
frame 320 described herein is adaptable to being driven
20 , by alternative motor and transmission means. For
example, in alternative embodiments, the linearly
movable frame 320 may be moved up and down by a
pneumatic cylinder or the like, or vertically .
transported on vertical rails or a collar-shaft
25 assembly.
Referring back to Figs. 5 and 6, the back bar
336 is an elongated plate that is mounted to the front
of the lift plate 335. The back bar 336 extends in the
horizontal direction across the center of the lift
30 plate 335 and to the right and left of the lift plate
335. A stationary arm 337 and 338 is mounted to each
end of the back bar 336. Referring to the top view of
Fig. 25, the stationary arms 337 and 338 extend
forwardly from the back bar 336, over the rear guide
35 rail 508, and over a longitudinal center line 343 of
the bay area 306.
Referring to Figs. 6 and 7, a motor mounting
plate 344 is mounted to the left side of left



In the PVI nodul e, the surface of the sem conduct or devi ces opposite
to the surface inspected <AVENDED SﬂEFT>

- 8- i nMOMnner- modul e is inspected by a convent i BfdpS9814

.canera arrangenment 410. As may be required for proper view ng of the
. sem conductor devices in the tray, the -13.fanera arrangement 37 is

' noveabl e vertically as 5 illustrated by arrows 41. It is also noveable
"on an x and yptakionay iakiu3s7 iyed Djinaaro¥bidd aivbnblyse4bhakd a

the camera can fraughedr \RAnkNbalGsURAR sBEBGSSH. Thusi!klRegS Of all of
t he sem conduct or devices

i nspection in the BQV'HBthgaF§ 344 ma$n9ﬁp¥é¥%dl¥rﬁ?qq§ﬁﬁ|?9 #Pﬁh;ported to
t he PNP nodul e statbmnaryTlaemP3P7 ryd Hightefihgotemdas podamgvent i onal

i preci sor assegibly 4ajhaumdit acgewnypg dl stron%%éﬁ' Nhe pos::.a:\i@ﬁug g1 cup 49
.Wth assenbly 45 i ig]gll 1%8”5 Qéé %r]‘a& reiat:.vea*fo ut uci ng nmechani sm
“that cooperates vm cup

stationary arm 337 may be adjusted by loosening center
adjustment screw 346 and sliding motor mounting plate
344 across linear slide 345. Guided by linear slide
10 345, the motor mounting plate 344 may be moved in a
direction forward or rearward of the back bar 336.
Referring to the side view of Fig. 6 and the
top view of Fig. 7, the motor mounting plate 344
extends downwardly and forwardly from the back bar 336.
15 A horizontally disposed gear motor 347 is mounted to an
upper portion of motor mounting plate 344 and operably
connected to a drive pulley 348 rotatably mounted on
the left side of the motor mounting plate 344 (see Fig.
6). Further, a left pivot bearing block 349 is
20 fastened to a lower flange 350 of motor mounting plate
344. The left pivot bearing block 349 rotatably
supports a horizontally disposed shaft 351. A rotate
adapter 352, a disk with a central bore, is fixedly
mounted to shaft 351 on the right of left pivot bearing
25 block 349 and a timing pulley 353 is mounted to the
shaft 351 on the left of motor mounting plate 344. The
timing pulley 353 is operably connected to drive pulley
348 by a timing belt 354. Thus, gear motor 347 is
operable to rotate the rotate adapter 352 and any
30 member securely fastened to the rotate adapter 352,
i.e., the tray holder 321.
' A side mounting plate 355 is similarly
o mounted to right stationary arm 338 by a right linear
slide assembly 356 and a right center point adjustment
35 screw 357. A right pivot bearing block 358 is securely
fastened to a lower flange 359 of the right side
mounting plate 355. Whereas left pivot bearing block
349 supports a shaft 351 with a rotate adapter 352



to produce a lifting vacuum - Assenbly 45 is noveabl e

vertically as Illustrated by arrows 47 to engage a %Qﬁj t or
devi ce, renovWOPNBevice fromthe tray and transport 20 pﬁ%?ﬂﬂgvice to

a pre-selected area. The sem conduct or devi ces renoved can be
ei ther a "good" device or "reject" dgvice. The assenbly 45 is
noveable on ay - axis (indicated by arrow 51) to displace the unit
from | i nearm@attedd 2heféen PNR giss ebby Méaciny lwekt BB8 26ixedly

sel ected device to t aLi , - i i ] ed into
anot her tray. Ajte?ékéé%ﬁ§l3,ﬁ%fé?égg%ilgggggﬁoéédVYlAedpilvot pin | 587

uni t e.ppved to a
taper nodul e 900 wRBrHiliging lineax, EdaﬁﬁﬁT%%}%ﬁI%4ggé“$oﬁg€ﬁ éhﬁ() a
carrier tape. rotafigmaipases tof tthe rosptst adapher 3@ setlefixeB unit can

30 be either a pHRRdpidf 360ChaF tbe dA\igned, MMenHDRAatPonal axid he

taper nodule, the seleacted unit c\i\nll ﬁe a "ggog&. ted t device t 1:be

packaged in the ca?flé}e 5"55‘8 *’8} i3 el"?y IS CSSPSFT%‘PI"?%? S he

! devi ces. trays of different widths. Such an adjustment of the
rotational axis is typically made in conjunction with
adjustment of the front guide rail 511 to modify the

10 width and centerline 343 of the bay area 306. In this
way, the rotational axis of the tray holder will always
be located directly above the linear path 42.

Referring to Fig. 10, rotate adapter 352 and

_ fixed pivot pin 360 are engageable with the tray holder

15 321 to support tray holder 321 between right and left
stationary arms 337 and 338, and directly above guide
rails 508 and 511. Generally rectangular in shape,
tray holder 321 comprises four link members that bound
an open inside area or tray area 361 therebetween. The

20  four link members consists of a left side bar 362, a
right side bar 363, a front cover plate assembly 364,
and a rear cover plate assembly 365. At a location
midway on the left side bar 362, a dowel 366 is
embedded in left side bar 362 projects horizontally

25 outward from a cutout section 367 on the outside of
left side bar 362. Rotate adapter 352 mates with
cutout section 367 and engages dowel 366.

Directly across the tray area 361 from the

dowel 366, a horizontally disposed plunger 368 is

30 seated inside the right side bar 363 and projects
outward from the right side bar 363. Fixed pivot pin
360 engages a bore of plunger 368 such that the plunger
368 is rotatable about fixed pivot pin 360 when tray
holder 321 is rotated. A spring 369 attached around

35 plunger 368 biases plunger 368 in the direction of
fixed pivot pin 360, thereby forcing tray holder 321
toward the left and ensuring a tight fit. Plunger
spring 369 also facilitates removal of tray holder 321



-9- : For purposes of this application, it should be noted
that carrier . tape 906 is unwound froma supply reel 908 and drawn
past the PNP wo9s/036##pdul e 450 where individual devices are FSTASE 144 cach
conpart nent of the carrier tape. Downstream of that placenent, a
sealing tape (not 5 shown) is adhered tggand closes the open surface of
the carrer tape. The cl osed carrier fape is wound onto a spool 912.

Turning now to thefﬁoﬂtV@ﬁQ&‘éeli&ﬂ:Uthht rebsPPrddabl@rt abgsad tIearly as it
| eaves the scanner %P;,S on tr ;asport 150. Transport 170 is shown as
viH

a continuous asserfMiY through the inverter 10 nodul e, PVI
modul e, PNP nodul e and t he %ﬁjflflée‘ﬁtﬁéﬁﬁqiem‘ﬁ?eg 6, lippdely dovadd® e al so
i ncludes a pair offruar@csdogis drlaptieldstdOnabithiiD4ray holder 8med paral | el

to each otheg and O%Ji:%tahgfgﬂf%tor}ﬁgntﬁl between stat:Lona LA g £ 0 the

I nverter nodule 3 erter apparatus 302, a
base plate 303, arRPd 3BBoAE W%‘Weﬁ?"@h}%leﬁia@ 32r°ar'LF Be¥ednd 511 nount ed
on the base pl at e BdiXic@llgecovert bmy>@Beansio6. Morebledel gosr andtar &4da 306

t her ebet ween. The guf SEEY 0 t£54 0 nove
trays into and outglofap?%gb%éa{bswgags tray % e)étzria%ls1 o 1;Elaﬁnerrblrf‘yd1 502

area
| recer ves a tray nddile FEPPOéi’ﬁP Rervgen ﬁEatwnarYgﬁ‘rrH‘é 837%“‘330383% %511
(i.e., froml@ precddileg supppeidd @verdDbayecarea @] Inr ahteomdtsivéhe tray to

, the bay area 306 m@ﬁﬂdﬁl&@ﬂtérfﬁhé Q%QEESraéggtéfudbwel conn@Br {4 ddPor VWIEN
ra tray is transported .0 area_3

‘ aQ/ rests s ely
between gui de rails® x&ﬂdp’:ﬂ‘l ane- PH“BQFFp"‘B‘Y@ ons may e Cliﬁ?rrar I
508 and 511. A sl |mlb@rtha’e:semmte;cmelemeﬁtmnte-rga.r,l quick lo&d1 is actuated
when the tray is igi3gsl,08 akkeMinahaPy38eve i uredY tégethé@faind back
'rall 508. 15 set screw, or a squared shaft and groove.
It should also be noted that in alternative
embodiments, linearly movable frame 320 may be
configured such that the rotational axis of tray holder
321 is disposed perpendicular to guide rails 508 and
20 511. 1In this embodiment, stationary arms 337 and 338
may be replaced by a frame including rear and front
support beams, e.g., a box frame, wherein rotate
adapter 352 and pivot pin 360 are mounted on rear and
front support beams, respectively.
25 Referring to Fig. 10, a vertical home photo
sensor 370, for example, a U-type photoelectric sensor,
is preferably mounted on side gussets 323 facing back
bar 336. A vertical home flag 371 mounted on back bar
336 cooperates with the home photo sensor 370 to
30 indicate when the back bar 336 is at its high or
vertical home position. A similar photo sensor,
referred to as a rotate home photo sensor 372, is
preferably mounted on a lower left portion of the back
bar 336. The rotate home photo sensor 372 cooperates
35 with a vertical home flag 373 mounted on a designated
corner of the tray holder 321 to determine a home
rotate position for tray holder 321. Accordingly,
rotate home photo sensor 372 indicates whether a




Inverter nodule 300 is adaptable to handle an I ndustry-standard

sem conductor inverted or noni nverted device tray 12 suc as
tray 12 depWOt¥PsIh Fig. 2. The petiussiiisda
REPLACEMENT SHEET WD 99/ 03603

PCT/ US98/ 14441 16— -10- tray 12 has a
generally flat, rectangular frame 13 with top and bottom faces 16 and

18, end walls 32 apfhyib) supporeed wilthigathd tiae mldex 3B1aafe 3th Ohd hin

the frane 0 ality of segregated 5
pockets 14 desi gneﬁp%{y‘haccom'ré%l‘? a&%‘ gmglg‘l‘ ! parti cul ar di mensi ons.

Each side wall 28 and 30 isThe frondand,&gaf; caver p?}lalteoPSFP‘P‘PH\@s mf&hes
36 forned al ong and 3d% oiiotrayn ksigierof32ithersi sitbstmnitd al2y abderditli cald near

the ends. The i ftiﬁ‘gsﬂ%tc%lﬁ%é §§%0fhxﬂ~!-l:eio%' den&@é.l.rﬁﬁg %Q,w oad Oet&ref er abl y

di sposed to transverse fting not n_f{ he opposite
side wal | 30. Thusgéront °°VEEVP%%t?r%ﬂ??ﬂ?lﬁ3966e ?ﬁkﬂﬂﬂlF gd iR Bty Y
di sposed in through 12, the front cover plate assembly 364

comprises a top cover plate 374 and a bottom cover
plate 375. Both cover plates 374 and 375 are equipped
10 with two identical squared cutouts 376 that face tray
area 361 (see Fig. 10). The squared cutouts 376 on the
top cover plate 374 are vertically aligned with the
squared cutouts 376 on bottom cover plate 375.
Referring to Fig. 10, a pair of block assemblies 382 is
15 mounted between the top and bottom cover plates 374 and
375, near each cutout 376. Each block assembly 382
includes two pairs of matching lower and upper blocks
377 and 378, or shims, that are horizontally spaced
. equidistantly from a vertical centerline of the cutouts
20 ... 376. A horizontally disposed middle plate 379 extends
between each pair of lower and upper blocks 377 and
378, so as to divide the space between the block
assemblies 382 into a lower sleeve 380 and an upper
sleeve 381. The lower sleeve 380 is disposed below

25 upper sleeve 381 when tray holder 321 is oriented in
the home rotate position as illustrated in Figs. 10 and
11.

Each of the four lower sleeves 380 of the
tray holder 321 accommodates a lower pawl 382, while
30 each of the four upper sleeves 381 accommodates an
upper pawl 383. This provides four sets of élamp
members C, each having two vertically spaced clamp
arrangements as will be described in more detail.
Referring to Fig. 28, each pawl 382 and 383 includes a
35 generally flat body 382a and 382b that extends through
the sleeve 380 and 381. A clamp 384 and 385 is
attached to the pawl body 382a and 382b and occupies a
portion of the area defined by the cutout 376. Each



t he upsi de-down position when all four lifting notches 36 are facing
upward. Additionally, one corner 26 of 15 the tray 12 is bevelled such
that the beveWpaH36W@r ner 26 is preferably positi oneFGTPSPHE e ar

| eft corner when the device tray 12 is in the upside-down position,
as shown in Fig. 10. - The fymay inverter includes a fixed
support 20 frame 319, a linearly novable frame 320, and a

rotatabl e tray holgieimp3384 dh@ 3gpregedablpXHas a leadRhgVedes daip for

sel ectively engagimaagqfifggmr is bePt one, ’__te\é%.gﬁaxﬁ%fidggr,gng%?‘%ousl y.

Li nearly novable me 3 supports rot at abl ray 1 de whi | e
al so 25 provi diifddenpaate 3t v oERCPn4ipPr A ArdedB4b1fapblitates

center axis 322 arnshgagemens and dineny@gehent rdithahdetrays. L& in the
vertical directio re a [0V, 4 le .3 ' r tray
by rotating ;gt 186b acyg'gsr f«%gg ﬂi{thépéﬁ{ﬁt lﬁﬁeaag%%??ﬁ%lﬁdgéa?gdb%?t‘ﬁd 11y
above |inear path Y¢8 thas ackp s 3 secqpd; ¢l O JnsigGeal PR 884y with
respect to the guide rails Béfemnithdtd &Eidg.i 32, insidemmilatpi B&él &8 ong

and/ or above the I'{@py a : t lav-eL b i on.
The fixed support ¢ sobdedden o F?gﬂ?ﬂgﬁlﬂﬂgPP§¥n%éggi3§%ﬁ 320

.. frane 9 suppo
and 35 vari ous %‘ftfféﬁem?ﬁfﬁﬂﬁei%% %Gt LOHET PAYLS ARt eFUEEBET,
tray inverté® 302 atsh isprlindes3@8brisposednposide sadisleeve 38Q¢rand

preferably nmount ed3grja@eobetheivilf@nqaigkd wHeh &t pawl body, bias
the pawl 382 and 383 inwardly such that the clamp(s)
normally project into the tray area.
Referring to Figs. 10 and 31, each pawl 382
15 and 383 further includes a pawl flange 388 that extends
outwardly from the sleeve 380 and 381 and connects to
an end of two horizontally disposed cross bar 389 and
390. The tray holder 321 is equipped with a total of
four cross bars; a pair of lower and upper cross bars
20 389 and 390 on the front and a second substantially
identical pair of lower and upper cross bars 389 and
390 on the rear. The upper cross bars 390 are fastened
to the flanges 388 of the upper pawls 383, and the
lower cross bars 389 are fastened to the flanges 388 of
25 the lower pawls 382. The upper cross bars 390 are
disppsed directly above and parallel to the lower cross
bars 389. Both cross bars 389 and 390 are disposed
substantially parallel to the cover plate assembly 364.
A vertical gap is provided between upper and lower
30 cross bars 389 and 390 (see Fig. 13). A horizontal gap
is provided between cross bars 389 and 390 and outside
of cover plate assemblies 364.
Figs. 10 and 12 illustrate the upper and
lower pawls 382 and 383 engaging two trays 309 and 309a
35 to secure the trays 309 and 309a within the tray holder
321. The trays 309 and 309a are disposed in the
upside-down position, as indicated by the bevelled
corner 26 of the trays 309 and 309a being located in
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-11- 511 or other support locations in the inspection handl i ng

appar at us 1045 9903603 Referring now to Figs. 5 ande€rrudosnesdt support
frame 319 ex eno{g vertically from behind the rear guide 5 rail 508 and

I ncludes a pair of vertically extending si de gussets 323 and a

rect angul ar back plate 324 fastened béBween the side gussets 323.

Si de gussets 323 are unted onto a frane base plate 325 | ocated

bel ow rear guide rafhe FE8T Q@%ﬁ%’é&ﬁng’”ﬂﬁ dtiting petahes 36; 9Bt 8RS to the

top ends of side gussat $0328ndirib9aback facing mipat eTBR4clahips B8P bfari ng
plate provides a MldN@awls 335%33 inbtiﬁ-FgV%B%héé)@%O%mtﬁeo\t.o ray

i nverter 302. of cK plate 324 and Ln_between the
side gussets 323, at%A% £08al Fs‘?:'cré\ﬁw§ﬁa??"'lssz%q‘§s iBsgder a&\*’ébpgsmunt ed
onto a bearin@ bl ocdnd3®@ thatlifting notcohest3éd ofothécbdttame tivage3 Pt e 325.

Screw shaft 327 whil@X bEbslSad RYANELY 385 WHRRR" tHE BYidn 348eabf Bmsses

t hrough a flanged hearing, 329 unt ed on the underside of top bearing
pl ate 326. Bel ow tg\b&(}:@gﬁ:ﬁ%}'% 326, 20 an anti - backl ash,

_self-lubricating nut 330 i s PRARE §it of trawsniBed aed S0 dw sheet 327. A
c shaft pulley 331 isfacilitated by edge guides 391 that are fastened on the

10 inside of each side bar 362 and 363 (see Fig. 10).
Once trays 309 and 309a are secured by respective ones
the pawls 382 and 383 of the four sets of clamps, the
edge guides 391 prevent lengthwise tray movement. Each
edge guide 391 provides a vertically disposed face upon

15 which end walls 32_and 34 of trays 309 and 309a abut.
The edge guides 391 are preferably mounted on the side
bars 362 and 363 such that the blocks face each other,
as shown in Fig. 28. A horizontal flange portion of
each guide 391 is fastened to side bar 362 and 363 by a

20 - bolt and lock washer or equivalent fastening means.
Thus, guides 391 may be adjusted to accommodate a
change to trays of shorter or longer lengths.

Referring to Fig. 10, a front lever 392 and a

rear lever 392 are mounted to the front guide rail 511

25 and rear guide rail 508, respectively. The rear and
front levers 392 and associated components mounted
adjacent to the rear and front guide rails 508 and 511
that respénd to or impact levers 392, are generally
identical in structure and function. Accordingly, only

30 the components associated with front lever 392 and
front guide rail 511 are discussed herein.

Referring to Figs. 14 through 14, the front

lever 392 comprises a vertical section 392a and a
horizontal base 392b that extends forward of the

35 vertical section (in a direction away from front guide
rail 511). A horizontally disposed slide bar 392c is
attached to the back of lever 392, opposite horizontal
base 392b. The slide bar 392c extends into a channel



mounted onto a top end of screw shaft 327. Behind back plate 324, a
stepper notor 332 is nounted to the undersi de of the bearing plate
326. The st emmsymsBor 25 is operably connected to a hoPCEYRISA4]

di sposed drive pul l ey 333 | ocated above the top bearing plate 326. A
timng belt 334 is nounted around drive pulley 333 and shaft pulley
331. Stepper mptor 332 is operable to ‘13§electively drive screw shaft

327 in either a C'%‘Q‘ssﬁhéotop &Y t%@efEQEQtﬁﬁ%cgé)%‘Mlsgﬂ' " efd ‘%!hcﬁand to

drive nut 330 % own on screw S I nearly

movabl e frame 320 Haf| 33&513 moyable in the.chamnel via,g.jipesr ﬁé%unt ed
to the lift plate assemblg3392dnthtenfaicingf the abdichuar pfashid@Famnd 338

attached 35 10 £dxb1 ndsb@fén@m ghalneX. baéh%%%arta;ée&fp 89530
i s.fastened |rect10% ;] he front of theh338, and down

with the 330°upon iﬁal’o"?? tﬁﬁf‘é?‘?* n"gf”t t he
top view of Fig. 7after theVEreﬁldﬁﬁﬁri an 1nverted position. Further, a

PCT/ US98/ 14441 generally bar-shaped linear cam 39314 disposed beneath
 the horizontal base 392b. The cam 393 is driveable by
a pneumatic cylinder 399 along the linear path 42
10 generally perpendicular to the linear path of the slide
bar 392c. The cam surface of the cam 393 consists of a
horizontal slot 393a that extends diagonally with
respect to the linear path of the cam 393. A follower
bearing 394 attached to the horizontal base 392b
15 engages the slot 393a such that movement of the cam 393
imparts motion to the lever 392. When the cam 393 is
forced leftward by the pneumatic cylinder 399, the cam
393 forces the lever 392 to slide away from the front
_ guide rail 511. When the cam 393 is retracted, the
20 lever 392 is forced to slide forward, toward the front
guide rail 511.
When the tray holder 321 is brought down to
engage the guide rails 508 and 511, both levers 392
extend upwardly into the horizontal gap between the
25 lower cross bar 389 and the lower cover plate 364, if
the tray holder 321 is in the home rotate position as
in Fig. 28, or between the upper cross bar 390 and the
upper cover plate 364 of the tray holder 321 is
disposed 180° from the home rotate position. When the
30 cam 393 is actuated, the levers 392 push the cross bars
389 outward against the resistant force of the latch
springs 387 and cause the lower pawls 382 to disengage
from the bottom tray. When the pneumatic cylinder 399
deactuates the cam 393, the latch springs 387 force the
35 ' lower pawls 382 and the cross bars 389 to return to
their normal positions.
Referring to Pigs. 5 and 10, a sensor
mounting wall 396 is disposed forward of the lever 392



rectangular lift plate 335 is di sposed between side gussets 323.
Vertical novenent of |ift plate 335 is gui ded by a vg _{gbgﬁ{“}‘;ansport
assenbly 339 wommded of four grooved wheels 340 co% bl'e"with two
V-tracks 5 341. Referring to Figs. 8 and 9, twa wheels
340 on the right as view in the draw,pgas, are nounted for

adj ust nent on screw operated eccentric bushings 342 that are fastened
to the back of |ifindlcaie3835, Reaippé? photé B¥nsear Bersand 4 Heowerft plate

335. The ot her t\/\%&tl?stsgg}ggseﬁ Eag%khgﬁ%gét%n 1Y EPHEEE%&IhtHd&ed axes

and are not \ I's, Tormed fromtwo, upright
bars that are each"3Hst3®featt itiRFeptoRteBrtionfy but bofhreind ’é‘égmme'
side of the bar i sachdritzontel mifwrection owerleheorfrodt gaideixaed S¥lom t he

top). The two Wheglhsh the tragifbRierCagh $kd8idfoddd inPtRECLSPS ride up and

down on _ t he same, "V-track! 341. ) . Lt {1 ul.d be noted
that the Iinearly PRSI, e“gagnﬁéﬁﬁ gﬁﬁdﬂeﬁ:’r]rsoé&%@f‘élﬁ fs ptable to
being driven 20 léwem|photpasensomBi98r sendes s hotdoontranni0da Far
~exanple, in alternghéverahedueENiA ankethbN@gEdy photo sefiB¥abigy frame 320
may be noved up and dom‘%é B eulr{a{é' ¢ & Iin%r or H;e l'i ke, or
vertically PFAHEHo e%°8nt’ff°éyr £ @al" r *‘?s Y & g‘SFFa?- haft 25
. assenbly. 10 REnerpevatipmck the fnverteyr medude 3@ back bar
336 is an el ongat edepéinten @NFL116d NEuvilcedtiay (ffad ri®lin the upsiddhe lift
plate 335. The bacho@r‘fi‘rpo%%.@igﬁt gﬁ'&’%ﬂa’% tst}tSports devices, such as
semiconductor devices in the dead bug position.
Provided below is one example of a programmed series of
15 stages of the inverter operation which results in the
semiconductor devices being inverted, so as, for
example to be supported in the live bug position.
Stage 1. The lift plate 335 is positioned in
. the vertical home position with the vertical home flag
20 . 373 engaging the vertical home photo sensor 370 and the
tray holder 321 is oriented in the home rotate position
with the rotate home flag 371 engaging the rotate home
photo sensor 372. The tray holder 321 engages a single
empty tray by the lower pawls 382. This is a
25 prepositioned empty tray which awaits the arrival of a
filled or carrier tray. The prepositioned tray is in
the upside down position with the lifting notches 36
facing up. A second, carrier tray has been transported
from the left side of the guide rails 508 and 511 to
30 the bay area 306 and is then pushed to the back rail
508 to properly orient the tray. The filled carrier
tray is also in the upside-down position, but supports
semiconductor devices in the dead bug position. The
lower photo sensor 398 senses that tray is disposed in
35 the bay area 306.
Stage 2. The stepper motor 332 is operated
to drive the screw shaft 327 so as to lower the tray -
holder 321 until the prepositioned tray engages the



horizontal direction across the center of the [ift 30 plate 335 and to
the right and left of the |ift plate 335. A stationary arm 337 and
338 i s nount eWobwoaseich end of the back bar 336. Ref é’r‘%fq%s’lﬁ‘"t he top
vi ew of Fig. 25, the stationary arns 337 and 338 extend

forwardly fromthe back bar 336, over the rgar guide 35 rail 508, and
over a longitudinal center line 343 of t he bay area 306.

Referring to Figs. cAradér ray.MOrAE GPpER ighdto sensoP|F®E sthdekSonigunt ed to
the left side of l%;%y above\@geggég§§03 The pneumatj¢ cylinders 399
PCT/ US98/ 14441 - t1%. 323t onar

y
arm 337 by a |ineadcspptes &heoeamg 393 and) the levers 34 gushoithe ABYESt nent
screw 346. Thus, neiroks members 380t biigwintd) ahdéébproyelmadingedhe dowvared to

| ef t statio a ' ' er point 5 adj ust nment
screw 346. C%nvergg%xf %%%%§%?F¥F%hgg¥€igmgiQ%%&ér nounting plate 344
relative to the left é‘lt)"écﬁeoﬁar yThe 23y t\?&?"‘-‘ﬁé%’dj%&tlﬁ‘]}éﬁ?dl ooseni ng

center further to its low position, while the lower cross
' menber 389 remain pushed outward by the levers 392.
The upper pawls 383 come to rest on the lifting notches
10 36 on the prepositioned tray . Then, the cams 393 are
deactuated and the lower cross member 389 are released
by the levers 392. Accordingly, the lower pawls 382
spring back to engage the carrier tray, wherein the
inside clamps 386 of the lower pawls 382 simultaneously
15 engage the lifting notches 36 of the carrier tray and
the bottom of the prepositioned tray.

Stage 4. The tray holder 321, now securing
both the prepositioned tray and the carrier tray in the
upside-down positions, is raised vertically. When the

20 vertical home flag 373 engages the vertical home photo
sensor 370, operation of the stepper motor 332 is
ceased. The lift plate 335 is now in the vertical home
position.

Stage 5. The gear motor 347 is operated to

25 rotate the tray holder 321 through 180°, with both
trays secured therein. This results in both trays
being disposed in the upright position, and with the
prepositioned tray disposed below the carrier tray.
The tray holder 321 is no longer in the home rotate

30 position. The semiconductor devices are now supported
by the prepositioned tray and are in the live bug
position.

Stage 6. The tray holder 321 is lowered
until the prepositioned tray (now below the prior
35 carrier tray) engages the guide rails 508 and 511. ' The
upper photo sensor 397 senses the upper tray. The
levers 392 are actuated to push the upper cross bars
390 outward (which are now below the lower cross bars),




adj ust ment screw 346 and sliding notor nounting plate 344 across
| inear slide 345. Quided by linear slide 10 345, the gg&ggﬁHm%l
pl ate 344 mawa@¥wd@¥ed in a - direction forward or t he

back bar 336. Referring to the side vi ew of Fig. 6 and the
top viewof Fig. 7, the notor nounting pl 95%344 ext ends downwardly
and forwardly fromthe back bar 336. 15 hori zontal | y di sposed gear

noéor 347b:8 nountgdrkey aiblea51ngUEHSrpfﬁﬁddﬁﬂio&%d”ﬂfé& lHHﬂﬁﬂn@gbﬁbgte 344
and operably connec ul Vi n

the left side of t‘ﬁtgvf‘fﬁP%#y %"uf’r?tt‘aﬁ1 E ‘@’ AP?“ geFﬁé(%@sbltlJ%u EE Fth

a left pivot beariifgngvodicERred Q-HZB e u?’é‘s‘if@né’esﬂ-ﬁla"‘l%rsqﬂ%ﬁé 350 of
mot or nounting pl aim\. semicondiftborThevieés i e heaélmmmwwandt at abl y

supports a herizo %kaﬁésdésé&,r%:%% SR8hY 29 move WAALSR o G 352, a

disk with a entra ore to's 351 onthe
right of left pivdodd&Erng 25 bI ock 349 and a timng puI ley 353 is
mounted to the shaft Stdgeort.t heshppéroingroindy thenempiy fixayeb344. The

| timng pulley 353 r?e Q,Bﬁéﬁbi,waso'}% C%vﬁgcﬁoafg n\éﬁv QEEEF¥ed above3dRely a

timng belt 354. Thu ear etorgtatethe
rotate adapter 352“%8?&' /Y %0333 r?&?bEFage’&?ﬂ"%ﬁﬁ/ Q&sﬁ@nﬁﬁlf Tthe rotate
adapter 352,10 vertdcalipete rizhs welrtiécaBliome position. The gams 3&3

mounting plate 3554§ t?l'e”h.la@éi-é( 392 2 are”ﬁHQ&@quaEéH ri gabnehdid ora{é/ ke 338
by a right |inear nt er t

adj ust ment 35 55§%e§5§rayﬁ§ |"d:t‘?f’séf"%?d§@értﬁ’r?g c%‘lt%gﬁgﬁﬁa? Ycurely

assembly 502 from the bay area 306 to the PVI module
400. The emptied carrier tray 2 is now in the upxighf

15 position and the lower pawls 382 are above the upper
pawls. 383,

Stage 8. The gear motor 347 is operated to

rotate the empties carrier tray through 180°. This
* results in that tray being disposed in the upside down
20 . position again and it now becomes the prepositioned
o tray. A subsequent, filed carrier tray is transported
to the bay area 306 from the left side of the inverter
module 300. This begins a second series of stages that
are identical to the first, except different trays are
25 acted upon.

The above described operation describes only
one application of the inverting method and apparatus
of the taper module 300. Other sequences of steps may
be employed to accomplish the inversion of the devices.

30 An alternative embodiment of the holder for
the tray in the inversion module is illustrated in Figs
17-26. Some of the description of that alternative
will be repetitious of the previously described
embodiments in order that the common features of the

35 two will be evident. Aalso it will make it apparent as
to how some of the features of the alternative are
applicable to the previously described embodiment.



fastened to a | ower flange 359 of the right side nmounting plate 355.

Whereas |eft pivot bearing bl ock 349 supports a shaft 351 with a
rotate adapt wo 96503 WO 99/ 03603 PCT/US98/14441

PCT/ US98/ 14441 -14- nount ed

t hereon, right pivot bearing bl ock 358 flxggly supports a
horlzontally di sposed fixed pivot pin 360. By utilizing linear slide

assenbl i es 345 and 356, theReferrln@ogatFgggﬂ11qxgstQ& t DevéBieaat € adapter 352

and fixed 5 pi vot e a ned a r | on axi s

of the tray hol deras\??%k’gﬁy?% %‘%ﬁ‘gdlﬁ cvcec?%ﬁ'o&af‘s Shéki. t?lla{l s of

di fferent widths. aBsenbay 33 istuned inf cepiunction witht aokkaY dﬂ‘@rl*@r
typically nmade in peihanighl ﬁﬂrV\irN‘értlng aejcess Iﬁéﬁh—ebnéwiﬁwtugw de rail

511 to nodif the ent ot . In
this the%Fgft e%%% axi’s of$§%e£$%é§£ Hgnbﬁ¥lﬁ%§ﬁyéﬂﬁ be
| ocat ed di rect |y aRRioushsYPencef geapRrimented tr"=‘YS- Referring to

Fig. 10, rotate adapter 352aaBgpical trhiyxed, pindllapi Ro3ERatrEreangagasbl e
with the tray h0|c§gscribed, for use with the assembly 12 is shown in
Figs. 24 and 25. The tray 14 is generally rectangular

10 although the tray can be of varying shapes. The tray
14 has a first or top face 16 having therein a
plurality of pockets 18. The tray 14 has a second or
bottom face 20 having therein a plurality of pockets
22, The pockets 18 and 22 are preferably arranged in

15 multiple columns and rows on their respective faces 16
and 20. The devices can be housed in the pockets 18 or
in the pockets 22. The tray 14 includes a side edge
24, a side edge 26, an end edge 28, an end edge 30, a
corner 32, a corner 34, a corner 36 and a corner 38.

20 Preferably, the corner 38 is bevelled and is used to
determine the orientation of the tray 14. As best
shown in Fig. 26, each side edge 24 an 26 has therein
two recesses or notches 40. The tray 14 nest together
with the bevelled corners 38 adjacent one another when

25 stacked one upon another.

Referring back to Fig. 1, the assembly 12
functions to releasably secure one or two trays 14 at a
time within the assembly 12 while the trays are being
inverted, i.e. rotated through 180 degrees.

30 Preferably, the assembly 12 is designed to accommodate
one width of tray, i.e. the distance between the side
edge 24 and the side edge 26. However, the assembly 12
can also be constructed to be adjustable and thus
enable one assembly 12 to accommodate varying widths of

35 trays 14.

With reference to Fig. 17, the assembly 12
has a pair of ends 42 and 44 and a pair of sides 46 and
48 and further includes a pair of generally



15 321 to support tray hol der 321 between right and left

stationary arns 337 and 338, and directly above guide ralls 508 and
511. Gener al WP 9%/8%p%ngul ar i n shape, tray hol der 32PCHBMI¥Es four

| i nk menbers that bound an open inside area or tray area 361

t herebetween. The 20 four Iink nenbers,gonsists of a left side bar 362,
a right side bar 363, a front cover plate assenbly 364, and a

rear cover gl atle 266CaIFYLIG5 sphted é&féﬁd ipalates 50 afd By paatehszl eft side
bar 362, a dowe [ [ [ 6 repects
horlzontally 25 gg%ﬁt%&?ﬂf1;noﬁ?gb ﬂ?gutqggbg£b8§3§ aéég %? %ggtg?de of

left side bar 3629eFdRes & JFa¥t BAY 3TP WHs 1% #R area “in MGl °8RcP¥ on 367
and engages dowel t@66trays 14 are held. Aa rshotwhny iacFbgs Ituthbrbyyasea 361

fromthe £ hd‘i\é’ekhﬁf@d t'PPE' §g§§ % %Q‘i%egfpét‘:{'ﬂféne%Gga

s 3
seat ed i nsi e r|g Qﬁ% %t tmarg fron1the
right side bar 363PdFp e%F?nRﬂﬁ?tbPﬂed betwe &hengayes E}ﬁiﬁse 8faB¢unger
368 such that theSﬁLungM one bar 868positriminedaladgaakntittd ianeld pi vot pin 360

when tray Qﬁalﬁﬁ der%lflgia%fﬂx the Hildag 4368f aéﬁ@%%‘ln@&?“i‘é‘ 35
pl unger 368 bi ases | yecti d pivot pin

e
360, thereby forci®® 8 gﬂgy"mrdé’raréﬁ P°s"'t"°"(e(51\/\/§8éla‘fﬁ‘étlfe‘fta"§nd ensuring a
tight fit. PPungegenerally qparialdelcoith sthd adidel #ét o€ themssiembilyt L2y

hol der 321 Each bar 56 and 58 includes a central elongate portion
60 bounded by a pair of generally rectangular end
portions 62 and 64.
Four upper pawl assemblies 66a, 66b, 66c and
15 66d are housed between the cover plates 50 and 52, with
the two assemblies 66a and 66b being adjacent the bar
56 and the other two assemblies 66c and 66d being
adjacent the bar 58. Preferably, the four upper pawl
.: assemblies 66a-d are identical. The upper pawl
20 . assembly 66a is axially aligned across the bay 54 with
the upper pawl assembly 66d and the upper pawl assembly
66b is axially aligned across the bay 54 with the upper
pawl assembly 66c, so that the two sets of aligned
upper pawl assemblies 66a/66d and 66b/66c are generally
25 parallel to each other.
Likewise, two lower pawl assemblles 70a and
70b are housed between the bar 56 and the cover plate
52 and two lower pawl assemblies 70c and 70d are housed
between the bar 58 and the cover plate 52. The four
30 lower pawl assemblies 70a-~d are partially hidden from
view by the upper pawl assemblies 66a-d in Fig. 1.
Preferably, the four lower pawl assemblies 70a-d are
identical and the lower pawl assembly 70a is axially
aligned across the bay 54 with the lower pawl assembly
35 70d and the lower pawl assembly 70b is axially aligned
across the bay 54 with the lower pawl assembly 70c, so
that the two sets of aligned lower pawl assemblies



oo s e an

WO 99/ 03603 PCT/ US98/ 14441
- 15- fromengagenent wth rotate adapter 352 and |inearl
novabl e framay 23603 As illustrated.in Fig. BCTUS 41y
novabl e frame 320 is adapted to maintain tray holder 321 5
2\ and 338 as

linearly novable frame 320 i s noved Veértically over bay area 306.

Moreover, gear nDt9gaBAE and 70bAS7RPITBOLEnELal B} FatainaY b6l &eth 321

substantially horizontal between stati onar y, ar s 337

t hrough 360[ err]

and 10 whil e suPb¥ied over bay area 306. In al ternative
enbodi ments, the rotate adafherfeiundiowesnpawli assenkl/ies 70a-d axe fi xed

p: vot pin-plunger gpieifidd deewedy Hife lceReaCPlates 50 Wnkdhs5at BEras ofwass gr
el enents, e. ¢, qu . ttqis . t re
R

together by & 15

whi | e supported between stationary arns 337 and 338

I't should al so be R3VkPaseMblYN66a1dr FesPeEtively. o RSCHrAARILY |3 RBIT y
movabl e frane 320 eRyahigned uppédndnd) Wokers pawl t Asdentldesobaaypoa) axi s of

tray hol der §68/1¢b,1'658056¢ RETRAIFoGULRICH ol I lPatBLLY

511. In this enbo , .stationary arns

by a franme includi
10

15

20

25

30

35

ﬁétpg%“thghgaprgﬁtor 58 are positioned between Z e
cover plates 50 and 52 in four locations.

Referring now to Fig. 18, one of the upper
pawl assemblies 66a is shown in enlarged detail. Since
the four upper pawl assemblies 66a-d are preferably
identical, only the upper pawl assembly 66a will be
described hereafter. The upper pawl assembly 66a
includes an outer pawl 72, an inner paw1'74, a pair of
mounting blocks 76 and 78, a pair of outer springs 80
and 82 and an inner spring 84. As will be explained
below, the outer pawl 72 and inner pawl 74 are
selectively moveable as a unit with respect to the
cover plates 50 and 52 and the inner pawl 74 is
selectivelf moveable with respect to the outer pawl 72.
Preferably, the outer springs 80 and 82 have a higher
spring rate than does the inner spring 84.

The mounting blocks 76 and 78 are spaced
relative to each other and are positioned one block
adjacent each end of the end portion 62 or 64 of the
bar 56. Each mounting block 76 and 78 has a body 86
and a flange 88. The blocks 76 and 78 are oriented so
that the flange portions 88 extend toward one another.
Fasteners 90a and 90b extends through the cover plate
50, through a block 76 or 78 respectively, through the
bar 56, through the mounting block 76 of the vertically
adjacent lower pawl assembly 70a, and through the cover
plate 52 to hold the mounting blocks 76 and 78 and the
bar 56 in a fixed position. As such, the mounting
blocks 76 and 78 and bar 56 are not moveable with
respect to the cover plates 50 and 52 or each other.

§g8 and 20
b e repl aced



support beans, e.g., a box frane, wherein rotate adapter 352 and

pi vot pin 360 are nounted on rear and front support beans,

respecti vel y Wop#5/03603 Referring to Fig. 10, a ver t PSR phot o
sensor 370, for exanple, a U-type photoel ectric sensor, S
preferably nmounted on side gussets 323 fag&gg back bar 336. A
vertical hone flag 371 nounted on back bar 336 cooperates wth the
home photo sensor 370 to 3Gis bekBdiRal® M@1dshesbagl Parend36ukerat its
hi gh or verti hoe SLti L3 l_ar, ph sSQr

referred to as a Ptgf'g{ajéz h%sneqegn%cﬂagigg[r’@%?asqf%,a%flsgngigdessep%rgz g?:gg?'y nount ed

on a lower |eft pEREFBBCWAY X BaZRcess 94 FdRlizsaliwred gtidbeth8me photo
sensor 372 cooper pagsagéway 98, 3 paverdf caltWwardryl bRgeRdihdFlangds 096 a
desi gnat ed rggr of 1. r r 0 '

rotate posi t?on fc??lgt rgg' ﬂ&%&f%ﬁ?“’ﬂ‘%ﬁ%ﬁ’ﬁ-&%}? ag%ﬁé&ﬂrdc]ft%g?lg&%g?rrgophoto
sensor 372 indi cat?®d whét Ap upwardly exrepdignpeall 104, and an

PCT/ US98/ 14441 outwardly éxtending mounting tab 106.
As best shown in Figs. 18 and 19, the inner
pawl 74 includes a shaft 108 having a first end 110, a

10 second end 112 and a notch or window 114 therein. A
pawl extension 116 is secured to the end 110 of the
shaft 108. The extension 116 is generally rectangular,
dimensioned so as to be moveable within the passageway
92, and preferably terminates in a chamfered or sloped

15 edge 118. The inner pawl 74 is movably positioned
within the outer pawl 72 such that the extension 116 is
housed in the passageway 92 and the shaft 108 is
partially housed in the recess 94 so that the end 112

. of the shaft 108 is adjacent the wall 104 of the outer

20 | pawl 72,

) The inner pawl 74 is moveable relative to the
outer pawl 72 between a first position wherein the

. window 114 in the shaft 108 does not align with both of

the channels 100 and 102 in the outer pawl 72 so as to

25 allow the channels 100 and 102 to communicate and a

' second position wherein the window 114 in the shaft 108
is aligned with the channels 100 and 102 so as to allow
communication between the channels 100 and 102 across
the recess 94.

30 The inner spring 84 surrounds the shaft 108.
The inner'spring 84 normally biases the inner pawl 74
so that the extension 116 extends outwardly from the
passageway 92 in a direction away from the tab 106 of
the outer pawl 72. A tray guide bracket 120 is secured

35 to the outer pawl 72 with fasteners to retain the inner
pawl 74 within the passageway 92. A pair of plates 124

are secured to the outer pawl 72 over each channel 100
and 102,



tray(s) supported within the tray holder 321 are in the upright or
upsi de- down position. The front and rear cover plate
assenbl i es 36w0 9903603 and 365 of tray hol der 321 are substaﬂﬁ?ﬂﬁalfﬂbnticm
5 in structure and function. Referri ng now only to front cover

pl ate assenbly 364, as depicted in Figs. through 12, the front

cover plate assenbly 364 conprises a %op cover plate 374 and a bottom

co;/ﬁrt . |olt ateI 375. Bofdh R%F\é@hﬂgaéﬁﬁ &t74~f1@r.1d1§75t@é o pasd g@ (

Wi wo identica square cut.o hat face a see
Fig. 10). The squar8dPATHE g’gggﬁe? Hefie moun IIB %%mks Wsa%él%S g %?e
vertical ly alignedthaththehaountingstabrkdf antends evBWQxﬁlxnﬁnﬂm &beer plate
375. Referri ggvép pidbesl®o an@ass o aloldqe;&caisﬂn@wa;esr%&ztha bay

nount ed bet we n th top r%l%otgtg%nflgover pl qlte%lggse%nglg of the z&bcggar
S

each cut out eS two pairs
mat chi ng | ower and7épBE¢ H ldgn Wlth a7Espestive, £hangd| s on 94t CBre
hori zontal | y spaceghe outer@tvli F2aahdyodd @B aheebuteal speitigy sioneroBat he

cutouts 20 376 1 pbOILAGA L dLPORE EUILAY 8aPbR Ensd] $0K18" T8

bet ween each pair ofs ower 53. as to
di vi de the space b@Fw@BnaW]eﬂ}ﬁ Rnge 96 o A&OL sBaggouter Pavlsoder s eeve

380 and an upper In thisegmveitith, tThe owver phvdeve23B movehil@osed bel ow
25 upper sleeve & ?%ti‘@@”té J"’Rén'&gbgfrp%%éeé g;@%hﬁ”%?daiéhg a pathhe hone

rotate position as jllustrate
Each of the four 6\%5%“%1’&@(/«4?‘%8’@"8%7 phate 50, the bar 56 and the
mounting blocks 76 and 78. The outer springs 80 and 82

bias the outer pawl 72 such that the bracket 120
15 extends outwardly from and above the cover plate 50.

As shown in Pigs. 19, 22 and 23, the four
lower pawl assemblies 70a-d are substantially identical
to the upper pawl assemblies 66a-d, however, with the
following differences. The outer pawl 72 of the lower

20 pawl assemblies 70a-d further includes a middle bracket
126 extending outwardly from the outer pawl 72. With
respect to the inner pawl 74 of the lower pawl
assemblies 70a-d, the inner pawl 74 includes a pawl
extension 116 that terminates in a rectangular end

25 portion 130 (Fig. 3).

Referring back to Fig. 17, the tabs 106 of
the pair of upper pawl assemblies 66a and 66b on the
side 46 of assembly 12 are connected with a cross bar
132 that is secured to each tab 106 with a fastener.

30 The tabs 106 of the pair of lower pawl assemblies 70a
and 70b on the side 46 of the assembly 12 are connected
with a cross bar 134 that is secured to each tab 106
with a fastener.

Likewise on the side 48 of the assembly 12,

35 the tabs 106 of the pair of upper pawl assemblies 66c
and 66d are connected with a cross bar 136 that is
secured to each tab 106 with a fastener and the tabs
106 of the pair of lower pawl assemblies 70c and 70d



tray hol der 321 accommpdates a | ower pawl 382, while 30 each of the four

upper sl eeves 381 acconmpdat es an upper pawl 383. This provides four
sets of clanpwo90360henbers C, each having two vertical |y S5E3&S8 ¢
arrangenments as will be described in nore detail. Referring to Fig.
28, each pawl 382 and 383 includes a 35 _g@perally flat body 382a and
382b that extends through t he sl eeve 0 and 381. A clanp 384 and 385
i s y ?t E ﬁched hegt ?;@nmedb?ﬁ.ih:’)g?@rcfdﬂg %&2233?‘%@@{7\%&3@7%3‘%‘6 .
portion o e area e . uto . Eac

BT US0g 14041 - Babf LASCLOY WiIR SUkaMentl FRCT, clanp 384 and

385 preferably has a | eadi nffhed§&o8e Paps 132, 1384213hPwBAB8 ARE i s bent

} n aI directi on anaudhpesiit £ be movedi dkdy fdcid €hé7Bay B linl ithe384me and 384b
acilitates t Lsen e i t ; . :].O 5

paw s 382 fur? her ﬁﬁgﬁgg;@ % (fxgd:}%i %ﬁgdg%go%@gtgvﬂw %g%yQ&1WaQ%§8§g )tgﬁéat acts
as a second cl anp BFeVASRELY desfridgd. embodiment to actuaks @ovepgrt°F g.

12, inside clanp 3&achsouter pawl 72/inner pawl 74 unit relative to the
cover plates 50 and 52 and in a direction away from the
bay 54. Preferably, the cross bar 132 and the cross

10 bar 134 are individually movable by a first mechanism
such as an air cylinder and cam and the cross bar 136
and the cross bar 138 are individually moveable by a
second mechanism such as an air cylinder and cam. It
“:ghould be noted that other methods to actuate movement
15 of the cross bars 132, 134, 136 and 138 can be
utilized.

Continuing to refer to Fig. 17, the assembly

12 includes a plunger 144 between and extending
- outwardly from the cover plates 50 and 52 on the end 42

20 . of the assembly 12. A dowel 146 extends outwardly from
the cover plates 50 and 52 on the end 44 of the
assembly 12. The dowel 146 and plunger 144 are axially
aligned along a center pivot axis 148. A pair of edge
guides 150 extends inwardly into the bay 54. The edge

25 guides 150 are moveable and function to enable the
assembly 12 to accommodate variations in lengths of
trays 14 in the bay 54. A mounting plate 152a-d is
mounted adjacent each of the four pairs of aligned
upper and lower pawl assemblies 66a/70a, 66b/70b,

30 66c/70c, and 664/70d, respectively.

The function of the tray inverter assembly 12
is to releasably hold one or two trays 14 at a time in
the bay 54. To accomplish this, the upper and lower
pawl assemblies 66 and 70 are selectively moved so that

35 the extensions 116 of the inner pawls 74 can be
retractably housed within the notches 40 of the trays
14. When the extensions 116 of the upper or lower pawl
assemblies 66 and 70, respectively are within the



di sposed between single clanp 385 of upper pawl 383 and out side clanp

384 of |ower paw s 382. Further, two 10 | atch springs 387 di sposed

i nsi de each skesme60880 and 381 and operatively engag®dTHSt¥4¢4le pawl
body, bias the pawl 382 and 383 inwardly such that the clanp(s)
normal ly project into the tray area. 29— Referring to Figs. 10
and 31, each paw 382 15 and 383 further“includes a paw flange 388 that
ext ends out V\ﬁ&ééﬁ{eé QMbEhg S+8eVia ,38Readapdis anth ®RNPREESd ] O

an end of two horléonta %ﬁggggsﬁag 18§%heagﬁg§ f”qz 1tho§8 falffh%ray

hol der 321 is equi ] 0SS ars
| ower and upper crfsombdres aggemblB82.and 390 on the front and a second

Zggstant ihally ] i dent i CahePBEAy Oin%éaawgo T aafdempprn:rm%baﬁﬁlﬁﬁﬂ?cland
onther r. The u er I‘OSS [ S (S} anges
388 of the ug’ger path € 'g%’f ang Y’ﬁgh tray Fggéo@%é}baa{lrlgnﬁébgare % ast ened
to the flanges 388assemzly 1% ig mowrtedaid §h382raywqrﬁﬁér merBaRigArs 390
are di sposedudifigciile/ plhagerands pxichldowelt 246 he TOWarer eRe

bars 389. Both cro r 3 0, ane di stantially
parallel to the CO\?/:ZCP(QI hgé agggﬁggé %%Zpasd 5%9;8%%9 m the %é Eal é provi ded
bet ween upper and fa € BraY 1l4er 0BsSerenrd 38%Yaltd BQOSTERﬂf Y18). A

hori zontal gep supbSrimy istedabet ¥EEH £ @ﬁdbatalﬁﬁ%xﬁiﬁd\aQQQeaﬂdeﬂut si de
of cover plate ass a 2¢phbl ustrate
?.Hb*:h%g&%\ﬁs lg 83f de 31‘80:? suE‘Egée Qﬁxe%

t he upper and I'ng two_tray 09 and
309a 35 to secufiévf'ﬁ%stlr’hﬁ‘%ﬁgcaﬁﬂ ‘%@é% %Fa P‘Pieb? r%N-PIPSFidQYer '

the assembly 12 with the first tray 14 secured within
the bay 54 is moved (such as downwardly) by the

15 lift/lower mechanism until the first tray 14 contacts
and nests with the second tray 14 (Fig. 10). The
extensions 116 (preferably of the lower pawl assemblies
70a-d) that hold the first tray 14 within the assembly
12 are retracted from the four notches 40 of the first

20 tray 14 by retracting the cross bars 134 and 138.

The assembly 12 is further moved downwardly

(approximately the width of one tray) such that the
extensions 116 of the upper pawl assemblies 66a-d are
aligned with the four notches 40 of the first tray 14

25 and the extensions 116 of the lower pawl assemblies
70a-d are aligned with the four notches 40 of the
second tray 14. The cross bars 132, 134, 136 and 138
are then released by the mechanisms such that the
extensions 116 of the upper pawl assemblies 66a-d are

30 housed within the notches 40 of the first tray 14 and
the extensions 116 of the lower pawl assemblies 70a-d
are housed within the notches 40 of the second tray 14.
The extensions 116 along with the brackets 120 and 126
will maintain the orientation of the first tray 14

35 relative to the second tray 14.

The two nested trays 14 are then raised

upwardly by the lift/lower mechanism. The rotation
mechanism is then actuated to rotate the nested trays



321. The trays 309 and 309a are disposed in the upsi de- down

position, as indicated by the bevelled corner 26 of the trax§ 309
and 309a bei WopWBEBed i n WO 99/ 03603 PCT/US38/14441

PCT/ US98/ 14441 - 18- the rear left
corner. The lifting notches 36 on each tray 309 and 309a are facing
up. The clanps 385 of upper paw s 3§§)engage lifting notches 36 on

the top e i trays w{xu@gébOWg@%abase thélsg%d%gﬁlh&ﬁ518§§ ,%5 |
engage the Ttin l?'t Q:[ O %t 8@7%@9/ q_ra sfer :&)ﬂpm si de
0 5? f 5

cl anps 385 engage n1e
. Proper fit of t ray‘sh%@%s%@ami ¢thg $op surface j§ |of; &PSdSEW%dé:aQ(w des
- 391 that are fastenedt@rtﬂeh@oa:ﬁets insindehef betdn i< akar 2862f atte 363 (see

Fig. 10). zsandOggg f@esﬁ,eég%) apd A9%8 %T@dée%eefhe%c@esasstfyfpms

the pawl s 38 our sets of ui des
391 prevent |engt h@ree sudy thatehstd eWE%?hsurface ?ﬂﬂie“@&ﬁdé°3§ﬁ9ﬁ) des a
vertically dlsposedeéémneﬂqagn14 is now visible and can be inspected.

The rotated trays 14 are then lowered to the supporting
surface by the lift/lower mechanism until the first
10 tray 14 contacts the supporting surface. The cross
bars 132 and 136 of the upper pawl assemblies 66a-d are
retracted thus releasing the first tray 14 (which now
contains the devices) from the assembly 12.
The assembly 12 with the second tray 14 held
15 by the extensions 116 of the lower pawl assemblies 70a-
d is raised upwardly by the lift/lower mechanism and
then rotated through 180 degrees about the pivot axis
148 by the rotation mechanism. The combination of the
;. extensions 116, the guide brackets 120 and the bracket
20 T: ;26 maintain the positioning of the second tray 14
within the bay 54 of the assembly 54 throughout the
rotation. The second tray 14 must be rotated by itself
to maintain the proper orientation of the assembly 12
for the next inversion cycle. The first tray 14 can
25 then by transported to an inspection station. The
process can then begin again in that the assembly 12
and second tray 12 can be lowered to contact a third
tray 14 having devices therein that are to be inverted.
When the extensions 116 of the upper and
30 lower pawl assemblies 66a-d and 70a-d, respectively are
moved into the notches 40 of a tray 14, it is important
that a sensor arrangement make sure that the extensions
116 are positioned properly within the notches 40
before the tray 14 is inverted. If the tray 14 is not
35 properly oriented and secured in the correct
orientation in the bay 54 of the assembly 12, the
devices will not be transferred properly from a pocket
of one tray 14 to a corresponding adjacent pocket of




15 which end walls 32 and 34 of trays 309 and 309a abut. The edge
gui des 391 are preferably nounted on the side bars 362 and 363 such

that the bl ogksesioasne each ot her, as shown in Fig. 28CTES¥H44ont al

fl ange portion of each guide 391 is fastened to side bar 362 and 363
by a 20 bolt and | ock washer or equivaI%ﬂL f ast eni ng neans. Thus,

gui des 391 may be adjusted to accommobdate & change to trays of

shorter or longer {ienglhited tray 14 and may efef edidiR@igeOeht drelsy. frionf I ONt
| ever 392 and a rear | ever 392 are"nounted to the front guide rai

511 25 and reart®uitd@¥Palf-508, respectively. The rear and front
| evers 392 and associ at ed cWipbnepesificumeddrence to Fdjgacadimt the ttray ear

and front guide rajlwe,A9E qldueldssembly 12Natilesaond Fh@t@!’-oﬁﬂ@@-(:t | evers
392, are generally n

- identical in r.ucture and ctio ccordingly,
only 30 t Re conPRgH ?"'559885“3‘?%#% t%%"‘lsr BREP?ERrer %fkgﬂgd bé ~ front
guide rail 511 arenchesbudowevhesetiat a switch arrangememdf orr pHgex oliigys. 14
through 14, the frgptangements! 88681d 3Peds PP empbESydd \ial iPlaek 6eCtheon 392a

0, et s[5 (PR ok e 03 O b s

vertical section (fn a drrect M fron 1'de"
hori zontal | y di sposéght|qigeuises 8o2determine thepogiianing ehethback of
| ever 392, oposit gxbérszy.al specificdilss 2Rdbe dFe fHurdaibht 392c extends

into a channel circuits 154a-d of which only the two light circuits
154a and 154b associated with the upper pawl assemblies
66a-d are visible in Fig. 17.
Fig. 17 illustrates two of the light circuits
15 154a and 154b. The first light circuit 154a is
constructed as follows. A first segment 156 of an
optic conductor, such as 1 mm monofilament cable,
extends from an anchoring station 158 on the mounting
plate 152a, through the channel 100 and terminates
20 adjacent the recess 94 of the upper pawl assembly 66a.
A second segment 160 extends in the channel 102 from a
point adjacent the recess 94, along the bar 56, through
the channel 100 and terminates adjacent the recess 94
of the upper pawl assembly 66b. A third segment 162
25 .extends from a point adjacent the recess 94 of the
upper pawl assembly 66b, through the channel 102 and
terminates in an anchoring station 164 on the mounting
plate 152b.
Light, preferably red modulated light, is
30 ~sent into the first segment 156 by a light source 168
such as, for example, model FS-MO available from
Keyence Inc. of New Jersey. A sensor 170, preferably
fixed near the supporting surface, measures the amount
of light that has traveled along the light circuit 154a
35 from the first segment 156, across the recess 94 of the
upper pawl assembly 66a, along the second segment 160,
across the recess 94 of the upper pawl assembly 66b,
and along the third segment 162 to the terminal end 172

A
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-19- across the top of the front guide rail 511. The slide bar
392c i s novab¥@99436@3he channel via a |inear slide as TERBSPHE 4

! interfacing the bottomof slide bar assenbly 392c and t he channel .

‘ Slide bar assenbly 392c 5 is also used i |l ocate the tray against the

i back rail after the tray enters an inverted position. Further, a

t general |y bar-shapsgl dneneairaageg@ht 36di.sposechdenarichpawls 74 her

hori zontal base 3 [ Lyea n

cylinder 399 al onge?j?% Q‘%Rg@@ %%h }5%&%\15 Bggn%}r(a ?aﬁgr lR gﬁlgc% ar to the
linear path of thefifstj@ositiong wherein vhe wipfay ¥ldcdnothe nthafdm 393
consi sts of a 108 aldezonbal akigi wdthathbBath&axieldd0d agannd2 yinithe

LTt 1 e e nctal Pplee (LS e clbfihdy 0!

attached to the horizon ngég uch that -
nmoverment of the cafRddy the Ehind segmesh tW&?ﬁéV@rdsgi?tWHéh the cam
393 is f or cetiigledf thematsbytid el igheurahnot Clyasdarod89ret éesenrnd

393 forces the | evgherdShd QnﬁékdﬁaWEIfer ?.H‘ Eﬂ@u‘f‘ rPﬂtst pos:.§95'ﬁd6 rail 511.

When the cam 393 i retract ed forced to slide
forward, toward thz thershy ST klﬂﬁu?ﬂ§|ﬂi 3§1travel of the

10 across the recess 94).

If both of the inner pawls 74 of the upper
pawl assemblies 66a and 66b are in their second
positions (wherein the windows 114 in the shaft 108

. aligns with the channels 100 and 102 in the outer pawl

15 72), the sensor 170 will detect received light at the
terminal end 172 of the third segment 162 because light
can travel across the recesses 94 of both upper pawl
assemblies 66a and 66b through the windows 114 in the

.. shafts 108 of the inner pawls 72 to complete the light

20 . circuit 154a.

) The second light circuit 154b is shown in
Fig. 17 between the upper pawl assemblies 66c and 66d
on the side 48 of the assembly 12. The third and
fourth light circuits 154c and 1544 respectively are

25 also similar to the first light circuit 154a, however,
they extend between the pairs of lower pawl assemblies
70a/70b and 70c/70d, respectively.

i The detailed operation of the sensor

arrangement of the tray inverter gueuve assembly 12 is
30 as follows. When the assembly 12 is not supporting any
trays 14, the outer pawls 72 of the upper and lower
pawl assemblies 66a-d and 70a-d are in their normal
biased position and the inner pawls 74 are in their

_ first position. Accordingly, the sensors 170 of the

ﬁ 35 four light circuits 154a-d cannot detect any light at

the respective terminal ends 172 of the third segments

162 and the light circuits 154a-d are said to be

blocked.




oty

When the tray holder 321 is brought down to engage the guide rails
508 and 511, both levers 392 extend upwardly into the horizontal gap
bet ween the W0 99/0360dwer cross bar 389 and the | ower cover BFRUE?SE4H |
the tray holder 321 is in the hone rotate position as in Fig. 28, or
bet ween the upper cross bar 390 and the _,. upper cover plate 364 of the
tray hol der 321 is di sposed 180 fron1¥%e home rotate position. Wen

% gg 30 gam 393 is ﬁct uat ﬁﬂentmyflcﬁﬁ/%%f Egﬁsﬁ)lﬁa&l sth@zchSSaia@_rzﬁovea387 .
outwar d agai nst_the resistant.forgce of the.|at SpL4ings an
cause the | ower pa%fsw ¥ §%dfs ’r@eacd:emn away ??%ﬁ%}ﬁebggt%fn %Ilrléa]ty. When
the pneunmatic cyliowksr P3gls 72 atthrghadisceshe eaxtiinudaz craes | RA%h springs
387 force the 35 13300 ale¥l fovdowiWhrdle Ggebsstahe $82ckOof ethesn to

Lnel e, "ol S bElign sogpd, g2y, TS bR s £ L0 @
PCT/ US98/ 14441 WD maoyesssd:he inner pawls 74 passively move along_wigth the
outer pawls 72 as one unit. Accordingly, the inner
pawls 74 remain in their first position such that none
of the sensors 170 detected any received light at the.
10 terminal end 172 of the third segment 162. When the
cross bars 132-138 are released, the springs 80 and 82 .
return the outer pawls 72 to their normal biased
position. Since the inner pawls 74 have not moved
relative to their respective outer pawls 72, the
15 sensors 170 will still not detect any transmitted light
at the terminal end 172 of the third segment 162 and
the light circuits 154 remains blocked.
If there is a tray 14 positioned in the bay
54, for example aligned with the upper pawl assemblies
20 66a-d, when the cross bars 132 and 136 are released,
the four outer pawls/inner pawls units of the upper
pawl assemblies 66a-d travel toward the tray 14 because
of the bias of the outer springs 80 and 82. Before the
outer pawls 72 terminate their travel and reach their
25 normal biased position at a point that is not in
contact with the tray 14, the extensions 116 of the
inner pawls 74 travel into the notches 40 of the tray
14 and contact the tray 14. When the extensions 116
contact the tray 14, because of the lower spring rate
30 of the inner spring 84 as compared to the outer springs
80 and 82, the inner pawls 74 move an incremental
distance relative to the respective outer pawls 72, in
a direction toward the respective cross bar 132 and
136. As the inner pawls 74 move this incremental
35 distance, the inner pawls 74 move into their second
position such that the windows 114 in the shafts 108
align with the respective channels 100 and 102 and
allow communication between then channels 100 and 102



and cam 393. An upper photo sensor 397 and a | ower photo sensor 398
are nounted on the sensor nounting wall 396 at different el evations,
but bot h poi ™Wd 294360 a horizontal direction over the FT’Hﬁ%s’léﬁ?de rail
511. 5 When the tray holder 321 is disposed in the | ow posi tion,
engagi ng the guide rails 508 and 511, the | ower photo sensor 398
senses the bottomtray 309a in the tray hol der 321 and the upper

photo sensor 397 of t’heseﬁssﬁ HeLd an .t r aMesObné Reddtwsr axshel dgx w3dh 10

I'n operation, thelnveter (?300 }Sgeﬁ/eo%aflllgg gdeyice tray

that is in the ups’i"l?e hatihe amc‘)15|1t°| én aﬂ t s,eu;?ﬁg?ts dévi ces, such

as sem condreaRssd8¢ @ésthm qq'f@rdeaulauy pesiabilénto crossphg)i ded
bel ow i s one exanpteredls @4programed series of 15 stages of the inverter

operation whgch results in &g%otn inn%%saﬂg%& HalP dchtachelngnd nvert ed,

so as, for exanpl e g position.
Stage 1. The lift E)‘Faé’t 643351'-*‘%“ p‘HBﬁ mokebgs A0 and m‘l"f?éi \?-é‘ltf’l tBeifone
position with the serdrd poshoienf |t Hirst 388 segayl g ghlteciectiesl hone

bhot o sensor 370 ajyd g 15ap wi Phd Aotk ﬁ.e?%& é\gc}P“dH%'%t el Behbis:d O

rotate position e rotate h engagl n erotate
hone phot o ¥Hﬁ§8@l3¥2ce¥ﬁ%‘?F%ﬂf”%&F&ér B ety Fes CeTTiRgE end
enpty tray W t he 12wt phel sh362. séanenu 46a.25 prep05|t|oned enpty tray

which awaits the arrival of 32 5 t ray 14 1ilsedo0be CRETd &n &; tJH
prepositioned tray is in eu5| edown};a’y%tlo I|ft|ng

not ches 36 FRRS P AMS. 288 86&rfir P Hhe 5&§ﬁ t?ﬁ sport ed

second light c1rcu1ts 154a and 154b are completed
(sensors 170 detecting light at the terminal ends 172
15 of the third segments 162) is it certain that the upper
pawl assemblies 66a and 66b have a secure hold on the
tray 14. Iikewise, if a tray 14 is to be held in
position by the lower pawl assemblies 70a-d, only if
, the third and fourth light circuits 154c and 154d are
20 . completed is it certain that the lower pawl assemblies
70a-d have a secure hold on the tray 14.
_ Accordingly, before the pair of nested trays
14 are inverted, all four light circuits 154a-d should
be checked to make sure light is detected by all four
25 respective sensors 170, thus ensuring that the assembly
12 has a secured hold on both trays 14 to avoid any
misplacement or dislodging of devices during the
inversion of the nested trays 14.
With reference to Fig., 1, the inspection
30 handler apparatus 10 includes a suitably programmed
computer system 850 to control the operation and
function of the apparatus as described above.
Preferably, an Intel 860x86 or Pentium computer system
is utilized. The computer system 850 includes an
35 operator interface 851 which is utilized to select
program commands and features and to enter information
into program files.



fromthe left side of the guide rails 508 and 511 to 30 the bay area 306
and is then pushed to the back rail 508 to properly orient the tray.

The filled cayg doma6o3 tray is also in the upside-down BEEUEIEM44Y Lt
supports sem conductor devices in the dead bug position. The

| oner photo sensor 398 senses that tray is di sposed in 35 the bay area
306. : Stage 2. The stepper rnotor 332 is operated to

drive the screw shaft 327 s@rggstérd PiekBedt {AYthe inspeleliofhdrdlamt |
the prepositioned tr

a ngages_th
PCT/ LSOB/ 14441 VO @%9%%%0’% 6%t or1ows. It should be noted thgt the
carrier tray. The feblwingpdesceipbioyildefiodlowene tray £ragp th®ve the
ot her. The pneumat jgréed inmddRne 389 to the dutaé&sméd\ele FvH.398owedet Ne

| evers 392 puysh th? Iowerat'i\ﬂné 56%03?‘}88 %%ggghsagg%gﬁg&v% %FPEQQLQQY10

rel easing the | owe 1 OPEX pa reposi tione .
Stage 3. The tray BEefR¥abiyl precessrs & Pluralityehctra¥sd idtsopswFHBRi tion,

while the |ower cr@ssh the trays being processed simultaneously in each
' of the various modules.

Before processing, the various tray holding

10 mechanisms are adjusted to accommodate the dimensions
of the trays to be processed. The computer system BS50
communicates the spacing between rows of devices on one
tray and the spacing between sequential trays to the
scanner and PVI modules and the PNP module 450.

15 The trays, having devices contained therein,
that are to be processed are stacked in the infeed
module 100. One tray is then indexed onto the linear
path 42 into the scanner module 200. In the scanner
module 200, the tray is transported in the scanner

20 module along the linear path 42 where the devices on
the tray are inspected by the laser scanner. The
results of the laser inspection for each device on the
tray are communicated to the computer system 850.
While another tray on the other bed is being scanned,

25 the tray is transported along the linear path 42 to the
inverter module 300.

After the devices on the tray are inverted
above the linear path 42, the resulting tray is
transported along the linear path to the PVI module

30 400. The camera in the PVI module inspects the devices
on the tray and reports the results of the inspection
of each device to the computer system 850. As the
devices on part of the tray are being inspected by the
camera 401, the PNP module 450 will be moving devices,

35 on the other end of the tray that have already been
scanned by the camera, to their destinations. The
computer system 850 communicates the results of the
various inspections for each device on the tray to the



menber 389 renmai n pushed outward by the | evers 392. The upper paw s
383 cone to rest on the lifting notches 10 36 on the prggositioned tray

Then, the weare/n3®3 are deactuat ed and the |ower crBSHURSHH 389
are rel eased by the | evers 392. Accordingly, the |lower pawl s 382
spring back to engage the carrier tray, vm_%rsc_a_i n the i nside cl anps 386
of the | ower paw s 382 sinultaneously 15 engage the lifting notches 36
of the carrier tragpapddule 450 (e thatt eaRfad P RROBE! t PMeshdritad.

Stage 4. The tray hol.der 321, now secyLing both the prepositioned

tray and the carri® FPaPFPReY 51T/ ge_down posit | ons, is raised
vertically. Wen the 20 Yerthic gleshdnationeBthegegdsd dewicrs i cal hone

phot oOI - _S]f«‘nSQ;lfho%EOtga’Q?ﬁé\Fé %_s%fedth hnséspwelc ifpectddns) sis

ceased. e Lift plat | Wl ot vert posi{ 1 on.

St age 5. Theggear cﬁ%fgr‘a§3g?p;es‘sr¥o}lpee eﬂ"‘35f1}5"‘?354§@1 ?%%gﬁgr%:ﬁet?? a%?osqnol der 321

t hrough 180[err], dfvifesofrom the tnayayoneecatirddtiMor &onthghtaperesults in

both trays . Rivle 906poskily ivteijeetupatghteOsitiosenthabthavd h\dtﬂel .

prepositioned tra 0 t-he cagrie ay hol der
Yodls2R08Rd ?ﬁ%téﬁglo, Eg:%oéf%t:iﬁgrte_ﬁ]gystﬂ@e?ﬁﬂ

321 is no longer in the honme r ) em conduct or
devi ces are now sUMsBHl€eds0 to a yxan e srapErduhd®%ray and are in the
i ve bug 10 position. If the good devicébagte Gto HematihaynheHeler 321 i s

| ower ed unty henRr B Welal=To PRy ; |
carrier tray) enga‘éﬁea "t ﬁ'gg gﬁgzﬂéda%%sqg&géﬂéog%{l&% %%gteg@ Bbbfesto
e tray dule 700. The resulting empty pockets of
the tray are filled with good devices that are
transported by the PNP module 450 from a tray in the
15 tray module 700 to the empty pocket(s) of the tray. 1In
this mode of operation, before processing starts, a
tray of good devices is loaded into one of the bays of

the tray module 700.



upper photo sensor 397 senses the upper

: | evers 392 are
actuated to push the upper cross bar THﬁ;SHEEG56 rd (which are now
bel ow t he | ovweo 9g3ssss bars), 99/ CRERLACED PCT/US98/14441

PCT/ US98/ 14441 “22- ther-eby

rel easing the prepositioned tray. Having bggg_ previ .
t hrough 180[err], the prepositioned tray I's now di 4“““1“'““‘1:““" ||Il
upri ght position and suppor e ciaim:the sem conductor devi*ces 1R the $ive:
bug position and 5 beconmes a carrier tray to nove through the downstream
nodul es. St age 7. Supporting only the enpty tray by

the | ower paw s 382 whi ch arle nowAdbapekues| eamprdsing, in comhimatigaw s 383,
the tray holder 321 is raiseth idfeedVetdtiod)y to its vertical hone

posi tion. T@g cans 393 an %%%fLQS %€%§¥§5:392 are deactuated. Meanwhil e,

t he new carrier tray is transpor vy ‘the outfeed transport

assenbly 502 fromthe bay arigsiotrapspert machapdgmeextendingdromrgaid
enptied carrier trdnfeedSstadion toheai@roghteed station for transporting
' a work piece along a horizontal path from said infeed
station to said outfeed station,
10 a plurality of additional stations serially
arranged along said path between said infeed and
outfeed stations,

a control unit operative to activate
selective ones of said stations to perform

15 predetermined operations on said work piece and
sequence said work piece through said stations under
the influence of said transport mechanism in response
to the initiation and completion of said predetermined
operations in said stations,

20 one of said additional stations is a first
inspéction station positioned, said first inspection
with reference to the movement of said work piece by
said first transfer mechanism being located downstream
of said infeed station,

25 an inverter station positioned downstream of
said first inspection station,

a second inspection station positioned
downstream of said inverter station,
a sorting station positioned downstream of

30 said second inspection station,

said work piece having a top side to be
inspected at said first inspection station and an
underside to be inspected at said second inspection
station, and '

35 said inverter station includes an inversion
unit for displacing said work piece vertically relative
to said first transport mechanism and, when displaced
vertically, turning said work piece to reverse the

This Sheet Has Been Replaced
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15 position and the | ower pawl s 382 are above the upper paw s 383.

Stage 8. The gear notor 347 is oper|aTii§ SKEET HAS B te the enpties carrier
tray through w60asee3] . This ' esul t REPPAGEIRL Etﬂpiy bei RETHIFKEYE] i n

t he upsi de down 20 position agai s the prepaositioned

tray. A subsequent, filed carrier tray is t_5§1_nsported '
area 306 fromthe left side of the inverter nmodul e Hwﬂtml l! EEIH“I
a second series of (i 20 tdeakq) are identical to the L *

different trays are 25 acted upon. The above  descri bed
operation describes only one application of the inverting nethod and
appar at us obosheiemmsy thedupe SDie anchéhesvpdergide off spigswomrly
bleterml ?yed to ag_cgmaéés;s%ihhp ihn}égésb?mﬁt tﬂ&uifﬁ!h@?aicﬁgvortk piece to An
alternative odi nmen Q r. for . ray version
nmodule is il Iq'{]ﬁs)t ratsgﬁéiﬁlisltgg:rans rtln}g%mgghg%ggrtﬁ% haaegs]é’rell‘l‘glt %gn of that
alternative t@rpedpe repetitious of the previously described '
enbodi nents in order that the conmon features of the 35 two will be

evident. Also it wll rr;akez;.t a%grggéagg‘_rus ‘BE cl%gmhﬁv%ﬁgr@nofsaﬁ_ge
features of the alternative "are appltcabl e 1o the previously
descri bed enbodi nefffansport mechanism extends in a straight, linear

10 direction so that said path is a straight, linear

path.

-

3. The apparatus of claim 2 wherein said
inversion mechanism displaces said work piece
15 vertically above said path.

4. The apparatus of claim 1 wherein said
carrier is a tray and said work piece comprises a
plurality of units arranged in a predetermined manner
20 in said tray for inspection at said first and second
inspection stations.

5. The apparatus of claim 4 wherein said
transport mechanism extends in a straight, linear
25 direction so that said path is a straight, linear
path.

_ 6. The apparatus of claim 5 wherein said
inversion mechanism displaces said work piece
30 vertically above said path.

7. The apparatus of claim 6 wherein said
inversion unit includes a frame for capturing and
_ releasing a tray to be displaced by said inversion
35 mechanism.

This Sheet Has Been Replaced
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P
-23- Referring to Fp'ﬂ?, SHEET MAS BEEN pverter assenbl y
12 enbodyi ng wdresassndenti on i s showy. eREPLAQEDasserrPI y 12 RGE/USSHH44IN

conjunction with a tray inverter i nverting devices
sem -constrained in 5 conpartmented trays. "The assenbly 12 can be used
W th various types of conpartnented T?%{’ys. A typi cal

tray 14, simlar to that previou SQll for W th the
assenbly 12 is shown in 3 Fi ﬁéé( azpzfa;fﬁ&%%%Tﬁgg%“r‘ap wf%ﬁtgaéwgener ally
rectangul ar 10 al t hough tR&dt ?ﬁ?‘“%a’rf‘q}é’déls 9aP§?ﬁg°grﬁ?d€§:’“"eame tray

14 has a first or sp3cddiddesmambens betovemimmwhich a tydywria ippgivtiopetket s
1?- Tlh_ettra]y 14 Ea?néh Sﬁp(H&g.doﬁnﬁersiotEQ{&iQTBaﬂmacgl%Q I&?é’l'd&s]E Qerg: n a
plurality of _pocke . : e pocket s a are preferabl
arranged in Ir’g ?rg?ﬁlﬁlté' é’%l ﬁlﬁ@paﬁﬁtsr Arrapge h%f‘rzb‘?te‘éﬁgfctsia\’/@ ’F’a%%s 16
and 20. The devi cememkgrese andused i n the pockets 18 or in the pockets

22. The tray 14 includes a wadg et set in%ﬂ;udésséldﬁaﬁdgﬁ %@rt%'a%‘ﬂﬁ edge
28, an end edge 30 a, cor orner 36 and a

_ corne : er.34, a

| corner 38. 20 PP %eer?alﬁlya,mpt ﬁ‘gm%ﬁ%e?ndsf?alc aedkS 1B TRERRALE o

i deternine the oricRedGie ¢ spédt frame betusepest first positdan im Fig. 26,
1 each side edge 24 eng@fentat Whi€h€hiNtray in said frame and a second

position spaced from and out of engagement with a

tray.

_
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two recesses or notches 40. The tray 14 nest together with the
bevel | ed corners 38 adjacent one anpPTier SHEETHR 4t acked one upo

anot her . WO 99/03603 Ref erringl backpg LE('}Ebé BEENt he asspé:ﬁﬂlswn%éﬂ
functions to rel easably secure one e _ il a time within
the assenbly 12 while the trays are being _,q_ inverted, i.e. rotated

t hrough 180 degrees. 30 Preferably, the assenbly 12 is designed to

accommodat e one W dthy, of tR&@Yappar@tukhef €lsimreesneeewnen the side

edge 24 and the side edge 2Q. glégg\gvgﬂé otfh%agasgg%% febers of Fggagé%g be

constructed to be adjustable hus o .en one asseib
accomrmodat e varyi ngR¢ReRHAGF hodds a iprgpesirioned tray in said fpppe as
reference to Fig. d7catidieermntzeybtyntldining saillasnitpais befingnds 42 and 44

and a pair ofg side 4 h ' |
generalpl y 5 V\D&éé‘?so‘?blg:??d to saf® ALIs4bhhEEal i&) WIRE thePBbEoRE of

PCT/ US98/ 14441 said clamp members of each clamp sey _engages sPéétangular,

spaced cover pl at esabfiemnctrey @wheatit 553 positioned in said inversion
station, said prepositioned tray being empty of said
units,

10 said trays having a predetermined thickness
and the clamp members in each clamp set being spaced
relative to said tray thickness to hold said
prepositioned tray in engagement with said carrier
tray,

15 said inversion mechanism rotates said frame
and the trays held therein 180 degrees and transfers
said units from said carrier tray to said prepositioned
tray,

| when said prepositioned tray is returned to

20 said first transport mechanism said first one of said
clamp members of each of said clamp sets releases said
prepositioned tray for travel to said second inspection
station, and

% said second of said clamp members of each of

: 25 said clamp sets maintains engagement of said carrier
tray with said carrier tray replacing said
prepositioned tray in said frame to function as said

3- prepositioned tray as a subsequent carrier tray is

transported to said inversion station.
30
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best shown in Fig. 19). The cover ﬁm defines a tray bay
54 which is an area in which one ¢rfHl B 14 are held. As shown
in Fig. 1, tweshesebs 5 is fillled wi REPLAGEDay 14] A paPET/B$984444} f ener
bars 56 and 58 are positioned between the cover plates 50 and :
52, with one bar 56 positioned adjacent to 2 general ly parall el
vmth the side 46 of the assenbly 12 -4%d the other bar 58 positioned

adj acent to and 10  generg] |y gpar auaséamg bl 9235 @ielzd he asserbl y
12. Each bar 56 and 58 |ncI udes centr,al .el on ortlon

60
bounded by a pair of general$3t% é&?ﬁﬁﬁﬁ?’érm%‘fﬁmsm lgﬁﬁ)‘r’? Hifs SBPPRAE 64.
Four upper paw agdiztbreecendrings8kidobframecarkb inclgdinara senendd bet ween

the cover plates i@aﬁgﬂoii@ mé/wdhsm fortbslém; A9 TBLeLEnSHGm A A8R bei ng
adj acent the_bar t Wo assterrbl :Ies 660{'}31l d _66d being

.
adj acent t he bar §1aﬁ"é?e?%\tﬁi}d IfPIEs?oEF anism i es 66a-d
are identical. Tipatbhpper pawl 20 assenbl y 66a Is axially aligned across

the Prgly 54 with the mmer r%%é€§§ﬁé@|ﬁ/ﬁééﬁ¢e§.ﬂ65§nféﬂd Imgpgaﬂawl
asse ned_acros e Wi er
paw as}s/enbl y 66c ggfﬁ # %\gre[ v%’%sgtg o‘f1 B th ned %%)id carrlé]r tr}%é'v\ﬁg

assenbl i es 66a/ 66deiRg bEanEERL tad tgefaidl 4 9"%1011 E&Fél‘-?%b to each ot her.
Li kewi se, tyg |ower pawl asgevibldidng’dafbdat said iAvRraién hewwmddnbet ween

the bar 56 and th e%%\é%&i@%a%c? the [pﬁesgﬁcéggfgﬂd‘ui %‘9&5:189"‘45:{251%%' 188 70C

and 70d are house he cover
f our inversion statlon to activate said second transport

mechanism to lower said frame into engagement with said
carrier tray and for engagement by said first one of

15 said clamp members with said carrier tray and said
activating means further operative in response to
engagement of said clamp members with said tray to
activate said second transport mechanism to raise said
frame for rotation of said trays.

20
11. The combination of claim 10 wherein said
first transport mechanism includes
elongated guide members arranged on opposite
side of and parallel to said path and engageable with
25 said carrier tray,
and drive members selectively engageable with
said carrier tray when said carrier tray is engaged
with said guide members to propel said tray along said
guide members and said path.
30
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30 | ower pawl assenblies 70a-d are partially-hidden from Vi ew by
t he upper pawl assenblies 66a-d in| FHIS. SHEET HAS BEEN' eferablyy the f our
Iovver pavvl asvReEm3eds 70a-d are IREPDACED ang the | \%' W“

'S amallmu uablUbbLrIeDy54WIththE|OV\BI'

gg\r/\,{osgstsﬁmnl“‘g““umg d the I ower pawl_assenbly 70b is axially aligned

| oner pawl assenbly 70c, so that the two

sets of al'igrfed"| ower paw = agsenbhé Qﬁ)paratusV\Qf%iQﬁﬁQQ) wherein said
PCT/ US98/ 14441 - 25- 70a/ 70d and

70b/ 70c are genera??’iltlﬁla?r §FP§F°?01%%lc%des ot her . The
four |ower pawl assenblies BORigkaand place tabheRHQIAEEIM RE EBidr
pl ates 50 and 52 spn-aé‘rglcbnbetst;_onyert ically axially aligned with a

correspondi nTg_;. upper anﬁgfSﬂ@%“%%getﬂﬁf&ﬁcg%’é?ﬁ{fhmCor dingly, a

pair al i gned upper ower
66b/ 70b, 66¢/ 70c or 66d/ 70dawﬁFEﬂra”F*@%‘@§’aP§?éﬁtb§/r°m Saldemaﬁbr #Rd bar 56
or 58 are positioned betweesellbetdd mearsO\ferr peatesivélarattizathngour

| ocati ons. said pick and place assembly alternatively
to displace units to said tray station,

10 and
to displace units to said taper station.
13. Apparatus comprising, in combination,
an inversion station,
15 a first transport mechanism for transporting

a tray to and through said inversion station along a
horizontal path,
a frame,
a support fixture engaging said frame
20 -; including a second transport mechanism for raising and
' lowering said frame relative to said path,
said frame including a plurality of clamp
sets for capturing and releasing a tray,
each clamp set including a pair of vertically

25 spaced clamp members and each clamp member being
movable relative to said frame between a first position
in engagement with a tray in said frame and a second
position spaced from and out of engagement with a
tray,

30 ' said trays having a predetermined thickness
and the clamp members in each clamp set being spaced
relative to said tray thickness to hold two of said
trays in said frame and in engagement one atop the
other, and

35 said support fixture including means for
rotating said tray to reverse the positions of said two
trays in said frame relative to said path.
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Referring now to Fig. 18, one of the_upper pawl assenblies 66a is

shown in enlarged detail. Since TH]S]QHEEI[JHAQFBEEN' awl assenblies 66a-d -
are preferablypogmaces identical, only the &Eﬂlﬁcgﬂa""' apsenbPOTHBWAM4L| be 15
describ pper paw—eassert-y ! i ncl udes an outer

pawl 72, a pair of rmuntl ng bl ocks 76 and 78, a
pair of o ﬂﬂm lﬂﬁ and 82 and?dn inner spring 84. As will be
expl ai ned Ute&PEaQ%gg a%“%ilfﬁ%ﬁ Rafé Jhefgfﬁ %gld

selectlvely aneabIe as a unlt plates 50
and 52 and the i nsecopavkranpposrt mecmn%‘é‘!‘é&ﬁﬂ?é%”nﬁ%ﬁb\‘%"%th respect to
the outer pawl 72verticallyrafcdienlslajd paehouter springs 80 and 82 have a

hi gher spring rate than does the inner spring 84. 25

The mounting bl ocks 76 and 78 are spaced l.ative o each ot her and
are positiongd one block 15- Th§ éEBﬁFaE‘é%rPferﬁ}a&f“ fRevREXEHbrti on 62 or
64 of the bar 56. Easdidmirsimendnblodas Afelatdvedyhaspacedorhde86

and & flange 56, FagndlgoksudforUhilh & ecdfl SR i300i0a wndditn thad | ange

portions 88 extend toward one

ast eners ext ends
through the cover YHVgrgion Stat’fﬂ? aﬂ‘ﬁrﬁﬁ@;ﬂ %lﬂ%&?t%aﬁ?’a’?%es&rb%&%hvel Y,
t hrough the ofbari8bsiddrmemiertsheandunti ng bl ock 76 of the vertically

adj acent | oygr paw assenblaac?lpaclae@dsteer QHQi‘uéébe £k 38 verfpi@euquZ to
hol d the nounting bl oc

6
position. As such,® p[aﬁgés g arfﬁembers anf}l Sﬁﬁg %Rg’n@e?éeﬁnﬂ b’&?"%@ ®are not

moveabl e with relatdypeto said Hyagevbetyear e HOrsdngoEtien elrth ot her.
: engagement with a tray in said frame and a second

position spaced from and out of engagement with a
15 tray.

16. The apparatus of claim 15 wherein
a first one said clamp members of each set
engages and holds a prepositioned tray in said frame as
20 a carrier tray containing said units is being
transported to said inversion station and the second of
said clamp members of each clamp set engages said
carrier tray when it is positioned in said inversion
station, said prepositioned tray belng empty of said
25 units,
said means in said support fixture rotates
said frame and the trays held therein 180 degrees,
when said prepositioned tray is returned to.
said first transport mechanism said first one of said
30 clamp members of each of said clamp sets releasing said
prepositioned tray for travel out of said inversion
station, and
said second of said clamp members of each of
said clamp sets maintains engagement of said carrier
35 tray with said carrier tray replacing said
prepositioned tray in said frame to function as said
prepositioned tray as a subsequent carrier tray is
transported to said inversion station.
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- 26- As best showh THIS SHEBT HASBEEND, t he outer pawl
72 is gener awome@haped and incl ufles a REPVACED passEGENIP ST o
recess 94 axially aligned with the 'b2 a pair of outwardly

extending flanges 96 5 and 98, a pair o el ongat e aX|aIIy al i gned
channel s 100 and 102, an upwardly ext nding wall 104, and an

outwardly extending nnuntlng7tagm;p§ paratus of claim 18SyR&séishown in
Figs. 18 and 19, the inner

es a s 08 haying a
first end 110, a 10 secon%a’ednﬁff?séﬁW%e‘hé%aﬁ&s &ﬁ ﬁaoﬁ'ﬁ% her.el n. A
pawl extensi on 1lGuppostciivehne abovecpdidipath ahEaid carsherttnams isthe

extengi on 116 is %ﬂl%a&anw&ﬁ@mttloa@am J.nveﬁhz?iﬂ%tﬁﬂt&dnso as to be
novea e within the passage n r es in a
g eSS0 varing Hhand e LIS ANEL18R OB 65

chanfered or~sl oped 15 € i nner
posi ti oned WwespoRsine %Qn%he|ﬂ¥ﬁﬁeﬁgeseéhﬁ%%QHCQHﬁéeéxFéﬁgl%ﬂl%EH? i s
housed in the passiapetaiofseatiohacsagtlivif8 $8id second transport

mechanism to lower said frame into proximity with said
carrier tray for engagement of said clamp members with

10 said carrier tray and said activating means further
operative in response to engagement of said clamp
members with said tray to activate said second

transport mechanism to raise said frame for rotation of
said trays.

15
18. The apparatus of claim 1 including
a pick and place device in said sorting
station operative to remove selected ones of said units
... from said carrier tray as it passes through said
20 . sorting station, and
third transport means for means for moving
said pick and place device with the selected unit
laterally of said path.

25 19. The apparatus of claim 18 including
a tray station at said pick and place station
but spaced laterally of said path,
said tray station including a tray and a
support for that tray, and
30 said third transport device moving said pick
and place device laterally to said tray at said tray
station after said pick and place device has selected a
unit from said tray in said pick and place station for
deposit of said selected unit in said tray at said tray

35 station.
[T
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partially housed in the recess 94 sqg-that—the—entd—112
108 is adjacent the wall 104 of the |oTHIS/SHEET HASBGE t2.
The i nner pawwo#énises noveabl e rel atilve t oREREACED qut er PEHPSIEO44Et ween
a first position wherein the rmdow 114 1 n the shaft 108 does not
align with both of t he channel s 100 ggd 102 in the outer pawl 72 so
as to 25 al l ow the channels 100 and 102 communi cate and a

second position wherein the 4 ndaflelidohfatile H'21hih08 whereinis al i gned
with the channels 100 and 102 so %s to ﬁ' i cati Ofﬂ b%tween
Sggu ave a 1xrs

the channel's 100 and 102 acr3fsid clamp m?'ﬁ'%e’F%c"efsfﬁﬂ The
i nner spring 84 sumpostihilentielativet td08aid frame Fnd inneaidpiinsfy 84

normal |y biases th%ob@@%gmniéngageablé%imta khayexhessi ®nedabfe ext ends
outwardly fromthe passa evAt/aa%/nP q,brectlog avay cf”;l n;otnhe tab
106 of Sthe .outer paw ® a 'ﬂﬁ?ﬁ% Stackef ff?ﬁ i BORECTed 35
to the outer paw Pispilaped sfram@addt §1ret apesition aadr in Wthh ghRyY 74
within the passageway 93t éngaddablle Ri8hea 424y in saidafeaserudmil to the

gg/ebsgg\/\dl 4Z§1over each Changesexgs%g at saidagfianqpognembers sgps:%% %%03
position of said clamp members and operatively
10 connected to said second transport mechanism to disable
- said second transport mechanism if said clamp members
are not in their first position.

of the shaft

21. The apparatus of claim 22 wherein said
i5 sensor includes
a light source,
a light receiving mechanism,
elongated light transmitting members
extending from said light source to said clamp members
20 and from said clamp members to said light receiving
mechanism,
said clamp members including a channel there
aligning with said light transmitting members when said
clamp members are in said first position and out of
25 alignment with said light transmitting members when
said clamp members are in said second positioh,
said clamp members having light interrupting
surfaces surrounding said channels and light
interrupting surfaces being aligned with said light
30 transmitting members when said clamp members are in
said second position, and
said light receiving mechanism operatively
connected to said second transport mechanism operative
to disable said second transport mechanism when light
35 is not transmitted thereto.

* c L L S *
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-27- Referring nowto Fig. 18, the outer pawl 72 IS
posi ti oned between the nounting bl ﬁ%ﬂk HASCBEEN | t hat the nounting

tab 106 ext emasoomadodar dl y fromthe pPl at eb 50 arf§TE5% 1Y
direction away fromthe bay 5 m'“ =ation, the flanges 88
of the blocks . 76 and 78 allgn W|th a% spectlve flange 96 or 98 on
the outer pawl 72 and one of the outer spri gs 80 or I s positioned

between the flange 88 of thay blegkSagifiratus o@rczglﬁngz tifeddianggig6 or 98

of that outer pawls 72. 10 In this position, the outer pawl 72 is
noveabl e r el 3§98°F fBtHE®Eover plates 50 and 52 along a path
defined by the cover plate B0light #$eurdh and the nmount i ng bl ocks 76

and 78. The outer springs 8@ Q@gh§2recelvn;g a=chBgiom) er pawl 72 such that
t he bracket 0 15 extend outié\eédi%qnt QT %ngllg ove t SQver plate 50.
As shown in Figs. 19, 22 an(? 9394 ansmt Hsenbl i es 70a-d
are substantial |y eseending from said lightymemrcgatp asyérmlam ngghegs

however, with the and frcfnoldaqw amaﬂpfﬁaﬁw&o Eaedovight pPedeifdngf the

| oner 20 pawl %F@A 70a-d further includes a mddle bracket

126 extendi ng outwar T70Um the outer pawl 72. Wth respect to the
i nner pawl 74 of the Iovver Faid clamp membens)ingsdudingqa %wq%éheﬁa\m 74

i ncludes a oM aligning erithoealdblidtet transmittengi Members begusaidend
25 portion 130 (Fifl mdmbers are in said first position and out of
alignment with said light transmitting members when
said clamp members are in said second position,
said clamp members having light interrupting
15 surfaces surrounding said channels and light
interrupting surfaces being aligned with said light
transmitting members when said clamp members are in
said second position, and
. - said light receiving mechanism operatively
20 'i; connected to said second transport mechanism operative
N ‘to disable said second transport mechanism when light
is not transmitted thereto.

_—_—

A A

This Sheet Has Been Replaced -

[T




Referring back to Fig. 17, the tabsp406—of the pair of upper paw
assenbl i es 66a and 66b on the THISISHEET HAS ply 12 are connected
with a cross Rahen3sns 132 that is]securREPLAQERach tjab 106PaI/USP8A4441
fastener. 30 The tabs 106 of the parT—of— assenbl i es 70a

and 70b on the side 46 of the assenbly 12 are connected Wi th a cross
bar 134 that is secured to each tab 106 -47- with a fastener. Con

Li kewi se on the side 48 of the asse 12, 35 t.he tabs 106 of .the pair
of upper paw assenblies GGCZE‘ A mggﬁ%dG%% APeEEANEC gﬂpﬁ?hngatgreoss bar
136 that is stepsrefl to each tab 106 with a fastener and the tabs

106 of the pair of |ower pavntizdaelbhges pNoraAity’0d units WOKH/ 03603
PCT/ US98/ 14441 are connected

with a cross bar 1§§sFﬁ%?ecli siné:é)c&g‘eér_‘?%t sl‘fatioel?dch tab 106 with a fastener.
Thé cross bars 132, 134, 136TANEPPI8iRgesaid units, frep eaidelnmited avay
fromthe bay 54 instheismnme a first inspection station along a generally

horizontal path,
inspecting said units at said first
inspection station,
10 transporting said units from said first
inspection station to an inverter station,
moving said units at said inverter station
vertically from said horizontal path to an inversion
location directly above said path and rotating said
15 units while said units are in said inversion location,
_ returning said inverted units to said
i horizontal path after said rotation,
é transporting said units from said inverter
i station to a second inspection station,
20 transporting said units to a sorting station
from said second inspection station, and
sorting said units at said sorting station
based on the inspection conducted at said first and
second inspection stations.

25
23. The method of claim 22 wherein the
transport of said units through said stations is along
a straight, linear path.
30

| m
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5 manner as cross bars 389 and 390 are activated in the previously
descri bed enbodi nent to actuate noveTRIStSKHEET HAS BEER4h outer aV\A 72/| nner
paw 74 uni twoebmeistyve to the over peppA 50 arld 52 Bf

direction away fromthe bay 5% Cross bar 132 and the
cross 10 bar 134 are individually novablg by a first nechanism

such as an air cylinder and camand the cross bar 136 and the cross

bar 138 are individual | y nmoygablhderthod of SE&DRNRITHMABGSAYSHEH as an

air cylinder and ca)hﬁ shoul d be noted that other nethods to actuate
novenent 15 TH7E c?gss bars 132, 134, 136 and 138 can be
utilized. said | unite hedngefepded HIGP 2 Parrher 4&53¥m v

12 includes a plunger 144 bpbseeiomily axpeegbsitioned rasgr dhysaidm t he

cover platesg50 a”;ﬂw%%t%@ Eﬁﬁtfkﬁk@ pAi?lo%Dto %ewﬁ%ﬁiﬁﬁ%‘%n i ef’xgi’@é 146

ext ends out vvardl pl ates 44 of
t he assenbl"fa]?z tWﬁéIHO%Ye% aﬁ’?&t&PBnger 144 are axially
al i gned al ong a center pivobrangind aidAtrays dhtedereyagement gui sl@sd 150

extends inwardly 'ﬁ&ﬁs*l%nb%céémﬂ_%c?%%aiﬁn sawlgg@ 150 are noveabl e

and function to enapl e assenh cconnDda e variations in
| engt hs of ﬁ’r’%ai‘ﬁ"?"ﬁli'h%“ b%&ﬂ-d:'#m’ﬁrﬁﬁﬂﬁt AP en Ehexshyy s
nount ed adj aoent etxdnsffeririagf said paiits dronl sghddcarrier twpgetoasalid ower

pawl assenblies 66500 +38R640Pray0 66¢/ 70c, and 66d/70d, respectively.

The fun n of the tray inverter el hol
ong OE f&gotrgystlz ;tag Llﬁgaﬁgpoégfﬁgﬂ%éﬁd prepos;tlone&J%ray Egsggig ol d

path and leaving said carrier tray in said inverter
station to then become a prepositioned tray to
15 cooperate with a subsequent carrier tray transported to
said inverter station, and -
said prepositioned tray to which said units
were transferred at said inverter station beihg
. transported through said second inspection station to
20 :" sgid sorting station.

25. The method of claim 24 wherein said
units are displaced vertically above said path.

25 26. The method of claim 25 wherein the path
of movement of said carrier tray is a straight, linear
path.

* Cc L M 0§ x
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the bay 54. To acconplish this, the upper and |l o paw assenblies

66 and 70 are selectively noved s HAS!BEENEKt ensions 116 of the
i nner pawl s v s%@ssode retr d w thin thePRBUSHE44U0 of
the trays 14. Wen the extgnsion ft-khed upper or | ower paw

assenblies 66 and 70, respectively are within the WO 99/ 03603

PCT/ US98/ 14441 -49- -29- not ches 40 of a

t 14, the t 14 b hth
(ray Lo Lhe LTay 14, con Doyl Y pecnoq LOvELEG 9 Skatatpi D (he

tray inverter assenbly 12 @FPHS%?%P-PF‘F—EEdaS"-raﬁW (?Gl’rj‘iuﬁé'ﬂ“%np’%‘i‘h taray
I nverter nechani s@En382rriée tray coatadénbhy d2id amimsnbedngnttiamsporxyed

i nverter mechanis P &Y e sk gggﬁr 144 and dowel 146. To start the
cycle, the asserrblqg)'? f%l%as seculredsl n the'b ¥*E first tray 14. A

setond tray 14 is support ed®@¥A0g f@‘l PTEBPD *Wiﬁﬁagcéngﬁch as gui de
rail s and has deviengagement with lsigocherietStxdy twhen gpiducdncier16. Wien

t he devices.gﬂaythg $RCHNME timerbdonesdatode flipped over,
' "displacing .said prepositioned tray and
carrier tray simultaneously above said path and
10 rotating said trays to reverse the position of said
tray so that one assumes the position of the other,
lowering said trays toward said path and
positioning said prepositioned tray on said path, and
releasing said prepositioned tray for
15 movement along said path to said second inspection
station and raising said carrier tray above said path
to the position vacated by the prepositioned trays.

The

28. The method of claim 27 wherein said
20 inversion mechanism rotates said trays and the units
therein 180 degrees to transfers said units from said
carrier tray to said prepositioned tray.

29. The method of claim 27 wherein said
25 carrier tray left in said inverter station is rotated
after the transfer of said units.

30. The method of claim 24 wherein
said sorting station includes a pick and
30 place device removing selected ones of said units from
said carrier tray as it passes through said sorting
station, and _ _
said pick and place device selecting units
and moving them laterally of said path. '

’ * [ L M S *
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e

{ assenblies 70a-d gelectéd CudiqUsed s%&h%%%gﬁl}:}gés%ggﬁdd'

the assenbly 12 with the first tray 14 secured mﬁthin_ the bay 54 is

noved (such as downwardly) by the 15 T'l WSIBEERChani sm until the
first tray 14WOa0346X s and ne$ g # qA pSeco t r aPCTVYSHBR41 10) .
The extensi ons 116 (preferably Wor—paw assenbl i es

70a-d) that hold the first tray 14 mnthln t 5 assenbly : 12 are
retracted fromthe four notches 40 of the first 20 tray 14 by retracting

the cross bars 134 and 138. 31, The method of -gl%.n.ﬁﬁ%@@hé’l&@u{gs further

noved downwar dl y (approxi _mat el [a such that the
extensi ons 116 of the upper pf\ﬁ“&?&@ﬁbﬁ‘éﬁa%ﬁgﬁcﬁpg Sald Q@ N¥hed with
the four notches 49téﬁl?¢mbﬁﬂrﬁﬂ?cpda}atqréiiy of &nddtpetbxtem$|ons 116 -of
t]tlet Ihovver paw assenblies movmg7eaid g{.}@: addcgzgmc\éﬂ hbvibe i&é&%@&ches 40
0 e 5 SEeco [,0 ar
are then rel éased Eg %%fy éf%? §ﬁ§d53§ﬁe¥$l ¥ 4, said pag 574116 of
t he upper pawl assé'l’rﬁlﬁ%%d&li]a"?f 8e¥ige has maiasted; Pthlthérmta,ﬁhds 40 of
the first tray 14 &mey in said I‘mrﬂhgnSt@ﬂforﬂ-%dOHebbErEDN\?r

the second tray
14. The extensions 116 along wt ets 1 5 Yhd 126
wll maintain the orientation of the first tray 14 35 relative to the
second tray 14. The two nested trays 14 are then raised

; upwardly by the lift/lower nechanism

: The rotation nmechani smis then
actuated to rotate the nested trays WO O O
] * c L M S *
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- 30- 14 through 180 degrees about the pivot axis 148. Duri ng
the rotationwd émaghsvi ces are transferred from t he pachratsss/s@4ion t he
top surface 16 of the second tray 14 to the pockets 22 on the bottom
surface 20 of the 5 first tray 14. Iln Qt her words, the devices are
flipped over such that the device !L]'rface that used to abut the
second tray 14 is now visible and can be inspected. The rotated trays
14 are then lowered to the supporting surface by the lift/l ower
mechani smuntil the first 10 tray 14&caortac t he supporting surface.
The cross bars 132 and 136 ofQ@t heRapp Hﬁ assenbl ies 66a-d are
retracted thus releasing the first §ray 1 ']c ow contains the
devi ces) fromthe assenbly 12. S h%asserrbly 12 with the
second tray 14 held 15 by the exfensi 11¢ oRxthe | ower paw

assenbl i es 70a- dis raised u rd he lift/l ower nechani sm and
t hen rotated through 1@ degre®s abo vt axis %48 by the
rotati on nmechani sm The® Coabi Lon % ext ensi ons\ 16, the guide
brackets 120 and the bracket I T 1\
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20 126 maintain the positioning of the second tray 14 wi thin the
bay 54 of the assenbly 54 throughout the rotation. The second tray
14 nust be r @icdomssoby it sel f - to maintain the proper PEFUENY 440N of
the assenbly 12 for the next inversion cycle. The first tray 14 can
25 then by transported to an inspectifiestation. The process can
then begin again in that the assenbly 12 and second tray 12 can be

| owered to contact a third tray 14 having devices therein that are
to be inverted. When the extensions 116 of the upper and
30 | ower pawl assenblies 66a-d and 70a-d, respectively are noved
into the notches 40 of a tray 14, { is inportant that a sensor
arrangenent nake sure that the ext§$§ions _ 116 are positioned
properly within the notcheg_40 bef

the tray 14 is not

orientation in th
be transferred prg§§

t he tray Jl4 is inverted. If

b n the correct
Co—héasse 2 = Rel devi ces will not

M | (PO =RpboreRpP- ray 14 to a
correspondi ng adj acent } e LM& H
PCT/ US98/ 14441 | M
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the nested tray 14 and may even
Wth specific reference to Fig.

12 utilizes awphovsmseoptic 5

shoul d be

positioning of the 10

not ed,

however,
arrangenents coul d al so be enployed in @/dée of the
phot o optic sensor arrangenent uses
ext ensi_ons.

di sl odge entirely from the trays 14.
17, the tray I nverter queue assenbly
sensor arrangenent for thisPEUU$esedl |t
that a switch arrangenent or other |ike
phot o- optics. The
light circuits to determ ne the
Specifically, there are four |ight

circuits 154a-d of which only the two |ight chrcuits 154a and 154b
associated with the upper payl assenblies 66a-d are vi T .
17. Fig. 17lillustrates two ¢f the Iight cirdijtls
154a and 154b. ght—TrrTort—154a ijs | const rjydtle 5
follows. A first segnent 156 of an ppt i;c conduct or, sugh as
nonof i | ament cabl e, iy an horing statiYn {4159 |on] t
nount i ng pl ate 152a, }t niannql 100 and t ernijn4dt|ds| pp
adj acent the reg H seqbly 66a. A Islecph
segnment 160 extgnds in the 4h nneh poi nt adjlgdenk | |
recess 94, alond the bar 56| hhro hF'“' t&f channel 100 t es
adj acent the ess 94 _= ' 4{ o B assenbly 66l ird
segment 162 exi—:ends frl \ !Eﬁ‘l‘ acent the rec dy he
upper pawl asSenbly 66b, t thn el 102 and §§\\ ates in
an anchoring $tgtion 164 onlﬁhé° \\ ' 9
thi |
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pl ate 152b. Light, preferably red nodulated light, is 30

sent into the firikﬁfegnent 156 by a |ight source 168 R@sug!&as, for
exanpl e, nodeWOP®0IP3 avail abl e from Keyence | nc. of REWUNBALHM) A
sensor 170, preferably fi xed near the supporting surface, neasures
t he amount - of light that has tra&ydleed along the light circuit 154a
35 fromthe first segnent 156, across the recess 94 of the upper
pawl assenbly 66a, along the second segnent 160, across the recess
94 of the upper pawl aASSENDIy 66D and al.ong the third segnent 162
to the termnal end 1ﬂ2 WO %9/03603
- PCT/ US98/ 14441 o~ 232 of the third
segment 162. If the inner paw s 7h of ei t herguipper pdwl. assenbly 66a
or 66b are in th fiifist phsitions (where|nNjhe™wi ndqow 114 in the
shaft 10 gn Wi th the channel s}108~and 142 in the 5
outer pawl 72) .y SE 0 adfacent ‘the terntnal end 172 of the
“third segnment 1 i Qi Izl pct'any
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e e+ e n

| i ght because the |ight cannot pass across recesses 94 when the inner

pawls are in their first position (thereby bl ocking the path of
travel of theyblogiHerslO across the recess 94). pcT/usoshhiasbot h of
~the inner pawls 74 of the upper paw assenblies 66a and 66b are in
t heir second : positions (wherein thyie ndows 114 in the shaft 108
aligns with the channels 100 and 102 in the outer pawl 15 72), the
sensor 170 will detect received light at the term nal end 172 of the
third segnment 162 because |ight can travel across the recesses 94 of
bot h upper paw assenbl i es 66a and 66b through the w ndows 114 in the
shafts 108 of the inner pawls 72 to conplete the |ight 20 circuit 154a.
The second light circuit 154b is shown in ; twveent-ke upper
pawl assenblies 66¢c and 66d on the side 48 of the assenblly 12. The
third and fourth Iight circyi kg $$4c q@d respectrrvelly_dr ay25
also simlar to the first |ightgchr dyi 154qn ho =ana—rhey ee!end
bet ween the pairs of | ower pavvl%a bl es 0) 0 b a 7 |
respectively. ?g N TR\ data led per avi gggﬁhe ns
arrangenment of the $Way inveyder Aply P s Fgl | »
When the assenbly 12\ s not ¥su S wrxg _14 /e Jouter paw s
72 of the upper and | r Paw Iie§2 - d are in
t hei r nor nal bi ased posit} oglanyl the¢|i nner Hw = eintheir
first position. AcbrdNngly, &fie] sehso N170 of the
s Q\ X =19 i
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35 four light circuits 154a-d cannot detect any |ight at t he

respective termnal ends 172 of the third segnents 162 and the |ight
circuits 154awehmasosai d to be bl ocked. WO 99/ PCHUS98/14441
PCT/ US98/ 14441 - 33- When
any of the cross bars 132-138 are noved6/16  outwardly in a direction away
fromthe bay 54, the outer pawls 72 attached to the particul ar cross
bar 132- 138 al so nove outwardly against the force of the 5
springs 80 and 82. When the outer pawls 72 are so noved, the inner
paw s 74 passively nove along with the outer pawls 72 as one unit.
Accordingly, the inner pawls 74 remain in their first position such
t hat none of the sensors 170 detected any received light at the 10
termnal end 172 of the third segnent 162. When the cross bars
132- 138 are rel eased, the springs 80 and 82 ¢t urn the outer paw s 72
to their normal biased position. Since the ifiner pawl s 74 have not
noved relative to their respective outer p s 72, the

323

332
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15 sensors 170 will still not detect any transmtted |ight at the

termnal end 172 of the third segnent 162 and the light circuits 154
remai ns bl ockge.99/03603 If there is a tray 14 pospétogedsdsn t he
bay 54, for exanple aligned with the upper pawl assenblies 20

66a-d, when the cross bars 132 and 136 av#érel eased, the four outer
paw s/inner paws units of the upper pawl assenblies 66a-d travel
toward the tray 14 because of the bias of the outer springs 80 and
82. Before the outer pawls 72 termnate their travel and reach their
25 normal biased position at a point that is not in ‘contact with
the tray 14, the extensions 116 of the I nner paws 74 travel into

t he notches 40 of the tray 14 and contact the tray 14. Wen the
extensions 116 contact the tr 14,'pecepse of the |l ower spring rate
30 of the inner spring 84 sf C ed togth@ outer springs 80 and
82, the inner pawl s 74 nove a@.\i ndy ennt al dista%?e relative to the
respective outer paws 72, in di rec LLQ_meard he respective

no hi s i ncrenental
position

cross bar 132 and 136.

35 di stance, the inner pa

S
such that the w ndows 114i@t|‘ align wth the

. respective channels 1 andnﬁﬁzz?l aryow conmujpi cjti on between then
channel s 100 and 102 s n A f &
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WO 99/ 03603 PCT/ US98/ 14441
- 34- of the outer pawls 72. Wen the windows 114 align with
~the channel s wo®%e3seB 102, |ight on one side of the r eEEHYSBA4HR t he
- outer pawls 72 is able to cross the - recess 94. 5 | f
~both inner pawl s 94 have contacted the 8/16 tray 14 within the notches 40
{ and noved into their second position, the first and second |ight
circuits 154a and 154b whyl | be Ranpl et eksuch that t SensQrs
170w Il receive transm tted |\Wght at « o) v nal end 10 172%f the
third segment 162. W ) If a e ™ is to belheld:] n position
by the upper p& ASSENDL\ €S oba- 0 ﬁ;y 1T, theffirqst arp

second light circuits jotaognd’ 154by@mre c Ietmqll o) 1s. s 170
. detecting light at thefternmynal ends hiz2 t he |t hilr d=sgpnment s 162)

is it certain that the upp_e pawl §s§_m|g§ ahd 56 have a
secure hold on th 14" Likewise, if atT ™

eldin
- position by the | der aV\T"seanles 70a-d, onlyl$ |§§land
fourth light circuf¥s Q}E;bn 154d are 20 conpl Bt ed mq HNtsn that
the | ower pawl asskgbl -_rl ) 70a-d have a secure ¥Wol FruEmmtife Lrpy 14.
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Accordingly, before the pair of nested trays 14 are inverted, all
four light circuits 154a-d should be checked to make sure light is
det ect ed by akdo domases25 respective sensors 170, thus ensecrm§ossidetr t he
assenbly 12 has a secured hold on both trays 14 to avoid any

m spl acenment or di sl odgi ng of devices Qvﬁing t he i nversion of the
nested trays 14. Wth eéérence to Fig. 1, the inspection
30 handl er apparatus 10 includes a suitably programred conput er

system 850 to control the operation and function of the apparatus as
operator interface 85 ich is utili z to select pr ogram comrands
- 35- Y | i e inspection

NN ed t the v

descri bed above. E' Preferably, anf tel 860x86 or Pentium conputer
and features and to qfmjer ﬁ?‘lformation into programfilﬁs. WO

system is utilfizfled. The corrputeystem 850 i ncludes an 35
0
99/ 03603 W PCT/ US98/ 14441
raysnar € procesk i &ndl er
3l r\?‘g%oul d be

apparatus 10 as f ol
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!

i followi ng description will follow one tray fromthe i nfeed nodul e 100

to the outfeed nodul e 500. However, 5 I n operation, the inspection and

- handl er apparw@a%03sg preferably processes a pluralityPEVUIPA4M41 at one
tinme, ‘'Wth the trays being procesiﬁd si mul taneously in each of

“ the various nodul es. processing, the various tray

hol di ng 10 nmechani sns are adjusted to accomodat e the di nensi-ons

of the trays to be processed. The conputer system 850 comuni cat es

t he spaci ng between rows of devices on one tray and the §pacing

bet ween sequential trays to the scanner and PVI nodul es d the PNP

nodul e 450. 15 The trays, having devices contain her ei n

‘that are to be processed are stacked in the infeed nodul One

itray is then indexed onto the |inear path 42%i}

- 200. In the scanner - modul e 200, the tray is t

“scanner 20 nodul e al ong the linear path 423wher ¢
the tray are inspected by the | aser scanner. &h

.l aser inspection for each device on the

conput er system 850. Wil e another tray on the othe

| scanned, 25 the tray is transported al ong the I|ne.

“inverter nodul e 300. After the deV|c ’ e
,inverted above the linear path 42, the re

transported along the linear path to the PVI <®s (34 mer a

in the PVI nodul e i nspects the devices
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on the tray and reports the results of the inspection of each device

to the conputer system 850. As the devices on part of the tray are
bei ng i nspectwad99836@3he canera 401, the PNP nodul e 45BCT{P$98/14#1 npvi ng
devi ces, 35 on the other end of the tray that have already been
scanned by the canera, to their destinbl/b%s. The conput er system
850 communi cates the results of the various inspections for each
device on the tray to the WO 99/ 03603
PCT/ US98/ 14441 - 36- PNP nodul e 450
so that each device can be transported . toits proper:gestination.
If the destination of the "goo@. dewces, t hose tWat Wave Plssed al
of the inspections, is 5 ca \ien t apgldjl he PNP nod hJﬁB

e

t he good devhpeslﬂro¢1 he tray} onelR

nodul e 900. Any "rs?eg dim- -—those tifF

i nspections, are tNansgerleo gssthe PNP_ i

nmodul e 700. ?{ iy
N\
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10

resul ting enptWo pBkRBt s of
are

operation, before processing starts,
| oaded into one of the bays of

a

| f the good devices are to remain in the
PNP nodul e 450 renoves the reject devices to

t he

-37-

W claim

1

tray, the
the tray nodule 700. The

the tray are filled w th g®ctusesmsieads t hat
transported by the PNP nodule 450 froma tray in the 15
nodul e 700 to the enpty pocket(s) of tAd/dfay.

tray

In this node of
tray of good devices is
tray nodule 700.

el ectronic circuit
conbi nati on

devi ces cont ai ne
an i nfeed st

64

/

170

ecj
&

conpri si ng,

ut

ocessi ng
in5
eed station,

/o
LA

fe—-24
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a work piece containing electronic circuit devi ces, 10 first

transport mechani smextending fromsaid I nfeed station to said
out f eed st ati eyo domasoBr ansporti ng said work piece al ongcaniyosrisggant al
path fromsaid i nfeed station to said outfeed station, a
plurality of additional stations serialByi1d5 arranged al ong said path
bet ween said i nfeed and outfeed stations, a control wunit
operative to activate selective ones of said stations to perform
pr edet er m ned operations on said electronic circuit devices and 20
sequence said work piece through said stations under the influence of
said transport nmechanismin ' =a(NroNn and conpl etion
of said predeterm ned Opef at i Qg Sa dq§tat|o S one of
said additional stations is a fjrst | nppection ptation, said first
I nspection station with ref er nge ™ ONt hevnovenept jof said work piece:
by said first transfer bei t ed st ream of '
said infeed station, = nv Al siQi oned downstream
of said 30 first inspection on séXond i nspecti on
station positioned domnstreah§ of ' nv i on,
a sorting station positioned ™o a d second i nspection
station, 35 said el ect lci ' e ving a top side
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to be inspected at said first inspection station and an underside to

be i nspected at said second inspection station, and
. - 38- (Wo voasol cont ' d) said inverter stapcousssneddudes an
. inversion unit for displacing said work piece and said electronic
circuit devices contained therein vertygaigy and 5 di spl aced fromsaid
i first transport nechani sm and, when di spl aced vertically, turning
“said work piece and said : el ectronic circuit devices contained
therein to reverse the position of the top side and the underside of
sai d el ectronic circuitgp vices, said inversion unit 10 returning
said work piece to said first’, '

so turned. afus of claim1l er. d

hnspor t 722 mechani s er-j.t  has been
n§§r

7 L a8 22
T il
i o i
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transport nechani smextends in a straight, |inear 15 direction so that

said path is a straight, |inear pat h. 3. The
appar at us of @loojgseds Wherein said i nver si on mechani sprgusyghaaes sai d
wor k pi ece 20 vertically above said path while maintaining said work
pi ece generally parallel to said path.15/46 : 4. The apparatus of
claim1 wherein said work piece is'a tray and said electronic circuit
devi ces 25 conprise a plurality of units arranged in a
predeterm ned manner in said tray for inspection at said first and

- second inspection stations. 5. The apparatus of claim4

: wherein said 30 transport mechanismextends in a straight, |inear

i direction so that said&path is a straight, |inear pat h.
6. The apparatus of c

5;2?5 mherein_said 35 i nver si on mechani sm

di spl aces said mor%fﬁ'e rasimmmomsim 4bg¥e_§aLd\path
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- 39- 7. The apparatus of claim®6 wherein said

inversion unit includes a frame for capturing and rel easing a tray
~to be displacebdwseai d i nversion - mechanism 5 PCT/US98/14481 The
_apparatus of claim7 wherein said franme includes a pair of
rel atively spaced side nenbers bgigpgen which a tray is positioned
i when in said inversion unit and also |ncludes a plurality of 10
“clanmp sets arranged on both of said side mentrek and each cl anp
set includes a pair of vertically spacqd anp nenbers and each clanp
menber i s novabl e relative to said frane tween a first position in
engagenent with a tray in said frame and a sqéf 15 position spaced
from and out .of engagenent with a tray
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-40- : 9. —ﬂw%&&m%w%m;aawnBWmmnn r

one of said clanp e engages and hmazs NN 1999
prep05|t| oned tray i mﬂ MI a carrier tray containing said

units is being 5 d i nversion station and the second

of said clanmp -menbers of each clanp set engages said carrier

tray when it is positioned in said i nver sioh/~ station, said

prepositioned tray being enpty of said units, 10 said trays
havi ng a predeterm nelf® tﬁiE&WESs and the clanp nembers in each clanp

set being spaced relative to said tray thickness to hold said
prepositioned tray in 1engag h | '

sai d inversion nechanlsn1ro?§§gga£ggdf ? gggegggghg elegt&%?écsﬁﬁrc it

therein 180 degr deyigms coatsgfiaed dai @ work paeces cpm@ml§am,canr| er tray

to said prepositicgpednation,tray, when sai d prepositioned tray

Is returned to said

an infeed station,
an outfeed station,
a work piece containing electronic circuit
devices,
10 first transport mechanism extending from said
infeed station to said outfeed station for transporting

)

said work piece along a horizontal path from said
_ infeed station to said outfeed station,
a plurality of additional stations serially
15 arranged along said path between said infeed and
outfeed stations,

a control unit operative to activate selective
ones of said stations to perform predetermined
operations on said electronic circuit devices and

20 seguence said work piece through said stations under
the influence of said transport mechanism in response
to the initiation and completion of said predetermined
operations in said stations,

one of said additional stations is a first

25 inspection station, said first inspection station with
reference to the movement of said work piece by said
first transfer mechanism being located downstream of
said infeed station,

an inverter station positioned downstream of said

30 first inspection station,

a second inspection station positioned downstream
of said inverter station,

a sorting station positioned downstream of said
second inspection station,

35 said electronic circuit devices having a top side

. to be inspected at said first inspection station and an
underside to be inspected at said second inspection
station, and
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20 first transport mechani smsaid first one of said cl Pngwusgrgn{)e.lré L"h‘
of "each of said cl anglset s rel eases said prepositione 28 JUEI 199
n
r *

travel to said seco lmmaml,ﬂmuuub station, and d secon
0 o 25 cl anp sets mai ntai ns engagenent

of , said clanmp nenbe i _ _
of said carrier tray wi th Saitl carrier tray replacing said

pr eposi tioned tray in said frane to F&ftion as sai d prepositioned
tray as a subsequent garrie[w%[ay is transported to said inversion
station. 30 (Claim 1 cont’d -41- 10.

The apparatus of clai ns@idhtneerter station ig@%ddé@vﬁﬁsime?ggbﬁnhﬁﬁt 4
transport -mochani S%F rShopLeEHIE s RIR hER, Reds AR TaRE TS EpRER T T
said first transpeircwithdevicesandosbained thepeih, vertically and
5 displaced from said first transport mechanism and, when
displaced vertically, turning said work piece and said
electronic circuit devices contained therein to reverse
the position of the top side and the underside of said
electronic circuit devices, said inversion unit
10 returning said work piece to said first transport

e . .
D mechanism after it has been so turned.

2. The apparatus of claim 1 wherein said
transport mechanism extends in a straight, linear
15 direction so that said path is a straight, linear
path.

3. The apparatus of claim 2 wherein said
inversion mechanism displaces said work piece
20 vertically above said path while maintaining said work
piece generally parallel to said path.

4. The apparatus of claim 1 wherein said work
piece is a tray and said electronic circuit devices
25 comprise a plurality of units arranged in a
predetermined manner in said tray for inspection at
said first and second inspecticn stations.

5. The apparatus of claim 4 wherein said

30 transport mechanism extends in a straight, linear
direction so that said path is a straight, linear
path.

i 6. The apparatus of claim 5 wherein said

35 inversion mechanism displaces said work piece

. vertically above said path.
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sai d prepositioned tray Dei ng held by said support RGTMSS:&! 1-4"(!"4]
srecion 50 " e MNMMRMRMIMLS, 525 < o SHENES 28 UUN 1999

responsive to the presence &f $aill carrlier tray in said i nver si on
station to activate said second transport mechanismto | ower said
frame into engagenent with said carr=89-tray and for engagenent by
said first one of 15 said clanmp nenbers with said carrier tray and said
activating means furthés opEhetapraratuespbrekaim 6 whereigagpi®nt of said

clanp menbers Wi t{need-shdh aynio 1ncludé’§té VL £Sine 8 S SEEIREr { A G NSReT t

nmechanismto rai se said fr for rotation_of said_ trays. 20

11. The conblnat|Eﬁ9?ﬁs%ﬂ%u§nﬁKP¥Wﬁﬁeﬁ?lé%ﬁﬁﬂaced by t$3i4 1RVREHAR

mechani sm i ncl udasechanism. el ongat ed gui de nenbers arranged on opposite
si de 5of and parallel to said path and engageable with said 25
carrier tray, and drive nenbers sel ectively engageable with

sai d carrier tr&y withe sapparatus evf tebgim s7 ewlyggeith wi t h sai d

gui de members o propeasdi frdidVid Aes A ol s relatiVBIPLgadddl o2 d
P ' side members between which a tray is positioned when in

said inversion unit and also includes a plurality of
10 clamp sets arranged on both of said side members, and

z; each clamp set includes a pair of vertically
spaced clamp members and each clamp member is movable
relative to said frame between a first position in
engagement with a tray in said frame and a second

15 position spaced from and out of engagement with a
tray.

-



;_42_. o 12. The Ap aratu claim 10 wherein smmsgg'/tllglggg

station includes d place station down
i nversion station, SH““N! “ Fu' statlon of fset from |
a taper station offs and sel ect or neans for

sel ectively activating sai plck and pl ace assenbly alternatively

to displace units to said tray station, andoro to displace
units to said taper station. garatus conprising, in
conbi nat i on, 2. dﬁh$n%EP%¥%ﬁu%t%fl%%alm wherein 5 fj gt

transport mechani sm f@rfifgﬂS@@étwgs@laSclamprmemberﬁndftéa@uggesai d
i nversion station al on i zont al

th . . :
a support fixtur®® %ﬁ% % ﬁﬁds%?ﬁd§r%n@r?ﬂ%?ﬁgfﬂﬁég.tray lns%%%%dg%gggs%%rt
mechani sm for rakstcagried tvagrcogtaining said Gndbe ielbeing to said path

said framegincl udi fQe SoPLUE b ¥a Pl £LP0Ps 8640 SstRion and the second of
said clamp members of each clamp set engages said
carrier tray when it is positioned in said inversion
station, said prepositioned tray being empty of said
units,
10 said trays having a predetermined thickness and
o the clamp members in each clamp set being spaced

relative to said tray thickness to hold said

prepositioned tray in engagement with said carrier

tray,

15 said inversion mechanism rotates said frame and
the trays held therein 180 degrees and transfers said
units from said carrier tray to said prepositioned
tray,

when said prepositioned tray is returned to said
20 first transport mechanism said first one of said clamp
members of each of said clamp sets releases said
. prepositioned tray for travel to said second inspection
station, and
said second of said clamp members of each of said

25 clamp sets maintains engagement of said carrier tray
with said carrier tray replacing said prepositioned
tray in said frame to function as said prepositioned
tray as a subsequent carrier tray is transported to

said inversion station.
30
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=Cép.t uring and rel easi ng'_ each cl anp sgg’né,%/aléll ltlt !

of vertically spa(a:H ﬂ‘m and each cl anp &5 ﬂEN {999
novabl e relative to said irst position *

‘engagenent with a tray in said frame and a second position spaced

b}

fromand out of engagenent with a traﬁ, said trays
havi ng a predeterm ned thi ckness and 30 -¢hs clanp nenbers in each clanp

set bei ng spaced rel gtive to said tray thickness to hold two of said
trays in said frame ardsin ﬁ??ge?élﬁ?e‘?ﬂt%é’ét‘éﬁ%y W%ere“bt her, and
sai d support fixture i rgdidliitgrersitn imechatizn ngndhides saishppest t o

reverse the posi 4Gl GRldbAAP dd e Sthdhe and iLGHIIGE d8bdHd Ve L0

The apparatus of tifanispord weshanismifpr raisingandl IOWREIRG 1Skt AR
di splaces spid tr@ative to said first transport mechanism and said

path,

said prepositioned tray being held by said support
fixture above said path as said carrier tray is being
transported to said inversion station,

10 activating means at said inversion station
responsive to the presence of said carrier tray in said
inversion station to activate said second transport
mechanism to lower said frame into engagement with said
carrier tray and for engagement by said first one of

15 said clamp members with said carrier tray and said
activating means further operative in response to
engagement of said clamp members with said tray to
activate said second transport mechanism to raise said
frame for rotation of said trays.

20

11. The combination of claim 10 wherein said
-~ first transport mechanism includes
elongated guide members arranged on opposite side
of and parallel to said path and engageable with said
25 carrier tray,
and drive members selectively engageable with said
carrier tray when said carrier tray is engaged with
said guide members to propel said tray along said guide
members and said path.
30
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T
‘vertically above sal at h- 5 15. The appar M@c?eaar{lﬁ“h
wherein rel ati vel y spaced W R UN 1999
bet ween which a tray [ gnmm@mﬂmﬂ in said i nvef station and

(o] 5] H

sai d clanp sets arrange + of said side nenbers, and 10

each clanp set includes a pair of verticall spaced cl anp nenbers
and each cl anp nenber is novabl e refTdtTve to said frane between a
first position in epgagenment PR Iy d a second
position spaced fron1§ad o% € PBH&S?@ ﬁ? %ﬁ?ﬁm E? %hgrglﬁ”§a§ﬁ

16. The apparatusomtinbaStatﬁonhenslndes a flrst one said clanp
menbers of each sel eRUBGE% and p1aBdsakdsnidBiABeFEbNOBEdshidy (N sald
frane as a 20 carrielr tray cofntaining salg units 1s being transported
to said inversi oANYEXSILOR &ﬁétﬂﬁ§rsecond of said clanp menbers of
each clanpsset engageg %&Ias} efatieh bﬂft’ﬂéet fromM3aid patd, DOSI t I oned in
sai d inversion station, B E% % ned traé belgv ty of said
units, 25 saﬁdtﬁEEﬁésFﬁt§8 d O aF G P S B¢ai d

frame and the trays heledechercmeah80 foegsedectively activatidmgssiadd
prepositioned tr ck?g%gfgﬁggg %%s%ﬁbqY alterna%&%%l&ra”Sport mechani sm

said first one of "sai
to displace units to said tray station, and

10 to displace units to said taper station.
-
13. Apparatus comprising, in combination,
an inversion station,
a first transport mechanism for transporting a
15 tray to and through said inversion station along a
horizontal path,
a frame,
a support fixture engaging said frame including a
second transport mechanism for raising and lowering
20 said frame relative to said path,
said frame including a plurality of clamp sets for
™ capturing and releasing a tray,
each clamp set including a pair of vertically
spaced clamp members and each clamp member being
25 movable relative to said frame between a first position
in engagement with a tray in said frame and a second
position spaced from and out of engagement with a
tray,
said trays having a predetermined thickness and
30 the clamp members in each clamp set being spaced
relative to said tray thickness to hold two of said
trays in said frame and in engagement one atop the
other, and '
said support fixture including means for rotating
35 said tray to reverse the positions of said two trays in
_said frame relative to said path.
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][r"énbers 'o'}‘ each ?f sai:I ing said 33 | M%%Gﬁa “lsgg]
or travel out of said i atlon an
second of said clanmp ne }ﬁm ﬂﬂel“" IIH%'BE cl anp m

engagenent of said carrie said carrier tray repIaC|ng sai d

prepositioned 35 tray in said frame to function as said prepositioned
tray as a subsequent carrier tray is transpdr3d-ed to sai d inversion
station. 17. The

apparatus of claim 16 Wherei §he apparatus §§|Glﬂ%ﬁpb§|Wh8ﬁ§antﬁaydls hel d
by said support secondftxauégoaaomecﬁahdsﬁaamsgsaéagdsaaarteaytray i's

bei ng transg ﬁted i g i pversiop station, 5 activating
means at said i nvEPEFHRaLLE ABpve sal rBEBanive to the presence of said
carrier tray in said i nversion station to activate said second

transport g mechany §m topl O¥Ehasdtds’ 68 ME1L MhO1 BT QibPLEY Wi th said
said frame includes relatively spaced side members
between which a tray is positioned when in said
inversion station and said clamp sets arranged on both
of said side members, and
10 each clamp set includes a pair of vertically
s spaced clamp members and each clamp member is movable
relative to said frame between a first position in
engagement with a tray in said frame and a second
position spaced from and out of engagement with a
15 tray.

l6. The apparatus of claim 15 wherein
a first one said clamp members of each set engages
and holds a prepositioned tray in said frame as a
20 carrier tray containing said units is being transported
to said inversion station and the second of said clamp
members of each clamp set engages said carrier tray
when it is positioned in said inversion station, said
prepositioned tray being empty of said units,
25 said means in said support fixture rotates said
frame and the trays held therein 180 degrees,
when said prepositioned tray is returned to said
first transport mechanism said first one of said clamp
members of each of said clamp sets releasing said
30 prepositioned tray for travel out of said inversion
station, and
said second of said clamp members of each of said
clamp sets maintains engagement of said carrier tray
with said carrier tray replacing said prepositioned
35 tray in said frame to function as said prepositioned
. tray as a subsequent carrier tray is transported to
said inversion station.
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carrier tray for en . mrmmHSWthﬂfffxiggﬁlﬁkh!
t d said activat tive i
engagerrent of said cl ummnnmmg;@ wth said cray o aleaqu sada UN 1839

second t ransport * nechani ise said franme for rotation of

said trays. 15 18. The apparatus of claim1 including

a pick and place device in said sorting statédon operative to renove
sel ected ones of said electronic circuit devices fromsaid work piece
as it passes 20 t hiidugh The @ppanatve afaGladm difg wherein third

t Lansplort Wganls for negasd Qiréﬂéi@ﬂtﬁo’i@dﬂ tray J.splliélﬂ.lcﬁmﬁtf Ealar’a‘.(a; sﬂ:@ﬁd‘xﬂz WI t h
the selected ele i cir.c evi ce erall.y of sa

19. The appar at ’%f“r(ﬁ zﬁbrﬂvféﬁﬁr}éf qls s\mﬁcarrlerplt&%f i ssogaet% and
i ncl udi ng transpprtesl tor #&ich latvmmmlscuam.pl ace station but

spaced latgrally of saiqiRalh} means at sg?@ q.xfxfe@é:.%rﬁts't%g: 'dﬁC' ”d' ng a
tray and a support 30 for that tr
transport devi ce HRHPONGiyE dopithe msence ofl @@é-dd&ﬁrééqratté@éﬂ I19" s ighi d

tray at said trayinversiot ¥tatiol ¥ avtiVateClsa sRlctif dPEnEpdits
selected a el ectronic circuit devjce fromsaid 8*?&' n sa%% pi ck, 35

and pl ace stati oFF ST lowed,isgid Lramey 1nto pr ity with ‘'said

carrier tray for engagement of said clamp members with

10 said carrier tray and said activating means further
'i: operative in response to engagement of said clamp
members with said tray to activate said second
transport mechanism to raise said frame for rotation of
said trays.
15
18. The apparatus of claim 1 including
a pick and place device in said sorting station
operative to remove selected ones of said electronic
circuit devices from said work pieczs as it passes
20 through said sorting station, and
third transport means for means for moving said
pick and place device with the selected electronic

circuit device laterally of said path.

25 19. The apparatus of claim 18 wherein said work
piece is a tray and including
a tray station at said pick and place station but
spaced laterally of said path,
said tray station including a tray and a support
30 for that tray, and
said third transport device moving said pick and
place device laterally to said tray at said tray
station after said pick and place device has selected a
electronic circuit device from said tray in said pick

35 and place station for deposit of said selected
. electronic circuit device in said tray at said tray
station.
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el ectronic circuit devumsm d tray ;%n;)g!&]ﬂl‘l‘g’-}gg .
cl42rrp menber s of eggh lgt lﬂﬂ'ﬂ"m['m, mnmlrl " F%O\Q/In?lrglnnrel | 0 said

frame and in said first pbsi¥ioh belng engageable with a tray in said
frame, 5 said clanp nenbers have a second position di spl aced
fromsaid first position and in which they-45- are not engageable with a
tray in said frame, and a sensor at said clanp nmenbers sensing

t he posi tion of 28ai dTbeaspparabussofindlaper At wherging connected to

sai d second transportsaﬁahemaﬁp hemBesabbe each s&di HagBCANEikEANSPOrt
mechani smif said clanp in their flratfgosktlon

21. The apparatu§°8Ft&P§|ﬁﬁéétﬁﬂsrEPns§é§d2§€ﬂ§oPn in sai

position being engageable with a tray in said frame,

5 said clamp members have a second position
displaced from said first position and in which they
are not engageable with a tray in said frame, and

a sensor at said clamp members sensing the
position of said clamp members and operatively
10 connected to said second transport mechanism to disable
said second transport mechanism if said clamp members
are not in their first position.

21. The apparatus of claim 20 wherein said sensor
15 includes
a light source,
a light receiving mechanism,
elongated light transmitting members extending
from said light source to said clamp members and from
20 said clamp members to said light receiving mechanism,
_ said clamp members including a channel there
J aligning with said light transmitting members when said
clamp members are in said first position and out of
alignment with said light transmitting members when
25 said clamp members are in said second position,
said clamp members having light interrupting
surfaces surrounding said channels and said light
interrupting surfaces being aligned with said light
transmitting members when said clamp members are in
30 said second position, and
said light receiving mechanism operatively
connected to said second transport mechanism operative
to disable said second transport mechanism when light
is not transmitted thereto.
35



‘15 i ncl udes a—t+ght—source, P“JI’”S?(&B\/ 44 1
mechani sm’ t ransmtting nenberw N 1999
fromsaid |ight source“m mmwﬁ rrbers and from 20 cl anp
‘nenbers to said |ight receeviingsneshani s said clanp nenbers ,

I ncl udi ng a channel there al i gni ng mnth said light transmtting

menbers when sai d cl anp nenbers are-#f-said first position and out of

alignment with said light transmtting nenbers when 25 saj d c] anp,
nmembers are in said é@%ond\mﬁﬁthnpf 1nspect10n EQf e eHHPISIRFEC Y i ng

:hggﬁrhgterruptlégblcei)coﬁ@gﬁ d t gggsald channelf and s?{d | i ght
i ng surfaces, bei al i gned wi a| yans i ng
menmbers when said cl affF ’;f%‘ﬂ'lfe‘rrégg&é’ 9 %é\%{]%%‘b‘iﬁfblﬁ)o%’r’f‘f L and

said |ight receid/évftg:émdimrb§rm:m;ﬁ<ﬁed/eimo an immonextedidm, said second
transport grechani s QRRIAlldS ing said i eAlldh 82! SGENIhdy AP ¥dom

mechani smWwhen |i ght
said input station to a first inspection station along

a generally horizontal path,
inspecting said electronic circuit devices at said
first inspection station,
10 transporting said electronic circuit devices from
o said first inspection station to an inverter station,
moving said electronic circuit devices at said
inverter station vertically from said horizontal path
to an inversion location directly above said path and
15 rotating said electronic circuit devices while said
electronic circuit devices are in said inversion
location,
returning said inverted electronic circuit devices
to said horizontal path after said rotation,
20 transporting said electronic circuit devices from
said inverter station to a second inspection station,
i transporting said electronic circuit devices to a
sorting station from said second inspection station,
and
25 sorting said electronic circuit devices at said
sorting station based on the inspection conducted at
said first and second inspection stations.

23. The method of claim 22 wherein the transport

30 of said electronic circuit devices through said
stations is along a straight, linear path.

AMENDED SHEEF



Qg S
2 46- : ot 22 Aﬂ'\nm‘had of inspection for el ectroniEQT ' 98/144‘:
devi ces, conprising the i ntroducing a w Q S)UUN 1999

el ectronic circuit n]a "ﬁ #Ill)t l]nspect ed into an | npﬂ't station, 5
‘transporting said el €ct A ices from said input station

to a first inspection station al ong a generally horizontal path,
i nspecting said electronic circuit devices-4t-said first inspection
station, 10 transporting said electronic circuit devices from

said first inspection24tatThe methad afeplaims23tingluding the stapsiaf

sai d el ectronic CirCUé&iéeéiéééréhiéaéﬂrcuit_déGEéééebeﬁthl@adéérihﬁé||y
fromsaid horizontal Eath to an inversion |location directly above
said path and 152 CaF5{8¥i hE2%aid el ectronic circuit devices while said

el ectronic circuit depostgiengngnasprdposytiened tray ihosaidoinverter

returning gaid i rpni i | i CeS_ . . Sai rpzontal
pat h aftergsaid g%gé@§gnskgg£ & E?g £%$§%§§g¥t§§gsgé?dcg%g%§?ogrggckécuit
devi ces from saidsanverherrstatienti on to a second i nspection station,

transporting Said_3'eﬁiiﬂgiﬁgC£5§&i£r99¥iEﬁéoténéagement $RrEhpg station
fromsaid second_ inspectidn Stati on, and ]
inversion location and rotating said trays
simultaneously in said inversion location thereby
10 transferring said electronic circuit devices from said
i carrier tray to said prepositioned tray,
transporting said prepositioned tray to said path
and leaving said carrier tray in said inverter station
to then become a prepositioned tray to cooperate with a
15 subsequent carrier tray transported to said inverter
station, and
said prepositioned tray to which said electronic
circuit devices were transferred at said inverter
station being transported through said second
20 inspection station to said sorting station.

‘;3 25. The method of claim 24 wherein said
electronic circuit devices are displaced vertically
above said path.

25
26. The method of claim 25 wherein the path of
movement of said carrier tray is a straight, linear
path.

30
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“2‘5 ) " sorti ng said electronic circuit devices at saPcBTms

I 2%&&1;8?1999

station based on the inpspection conducted at sai d flefe=iy

i nspection stations. ”"l ’M“"MMMI The net hod of claim herein the
‘transport 30 of ‘sa cuit devices through said

stations is along a stralght 1" néar *pat h.

- 47- 24. The nethod of claﬁ@r23 |nclud|ng the steps of

said electronic circujt devices belng oaded i a carrier tray,

posi tioning a prepositionetl rBEt ?ﬂds%#dc}%&%r%%rlnc*udBHQ station prior
to the transport of sprepcsitiefiingay tray in said Seameipwbotetosamtion,

bri ngi ng ?aid tr%%friég f&?%gggggin%ﬁgséﬁgd e+ectron1é fféﬁfg ég&féégn

and rotating sai rays- taneous ' sa I'nver si on Tocati on
t her eby being transported to said 1nver51on station,
5 moving said prepositioned tray into engagement

with said carrier tray when said carrier tray is in
said inversion station,
displacing said prepositioned tray and carrier
tray simultaneously above said path and rotating said
10 trays to reverse the position of said tray so that one
assumes the position of the other,

)

lowering said trays toward said path and
positioning said prepositioned tray on said path, and
releasing said prepositioned tray for movement
15 along said path to said second inspection station and
raising said carrier tray above said path to the
position vacated by the prepositioned trays.

28. The method of claim 27 wherein said inversion
20 mechanism rotates said trays and the electronic circuit
devices therein 180 degrees to transfers said
electronic circuit devices from said carrier tray to
said prepositioned tray.

25 29. The method of claim 27 wherein said carrier
tray left in said inverter station is rotated after the
transfer of said electronic circuit devices.

30. The method of claim 24 wherein
30 said sorting station includes a pick and place
device removing selected ones of said electronic
circuit devices from said carrier tray as it passes
through said sorting station, and
_ said pick and place device selecting electronic
35 circuit devices and moving them laterally of said path.
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o . .4 . 3
10 transferring said electronic circuit devices from s £ 98[ l"hh'
t o sai d, prepositionedtray, transporting s#¢rNE 0§|& d1999
tray to said path ' said carrier tray in said inverter
“station to t“"ll't”ﬂﬂ""%“?ﬁositioned tray to cooperate with a

15 subsequent carrier ttayt tmanspokted to said inverter

station, and sai d prepositi-d%d tray to which said

el ectronic circuit devices were transferred at said inverter

station being transpofted Tie obgkhed of setaim 30 ippludingspection station
to said sorting statighsitioning a tray adj@ent I98idesbpding statiorsd

wherein said elecironic circuit devices are. displaced vertically
above said path.Put SEEFeS iateralf& °F2%?18Tﬂﬁthetﬁﬂﬁ of claim25 wherein
t he path of movisgesdidfpick dandrplacetdeyice haséralipttol i near
pat h. 5 30 gaiq tray spaced laterally of said path after said pick

and place device has selected an electronic circuit
device from said tray in said sorting station and
depositing said selected electronic circuit device in
said laterally spaced tray.

S~



- 48- ] - 27. The nmet hod of claim 22 including
prepositioning a tray in said frame prior to an carrier tray
contai ning said electronic circuit devices bei ng transported to said

T dnversion station, 5 noyj 'a% ositioned tray into
engagenent with said carri%éﬁgwigb @Efgﬁid carrier tray is in

sai d inversion station, ' displagbgg sai d prepositioned tray and
carrier tray simultaneously above sard path and rotating said 10
trays to reversgt asd 44 Ld; £ SctBat pon $4ms the
position of thexﬁ%ﬁs, z,_ﬂé¥]ﬁgd&féléée?¥ﬁg gagg.t?aéscfgxgpgaég%g pat h
and ‘posi t93RATR aEHINGRRGRS 41 OnedPrerBY oResAPGUAZER, £93d Proper

rel easi ng sai d yrapasd ld Ok (81 EOhdIBYEFEAbvites iRl @RG $3a§,PRHR 1O
sai d second inspection station and said carrier fray above

) raisjn

sai d path to t/fPMera AIFARYIRANY a3 At &8 E?VFﬂE;grESS§PF?&ﬁ§da§rays.

28. The rget hod iXlwdtraeed phederowsasd.i nYer $508180 moveephanionmarotat es

pad tLays and dde PI AL M F S beea by SEYDGE° 3H"ENE 15180 d5deeS 1O
the camera can traverse the entire upper exposed

surfaces of all of the semiconductor devices in the

tray.
10 After inspection in the PVI module is
complete, the tray is transported to the PNP module
— 450. The PNP module 450 includes a conventional

precisor assembly 45 having a downwardly- projecting
vacuum cup 49 with assembly 45 including a conventional

15 vacuum-producing mechanism that cooperates with cup 49i*
to produce a lifting wvacuum.

' Assembly 45 is moveable vertically as
illustrated by arrows 47 to engage a semiconductor
device,. remove that device from the tray and transport

20 that device to a pre-selected area. The semiconductor
devices removed can be either a "good" device or
"reject" device. The assembly 45 is moveable on a y
axis (indicated by arrow 51) to displace the unit from

\J,' linear path 42. The PNP assembly 45 can move the

25 selected device to a tray station 700, where it will be
loaded into another tray. Alternatively, the selected
unit may be moved to a taper module 900 where the

' selected device will be loaded into a carrier tape.
When moved to the tray station, the selected unit can

30 be either a "good" or "reject" device. When moved to

' the taper module, the selected unit will be a "good"
device to be packaged in the carrier tape for delivery
to a customer for the devices.

16 MAR 2001




: electroni.c circuit devices fromsaid carrier tray to said

prepositioned tray. 25 29. The method of claim 27 wherein said
carrier tray left in said inverter station is rotated after the
“transfer of said electronic circuit devices. ' 30. The nethod
of claim 24 wherein 30 _ said sorting station includes a pick and

pl ace devi ce renoving sel eCAMENBED SHEEEL?d el ect roni c circuit
devices fromsaid carrier tray as it passes t hrough said sorting _
station, and said pick and {8-ace device selecting electronic 35
circuit devices and noving themlaterally of said path.

- 49- 31. The nethod of claim 30 including

For purposes of this application, it should be noted that carrier
tape 906 is uhwound from a supply reel 908 and drawn past the PNP
module 450 where individual devices are placed in each compartment
of the carrier tape. Downstream of that placement, a sealing tape (not

5 - shown) is adhered to and closes the open surface of the carrier tape.
The closed carrier tape is wound onto a spool 912. |

Turning now to the inverter module, transport 170 takes a tray
as it leaves the scanner module on transport 150. Transport 170 is
shown as a continuous assembly moving a tray throUgh the inverter

10 module, PVl module, PNP module and the outfeed module. The
inverter module also includes a pair of spaced guide rails 202 and 204
arranged parallel to each other and the linear path 42.

| Returning to the inverter module 300, it includes a tray
inverter apparatus 302, a base plate 303, and a front and a rear guide

15 - rail 508 and 511 mounted on the base plate 303. Guide rails 508 and
511 define a bay area 306 therebetween. The outfeed transport
assembly 502 operates to move trays into and out of the bay area 306.
The transport assembly 502 receives a tray near a left end 307 of the
guide rails 508 and 511 (i.e., from a preceding inspection module) and

20 transports the tray to the bay area 306 where the tray inverter 302 acts
on the tray. When a tray is transported to the bay area 306, the tray
rests squarely between guide rails 508 and 511 and in a lip 516 of
each guide rail 508 and 511. A slide bar assembly 392c on front rail
511 is actuated when the fray is in position and which pushes the tray

25 against back rail 508.

Inverter module 300 is ad'aptable to handle an

industry-standard semiconductor inverted or noninverted
device tray 12 such as fray 12 depicted in Fig. 2. The

REPLACEMENT SHEET
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positioning a tray adjacent said sorting. station but S pagg
of said path, and novi ng sai d pick and pl ace - devi -"‘” gEral ly to

5 said tray JPEEEd | at er avoRyD BFELFAGTUAL FROPERTHPRGANIZATION  pi ck and pl ace

ey e 55 Ry B o e USSR AR b
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