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SYSTEM AND METHOD FOR THE SORTING OF I C UNI TS *000002* ———— —

or ocessi ng of it gra 6d ci feui i uni ?L:&ﬁé e .. AN

particul ar, downstream nethods and a
sorting of singulated I1C units for detecti ng def ects
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maj or factors. Firstly, to nmaxim ze the rate of unlts
processed, neasured in units per hour (UPH).
Secondly, to mnimze the footprint of machinery,
#e3d 9PBdetinachi eve these rates, and so nmaxim ze
factory froor space. 15 Sunmary of Invention In a
first aspect, the invention provides a nethod for
processing a plurality of 1Cunits conprising the
eps of. inspecting said units at a first inspection
%\t‘PYﬁ‘i‘“OHﬂGIiaF?Q teathg progsssing o 19@%‘%@“%1“1 HpigpANd, in particular,
defined path to a second inspection station;

Howpsteamngethpds and appaatusstor dhe sartingl of ﬂmgelateddﬁl units for detecting
station; flipping said units; inspecting the units at
daﬁectsuhdpmbka'gingm@miﬁmrﬁ.t ation, and; sorting said
units into pre-defined categories.

*159159*

*G00002*

Background of the Invention

The economics involved in the processing of integrated circuit units are influenced by
two major factors. Firstly, to maximize the rate of units processed, measured in units
per hour (UPH). Secondly, to minimize the footprint of machinery, designed to achieve

these rates, and so maximize factory floor space.

Summary of Invention

In a first aspect, the invention provides a method for processing a plurality of IC units
comprising the steps of: inspecting said units at a first inspection station; moving said
IC units along a linearly defined path to a second inspection station; inspecting the units
at said second inspection station; flipping said units; inspecting the units at said third

inspection station, and; sorting said units into pre-defined categories.
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2 In a second aspect, the invention provides a system

for processing a plurality of ICunits conprising a

first inspection station for inspecting said units; a

first engagenent device for engaging said units, said

engagenent device arranged to nove said IC units al ong

a linearly defined path to a second inspection

station, said second inspecti@n station for 5 further

i nspecting said units; a flipping assenbly for

Ima scbnd gspeeai, thelinivdrsionpréhdesch systeapfoe proeassiigad plaralitysf IC units

further inspecting said units, and; a sorting station

tehprif6E€h Arftdnspedtich tidnSfoR fspEAinBGaiduritd€a AL 'eﬁlﬁ%bﬂl%ﬁlt device

categories based on results fromthe first, secon

b B RRE S B Y Sevic Bl LPREER 1E it alone o
he | its bein rocessed don.t "back track" but .

i e Dot BaseBhl ZRbRT R histo i absand hspection station for

hanisns_dengned to rotate platforns, or having . )

Risther (esPaging, stid abetss d (AP atembly fors IRPBingespid units; a third
| eading to a considerable saving in size. Further, the

wispgstipgistajiopffor Authey snspectingl widl nrithueed; a sorting statibn dier receiving

accel erating and decelerating the IC unit, as well as

said tni gccoddingdtoathe predefined @htegshidsibatdideonRyEltEidm the first, second

said units. In a preferred enbodi nent, novenent al ong

hrlethird RepectRAt flatfRY, | ncl ude engaging said units using

a vacuum associ ated with a picker assenbly. In a nore
preferred enbodi nent, novenent upstream and

downstream of the flipping assenbly may 20 include two
eparat.e picker assenblies.. In still furthe . .

BRBE A HiER Eh tieal PSR Ses = fagriyeranBicbpah By ICrits being
interaction of the two separate picker assenblies. )

giﬁ&gs§eq rfongty gback  track” but maintain a unidirectional path. Accordingly,

mechanisms designed to rotate platforms, or having hubs to deliver and return IC units
is avoided, leading to a considerable saving in size. Further, the simplicity of the system
also reduces time, such as accelerating and decelerating the IC unit, as well as multiple

processes involved in the movement of said units.

In a preferred embodiment, movement along the linear path may include engaging said
units using a vacuum associated with a picker assembly. In a more preferred
embodiment, movement upstream and downstream of the flipping assembly may
include two separate picker assemblies. In a still further embodiment, the flipping step
may be achieved by the interaction of the two separate picker assemblies. Thus, instead
of having a table rotating about a horizontal axis, two picker assemblies may partially
rotate 90 degrees about a horizontal axis and transfer the IC units directly between the

assemblies, and so further saving on time and equipment cost.
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of having a table rotating about a horizontal axis,
two picker assenblies may partially rotate 90 degrees
about a horizontal axis and transfer the IC units
directly between the assenblies, and so further
saving on tinme and equi pnment cost. 3 Thus, in a
preferred enbodi nent, the process of flipping the IC
units may include the steps éf rotating a first

pi cker assenbly froma vertical to horizonta
orientation, disengaging the units fromthe first

pi cker assenbly, engaging the units with the second 5

ThaK eh adseRARH ¥mdb8ndnf, HE Hraes o ﬂi?»Fin%ﬁhéﬂlCQﬁhts%'ﬂﬂl include the
rotating second picker assenbly to he verti cal

g?%‘f%{a‘ﬁﬂ 2 HstS 1%ft@rwhésgrﬁb§ﬂfr§m aPUaEE]) ! ttoyh(g’l];zontal (%nentatlon

pectlon tations to ensur e required quall
the end r rred e i ment, the
dﬁ%@ﬂg SUHE from e rly 5 5%@%%?5%5791%3%%&@? urelﬁemtﬁ the second

ts for_any one or a conbination of: alignment, unit

iS%f assembly| alsnr i hestrontal, pripriation, 13ad Selating) s¢oeae dxgkep assembly to
statlon may i nspect the units for the |ocation and
tieivgrtraeherietatfanduci ary marks. Further still, the third
i nspection station may inspect the wunits for defects
in balls or pads of said units. 15 An arrangenent to
achieve the linearly defined path may include nounting

The sﬁﬁer@%dlud&'acﬂﬂﬁfal@s SEIR éc%%ntspat@ni & EHSU%JGIQ ruﬂlﬁl;ed quahty of
the pickers engage the units and nove along the "ra

st a«%ﬁgﬂﬁﬁ%% nlgl 4 @Eeféﬂ‘édt gm?éﬂxxtnlagt rt]l%(ﬁ{sg Bg&}otn s?atlon is taﬁranged to

er asse I es’ can

Lon to en furthe nits. Thus
[fioce %?fﬂf PR 52 RSOPRg Pl iy gt R 4nﬁeog1entatwn
Eath and not "back tracking" to previous stations.
urther, the second inspection station may inspect the units for the location and

alignment of fiduciary marks. Further still, the third inspection station may inspect the

units for defects in balls or pads of said units.

An arrangement to achieve the linearly defined path may include mounting one or both
picker assemblies to a rail, such that the pickers engage the units and move along the
rail. On depositing the units at the next respective station, the picker assemblies can then
return to the previous station to engage further units. Thus, the units are continually

moving forward along the linear path, and not “back tracking” to previous stations.

In an alternative arrangement, to further enhance the rate of processing, the system may
include a second parallel rail having respective first and second picker assemblies

mounted thereto. Thus, the rate of processing may be doubled by duplicating the
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20 In an alternative arrangenent, to further enhance

the rate of processing, the systemnmay include a

second parallel rail having respective first and

second pi cker assenblies nounted thereto. Thus, the

rate of processing may be doubl ed by duplicating the 4

nmovenent and possibly flipping steps so as to nove a

greater nunber of units fromthe first inspection

station to the sorting station as quickly as possible.

lnmov@menedrer passibbnfipdingestdps ss as th oves t gasatkr mumber ofwhits from the

pi cker assenbly may be nounted to 5 the rail in a

FR{IRSpet i stRioAUE fieSsortaigdtalon ™R \GRIMR N asddsiBR! Y

permtting |ongitudinal = novenent along the rai

Accordingly, in order for said picker assenblies to

gain access to ICunits at the periphery of the mafer
ative

TB BB b BiPRERY Rl e SaBlof FgnCpliplfsettly i be mounted to

stations may be laterally noveable so as to position

dhg Frilsingg ﬂ%ﬂ%erathat H@V%bﬁﬁﬁﬁal grovemsal adopnly aspaitting dongitudinal

the requirenents of 10 the picker assenblies. For

imyemene alonpdhé iraibt Ageephingly.om etdat ifemsaidypickec lasspenbdies to gain

turntable that is laterally noveable along a rail or

atetss ar [Qrediaditbapéphierypef the afe! frahaer dlteritidely, td place IC units

receive the wafer frane fromthe wafer frane cassette.

@ tHeSRRioUs Bitegdifes Viﬁ‘ftl?er sorfifgTRatidd) %alfd' sidtfonk ARRASL l'ai%'ﬂally moveable

station nay then slide bac into place 15 $o as
3{)} Iatgs tlki]or{ %gds Ft?%l%rﬁse é-'t—EéJ%péiaF%r?z{te ﬁ&sﬂﬂ &%ﬁl&é gés‘l ﬁle ggulrements of

rst i pection stati,on be aneabIe al.o
i seg RS o ML {0 Eh BB A PG a turmtable
beneath the picker assenbly. ) ) L
that is laterally moveable along a rail or similar mechanism that permits sliding in order

to receive the wafer frame from the wafer frame cassette.

On receiving the wafer frame, the first inspection station may then slide back into place
so as to align with the rails. Thus in order for various IC units to be positioned beneath
the picker assembly, the first inspection station may be moveable along said rail so as to

position the appropriate IC unit beneath the picker assembly.

Alternatively, the first inspection station may incorporate a turntable whereby the wafer
frame is received by the turntable which forms part of the first inspection station.
Accordingly, movement of the wafer frame so as to align with the first picker assembly
may be achieved through rotation of the wafer frame together with movement of the
first picker assembly along the rail so as to achieve the desired relative position of the

first picker assembly and the wafer frame.
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Al ternatively, the first inspection station my

i ncorporate a turntable whereby the wafer 20 frane is
received by the turntable which forns part of the

first inspection station. Accordingly, novenent of

the wafer frame so as to align with the first picker
assenbly nmay be achi eved through rotation of the

waf er frame together with novénent of the first

pi cker assenbly along the rail so as to achieve the

Simsiiarlyd thel ationw edgyaes tdseoviaréd twieh ehach Uf fheCHBE, second and third
assenbly and the wafer frane. 5 Simlarly, the vision

HeydcEin sasisAs Ml atkoMd Motable Bfa diftibh N&tral &R NMheaNshth. This
third inspection stations may also be noveable in a

@h& C4sd | 9 L&tl ef! thli']&l hﬁleLﬂ gJ aap%p wh\%ﬁgb? g‘l%a¥ﬁ%rls Qevices are

e” ac |eved t roug I ral
Vi sk on a pos n ng t he | ateral
W Ee br “alesahar| 3&55? S o 5gP B gogtiondd along the
| ongi tudinal rail in order to_achi eve the desired

toagiudinal rajb & prdghtq #ehivadhe desired melatéve pasition ingysderttp ganduct the
In a simlar nmanner, each of the receptacl es upon

uwbpestionhe | C units are placed may al so be noveable in

a lateral direction and again, the position relative

to the second picker 10 assenbly in order to place

the respective ICunits in the appropriate

Fneﬁﬁﬂ‘ilﬁlcllnﬁé}ner-r&'éﬁ omhe‘:% Edcl& PBS wWhihHBE 1@ RFRIME pBRed may also
can Ony nove i n a Ong udi nal direction,

RORLLE %'i]é [19a ﬁzﬂgray fﬁrréc?l%ﬁ a?nh %géugn?ner eI }oln\ér RlatiQe tt(% ﬁ'le sec%nd picker

respec i ve pi cker assenb eved
novenent of fhe

a _conbi.natj on teral or rotationa

BaFnEyan otdst Folece e Fisgrastie b Wi i e caBpER i Tesepiaclesr
assenbl i es.

Thus by ensuring the picker assemblies can only move in a longitudinal direction,
positioning the various stations relative to the respective picker assemblies may be

achieved through a combination of lateral or rotational movement of the various stations

relative to the respective picker assemblies.

Alternatively, the first picker assembly may include a rail or other means of movement
along an axis perpendicular to the linear path. Thus, in order to reach a peripheral edge
of the wafer frame, the first picker assembly may be able to move along this
perpendicular axis, as required, to engage units outside the normal reach of said picker

assembly.

Similarly, the second picker assembly may also be movable along a perpendicular axis.

In this case, this perpendicular movement may be required to match that of the first
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Alternatively, the first picker assenbly may include a

rail or other neans of novenent along an axis

perpendi cular to the linear path. Thus, in order to

reach a peripheral edge of the wafer frame, the first

pi cker assenbly may be able to nove along this 20

per pendi cul ar axis, as required, to engage units

outsi de the normal reach of s&id picker assenbly.
Simlarly, the second picker assenbly nmay al so be

pokeh ke astooatign dopihe Piprdng stegrAleechatively, or hdhivell @g ke perpendicular
this perpendi cul ar novenent may be required to nmatch

hdatmeht AP Hel tisetulbin PlasikgIthe 2QitdSn ttRe FeIpBQtiveOSortiR® receptacles,
flipping step. Alternatively, or as well "as, the

Bt 8 REHnE L REory TRSIREE effitbReusef ul 1n placing the

units 1n the respective sorting receptacles, subject

to the category into which the units fit. 5 1n a

preferred enbodi nent, the systemnmay include a centra

ﬁ£ocessin unit, and or control system for . ,
AirrefErTed) cmbediniesb dhe system tasy inglids acedisl petcessing wpif, and or

may nmonitor and record results fromthe various

Fonsred systemn, fr ardniingng theawotess datrthensudh @mochtrod cpstemanay monitor

detected defect. 10 As nentioned, the sorting station

ared/recovd| regidts $@viethelvariegsipsmeti 6 stabaisad a8to H&terniias dhd fecord any

of the various inspection stations. The control system

aaycteondse@l the second picker so as to ensure

defective units are deposited in a receptacle for such

defects. Simlarly, "good" units nmay be delivered to

a suitable receptacle. Such a receptacle my be a tape

' [ f i
§gtﬂg ohc Itl%ehe lggo gtgrfx%rg?nlatysinc 15(?6 ngga?gecegtgclgg, t;a\sng Xn ttl?e results

of the various inspection stations. The control system may control the second picker so
as to ensure defective units are deposited in a receptacle for such defects. Similarly,
“good” units may be delivered to a suitable receptacle. Such a receptacle may be a tape
onto which the “good” units are placed for delivery to an end user. The “defect”

receptacle may be a tray or bin for disposal.

In a preferred embodiment, a third category may be “re-work” whereby the defect is
minor, such as misalignment, that may be corrected easily, such as in this case the
application of compressed air to “knock” the unit back into place. Such a “re-work”

receptacle may be a canister shaped to re-align units on delivery thereto.

In a preferred embodiment, a fourth inspection station may be placed to confirm, or

otherwise, the presence of individual units or balls within the “good” unit receptacle.
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15 receptacle may be a tray or bin for disposal. In a
preferred enbodinent, a third category nay be
"re-work" whereby the defect is mnor, such as
m sal i gnment, that may be corrected easily, such as in
this case the application of conpressed air to
"knock"™ the unit back into place. Such a "re-work" 20
receptacle may be a canister Shaped to re-align units
on delivery thereto. In a preferred enbodi nent, a
froarthikd aspsgteticiiovensiva tprovidesaymbtho lofi lgmpidgarc i fihik BdmpPtising the
ot herwi se, the presence of individual units or balls
Wieb oM eh HBingARMIC bt vith AGHENeAEdsBmbIK, sdifl pRkEHYsEdnbly in a vertical
aspect, the invention provides a method of flipping an

s . . . . of | La k- . .
oty FOURAG SHEDiCHAE asBrBRP 00 ol AR nBRLE, diSengaging said

rtical .ori at.ion: rotating sai i cker assenbl
15 Uit B9 Pt St EhinSihendoRf cnifeedmebRh G & BT @ty gssembly
and substantially sinultaneously engage said unit with
a hedeqiial opieptatipn;Fetating paid seqonp pigkenassemblyte a yericplgrientation.
rotating said second picker assenbly to a vertica
orientation. In a fourth aspect, the invention
provides a systemfor flipping an IC unit conprising a
fr a $éurthnabpscciho dnyineise Hraasdes dysteBafoR fliihd en &C AR WoMprising a
source operating at an engagenent end of said

8% PaEt k&@nd 'dﬁkl?err 238908 e&h hNingNDaLERR sodfceSBhdatife at an
unit; 10 said first and’second pi Cker assenblies

' ' |- ' tatjon.t "
EARRE e 0 14 LR APl MeOFh BILR g 1 un
R 2 a8 oS Bl APMANERBE remation
hori zontal orientatjon, disengagenent of the vacuum '
3 hprzenigt qrigatafipp sandyileqatsd sude WAt yingthe horizontal orientation said

respective engagement ends are proximate to each other; wherein in the horizontal
orientation, disengagement of the vacuum source of the first picker assembly and
engagement of the vacuum source of the second picker assembly results in the IC unit
being transferred from the first to the second picker assembly, whereupon the IC unit is
flipped on rotation of the second picker assembly to the vertical orientation and

disengagement of the vacuum source.

In a fifth aspect, the invention provides an engagement device for engaging a plurality
of IC units comprising a plurality of pickers spaced in a cylindrical array; a hub located
at the centre of said cylindrical array such that said plurality of pickers are rotatable
about said hub; said engagement device mountable to a rail for moving along said rail;

wherein when to a rail, said engagement device is rotatable from a vertical to a
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engagenent of the vacuum source of the second picker
assenbly results in the 1C unit 15 being transferred
fromthe first to the second picker assenbly,
whereupon the 1Cunit is flipped on rotation of the
second pi cker assenbly to the vertical orientation and
di sengagenent of the vacuum source. In a fifth aspect,
the invention provides an eng&genent device for
engaging a plurality 20 of IC units conprising a
horizamitd] toyientatipn slchrtBatdQamitd ehgaged dyIshiddickesd amdriogiyed $0° about a
hub | ocated at the centre of said cylindrical array
so6ibnkd1akissai d plurality of pickers are rotatable
about said hub; said engagenent device nountable to a

rail for noving along said rail; wherein when to a
rail. said engagenent device is rotatable froma
er, '%al..o ac hori zontal orientation such that I1C

pi ckers and rotated 90 about a

hori zontal axis. Brief Description of Drawings 5 It

wi Il be convenient to further describe the present

invention with respect to the acconpanying draw ngs

ttheill ibel eomverits o figitist eleseritenthenpresent dhivanhien with respect to the
invention. OQther arrangenents of the invention are

pediipahFng idawings et eMistite pdreibRAbirarpeh@hist of B ihvdtion. Other
acconpanying drawings is not to be understood as

SABREFRATE 1 GARSHohL e WD oA BLARE G i o e

g‘%ﬁ%&%ﬁgﬁ% %trgwmgs Ry R556° ll)en gnchersr} $%§ %{l[()jelr(l? irtlgothe generality of the

preceding description of the invention.

Figure 1 is a plan view of a complete IC processing line according to one embodiment

of the present invention;

Figure 2 is a schematic view of the sorting system according to a further embodiment of

the present invention;

Figure 3 is a plan view of the arrangement of components within a machine operating

the method according to Figure 2;

Figures 4A to 4C are elevation and plan views of a turret picker according to a further

embodiment of the present invention and;



10

15

20

of the present invention; 15 Figure 2 is a schematic
view of the sorting system according to a further
enbodi mrent of the present invention; Figure 3 is a

pl an vi ew of the arrangenment of conponents within a
machi ne operating the nethod according to Figure 2;
20 Figures 4A to 4C are el evation and plan views of a
turret picker according to a further enbodinent of
the present invention and; 9 Figure 5 shows an
ligweatishowy iapwlayhtien paiwr ofod painof atrrepipidkersseael@beording to Figures
according to Figures 4A to 4C. Description of
Rpebery. ed Enbodiment 5 A significant departure of the
present invention fromthe prior art is the use of
linear novenent along a principle axis of the IC
units during processing, rather than relying on

tation, h e approach where the units are
E%¥$y%¥%éigﬁéﬁlﬁﬁﬁgﬁégglp§ a central point. This
arrangenment avoids lost tinme in the acceleration and
decel eration of 10 the apparatus, mnimzing wear,
saV|n% processing tinme, and sinplifying the mechani sm
énsignitigant ephitere rd\thergresent|invénsioh dvem thépriest at és thehae of linear
a feature of the system and nethod according to
progsmeht along a principle axis of the IC units during processing, rather than relying
on rotation, or a hub type approach where the units are delivered then returned to a
central point. This arrangement avoids lost time in the acceleration and deceleration of

the apparatus, minimizing wear, saving processing time, and simplifying the mechanism

underlying this movement.

It follows, therefore, that a feature of the system and method according to present
invention is the movement of the IC units along linear paths from loading of the wafer
frame of IC units to the first inspection station, to delivery of the units to the various

downstream processes.

To place the following embodiment of the present invention into context, the integrated
circuit units may range from 0.5 x 0.5 mm up to 8 x 8 mm. Whilst not restricted to units
of this size, this nevertheless provides an example of the application of a machine

according to an embodiment of the present invention.

With reference to the figures, Figure 1 shows an overall arrangement of a production

line for processing integrated units. Firstly, the packages 25 are loaded to a dicing unit
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invention is the novenent of the IC units along |inear
paths from | oading of the wafer 15 frame of I1C units
to the first inspection station, to delivery of the
units to the various downstream processes. To pl ace
the foll ow ng enbodi nrent of the present invention into
context, the integrated circuit units nmay range from
0.5 x 0.5 MnMmup to 8 x 8 mMm Wilst not restricted to
units 20 of this size, this neverthel ess provides an
éfamphefonfn dfhethap pldividnd] paclaiges? free i tassetees adrsdidngickages which
an enbodi nent of the present invention. Wth reference
bfe thee deligate® Sequeh@allyetoldish@VWoufie T/65 ad ko SnEMAGEMB Rnits whilst
of a production line for processing integrafted units.

: , a r c [ -
Blithd] the: wﬁi?ﬁ g&@%& qz‘??mzl%r tfre :vﬁ?\e}?%% # die Mﬂx@e}ég éI) & washing

10 15 1in rmof either packages

B2 S48 B PR o 0 e e

singul ate the units whilst wthin the wafer franes.
preshirdrmultanequstya Feem herenihs wafenframge pro,dolizered gvithin a cassette to
washing station 20 which in this enbodi ment pernits
theosostengsurif S welfier isfthaselyecttofdhe presertt onteatibn.witsik evdthin the sorting
si mul taneously. From here, the wafer franes are

deit iSvihatethe MhteBlafedaurig e idspedted, dategofiged adidifWppiopBiate, packaged
which is the subject of the present invention. It is

Ydali it deliQerb hdfserginit 5 that the integrated units
are i nspectéd, categorized and if appropriate,

packaged ready for delivery to end users. 10 Figure 2
shows a schematic view of the sorting system 60
invention

P el DR T e R 3R DRSS b SBtodimens
(k)er ihrf]:gpresent invention. The process begins with a cassette of wafer frames 65 being
loaded to the sorting unit 60 via a loading station. Wafer frames 65 are removed 75
from the cassette through engagement with a gripper 70 which pulls the individual
wafer frames 65 along a linear path 75 and delivered to a turntable 85, said turntable
movable from a position to receive the wafer frame and back to the first inspection
station. This places the wafer frame 65 in the first inspection station 90 to undergo

alignment, type and orientation inspection by alignment cameras 95 prior to further

processing.

Following inspection, the individual singulated IC units 87 are removed from the wafer
frame 65 using engagement devices, in this case pickers and in a more preferred
embodiment, using turret pickers 100. The turret pickers 100 as shown in Figures 4A,
4B, 4C and 5 have engagement ends 205 in communication with a selectively

engageable vacuum source such that when a particular picker is adjacent to an
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| oaded to the sorting unit 60 via a |oading station.

Wafer frames 65 are renoved 75 fromthe cassette

t hrough engagenent with a gripper 70 which pulls the

i ndi vidual wafer frames 65 along a |linear path 75 and
delivered to a turntable 85, said turntable 15 novable
froma position to receive the wafer frame and back to

the first inspection stationll This places the wafer

frame 65 in the first inspection station 90 to undergo
aldigdadlC, urityDld, siedvaeninarit @hgaped iand gechd pickdryengages the unit 210.
al i gnnent canmeras 95 prior to further processing. 20

FothdnOive Reral B RRKetsOWithintBe inirekt \ickéa lassehibiy 180 ®dvd §I engaged IC

units 87 are renoved fromthe wafer frane 65 using
L C
S %ﬁ%%g% hf%% ARG ‘%q‘ﬁ% P%ﬁkﬂp&grdmg t
i ckers as

g‘ehpéese“ H‘a $Pen eema'gefé Fﬁpoé‘&%ﬁﬁ Fﬁ‘@tﬁttﬁs ﬁe‘iﬁPfi Hn%’ecnon station
sele |velz engageabl e vacuum source such that when a

%@Lﬂbé{rt & fidp@ary; markg jok e indpvadugh 1€ units geg deatified just prior to
unlt 210, the vacuumis engaged and so the picker
thegfligpmgtdighel iC tunitg @t the\lipping Iseatianrl29. dh this ckehogdiment, there is a
within the turret picker assenbly 100 have all engaged
b&Condimirtes pidkiee agebsBr 1 10 Baed Sitab@i Glignmee@imeralil 05 Hddnted to a
whi ch defines the linear path according to the

RcBne Bﬁralla\fﬁlmtl D2NBothh§i1P1 €X 803 tﬂfr@ﬁ@h n ﬁqle(ggﬂe WS ﬁl@f is to provide
to t e second inspection station 5 115 ereby

| | dual un .
%}. ;?«1?% ddﬁ fesgécitf(\ﬂrg%klﬂradé %kerg?semb?es (? ]tlhew'lﬂa:t & furret picker
i\ng,.statjion 12 In th|s enb di ment, there
Sgefggfs%se’cd(?p o HipG dspendspt fesa ghia Poreass e GrRAGTY O PERRAssing of
al i gnment canera 105 nounted to a _
the individual units taken from the wafer frame 65. Thus, the use of the two rails

_together increases the capacity of the system according to the present invention by

almost a faction of 2.

The turret pickers 100, 110 deliver the IC units to the flipping station 120 whereupon
the units are flipped, that is, inverted such that the opposite side of the chip can undergo

inspection.

The flipping action, as shown in Figures 4A, 4B, 4C and 5, is achieved in this
embodiment by the combination of the first turret pickers 100 and the second turret
pickers 140. A characteristic of the turret pickers is their ability to rotate from a vertical
orientation which the IC units are engaged to a horizontal orientation and thus rotating
about a horizontal axis. The turret pickers rotate 215 90 degrees to a horizontal

orientation whereby the first picker 100 having the IC unit 220 engaged brings the
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second parallel rail 103. Both rails 102, 103 function

in the sane way, that is to provide a linear path for

the respective turret picker assenblies 100, 110 with

the turret picker 10 assenblies 100, 110 acting

i ndependently so as to increase the capacity of

processing of the individual units taken fromthe

waf er frame 65. Thus, the useldbf the two rails

toget her increases the capacity of the system
emgagementpotidort 205 @fiths picker in\pesdimity tdthe edlgagedien@portion 225 of the
faction of 2. 15 The turret pickers 100, 110 deliver

§deBnd picker 149 Wiich Nealdd inRPhdHEoftafbli Qitatit0 BYEE Qiﬂg the vacuum
the units are flipped, that is, inverted such t t he

?ﬁﬁ)&%fttﬁe ?i'rﬁi ‘If)lc(%r iét?arﬁhém% @ﬂg | gu%{ugfg Egﬁl@% E? ﬁlt g&in&T Eer 140,

pplng act as s res

bp E 3 xs'tf”aa%ﬁ%fd P BIRLREEL B0 b L TR PRkaPio. 1o

kers A characteristic of the turret pickers is
‘h‘ég,r thﬁtﬁqu ¢fthe JC waib2e0 thaswas epgngadcwith the fiesitpagkenn 00 is now
which the 1C units are engaged to a hori zont al
opiosedt and the famoertyherposet sitle nf) theallfbunit & dwov eagagediwith the second
axis. The turret pickers rotate 215 90 degrees to a

piokérz aBY, edtatirgy the veedndasickinadeiyont fie RdrizdhtaP bkt a vertical
having the I1C unit 220 engaged brings the 12

SRGRARITEHe RB6Ield QeI OIC Eﬂ?lsodo%k&rredtéh MM&EM ¥nd @ay now be

t he engagenent portion 225 of the second pic

%ﬁmg& tlo%ls‘%ﬁ ??]\}IQCS%SQ(P for 4 g%cqlonor lentation. By

I'sengagi ng aum s of the first picker 100
and engagi ng the vacuum source of the second picker
140, the ICunit 220 is transferred fromthe first

i cker 100 to the second picker 140. In so
n fact, on rotating back to the vertical orientation, the second picker 140, 130 delivers

the IC unit to the third inspection station 125 which is directed to checking the pad of
the IC unit that was formerly hidden from the camera whilst in engaged with the first
picker 100, 110. Having been flipped, the IC unit undergoes inspection through use of
camera 125 so as to ensure the pad is present and not damaged bef(;re further

processing.

The second turret pickers 130, 140 now deliver the IC units to the sorting station. The
sorting station in this embodiment comprises three possible outcomes for the IC units
based upon the results obtained from the first, second and third inspection stations. If a
serious defect is found from any one of the inspection stations, then the IC unit will be
placed in the defect tray 135. In order to accommodate the placement of the defective
units, the tray 135 is capable of lateral movement 137 so as to place voids in the tray in

proximity to the respective turret pickers 130, 140. Alternatively, if a defect from any
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5 doing, the side of the ICunit 220 that was engaged

wth the first picker 100 is now exposed and the

formerly exposed side of the IC unit is now engaged

with the second picker. By rotating the second picker

140 fromthe horizontal orientation to a vertica
orientation, the exposed side of the IC unit is now

di rect ed downwards and nmay nold be exposed to vision

devi ces used for inspection. 10 In fact, on rotating

bec kf the stiteonsas dereated dut et défeans onhemsmaasudh @k akeIC unit being
140, 130 delivers the ICunit to the third inspection

alialighed b2 5hé’\lﬁlfe@,5hde30ﬂj b @&#r8 thal10f0f NAGKARY thdhe aRBEUiRE to several
the ICunit that was fornerly hidden fromthe canera

mbbﬁheh@ o?@l%fﬂ@&t)é@ns {fﬁtelhﬁleflt'urﬁ?}% b% ﬁf&%ﬂf&thjep% the H Felc% tﬁay 135 or

Havi ng been t11 pped, ergoes | NSPec

thrqugh use of 15 ra 125 so as to ensure th ad

1S e s Fol S ahig st Bt e s fon Rl astpounted to
The second turret pickers 130, 140 now deliver the IC

thsi ¢hdp ©p at %@pkomaﬂgn@@rm plssemanieot g runitnyitbinathiedrayi 35 or the
t hi s enbodi nent conprises three possible outcones for
eadngst¢rCl4fnimay readignpths echip plunugth guides placed dherein edalfermatively, the
the first, second and third inspection stations. If a
gplicaticn detempressedf 4itifchyf Jooreatipy teehipfort RovEIPE Ckir®Mall. If,
stations, then the ICunit will be placed in the

Aol Al Ao T 0 SRECTRIED BT

0 ce.voids in the. tr .

1§} Sl BlarRNE IRplsoy e JE R [ B ECRIUD Bheness Wil aHpe which
j [ r an

\%ﬁgri ﬁ.l/ﬂ rtn%/ %gtdlei/i\e/érgd tcl) ];heaen elISgI(':.’ t TLus? rEle re)e/:l ilg’O may progress laterally

160 filling each of the recesses with good IC chips until the reel is complete. To ensure

placement of the chips, a further camera is provided as a fourth inspection station 155

which checks the presence or absence of chips within the recesses within the tape.

Figure 3 shows an embodiment of the present invention and in particular, a plan view of
a device that puts the schematic flow of Figure 2 into effect. A cassette 161 of wafer
frames is delivered to the loading station 162. A gripper (not shown) withdraws a wafer
frame 163 from the cassette 161 and places this on the turntable 165. The turntable then
moves laterally so as to align with the linear path represented by the rails 187, 188. The
first turret pickers 170 are combined with inspection cameras so as to travel together
and inspect the IC units at the same time or just prior to engaging with the pickers of the
third picker 170. In this embodiment, the turret pickers are fixed to the rails and so only
accommodate linear motion in one direction with access to the IC units within the wafer

frame accommodated by the turntable which rotates. The rotation of the turntable and
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one of the stations is detected but the defect is only
m nor such as the I1C unit being msaligned or the
presence of an extra ball for instance, then according
to several enbodinments of the invention, the I C unit
may be placed either in the defect tray 135 or into
the rework canister 145. For instance, in the case of
an extra ball not nounted to B*tthe chip or a sinple

m sal i gnment, placenment of the unit within the tray
li8&aromotidneof tha hirst @ickédpermity thetiriegpickéretocetess ahy otigte IC units
gui des placed therein or alternatively, the

apbid ©atwafd RimCRIBEIRTSED tak hedtRYatidA. realign the chip
or renove the extra ball. If, however, all the

i nspections are suff|C|entIy passed, the chip may be
pl aced in a tape and reel arrangement whereby the IC

ni.t .is,placed
oot o St GRS R Tl & rir P SellirS g units o
reel 150 may progress_laterally 160 filling each of
}}‘FeseF‘é@e@%“W PRt P sampringda Yisiqn) camega mErnted &o a rail capable
conplete. To ensure placenent of the chips, a further
eblataral metioprrelativetd the linedr patht defined p theireits 53731 8%n 155
whi ch checks the presence or absence of chips within
the recesses within the tape. 15 Figure 3 shows an

enbodi ment of the present invention and in particular,

The|fBppiM ewitieh 172 Qﬁﬁbsﬁﬁet%@ﬁ théJEe?coh@ean@Cthﬁ&ﬁﬁép‘éctﬁérpg‘(atlons at
of Figure 2 into effect. A cassette 161 of wafer

I?égggmllt g)% ﬁ&f V\ﬁ %/‘\:AQP%(Q r%é%/vs Ql?ig if gl%p}teatt#rgﬂﬁl%?rﬁggéfon of the first
cas et and l. ace s.on the tu 16
AT b dhnivg hoSesund Bickpr et detver the
wth the |linear path represented by the rails 187,
g ynitsriedhe hind; ipspectiqn staionol KosertBat vidomamerantoHeigd i @ Fail so as
i nspection caneras so as to travel together and
fonspet datetally lcan umdpest tae undersislard’ the A€ umits jnosit expoised through the

engaging wth the pickers of the
action of flipping.

Having completed the third inspection, the second picker assemblies now deliver the IC
units to the sorting area whereby the chips are either placed in a tray 185 if defective.
The tray 185 is mounted to a rail so as to laterally travel across the line of the linear path
rails 187, 188. On filling of the tray 185, it is then delivered to an extreme end of the
rail placing the tray adjacent to the loading station. Thus, when full and requiring
replacement, the tray 185 is adjacent to the point at which the wafer frame cassette 161
is delivered to the loading station and so, next to where an operator is already residing.
This convenience minimizes the time for which an operator’s involvement is required
rather than placing the end point of the reject tray 185 at a less convenient point.

Alternatively, the IC units may be categorized as being “good” whereupon they are
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third picker 170. In this enbodi nent, the turret

pickers are fixed to the rails and so only

accommpdat e |inear notion in one direction with access

to the ICunits wthin the wafer franme accomvodat ed

by the turntable which rotates. The rotation of the
turntable and 14 |linear notion of the turret picker

permits the turret picker to &cess any of the IC

units wthin the wafer frane for delivery to the next
derusited withocthe deal gbsembinedichavmptrises #teephaking a dagendf wpe there
is at capacity, it delivers the ICunits to 5 the

aeahsdl TRE RaRlihclod&tratdsod idtEOwWRRARAdISIAS whitéiasd PlAced. On filling
canmera nounted to a rail capable of lateral notion

bElR! tbl'%% thi® chi fheh! GRS vERE tf% %ﬁ feh & GiderD y]BJ Q%ufeaédcﬁ of Heir recesses
188. e fl e

i pping station 177 resides between t

C hird in cti,on stati t which .poi nt
S0, 200 Ginetd TREE PR bR Be P gPR PR Bihroush the
interactign of the first 10 and second pickers. On
EESRTER AT ahle &9 detprmipe whsthepany waids exists @obelegedy illed by the good IC
deliver the ICunits to the third inspection station
¢igps.so that vision caneras nounted to a rail so as to
travel laterally can inspect the underside of the IC
units now exposed through the action of flipping. 15
Havi ng conpl eted the third inspection, the second
B £46id ASERADE, BHHseYuiARE bille tMk ayWaidiscell YitH€a canister 200
sorting area whereby the chips are elgher placed in a
PR 1 S ety BRLZRHVERY Lo FIEubIEH el Sonb R (R AEBAE, Rording o
q%n?gé Patgt.rails 187, 188. On filling of the tray

PR8N del i vered to an extreme end of the
rail placing the tray adjacent to the | oading station.

Thus, when full and requiring
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20 replacenent, the tray 185 is adjacent to the point

at which the wafer frame cassette 161 is delivered to
the | oading station and so, next to where an operator
is already residing. This convenience mnimzes the
time for which an operator's involvenent is required
rat her than placing the end point of the reject tray
185 at a | ess convenient pointt Alternatively, the IC
units may be categorized as bei ng "good" whereupon
Chapsare 15 deposited within the reel assenbly which
conprises a reel having a length of tape there
attached. The tape includes recesses into which

i ndi vidual units are placed. On filling of the tape,
thiis ca | : : : .
cach of T oriodi8 BBLARER AR AU Eomprding B idps of
190 is placed beneath the tray and view ng up through
the 5 recesses, is able to determ ne whether any voids
exists not already filled by the good IC chips. In a
third al'BPeHHRS S unitsiaba rd anspesting statiosl e rewor k may

be placed within a canister 200 which is subsequently
del i ver égpvieg said Kworiks derma lineavlyalefinedrpath¢o aesdood inspection
according to 10 the present invention. 16 dains: 1.
A et hodtation; processing a plurality of 1Cunits
conprising the steps of: 5 inspecting said units at a
first ingpeciighe ShiadtQfid s@&)ﬁ'dflﬂs&)%éﬂi& dbtigi ts along a
l'inearly defined path to a second inspection

flipping said units;

inspecting the units at said third inspection station, and;

sorting said units into pre-defined categories.

2. The method according to claim 1, further comprising the step, after flipping,
of moving said IC units along the linearly defined path to a third inspection

station.

3. The method according to claim 1 or 2, wherein the moving steps include
engaging said units using a vacuum source of a respective first or second
picker assemblies and moving said first or second picker assemblies along a

rail, a longitudinal axis of said rail defining the linearly defined path.

4. The method according to claim 3, wherein the flipping step includes the

steps of:
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station; inspecting the units at said second

i nspection station; flipping said units; 10

i nspecting the units at said third inspection station,
and; sorting said units into pre-defined categories.
2. The nmethod according to claim1, further conprising
the step, after flipping, 15 of noving said IC units
along the linearly defined path to a third inspection
station. 3. The method according to claiml or 2,
wherein the noving steps include engaging said units
usi ng a vacuum source of a respective first or second

20 pi ckebtating eidfirsegiclerdssenblyfomad brfiddl 83 h@HzoRRE BAhtation;
pi cker assenblies along a rail, a longitudinal axis

of said §&i HHal [ r ' .path. 4.
The net h%%lng%%igér EjHléndgm? gl%gjl %}eﬁ%ph%gﬂ?%{arﬁﬁ?he flipping

step inc e e .ste of : 17 .rotati the .first

ot oker 2 laRe S VIR S becodd pick Bl in hérttontl
orientation; . disengaging the units fromthe first . ]

pi cker £SEBIHPY a“gh%’é%}nﬁgse?%’éi Digiser assgimply tokle wetien) @rientation.
pi cker assenbly also in horizontal 5 orientation, and;
rotating second picker assenbly to the vertica
orientation. 5. The nmethod according to any one of

t hé. pr edlddimghad aicosling tordnfy@ine iofitHepdededing claims, further including

the step of loading a wafer frame to the first inspection station, said wafer

frame containing the plurality of IC units.

6. The method according to claim 5, wherein the loading step includes the steps

of:

loading a cassette of wafer frames to a loading station;
engaging the wafer frame within said cassette with a gripper;
withdrawing said frame from the cassette to an intermediate station;

biasing said wafer frame so as to place it within said first inspection station.
7. A system for processing a plurality of IC units comprising
a first inspection station for inspecting said units;

a first engagement device for engaging said units, said engagement device

arranged to move said IC units along a linearly defined path to a second
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the step of loading a wafer franme to the first
i nspection station, said wafer frame containing the
plurality of 1Cunits. 10 6. The nethod according to
claimb5, wherein the |oading step includes the steps
of : loading a cassette of wafer frames to a | oading
station; 15 engaging the wafer frame within said
cassette with a gripper; wthHdrawing said frame from
the cassette to an internediate station; biasing said
waf er f naspectson astidngsgid aeend inspedtivinrstaian dof furthér inspecting said
i nspection station. 20 7. A system for processing a
pluralityitgf 1C units conprising a first inspection
station for inspecting said units a first engagenent
devi ce f.of; engagenment device
arr angegﬁlgﬁnggggeggg%ﬁ}r%lﬁgﬁ% %#11% a linearly
def i ned th.t . ect .on station, said
second i ﬁﬁlﬁ%&spsﬁwgéﬁeﬁ%ﬁorffanh?ruﬁf% 0% e RS, At i o
units; a flipping assenbly for inverting said units;
third i ASPEEE HHIo8aR 167 vingsaidunith apcardiagée thermge éaﬁ@pd
units, and; 5 a sorting station for receiving said
units a@@f@g@ﬁwgnas@ erhessytsefrate thanfargt, seaindgod ittesd insetion
on results fromthe first, second and third inspection
stations.

8. The system according to claim 7, wherein the first inspection station is

arranged to inspect the units for any one or a combination of: alignment, unit

type and orientation.

9. The system according to claim 7 or 8, wherein the first inspection station
includes a turntable, said turntable arranged to receive, and selectively rotate,

a wafer frame containing said units.

10.  The system according to any one of claims 7 to 9, wherein the first
engagement device includes a picker assembly, said picker assembly
comprising at least one picker having an engagement end in communication
with a vacuum source, said engagement end arranged to engage individual

units.
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stations. 8. The systemaccording to claim7, wherein
the first inspection station is 10 arranged to inspect
the units for any one or a conbination of. alignnent,
unit type and orientation. 9. The system according to
claim7 or 8, wherein the first inspection station
includes a turntable, said turntable arranged to

recei ve, and selectively rotat®, 15 a wafer frame
containing said units. 10. The system according to any
onel lof cTheei system acoordinghelaginr 0f Wherbinrsstd fimhgjakg mesembly
devi ce includes a picker assenbly, said picker

assenmbl ymowreedol aStail @péd whivh3he pidRerfissdfesly hoattangedid move along
engagenent end in comuni cation 20 with a vacuum

source,tg@hggﬁggggg&pﬂhhend arranged to engage
i ndividual unrts. 19 11. The system according to

clai m 10, wherein said first pi cker assenbly nounted
to a rail upon which the picker assenbly i's arranged

to nove t he | jnear frn ath 5
sysie aﬁ’@cﬂ?f' PRGEIDEdp aire ] rori ﬁrrel.nérrﬁ* ush Rjlefif aggembly is
plcker assenbly is arranged to move al ong an axis
per pendiaignged toaneveelongramxispafedndirater pathe limearl pdefingd path so
engage units at periphery of wafer frame. 13. The
Syst em asctoemgage uhits @ pgripiney of wafeaiframes to 12, wherein
t he second
13.  The system according to any one of claims 7 to 12, wherein the second

inspection station is arranged to inspect the units for the location and

alignment of fiduciary marks.

14.  The system according to any one of claims 7 to 13, wherein the third
inspection station is arranged to inspect the units for defects in balls or pads

of said units.

15. The system according to any one of claims 10 to 14, wherein the second

engagement device includes a second picker assembly.

16.  The system according to claim 15, wherein said second picker assembly

mounted to the rail and arranged to move along the linearly defined path.
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10 inspection station is arranged to inspect the units
for the location and alignnent of fiduciary marks.

14. The system according to any one of clainms 7 to 13,
wherein the third inspection station is arranged to

i nspect the units for defects in balls or pads 15 of
said units. 15. The system according to any one of
claims 10 to 14, wherein the 3&cond engagement device
i ncludes a second picker assenbly. 20 16. The system
accldr di rithetsysteinacaoing totebaimi I ardiodwheetmaidsecksd picker
assenbly nounted to the rail and arranged to nove

al ong t hgsdmB1§ @ drvan %@(ﬂ t@dvPabhg afkis pérperddiBuladtdttBdinearly
according to claim1I5 or 16, wherein said second

I C e T

pl ace units at the perlphery of the sorting statlon. 5

18. The system according to any one of clainms 7 or 17,
wher ei n the pre-defined categorles i ncl ude "good" nd

" ddect "Theayelg@racedrdingdpians ane 9t aimsut of I o mherg the pee-defined
or a conbination of the first, second or third

i nspect icoiegoresantlude "good” amdh ‘éd@y@:t’ eategw oy dtifimgd by output from
claim 18, wherein the sorting station includes 10

r ecept acingont or a cembindiitigof ths fiest| devend tabidd irdPections stations.
"defect" units, said second picker arranged to nove

the units to said respective receptacles. 20. The

system according to clainms 18 or 19, wherein the

pr gydef 'ﬂ%%y&"é]ﬁleag%ljdﬁlsg to claim 18, wherein the sorting station includes

receptacles for receiving respective “good” and “defect” units, said second

picker arranged to move the units to said respective receptacles.

20.  The system according to claims 18 or 19, wherein the pre-defined categories
turther include a “re-work™ category, said sorting station further including a

receptacle to receive said “re-work™ units.

21.  The system according to any one of claims 7 or 17, wherein the sorting
station includes a fourth inspection station arranged to confirm or otherwise
the presence of individual units or balls within the “good” unit receptacle.

22. A method of flipping an IC unit comprising the steps of:

engaging said IC unit with a picker assembly, said picker assembly in a

vertical orientation;
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further include a "re-work" category, said sorting
station further including a 15 receptacle to receive
said "re-work" units. 21. The system according to any
one of clains 7 or 17, wherein the sorting station
includes a fourth inspection station arranged to
confirmor otherwise the presence of individual units
or balls within the "good" untt receptacle. 20 22. A
nmet hod of flipping an I1C unit conprising the steps of
engagi ngoging sdi€ pinkiet assemblyao pihokieontalsseentitipn; sai d

pi cker assenbly in a vertical orientation; 21

rot at i ngliseaiseing 4 1C agh andkybstaatial |y sifuieidodkly engage said unit
orientation; disengaging said IC unit and

subst ant,j; ' 2 [ LW with a
second p‘?ll?llzg%{ecggg‘g%?gﬁg&ﬁ%l?iag{gﬁ? g‘?agﬁééﬁ#iraa? i on;
rotatin id second picker as ly to vertical

o1 ont areBing 8854 BIGEF L RBH B i spRabosdre R
conprising, a first and second picker assenbly each
havi ng a vacuum source operating at an engagenent end
of said respective picker assenblies for engagenent of
10 Fai d A eysem for fippigg n l€undgdmpasiogd pi cker '
assenbl i es capable of rotation froma verti cal

a first and second picker assembly each having a vacuum source operating at
an engagement end of said respective picker assemblies for engagement of
said IC unit;

said first and second picker assemblies capable of rotation from a vertical
orientation to a horizontal orientation and located such that in the horizontal
orientation said respective engagement ends are proximate to each other;
wherein in the horizontal orientation, disengagement of the vacuum source
of the first picker assembly and engagement of the vacuum source of the
second picker assembly results in the IC unit being transferred from the first
to the second picker assembly, whereupon the IC unit is flipped on rotation

of the second picker assembly to the vertical orientation and disengagement

of the vacuum source.
24.  An engagement device for engaging a plurality of IC units comprising

a plurality of pickers spaced in a cylindrical array;



orientation to a horizontal orientation and | ocated

such that in the horizontal orientation said

respecti ve engagenent ends are proximte to each

other; wherein in the horizontal orientation,

di sengagenent of the vacuum source 15 of the first

pi cker assenbly and engagenent of the vacuum source of

the second picker assenbly résults in the 1C unit

being transferred fromthe first to the second picker
assenbl y3 huthiecaeg etrtht hentte®fisaidtcylisdridal ppadsweh thatsaitlipburality of
of the second picker assenbly to the vertical

ori ent at pickeraun@ réfafdngdvan®id huf the vacuum source.
20 24. An engagenent device for engaging a plurality

of 1C uniis bt ld@Bice hoBhtbRlth b¥aifk
in a cyl |anderrlpgggaﬁarrayce2 ﬁ %ta o a%rgl?j&g?éaﬁﬁg%@paﬂ
- centre f sa dr| arra

ol ar al't rem IherbI Cz}(rall & sngagement ¢ eélcgb ]iﬁ)?at%bj? tromfbvertlcal toa
said% age nt device npuntable to a rail for vi_ng
al ong grg Pt é)irqentatl%gfcglthatv(ﬁéwltf; gngaged py salgﬂq}:ers and rotated 90°
engagenent device is rotatable froma vertical toa 5

hor i z8pauila horizentalaaxion such that 1C units engaged by
said pickers and rotated 90 about a horizontal axis.



