1 SYSTEM, APPARATUS AND METHOD FOR VACUUM BASED REGULATION OF COMPONENT
FLOW AND SINGULATION 5Technical Field The present disclosure relates generally to vacuum based
systems, assemblies, devices, and methods for regulating the flow or motion of objects or components
(e.g., semiconductor components) and/or separating objects or components that are displaced,
transported, or delivered along a feeder track. More particularly, the present disclosure 10 relates to
systems, assemblies, devices, and methods that provide at least one, and in some embodiments multiple
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arrange cogjcg%nentiﬂa fleeder tracks (such as quad flat packs with no leads (QFN)), prior to performing
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regions directed to periodically or intermittently applying vacuum forces that slows or

stop the flow of components along the feeder track. In certain embodiments, such

vacuum elements, chambers, or regions can be selectively or independently configurable.

15
Background
It is often necessary to separate or singulate serially adjacent or sequentially arranged
components in feeder tracks (such as quad flat packs with no leads (QFN)), prior to
performing particular processes such as component testing or inspection.

20

Various types of components can be transferred from a bulk or mass component source to
a component destination using component feeder tracks. Typically, multiple components
are transported serially (e.g., in a row) along a feeder track from a component inlet
towards a component outlet. Each of these components is subsequently offloaded, output,
25 or ejected from the feeder track (e.g. singly or in a singular manner) to a component
reception station. In general, a component located at the component reception station is
transferred to a processing station (e.g., for testing, inspecting, sorting, or mounting). The
semiconductor parlance for this process is known as “singulation”. The transfer of the
component to the processing station is typically facilitated by a pick and place

30 mechanism.



2 Conventionally, to singulate a first component most recently transferred to and disposed on the
component reception station the component needs to be isolated from the other components lined up
within the feeder track (e.g., including a terminal component within the feeder track nearest to the feeder
track outlet and subsequent components serially 5:aligned within the feeder track) such that the
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reception station has returned to the feeder track terminal outlet, component flow along

the feeder track would be resumed so that a next component (i.e. the terminal component)

can be transferred or offloaded from the feeder track to the component reception station.

20
There exist various systems, methods, and techniques directed to stopping the movement
of components along a feeder track and/or preventing the output, discharge, or offloading
of components from the terminal outlet of the feeder track to or toward the component
reception station.

25

Some conventional systems deploy a mechanical stopping mechanism (a holder) that is
used physically to halt the motion of a terminal component (i.e. the last component
located at the terminal end of the feeder track component outlet) by applying mechanical
force to that terminal component after the earlier terminal component has been offloaded,
30 to await the return of the component receiving station after the component has been

removed to the component processing station. The mechanical stopping mechanism acts



mechanical stop element at an end of an electronic component feeder track for stopping the motion of
electronic components traveling along a feeder track. In addition, Japanese patent application JP
200621928 discloses the use of a mechanical stopping mechanism for facilitating the separation of
semiconductor components transported along a feegler 10 track. Units Per Hour (UPH) in such machines
can typically reach 20000 to 30000 components per hour. Jagpanese patent lication JP 2006298578
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FIGs. 3a - 3&68%5%6%6??%5%%%88%&@@5 FARID %T’I(?g applied to the three terminal components is
directed to stopping component flow, and the positive pressure applied to the three terminal components
is directed tq restarting component flow. 20 H | 006298578, the applied vacuum force
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Japanese patent application JP 2006298578 discloses a feeder track that uses vacuum and
air curtain simultaneously to achieve singulation. JP 2006298578 describes the use of a
15  cavity configured to alternately apply a uniform vacuum force or a uniform positive air
pressure to the three terminal components along a feeder track (e.g., as shown in FIGs. 3a
— 3c of JP 2006298578). The applied vacuum force applied to the three terminal
components is directed to stopping component flow, and the positive pressure applied to
the three terminal components is directed to restarting component flow.
20
However, in JP 2006298578, the applied vacuum force cannot reliably stop component
flow. This weakness would be aggravated more particularly, in situations in which fewer
than three terminal components are present near the feeder track’s component outlet. In
such a case, vacuum leakage results in a significant decrease in the magnitude of the
25 vacuum force applied to the terminal component(s), thereby failing to stop component

flow along the feeder track as intended.

Further, positive air pressure is provided to continuously move components from the
mass component source into the feeder track. These components traveling at very high
30  speed will collide onto the rear end of the components that are already lined up near the

terminal end of the feeder track and this continuous and repetitious impact will cause the



4 lined up components to inch forward or towards the terminal outlet of the feeder track. Over time, these
continuous collisions will cause unintended offloading of the terminal components. 5In order to
successfully stop component flow, JP 2006298578 teaches the use of an air curtain mechanism that is
disposed between the feeder track's component ouglet and a component reception station. The air curtain
mechanism | s cqnfigured to generate an air curtain or stream b PQS ressure through
a channel on G5 126 CEBAMALES (iR O S e AR b oo S RSRT FE8dbtion staton.
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to the compon?mngt(&rﬁ%{ﬁgtlon station, (a) vacuum force is applied to the feeder track cavity; and (b) while

the air curtaif Sm would at the same time direct the air curtain between the feeder track outlet
and the component reception station, in a 15 direction perpendicular to the direction of component flow.
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feeder1fack chamber is discontinued; and (c) a positive air pressure is applied to the feeder track
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integrity of thn@%m@mnpnessurecard]mntem:ﬂarfdédepuekh@eﬁethamanyragﬂpmmmnethefeeder
track outlet and the component reception station. As long as the positive air pressure
provided by the air curtain is sufficiently strong, the terminal feeder track component that
remains in motion as a result of inadequate vacuum force (e.g., due to vacuum leakage)
20  will be unable to penetrate or breech the air curtain. The terminal component thus can
remain within the feeder track while a component on the component reception station is

transferred to a processing station.

After the component reception station is ready to receive a next component, (a) the
25  application of the air curtain between the feeder track outlet and the component reception
station is discontinued; (b) the application of the vacuum force to the feeder track
chamber is discontinued; and (c) a positive air pressure is applied to the feeder track
chamber, thereby enabling component flow along the feeder track and the transfer of
another component from the feeder track outlet to the component reception station.
30



10 In addition, technological developments and advances in the semiconductor and electronics industry
have also resulted in semiconductor and electronic components containing increasingly complex internal
structures, for instance, micro-electromechanical systems (MEMs). The complex internal structures of
certain types of 15 modern semiconductor devicesgcan be easily damaged or undesirably altered by
externally applied mechanical forces. It has been.foynd that t p&l{@ cbon of me force by a
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effect of suchld@merchamdadtiy pastefaaise mesyléditean thensitocturdd arddueletitoaldintegriynehtlectronic
containing increasingly complex internal structures, for instance, micro-
electromechanical systems (MEMSs). The complex internal structures of certain types of
15 modern semiconductor devices can be easily damaged or undesirably altered by
externally applied mechanical forces. It has been found that the application of mechanical
force by a mechanical stopper in order to stop the displacement of semiconductor
packages along a feeder track can damage or adversely affect the electrical and structural
integrity of the components resulting in functional reliability issues for, or device failure

20  of, the components.

Lastly, the use of positive air jet to move electronic components quickly along the feeder
track in conventional systems also contributes to failure of such small and complex
electronic components. Air-jets are used to increase UPH in such machines, sometimes
25  reaching 25000 to 30000 units per hour. The components in the feeder track move
extremely fast. The impact of such very fast moving electronic component colliding on
other electronic components lined up serially near the terminal end of the feeder track has
a similar effect to that resulting from a force applied by a mechanical stopper, which can
cause reliability and operation issues in such devices. In some cases, such collision

30  impact will result in failure of the components being processed.



components. It is also apparent that none of the conventional systems deals with the problem of the
collision impact brought on by the air-jetted fast moving electronic components on the 15already
stationary components lined up at the terminal end of the feeder track. To deal with the introduction of
increasingly small, fragile and complex electronic cgmponents, a new system and method for handling
such components for singulation without damaging them has to be devised. The system and method must
reduce or 20 R TRRDE T YONLL G VR B o R B oL BRPEh RY o PN i ponents
being processegboatoidirgyhdhdlingssenakdeddiad improfed easieens micstoppivgetite digplhosment of
components along a feeder track and/or preventing the offload of components from the 25 feeder track to
a componenmé}fﬁﬂgwlgtg{]igﬁ!%articuIarly, there is a need for structurally simple systems, devices, and
techniques that are capable of reliably stopping the displacement semiconductor components or
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maximizes aeRbibimpodesitabdpliraitatioaevith Saspetiany enhancing, optimizing, or maximizing a
component separation rate. JP 2006298578 has a weakness in that the activation of the
strong air-curtain exerts a mechanical force that causes ‘tapping’ of the terminal
component against the roof of the feeder track. As explained, the effect of such
10  mechanical impact force may affect the structural and functional integrity of electronic

components.

It is also apparent that none of the conventional systems deals with the problem of the
collision impact brought on by the air-jetted fast moving electronic components on the

15  already stationary components lined up at the terminal end of the feeder track.

To deal with the introduction of increasingly small, fragile and complex electronic
components, a new system and method for handling such components for singulation
without damaging them has to be devised. The system and method must reduce or
20  minimize impact forces or obviate the use of impact forces on the electronic components

being processed.

Accordingly, there is a need for improved manners of stopping the displacement of
components along a feeder track and/or preventing the offload of components from the
25  feeder track to a component reception station. Particularly, there is a need for structurally
simple systems, devices, and techniques that are capable of reliably stopping the
displacement semiconductor components or packages transferred or transported along a
feeder track in a manner that avoids damage or undesirable structural alteration to
semiconductor components or packages, and which enhances, optimizes, or maximizes a

30 component separation rate.



Embodiments of the present disclosure provide structurally simple systems, devices, and techniques that
are capable of (i) slowing down components carried by a feeder track as the components approach
and/or reside near a feeder track component outlet, thereby 5 reducing the collision impact(s) on slower
moving or stationary components along the feeder track; (ii) stopping a current leading or terminal
component gn the feeder track after a previous or earlier terminal component has been output by or
offloaded frotd THEFE&der track, without the use of any mechanical force, in a manner that avoids
damaging orBmistetimignngdhthsiprsienat sosuréunciadabiniegrdypbiing lewysteirsadbngesr teminal

10component; and (iii) enhancin timpizing, or maximizing a component aration rate. In an
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feeder track) that is closest to the component outlet, and to at least decelerate the motion of other
components (e.g., components trailing behind the leading component) carried by the feeder track, thereby
preventing uhdesirechbodinsontrallsdccompbasedt sysfam fiom shgafetolgr coagtonatdssitokides a

component delivery unit having a feeder track configured to carry components between a
component inlet and a component outlet; and a component reception stage configured to
15  receive components from the feeder track. The component delivery unit can be fluidly
coupled to a source of positive air or gas pressure, which can apply a positive air or gas
pressure or flow to portions of the feeder track. The positive air or gas pressure or flow
can exert a displacement force upon components carried by the feeder track, thereby
facilitating or enabling the displacement or translation of components along the feeder

20  track from the component inlet to the component outlet.

The component delivery unit includes a vacuum assembly that is coupled to a vacuum
source. The vacuum assembly is configured to periodically or intermittently apply
vacuum pressure(s) or force(s) at a set of feeder track sites to periodically or
25 intermittently stop the motion of a leading feeder track component (i.e. the terminal or
last component positioned at the terminal end of the feeder track) that is closest to the
component outlet, and to at least decelerate the motion of other components (e.g.,
components trailing behind the leading component) carried by the feeder track, thereby
preventing undesired or uncontrolled component output from the feeder track unless the
30 component reception stage is appropriately positioned relative to the feeder track and

ready to receive a next component.



30component reception stage is appropriately positioned relative to the feeder track and ready to receive
a next component. 8 Vacuum pressures can be applied by way of vacuum elements disposed relative to
distinct feeder track sites. In some embodiments, vacuum pressures can be applied to particular vacuum
elements in an independent and/or configurable manner relative to 5 other vacuum elements. In specific
embodiments, one or more vacuum elements can be configured for selective fluid communication with the
feeder track. Particular vacuum elements can be selectively activated (e.g., alone or in combination) to
test whethen\zaginen peessuresetameirt applignirayionasainfraliynarelerapiy ditppdite ralkation ob a leading
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component (ﬁllsp acemen orcg(ss resu}{lng rom eBos?tlve air pressure or flow. Such embodiments

avoid a need to modify or modulate the positive air pressure or flow or component displacement force(s),
and further by Oéd%S ﬂ%e?o%°§rﬂ1%‘d%s%?¥etXHe PJsé‘&rrC%Fta‘%é?re“’é’Sr%” ??@»%%8‘%%%8&‘8?%%&%&%‘6
component deliv r9 unit and't egomponentprecep ion 18 eelcs)aseé)upont e
occur in a continuous, generally continuous, or uninterrupted manner during component
15 singulation operations, resulting in a continuous, generally continuous, or uninterrupted
application of displacement force(s) upon components carried by the feeder track. One or
more vacuum pressures can be periodically or intermittently applied while the positive air
pressure or gas pressure or flow occurs (e.g., during continued or uninterrupted delivery
of the positive air pressure or gas pressure or flow to the feeder track). Such vacuum
20  pressures counter the displacement force(s) upon components carried by the feeder track,
thereby periodically or intermittently stopping and/or decelerating component motion
along the feeder track in a reliable manner, regardless of whether the feeder track carries
one component or multiple components. In several embodiments, the prevention of
unwanted or undesirable component output from the feeder track occurs solely in
25  response to applied vacuum force(s), which counter the component displacement force(s)
resulting from the positive air pressure or flow. Such embodiments avoid a need to
modify or modulate the positive air pressure or flow or component displacement force(s),
and further avoid a need to provide any type of air curtain between components or
between the component delivery unit and the component reception stage based upon the

30 timing of the applied vacuum forces. Embodiments of the present disclosure can thus



30 timing of the applied vacuum forces. Embodiments of the present disclosure can thus 9 provide a
simplified, more reliable singulation apparatus design, which can achieve higher component throughput
than prior designs. In accordance with an aspects of the disclosure, an apparatus for at least one of
regulating 5 a flow of components and separating cogmponents includes a component delivery unit having

at least one feeder track configured to cafry a series of components serially dis\%ﬁceable along the at
st one focBF Bk RO DB e PN o 0 A1 L PO b e B cre EEMRnent outie
of the at leastiging teetrmackiramnghptielast priendesigns assembly fluidly couplable to at least two distinct
sites on the at least one feeder 10 track and configured to apply a set of vacuum forces to the at least two
distinct sites. Such an apparatus can further include a component reception stage configured to receive at
least one compeoertlandtnith arraepeotscoitirodisolssoff padashtnandiier aobpsiueetafutigtlatingre the

component reception stage includes a receptacle suitably shaped to receive at least.one component. 15
I cortam enfoUaNhEh O THRe R BT P RRVR, SRR RS P BRI IR, i ot i
parallel. Addiaeiraylyt theastoompofeederetagkicordfiggeitiuderat leastinyoodlistngiarampaseeiallseceptacles,
each of the at least two djstinct component receptacles suitably shaped to recejve at least one
omponent, AT BN ALY 108 A R Atk (e g EoR T, o RIS Bl LTl A s ab e acuum
ags_embli_es, fetumetzakn o tne: at:t&ap_bmmi diﬂﬂbto@hﬂmaﬂﬂeaﬁsmmh’éeddstﬂaﬂﬁlwmdmltﬂa&_tmat I(_east two
distinct sites on each of a[ﬁorFF_sIBPnd|rd§§1;%%d%r8tﬁck. he ?t Ieasét one vaguum I%ssemblzl is,configured to
a of feede

. vacuum assSem %/C east twa. IStII’lF Slte%?n at ]aSt ne 1eeaer
applyaflrst vacuum force Irst se rtrack sites of the at least one Teeder track and a

second Qacuvanki@rmd cirdi gesont seipdy feadeotraatusiteSartthamtieaxt loast teeddrstiacksitdse at least
one vacuum s%emb(lgg can be coqfiﬁHred tq selectively establish {he n{a nitude of %t {east one of the first
u S ure

vacuum forc AHt theP BAESTaC T TOREA O COMPORENT FEEpIon Stage CONTIgUrég 0 fecelve
at least one component within a series of components offloaded from the component
outlet, where the component reception stage includes a receptacle suitably shaped to
receive at least one component.
15
In certain embodiments, the component delivery unit includes at least two feeder tracks
arranged in parallel. Additionally, the component reception stage include at least two
distinct component receptacles, each of the at least two distinct component receptacles
suitably shaped to receive at least one component. Moreover, the at least one vacuum
20  assembly can include at least two distinct vacuum assemblies, where each of the at least
two distinct vacuum assemblies is fluidly couplable to at least two distinct sites on each

of a corresponding feeder track.

The at least one vacuum assembly is configured to apply a first vacuum force at a first set
25  of feeder track sites of the at least one feeder track and a second vacuum force at a second
set of feeder track sites of the at least one feeder track. The at least one vacuum assembly
can be configured to selectively establish the magnitude of at least one of the first

vacuum force and the second vacuum force.

30  The at least one vacuum assembly includes a plurality of vacuum elements, each vacuum

element within the plurality of vacuum elements configured for selective fluid



communication with the feeder track. In multiple embodiments, the at least one vacuum assembly
includes a first set of vacuum elements and a second set of vacuum elements distinct from the first set of
vacuum elements. The first set of vacuum elements includes include a first set of vacuum openings
exposed to the feeder track and the second set of pgvacuum elements includes a second set of vacuum

openings exposed ta the feeder track, where the first set of vgcuum openin an be positioned closer to
e componGATSUHBEARA LT taCBa B bactL R OO THaeH e BB ARk Bt Migs rs
configured tagistriitytimel fied uafitsusefeceaaauss rbriissinuamdteond cenyformntmanditiensecond set of
vacuum openings js,configured to distribute a second vacuum force across a second number of
component= S ATHI 4o GEAHSHE, O VASHHRLEE ST TRo (15 JAShRSk P oreet R SIE IR A A
componentsinalndeadifferaet tanasecopshiagoetpbsetitbytia feadaittrdekodrit eheesaondds/estunfm force to
the secand number o compane t(d? De endg;%eggfn embodiment details, the first aticg c%n Sbe greater
than, e(%]al P SHBSE A %h'@%@ oha T, (AU QRN SRR LR FEMfided to
accommodateharirttenfirstosst of canypomeptniags the sepositiseddtaeu tonttepeomposeatcoutiigured to
accommoda{ﬁ %ﬁjeco%ggrﬁjmpefr of components, where the first and second numbers of components can
e

be 20 identicq of ditfe .8.,%%“%?%985%%r of components can be greater than or less than the

second number of components). In certain embodiments, the first number of components equals one. The

frst set of vagyign GRepings, can be couplect o e Aisast pne feeder rack by, 3et- 28 plyapuum
pathways disposed at an angle relative tdthe at least’one feeder track. The apparatus canfufther include
a set of @ir phsdageshsrndiguoathtmgreyvahe dhrosetoadsebrofaspuess o fimgstasportitipsred the at least
one feeder t{]ack.'n order to exert a dis?lacement farce upon coweoor}ents carried by, ttige ?t I?ast one
stribute a second vactum TOrce across a second, nUmber o componeie. A IFeL Ta00

feeder track IR Some embodiman S, the aif passages are disposed at an angle relative o the at least one
feeder 30tradkfiretl by a magnitude of the first vacuum force to the first number of components can

be different than a second ratio defined by a magnitude of the second vacuum force to the

second number of components. Depending upon embodiment details, the first ratio can

15  be greater than, equal to, or less than the second ratio.

The first set of vacuum openings can be configured to accommodate a first number of
components and the second set of vacuum openings is configured to accommodate a
second number of components, where the first and second numbers of components can be
20 identical or different (e.g., the first number of components can be greater than or less than
the second number of components). In certain embodiments, the first number of

components equals one.

The first set of vacuum openings can be coupled to the at least one feeder track by a set
25  of vacuum pathways disposed at an angle relative to the at least one feeder track. The

apparatus can further include a set of air passages configured to provide a positive air or

gas pressure flow to portions of the at least one feeder track in order to exert a

displacement force upon components carried by the at least one feeder track. In some

embodiments, the air passages are disposed at an angle relative to the at least one feeder
30 track.



The first set of vacuum openings and the set of air passages are configured to enable a progressive

displacement of the series of components along the at least one feeder track in a synchronous manner

with respect to a cyclical application of the set of vacuum forces to the at least two distinct sites on the at

least one feeder track. S The first set of vacuum opgpings is configured to apply a vacuum force to at

least one compopent in a manner that is sufficgﬁbt to stop displacement of at leasbpén8e co gonent along
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the at least one f @aéﬁttr%cf@%%?gﬂwstﬁ@ ¥ st 8t 9Ud W%%e?’ﬁ%ﬁgrgéqu‘ﬁe dto apply a

vacuum forcprtg@dsiadidgglacepeneof thesasido dhearnpopenisril difp titetincasnamnésederttiackifficient to
stop displacement of the Ieading com\z\)/onent. Ing?veral embidim ntst the first set of vacuum openings

includes a |e'£dﬂ1§y\?§96‘il1%“8p@ ﬂ?&ra dﬂé traR v%&ﬁ}ﬁ‘%'!ﬁ? AR G i&grﬁ) bodi e}ﬁg,uﬂ% first set of

vacuum opefongs tochesdeaqltwalidystinstisitesonapeninigashanenigatifienaok cross sectional areas. 15 For
instances a leading vacuum opening can have a larger cross sectional area than a trailing vacuum
opening: The first set of vacuum openings can include a vacuum opening having a different cross
sectional areenthéirsaseacd wacop@nopgnintnstiterdenoad setpblyagwaouwpeioingtofddamnaly or
alternatively, the first set of vacuum openings carn proyide a first agaregate cross sectional vacuum

pRIGR can proyide affistadaregale cros ¢

opening ared ARRPHESECBAPLRYYSh b hings AL EraU LA R P To SR hoss
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vacuu
sectional vaalnny theeatitsres tets tatkcFopmstherchrshadigsegettefovassuse openelgaresn bdoreover, the

first set of vaguum op nings fan include q,(g)luretlit Cff vacuum o eninlgs havin% qﬁferent Cross sectional
configur éFto %p Y &, yaciim Torce .o% ading. comuone closes g comoonent .

areas and thé se€ond set Of vacuum openings includes a%lura y Of vacuum openings having different

cross skctionatlateas. Bénméretitanssufitoiedeto siop uhisptzne rnantyobthedbadmg caopomnthamber fluidly

coupled to one of the first set of vacuum openings and the second set of vacuum openings. In certain

embodiments, the component delivery unit includes a first vacuum chamber fluidly coupled to the first set

of vacuum openawgsahrdboskoent vieudinstcteinoberafiuioy @ik cimgp|eattoddse s déeanichset@fvacuum

openings. 12 An a pargttu§ in accorgance with the Present griﬁglo yre can fuq;hc—ir iqcl deah)ressurized
openiiia dnd d ralllng acuurn opening. . M some odimenss, the ISt se 03 vacutn ;
gas supply unit flurdly coupled to the componentdelivery unit and contigured to provide a positive gas

pressure to theecmypmetrtedalipbmalityitab\exartina aispliage menbdoddéerpdrctbss secieanaf emagonents, the
displacgner]l_;gprl%%tgl;{égf:ig %5&%%&%%@%&36 fﬁ& %n have a larger cross sectional area than a
trailing vacuum opening. The first set of vacuum openings can include a vacuum
opening having a different cross sectional area than a vacuum opening within the second
set of vacuum openings. Additionally or alternatively, the first set of vacuum openings
can provide a first aggregate cross sectional vacuum opening area and the second set of
20  vacuum openings that provides a second aggregate cross sectional vacuum opening area
that is distinct from the first aggregate cross sectional area. Moreover, the first set of
vacuum openings can include a plurality of vacuum openings having different cross
sectional areas and the second set of vacuum openings includes a plurality of vacuum
openings having different cross sectional areas.
25
The component delivery unit can carry or include a vacuum chamber fluidly coupled to
one of the first set of vacuum openings and the second set of vacuum openings. In
certain embodiments, the component delivery unit includes a first vacuum chamber
fluidly coupled to the first set of vacuum openings and a second vacuum chamber fluidly

30  coupled to the second set of vacuum openings.



5 components toward the component outlet. The pressurized gas supply unit can be configured to provide
the positive gas pressure at one of a substantially constant flow rate and a substantially constant
pressure. The at least one vacuum assembly is configured to apply the set of vacuum forces in an
intermittent manner relative to the positive gas presgpre, where the set of vacuum forces includes at least

one vacuum force that is . 10 sufficient ta intermittently stop displace t of a leading component closest
o the compCiLABBHAS I ARG S AT ALES TG o LT e Ve DR o FSLE ARfured to
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the component outlet. Thﬁlgppllfatlon fhe s%t %f vac ur{hfor ep,.cqn be initiated upon %?tectlon of the
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portion of theardauad asseapply ishearsetd onhtesacaiuio tlierceampdorniegt sidistenyialhyit. Wavaeuuptedssembly in

accordance Wlth.thﬁ J”S??nm dlg%%tjﬁr?% can. éﬂ%gggh%tég%sto ane Yaguum chliimber fluidly coupled to the

feeder track %P)P%%y of & set Of vacy penin he vacuum assen¥blllyr/] can include a first set of

vacuum elements configured to apply a first vacuum force to a first set of feeder track sites and a second
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regulating at least one feeder track; a pressurized gas supply unit fluidly coupled to the component
delivery unit and configured to supply a flow of pressurized gas that exerts a substantially
20  constant displacement force upon the series of components along the at least one feeder
track, the displacement force directed toward the component outlet; a component
reception stage configured to receive a first component within the series of components
from the at least one feeder track, the component reception stage including a set of
sensors configured to detect receipt of the first component by the component reception
25 stage; and a vacuum assembly fluidly coupled to the component delivery unit and
configured to intermittently apply with respect to the flow of pressurized gas a set of
vacuum forces at a set of feeder track sites, the set of vacuum forces sufficient to prevent
output of a second component within the series of components from the component
outlet. The application of the set of vacuum forces can be initiated upon detection of the

30  receipt of the first component by the component reception stage.



15 component flow and separating components includes providing a component delivery unit having at
least one feeder track configured to displace components from a component inlet toward a component
outlet; providing a series of components to the at least one feeder track, the series of components
including a first component and a second componef that serially succeeds the first component;
displacing the series of 20.components along, the aft least one feeder track toward the component outlet;

and applyind AOR Ot VRAGURT 5 G LE RALONA HERSUNBASIPARY LS HPHIEHRG Ye feeder
track to prevemrhpoipnt ¢flibergecindAonyponeassatthiy ineaseridsmet coithpheantsdnonistiestoenponent
outlet. 25The series gf companents can include a third component that serially succeeds the second
component, SR 07 g dER LA AV T R S, AR R e R R sot o
vacuum forcest tf emaklm opgpinigat the second component within the series of components from the
compongnt outlet; and further adjusting the at least one vacuum force within the set of vacuum forces to

preventoutput of the third component 30 within the series of components from the component outlet after
the second ciimapavemhhasdmetdly abhemstypieBaflysosdp of vacauhestemymon eonfigulet! fet ppiyoaess in

accordance with an embpdiment qf the disclosyre can also include providing.a compongent reception
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component eotiéiguFéc woappbnersevecdpiemiuhstage tociuskesrd ke sifoieed@ceptkcddesrttacdsving
structure sitally shapedis ieeeivs af lpast one Gompenent, Thie process, san ther Indydg providing a
least one vacuum’assembly configuréd Tor applying the' set 6f vacuum forces, where the at least one
vacuurbOasseenbiyl igatuidty foocgptatplests the dispdasnted st eksited aidhdhat deagtonaptseelier track. 10

The component deliver ulgllt can include at Iegstt one f?ed rir cb"

n?hin some, emb Hpe]nts includes at
Ssem 0_sefective Sns {ehma nitude of the Trs

vacuum can.pe confiqure estd L
least two feeder tracks arranec?ln para e 1R particular Emboaime e process can mcI'uc}e providing
at least two dstinch Yameusiatissamthieas agmfigleretitfersappiyvivgdiners&droé vacuum forces, wherein the at
least two distinct 15 vacuum assemblies are fluidly couplable to the at least two distinct sites on each of a
corresponding feeder track. In association with such a process, a component reception stage can include
at least two diistiowirdancpomithtare eepeaciasiheadisadd it at |psess dodistihedst ampofeeguidipgtacles

sultablyshapeg 0 feGels, ALIerShans FMAMSHe A ARBIRY BISShY YABHBR i ecRnas cast wo
unit having at least one feeder track configured to displace components from a
component inlet toward a component outlet; providing a series of components to the at
least one feeder track, the series of components including a first component and a second
component that serially succeeds the first component; displacing the series of
20 components along the at least one feeder track toward the component outlet; and
applying a set of vacuum forces to at least two distinct feeder track sites of the at least
one feeder track to prevent output of the second component within the series of

components from the component outlet.

25  The series of components can include a third component that serially succeeds the second
component, and the process can further include adjusting at least one vacuum force
within the set of vacuum forces to enable output of the second component within the
series of components from the component outlet; and further adjusting the at least one
vacuum force within the set of vacuum forces to prevent output of the third component

30  within the series of components from the component outlet after the second component

has been at least partially output from the component outlet.



selectively establishing at least one of a magnitude of a first vacuum force at a first feeder track site and a
magnitude of a second vacuum force at a second feeder track site distinct from the first feeder track site.
The first vacuum force can be identical to or different from the magnitude of the second vacuum force. 25
A process in accordance with the present disclosurgscan include providing a plurality of vacuum elements
fluidly couplable to the at least one feeder track, and wherein applying the set of vacuum forces to the at
least two distinct feeder track sites comprises selectively establishing fluid communication between the at
least one fegtl@rdtaskiandcddaactonldr amenbodatemesftshe dibcl dbere tarakityoohiehcleyroeldimgnts. For
instance, a process can.include providin a\}jjrst set of vacuum elle ents fluidly coupla E to the at 15
least one feddP IRRIETh AP EERIcnE 205: BYVAGHIGH G dRAENE LS bOUp ST RER, WAL Bhe feeder
track, the firseset aff vemvponelenuffitsadéstifcnfrohe tengerend seflaf aeutomeementsceptioiirst set of
vacuum elements.in:frllﬂtgges a]first set of vacu

fedte 4

L 1 ciem openi&giqesﬁ%ﬁ to ﬂﬂ?ﬁ at least one feeeder rack and the
second get oslt%cm? R Al R RN S vach 8B r%g gﬁﬁ%gcﬁ% the %t least one
feeder trackl¢spphyiegcanspddntacliben fmees aatfledsrtie ididdipcotididgr drdekssites cacuoniude
distributing a first yacuy force aeross a}first rwmb?r fo components using the Lirst qt of
assembly configured for applying the set of vaculm forcCes, where the at least one
vacuum assembly is fluidly couplable to the at least two distinct sites of the at least one
feeder track.
10
The component delivery unit can include at least one feeder track, and in some
embodiments includes at least two feeder tracks arranged in parallel. In particular
embodiments, the process can include providing at least two distinct vacuum assemblies
configured for applying the set of vacuum forces, wherein the at least two distinct
15  vacuum assemblies are fluidly couplable to the at least two distinct sites on each of a
corresponding feeder track. In association with such a process, a component reception
stage can include at least two distinct component receptacles, each of the at least two

distinct component receptacles suitably shaped to receive at least one component.

20  Applying the set of vacuum forces to at least two distinct feeder track sites can include
selectively establishing at least one of a magnitude of a first vacuum force at a first feeder
track site and a magnitude of a second vacuum force at a second feeder track site distinct
from the first feeder track site. The first vacuum force can be identical to or different
from the magnitude of the second vacuum force.

25
A process in accordance with the present disclosure can include providing a plurality of
vacuum elements fluidly couplable to the at least one feeder track, and wherein applying
the set of vacuum forces to the at least two distinct feeder track sites comprises
selectively establishing fluid communication between the at least one feeder track and

30  particular vacuum elements within the plurality of vacuum elements. For instance, a

process can include providing a first set of vacuum elements fluidly couplable to the at



vacuum openings and distributing a second vacuum force across a second number of 10 components
using the second set of vacuum openings. A first ratio defined by a magnitude of the first vacuum force to
the first number of components can be identical to or different than (e.g., greater than or less than) a
second ratio defined by a magnitude of the second macuum force to the second number of components.
15The first set of vac en an be cqupled. to the atl ast one fe er tra of a set of
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can be less mmﬁmrgmemen {lean, tgreaiecdmi numbethaﬁ):ersqmonemmbo lﬂeﬁoadebyrakmugmmdkspme first
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sites can includa” 10 ety Pshrr?gf]c l}Pd conmunication between the féeder track and at least one of the

first set of vacuum openlngs and the second set of vacuum openings. In several embodiments, at least
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chamber carried € componen rocess in accordance WI resent disclosure
can further nadatjefprmudmg)assages configured or disposed at an angle relative to the at least one

feeder track. A process in accordance with the present disclosure can further include
providing a set of air passages disposed at an angle relative to the at least one feeder
track. Displacing the series of components along the at least one feeder track toward the
20  component outlet includes synchronizing a progressive displacement of serially disposed
components along the feeder track toward the component outlet using the first set of
vacuum openings and the set of air passages. Synchronizing the progressive
displacement of serially disposed components along the feeder track includes cyclically
adjusting at least one vacuum force within the set of vacuum forces. In multiple
25 embodiments, synchronizing the progressive displacement of serially disposed
components along the feeder track comprises cyclically adjusting at least one vacuum
force within the set of vacuum forces while providing at least one positive air pressure to
the feeder track by way of the set of air passages, wherein the at least one positive air
pressure exerts a substantially constant displacement force upon the series of

30  components.



positive gas pressure to the at least one feeder track to exert a displacement force upon the series of
components, the displacement force sufficient to displace the series of components toward the
component outlet. The positive gas pressure can be provided at one of a substantially constant flow rate
and a substantially constant pressure. Applying 2043 set of vacuum forces to at least two distinct feeder

track sites ingcjudes applying the set of vacuum forces in an jntermitient manner relative to the positive gas
iebnattha i i ten g e L B b e S I Ll
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vacuum element§ glt'(i)dl?yv% upled,to the at 'ﬁ%atb‘”}‘ﬁ fe(e)der trgnccsk d%[i\&}e?&sﬁ nsi?t of feeder track sites; 15
[ eder t

displacing a%qﬂpa? y 0 corﬁjbj%gﬁ%na &c}:&r e ar least one fe rack toward the component outlet;

outputting a leading component from the component outlet while displacing the plurality of components
o B0 LI Bel T DR o o R By
determining pasdiliergas pressure to the at least one feeder track to exert a displacement force upon
the series of components, the displacement force sufficient to displace the series of
components toward the component outlet. The positive gas pressure can be provided at
one of a substantially constant flow rate and a substantially constant pressure. Applying
20  aset of vacuum forces to at least two distinct feeder track sites includes applying the set
of vacuum forces in an intermittent manner relative to the positive gas pressure. For
instance, applying a set of vacuum forces to at least two distinct feeder track sites can
include applying the set of vacuum forces during an uninterrupted provision of the
positive gas pressure to the feeder track.
25
In accordance with an aspect of the disclosure, a process for at least one of regulating
component flow and separating components includes providing a component delivery
unit having at least one feeder track configured to displace components from a
component inlet toward a component outlet; providing a series of components to the
30  component delivery unit, the series of components including a first component and a

second component that serially succeeds the first component; providing a substantially



20 the first vacuum element configuration prevents output of another component from the component
outlet during applying the vacuum force to the first vacuum element configuration. Such a process can
further include providing a component reception stage configured to 25 receive a component from the
component outlet; and offloading the first componengywithin the series of components from the component

outlet to the component reception stage. The compaonent reception stage includes a receptacle suitably
shaped to rele TV RLSES PERE'KE BRI Tisl RS i A LSPSTAL a6 0L R SEHRS St
vacuum asseompiesefitscly cisipiableno tbrest tfasbitvportbstinal@iteshenfeeddy afaicaveapbnhiéng feeder
track. The component reception stage can include at least twq distinct component receptacles, each of
the at least G0 AL QO bOERL T P AICE SOIEAS0 b AN CATa e SEIVE B GaQPSHE B cfBonent. A
process in atteoodanpumantivtiietpeppdyingdisdesof & aamadditees adyaisel uddesabiistingitesseadnd vacuum
element_configuration that defines a second set of vacuum elements fluidly cqupled. to the at least one
feoder Gck HPP LA GRHTEE PP BT S hSQ e ) SLEAAVE SPRbGE Tt LS stet rom the
first set of feeglerdsattlospplydisplbesey ¢f pho@lity fofamsmponents along the at least one feeder track
toward the component outlet; outputting a component from the component outlet while displacing the
plurality of components along the at least one feeder track; applying a vacuum force to the second

vacuum elerreatoanatigeratish aftespedpuoftihg thsctosomepagrbbes filreat deapooen bdutigh] kand

determining Whethern{:jII secongl vacu%Jtm element co fl%urat on ﬁlrev. nts out%ut of anot(pe?r component

t
cQMpon oW and separating. components mcludes providing a componen very o :
from the comporﬁ’en?o et during aPpp ym% HEPRCETM YOrCE 18 tHR'4EEha VRN Blethent chnflguratlon.

The setivond seit diafapgat leask @ik feeder itratikdend msgactabdéenal diguratioaradfYeaden telerkesites than the

first set of feﬁd%r track sites. Z%n aﬁor ance wit atn a pﬁ]ct Otf the discl?s%re, a Ef(oce for at least one
. urdly cou ?[a e'to c?a gast. one feeder rac% ereloleast One. feeder’ tratk con }%u(ge ) s
of regulating com)f)one OW and separating components includes providing a compone elivery unit

having at ledst serafiye dsptaaekcanpansete diaivhe lovaljigreintaolainioozedingsoinpoiyeod upidétte to distinct

positions of (e, a6 ane fgederiiack e At leask ans eder uagk configieddp gfsplags somponents
from a componenl infet toward a componenteout?ep; o isplacing ap uralﬁy 0 componenfs along the at
least one featiemerdsiltoaipcbtipdeddmpreratrieanttier tadmraigchmblgificsbsttsif feeddntaatiusitdsirces to a

first Se{Lé’f ipidtiRce s réiﬂf'ﬁf%ﬁ%@n&%@%@ﬁ?ﬁé Oart‘e@S&dS{ﬁe”?é’%ﬁe?%%%E'Q&&F&%"”?”t
evaluation set from the component outlet as a result of alternatively transitioning between displacing the
plurality of coompaorents @ltey hemtlzgsholeedigdeompckeahdroyeliteilgomponent outlet while
displacing the plurality of components along the at least one feeder track; applying a
vacuum force to the first vacuum element configuration after the outputting of at least a
portion of the leading component from the component outlet; and determining whether
20  the first vacuum element configuration prevents output of another component from the
component outlet during applying the vacuum force to the first vacuum element

configuration.

Such a process can further include providing a component reception stage configured to
25  receive a component from the component outlet; and offloading the first component
within the series of components from the component outlet to the component reception
stage. The component reception stage includes a receptacle suitably shaped to receive at

least one component.

30 In certain embodiments, the component delivery unit includes at least two feeder tracks

arranged in parallel. The at least one vacuum assembly comprises at least two distinct



30 applying the set of vacuum forces to the first set of vacuum openings, the component evaluation set
including at least one component; determining at least one damage 19 measure corresponding to the
component evaluation set, the at least one damage measure providing an indication of one of component
structural damage and component functional damagg; and establishing at least one of a second set of

' distinct f the first set ' d nd set of f
Gisinet o HERE B0 B S6ER 1 10 0 S LMo T A LA A B SO DS rputing

the componentieyatuessnse distmoncitedeosariatyod atpoittsgdndinidfeatieo ryuinenie tomptmetomponent

outlet in a manney. that prevents ¢ onent Qutput from the component outlet when the first set of
acuum for NGO RS Ao AL e AT bl LS 0 T R RIS A DB ot the
disclosure, dqastcess fdistihteasbompentegedafitagleonspiaeint Bhspendsepaeiingacolkgsonems includes
providing a comgoner{t delivery unit having at least one feeder track fluidly couplable to a source of

positive gas %%1 Q0F"and a selectable configuration of vacuum elements fluidly couplable to the at least
one feeder track, the at least one feeder track configured to displace components from a 15 component

inlet toward g component outlet: applyjng a positive ressure tq.the at least ane feeder .track; exerting
o displacemenPIOTES b aea RGOt e e Eoes ARy SR ARG F R iy of e
positive gas pressudeyatspracetgribre ghntibtyrafaothpodefiteabsectng attesistane feetenérask toward
the componept. outlet: a etermining a configuration of yacuum elements that coupters th
cisplacemen Wi SR T A RS R T R RS R SR S8 appicatin
interval 0T heseoniseatibfeederacackmi e digntst faombthe férstedée stf deedeyuratiosites vaisplacirej@ements that

counters the displacement force. Additionall ying the positive gas pressure can include applying a
cubstantally O o e e R TR O B T ST T LB e

separating contpatiegts inciop@xat chmpahentarefiveentuoittlzbvivigléaylimplecisgothe fpledaitirack configured
o carry a Sefieg ‘gnféﬂ@d% é‘egﬁﬁe%%ﬂ'é%l% %%?%!%%9 %Pat%k?;‘ta:ﬁ?@ti 06 3 fvea%ﬂﬁﬁr%?‘éef&%%% 886{?‘]889‘9”‘ inlet to
a component outlet; an 5' set of recelving elements;’a component reception stage having (a) a
receiving strustutancelafigotedntigertioe after outputting the component from the component outlet;
15 and determining whether the second vacuum element configuration prevents output of
another component from the component outlet during applying the vacuum force to the
second vacuum element configuration. The second set of feeder track sites can include a

larger or smaller number of feeder track sites than the first set of feeder track sites.

20  In accordance with an aspect of the disclosure, a process for at least one of regulating
component flow and separating components includes providing a component delivery
unit having at least one feeder track and a selectable plurality of vacuum openings fluidly
couplable to distinct positions of the at least one feeder track, the at least one feeder track
configured to displace components from a component inlet toward a component outlet;

25 displacing a plurality of components along the at least one feeder track toward the
component outlet; cyclically applying a first set of vacuum forces to a first set of vacuum
openings fluidly coupled to the at least one feeder track; outputting a component
evaluation set from the component outlet as a result of alternatively transitioning between
displacing the plurality of components along the at least one feeder track and cyclically

30 applying the set of vacuum forces to the first set of vacuum openings, the component

evaluation set including at least one component; determining at least one damage



30 component within the series of components output from the component outlet; and (b) a 20 set of
engagement elements configured to matingly engage with the component delivery unit's set of receiving
elements. In some embodiments, the set of engagement elements includes a set of protruding 5
members that extends away from the receiving strugjure toward the component delivery unit, and the set

of receiving elements includes a set of recesses formed in the companent delivery unit configured to
receive the JBFGHES GRIAMG AR I2e AR SN AT AL FA L AL LGRS provide a
bridge memipes\ieimgeanitikcationpoine ciadivapondit stnactbenr eaaistroast gotuperwhefuticti e of
engagement elements and. t et of 10 receiving elements exist in a partially.en d state. The bridge
ember o cHTRREEE SIRHR ACa B L SR TESE oAy eSELBLANEER & Bormponen
delivery unitthaditbiesepofpaoenhrepenitign Sidgesetvoe detinfevabadimfentss didiact fone didlfiedoridge
member_and the feceiving structure is tapered,to facjlitae mating engagement tg. accommogdate a
ostiont erfb} BLH At SonrioHE QRS Rt S OO ATREot oo Mo A e e
component remepbioenstaguiionnbycar dridudéssgiaaedynautb bitimgeirnl iz idoah gongoheede frivom thesition and a
component dis atcnh ’?(EOSi%%E and ghe br{ﬂ%e r;nerrg@er anr]ld then trecFiv'gF strycture can be% copfigured for
least partial 8?1'3'88e?n At é’ﬂu e ggﬁqpo MEVEL Sp?%nps%ege BELIE, ?1805%%8%% !]el patch
position. 20IwlaaTtdrel finstesevioh zaT aspeforadstiseapidiEo sotae dipitaee s$ Yacsepa@mggsomponents includes
providing a component delivery unit that includes at least one feeder track and a set of receiving
elements, the at least one feeder track configured to displace a series of components along the at least

one fed@er tlackctanomaceorifionerispeet 0b theatisploners; aupiet;qssofadiatyleasbomeorferdgudegpgion stage

that includes_ a receivipg structyre and a set 25 of enga emgnt elements, the receivir}gastlructure
) companent flow and Separ mgt componén cludes pr v;f in %com onentdeliv g/
configured to receive a component within*the series 0t components rom the component outlet, the set of

engagementeié ey edbidiguond feedetiragly Bty eovfilabhetset sufuree el pay ikiesgzntsrassarset of
engagement glemeqis cRNgNTRd . REAVHS ABTIdos Memes Refvest g compeng L deliyery unit and

the component réception stage when the set of engagement elenmerits 30and et of receiving
elements existiema tpankiatlyeetig kgetd statée colatpurttikgcardogn poh éntdispha dd € copgrenen frontlet to the

COMpope nt rgo(fﬁﬁéir?@nﬂ%ge? %Q\?a'?aﬂbec%%r%r?e%t outlet; applying a positive gas pressure to the at
least one feeder track; exerting a displacement force upon a plurality of components
carried by the at least one feeder track by way of the positive gas pressure; displacing the
plurality of components along the at least one feeder track toward the component outlet;
and determining a configuration of vacuum elements that counters the displacement force

20  to prevent component output by the component outlet during a vacuum application
interval. The configuration of vacuum elements can be a smallest configuration of
vacuum elements that counters the displacement force. Additionally, applying the

positive gas pressure can include applying a substantially constant gas pressure.

25 In accordance with an aspect of the disclosure, a system for separating components
includes a component delivery unit having (a) at least one feeder track configured to
carry a series of components displaceable along the at least one feeder track from a
component inlet to a component outlet; and (b) a set of receiving elements; and a
component reception stage having (a) a receiving structure configured to receive a

30  component within the series of components output from the component outlet; and (b) a



engagement elements and the set of receiving elements exist in the partially engaged state; and
supporting by way of the bridge member the component output from the component outlet. 5Brief
Description of the Drawings Embodiments of the present disclosure are described hereinafter with
reference to the drawings, in which:  FIG. 1 is a bigck diagram illustrating a representative component

separation, singylation, 10or isplation system 1 according to an embadiment of the di (%I) sure. FIG. 2Ais
= ehematic SLE BT ARRH E SOTR e AU LA L AR A TR S SSTNE apperatus
according toumit srsdiadineesivivigtbldligaosure. 15 FIG. 2B is a plan view of an embodiment of the

component separation apparatus corresponding to FIG. 2A. FIG. 2C is a schematic side view illustrating

portions of a component separation, singulation, or isolation apparatus according to another embodiment
of the disclo$nreord® Ehthodnients plae \sevobfcagarrheoctine Eneftshiclooysoaesat sefppratiodiagparatus

ceparaton, SR Gh S AR L CCREBAR AL L5Vt AL G ARG, 5 08 disclosure.
FIG. 2F is a wlmr,llariel\mhefsat_loémebei@iirn@atemg]hle rwhopenestisepacssss Wﬁﬁmstlm@mpomﬁng to FI_G.
tZOF'FIé? : gG Aivarg Bl o e R R P L IR B R P AR AR e sponding

elements can be configured to provide a bridge member between the component delivery

unit and the receiving structure when the set of engagement elements and the set of

10  receiving elements exist in a partially engaged state. The bridge member is configured to

support a component that is at least partially disposed between the component delivery

unit and the component reception stage. In certain embodiments, at least one of the

bridge member and the receiving structure is tapered to facilitate mating engagement to

accommodate a positional error between the component delivery unit and the component

15  reception stage. The component reception stage is configured for displacement between

a component reception position and a component dispatch position, and the bridge

member and the receiving structure can be configured for least partial engagement when

the component reception stage is located at the component dispatch position.

20  In accordance with an aspect of the disclosure, a process for separating components
includes providing a component delivery unit that includes at least one feeder track and a
set of receiving elements, the at least one feeder track configured to displace a series of
components along the at least one feeder track from a component inlet to a component
outlet; providing a component reception stage that includes a receiving structure and a set

25 of engagement elements, the receiving structure configured to receive a component
within the series of components from the component outlet, the set of engagement
elements configured to matingly engage with the set of receiving elements, the set of
engagement elements configured to provide a bridge member between the component
delivery unit and the component reception stage when the set of engagement elements

30 and the set of receiving elements exist in a partially engaged state; outputting a

component from the component outlet to the component reception stage when the set of



5FIG. 21 is a schematic side view illustrating portions of a component separation, singulation, or isolation
apparatus according to another embodiment of the disclosure. FIG. 2J is a schematic top view illustrating
portions of a component separation, singulation, or isolation apparatus according to another embodiment
of the disclosure. 10 FIG. 2K is a schematic top viepyillustrating a manner in which a component delivery
unit and a component recle tion staaje of FIG. 2J can be c?nfi ured to matﬂgl[}vl) en%@?e with %ach other.
15FIG. 2L is®H RNt FcEBe{)Fév@’i‘ H?Faﬁ?%ngorﬁF&h‘Q% & B SEpHIARERI SN EISRER” or isolation
apparatus astneclingdystippatiathey ewdyodftaatmidhe cisolosunde Edp@Mnt ausshefmatictiep view
illustrating portions of a cgmponent separation, singulation, or isolation apparatus according to still
another embSARAITSPHIE D 0disclosure. FIG. 2N is a schematic side view illustrating portions of a
component separation, singulation, or isolation apparatus according to another embodiment of the
disclosyre. F.Ig 3A is a.schematig illustration of a representative configuration of vacuum openings
according to e IRB%CJW%W{] 8?%8 ég%%'gl?tse. FIG. 3B is a schematic illustration of a representative
configuratioreafbeaitanemsopk this ge eseoo rdiistdosu @ ath elestribedliheesinaftthendib clofaneace2® the

drawings, in which:

FIG. 1 is a block diagram illustrating a representative component separation, singulation,

10  orisolation system 1 according to an embodiment of the disclosure.

FIG. 2A is a schematic side view illustrating portions of a component separation,

singulation, or isolation apparatus according to an embodiment of the disclosure.

15 FIG. 2B is a plan view of an embodiment of the component separation apparatus
corresponding to FIG. 2A.

FIG. 2C is a schematic side view illustrating portions of a component separation,
singulation, or isolation apparatus according to another embodiment of the disclosure.

20
FIG. 2D is a plan view of an embodiment of the component separation apparatus
corresponding to FIG. 2C.

FIG. 2E is a schematic side view illustrating portions of a component separation,
25  singulation, or isolation apparatus according to yet another embodiment of the disclosure.

FIG. 2F is a plan view of an embodiment of the component separation apparatus

corresponding to FIG. 2F.

30 FIG. 2G is a schematic side view illustrating portions of a component separation,

singulation, or isolation apparatus according to a further embodiment of the disclosure.



FIG. 3C is a schematic illustration of a representative configuration of vacuum openings according to a
further embodiment of the disclosure. FIG. 3D is a schematic illustration of a representative configuration
of first, second, and 5third vacuum openings respectively disposed within a first, a second, and a third
feeder track region according to an embodiment of he disclosure. FIG. 3E is a schematic illustration of
representative vacuum opening shapes in accordance with particular embodiments of the disclosure. 10
FIGs. 4A and 4B are schematic plan views of a component separation apparatus that includes a set of
mating engagEmeH eiereplshcaitieddydheaogiorsint ofelive ryanmpoasct tbepecnipongpiarecsption stage
according to an embo im%,]\j: éﬁ disclosure. 15FIGs. 4C - 4E are schematic illustrations of
representati&grm% 0 h? rtions of one or more protruding bridge elements or members and/or
one or more receiving elements or structures can be tapered or contoured in accordance with

embodimen ftl%a disclosure. 20FIG. 5 is a flow diagram of a representative component separation,
Cinguiatbn, b/ ortidh BroE LA S I AL B G st o ae SRR Hkgram of o
representatigigingtidation isplipt oatappanatiig acatboiny ecessthecentboditeeancd thibatisoleniref the disclosure.
25 Detailed Description Embodiments of the present disclosure relate to systems, apparatuses, devices,

methods,
FIG. 2J is a schematic top view illustrating portions of a component separation,

singulation, or isolation apparatus according to another embodiment of the disclosure.

10
FIG. 2K is a schematic top view illustrating a manner in which a component delivery unit
and a component reception stage of FIG. 2J can be configured to matingly engage with

each other.

15 FIG. 2L is a schematic top view illustrating portions of a component separation,

singulation, or isolation apparatus according yet to another embodiment of the disclosure.

FIG. 2M is a schematic top view illustrating portions of a component separation,
singulation, or isolation apparatus according to still another embodiment of the

20  disclosure.

FIG. 2N is a schematic side view illustrating portions of a component separation,

singulation, or isolation apparatus according to another embodiment of the disclosure.

25 FIG. 3Ais a schematic illustration of a representative configuration of vacuum openings

according to an embodiment of the disclosure.

FIG. 3B is a schematic illustration of a representative configuration of vacuum openings
according to another embodiment of the disclosure.
30



processes, and techniques for regulating the flow of components and/or separating, isolating, or
singulating components, for instance semiconductor and electronic 30 components carried by packages
such as quad flat packs (QFP), quad flat packs with no leads (QFNSs), and/or other types of packages.
Particular embodiments of the present 24 disclosurggnvolve separating or isolating a component that is
disposed on_or. caried by, a compgnent reception stage or. unit from a set or.series of components that
are serially drGnged SAd LA LBHToh SR B S IR, H e LhE SRELI Eomponents
that are transparteiohglorpfarfieedentrainapassagedisciobarenel that is carried 5by or forms a portion of the
component delivery unit. Depending upon embodiment details, a continuous or discontinuous flow or
supply of pressurized air or gas can be provided, introduced, or supplied along the feeder track for
facilitating thiel o8 Ddisplaciesmetit; iHassptioh délyvenreseritansfanafitheatiompdiestssetOrmloagithe feeder
track, eﬁ., from an object or comsfonent inIT)tAof. the feed htrac .totor toward an bj%ctgor component
outlet oPthe YRLAAHHHR. GRELUILT AF HPBHEM ROTRE W' Ppli¥s rifed r%‘ﬁﬁ‘e g &Fting one or
more portiortsaok tiegitereatzotiing te aovitiodisart essentatyosorginuous during component separation
operations. Thus, such flow of pressurized air can exert an essentially constant displacement force upon
one or 15 more components carried by the feeder track during component separation operations, where
the displacefiéht fRifcdsinelsdbsnaatiectidlustvatiponeifit cipeedetdtiveardatieiworopaniegt shapes The flow or
supply of pr%%cs:ldﬂfa%% airi Iorégntg\u Jreeer% L ari?ncek {agilli{ﬁé?fstc esaptput of 20 components from the feeder
track's compornen ouﬁ(\e’Y, WA ¢an correspon'a J an' offl3ad’or transfer of components from the feeder
track td@he component reception stage. In selected embodiments, the component reception stage and/or

the compon bdeljl\//&r Hnj% an include se} of matinq)?nga ement elements configur dtt% (?nhance the
?—7 S, dre schieimatic plan views of c@nlponen sq%argtlon dg ra{as a
accuracy and/or ease of offloading or transferring components from the feeder track onto the

includes a set of mating engagement elements carried by the component delivery unit and

the component reception stage according to an embodiment of the disclosure.

15  FIGs. 4C - 4E are schematic illustrations of representative manners in which portions of
one or more protruding bridge elements or members and/or one or more receiving
elements or structures can be tapered or contoured in accordance with embodiments of

the disclosure.

20 FIG. 5 is a flow diagram of a representative component separation, singulation, or
isolation process in accordance with the present disclosure.

FIG. 6 is a flow diagram of a representative singulation apparatus configuration process
according to an embodiment of the disclosure.
25
Detailed Description
Embodiments of the present disclosure relate to systems, apparatuses, devices, methods,
processes, and techniques for regulating the flow of components and/or separating,
isolating, or singulating components, for instance semiconductor and electronic
30 components carried by packages such as quad flat packs (QFP), quad flat packs with no

leads (QFNSs), and/or other types of packages. Particular embodiments of the present



25 component reception stage. Particular embodiments enable the component reception stage and the
component delivery unit to matingly couple by way of the mating engagement elements. When the
mating engagement elements are in a fully engaged or fully mated position 30relative to each other, the
component reception stage is directly adjacent to opabutted against the component delivery unit, and a
component of.floladed fromlthe component. 21'% flelive%/ unit can %e directly transferred toﬂ%&omponent
reception st FWHEA KR YhaFRE S h g AN B A-EH RO APE B A ISRPEF AT SARLEHANY mated
position relativ@tapeacht oticeptitre stayaponelit fereptisst slageiss pfocompimdntiaitt atlsadghBlightly

df h deli it. Th ' I f 5 a brid
member thaf CIBASHAEY (A17EC (P or AIGSBE ORI Y A AL TUh (0 HlEp LB S ICAat partily

between thecoompposasithec e@itarsiayedatbtyeacturgeonenkdplvsgyeyoit clanimtancds idhéedomponent

is output by por offloaded from the component delivery unit when the mating engagement elements are in
a partial%y erﬁga%fe@wsp%ﬂ?ﬁ)?m?ﬁ@& §%@ﬂ%rﬁ?qia@%eéyeﬁqﬁodiments, portions of particular mating 10

engagement elements can be tapered, contoured, or otherwise shaped to facilitate or enhance the
likelihood of ucce(isful en%aé;rﬁgment Wi%h et’a\cp other zfmd successful atbutmen% of the comrPon?nt
reception stageeoeol@ U & Sghrcne%rt' d%?i@é?y AP WHER'E &8 b%ﬁ@d??%%p{.%“% g{a%ueo ? g)Bositioning or
(re)alignmeryiressariesdsasr witlyae spe tietprivededmptodatadie lorenypphigd BioRgnhe deedertsradittier present
disclosure inglu t least qpe vacuum assembly configured to requlate componpent flow along the feeder
tack,for e e A LA o R o AR H Ly e o T Ly R A0 8 kon anclor
stoppird theatlsgldloe feedenfracknpanehtsriraveljectlomcpthpoiesdankebok the ieegef waek do rmiore 20
vacuum forces, o1 negaive Prsssuiis annliscat of (elajive o paricular (¢ gy muliple disfiney.feeder track
locations. The deceleratbn of components anaror s Oopping of componen dlsp(?acemen a?bng the feeder

track regulatdsvearhpoessati fenvaiareg et dreveraddhg offtoad roteapafieorst ohéherfeedee trackpisnents (i.e.

the next comcpopgnt closest to thﬁ%compﬁnent (i)utlet as well as one o .mor§e§%bsequﬁ,r|1l}Scon”(|:Honents)

; NUFUOYS Of essentially continuous quring Component separation. o ions. 7S .
carried 25by the feeder rack 10t componen rec%p 10 stage.ePﬁe periodic, cycﬁcal, oF intérmittent

provision of flawuofpfesse(getbapoctorexert dreessentially constant displacement force upon one or
15 more components carried by the feeder track during component separation operations,
where the displacement force includes a vector component directed toward the

component outlet.

The flow or supply of pressurized air along the feeder track facilitates the output of
20  components from the feeder track’s component outlet, which can correspond to an
offload or transfer of components from the feeder track to the component reception stage.
In selected embodiments, the component reception stage and/or the component delivery
unit can include a set of mating engagement elements configured to enhance the accuracy
and/or ease of offloading or transferring components from the feeder track onto the
25 component reception stage. Particular embodiments enable the component reception
stage and the component delivery unit to matingly couple by way of the mating

engagement elements.

When the mating engagement elements are in a fully engaged or fully mated position
30 relative to each other, the component reception stage is directly adjacent to or abutted

against the component delivery unit, and a component offloaded from the component



feeder track while positive air pressure(s) are provided that exert a displacement force upon objects or
components along the feeder track results in a progressive, stepwise, 30discretized, incremental, and/or
periodically, cyclically, or intermittently interrupted displacement or advancement of objects or
components along the feeder track toward the 26 cogponent outlet. Such progressive component

displ in. h : trolled lated lative to the adj t (e.g.,
tne cyotical dSNELCH s LSS FETEHEh e AL OF DaFGEHEP Vet TOEEE Bpled to
portions of theafeedentrapmdrechaissitneant ahsecpaviaiiynorigiges, angdangaity hetguoposisive 5
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componentsstpat ez e at i stonn je aehin d et ivenyaund n t Elechaatingndreyagé sirace Eirgtc eampfanents that trail
behind leadi t al the 10 feeder track, when the leadi t b t least
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application ot vaUtn orcesqoqﬂse 8dder fratk tan b cootdinated or synchronizé telative t individual
compoi@nt eatagemen thenfeatiecdratk daotmdcawespoed|iray athepoisenst2pee depfamiligtéher component

reception stage when the component reception stage is empty a pla opriately positioned.relative to the
component ST0LAS U, LEITRS OlsaHHE T oo B Aoy e St Pty

escripéd’in de élow. Additionally, the deceleration and/or
stopping of ahuotprent of dieptacemeeattaleceptioa 2Bde edemshtie mpnvpynehvdelivernyfaraesvhemecordance

with embodiments of Ehg dis Iosu[e g edlgufe impact f<or &S dpon comoponents resultin onm
CompaIIent reception. stdg a&é@ﬁ 1oning, or_(re)alignment err reﬂﬂs Wlﬁ resééc to_ ..
component collisions along the feedertr e.g., When‘a'given component hits or Knocks an adjacent
component dkeoamuinefitfdelvaed/moithentum), thereby reducing or minimizing the likelihood of component
damagf5 The embodiments of the present disclosure are thus suitable for
Embodiments of the present disclosure include at least one vacuum assembly configured
to regulate component flow along the feeder track, for instance, by periodically,
cyclically, or intermittently decelerating components in motion and/or stopping the
displacement of components traveling along the feeder track by way of one or more
20  vacuum forces or negative pressures applied at or relative to particular (e.g., multiple
distinct) feeder track locations. The deceleration of components and/or stopping of
component displacement along the feeder track regulates component flow, and can
prevent the offload or transfer of one or more components (i.e. the next component
closest to the component outlet as well as one or more subsequent components) carried

25 by the feeder track to the component reception stage.

The periodic, cyclical, or intermittent provision of vacuum force(s) to portions of the
feeder track while positive air pressure(s) are provided that exert a displacement force
upon objects or components along the feeder track results in a progressive, stepwise,
30 discretized, incremental, and/or periodically, cyclically, or intermittently interrupted

displacement or advancement of objects or components along the feeder track toward the



30separating or singulating small, very small, delicate, and/or easily damaged components in a manner
that preserves the structural and functional integrity of such components. 27 Accordingly, particular
embodiments of the present disclosure enable a cyclical regulation of component flow along the feeder
track, which can further enable the separation, singpgation, or isolation of individual components (e.g., the

separation of a com%cglen hat is doiiséposed on the com nenirece tion stage from o(tiller components
that 5 are pSSHBRAE %H& he HEO R PHEERY By WA BT AL s%%‘ﬂ%‘%‘ Zhplitati8A%Pone or more
vacuum forcesnaoflegssuireguhatdterirader iskeiiefay thecanjuistnanpéeliculpe spttici ppplicatonsagments, or

regions along the feeder track, at one or more times. In certain embodiments, particular vgcuum forces
o b0 appI R AT AL IS § A BT o AR B P ATLBER SEmarmer. 1n
such embodtseests titiek vacThenadjOsaseembly saehincogenvdoutss) eletértsthatarprogrfigiveed for
selectivl}a} fluﬁ.cimmuni ati?n with or fluid cougling to the feedTr track. In th§ corﬁe t of the present
disclosure, t EREHRHER c%m?r?”ﬁ' tiSWﬁpllﬁﬁ s,C S?PQQSBF?dsa 8{‘%r t(—@?teﬁec? % tH&%fow Y oR& or more
fluids and/orsgase®iized, aicendiorniadatithrogas aredi@ugpli idnaheossarooge nindstalong a pathway,
and/or within a structure such as a chamber, channel, tube, 15 duct, bore, or shaft in a manner

understood by one of ordinary skill in the art. Such liquid or gaseous fluid communication can result from
the applicatiGorahstarcer withim presses ef ctlmpsnemttaiee $nébrdestafice op tesitire) gamflome(s) suad/or applied

vacuum force(s). in accordance with various odiments of the disclosure. 20 The vacuum assembly is
configured t4 U R B PR RO B Ao S A
deceletfite ofestimp tinerknotibenotheo requiing ntsnyzoredim ghatohepth atféembe rpmetcd | ther esop stnatiality
periodically, @J(tjbrbﬁe%'#ﬁe{ﬁéy c%?%"%ﬂé'{%}g&ﬂ‘t o IRt amraled ous e '?{acc%r%ﬁ T Segecten of
components Trom the component outlet, which can correspondingly prevent the transrer o
componentsvzonarth&feesiapihadkioa b desompcavintare be piigus e e e viene the thidp thar ovizeor the

component rr?}%?é’tsiﬁé‘céé%%eg}ﬁ ORE sp{ﬂéﬁ'ﬁg%%‘%ﬁr&.ﬁ e ﬁ%t‘it'i‘?hfeeggﬁhﬁﬁecn‘% r%t\@g G&?nready 0
receive a next component.“The vacuum assembply can be configured to ehable'the control of at least one
of the magnistage(s madydtoatiosi(s) @heatoompiorest(s)\soplied far caseapp imdrio pbetiaderdgions,
SEYMEYS, p8§.%“6’$%oﬁﬁ%ﬁé’cf H}erg'if@?edaeé E%C(ljﬁa Zﬁréﬁjr‘é%é‘%'%&w 3 ‘rﬁ?‘a‘ﬂst(;)?raﬂ}%ﬁf%ﬁ‘ gggembly is
configured to apply vacuum force it east two |sEi ctor ﬂ‘Yerent ositions or sites along l%e eeder track
to deceleratdeadel/otratkpisheymelweinozetbwvith cin monénttedloacerttoieoderaphuk. 0f sodiedmbodiments,

atleast one of Y3GHUTL 'B(F e G RIPATE R AP LA RUIRIAFISIRL RppfoRfon of
vacuum forces to the feeder track can be coordinated or synchronized relative to

individual component output from the feeder track and/or corresponding component

20  reception by the component reception stage when the component reception stage is empty

and appropriately positioned relative to the component delivery unit, as further described

in detail below.

Additionally, the deceleration and/or stopping of component displacement along the
25  feeder track by way of vacuum forces in accordance with embodiments of the disclosure
can reduce impact forces upon components resulting from component collisions along the
feeder track (e.g., when a given component hits or knocks an adjacent component as a
result of forward momentum), thereby reducing or minimizing the likelihood of
component damage. The embodiments of the present disclosure are thus suitable for
30  separating or singulating small, very small, delicate, and/or easily damaged components

in a manner that preserves the structural and functional integrity of such components.



5 along the feeder track can be independently configured, controlled, selected, or varied. In certain
embodiments, the vacuum assembly includes at least two physically isolated vacuum chambers,
passages, structures, and/or elements (e.g., vacuum openings) that correspond to the at least two distinct
positions along the feeder track. 10In several embogitiments, the vacuum assembly is configured to apply

a first set of yacuum forces at a first set of feeder track locations, and a second set of vacyum forces at a
Cooon oot GBIy sl S OOTBRS, A b -Ee, Hc SR R IE: 2obSr U orecs
to a first set mfgedatiponeiniongroieshbyltve tdedlprthadisederd tequidy Widchecandfsehaf ¢agblemtferces to a
second set of com onentsl(é:)ra\ ried by th feede{(tra k, 15 where the second, set of components trails
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behind the firsP L&t P cSHBEALRRs O HROREPRA FSIERANEAL AGfg HIRLERPHHIE Qleftcient to stop
the motion ofdhgbinshstHaoicoisusae ots thiorghipenter dercytiok, stayd frensedwrdsapohstasuban forces has
a magnitude that is. sufficient to at | sé)dece%a%e the mgtlﬁn of the second set of cqm onenfs along the
feeder tPack EHPIRUISHED ARA% R JEFasn BECK) R MaYe e e U e SR SO Shcient to
stop the motome of mizedoywonfpoesot pestivesth cheskestito tizelcdorzxaemi gl ehréiodldheetecond set of
vacuum forceF can.have a magnitude that is suffiﬁ%er}t ta at least checelerate th?. motio|n of a number of

o oosll s S teeslsh e

trailing compo 5 'Opnossﬁ?@r%e eRanSQWQ%é"A%HHg com%éarrlérr?t ?Q?é)rqéngrr?nb%%or“&ﬁ%'&s disposed

further awayefrirodihe cnpaotiaertouteimeafo ttes lesadbegapphigdaoetiffébrinfeedarabeknioodiments, vacuum

forces can bg, applied 7t erislative 19, pne Srmers seden ack ocations en aystalped of generally
sustained basis during singu &Hion operations,p&ererloy preventing the oﬁ]tpuq oFd componén Trom the
compoi@nt asskehbimtictne carhyoleneatueoe pelemstagetimiaji@e poditareed dore ctbleatjacefitio (e.q.,
abutted 30 againsi) s canpensnuelvencHli andlsadr g repelv anex.component (ihen the
component réception stage IS (re)positioned directly agjacent to’or against the 29 component delivery unit
and ready todiedesuzea thexteoorfipaheoyanei catioienppedjenb vaspanusforces edende tethp dlavly

decreased, %'PB‘#@tSP' morréeﬁm.'cﬁ‘saéﬁgfosr“%*s‘e%hﬁef. ol tcftr TiRE: a%%“%&ﬁ‘@rf%ﬁ‘ﬂﬂepﬁ&faccko%%”aﬁesume and
a next component can be output from the ¢o gdnen outlet’ and transferred or oftfoaded onto the
component reggapignalong a pathway, and/or within a structure such as a chamber, channel, tube,
15  duct, bore, or shaft in a manner understood by one of ordinary skill in the art. Such liquid
or gaseous fluid communication can result from the application of one or more pressures,
flows, or forces, for instance, positive gas flow(s) and/or applied vacuum force(s), in

accordance with various embodiments of the disclosure.

20  The vacuum assembly is configured to apply sufficient vacuum force or pressure to
cyclically, periodically, or intermittently decelerate or stop the motion of components
traveling along the feeder track, thereby cyclically, periodically, or intermittently
preventing the unwanted or uncontrolled output, discharge, or ejection of components
from the component outlet, which can correspondingly prevent the transfer of

25 components from the feeder track to the component reception stage at times other than
when the component reception stage is (a) appropriately positioned relative to the feeder
track; and (b) ready to receive a next component. The vacuum assembly can be
configured to enable the control of at least one of the magnitude(s) and duration(s) of
vacuum force(s) applied at one or more portions, regions, segments, positions, sites of the

30 feeder track.



5 stage. Once the component reception stage receives this newly or most recently offloaded component
at a component reception stage receiving structure, (a) one or more vacuum forces can be applied to the
component reception stage to securely retain or hold this newly or recently offloaded component on the
receiving structure; and (b) one or more vacuum forges can be reapplied, reestablished, or increased at
or relative to one or 10 more. feeder rack locations, such.that compgnents in motion along the feeder
tack are dedSAPAE SRR SBE o G EELUM R Bl EHURNEL CoMpbSAt JiebIE vented. The
component reastivnditaget canligfrondingditibastoasiey rohgrth@fitiongacRuwaydeolrafbatitForomponent
delivery unit, such that the component that is carrjed by the component reception stage can be
cispatched G RERUE € SR CL SRR 4200 408D BtH oo B A RE R BpRations, a
set of vacuuteaktrees tfiatabalehtfierco mpgmendcoanth duratiopostesscte o€ phidlt Htadsi$neqeasitignstructure can
be decreased or released, such that the compgnent can_be removed (e.g. ick and plage device)
ftom thel 20 ASIRER SR TE BT AP U e G st % e Eomponent
dispatch to tberfaincesbing) mtmtisnthde/aropty assepbherihckceptiainlstag enwdephtrsicabiyn ismhatat reception
stage from which a c%mggnent has been tren}oved as a reﬁult of component dispatch.to 1q[§?essing
station) can B%Cygﬁnosﬁtl%n %Irsdir%%ﬁ?f}gaeaja%cra% ’tj(getsr\ea@gr%rpgr?gﬁ%nasél v y JRA OhSRFIEre VAEuum forces
applied at orceelatipentbtp ansailbas bife eiktintiaobsidoatiatsngahetfemadyartekaporarily reduced or disrupted,
such that component motion along the feeder track can resume and a next or subsequent component can
be offloaded from the component delivery unit's component outlet to the component reception stage. 30
the corbpondnt sevted| \eachadinfentse stiag paedum vassennil \elememtiSgairedr dsimaiby ta, fired/cetnedr the
component guiet are.estoglished andierincrensed, and syclically periodieally ot isrmitenty applied.
As a result, the Tkelinoo o% an'Ghéontrolied or unprea?ctabslb Hlscharge or ejection of one 0r more
componentsasegonithechigfhfese dregizdivoatiohan Thisjtiak orzading ssonbho oembpipdy Whadirspettto the
g?mpone”t 'E#et Jom o §r{‘opé’?f9§}t s%'t‘%‘?téérﬁeg%H&?t%[ 8£rPi‘éH"§‘th%%-flé‘(?etr'?ra%ﬂ‘ea%f%m@evor{ﬁé“
isplacement along the feeder track can occur, at least one Set of vacuum forces is applied to at least one
set of vacuusacaiatnentsfataciesm, torgro kinaatectm thee tofmponeoTienis] et el Sy eheb teditiae triackf the
disclosjyre arv%‘h%?g‘g “Eggqhod%re%"&”ég%cﬁz}’r%ﬁ NS FRRTEC L ?ﬂ%@%@?%&‘%%‘?{@g‘qéﬂ?s. 10gopRpnent outlet
in the absence of the application of deceleration and/or stopping forces applied t6 such components as
they traveledalohyatiel feddmesraak almegnitlideetindiodisaéintssnidoaiop thece@) atirettbe tostisetlerating
and/or stoppipg aapRRNGOL AR, alona b fepdar tagk fan heanpler yithaul iefpRLoRAngl & vacuum
switch, optical sensor, or other Sensing element detects the presence or motion of a first or leading 15
component onagndtiidedthatrasksudfierenthich ahdeagtlidede leeaiedite onottenntftethe aggolicatioet offvacuum
forces can oggh hiNBIATTETRARATIRRE hele N BARGRENIAI NG ATRAGIAR RIRIEMEn davices.
apparatuses, processes, methods, and/or techniques Tor $eparating components, for example
semicattductommgeigdadeotiiet is sufficient to stop the motion of a leading component positioned

closest to the component outlet, and the second set of vacuum forces can have a
magnitude that is sufficient to at least decelerate the motion of a number of trailing
components positioned behind the leading component, that is, one or more components
disposed further away from the component outlet than the leading component.
25
In several embodiments, vacuum forces can be applied at or relative to one or more
feeder track locations on a sustained or generally sustained basis during singulation
operations, thereby preventing the output of a component from the component outlet,
until the component reception stage is (a) (re)positioned directly adjacent to (e.g., abutted
30  against) the component delivery unit; and (b) ready to receive a next component. When

the component reception stage is (re)positioned directly adjacent to or against the



20 components carried by packages such as QFPs, QFNs, or other types of packages or structures are

described in detail hereinafter with reference to FIG. 1, FIGs. 2A - 2N, FIGs. 3A - 3E, FIGs. 4A - 4E, FIG.

5, and FIG. 6, in which like or analogous elements or process portions are shown numbered with like or

analogous reference numerals. Relative to descriptpee material corresponding to one or more of FIGs. 1

to 6, the 25 recitation oé iven referepce numeral can indicate simultaneous consideration qof a FIG. in
Ry iy i e

which such f&EIRHEE PLY i HBNShERAY T4 ERBD QM S YRR 13Nt e R fosure are
not precludedatiumappiiestioas inewtinippariiguldedreadeimaditalistsdctoratemditetapesatibneigerinciples
present among the v iou§ emkfodi er1rts alescri ed herein are (iesire .. 311n thc—i context of the present
disclosure, tREBAREEL MRS e e ek oSy oA TR ot O SR Mttty
exhibits a cafidimatity obaipessitlo(itket, ansetrasstitietedheffivadah @uoesp@othimaesingledmiosingle
elemen:‘r?set, r a multiple element seté '%n accordance with known mathematical definitions (for instance,
Rt ol Ao e Rl oA T e
Sets, and Fuwfétadsd ‘Chagotesnt it R oopertrenofddeptéos atald ecgeiaivdrsticated ofa okl nyrdeter J.
Eccles, Cambridge University Press (1998)).  Aspects of a Representative Vacuum Based Component
Flow Roguat B ey b AT s e BB A e e el e
object or cortipomentylawr regmnidy affioadi seppomzon osirtyelstoeiviog isolatiore;syste (b)loaecarding to an

embodiment of the disclo'%ure. Ina embod‘m nt,ac ogent sourceg» arrie g.sequence of serially
: Mare Vaguuirl TOrces can e, feapplie réestanli QEncredsed at or Telative to one or .
disposed or adjacent componeénts, objects; of €lements.” The 15 component source 5 supplies or provides

compoi@ntsrno@ fesdpotrack $eqriainsusinthdatomponestdatomatppashdng 1tk vebdsn natkdes a

component dielvery g UATale! UAA00 conigusdfor pontialing ghyegaling aples of gemponent fow,
and a component reception or re val s age, platform, or unit 2 conflgure O receive components

from the conpparateddelivery unit 100 in a manner that is synchronized with 20 the component delivery
unit's regulation of object or component flow. The component delivery unit 100 includes a component inlet
122 at which components can be received by or input to the component delivery unit 100, and a
component ditéetdiRdoatniirde pioon stagentsrcacc bl iofflyduetlamsigpe] disthasyededrejegtidifrom the
component geliver it 100.,25 In ord ith vari odi e isclosure,
objectsfgr ccc)gﬁné p((:)%nﬁe4 %@%@tﬂ%ﬂ:\%@e 3@?’ |§1us ar?lgg{fv{s%n%%o(ﬁéﬁece@% 8?e%t%§ﬁc§éa‘£§}§ré o%ﬁrﬁﬁ@%ﬁg of devices
carried by strecgpties stagadiegbs disphtarPPyagifNedely .a QEkkssiag giatjamne lor asso@atieonices such
as an acce'%ﬁm%%%@p%%oéféﬁ@gzgg ArollS, 25ar oF pa{cff} eA AL 4RI ﬁm’é‘%&?nﬁ%ég%ﬂil? packages,

b cf :
and/or other types of packages. ufar Systems, apparatuses, dsewces, structures; and/or processes in
accordance thittcdaneppresémectistivsatagais receiving structure can be decreased or released, such

that the component can be removed (e.g., by a pick and place device) from the
20  component reception stage and transferred to the processing station. Following
component dispatch to the processing station, the empty component reception stage (i.e.,
the component reception stage from which a component has been removed as a result of
component dispatch to a processing station) can be repositioned directly adjacent to the
component delivery unit. One or more vacuum forces applied at or relative to particular
25  feeder track locations can then be temporarily reduced or disrupted, such that component
motion along the feeder track can resume and a next or subsequent component can be
offloaded from the component delivery unit’s component outlet to the component

reception stage.

30 In addition to the foregoing, prior to or upon the introduction of one or more components

to the feeder track’s component inlet and the displacement of such component(s) toward



32 applicable to the control or regulation of flow as well as the separation or singulation of other types of
objects or components including various types of packages, devices, elements, parts, structures, items, or
products that are suited for serial displacement along a feeder track. For instance, certain embodiments
of the present disclosure can be 5 configured to cogrol or regulate the flow of ingestible or

he mon-conSRGHAR T Gl AR ABPRy SIS P oy PIOA TR,

analogous, orsmil@ctorbaiche scleedri ddtshliBaddrdnd dlicrtiesddp a2 TOMRAMN 209 riddia by feeder track,
and possibly the separation or singulation of such 1 ducts. Additionally, or alternativel number of
cmbodimend of T EALh AR Ao L ALPHS G AP s TS R ERSR 5VAfocts or
ple\;ices for \(/jdiuchacgne:mtt%:etabwe b%@h_eionsgrAmmms_ ] mirgyl(blz}?g n?ducigd_, spéeumeiediopr aﬁ/amidj, c1;o_r
instance, ordnance-rela rigger devices. s indicated in . 1..an air pr gas source or uni is
oy oSup AP baH BT BRTEEOAY St P th & BB GV el T ot e
configured toyielidectusepplynaimositace Pressisiende@onai@ier dithécgasto dlongomfoedsrt source 5
and the comporl(ent deliveryypit JtOO inat nner th?tfacilitateslth ﬁ?)wctra slatior?f rdisdolacement of
components Trom fHe CSHpBhERt soUTe 5 inte dand fiGtiyh e 54 Eoo%é%aﬁgﬂi‘%éﬁb ry it Ibo. More
particularly, thenposstiae aeaipwr exentaraidi splabe nemporas Wodietsudihes nepdeeinertheditpelacement

force moves i faypparts (16 fomaerents.frgush the sqmpanens el 400 1 sev
embodiments, a pressurized gas stipply'unit40 Is configured 10 provide a positive air or gas pressure or
flow tolbe coompmorent detieery theitahfdhae ah thaiappiicgitenl of detielecaimressaiotiatyppbopfirnenus, or

generally continuous manner during camponent singulation pperations. A vacuum or,suctign. source 60 is
Ty coupl BB e e L RE ey AT oG 8 el AR ol BT 200. s
further detailsddogioventbeveonupohance (¢ ldiergtecip I erhiohesaadiot sfopi@nge ntsnposenictiones to which

one or 30molfs \aguuM.OF SHEEN BIBSSIISRAP B DEPRILE IESSUIEN oL Larees Al SYodSAlk
periodically, or intermittently applied by way of the vacuum source o cyclically,

sensor, or other sensing element detects the presence or motion of a first or leading

15 component on the feeder track, after which the cyclical, periodic, or intermittent

application of vacuum forces can occur, e.g., in manners described herein.

Representative aspects of systems, devices, apparatuses, processes, methods, and/or
techniques for separating components, for example semiconductor or electronic

20  components carried by packages such as QFPs, QFNs, or other types of packages or
structures are described in detail hereinafter with reference to FIG. 1, FIGs. 2A - 2N,
FIGs. 3A — 3E, FIGs. 4A - 4E, FIG. 5, and FIG. 6, in which like or analogous elements
or process portions are shown numbered with like or analogous reference numerals.
Relative to descriptive material corresponding to one or more of FIGs. 1 to 6, the

25  recitation of a given reference numeral can indicate simultaneous consideration of a FIG.
in which such reference numeral is also shown. The embodiments provided by the
present disclosure are not precluded from applications in which particular fundamental
structural and/or operational principles present among the various embodiments
described herein are desired.

30



periodically, or intermittently decelerate and/or stop the flow of components along or through the
component delivery unit 100. A periodic reduction in or cessation of one or more vacuum forces applied to
the 5 component delivery unit 100 results in a corresponding periodic acceleration or resumption of
component motion or flow through the component dglivery unit 100, as well as the transfer or offloading of
an individual component from the component delivery unit 100 to the.com onent receptiop stage 200. 10
Once a givel UGN Lo B BiF b AP e Qoo reLE e S ESOE MY () Boplication o
vacuum forcefgartizatiercongpaments dledwmathemhﬂuﬁﬂlﬁpemmuera pamdchbfytiofiet vehsth Qﬂm kesdefined as a
vacuum application interval, temporari ws, interrupts,.and/or halts component flow
component &8%?5 grﬁ %Cﬂq E fi&ﬁﬁé | e ér'gg e %?HEB?&. rnaomHi F%%rﬂ B}%Lt carried by
the componeet)l&wremptdam&a\gﬁm&cbmm raatlaehmmai afefigigioherifior ctnmamn"eenhcarnemﬁrlre; the
component delivery unit 100 rt| ulagly, duri 0 nt dis Qr retrie terval during
hich oo R R bl e A T B e s SRA SRR 20 by way
of one or mcﬁ:etsarmblelélwmuuusn‘fohmmeralaoﬁmpeﬂrestmlflmtmﬁeed tyghescmthipatedrinrecépdpn stage 200
can be dISp %{tragﬁgl% tr nes[irrsd t aFDr(S)Cf??% station 80, for instance, by way of a pick
and place d (5wﬁ1 %f%%\é 153 1 component to the processing station 80,
the component reception stage 200 no longer carries a component, i.e., the component reception stage
25 200 can f%f. 7 7. ?}ntﬁ rﬁorggorae[a rr%%% tlop slage %%8 dFa{%RO%'Hé’/?)‘Fd directly or
essentially direé g very tnit 100°su

10  Separation System

FIG. 1 is a block diagram illustrating a representative object or component flow
regulation and/or separation, singulation, or isolation system 1 according to an
embodiment of the disclosure. In an embodiment, a component source 5 carries a
sequence of serially disposed or adjacent components, objects, or elements. The
15 component source 5 supplies or provides components to a component separation,
singulation, or isolation apparatus 10, which includes a component delivery or transfer
unit 100 configured for controlling or regulating object or component flow, and a
component reception or removal stage, platform, or unit 200 configured to receive
components from the component delivery unit 100 in a manner that is synchronized with
20  the component delivery unit’s regulation of object or component flow. The component
delivery unit 100 includes a component inlet 122 at which components can be received
by or input to the component delivery unit 100, and a component outlet 124 at which
components can be offloaded, output, discharged, or ejected from the component delivery
unit 100.
25
In accordance with various embodiments of the present disclosure, objects or components
can include, for instance, semiconductor, electronic, and/or other types of devices carried
by structures or packages such as QFPs, QFNs (e.g., QFNSs carrying one or more devices
such as an accelerometer, a gyroscope, a pressure sensor, or a medical device), camera
30 module packages, and/or other types of packages. Particular systems, apparatuses,

devices, structures, and/or processes in accordance with the present disclosure are



that the component delivery unit 100 can offload a next or subsequent component to the component

reception stage 200. More patrticularly, when the empty component reception stage 200 is abutted against
the component delivery unit 100 and is thus ready to receive 30 another component, one or more vacuum
forces applied to the component delivery unit 100 cgm be reduced, interrupted, and/or discontinued during

a component trans|ation gr 34 shift interval, therepy facilitating or resulting in the acceleration or
reeomotion GPUURRB T Gk T e GEACHE RS AT A oS A S S T eother
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pressure(s) prioiitedjbyt-doeioechawd! sioos roaimpadts shpaltcdardgucedushremizediroe a@i@dperiodically
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15 As indicated in FIG. 1, an air or gas source or unit 40 is fluidly couplable to each of the
component source 5 and the component delivery unit 100, and is configured to provide or
supply a positive pressure or flow of air or other gas to the component source 5 and the
component delivery unit 100 in a manner that facilitates the flow, translation, or
displacement of components from the component source 5 into and through the

20  component delivery unit 100. More particularly, the positive air flow exerts a
displacement force upon such components. The displacement force moves or transports
the components through the component delivery unit 100. In several embodiments, a
pressurized gas supply unit 40 is configured to provide a positive air or gas pressure or
flow to the component delivery unit 100 in an uninterrupted, continuous, essentially

25  continuous, or generally continuous manner during component singulation operations.

A vacuum or suction source 60 is fluidly couplable to each of the component delivery
unit 100 and the component reception stage 200. As further detailed below, the
component delivery unit 100 includes a set of elements or structures to which one or
30 more vacuum or suction pressures (e.g., negative pressures) or forces are cyclically,

periodically, or intermittently applied by way of the vacuum source 60 to cyclically,



25 leading component from the component delivery unit 100, and (b) periodically interrupted and/or
decreased vacuum forces facilitate or result in the resumption of component motion due to displacement
forces exerted upon components by positive air pressure(s), such that a component carried by the
component reception stage 200 can be periodicallygdispatched to a processing station 80. In certain
embodiments, a f 30 osrtlve ures can pe a d or creased at or proximate to
partiular pOMEREIEH e B R T Dt o SEL 001 Bl R0 BRI T AR the 55
component chitteigh2he twamicboempeheataifitaddom the component delivery unit 100 to the component
reception stage 200, as further described below. The system 1 can include one or more adjustable air
pressure and/or air flow devices, 5 gauges, meters, regulators, valves, or switches 42a, 42b coupled
between the/airpedudte fddactibpaich @f ttwsacimp@lﬁecm’(esmjurmoﬁeavattiumcmmmnqmlwi\termnit 100
(e.q., by way of pipi ‘lﬁm or th like, as wi uId be readily understood by.one of nary skill in the
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or optimizinglvzenyromtéssurels) corfyome(s) receptadiostages?tirget or optimum overall component
separation or singulation rate. As further described in detail below, the system 1 can also include one 15
or more sets of sensors configured to sense, monitor, or detect aspects of component position and/or
motionl(SucIG)eeesaogisrensmmpmrehﬁdiadbaenmu‘ﬂmadeé tgptes obspoasmy meepﬁntssmmm;om%cal sSensors,
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motronlgf th %%n%pg I’EC%EH ﬁi r?ﬁ 9&) {',ﬁﬁ |v8rto g O%]men %eor}rt. d)%ﬁeﬂ?“}f?rw Hfmb A person of

ordinary Skl| e art WI arious em er signals or E|k signals
correspondnn:gﬂqommbdehme/smsir@@sgnals can be provided to the control unit 90 and/or other portions
of the system 1 (e.g., one or more actuators) in a manner that enables such automated or programmable
control. 36

More particularly, during a component dispatch or retrieval interval during which

component flow along the component delivery unit 100 is slowed, interrupted, or halted
20 by way of one or more applied vacuum forces, a component that is carried by the
component reception stage 200 can be dispatched, transported, or transferred to a
processing station 80, for instance, by way of a pick and place device (not shown).
Following the dispatch of such a component to the processing station 80, the component
reception stage 200 no longer carries a component, i.e., the component reception stage
25 200 can be defined as empty, and the empty component reception stage 200 is
repositioned directly or essentially directly against the component delivery unit 100 such
that the component delivery unit 100 can offload a next or subsequent component to the
component reception stage 200. More particularly, when the empty component reception
stage 200 is abutted against the component delivery unit 100 and is thus ready to receive
30  another component, one or more vacuum forces applied to the component delivery unit

100 can be reduced, interrupted, and/or discontinued during a component translation or



Aspects of Representative Vacuum Based Component Separation Apparatus FIG. 2A is a schematic
side view illustrating portions of a component flow regulation and separation, singulation, or isolation
apparatus 10 according to an embodiment of the disclosure, and FIG. 2B is a plan view of an embodiment
of the component flow 5 regulation and separation gpparatus 10 of FIG. 2A. In an embodiment, the
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component regepticanp dlsiioal ohg kbénceamueenaetideneatst 16O conipheefilvadépiion stage200 can be
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position™X, a @ 'Hﬂ)' Ehia ispatch position Xd. Each of the component reception position X, and the

component dispatch position Xd can be defined relative to a border, boundary, or edge of the component
reception ste}ﬁe qut ateir% clasegHo thﬁ canFH%nent de{ivet\ry UB]SI.E 1 I0I In vari?uiembé)%%rr}en s, the
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removed 37application and cessation of such positive air pressure(s) to portions of the component
15  delivery unit 100; and/or (b) an air curtain separation mechanism between the component
delivery unit 100 and the component reception stage 200. In several embodiments, the
separation or singulation of components between the component delivery unit 100 and
the component reception stage 200 (e.g., as a result of cessation of component flow along
the component delivery unit 100) is due to the cyclical application of vacuum forces
20  alone, rather than a combination of cyclically applied vacuum forces and one or both of
(@) cyclical interruption of positive air pressure(s) at, proximate to, or generally near the
component inlet 122; and (b) positive air pressure(s) provided by one or more air
curtains.  More particularly, in such embodiments (a) periodically applied and/or
increased vacuum forces are solely responsible for periodically stopping the output of a
25 leading component from the component delivery unit 100, and (b) periodically
interrupted and/or decreased vacuum forces facilitate or result in the resumption of
component motion due to displacement forces exerted upon components by positive air
pressure(s), such that a component carried by the component reception stage 200 can be
periodically dispatched to a processing station 80. In certain embodiments, a set of
30  positive air or gas pressures can be applied or increased at or proximate to particular

portions of the component delivery unit 100, such as at, proximate to, and/or near the



by a pick and place device), and the component 20 can be removed from the component reception stage
200 and dispatched to an appropriate processing station 80 (e.g., by way of the pick and place device).
Following component dispatch to the processing station 80, the component reception stage 200 can be
returned to or repositioned at the 5 component recegfion position X,. Component flow along the
component delivery unit 1 hen be restarted, u(%a hat the component reception. stage 200 can
econve anotEPCOHRRARIR B AR LS GH B B EUEBF LR et e o componen
delivery unitth®@od{plonsmt itk tiontxnalign200S atHfardesn peseeitieteioelption stage 200 can be selectively
displaced relative to (e.g., toward or away from) the component delivery unit 100, for instance, by way of
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components from the componen
configured to generate sensing signals corresponding to the location, position, or motion

of one or more components, and/or the location, position, or motion of the component
20  reception stage 200 relative to the component delivery unit 100. In some embodiments,
the system 1 can include a control unit 90 such as a computer system or embedded
controller configured to automatically or programmably control particular air pressure or
flow devices or regulators 42a, 42b, particular vacuum pressure devices or regulators 62a,
62b, and/or the motion of the component reception stage 200 relative to the component
25  delivery unit 100. A person of ordinary skill in the art will understand that in various
embodiments, trigger signals or feedback signals corresponding to one or more sensing
signals can be provided to the control unit 90 and/or other portions of the system 1 (e.g.,

one or more actuators) in a manner that enables such automated or programmable control.



The feeder track 120 is configured to facilitate the translation or displacement of 10 components 20 along
or through the component delivery unit 100 between the component inlet 122 and the component outlet
124, for instance, as a result of one or more applied positive air or gas pressures. The components 20
carried by the feeder track 20 can be organlzed in @§near, serial, side-by-side, or adjacent manner. When
ed tthe component remo aI position Xr, the component
S it facetitto the corn i stage 200, in a manner that
facilitates thetcamyfals @%hamgtg; gddmharﬂasuﬁmmmneMsﬁa mmheMoWrra@ﬂhtﬂcﬁDamjthe
component receptjon sta: 0, as furth r.detailed below, In some embodiments,.the nent delivery
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can be dlquﬁeddwweemdtm@om@mamd pdnmpmmnsflém ehigbdiinerfeedethtraaini@aanffownn a smooth
(e.g., or rela |veI lowy frlctlo channel the co Nt in 122 to the component
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one or both of the})comp dellverﬁ/ unlt§ bottO{né) ELtlon 110.and tcg)ef) S 12. As%ects of Air
Facilitated CGMpOREnt s 99?’%@' RM1E5PRNEF grgorw&t)%gr 4 e%}y Oinit’s B Onerportlon 110
and top portitelitdr® aait B0iratladerapuneriteecbaivropadsanl&ts, channels, or passages 134 that fluidly
couple air openings 132 in or along the feeder track 120 to the air source 40, and which facilitate the 39
delivery of pressurized air or gas to one or more portions, regions, segments, or sites of the feeder track
120. InlSomérewzbindsrentedah st themenapoimdet s dc@ptoan ey A0, cavupéesttectnedyr wloaeaher 130 that
S carmied by SoRRAD SL SR 8RR AR B AR TRE A TIPS 1 REicly coupled

with respect to an X axis defined parallel, essentially parallel, or generally parallel to a

direction of component travel along the component delivery unit 100, the component
reception stage 200 can be displaced (e.g., in an alternating, reciprocating, or cyclical

15  manner) between a component reception position X, and a component dispatch position
Xq. Each of the component reception position X; and the component dispatch position Xy
can be defined relative to a border, boundary, or edge of the component reception stage
200 that is closest to the component delivery unit 100. In various embodiments, the
component reception position X; is defined with respect to a position at which the

20  component reception stage 200 and the component delivery unit 100 are directly adjacent
to, abutted against, or essentially abutted against each other.

As a representative example to aid understanding, when the component reception stage
200 is positioned at the component reception position X, and a component 20 is not
25 already present on the component reception stage 200 (i.e., the component reception
stage 200 is empty), a next component 20 can be offloaded from the component delivery
unit 100 to the component reception stage 200. Component flow along the component
delivery unit 100 can then be interrupted, and the component reception stage 200 can be
displaced to the component dispatch position Xy. When the component reception stage
30 200 is positioned at the component dispatch position X4, a component 20 carried thereby

is accessible or retrievable (e.g., the component 20 can be accessed, retrieved, or removed



5air introduction port 138 of the component delivery unit 100. The air inlets 134 can be configured to
distribute pressurized air along portions of the feeder track’s length in a manner that facilitates or results
in the displacement of components 20 carried by the feeder track toward or to the component outlet 124.
More 10 particularly, the air inlets 134 can be dispaged at an angle relative to the feeder track's length,
such that pressurized air arriving at the fe qler track 120 from the air inlets, 134 provides a force vector
drected alotd 4 S AONLiF-UR e o RPN A SR, BRI TR R Cularty, the
air inlets 134arpths diagesad ahednligpaichadh gbearekpiivepidate qurovessiagisteivel falle hetimeanythe
component inlet 122 and the, 15 component putlet 124, such that pressurized air is introduced along
ortions of t IEGU Atk A0 0 LaleLBLRHING ACEhGEgle afe) e Bretelinded ai o
flow along thedfettde ctiapkiselengdbeptiarmstager 206t caaplecastarfedces comporsditastD hovihed or to the
component outlet 124 20In articulatr empodiments thf ﬁomp neni deIivW unit 1(2?.include one or
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component ibiEx t22.tAdre bonmgane debietyatrticl 00nsponénttrecdptibrdstage 200nce edcenlets 134
coupled or connected to the feeder track 120 at particular positions, along the feeder track’ s length. The
momber, corMBURE R SR NP or O GNP iy MUY SO e el Fack 120
can be seleatechpordfurdedived tmitidStance depending on the length and/or diameter of the feeder track
120, the size and/or type of components 20 carried by the feeder track 120, and/or a desired or target
overall speed or flow rate of components 20 along the feeder track 120. Depending upon embodiment
details hd/dncoutipoleentigd anéhes hedenpdranti méetpicd sagh @0theafidw sulquibesyrei il 8Gair provided

to the air inlet Jﬂ34 {:O?E%E%e §uffici nt for dis'%?ﬁr{ﬁ the com opg&ts 20 alop O40 the f?eder brack 120 at a

._rejatyv ., LOWAId. or aw compornen yer | Q, for instance
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componentsvdy irdfordegqeddatitiee teepeniddacicahgatypavel drawer-type motion, in a manner
understood by one of ordinary skill in the art. One of ordinary skill in the art will also
understand that a mechanical arm or translation mechanism (not shown), which can be a

15  conventional type of translation mechanism, can be coupled to the component reception
stage 200 to facilitate the aforementioned carriage-type motion. One of ordinary skill in

the art will additionally understand that a set of sensors (e.g., a set of optical sensors) can

be configured to detect one or more positions of the component reception stage 200
relative to the component delivery unit 100 such that the component reception stage 200

20  can reliably return to the component reception position X,. Depending upon embodiment
details, such sensors can be carried by one or both of the component delivery unit 100

and the component reception stage 200, and/or such sensors can be separate from the
component delivery unit 100 and the component reception stage 200. Additionally,
sensing signals output by such sensors can provide or be used to generate trigger or

25  feedback signals for controlling, sequencing, or adjusting the motion of the component
reception unit 200 relative to the component delivery unit 100. While the component
reception stage 200 of FIG. 2A is depicted as having a particular shape (e.g., to facilitate
coupling to a translation mechanism), one of ordinary skill in the art will further
understand that the component reception stage 200 can have a wide variety of shapes,

30 sizes, and/or configurations depending upon embodiment details.



5 or flow along the feeder track 120 toward the component outlet 124 in response to translational or
displacement forces applied to the components 20 by the above described pressurized air or gas, which
is delivered to the feeder track 120 by way of the air inlets 134 and air openings 132. In the absence of
applied deceleration or stopping forces, componentsg20 traveling along the feeder track 120 can move

toward, to, past the 10cpmponent ouflet 124 in an_unhindered and/or continuous or e tially
contintous ARMEIS ST (R 0 LS 20 TSR, Baen Es et en 26 hRE e by the
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receptio stalz%? 20&/5 defined as an { fflc#%%ed comgone.t 20a. Comé)onents 2 {{I\at are carried by the
comporignt 20 dRIRER EIPRSEHAY A8 S0 PRSI 190 S ORMCBLRRY (& ARG W mponent
20b in a diredtiivenaytfi@m the component outlet 124 are defined as trailing components 20c-e.
Individual leading components 20b can be successively discharged or ejected from (e.g., 25 pushed out

of) the component displacement unit 100 in response to the displacement force(s) exerted upon trailing
components2éceerapongrhia e dd@2r itrackpl&DtdOncs \& gapdeadsnfyaoineaoenic2@btiseaccads an

o S O e ST S R g
prevent@n 3tbonpdesired0alomgoorttbhadd ditehange areajetdiveyf additiinzd temerptheatis@héram the
inlet 122 and the component outlet 124, for instance, as a result of one or more applied
positive air or gas pressures. The components 20 carried by the feeder track 20 can be
organized in a linear, serial, side-by-side, or adjacent manner. When the component
reception stage 200 is positioned at the component removal position X;, the component
15 outlet 124 is disposed proximate or adjacent to the component reception stage 200, in a
manner that facilitates the transfer, offloading, or discharge of components 20 from the

feeder track 120 to the component reception stage 200, as further detailed below.

In some embodiments, the component delivery unit 100 includes a bottom or base portion

20 110 and a top or cover portion 112. The feeder track 120 can be disposed between the
bottom and top portions 110, 112. The feeder track 120 can form a smooth (e.g., low or
relatively low friction) channel that extends from the component inlet 122 to the
component outlet 124, along which components 20 can be displaced toward or to the
component outlet 124. In an embodiment, at least a portion of the feeder track 112 can

25  Dbe formed as a groove, recess, or channel in one or both of the component delivery unit’s
bottom portion 110 and top portion 112.

Aspects of Air Facilitated Component Displacement
At least one of the component delivery unit’s bottom portion 110 and top portion 112 can
30 include a number of air or gas inlets, channels, or passages 134 that fluidly couple air

openings 132 in or along the feeder track 120 to the air source 40, and which facilitate the



component outlet 124. More particularly, component discharge from the component 41 outlet 124 should
be stopped, interrupted, or restrained until the most recent offloaded component 20a is dispatched to a
processing station 80, and the empty component reception stage 200 is (a) appropriately (re)positioned at
the component reception position Xr; and (b) ready4g receive a next offloaded component 20a.
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more vacuumpréoides ar riegativegoesdinretedpplied) ta pooticrmnerithiaven porenodetongaydurtite1 00 can be

increased and/ar. (re)applied, h omponent putput from the component delivery unit 100 is
prevented Orcgry&é%%%ué)ﬂﬁé% iy g?ﬁ‘f oL t(pjgg’lcu arﬁ {he air .n%&tﬁ%ﬁ G he disposed {an

a) the componen currently carried by the componersﬁ) receﬁnon stage 200
has been reanvedrfgtardtati oo to potenp @treicepikl pstiadget@@Onaid disppaobeditndet 122 asddimng station 80;

and (b) the e o t reception has. reposition irectly adjacent to the
Compobient SOy DN R e R e e B S B AT e e
Component DastelE2atainaacuiesoding @essasingle, thereby causing the pressurized air to flow

along the feeder track’s length in a manner that displaces or forces components 20 toward

or to the component outlet 124.

20 In particular embodiments, the component delivery unit 100 includes one or more air
inlets 134 coupled or connected to the feeder track 20 at or proximal to the feeder track’s
component inlet 122. The component delivery unit 100 can further include one or more
air inlets 134 coupled or connected to the feeder track 120 at particular positions along
the feeder track’s length. The number, configuration, distribution, and/or arrangement of

25 air inlets 134 along the feeder track 120 can be selected and/or varied, for instance
depending on the length and/or diameter of the feeder track 120, the size and/or type of
components 20 carried by the feeder track 120, and/or a desired or target overall speed or
flow rate of components 20 along the feeder track 120. Depending upon embodiment
details and/or component type, the number of air inlets 134 and/or the flow or pressure of

30 air provided to the air inlets 134 can be sufficient for displacing the components 20 along



5 In various embodiments, the component separation apparatus 10 includes at least one set of vacuum
elements or structures configured to apply a set of vacuum forces to particular portions of the component
delivery unit 100, as well as a set of vacuum elements or structures configured to apply a set of vacuum
forces to portions of the component reception stage@00. Vacuum forces applied to the component
delivery unit 10Q can 10 ck or mor nts 20 in motjon along,the feeder track 120,

stop the displ: TS it o AR P enred PR ST UreIEPAREUE e he
offload or trafhefer of components 20 from the feeder track 120 onto the component reception stage 200 at
particular times (e.g., in an automatic, programmably specified manner). Vacuum forces applied to the
component reception stage 200 can facilitate 15 component retention on the component reception stage
200, and in gedetirsereboctrenthceanfiaoiigdaetite tténtrgaiicsdtodiss fptcer ohckg®oantravelion along
the feeder track.120. The component deliver it 100 can include one o sets of vacuum elements
or 220 dacutlal RS TETGHI (ockniny SENE, CEorUEBE DRt AL tPORELdton forces o
vacuum preseanséstmalruurdisptaoérpesttfonsaslapptledm ﬁﬁesoswmmgoegimsammedg the
feeder track 120. Sucg yacuum for e can Iled at éX dicall cI|caIIy, or
intermittentlﬁr,efsoslulrnzs rb%%,sedvu a 'gee%nget%? aeoaés ‘%‘rgfg?o p%%gﬁ gtf m:%omponent
reception stdgd 200 arrdd;bmt|Qg'sctﬂﬁpoheﬂte“mmmcsta@plmpammmmlanmtstmppmgnfmoenent delivery
unit 100, as further desc%ped below. 1Add|tt|on? in sever. (embodlme%swsugh yacuum.| forﬁ]es can be

selectively appmggrtonc? isTincteets orsl vacutﬂ?n:ke ements. Thus, partlc Ut VECBEH Bements

(e.g., distinctemizooesubsdtd d2daouiam ehftmmiets)j camdhe foickiyncowslablessentia lie @datimamis 120 in a
selectable or configurable manner. 43 At least one of the component delivery unit's bottom portion 110
manfje_g . :

and top portion can include a number of vacuum elements or structures that are configurable to
couple portions of the feeder track 120 to the vacuum source 60. Such vacuum elements facilitate the

application or deliver cuum farce lon artlcular t| of portlon of h feeder
track 120, acrltfé) he(zce F%ré\égr'ﬁ%oﬂedtsﬁ} 0 i m %%ﬁaﬁgrr%gﬁhe%%eger%ﬁac% % Thé app(iIs b(}/ \Baguum forces
are intendedctonponater deld/eryousitolie theddispiabe hesntfdead(s) esdgée dhapdrashesecmgooents 20 by

the poig"e% Oy ﬁg?é' c%readtﬁé.( 5, rﬁbr e 194 ??Fe? WPes §’3ne%?%| Bl gpelingly

counter and eas y overcome comp onen on an or componhent m men um toward or
10to the compmgerﬂu@ddectelznam dexdeial d&fmed)mpcméeadiegt)vemmpnnemo()zalar(erg:ludeleammgtber of

vacuum obegigs g 968 SAIRSAJGHNR feederisack A2 0 e the ARplicalianalagHym forces at

particular fe track site rlns ance, the comp nent er unit can incl
the component outlet 124 and transferred to the component reception stage 200 is defined

as an offloaded component 20a. Components 20 that are carried by the component
20  delivery unit 100, and which are successively positioned behind the leading component
20b in a direction away from the component outlet 124 are defined as trailing

components 20c-e.

Individual leading components 20b can be successively discharged or ejected from (e.g.,
25  pushed out of) the component displacement unit 100 in response to the displacement
force(s) exerted upon trailing components 20c-e along the feeder track 120. Once a given
leading component 20b becomes an offloaded component 20a by way of its transfer to
the component reception stage 200, subsequent motion of components 20 along the
feeder track 120 should be paused, interrupted, or disrupted in order to prevent an
30  undesired or uncontrolled discharge or ejection of additional components 20 from the

component outlet 124. More particularly, component discharge from the component



15 first set of vacuum openings exposed to the feeder track 120, as well as a second set of vacuum
openings exposed to the feeder track 120, which is distinct from the first set of vacuum openings. In the
embodiment shown in FIGs. 2A and 2B, the component delivery unit's bottom portion 110 includes a first
vacuum passage 144 that fluidly couples a first vacgum opening 142 of the feeder track 120 to a first
vacuum port 148 Qi he co nent 20 delivery unit 100. The boftom. pgrtion 110 additigpally includes a
vacuum chafSF 236 SHALIS 6 GRS LB REY &F ARPAI S UbUh Sk R AR 154 to o
correspondingrmpoiaity 20secodidpachadnorepingssing disposedlang ahposhortyfdhedesser track 120

' d/ I fi ing.142. Th hamber 150 is furth
Rl coupIAELES Lo SEHE VAl (e REOF D24 EONARLRCA b1y SHTEROET RO frst

vacuum portpb4iiemckthenset mdadyclaurecpive 4 58 xteufidended pladgontdne 26auEmisodirnentOde.g., by way
of a shared ﬂﬁ se arartﬁ Xcﬁ\cium Iines| and cine or Pwore vacuum actuators, swiicles ﬁ?au es, or valves
62a, ong or Mor& SPARIAEIRYE SSECHVEY APBIYgYARIMEL Y Set dthsle§Y 44 3alify WinSEnent 200
can be positiatezchigstemoribenteaderdiacktli2@dimpcdmpoadatdhond pesitdnith e tloadmegrtdlihg component
reception stage 200. Th tois_, th firstFHa?uudm otoerf<in 42 caa be difé)oése(tj relative to an end-most
feeder track TORAON thaf 1S e t¥% gpp?reoﬁrmé?g y atent rtﬁ% & '(I,\? frd ! c%%%é?\%ﬁtroutlet 124.
In an embodisseatiprbodit@ppoagmmaietiondpodesofibied firsietathemeafipening 142 can be disposed at a
feeder track location that corresponds to an expected approximate midpoint of the leading component
20b when the leading edge of the leading component 20b is approximately aligned with the component
outlet 124. Onesaherelmanyisiititsn the artmadlewaterstafudésabarfegadarct@meksioestan b wiptiledhe first

vacuum opeping 142 is disposed can depend 10 u component dimensiops. and/or embodiment
details, The Bty BTSRRI dacutr e o do e S e A L 5B Teoder
track 120 sugendrallyhausomadvameamy tperspgst 162 e @ disivieuytesi tale ragraop getsopr exsthiesfeeder track

120 that corrgspongs.or. is expected to corres to lggations. 15 at which a numper (e.a., approximately
310 or mol s i SRR, IR AL, SRR e A BRI B e
152 can be posifionent &ideid 22)pdotiba conipoiiestidelivecyk 120 108} therehy e yraiiegeronipededistance

away fiam e ffst YagUD QRNARAAR UGG FPTROTRNL e, 20n sevsiel shpgments, the

first vacUum opening Is’configured to apply a first vacuum force ading ‘component 20b, and
the plurality stagectiiidiyadeatty gogauenfsot 5® @tedcagigsir &tk tcoapuipeatsdeloratyv asiiukfatcingo or across

bt SRR 2 e AR R e A e
abutted against the component delivery unit 100, particular vacuum forces applied to
portions of the component delivery unit 100 can be temporarily decreased and/or

20  interrupted such that component flow along the component delivery unit 100 resumes as
a result of the displacement force(s) exerted upon the components 20 by positive air or
gas pressure(s) or flow(s). As a result of the resumption of such component flow, a next
component 20 can be output or offloaded from the component delivery unit’s component
outlet 124 to the component reception stage 200. Following the transfer of a component

25 20 from the component delivery unit 100 to the component reception stage 200, one or
more vacuum forces or negative pressures applied to portions of the component delivery
unit 100 can be increased and/or (re)applied, such that component output from the
component delivery unit 100 is prevented or avoided until (a) the component 20 currently
carried by the component reception stage 200 has been removed from the component

30  reception stage 200 and dispatched to a processing station 80; and (b) the empty



25 component 20b, and the second vacuum force can be sufficient to at least decelerate the motion of the
plurality of trailing components 20c-e. In particular embodiments, the first vacuum force is sufficient to
reliably stop the motion of the leading component 20b, and the second vacuum force is sufficient to
significantly decelerate or substantially stop the moggn of the trailing components 20c-e. 45 Depending
upon embodiment details, the mﬁgé\g%aﬁnd or duratian of the first and.second vacuum forces can be

equal, approXimBREl EGEEP S Y ToRE LIARAINL REDh AT W SPHRAR of the first

vacuum forceetianrhegitekie at e dbve poagniteckptod fsitioadqn of the second vacuum force in order to

facilitate rapid, 5 predictable, or reliable cessation of the leading component's motion. Additionally or

alternatively, the sizes or surface areas (e.g., individual surface areas, or aggregate surface areas) of the

first vacuum Axpecingf M@ Faeitieared CuaponsnopeceigatidPasainobd/letualCaggativnmately equal, or

different. In ?everal embadi .ent§ tlﬂf Size of the first vacuum (;aoenin %142|C n billar er than the sizes of
. borys

individugl seCbhd PR TR PRIEMNEs 10 TBEM IR REE SRt MotiSh ot theteading
component 20lvatuyarticaianiBrobsidintards ctingi guagrhittualepbf eetiosvaasumnfiolossea @latiioa ity that of the
second vacuur%.forceTa}Hd/or the Siz?%lthe first Vaﬂi m Oefel in#n142%{el?tive to thelsize of the
individual se®3hE Valhuny ()Cﬁgpﬁﬁ[:}%n ,'XSWbLénge inedor detefmihed SUcPivaM S e V8clm force
applied to thetrsottmes evafiguirtdetteadply cosepafevic2Omifgueatér thamiarseqfiahtod@ppoaeracuum force
appled to the, sutface arse shanx jadiidugl talling romponent 206 & andiar Bl N g oyeral or
aggregate vacutim torce’applied to the surrace areas of the set of trailing components 20c-€ exposed to
the pluility décHemtel veeoumoreconyoié&its 20 AspectoofdRerdeseftatice Watderi20vetdgpdbem Opening

CO”f'gura“OHF’srﬁQEf”“mbo Analerspavial of %%hzt"i‘tggf‘a?éaogiiHSLFé%ﬁg‘F‘ A ReAIngs; SighAe first
vacuum openings , second vacuum opehings , anaror othér vacuum openings
the offload or transfer of components 20 from the feeder track 120 onto the component
reception stage 200 at particular times (e.g., in an automatic, programmably specified
manner). Vacuum forces applied to the component reception stage 200 can facilitate
15 component retention on the component reception stage 200, and in certain embodiments
can facilitate the interruption or disruption of component motion along the feeder track

120.

The component delivery unit 100 can include one or more sets of vacuum elements or a

20  vacuum assembly configured to apply, supply, or provide one or more vacuum or suction
forces or vacuum pressures at a number of positions, locations, sites, segments, regions,
or zones along the feeder track 120. Such vacuum forces can be applied at particular
times (e.g., periodically, cyclically, or intermittently), for instance, based upon the
presence or absence of a component 20 on the component reception stage 200 and the

25 component reception stage’s position relative to the component delivery unit 100, as
further described below. Additionally, in several embodiments such vacuum forces can
be selectively applied to distinct sets or subsets of vacuum elements. Thus, particular
vacuum elements (e.g., distinct sets or subsets of vacuum elements) can be fluidly
couplable to the feeder track 120 in a selectable or configurable manner.

30



associated with a singulation apparatus 10 can vary depending upon embodiment details. 25 More
particularly, several embodiments of the present disclosure can include vacuum openings arranged in
accordance with a spatial pattern or distribution that can be expected to reliably stop the motion of a
leading component 20b and at least decelerate thegotion of one or more trailing components 20c-e with

okt ation of§ IS 4L TL VR OO R R T e S OB 406 8P RO 233135 Llon

portions of aifefdier frackrili20 atomdingtelamembodisirtnkthehdisatostuefifuablenndadimpént, a first
feeder track region 143 can include, carr, ntain, or be coupled or exposed to a plurality of first vacuum
openings 5 19595 Ao GeaStulASEr KPR FRSHURR RS ey BREARGLTL ST as o
number of lafgslidtaneteppication apdslings bflachutditionad yo casemodldrig @daidniarkomgions1 53 can
include, carry, contain, ot be coupled or expased to a plurality of second. yacuum openings 152. The first
foeder fiack TN s o Rc EEHl VA rhauiof b IR Fo EP DREREL o0 A1 Wi ER ETEANT Dimponent
20b is expedesdido rasklé 2andrtiee sppdizddv a0 dee trcésaate regeadetiSi cometspandfotooagpostian of the
feeder track 120,along which.one or mare trailing components 20c-e are expected to reside as they travel
toward the 14F FISBEGLAER ‘L R Mo RO Lot ThE Ot o Cari i anent wavel
along the feeldtwe¢radioy 2ieisimidletst¢84roRHe .aB opgnamgsd@Ry ahd Toerespaaltingliaooetee fisstheicuum
openings 14%%5?@8&5}16 Iarﬂer diameter first vacuum o eniné]{gs 142D can be disRose(%IO(ltv-:-{lfrlave to each

. antjaly. overcome component motion. an component momentu or
other in a manner expecfe MG ERRANGE A TRENADId BHReAA y and rapidly s opplngrﬂ'ue motion of the

leadind.@om potherdo?dimrieot ausketri@. multiple smaller diameter first vacuum openings 142a can be
disposed relative to the periphery of a single larger diameter vacuum opening 142b (e.g., in a manner
20identical, similar, or generally analogous to that shown in FIG. 3A). FIG. 3B is a schematic illustration of
a representdtivgecerdigtiratompdriest deliveryseantntDOaanumchperdnysibe?  df5aciongqpertiogs of a feeder

rack 120 acgerding Jo anoifer naaineatot e disclanute i Al BRI A g eedey rack
region 143 can 25 carry a plurality of first vactum openings 142at such as a set of smaller diameter first

vacuum opepangeuiat Xacand tgasbsdém@nridmmetﬁérspmmm dﬁMmeMﬂ?ﬁO Aasei_oohmiéeieder tracl_<
o I AR SSGR ST O I8 MR QAR ooy foaced v
3B, the spatiedaiensiop@fisgsergosed to the feeder track 120, which is distinct from the first set of
vacuum openings. In the embodiment shown in FIGs. 2A and 2B, the component delivery
unit’s bottom portion 110 includes a first vacuum passage 144 that fluidly couples a first
vacuum opening 142 of the feeder track 120 to a first vacuum port 148 of the component
20  delivery unit 100. The bottom portion 110 additionally includes a vacuum chamber 150
that is fluidly coupled by way of a plurality of second vacuum passages 154 to a
corresponding plurality of second vacuum openings 152 disposed along a portion of the
feeder track 120 proximate to and/or generally near the first vacuum opening 142. The
vacuum chamber 150 is further fluidly coupled to a second vacuum port 158 of the
25  component delivery unit 100. Each of the first vacuum port 148 and the second vacuum
port 158 can be coupled to the vacuum source 60 (e.g., by way of a shared or separate
vacuum lines and one or more vacuum actuators, switches, gauges, or valves 62a, one or

more of which can be selectively or programmably actuatable).

30  The first vacuum opening 142 can be disposed relative to a terminal or end-most feeder

track location that corresponds or is expected to correspond to a position at which a



30vacuum openings 152 increases with decreasing distance from the plurality of first vacuum openings

142a-b. Such a spatial density of second vacuum openings 152 can 47 more effectively decelerate or

stop the motion of a set of components 20 within the second feeder track region 153 as the component(s)

20 more closely approach the first feeder track regi@m 143 5FIG. 3C is a schematic illustration of a

representatiye onflggnatlon first and/or se ond v r&] E jngs 142 152 alon ortlons of a feeder
WsClodt

track 120 ac e’r% S(ﬂfﬁ ﬁr (H( 855%& t, § *‘?@g'fe'eder track
region 143 cegnqaingra’ pbmhayimgfttsthaaompm@&ne@pﬂmrﬁadgeaob aTFlease, Qfﬁemﬂmadmmeter first

rack rogion TS M 2 1A ATANRP o CHEBG UGB Suon G S Liica e B er
diameter semrmma&wwmmnm@ﬁﬂtﬁhea‘tedomrsmmkacrgepdmmmeﬂaelzmdl N30 @) ATRIng 152b. The
plurality of second vacuum FHD%?'% ftﬁ 'ﬁ n be dis osed rejatijve to ea h othe in a yariet

manner3, fof ThEHEE TR MERSETtRATE kel ‘{8%% B etfechidl 9&: caé ApShidt ¢ oany
given compdrwkt Rﬁ:eitﬁmnmattherseﬂpondsfetedm teapkctediapptbsi metmemxdmpmn@rntm) Ieiieg closer to
the first feeder track rg n 143, I?he g0 % g g boflm nt detallshalllr? feeder track ree(ia/on 143, a
second feed&V ALK %@nan 16P ARG5S eede]retg giBMRANH Bes\/SEBrL?r%'g ngs 142a-
20 b, 152a-mhgredgudificirentampbsientostiapédandior of asdisantickidl ardhs afthwd) argivmlnfeieder track

region 143, %na:i or, agevera of “a"“‘t'wmaﬁh IrSLgnder con5|derat| n.can JncludEe vac penings

having differe shapes an oP g?ggg Settional Brehd. YARHNA aHy g|\9e 4%5‘ erRrae Fgalo?PEﬂ 153,

vacuurbOopenpugschanyioge padiite e sisepedoardibodirosst setitmal areas can be disposed in a manner
expected to facilitate the deceleration 250r cessation of component motion or flow.
The plurality of second vacuum openings 152 can be successively disposed along the
feeder track 120 such that the second vacuum openings 152 are distributed along a
portion of the feeder track 120 that corresponds or is expected to correspond to locations
15  at which a number (e.g., approximately 2 — 10 or more) of trailing components 20c-e can
reside. Thus, the plurality of second vacuum openings 152 can be positioned along a
portion of the feeder track 120 that extends a predetermined distance away from the first

vacuum opening 142 toward the component inlet 122.

20 In several embodiments, the first vacuum opening 142 is configured to apply a first
vacuum force to the leading component 20b, and the plurality of second vacuum
openings 152 are configured to apply a second vacuum force to or across the plurality of
trailing components 20c-e in a distributed manner. The first vacuum force should be
sufficient to significantly decelerate and at least briefly stop the motion of the leading

25  component 20b, and the second vacuum force can be sufficient to at least decelerate the
motion of the plurality of trailing components 20c-e. In particular embodiments, the first
vacuum force is sufficient to reliably stop the motion of the leading component 20b, and
the second vacuum force is sufficient to significantly decelerate or substantially stop the
motion of the trailing components 20c-e.

30



FIG. 3D is a schematic illustration of a representative configuration of first, second, and third vacuum
openings 142, 152, 162 respectively disposed within a first, a second, and a third feeder track region 143,
153, 163 according to an embodiment of the disclosure. As 30indicated in FIG. 3D, within one or more
feeder track regions 143, 153, 163, particular vacuym openings 142, 152, 162 can be spatially organized

or arranged hased upon 48 vacuum openi ross sectional area. For instance, within the first feeder
tack region BABECH UHo AT R B ORI o o ) LA od SUET AT ARSa b ERG 5 Cect closest
to the compgaesicowidetid farvecwam bpesiogl 14Rprbaivitagety nextdhrgesidiffesensectionabaeea can be
disposed further from the component outlet 124: and one or.more vacuym 5 openings havjng a smallest
cross sectio TSR GLed M AR i MR IS R HECreRy Pk nemnatvely,
within the setbencdgedeicrauk oedigntids o thacsssondpecingrl Sdchaviogier lerdesilitatssapddtional area
can be disposed. clgsest to the first feeder track region. 143; a vacuym opening having a next largest
cross settioRr I o U< Re P, TR, R Pk FEQIBR L A SHET A0S or more
vacuum opeaitegsatiasing thesriaiestcstaseciens| (@rga oatiidudispadeck fardasstdromgglegdiest feeder
track region 14?. In embfd'rﬂ]en{s ihat include one o ré]ore ?}gditional feeder track re iolr%?]such as a third
feeder track 14378 TEAREN Gl LRI ARt dd? A ara B AR hekiRg 153 having
a largest crolss sqctipagprava matety we whik postiffelese st cdber derobobifeeies, ttackizegibthd 5idstand one or

more 15 vacuum r%péaniﬁll%s Ii% i@%]%%maa}ller g]r ﬁ%aéleﬁt grgfsisngﬁlcaoa a|e%l’en% can be dgs rcl)lsﬁe%i further
away from the SECond febder trad regiongfé '3 EhpGaients o the' aisdosdie that mSilde%t least one
feeder 1fack 16gimnoided, th 530 re@3factivielytsto p theahtyt mhvafohe e anhen coyspare i 20bsed, a vacuum
opening that is 20 disposed closest to the component outlet 124 within the feeder track region 143, 153,
163 can be defined as a leading vacuum opening, and a vacuum opening that is disposed furthest from

the componéntpadii@tld2dmbitdimtmisfebel eragaitkde giothe figst Va8ulitFaan tedatiefriedhas af tfaling vacuum
andlor aross Ea ot e e R A S B SR e S TR e,
: , g vacuum opening-can have a larger (€.g.,

substantiallyoftgenndiost sesttondl waesthapentragind 2acanbe dpéinaigdo deleilitatedhsidydlietl or
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or equal to (a) the vacuum force applied to the surface area of any individual trailing

component 20c-e; and/or (b) the net or overall or aggregate vacuum force applied to the

surface areas of the set of trailing components 20c-e exposed to the plurality of second

vacuum openings 152.

20
Aspects of Representative Alternative Vacuum Opening Configurations
The number and/or spatial organization of particular vacuum openings, such as first
vacuum openings 142, second vacuum openings 152, and/or other vacuum openings
associated with a singulation apparatus 10 can vary depending upon embodiment details.

25  More particularly, several embodiments of the present disclosure can include vacuum
openings arranged in accordance with a spatial pattern or distribution that can be
expected to reliably stop the motion of a leading component 20b and at least decelerate
the motion of one or more trailing components 20c-e with respect to a target or maximum
attainable component singulation rate.

30



49 3E is a schematic illustration of representative vacuum opening shapes in accordance with particular
embodiments of the disclosure. Such shapes include an ellipsoidal or oval shape, a diamond-type shape,
and a circular or generally circular shape. Embodiments of the present disclosure also encompass
additional and/or other types of vacuum opening 5ghapes (e.g., triangular, square, or more complex

polygonal shapes)..FIG. 3E additionally indicgtes certain representative vacuym opening dimensions,
e can DG U 2 e e R b LR ANh & B N LS R AT Sy pos of
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Additionally, feegirretmasktred ivacldharabtaeings pame bieoctlefidde dT tee plicadt ereof agomeyeie tacellective

Cross sectiora]liag ﬁ/a&%ufg]e é’g"t?&@ﬁ fi&"ilstnw Iclgtle%eptllg% t% Ry 5gndai1frfr%wnt from that provided by another set
of vacuum open%gs. urthermore, a given se of vacutim 0¥Jenings can be configured to apply, deliver, or

distribute vacuum force(s) across an identical or different feeder track length and/or number of
g‘;mpofﬁntsfﬁé"}r%‘gﬁ’&?‘%’ieﬁ%&%‘? FREHYR RS URGRnGY 218 AN RN lARSATHUTARLGR(S) applied
opening(s) 142b can be disposed relative to each other in a manner expected to enhance a
likelihood of reliably and rapidly stopping the motion of the leading component 20b. For
instance, multiple smaller diameter first vacuum openings 142a can be disposed relative
to the periphery of a single larger diameter vacuum opening 142b (e.g., in a manner

20  identical, similar, or generally analogous to that shown in FIG. 3A).

FIG. 3B is a schematic illustration of a representative configuration of first and/or second
vacuum openings 142, 152 along portions of a feeder track 120 according to another
embodiment of the disclosure. In an embodiment, a first feeder track region 143 can
25  carry a plurality of first vacuum openings 142a-b such as a set of smaller diameter first
vacuum openings 142a and a set of larger diameter first vacuum openings 142b. A
second feeder track region 153 can carry a plurality of second vacuum openings 152,
which can be nonuniformly spaced with respect to the direction of component flow along
the feeder track 120. In the embodiment shown in FIG. 3B, the spatial density of second
30  vacuum openings 152 increases with decreasing distance from the plurality of first

vacuum openings 142a-b. Such a spatial density of second vacuum openings 152 can



5 a particular set of vacuum openings can be identical to or different than the magnitude of the vacuum
force(s) applied by another set of vacuum openings. A ratio of a first vacuum force applied by a first set of
vacuum openings to a first feeder track length (or a first number of components) can be identical to or
different from a ratio of a second vacuum force applied by a second set of vacuum openings to a second

feeder track length 10 (or a second number of components). As a representative example, g first set of
et opeRGs TP NS o eiad Aot araeh HerT3ROGIUA 20 AR AHfot ecder
track region se¢3ndrfdedssearidregiodl Ya8uwsnthe maningactafs)o20dispeseidJelstrpevaal frenfitke
component %%%’[{124 than 15 the first set of vacuum openings, such as within a second feeder track

r

region 153. tagétr%(?'\?g\c]u m openings can be configured to distribute a first vacuum force across a
first number of components 20, for instance, a single leading component 20b, or a leading component

20b and.one iately adjacent trajling component 20c. The second.set of vacuum openings can be
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(e.g., alBecosutvart frates tiGdmepresdi can farce agpio)alifirefddno tilevatagmtodenaighd s2zecbnd vacuum

force to a second 30feeder I:rack ‘en%ﬂa L t%Ilstance ACross which the s?gggd yacuym B(%rcfe is applied.
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Such a first Patio indicates that e firstvacdum force Caf prow%ee a%rea er satopplng force on a

diameter second vacuum opening 152b. The plurality of second vacuum openings 152a-
b can be disposed relative to each other in a variety of manners, for instance, in a manner
that is likely to increase an effective vacuum force applied to any given component 20
15  within the second feeder track region 153 as the component 20 moves closer to the first

feeder track region 143.

Depending upon embodiment details, a first feeder track region 143, a second feeder
track region 153, and/or another feeder track region can include vacuum openings 142a-
20 b, 152a-b having different or distinct shapes and/or cross sectional areas. Thus, a given
feeder track region 143, 153 or a given set of vacuum openings under consideration can
include vacuum openings having different shapes and/or cross sectional areas. Within
any given feeder track region 143, 153, vacuum openings having particular shapes and/or
cross-sectional areas can be disposed in a manner expected to facilitate the deceleration

25  or cessation of component motion or flow.

FIG. 3D is a schematic illustration of a representative configuration of first, second, and
third vacuum openings 142, 152, 162 respectively disposed within a first, a second, and a
third feeder track region 143, 153, 163 according to an embodiment of the disclosure. As
30 indicated in FIG. 3D, within one or more feeder track regions 143, 153, 163, particular

vacuum openings 142, 152, 162 can be spatially organized or arranged based upon



51 per-component or distance normalized basis than the second vacuum force. This can enhance the
likelihood that a leading component's motion is reliably stopped, thereby preventing undesirable output of
the leading component output from the component outlet 124 when the first and second vacuum forces
are applied. S Aspects of Cyclical Component Offloggling and Dispatch When the component reception

stage 200 is empty (i.e., an offloaded co ponen%ZOa IS not pre% nt rorlftec ed,on the component
reception sté’&g )OBEW%QH‘?(%%&ECHP{}EQ %r&anp H@ﬁ??@ggﬁti " 85%\% '5§F, éj%romﬁ &AL ception
stage 200 caa3eeaiyeuarfirsenidd 1ext lnffiogdethices persie2ienblyanaycaf tiredispogmheotaelivery unit's

output of a | aggin component 20b from the component Lg: 124. Referring again to FIGs. 2A and 2B
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component tiggasten tetelidpsedforhturroibthihesepeiving sitlettupd 24t cane inclndesavaetimistructural
features.such as.ag%r oveh slot, or rl%c SS configﬁiﬁ{%‘]o match or ge erallgléoch'E m to.the shape of an
offloade COP[EJSBW t %\Q, 3T 53EP 8 t47% Egﬂfi%r Rl ﬁ?rsévgﬂpbi flacement of
the offloadedaopypentenufea by onddi piedebe rovired patitely, onithim dbepecent feedptitackage 200.
The size or surfl%lﬁe%géea \9f éhe ngeceim’né} efé%ﬁf‘uremﬂo 2r0 ecTn r%%grothat??/ rgatch thg.size of surface
area of an offid5de oﬁwp%#é’nt 9B Re 2D ;glgneqn?1 rlgc%ﬁ i6h 58% 208" & f?ﬁﬂ‘l%?’ N3 a set of
sensors or selosasy teldraditts Z20ecdrdauregido tdeatviin prespacia gl siiséacmghbarextiloadsd
component cross sectional area can be disposed further from the first feeder track region 143; and
10 one or more vacuum openings having a smallest cross sectional area can be disposed
furthest from the first feeder track region 143. In embodiments that include one or more
additional feeder track regions such as a third feeder track region 163, then within such a
third feeder track region 163, a vacuum opening 163b having a largest cross sectional
area can be disposed closest to the second feeder track region 153, and one or more
15  vacuum openings having a smaller or smallest cross sectional area can be disposed

further away from the second feeder track region 153.

In embodiments of the disclosure that include at least one feeder track region 143, 153,
163 in which a plurality of vacuum openings are disposed, a vacuum opening that is
20  disposed closest to the component outlet 124 within the feeder track region 143, 153, 163
can be defined as a leading vacuum opening, and a vacuum opening that is disposed
furthest from the component outlet 124 within the feeder track region 143, 153, 163 can
be defined as a trailing vacuum opening. The leading and trailing vacuum openings can
be identical or different with respect to shape and/or cross sectional area. For instance, a
25 leading vacuum opening can have a larger (e.g., substantially larger) cross sectional area
than a trailing vacuum opening to facilitate the cyclical or periodic deceleration and/or
cessation of component motion along the feeder track 120 and/or the prevention of

unintended or undesirable component output from the component outlet 124.

30  As indicated above, embodiments of the present disclosure can include vacuum openings

that exhibit identical or different shapes, sizes, dimensions, or cross sectional areas. FIG.



20a upon the component reception stage 200. More particularly, particular sensors within 25 the set of
sensors 220 can be configured or arranged to detect whether at least a portion of the offloaded
component 20a has reached or is disposed at one or more positions relative to portions of the receiving
structure 210. For instance, particular sensing elemgnts 220a can be configured to detect the presence of

the abotmenta15 SRS oI CRATEFED 40 el B BN et BB FEsence of 2

component 20i¢h particataaleutboalinesittast dikeditylosiipeestith thepebubcledt 2 21lizeidet af e@nsors 220
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212 (e.g., wigarkagpsrtion of the receiving structure 210) to a vacuum port 248 of the component reception
stage 200. The 15 vacuum port 248 can be coupled to the vacuum source 60, for instance, by way of a
vacuum actuator, switch, gauge, or value 62b. Depending upon embodiment details, the component
receptibh stadyei slicatedim BItENiBY(s)324 thedirheyamganiapehings 4fety wbmdanadnst oyregstance, the
component igefion;stage, 209 caninclude.a sindle.vadim oReNing 642,91 TUALIE yagyU openings,
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vacuum openings 142a,b relative to the sizes of the second vacuum openings 152a,b, the
15  first aggregate vacuum opening area can be less than, approximately equal to, equal to, or

greater than the second aggregate vacuum openings area. In some embodiments, the

second aggregate vacuum opening area exceeds the first aggregate vacuum opening area.

In addition or as an alternative to the foregoing, one or more vacuum openings (e.qg., first
20  vacuum openings 142a-b, second vacuum openings 152a-b, and/or other vacuum
openings) can have different types of shapes, cross-sectional areas, or relative
distributions. For instance, some or all vacuum openings can have an elliptical, triangular,
square, rectangular, diamond, or other type of shape, depending upon embodiment
details.
25
In general, the component delivery unit 100 can include multiple distinct sets of vacuum
openings. A given set of vacuum opening can have an identical or a different number of
individual vacuum openings relative to another set of vacuum openings. Different sets of
vacuum openings can include vacuum openings having different shapes or cross-sectional
30 areas. Additionally, a given set of vacuum openings can be configured to provide an

aggregate or collective cross sectional vacuum opening area that is identical to or



25 vacuum force delivered or directed to the component reception stage's vacuum opening(s) 242 can be
automatically established or increased in order to slow or stop the forward motion of the offloaded
component 20a toward the abutment 212, and/or retain the offloaded component 20a in a fixed,
predetermined, or predictable position or location (&g., directly adjacent to or against the abutment 212).

Additi Iy, 30t t of 220 d that a leadi f the offloaded t
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15embtaliméots céthrddisohbsud barspdnepts). trigger or feedback signals corresponding to sensing
signals output by one or more sets of sensors. In some embodiments, zero or essentially zero vacuum
force is delivered to the component reception stage's vacuum opening 242 when the set of sensors 220
fails to 20 defsct therergetice odaaip Effiofidt datahpanent 2penmgsheandm dopreehspatrnedsta low level
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first set of vacuum openings can be configured to distribute a first vacuum force across a
first number of components 20, for instance, a single leading component 20b, or a leading
component 20b and one immediately adjacent trailing component 20c. The second set of
vacuum openings can be configured to distribute a second vacuum force across a second
20 number of components, for instance, approximately 1 — 10 or 1 — 20 (e.g., 2 — 12)

trailing components 20 that follow or trail behind the first number of components.

A first ratio (e.g., a first vacuum suction, pressure, or ratio) defined by the magnitude of
the first vacuum force to the first number of components can be greater than a second
25 ratio defined by the magnitude of the second vacuum force to the second number of
components. Additionally or alternatively, a first ratio defined by the magnitude of the
first vacuum force to a first feeder track length or distance across which the first vacuum
force is applied can be greater than a second ratio (e.g., a second vacuum suction,
pressure, or force ratio) defined by the magnitude of the second vacuum force to a second
30  feeder track length or distance across which the second vacuum force is applied. Such a

first ratio indicates that the first vacuum force can provide a greater stopping force on a



offloaded component 20a, vacuum forces applied to the component delivery unit 100 can be established
or increased in order to pause or disrupt the motion of components 20 30along the feeder track 120.
Thus, in response to the set of sensors 220 detecting an offloaded component 20a proximate or adjacent
to the abutment 212, vacuum forces are 54 appliedgg) to the component reception stage's vacuum
opening 242; and ;Eg at or alo articular rtl th e]der track 120. As resul the offloaded
component 25558 8[]?8&%% the"2BHYS %Sé%.ﬂa [bAEta8°D d’aﬁHH”Eh OFiBtioh &t fidl of
componentse2fanicn thth & Kekbloteydrenek azaaid;imgteﬂumtémMmmmedstmmhy preyestingdpetiye output of
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reception stageltQ24theothpdinstrdnt: sequinoivatage 0 esardepphifted to the component dispatch
position_Xd. 10 When the component reception stage 200 has arrived at the component dispatch position
Xd, the vacuum force applied to retain the offloaded component 20a upon the component reception stage
200 can be Wwaaed)b@yiﬂmmm@pnmd@ﬁmmm&tﬁdtﬁésmmval or dispatch of the offloaded
component rocessm statio one ceptlon 00 can su quently be
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Referring again to FIGs. 2A and 2B component reception stage 200 can carry or include a
receiving structure 210 that is configured to aid component transfer, retention, or capture.
15  The receiving structure 210 can include a set of structural features such as a groove, slot,
or recess configured to match or generally conform to the shape of an offloaded
component 20a; and/or a barrier or abutment 212 configured to limit or prevent
displacement of the offloaded component 20a beyond a predetermined position on the
component reception stage 200. The size or surface area of the receiving structure 210

20  can approximately match the size or surface area of an offloaded component 20a.

The component reception stage 200 can further include a set of sensors or sensing
elements 220 configured to detect the presence or absence of an offloaded component
20a upon the component reception stage 200. More particularly, particular sensors within
25  the set of sensors 220 can be configured or arranged to detect whether at least a portion of
the offloaded component 20a has reached or is disposed at one or more positions relative
to portions of the receiving structure 210. For instance, particular sensing elements 220a
can be configured to detect the presence of a component 20a relative to or at a portion or
region of the receiving structure 210 that is offset away from the abutment 212, and/or

30  other sensing elements 220b can be configured to detect the presence of a component 20a



As indicated in FIG. 2A, in an embodiment the component delivery unit's top portion 112 25 can include
an overhang or projection 114 that extends beyond the component outlet 124. When the component
reception stage 200 is located at the component reception position Xr, the projection 114 covers or
overlaps at least a portion of the component receptign stage 200 at which an offloaded component 20a

can reside. Thys, the projection 114 can cover or qQverlap at lea tion of the companpent reception
tages recel g S cH BT SR ShARER ReNE AR GRELCuton 10F CHICHCRE SR 1
approximateiychlige efdninkhativg conopaoaindersoe pridvstage suat ptessmie3bAsorhe projection 114 can
facilitate 55 smooth or consistent transfer of a leading component 20b onto the component reception
stage 200, increase the effectiveness of the vacuum force applied to stop the motion of an offloaded
component 20adaitibreduas an elterimaieetine fiicefiregoitigatatibet affl oertbeds aambensmtisdrigyrthatum results

in vertical component displacement that coyld carry the 5 offloaded component 2 eyond the abutment
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reception sta@® 200 tendocipoteepiartcepaoststacier20@lefuehtsensdes ttare behaindigaindd thedetertponent
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engagement elements carried by the component delivery unit 100
10  As indicated above, the component reception stage 200 additionally includes a set of
vacuum elements or structures. In an embodiment, the component reception stage 200
includes a set of vacuum passages 244, 246 that couple at least one vacuum opening 242
disposed adjacent or proximate to the abutment 212 (e.g., within a portion of the
receiving structure 210) to a vacuum port 248 of the component reception stage 200. The
15  vacuum port 248 can be coupled to the vacuum source 60, for instance, by way of a
vacuum actuator, switch, gauge, or value 62b. Depending upon embodiment details, the
component reception stage’s vacuum opening(s) 242 can be organized in a variety of
manners. For instance, the component reception stage 200 can include a single vacuum
opening 242; or multiple vacuum openings, which can have identical or different sizes
20  and/or shapes in a manner analogous to that described above with reference to one or
more of FIGs. 3A — 3C.

In various embodiments, when the set of sensors 220 detects the presence of an offloaded
component 20a relative to, proximate or adjacent to, and/or against the abutment 212, a
25 vacuum force delivered or directed to the component reception stage’s vacuum
opening(s) 242 can be automatically established or increased in order to slow or stop the
forward motion of the offloaded component 20a toward the abutment 212, and/or retain
the offloaded component 20a in a fixed, predetermined, or predictable position or
location (e.g., directly adjacent to or against the abutment 212). Additionally, when (a)
30 the set of sensors 220 detects that a leading edge of the offloaded component 20a has

reached, touches, or is against the abutment 212; and/or (b) a set of sensors such as a set



15 and the component reception stage 200 according to an embodiment of the disclosure. More
particularly, in an embodiment the component reception stage 200 includes a set of protruding bridge
elements or members 205, and the component delivery unit 100 includes a corresponding set of recesses
or receiving elements or structures 105. The set of bsidge members 205 and the set of receiving elements
105 are confl%ured to matingly, 20 Engagﬁ In an rnate emté%a ent th ﬁe onent rec %ion stage

200 can inclJbEL e of T feri Qgrle(% B"?f% t8 ‘tt‘a‘gﬁv i%'@%eﬁq lude a set of
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of bridge memhmmg Ztgﬁeéxmnmtlhymaaanmaﬂtetehsmww by a corresponding receiving element
within the set of receiving elements 105. When the set of bridge members 205 is partially engaged with
the set of 20 receiving elements 105, a portion of each bridge member 205 extends at least slightly (e.qg.,
somewhat otvesgnaigérippilitoeatsorespanidasgerddlyirngrelevasnub0Boroe eitetiel iveves téontireal border or
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component reception stage 200 is Iocated at the component reception position X;. Once

the set of sensors 220 detects an offloaded component 20a, the magnitude of the vacuum
force delivered to the vacuum opening 242 can be increased to a level sufficient to
25  securely retain the offloaded component 20a at or within the receiving structure 210.

In addition to the foregoing, when the set of sensors 220 detects the presence of the
offloaded component 20a, vacuum forces applied to the component delivery unit 100 can
be established or increased in order to pause or disrupt the motion of components 20
30 along the feeder track 120. Thus, in response to the set of sensors 220 detecting an

offloaded component 20a proximate or adjacent to the abutment 212, vacuum forces are



slightly, or essentially engaged with the set or receiving elements 105 as the component 30 reception
stage 200 repeatedly or recurrently travels between the component reception position X, and the
component dispatch position Xd during singulation operations. Thus, 57 in the event that a component 20
is output from the component outlet 124 at any givegytime when the component reception stage 200 is

displaced away from the component dispatch.unit 100, such a component 20 ¢ e suppprted by the set
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the set of bridge members 205 and/or one or more receiving elements or structures within the set of
receiving eledmestthad @bftraclduedappoadrir2Oantoretaihed apoortencempitheamizodptienttagktheddisclosure.

As indicated.jn FIG. 4A, a receiving elemegnt within the set of receiving 20 elements 105.can have a
dened opal e TS BRGSOl e B Hied MR e BN e Ry, s
indicatéd in MWGer Beatmdgeentarteptiovitbliagth208etasfdurider ahtmlcensppBnt alishated paséioowed
terminal poren dnat o, configwed fordgleranee of brdge member posiional artos) lteraiyely a
receiving elehfen WIEHITT the S8 oPFr)eceivmg Aements 105 and a%orresponHPng bridge fRember 25 within
the set of bridgeptiendiegs 208 can backlsashiderstircrtasati featords soctacbtatx démedearovatrowed

oo RS NG A A 1ol SR CopAE oot
reception stageepté)alitpga o calre)pseesitiontitygoe sbiedrnankdotdimtgomponent reception position
15 X, and the vacuum forces applied to one or more portions of the feeder track 120 can be
decreased or discontinued. As a result, component flow along the feeder track 120 can
resume, and a current leading component 20b adjacent to the component outlet 124 can
be output as a next offloaded component 20a. When the set of sensors 220 detects the
presence of another offloaded component 20a proximate or adjacent to the abutment 212,
20  the sequence of events described above repeats, thereby continuing component separation

or singulation operations.

Structural Aspects that Further Aid Component Separation or Singulation

As indicated in FIG. 2A, in an embodiment the component delivery unit’s top portion 112
25  caninclude an overhang or projection 114 that extends beyond the component outlet 124.

When the component reception stage 200 is located at the component reception position

X:, the projection 114 covers or overlaps at least a portion of the component reception

stage 200 at which an offloaded component 20a can reside. Thus, the projection 114 can

cover or overlap at least a portion of the component reception stage’s receiving structure
30  210. In an embodiment, the projection 114 extends such that it is approximately aligned

with the component reception stage’s abutment 212. The projection 114 can facilitate



58 In particular embodiments, the set of bridge members 205 can include one or more vacuum elements
configured to hold a component 20 in a fixed position relative to the bridge members 205 in the event that
(a) the presence of a component 20a on the bridge members 205 is detected, and component detection
at component reception stage's 5 receiving structugg 210 does not occur within a given amount of time

(e.g., approximately 0.25 -.1.0 second); o a,component 20a is alre carried by the receiving
Strocture o1 ST ORGSR 0 R ORGSR, O AL SERBR 50 ot the
set of bridgestagsioer s 2Hass tiiteetizorpenesy ¢é depliatustader 2Oapisl idis phastep theanofiomofren component
reception X, ition toward the component dispatch position 10 Xd. ln particular embgdiments, a
cinguiation ALDAFAETS S8 TR URnNed ket Ry Bl Ak Do bR SpAVATdR fVE8Hhes to
detecting oneoarpontn®$ tiherpeatedingditsiatioagicAbpecisontat Asplesantativieatroplddnentatioa 15In a
represeptative [mplementation fi uredEI I separati singulating components 20 having dimensions
of appro im£?§|9a§\%ﬁ%%ﬂ?”fg%5%ﬁ¥ﬂ‘ g@?,‘%ﬁmq%gékages), one or more vacuum chambers 140
can have dimensions of approximately 2.5mm x 2.5 mm x 20 mm. A circular or generally circular vacuum
opening 142, 152 along the feeder track 120 can be approximately 0.5mm in diameter. Addjtionally, a
chcular or oAy SRl AV REHe <R 508 i 6 ) e ABUME IO A 200 can
be approximedeipdh&@rhredepticmitdge. 2D0ctua mepuesaidicvdaimsplarneaitateoneotndpdeakrestindtto provide

reliable component separation, singulation, or.isplation rates of approxjmately.10,000 - 0
componenteSP i Be N b B o o e DR S TECERtehS ik A0 s pe
hour, &0 QFMatachkagegduyevingthenbrahat/éadilitaiesionsnMooes veliable banmaprateoititiac to
implementat'Hn can resul{ in zero e§sen588y zero, negligible, or minimal component damage (e.g.,

structural and/or JUNG Pgﬂar%fg%%nes) foF cormmponents 20 having approximately the aforementioned

dimensions, even when the components 20 include or carry delicate or easily damaged devices or

structures SLﬁkéé;lséM%lh/ldsi wces.PThe abs?arbce.or substantial absi;sls%:lqut%(r)]structural z?_radt/rc])r functional

. : re-sehematic Views Of a compon aratus 10 tha
damage in combination w & Attainment 6 high or very(fud% 0P LeS WABH singulating small or

very small ambludasagidet of eztilygdsgmpet 50 neptnznte 0 y<ize surppsireghydsliperyornie 408 compared
Lo pricn SOmBRASHL SEAAR RAEAR oSt BT OGRS AR BiFR bAElgR e can
More particularly, in an embodiment the component reception stage 200 includes a set of
protruding bridge elements or members 205, and the component delivery unit 100
includes a corresponding set of recesses or receiving elements or structures 105. The set
of bridge members 205 and the set of receiving elements 105 are configured to matingly
20  engage. In an alternate embodiment, the component reception stage 200 can include a set
of receiving elements 105, and the component delivery unit 100 can include a set of
protruding bridge members 205. The set of bridge members 205 provides at least one
support surface that can carry or support at least a portion of a component 20, and which
(a) facilitates component travel to the component reception stage’s receiving structure
25  210; (b) enhances a likelihood that a component 20a that is misaligned following its
output from the feeder track 120 continues to move toward or to the component reception
stage’s abutment 212; and/or (c) reduces a likelihood that a component 20a that is output
from the component delivery unit 100 when the component reception stage 200 is
proximate to the component reception position X, but not abutted against the component
30  delivery unit 100 will fall into a gap between the component delivery unit 100 and the

component reception stage 200. Thus, a pair of bridge members 205 can have a lateral



5 architecture that is scalable with respect to successive or new generations of component technology.
More particularly, as components 20 (e.g., packages and the electrical, optical, MEMSs,
nanoelectromechanical systems (NEMs), microfluidic, nanofluidic, biotechnological, ordnance trigger
devices and/or other types of devices, elements, orsgfructures carried thereby) increase in complexity,
increase in fragility, and/or decrease in 10 size as a result of technglogical evoILiion embodiments in
accordance TR e 51K B AL SR Lol e e cTPRCRamTRLY, S ab Ao B Sy REs SPtidpted based

upon componam\disteosiopsnina diraemsisrih@t g evickesppngptisvigti) sttty Bingelaliieotjpgrformance over
prior component singulation systems and technigues, 15In some implementatijons ticular openings,
Channets, arHOPBACL e i e SFEEC QPR 29 ol MG B E R B B €L b o flows,
or negative [irédgerasnaiera@0Gnodiotges)soayidoer foniterg byidyaynmhabdribog) thendessnfigalitidnally or
alternatively, particular openings, channels, an passages. can be formed by way of spatjal alignment
or matin% en g%e i‘%?&i’ﬂﬁrj e d&fgfi%tei%%?ﬂ@%e g&éﬁgﬁglggﬁg{eﬁlfg{g opﬂiasqgré r,nggrzgall’?rst section
of material tlvahibelditesnaitinsdset sdppactionedroy etdleest greahstantiflaportion @f re cessemtntsis
configured to | te (e.g., in a side-by-side manner) with a second section of material that includes a
second set of Machined or etched grooves, channels, or recesses to provide a given type of structural
element that facilitates or enables gaseous fluid communication. The first and second sections of
material, when ligngd. of mateds, 25 can.form & gven. section ar portn ofhe feederapk dgo. n
addition to the foregoing, one of more openings can bé chamfered, of be coupled to"CHamtered locations,
sites, ddrtiorthe cetaodasoeiting ebenpzore b S elivearythendohi ferd . retieptitie tagselfid s o aatehdt regions of
passages orchannels), i amanner undersiapd by aneaf erdinang skilindne agk 30 Addipna
Representative B\ppgrafeus Embodiments he present disclosure encompasses m%eftip € variations
upon aspectsiecthe actpmeriordr dbliveed again 400 eacaifgrotien tdetiperyeuntitdOSp tidddstegeal BO GheA
component delivery.unit 100 in a dance with the present disclosur ne hqjit a variety of structural
variations thee e B e B G R R B e
feeder trackssi20y Reariystaappt@anainlgonatehent deipedrywithtieertsed dimeneiviogrelemirdsviEiiuum

chamogt, HEM PR At ete il Yasu haRssarsRCamienIRcaLasoRdgdndhdual
vacuum openlngstto periodically or cg)/c Ica isrupt or |nétlerrupt componen motlc?n or flow a?ong the
feeder track X20. Whenmtitevety, fabtittigameentiedin2®dtsscid linehghg ed ultighe the cetirof cleaeiias, and

ol e 1 _ o e inas.
oreover ir B e R M AR e 100
that are dispisseampleietsimges\indobyzdlebrvispoasprcteceidop eltrvend fidtilitatectsetodf copapongnt flow

at inaulation. ' _ : - ; o
e descrben o e onr ) L A A e e e e oo
having%@articratai\giagmlamepénlﬁg,smpet@amﬂcaadngathmmmr efseextanderisiaasiinbiglity given
oo (G i gL ATOF D AR RRBN I3 0 G el P18, YPestiugPening

types or shapes, and/or one or more
to a terminal border or boundary of the corresponding receiving element 105 at an

exterior or outer surface of the component delivery unit 100. In general, the set of bridge
members 205 and the set of receiving elements 105 can have a longitudinal extent that is
25 equal or approximately equal to (e.g., nearly identical to, or slightly greater than) the

longitudinal extent or length of a component 20.

In view of the foregoing, the set of bridge members 205 remains at least partially,
slightly, or essentially engaged with the set or receiving elements 105 as the component
30  reception stage 200 repeatedly or recurrently travels between the component reception

position X; and the component dispatch position Xy during singulation operations. Thus,



20 vacuum opening spatial configurations or distributions (e.g., in a manner analogous or generally
analogous to that indicated above with respect to FIGs. 3A - 3C). FIG. 2C is a schematic side view
illustrating portions of a component separation, singulation, or isolation apparatus 10 according to another
embodiment of the disclosure, 25 and FIG. 2D is a gjan view of an embodiment of the component
separation ratus 10 of FIG. 2C. Asi gicated in EIGs. %C and 2D, a co nt delivery unit 100 can
include a fird e R b, PR DS LU rar, (. AR S A A Gl track 120

to a first vactinm poenl¢acangohaacatdptacu sty e asnie diddbcdhbnayplesra thecantpemeutim opening
142b along the feeder track 120 to a second vacuum port 148b, 61 The first vacuum opening 142a can be
disposed rSUTRALE AP AcHEReRES i EHASE SUNEE ZOHPRRRIOY e ot Aee BHE BT focation ot
which a leadb0g.coksorsott2 @i expenteofttheeprdsent hidsssiesoredcaacumarinize ron@rilvbAbectir be

disposed relative,to g feeder track site qrlogcation further away from the c onent outlet 124 (i.e., in a
direction s IEIRE G HBHINNGE E34 o UL it LR e i e ) Bi85Ean e
disposed at néedubes tPACK tanabensabyeliEmypardicitarcdating crmaphest 20y ihexgeopeddot reside.
Depending lfjtgon Fmb?dimg&} deta&sé the matgnitu e and/or %uration of vacuum force 10 delivered to
each of the first3nd 'setond valld 5\|6Vésr$i 9" a?rls X85 be equal, approximately equal, or different.

In some embodiments, the component delivery unit 100 is configured to apply a stronger vacuum force to

the first vacyum openini% 14 ath{an the second vacuum o enin%142b therehy xertinsg ast{)onger
ion'B, S, © Po IMents gﬁ)rtlo.s OL one. of Mo m% ﬁen%a ermen eemen% Can,0e
deceleration or Stopping torce on the Teading component 20a than tporrone or moré trailing components

20c-e. 10 15 afieeeck mdudimeents, dheped mpomanh eletihat aidsrot 208aisceafidwetdhod applga@psidximately

equal vacuum forces, to t[he first and stecond vacyum QB&nirbgt?1 142a 142b[. rticular . diments that
mating when the componen re%egtlon stade ang-the com’pfﬂﬁn ej‘%er uni are .

apply equal vacu orces’to irst and’Second vacuum openings a, an rely’'upon a single

vacuum portniid8iagtieat iebatple saradir sittrd fiva staued ace nesul paiss ageri dditg, etrbtbaiaghdhéhan

separate Va%%‘r‘nmd%%Hr"relé‘e&'i‘rpﬁf‘s?é’ge%ﬁ "‘s-;{e%JEn%%oaté%ﬁee r&‘ga@“ﬁo%'é’rﬁ V.é%v?t'ﬂ)“ns”&tf{?ﬁ]n%?{.t'ons of a

component separation, smBu ationy or isolation apparatus 10"accordingto yet another embodiment of the

disclosure, and FIG. 2F is a plan view of an embodiment of the component separation apparatus 10 of

: h liv: it embaodi ' 23S, , reli ingl
vacuurkpasE g6 1 ka4 SRal VA e AL 1S Al SR AR T otom or

flow along thenéeederoiraekol@0liTth g alenwrds oy merd s Witldis plosset refahivege adebdes track site

or location al WG IeRANG ABRONEAIGAD BHaselsy BIERIS [RIISIHNCS,ALR fepsariack locaton

expected to correspond to an approximate eading compone
elements 105 can be tapered or contoured in accordance with embodiments of the

disclosure. As indicated in FIG. 4A, a receiving element within the set of receiving

20  elements 105 can have a widened opening that is configured for tolerance of bridge
member positional error(s). Alternatively, as indicated in FIG. 4B, a bridge member
within the set of bridge members 205 can have a narrowed terminal portion that is
configured for tolerance of bridge member positional error(s). Alternatively, a receiving
element within the set of receiving elements 105 and a corresponding bridge member

25 within the set of bridge members 205 can each include structural features such as
widened or narrowed portions, respectively, to facilitate successful mating and reliable
positioning of the component reception stage 200 against or directly adjacent to the
component delivery unit 100 in view of potential component reception stage
(re)alignment or (re)positioning errors or uncertainty.

30



62 In order to reliably slow or stop component motion along the feeder track 120 using a single vacuum
opening 142, a vacuum force may need to be larger in magnitude or longer in duration than would be the
case when vacuum force(s) can be applied by way of multiple openings. Additionally or alternatively, a
positive air pressure that facilitates 5 component floyg along the feeder track may need to be limited or

reduced. FIG. 2G js a schematic side view illustyating portions of mponent separation, singulation, or
solation appL ARIEGOACHBRANTES 18 P& Al BHTAR AT ST Bresd oGl S HEE RSZRY {8 Blan view of
an embodimeiuofrihdepampor@ifigepanatiool @ appp@aiars 20 of BlGxaeGodAaRitrdeddtdand-tiss. 2G and
2H, a compqnent delivery unit 100 can inclyde a plyrality of vacuum chambers 150a, 150h that are fluidly
coplod to (R HBEBF TERR 208, TG TR A UMEnd EAEIRBES 208 1Bt BBk e feecier
track 120 byrmemybefs poGrastylettisd, vaot worppasagedeléafiaarad aanpasmondicepduralitges first
vacuum_openin s.152%' atnd :ﬁﬁﬁﬁnd vacuum chamber 1500 is cot:w%erhd 15 to the feeder t{alck 120 by
way ofépm.fgﬁf%)’b?%é BY'G S QU R A Y L AR NG 61 SR QIBAS Y cuum
openings 15Q125Hhé.(irsécand)secdbll & aompanehiaftlacissaliz@dy Tafiedary réspectinghg stroctupded to the
vacuum sou %60 Vi qu}ﬁ (}f a first rz]anq %ﬁgqtpd ﬁort 15r213ga 1r5§P 20tTh{e \Atﬁ)}utralit%/ o(ifrirﬁt vac openings
152a can be |s’p%% G118V ST RNESr mdreFedder tack 6 ations At icpnepaer?l 1ar°¢o nents 20
are expecteantordsce; fof mgtgncasrabersezite ndriek docanonrt xpegiddrictage @dpondisptapettion of the
leading componery 20 and, 5 fesder iadiioeafion, eupedierhia arrespancia g portian of g st railing
component Ehetmny nwe Pea@l‘i)ng component °IRE pura'ilyo <¥UBRE™D a%uumpopenlngs 152b

can bel@isposgd larpdisicidatesnteddiments, a porgidat aintlap farad er 10acin 10cerfenalsdatvagtéromptthe plurality
of first vacuum on long the feeder

track that is expecﬁtre15 if@ﬁ&%ﬁ%ﬁgéoﬁ%ﬁ?gwféﬁg@é) %ﬁ%@é@g@%@@ggﬁer@g %ﬁaﬁﬁeﬁﬁégﬁ%ﬁﬁgor follow the
first trailing cotmgaaomsnt 20c. Depending upon embodiment details, the plurality of first and 30second
vacuum openings 152a,b can have identical or different cross sectional areas. 63
Aspects of a Representative Implementation
15 In a representative implementation configured for separating or singulating components
20 having dimensions of approximately 3mm x 3mm x 0.95 mm (e.g., in QFN packages),
one or more vacuum chambers 140 can have dimensions of approximately 2.5mm x 2.5
mm x 20 mm. A circular or generally circular vacuum opening 142, 152 along the feeder
track 120 can be approximately 0.5mm in diameter. Additionally, a circular or generally
20  circular vacuum opening 242 carried by the component reception stage 200 can be
approximately 0.8mm in diameter. Such a representative implementation can be
expected to provide reliable component separation, singulation, or isolation rates of
approximately 10,000 — 40,000 components or units per hour (UPH), for instance,
approximately 20,000 — 30,000 QFN packages per hour, for QFN packages having the
25 above dimensions. Moreover, such a representative implementation can result in zero,
essentially zero, negligible, or minimal component damage (e.g., structural and/or
functional damage) for components 20 having approximately the aforementioned
dimensions, even when the components 20 include or carry delicate or easily damaged
devices or structures such as MEMs devices. The absence or substantial absence of
30  structural and/or functional damage in combination with the attainment of high or very

high UPH values when singulating small or very small and/or fragile or easily damaged



The magnitude and/or duration of a vacuum force applied to the first vacuum chamber 150a can be
approximately the same as or different than (e.g., stronger and/or longer) than the vacuum force applied
to the second vacuum chamber 150b. More patrticularly, the magnitude and/or duration of vacuum forces
applied to one or both of the first and 5 second vagigm chambers 150a, 150b can be selected or varied
in order to adjust or o ti%ze companent deceleration and/or sto(i)/?ér\bqr.capabilities in view of a target or

9

desired comE) BRY Aich>tAeE ! SEIEY Y RETPE R &AL BRI i\ﬂﬂs‘i?ﬂﬁ%]%rﬁ'&%I8¥'3ncomponent

separation, $\@teingafatieehoigigalation apparatus 10 according to another embodiment of the disclosure,
in which one of the component delivery unit's top and bottom portions 110, 112 includes a number of

pressurized air delivery elements, and the other of the component delivery unit's top and bottom portions
110, 112 incErdbsdinmentsbef ofieyqrasemt fdisel aopdicainoprelddre atsoMpoaquarticigaldyiom systeembodiment

the component dﬁ{i?\/er %n't.lOO ]ﬂ%incli%es a bﬁ)(tom ortion 110 havi% aq.air chamber 130 formed
therein, hic"mg' |Hﬁ¥é 'FeaC?cl & YU ErPERK 12 e.ﬁ.',v § B P BOHGIRSLY a%%%olrhegﬁ‘eeder track
120) by waytettemplogglity Mbedr patisatzel 134 aoohgonente Xoricling phckaliss odrair thpeglsgsdaipt shown).
The air charrétﬁgr %B&ﬁ%&be WI% to theﬁairﬁso rce t40 byéﬁwéa %ort ]§8¢:arriﬁd bYI tt§ component
delivery unit Sito p {ion © tﬁqgéeglrapg:g a@ésseﬂ’% re-orfentad AL 2 iFs ’anSPéJ rel4tie to the
length of thebietabbntiagkcdl Granehacetiigodigdesites aupfaly pitesstypeedidévites, feledentsack 120 in a
manner |dent{cal or analo%%ﬁet% 651{31’( described aboY§( |I§/ displace co]%)?lntents 3}% ra(l}lon the.feeder track

120 toward Srrycg:ttlfl‘lrgsc%arﬁponen odter 152N 'some empBodified %,"’Ehe an' agsnages ¥4"%an be

disposéd almizpasabstattiaf peartios agfithe dealdapiraakbsdémgtits foracsiedares alothgtiieepnesgatity of the

feeder track'ails%po%h between the comﬁ%:?r(]aqt inlet 122 and the conlgé)nent utIFt 1 4$eudo to a feeder track

location thatiS hear or aaenner%”florr]reeg cgr}qp%rnear? B‘iﬁfé?ti 4°6% upp?err %rat%;gdsur?ace SPRE feeder

track 120) bygangyooér pluraity @fsvacuanmaassadbst 15 \addsa scoprespolydisup grlioralsiygileacoum
openings (nOte?(f]??’nvn%tTQ\?e\r/a?%r'@ 5gfrg)amb(%rs %15% Igﬁgnbse &%H%'SH t tkrl](re]ivagsuum source 60 by way of a
port 158 carfie Qoy ?heetop p(g)rtlon 5 The'Vadhum passages fﬂ 2 Arelonénted at a second angle
relative to the feeder track's length, and are configured to selectively (e.g., periodically, cyclically,

intermiftently, or ly_or deliver (e.d.. at,particular j S n cyclical component
:)ffloadllint% aﬁa %‘ljéﬂt{:%ar l%'}l\ﬂ/g@%ﬁm o%@écﬁ%ﬁ%éﬁﬁ%eg%ﬁﬁ ﬁg’c%nl%@a'enag?\%ﬁg gﬁé%@éhi%be to expected
positions of thstepiédgfeoappdyiegt RB#isadcE nugdsepresyre? o2d)avidy aitimgaasive onesatsd0w-d. Such

Cintended, o P e e A B B vt
124 until thepeshoptaniepentogp tibanstelgean 0o ipassadpscar deile nhes leyding ebsppidvalettgpOiesls a next
offloaded 15&0 m&?ﬁbegﬁg’%%l%m%&%&? HE%E?%‘?%%BQ&%%E&%&N material. For instance, a
20  first section of material that includes a first set of machined or etched grooves, channels,
or recesses that is configured to mate (e.g., in a side-by-side manner) with a second
section of material that includes a second set of machined or etched grooves, channels, or
recesses to provide a given type of structural element that facilitates or enables gaseous
fluid communication. The first and second sections of material, when aligned or mated,
25  can form a given section or portion of the feeder track 120. In addition to the foregoing,
one or more openings can be chamfered, or be coupled to chamfered locations, sites,
portions, or areas of the component delivery unit 100 (e.g., chamfered segments or end
regions of passages or channels), in a manner understood by one of ordinary skill in the
art.
30

Additional Representative Apparatus Embodiments



As indicated in FIG. 21, in certain embodiments a portion of the component displacement unit's top
portion 112 along which vacuum passages 154 are disposed can overlap with or reside above a portion of
the component displacement unit's bottom portion 110 along 20 which air passages 134 are disposed.
Thus, vacuum forces directed to decelerating or stggping component motion as well as positive air
pressures directed to iniaatip or maintainin%sco ;ﬁonent motion can be aéﬁ%so%gﬂlﬁ% a same section or

segment of the*r@EFEM ALK T SRS Bl YR BRI AR BRI mponent
separation, sielivdafianitaioSaladion thpparapundil sweptiingtiya@aotheAcroppdivesndaivitg disiclosure. In

bodi .. t deli it 100 i inclyd Iltiple feeder tracks 120 (i.e., at least
o fooder A SRR ARSFa A e A6 S SELED Y BN L LA 6 G fecder
track 120. Sueh facilifzte fbediscbiackioh2hdan SOfiigadé toenpomrnl motiegudiimnavienoulbnges parallel

component f*oqu here %ven Ctﬁm oneR{?thow alon(gtlpgg%ilven feedéer trac 120tincludesa number of
compongnts'§e %\ﬁrﬁa& Safgéyo &4 AIBAGth& YIEhTEERRY 50y AR TR AR A8 HE udes a
component inketid22 cuachbecoamdoreby tupotied A2 4r Anlatiti dndilyideaslchamente rpasezgd2 Gotmtedaay, include,
or be exposedrtr%Sa nup beri 0 i\\;%pu m o eningsel42 1% as r\fvglcaﬂfir openi |§aﬁ 13§iirr1 amanner
identical, anﬁ?ogoﬁg, & en%ral'lyugnaYgg%@t %r[ﬁ@gaimerﬁ% oL IR SRV &’ c rﬁr%’ﬁe%t reception
stage 200 cantespphdangptméné wotigrooefibdediiery thaifebdrdfdeikGLZ) oalteamtivéhs|pdeatartiple
receiving strcirgs 210 (ke SRR WOHERRE VRS S ShiraB AL b s HiRCFAL i cure 210
of the component reception stage
10  vacuum passages coupled to corresponding individual vacuum openings. Moreover, in
some embodiments, a component delivery unit 100 can include multiple feeder tracks
120 that are disposed or arranged in parallel with respect to each other to facilitate batch

component flow regulation and singulation.

15 A number of representative component delivery unit embodiment variations are described
in detail hereafter with respect to FIGs. 2C — 2N. While such embodiments are depicted
as having particular vacuum opening shapes and/or organizations for ease of
understanding, any given embodiment can include a different number of vacuum
openings, one or more other vacuum opening types or shapes, and/or one or more other

20  vacuum opening spatial configurations or distributions (e.g., in a manner analogous or

generally analogous to that indicated above with respect to FIGs. 3A — 3C).

FIG. 2C is a schematic side view illustrating portions of a component separation,

singulation, or isolation apparatus 10 according to another embodiment of the disclosure,
25 and FIG. 2D is a plan view of an embodiment of the component separation apparatus 10

of FIG. 2C. As indicated in FIGs. 2C and 2D, a component delivery unit 100 can include

a first vacuum passage 144a that couples a first vacuum opening 142a along the feeder

track 120 to a first vacuum port 148a; and a second vacuum passage 144b that couples a

second vacuum opening 142b along the feeder track 120 to a second vacuum port 148b.
30



10 200 corresponds to and is configured to receive components 20 from a distinct corresponding feeder
track 120 of the component delivery unit 100. Thus, each receiving structure 210 is separated from
another receiving structure 210 by a distance that corresponds to or equals a separation distance
between the component delivery unit's parallel feedgr tracks 120. Each receiving structure 210 is shaped

component el S XEEULR GROEI Hokba ' oHR ISP 33 AR G e raPOVE., an
abutment 21@)tlst d PAareletiveeoticidedunalagovite ar deseiaiivtanhicgausatinhabaereibedcwrve. 20 The

component reception stage 200 can include a number of sors or sensing elements 220 associated
Wit . given SRR F At rel B4 PR R CCIER QERLAFS A0 Gl e CORE B S AdE B B presence o
one or moretpiticite of davatiyyohattiic?Caredgtifrerto tite @rgoneceitigtst2ciie, 2h0a Tireatimmponent
reception stage 200, can further carry qr.include at |east gne vacuym opening 242 coyresponding to each
recening stbET ST BAF o P bA2e ob R B PHCO ST 8 PSRN TR SEnalogous. o
generally andigused tat thafeddscritzeét dbeatéort-kE . \i2hids a gudreonddic tiaj ivigveohiystrating@dmianner in
which the corp?ﬁggr%lgg% delivaary unit 100 and the component reception stage 200 of FIG. 2J can be

|

configured t§ I)? é‘fﬂeﬁgage with each other. In an embodiment, the component reception stage 200
can include multiple sets of protruding bridge members 205, and the component delivery unit 66 100 can

include multiple sets of receivin edeme ts 1056. Any given set of bridge membegs 205 of the component
reception StSES00TG CBtigH U TRl o o A R LB VE Bl BB ments 205
of the dOmpaietineddlitemacmiofl @iteidiestheadnssctrat i oenticgderingtofjéles, di2ienamally agadbgous to that

described ahgug, 5 P16 2by5:R Sthemalionview [lUstraunaortions of a,componenl sepgration.
singulation, BPREBIatGN a}lpp%ra us 10 according £ yet another embo ment ot the disciosure. ‘n an

embodiment] @0de rgdigemedi@iappyymitibdgararatave s dctine firdviscidentipehiagdlé2potienor generally
analogous tq [nal, desct cel9u%b8)}!8qﬁ§t‘¥2¥8rmﬁeile%y%&‘ rﬂﬂg.“at %?r%fm(@EPg}e%e B 450 grars]tctjjafpﬁlognﬂgured for
reciprocating motion along an axis IS ndrmal or pérpendicular to’a direction of component travel or
flow along afi@ed@nttbeked@d @t ohg onenp dbe tianalipemo oeir i 0reRoai limg anocos Gredmdmenti neception
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approximately equal vacuum forces to the first and second vacuum openings 142a, 142b.
Particular embodiments that apply equal vacuum forces to the first and second vacuum
openings 142a, 142b can rely upon a single vacuum port 148a that couples the first and
the second vacuum passages 144a, 144b rather than separate vacuum ports 148a, 148b.

20
FIG. 2E is a schematic side view illustrating portions of a component separation,
singulation, or isolation apparatus 10 according to yet another embodiment of the
disclosure, and FIG. 2F is a plan view of an embodiment of the component separation
apparatus 10 of FIG. 2E. The component delivery unit embodiment shown in FIGs. 2E

25 and 2F relies upon a single vacuum passage 144 and a single vacuum opening 142 to
decelerate and/or stop component motion or flow along the feeder track 120. The
vacuum opening 142 can be disposed relative to a feeder track site or location at which a
leading component 20b is expected to reside, for instance, at a feeder track location
expected to correspond to an approximate midpoint of the leading component 20b.

30



15 Such reciprocating Y axis motion of the component reception stage 200 can occur by way of a
mechanical arm or translation mechanism, which can be a conventional type of reciprocating
displacement mechanism in a manner readily understood by one of ordinary skill in the art. 20 A
component reception stage 200 configured for Y axgs reciprocating motion (i.e., reciprocating motion in a
direction that is normal or.perpendicular to the direction of.component flow alon ]; der.track 120) can
include at oA 1RciBUARY o ik He 58 CHIPE IR BB EOR Rl Ltk 20 dr et
reception stagreyROcamirspediagrividpheveeaeivify smaiunesdbMbd taegepitfiglatatinmiérordbiiggra first
receiving structyre 25 210a and ?SEC%? receiving structure 210b, while one cqm&%nent 20 i]§ removed,
retrieved, or'BiscT&g 1984 V\fﬂ%(ﬁir Er eﬁﬂﬁeg \Q’G UL IHa s %r%@&?n@pg il 3@5\'@,{@) when the
first receivingnattipttuopehifgsis pasitionetdyaba dltstnétivdly canppsitieataiispatshrpasitofacilitdieanother
component 20a can simultaneou e gfflgaded from the feeder track's component outlet 124 to the
ceconctvece K QTR LA AR e s LEE BTG G100 is positoned at a Y
axis component reception position Yr). 67 Once (a) the first receiving structure 210a is empty; and (b) the
second recegfi%g 2 ucture 210b r}as received an offloaded C(ﬁndoonept 20a (i.e.. the seC(l)f#d receiving
structure 21 6 a§ BeBndoasd'dith A ceor\rlw'SWnérWséE? IR RANE el AradkiPe %%nmpSSR%r '‘Bltlet 124), the
5 componensingedgqtimm stagsdalocanfpataassiatededordinietty axifuttharpesibodiaenthich gheomponent

20a can be %tflo%ded fror(rj'u E]Efeﬁ_?er tra(fk 120 ontp the fII’S'[d’eCEI mt] ﬁtructure 21 asé .when the first

e.g.
receiving striere 2103 1S pos'ltlone'%I PR VX8 c%%%%ﬁ‘én'{?%'&eﬁ i(t)nepcggﬁ)c())r? P\Pr), af)nagag%nomponent

20 carried byherstesdridake E&Byi e strys timai ldibi o GinRiGasreblbly doeoaifioasiddieliispatibed to a
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separation, $eegatatiack d23olticm aopzodine i) adosrdiagutonsthamiothiS6ansodonaad dbtitfee
feeder track 120 by way of a plurality of first vacuum passages 154a and a corresponding
plurality of first vacuum openings 152a; and a second vacuum chamber 150b is coupled
15 to the feeder track 120 by way of a plurality of second vacuum passages 154b and a
corresponding plurality of second vacuum openings 152b. The first and second vacuum
chambers 150a, 150b can respectively be coupled to the vacuum source 60 by way of a

first and second port 158a, 158b.

20  The plurality of first vacuum openings 152a can be disposed relative to one or more
feeder track locations at which particular components 20 are expected to reside, for
instance, at a feeder track location expected to correspond to a portion of the leading
component 20b and a feeder track location expected to correspond to a portion of a first
trailing component 20c behind the leading component 20b. The plurality of second

25  vacuum openings 152b can be disposed or distributed relative to a portion of the feeder
track 120 extends away from the plurality of first vacuum openings 152a toward the
component inlet 122, e.g., spanning a distance along the feeder track that is expected to
correspond to the locations of 2 — 12 components 20 that trail behind or follow the first
trailing component 20c. Depending upon embodiment details, the plurality of first and

30  second vacuum openings 152a,b can have identical or different cross sectional areas.



15 disclosure. In an embodiment, at least one component delivery unit 100 is configured to sequentially
output or offload components 20a in a controlled or regulated (e.g., cyclical, periodic, or intermittent)
manner to a component reception stage 200 that carries or includes multiple receiving structures 210, and
which is configured for rotary, rotational, or turret-tyge motion, for instance, about a central component

crspiacoment Tk RAUAF AR LR SRl CE TR Ol BN, At G GELUBi AL, i
general, the T8impaney ppeptiomEBgheGantansnaluitfatitastore.gecsrangestndiorddb@rand in
certain embodiment multiple receivin es 210, where o maQ ing struct s 210 that
are dispose e R PGt (P S B e L D 0o FE AR A Bment shown,
a first compahemat;eim&ie/ amdlckfladt o ofigacedrto fortps i bpptieth pooaato? G thooh ehéirktdeaater track
120a to first receiving structure 210 th mpo ion stage, 200 when the first recewmg
structur 216%1 i} p% t8W%Bgsi§i%§8$%lf‘§qgheréF ﬁgi O{hga(?%q feede elrragkaf Addltlonally
a second cooppiomizat cetigengninitetOlRbatioooafidiore skdp i utizpabditiy on gﬂmraifyaaargemdtaneously
output a com orrteétt 20a frr]om a sec ond fei‘der track 120b to a second receiving structure 210b of the
component r Céfg 2 e'}t(f(l) WHEH ML cond receiving structure 210b is appropriately aligned with

the second feeder track 120b Simultaneous or generally simultaneous with component offload onto the

first and sec%}_c,l %[ eivin 5 stru fures, 210a, 2 com qent 20 carried b l['nrd rec |V|ng structure
ISpa

210c can be chéddo aht8 irs p')?o%'e(:j§S|\r/1'§V§/ta ?H%trg ahd z'aocr:]cs)mop];onen(frBB Cartiett Pourth

receivithg stramlgu&tﬁdtﬂcbcmllaﬂcdtmtn’a&ﬂ i acmcoimg meﬁmngmMmémmehed]sdqmment reception

stage 200 can mhclthd rallt of Sensors,or sensm Flemedt 0 220 that |Iﬁ Ihq ocljetection of
? ptonent elivery units 1o OHem pg\rtlons ?
portions of componen L 20 reratiend each rece |ng Reire ppropriate alignment or

positioning of thanidest @inpresssazendiredaiviery slamutesaﬁcmhebotheh of$pe cotopbeefitstedivergr second
Lee‘jg‘fr: ”alcks l%oato fea 'Ve' pietitd ‘iﬂ?t‘i‘i? et & Wbrr‘neéj PYARLA] D 1G1CE ARBIIEATOR > O
g elements nsors Passocia drcartied by one or rst
elements. More partlcularly, in one embodiment the component dellvery unit 100
15 includes a bottom portion 110 having an air chamber 130 formed therein, which is fluidly
coupled to the feeder track 120 (e.g., a lower or bottom surface of the feeder track 120)
by way of a plurality of air passages 134 and a corresponding plurality of air openings
(not shown). The air chamber 130 can be coupled to the air source 40 by way of a port
138 carried by the component delivery unit’s bottom portion 110.
20
The air passages 134 are oriented at a first angle relative to the length of the feeder track
120, and are configured to supply pressurized air to the feeder track 120 in a manner
identical or analogous to that described above to displace components 20 along the feeder
track 120 toward or to the component outlet 124. In some embodiments, the air passages
25 134 can be disposed along a substantial portion of the feeder track’s length, for instance,
along the majority of the feeder track’s length between the component inlet 122 and the
component outlet 124, up to a feeder track location that is near or generally near the

component outlet 124,

30  The component delivery unit 100 further includes a top portion 112 having a vacuum

chamber 150 formed therein, which is fluidly coupled to the feeder track 120 (e.g., an



15 component delivery unit 100a and the second component delivery unit 100b and/or the component
reception stage 200. Additionally or alternatively, appropriate alignment or positioning of the third and/or
fourth receiving structures 210c,d with respect to the first and/or second processing stations 80a,b,
respectively, can be detected or determined by way;@f one or more sensors or sensing elements (e.g.,
optical sensors) associated with qr, 20 carried b r both of the Ejrst rocessing station 80a, the
second proclRi P CIRGHEBE 5 (RE e TS EAr BT SO ZUBY SR A FBRAY 20a have
been offloadestonta thechrséspoddiagopldrditgidhgabulctureseRiHga, francskowr)onerie 2aduavie been
dispatched from heig d an??fourth receivying 25 structure Oc,c to an appropriate.prqcessing station
80m., the cONTAREATILCAD R SIS0 S8 AUl ToSHLEE QLPY N S0 ot ErbER ey, such
that the first @pches@ndl®ceiving structures 210a,b are aligned for component dispatch to the first and
second processing stations 80a,b, respectively; and the third and fourth receiving structures 210c,d are

aligned Yo receive offloaded components 20a from the first and 30second feeder tracks 120a,b,
respectively To@ Afierucopasagessl20 haverlzats dispatetwd fangldhel fiisieatodtise dogdbracmiking structures

210a,b to the first and ,second processing station 80a,b, respectiyely, and cgompgnents 20Qa have been
offoaded rof 8 A1) A LU EEE KISk RV ot TR o S AL AT i s
210c,d, the qoogpamensblgyepplynostdgiév20(ecpnabeadicunt tigas basechupothayaiavisenpongnonent offload

operations figg e o feede iackey1208.b fnd paleuig, component dbaichopprajins i the two
processing stations a,b can contiAatfe in a simultanéous or genera Yy Simultaneous manner. he

synchrbdousarespoatiily By axpeoredysositiozdoditoe hepding rdopepe 2tta2iaanthe twoliee(eg.tfracks 120a,b

simultaneous \2/6 h the synchronous of eralg/ S nchronoufs dispatch of companent pairs 1Q 20 to the
= of. tral cpmponents c-d. ugx vacuum forces cair counter [[)s 0P Fompanen .
two processing stations 80a,b repeatedly occurs for each stepwiseé rotation of the component reception

stage 200. HiGw2Norsyatse Hiezdartitraik el 2tp\antdystrasimgtipo ctionis ofedn wiyjesit e, aympoornilfkaly regulation
and/or sepagign, singuiatn orisalaton aRparatie 0 asearding tnianeiher i emaadimen of the

disclosure, in which the appa need not include a component reception stage 5oL er, objects
or componemntsePii aresisgr AR0dis piady ddnrece bretribkeld anti mg quasieehendr206r alengeat lefflkkiaded feeder

track lfé) by Cval% %{ etrgﬁﬁg%{ﬁ% P& SiSSIJj]%th ei@etgl{%lﬁtg)?g tﬂﬁp%_ation of vacuum forces at particular feeder

track locations ., In‘manners described her such bbjects or components 20 are sequentially
20 output from each feeder track's component outlet 124 to a component destination, carrier, container, or

receptacie 1000, ALBRISERSSH SEPRRAURBOIHERTRBORMS AGPURALINAHIR ASpfRuRERend o 2

chemical processing sta
unit’s top portion 112 along which vacuum passages 154 are disposed can overlap with or

reside above a portion of the component displacement unit’s bottom portion 110 along

20 which air passages 134 are disposed. Thus, vacuum forces directed to decelerating or
stopping component motion as well as positive air pressures directed to initiating or
maintaining component motion can be applied along a same section or segment of the
feeder track 120.

25 FIG. 2J is a schematic top view illustrating portions of a component separation,
singulation, or isolation apparatus 10 according to another embodiment of the disclosure.
In an embodiment, a component delivery unit 100 carries or includes multiple feeder
tracks 120 (i.e., at least two feeder tracks 120), where each feeder track 120 is disposed or
arranged parallel to another feeder track 120. Such multiple feeder tracks 120 can
30 facilitate the control or regulation of multiple parallel component flows, where any given

component flow along a given feeder track 120 includes a number of components serially



The present disclosure also encompasses other variations upon aspects of an apparatus 10 25 for
controlling object or component flow and/or separating or singulating objects or components. For
instance, in certain embodiments, portions of one or more vacuum assemblies (e.g., one or more vacuum
chambers 150), and/or portions of one or more posgiye air pressure delivery assemblies (e.g., one or

more air chambers 130) can be.disposed external to a ¢ onent delivery unit 100, rather than being

Catried inter S0 Som N ELIT G, RENE A 400 0 RET Bt et PSDitER 0 SERABE e

Separation anfginrAadiah £coogssent-tGtié is2 flonddidgraity pbache feeteniaikel objeah ayapgmponent

flow regulation and/or ﬁeparatiorgll singg,lﬂjla ion gr isolation Erocesfs] 004 accor?ance with the present
it e

disclosure. B'Q 'of'the Y8 ’éo(g eeﬁéS’ iX%P‘&K}‘cﬂB oq‘so\ﬁ%l S rABEPEWESuum forces
or pressuresl@2partionanabthddadcidr dnbgdas), dhggmeatgsaijacditatemiosdiffeotsales tivedleceleration
of comp, nen%s 20 in motion along the feeder track 20, the termination of component motion or flow along
the feed®r tradk"t20 (e.g., cessation of a leading component's motion, and at least deceleration of trailing
component motion), and/or the prevention of unintended, undesired, or uncontrolled component transfer,
10 discharge, ejection, or offload from the feeder track.120 unless the comppnent reception stage 200 is
appropriatery CUTEEA SEDLo TR GOk LR MR PR P PLED ( TheAdO S e
component FGIn2drcamidxodinmeradasfingsdlfipde esseparipstratray Qi@ githe atidgdstcementdrdangfer, 15
transport, or deliver lyrality pf.components 20 (e.q. kaged semiconductor or electronic devices)
along the edlCH LY, TR RORD e AT S S e ponen
outlet 124. 11200uktipiespoinsditoearts, asploafitucfdcdmpecants 2énpatisptack@ dfony theligedr track 120

in series (e.q., . s PRERIoNING e arial of ableasang comaonen 20,10 a lasation adiacent or
proximate to the ’comporyent outle , a second process portio mvolvestheé output of & leading
component 30uciithir?lfe islsediratedsénoes ahcierporeentggdOstrantuttee Zdmpyrerdistatied kB4t and the

transfer of théé{?é’smé’r?g%e&‘)‘ 5 ‘é‘qe% rgpéjeré%?attlrgrﬁ:e HBRRIBARRAT B AL AHORIELSERP IR 202 when
the component reception stage IS [ocated at the
parallel feeder tracks 120. Each receiving structure 210 is shaped in a manner that
15 facilitates or enables component offload from a corresponding feeder track’s component
outlet 124. Each given receiving structure 210 can include structural elements (e.g., an
abutment 212) in a manner identical, analogous, or generally analogous to that described

above.

20  The component reception stage 200 can include a number of sensors or sensing elements
220 associated with a given receiving structure 210, where such sensors 220 can be
configured to detect the presence of one or more portions of a component 20 relative to
the given receiving structure 210. The component reception stage 200 can further carry
or include at least one vacuum opening 242 corresponding to each receiving structure

25 210, and a set of associated vacuum passages, in a manner identical, analogous, or

generally analogous to that described above.

FIG. 2K is a schematic top view illustrating a manner in which the component delivery
unit 100 and the component reception stage 200 of FIG. 2J can be configured to matingly
30 engage with each other. In an embodiment, the component reception stage 200 can

include multiple sets of protruding bridge members 205, and the component delivery unit



25 component reception position X,. Thus, the second process portion 320 can involve the offload of a
first component 20 in a component series to the component reception stage 200 (e.g., the offloaded
component 20a can be defined as a first component 20). A third process portion 330 involves detecting
the presence of the offloaded component 30 20a omgghe component reception stage 200 (e.g., by way of
one or more sin nts vices such as an optical acuum sen Jn response to
the detection 3f FEE AR SPRest S HiTEhe EORS it re A GAVERE 200 process
portion 340 imeatberss R0 yifigHe seingiomet ustdpticessger 200N eoafiyuredrcopoatiogly @ngagaons of the
feeder track 1 to sto further c onent out tfrom g(} c-% %gr track's c onent o%Zt,L(;)D 124. The
fourth proce Sl i HSHSRE I8 T SR R T by G LB CBIEHAHU AP o second
component 2thianaaahgidniziehdesieanalugbus poganensty adkogotiotopttaxidesteiodhpovemponent outlet
124 (e.qg., the leading component 20b can be defined as a second component 20 in the component
series). The fourth process portion 340 can additionally involve the deceleration or stopping of the motion
of other compiaheats 29 almogemetfeetopr triaok ﬂﬁﬁtrﬁtiag‘opmﬂtiqmoadsa peotipoidh40pdrat grevents the
output of anaother c onent st r entl rnveg leadin mponent.20hb ad nt to the
component SUNATA o BAQIET e BRReRT 20 Tl doh e L e ) CPATan et ie or
inappropriateitoheswih mspamt)odhaemmpmnmmmdmmrytagm $0@canreavea syrabibaletbsitioning
relative to the > S9m neni?ece t|on grsétrlgln Xgn% Slmuttan[ﬁous or egsgntlgll\y smgltaneops with the
fourth process por

pr cess portion %%lnvolves appﬁgllng or incréasing a AVacudm force
upon the offlmtdpoheompcnfmmmagetmmb&nslmuun@glhrecbfﬂowtﬂprocnnpgmmti(ﬁOalmogtaa a&mponent

reception staﬁetZOO Ad |t|ona proces ortlo 360 |nvoIv S shiftj 2|O dlsapta gthe
nor 6}% lon. o omgpnent( favel or
component recepstl age oa componen spa h'posi ecreasmg or discontinuing the

vacuum forceaappliad td tthe affiopdeehtaleipangniriddpand I%bspast;lno@, theafijpadet cmegimment 20a to a

processing station 80, FoIIo onent dispatch to the statl n.8Q, a seventh process
portion 370 .nQ%%%ée% rﬁng(%tgﬁc%arﬂ%onqger?aredgevp |hone a(éfeet\ %60 a?)tneﬂo%trnspro%rerﬁ%ﬁ{e]ceﬁtlon

position Xr, 26adtathantjeflpeomMHasuoﬁtﬁdmm[dﬂnbrmpmnmethram fiftthefeadér seacdnt2@rocess
portiong;35 th§@ (Pe%?é‘é%%t r@%gsdn?&”%‘{ﬁetﬂ%% RRant (%a?gﬂ s‘ﬂ&g%“idﬁ k ﬁ%‘%é"%h\ﬁ geess portion
S Boro A

340. An"eighth proce involves dISCOI‘] um an credsing the applica on 0 of one or
more vacuumif faroeeschiirecabditm the f@@dbtlnaohel:mnm‘eretztne}malahngettaeconventlonal type of
reciprocating displacement mechanism in a manner readily understood by one of ordinary

skill in the art.

20 A component reception stage 200 configured for Y axis reciprocating motion (i.e.,
reciprocating motion in a direction that is normal or perpendicular to the direction of
component flow along a feeder track 120) can include at least one receiving structure
210, and in a number of embodiments such a component reception stage 200 can include
multiple receiving structures 210. In a configuration involving a first receiving structure

25 210a and a second receiving structure 210b, while one component 20 is removed,
retrieved, or dispatched from the first receiving structure 210a to a processing station 80
(e.g., when the first receiving structure 210a is positioned at a first Y axis component
dispatch position Yy;), another component 20a can simultaneously be offloaded from the
feeder track’s component outlet 124 to the second receiving structure 210b (e.g., when

30 the second receiving structure 210b is positioned at a Y axis component reception

position Y,).



reinitiation of component flow, after which the process 400 can return to the first process 72 portion 310,
such that the component reception stage 200 can receive a next offloaded component 20a from the
component delivery unit 100. In multiple embodiments, one or more automatic vacuum gauges, switches,
or values 5 62a, 62b are coupled to a controller sugh as the computer system 90 to facilitate the
automatic (a) application of vacuum pressures or forces to the feeder track at appropriate times based
upon the component reception stage's position or location with respect to the component delivery unit
100; (b) establisbitag ttieofiadjastivemny sttweoreipl Garicemsg nén ¢ p)rersdtond usativi(g) satuatuatong

particular fe ack locations in_grder to 10enhance, attain, or maximize a component ration or
Cimguiation raA0P S TErAT SO ERES SRR RIS Ak ot B el S AT e omaticall
managed or ariesméshtsowashef compxenitina foangat déquiagrack instmpboas: Giulsh 2oy thn
instructions can reside on one or more computer readable medi r instance, 15withjn a.memory and/or
ot Stora 0 D R G 25U i ORa GG P BRSNS Tnciople
feeder tracksdrapofegt , Zpzaitatly ber geffizaitdn fipewalteb vidbdezsirack to28achtothies, firsotheeiraegspatially
disposed) configured to simultaneous|y or.generally. simultaneouysly displace or translate serially ordered
20 compone L4 2008 B DL Gt T IEE 1 o PoLO D, Bt Bt t24 of each
feeder trqck,cmnﬂimi_mprecm ﬁﬁﬁbtiora&'@prajjahaa:wﬁbd]hmfcﬂ@z@ahnigcdbydrﬁptixencn:mhremju'rrig a
synchronlzegt%r& u?em}%%nc%%usslrﬁﬂI%%%%L%W Be ' Hgg&o grrg%%gﬁzrhed to a processing station 80

10 (e.g., when the second receiving structure 210b is positioned at a second Y axis

component dispatch position Ygy).

FIG. 2M is a schematic top view illustrating portions of a component separation,
singulation, or isolation apparatus 10 according to still another embodiment of the
15 disclosure. In an embodiment, at least one component delivery unit 100 is configured to
sequentially output or offload components 20a in a controlled or regulated (e.g., cyclical,
periodic, or intermittent) manner to a component reception stage 200 that carries or
includes multiple receiving structures 210, and which is configured for rotary, rotational,
or turret-type motion, for instance, about a central component reception stage axis. Such
20 a component stage can include or be coupled to a mechanical displacement mechanism
configured for stepwise rotational motion, which can be conventional. In general, the
component reception stage 200 can include at least one receiving structure 210 and in
certain embodiment multiple receiving structures 210, where one or more receiving
structures 210 that are disposed relative to or about the component reception stage’s

25  periphery.

In the embodiment shown, a first component delivery unit 100a is configured to output a
component 20a from a first feeder track 120a to a first receiving structure 210a of the
component reception stage 200 when the first receiving structure 210a is appropriately
30  positioned or aligned relative to the first feeder track 120a. Additionally, a second

component delivery unit 100b is configured to simultaneously or generally



25Alternatively, certain embodiments involving multiple feeder tracks 120 can be configured such that
components are output from individual feeder tracks 120 in a sequenced or alternating manner, in which
case multiple processes 300 in accordance with the foregoing description can occur in a correspondingly
sequenced or alternating manner. 30 Aspects of Rejgresentative Singulation Apparatus Configuration

Processes 73 In general, a feeder track 120 can have a component putput ra t depends, upon the
magnitades IR A& 608 8 BRLLIR LB AoREBpTRSeD Aot 2H D R EHECot the
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the feeder track 120 afterthe coor%)grrl'ean ’r%é %WSH sf)e{gg PRI moved away fiom the component

reception positieiniXg, dheforedhe imbparnbntspeeptothstiige 200 drasecetutriestieo theek?3 20miponent
e A A e BT RSB SAT UBE S R
singulation ofleaehtsdm@oromticaligeustrg)thassienated traitk 02 Cavileddbyoomer.or both of the first
15  component delivery unit 100a and the second component delivery unit 100b and/or the
component reception stage 200. Additionally or alternatively, appropriate alignment or
positioning of the third and/or fourth receiving structures 210c,d with respect to the first
and/or second processing stations 80a,b, respectively, can be detected or determined by
way of one or more sensors or sensing elements (e.g., optical sensors) associated with or
20  carried by one or both of the first processing station 80a, the second processing station

80b and/or the component reception stage 200.

Once components 20a have been offloaded onto the first and second receiving structures
210a,b and components 20 have been dispatched from the third and fourth receiving
25  structures 210c,c to an appropriate processing station 80a,b, the component reception
stage 200 can be rotated (e.g., clockwise or counter-clockwise), such that the first and
second receiving structures 210a,b are aligned for component dispatch to the first and
second processing stations 80a,b, respectively; and the third and fourth receiving
structures 210c,d are aligned to receive offloaded components 20a from the first and

30  second feeder tracks 120a,b, respectively.



74 and avoid undesirable component output from the feeder track 120, a feeder track component output

or ejection rate should be synchronized with or match the target singulation rate. For a given singulation

rate under consideration, a feeder track component output rate can be adjusted based upon the

magnitudes of one or more 5 positive air pressuregor flows applied to portions of the feeder track 120; a

particular configuration of actiye vacuum elements tq whiﬁ Vfctf:m forces or ne\gative air pressures or
It S

flows are ap o4 rBBP(ﬂ?HES tﬁ@"f’e tet W?x@({i ;fé?\'@/ %?ﬁf&@g BSRANS U ESch vacuum
forces. 10 FIZ306 lista theviidiegrauseafral igpoessintpstet arbioat o respagivedy tftove sagualadias 20w/or

singulation aratus cgnfiguration process 400 according to.an e diment of the disclosure. The
reaes 200 AR B S R A R TR P Ja e i BREARRH: opject or
component floveikdgyisttimiaes2a0sjdgthiatiomparen siesstibatrgalaes can dp patatasadfinyrsleh
consideration to reliably control object or component 15 flow and/or si late or, separate each
ommanint SIS, SHTORER H o038 SRR BrGATRT &1 N SR ARES 1R B hiiment, the
process 400paicivde senfpshgrbdispatpodpenadiotsttmttiewrty psoesssinlisstmipnd Sajbganrceaténing a trial
singulation rate. A.tria]l sinaulation rate ﬁan 20%rre§,oond to or bThdeﬁne%% an intended, gstimated, or
expected attinASTE RSP HhRh SOM 80N HIR G R DA R LG H ent) Fo PHOS ST ABnP e RELYEY track 120
to the compayectineweptioffkiztco? Offop@ash itEiadivedisfyanethentwd tfeedom pankent 128gption stage

200 from the component reception pasition X, to the component dispatch .position Xd and back to the
PR RMoeacandianalch pesi

simul aneous w ronays or gencrally o Ongus dispa component paurs
component reception position cyclical eompore reception stage displacement involves the

transfet@f a 2toplonemnt forecessiog statgrst&iajh 8€pedted ytlveaosfoorectt sepeptencsatige @DMes positioned
at the companent diés,rRatch osition X?O(Sn an embodiment, a trial singulation rate can be an initial or test
00,

component r%ocrgB%n S[g%e r'é)gipS)ra afion rate. 75 rates to be applied to portions of the feeder track 120

to facilitate component motion along the feeder track 120. In general, the second process portion 404
'l:‘r:’f’e';’;i teesdtagi(’)?;ﬁhi?\ﬂ ignaels%hgpn%rt‘lacpaog]agi\\//?egvi flisis] resﬁ%’{tﬁ'&‘{% R "’geg or SYIgsH l%(‘t‘fi‘o@‘v“dered or
ponent flow along the feeder track 20°that gives rise to eeder'track component
output rate theguiaiterdsdho téphsitigo)aiiogutaienn ahésalasenceppirapsidd esemrdmgfdocasotiere process
400 incllgdese%gai&g”%rnqc&s&g %@%sﬂr’g ﬁrﬂa&}vm}fﬁ)%eesa%%%ﬁg{ifshi'bgn%d not include a component
reception stage 200. Rather, objects or components 20 are serially displaced in a
controlled or regulated manner along at least one feeder track 120 by way of the cyclical,
periodic, or intermittent application of vacuum forces at particular feeder track locations
(e.g., in manners described herein), and such objects or components 20 are sequentially
20  output from each feeder track’s component outlet 124 to a component destination, carrier,
container, or receptacle 1000. In a representative embodiment, a component destination

1000 can correspond to a chemical processing station.

The present disclosure also encompasses other variations upon aspects of an apparatus 10
25  for controlling object or component flow and/or separating or singulating objects or
components. For instance, in certain embodiments, portions of one or more vacuum
assemblies (e.g., one or more vacuum chambers 150), and/or portions of one or more
positive air pressure delivery assemblies (e.g., one or more air chambers 130) can be
disposed external to a component delivery unit 100, rather than being carried internal to

30  the component delivery unit 100.



selecting an initial configuration of active vacuum elements along the feeder track 120 to 10 which
vacuum forces will be applied or delivered. The third process portion 406 can also involve establishing or
selecting the magnitudes of one or more vacuum forces to be applied to the initial configuration of
vacuum elements. In several embodiments, an initighconfiguration of active vacuum elements includes
one or more vacuum gpenings 142a-b configured to ly vacuum force(s) to a leading component 20Db,
cuch that trA TR SR A AP P SR LB S SHUREH ERFBOES il one or more vacuum
openings 15RGh Bantiglivaddiagrpply i acepreséotat(@) dbjecset abtrpibimghtiowabguitgidfcered/srich that the
motion of the trailing comﬁo eﬂt S) 20c-e gatn at least be g§§]elerated egdé)ossﬂﬂj}y fgtop ed. Vacuum
elements coﬁ?@ﬂ?&' Yord gﬂrl)al a he &R '8P a 'Pé%%ﬁﬁsg p'BnéE‘ﬁ‘f‘f BN WE TetOf B t5°05 leading
vacuum elendgolssind BgonayroébmseitstAd onfiqpmeddiorod egeleal)ingpdicativppii @tbeynmadbien of one or
more trailing components 20c-e can be refetred tq as trailjng, vacu lements. T rocess 400 also
inclucea (O ETIEELS SORETEIES IRAPITTN L o) ol A ch BLES - P P pparatus
10 in accordaneffasithattsetiitalestigralbtionfratepabetite 2@ tohmsitiveang e $senestt dbkves), ame the initial
set of activetvacuurtn elegents and corr spéonqugvv:jcuurtrﬁfqrc%os esta I@ﬁg b Wag%%f the first through
third process%@ﬂﬁ%rjlgnﬁ CPHtE’é’.”FJ‘ur{Hg {Re P60 5‘ (r:]gssepoer% & 44 , Soviefitg 20 A iftroduced
into the comfzadey odetpbBntEsndndtspiaced aloeasrdbeelegttitme deedédinppckr@éhbytthepos)tive air
pressures / ﬂo‘al/%'rC%RC(e a first.com onen]& 20a has heen 8ff|oaded totrtoqfego com r(])erh?nt rec Ptlon stage

200, vacuunf I;"orce(s A eena{B?)lied 6 'Phgnggmp%%(—:'eﬁ{rFeCe%rtigqus rzllge S Vacuuny opentlrrﬁjlafs? 242 to retain

the first@omgisokeary2 Ogjent eifixedoftl qaosition. thal tht derathyck dQ0wm [Esscibiés  aap dre rdimeatpiie@ously
applied to theté:uer tconféguratg?q of acyve vacuuym elements alon g:e feetder tract 120. Th

component retapAon Stabe 00°HE thBR NSRS (b 2RI & EBN TR FcEptan position X,

to the compoeshit wispeete posikiccoXdosend #e first component 20a is 5 transferred to a processing
station 80 or otherwise removed from the component reception stage 200. The component reception
stage 200 is subsequently transferred back to the component reception position X, to receive a next
component 20 faonetti®doneponentistitizotess, andiso @101 0Medvpsotiessivplaoaoiade stafithrprocess

portion 420 involves determining whether ' ' rati tly. I test were
succegls%ul. I&E%}sé‘ c()3'5\?/’e(r)1£[ ﬂ:g ﬁt\%énﬁw%iongvm r%m% uc%tpbgyoﬁll%e%ﬂe!%rf e?@geglglé) g%é@é%%ﬁ#@ﬁé%%% ponent
][eception stalee200iwdey diey) lakeg Hwedypatontrtdek ¢26n fonexmmptee fiton thesitiopotewiniletit2arried the
irst compon re the c r tioy), stage tur . 1 ent reception
position X, an v‘ﬁ?& r@Z ?/ %?g%e%%@g@égﬁ?%? n%%'t’ cgﬁwgﬁﬁgﬁ@ 2%@8 g?éﬂégrﬁ‘gsuét%?ﬁw @p@raﬂgns were
unsuccessfutomipanite dthisahisplnejd @iongftberfebdefdeatdr tPAok s@ieefegrréndnewnanner that was not
appropriately synchronized with the component reception stage's recurrent motion relative to the

component reception position X,. Consequently, the vacuum forces that were applied along the feeder
track 20  Following the arrival of at least one component 20 to a location adjacent or proximate to

the component outlet 124, a second process portion 320 involves the output of a leading
component 20b within the plurality or series of components 20 from the component
outlet 124, and the transfer of this component to the component reception stage 200 as an
offloaded component 20a when the component reception stage 200 is located at the
25  component reception position X;. Thus, the second process portion 320 can involve the
offload of a first component 20 in a component series to the component reception stage

200 (e.g., the offloaded component 20a can be defined as a first component 20).

A third process portion 330 involves detecting the presence of the offloaded component
30  20a on the component reception stage 200 (e.g., by way of one or more sensing elements

or devices such as an optical sensor or a vacuum sensor). In response to the detection of



20 120 by way of the current configuration of active vacuum elements while the component reception
stage 200 is cycled from the component reception position X, to the component dispatch position Xd and
back to the component reception position X, were inadequate to effectively stop the motion of a leading
component 20b carried by the feeder track 120. 25K singulation was unsuccessful (i e., undesirable

component ggtpu he feeder k occ redé a sixth process portion Aé Oin %s determining
whether more V& 8 e%@r‘?@@ﬁ @@dh Se(r W%P%[Hor BEPHY h%tacg?n r&tr BF &N acuum
elements. If portseMentvelmsessh hongansdSef invalvasfirces asiogatony mineoohact pesiacnsion elements

to which vacuum forc order to more effectivel e 30.m tlon o a leadin
ommonont SOETR A L e el e B D e Br e S RSB Ak i by the
feeder track datfipdrieat isutlbel=vent mortesfﬂo@sppmmum:&mit‘rmlvr&\mathslstuwmr@themrhmmatron of
active vacuum elements to mclud er number of vacuu lements along the feeder. track 120 to
which vRcuuPt folSl G OB A0 By AR SRR e o SR DRSS B et
ejection fronptbiiteedentijacéni 26r carokienateventéwk I%olhmmmmrtherﬂlﬂemm p(egessheortadid@?, Sthe

process 400 can retur. the f process ortion 410 to (re) uIation erformance. When an
P tive vacu e A PR S PE o GerR SRR PETBIar ne CmBerRl SEe. Tt

fourth process portion 340 can additionally involve the deceleratlon or stopping of the
motion of other components 20 along the feeder track 120. The fourth process portion
10 440 thus prevents the output of another component 20 (e.g., a most recently arrived
leading component 20b adjacent to the component outlet 124, or the second component
20 in the component series) at an undesirable or inappropriate time with respect to the
component reception stage’s recurrent or cyclical positioning relative to the component
reception position X;.
15
Simultaneous or essentially simultaneous with the fourth process portion 340, a fifth
process portion 350 involves applying or increasing a vacuum force upon the offloaded
component 20a, thereby securing the offloaded component 20a to the component
reception stage 200. Additionally, a sixth process portion 360 involves shifting or
20  displacing the component reception stage 200 to a component dispatch position Xg;
decreasing or discontinuing the vacuum force applied to the offloaded component 20a;
and dispatching the offloaded component 20a to a processing station 80. Following
component dispatch to the processing station 80, a seventh process portion 370 involves
repositioning the component reception stage 200 at the component reception position X,
25 adjacent or proximate to the component outlet 124. The fifth through seventh process
portions 350 — 370 can be performed concurrent or substantially concurrent with the

fourth process portion 340.

An eighth process portion 380 involves discontinuing and/or decreasing the application
30 of one or more vacuum forces directed to the feeder track 120, thereby enabling the

reinitiation of component flow, after which the process 400 can return to the first process



configuration selected in association with the third process portion 406) includes an 10 insufficient
number of vacuum elements to reliably stop the motion of a leading component 20b carried by the feeder
track 120 in synchrony with the component reception stage's recurrent positioning relative to the
component reception position Xr, the fourth, fifth, sixph, and seventh process portions 410, 420, 430, 432

can facilitate the ide (igicati n of an active vacyum element conéi ration ée.. ., carrespanding,to a

I 5threshold B LGk SHia VAGROSRRIEA CRSREIVERIA0F ) S0 ot S0EL SlARS eriabre
singulation perfiegonentced@frire tacgehsiogenateveteunidesczonsideration. In the event that additional
vacuum elements are not available for selection as active vacuum elements, an eighth process portion

434 can involve increasing one or more 20 vacuum forces applied to a current set of active vacuum
elements. FoHomingireeaigbtipnensopertiomdsd athenpicass i gangssiuswitehbs muviiyaocess

portion 410 to retest singulation performance. If singulatjon was successful inth pracess portion 440
Do vive SRterARAL SoLRER AR S et stent AL e
singulation par@metier§afapphchtide (£)\vaneuon pressupEssitiferass poeseulieedar ftoavk ateappagpiiatdes; (b)
vacuum eleqsen%%onfiguration data that idtentifies an actiye valiuum ellement canfiqurati ? that can

reliably stop TETrRSt6N tou ISR AR SE R IRE B SO lRSAUS A tuss‘l‘“c?%ﬁe Htes at the

target singulediopoedet atelioeric) wne a06no(b)3@staltiishmere ssuradjustaecntinoffoveeumag firmes

correspondirrl]g to Ip% ren& active yacuuym elemlent con{iQUf'atiPn. 78 If urther.modifica'gon testing, or
L nity Fg;sian /or dura lonlgsli at or a ong paeular eeder trac I%atlons N Qrder t(t) L
optimization o ingulation parameters IS to occur, atenth process portioh 450 can‘involve determining
whetheiOto teshanugudtaom or maximize a component separation or singulation rate.

In several embodiments, one or more portions of the process 300 can be automatically
managed or performed by way of the execution of a set of program instructions. Such
program instructions can reside on one or more computer readable media, for instance,

15  within a memory and/or a data storage device corresponding to the computer system 90.

For embodiments involving multiple feeder tracks 120 (e.g., spatially organized in
parallel with respect to each other, or otherwise spatially disposed) configured to
simultaneously or generally simultaneously displace or translate serially ordered
20  components from a component inlet 122 of each feeder track 120 to a component outlet
124 of each feeder track, multiple processes 300 in accordance with the foregoing
description can occur in a synchronized and simultaneous or generally simultaneous

manner.

25  Alternatively, certain embodiments involving multiple feeder tracks 120 can be
configured such that components are output from individual feeder tracks 120 in a
sequenced or alternating manner, in which case multiple processes 300 in accordance
with the foregoing description can occur in a correspondingly sequenced or alternating
manner.

30
Aspects of Representative Singulation Apparatus Configuration Processes



performance using an alternate active vacuum element configuration, for instance, which 5 includes a
smaller number of active vacuum elements. If a smaller set of active vacuum elements is to be
considered, an eleventh process portion 452 can involve selectively decreasing a number of active
vacuum elements under consideration, followed byrgturning to the fourth process portion 410 to retest
singulation performa Olf the nu é) r of ctlve vacuum elements is to remdaln the same, a twelfth
process portBrige e TR0 dTaEietgUciorBRYE AR WIS SHIRIELa S B EPRRAR BB forces
applied to thmagiiveesaiu@) eementaoritpodiiedvetifiirassaces smltien aiplictheoponeess MOk can return
to the fourthrén %cessgngﬁqf%jlo to rg S|n ulatlon orm ce 15 When an aﬁctwe VaCLHim element
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performanc n V|ew of target singulation rate. If in the ninth process portion 440 it is determined that a
current set o mgu 3% arameters is acceptable, a thirteenth process portion 460 can involve saving or
storing 25 (for instance, |n a memory or on a data storage device, e.g., within a data structure) the
;:;Jrrrent set o{qsgr)lgrlftll?tigp a %@ﬁﬁ%ﬁg for |nstan cl-;-Onasr es%% Rf OéJeJaftlonOal S|n «}\7 r{paﬁarﬂe%ers for the
get singulation rate under consli Eeatfon, na Yy, a fourtéenth’process portlon GcdiiiVoive initiating
singuldtfon amenatioerst maqrtbmdastegm/l@ﬂthnamthmerretonemi@rammabsed afrstiudiatielapeeatmeters. 79 As
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measure can Indicate or correspon
component dispatch to the processing station 80. A singulation rate can additionally or

alternatively be defined as a reciprocation rate at which the component reception stage
200 is recurrently positioned or driven relative to the component reception position X;
and/or the component dispatch position Xj.
20
In the event that the feeder track’s component output or ejection rate exceeds the
singulation rate, one or more components 20 will be undesirably ejected from the feeder
track 120 after the component reception stage 200 has moved away from the component
reception position X;, before the component reception stage 200 has returned to the
25 component reception position X, and is ready to receive a next component 20.
Consequently, such undesirably ejected components 20 will not be successfully
dispatched to a processing station 80, and successful singulation of each component

output by the feeder track 120 will not occur.

30 Inorder to achieve or attain a target singulation rate (i.e., a target rate at which successful

component separation for each component 20 carried by the feeder track 120 can occur)



10 percentage of components that exhibit structural damage; and/or a second component damage
measure can indicate or correspond to a number or percentage of components that exhibit functional
damage. If more than a predetermined or acceptable number or percentage of components exhibit 15
structural and/or functional damage (e.qg., in the event that the first or second component damage

measures are yndesirably large, or exceed corresponding component d thresholds), the process
500 can prodBHc e e A eI O A BT AT BT el R S0 o L et
and/or the selsntivacadjoatpiendrotjsationmderehsdpphiedynghrotiizddr witbuomnedechethis, tixgetmanner
identical or analo%ﬁus to that 20 described above. in relation tggFIG' 6.in order to efs lish an operational

set of singul:ﬁi‘tﬂglliJ PRnT&tErs th3k (%)%Xﬂ@i&@ﬁﬂ{%?@erﬁ era'ﬂg} 5n%?§‘€’éﬂ?l'ﬂ??8§ul& r?ta tro,trgggentially
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consistently pfevemtisnoora\soicswacdesifabbescomponent output from the component outlet during
singulation operations at a highest or high component 80 throughput. If singulation operations in
accordance with the first operational set of singulation parameters results in zero, essentially zero,
minimdlQor _am @ctdptalflevediabofincah pcueqnmt_eiaania{ge)bjeetftrstopmmmnalmire_jtﬂmgm ainofoparameters
can be retaincd se sed 25 part of sipeduclion warthyeompenant manufackingprgosss g In the
event that an undesirablé'or unacceptablelevel of cOmponent damage is indicated, a corollary,
associated, seutomirer mestppooess406002in €zl vatgpthdateterchioatioiv deatisgseptindzapieraodalrset of
singulation parameters that defipes.an appropriate vacuum element configuration and/aor one or more
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manufacturing process.
particular operating conditions.

In an embodiment, the process 400 includes a first process portion 402 that involves
establishing, defining, or selecting a trial singulation rate. A trial singulation rate can
20  correspond to or be defined by an intended, estimated, or expected attainable rate at
which components 20 can be recurrently offloaded from the feeder track 120 to the
component reception stage 200 for each iterative displacement of the component
reception stage 200 from the component reception position X, to the component dispatch
position X4 and back to the component reception position X,. Such cyclical component
25  reception stage displacement involves the transfer of a component to a processing station
80 when the component reception stage 200 is positioned at the component dispatch
position X4. In an embodiment, a trial singulation rate can be an initial or test component

reception stage reciprocation rate.

30  The process 400 further includes a second process portion 404 that involves establishing,

defining, or selecting the magnitudes of one or more positive air pressures and/or flow



15In certain embodiments, one or more portions of a singulation apparatus configuration process 400 can
be automatically managed or performed by way of the execution of a set of program instructions. Such
program instructions, and/or particular sets of singulation parameters, can be stored on one or more
computer readable media, for instance, a memory ggd/or a data storage device corresponding to a

control unit 90 su sa mputer st m. A described abo can be
ol g g R el b e
reception stagengOthe nidsidimeadikiricher comsigetatidn tmgsemmlvmgcessltnﬁmf&edle)mvamavleao and/or
25iterative cor%)agnt reception sta e motion alor:!glra Y axis or otaﬂonalh%ggout a centr(‘il component

reception sta?é N9 Aeds &Ogyspeorﬂg\/gtpﬁér Sg%geﬁevlc 8tf)sr B aPEYEEeed above for
facilitating oweffiecierating threesepeteaticomsongntefion, a)orrgallaélcﬁeedémmkcﬂmm FQpariswitarty the
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stage. A set a;fplm«;mamutomﬁmaes pressures can be selectively applled relative to feeder track 5 locations
to decelerate and/or stop components in motion along the feeder track, thereby preventing an unintended,
undesired, or uncontrolled discharge, ejection, or offload of one or more components from the feeder
track. In varidobes epmmbe&ﬁrﬂéﬁténﬂhﬂdpsea/euhiim @buesieportboosdbotient iejaalires txtabliteifigeder track
oceurs solely by fiay of ARl ShYAGHHTLIPH R ARPUSELIFIRAA IR WoRh TR AERID g along the
10  which vacuum forces will be applied or delivered. The third process portion 406 can also
involve establishing or selecting the magnitudes of one or more vacuum forces to be
applied to the initial configuration of vacuum elements. In several embodiments, an
initial configuration of active vacuum elements includes one or more vacuum openings
142a-b configured to apply vacuum force(s) to a leading component 20b, such that the
15  motion of the leading component 20b can be stopped; and possibly one or more vacuum
openings 152a-b configured to apply vacuum force(s) to a set of trailing components 20c-
e, such that the motion of the trailing component(s) 20c-e can at least be decelerated and
possibly stopped. Vacuum elements configured for stopping the motion of a leading
component 20b can be referred to as leading vacuum elements, and vacuum elements
20  configured for decelerating or stopping the motion of one or more trailing components

20c-e can be referred to as trailing vacuum elements.

The process 400 also includes a fourth process portion 410 that involves testing the
singulation performance of the apparatus 10 in accordance with the trial singulation rate,
25  the set of positive air pressures / flows, and the initial set of active vacuum elements and
corresponding vacuum forces established by way of the first through third process
portions 402 — 406. During the fourth process portion 410, components 20 are introduced
into the component inlet 122, and displaced along or through the feeder track 120 by the
positive air pressures / flows. Once a first component 20a has been offloaded to the
30 component reception stage 200, vacuum force(s) can be applied to the component

reception stage’s vacuum opening(s) 242 to retain the first component 20a in a fixed



10 particular embodiments, the application of a vacuum force at a set of positions corresponding to a
leading component carried by the feeder track is sufficient by itself to prevent the transfer of components
from the feeder track to the component reception stage when the component reception stage already
carries a previously withdrawn or offloaded compongit, or when the component reception stage is not yet

ready to receive a 15next component from the feeder track..Particular yacuum fprces or pressures can be
opited at 5 CET0PBoRHLTA o CLThANETS) SORCE ST e LT 89 1y S 2 et of
vacuum eleroenmfig staciomsf/activenvapemingseniastsuaiopgtiiwaleedandiankvagounT shaorhposeihe duration

and/or 20 magnitude of applied vacyum forces applied ay of one gr more vacuum elements can be
contralied (6L RS AR AT (). o e RBITEHAD (P LeROPAElbr SHBRaT.
cross-sectiopasitia Xy dmnheterropdheniedipatehcipsitiopoierdrglzeharfilistr tppgigpeak 0average
component displacement speed along the feeder track; and/or desired rate of companent throqughput
(o0, & g TBEHoR S o e Rt i RS el B SRS Hikgritace of
vacuum forcesptioplstabb 2 0y Tdientipolsent accaptioal stagEn28 € dssbhbsequermlietiansfeped thackly from
vacuum forcg(sghapglied br?’ vi‘ay of ?ther vacuum Ie{nernts aloné; the feecrlﬁr tracl<. C?rtzrari]n %mbodiments
of the disclofre ars eE g %%%’v'é’?oP%%lHPé‘s Mg A"EEY ke %‘?’%o?ﬁe B?QS%U%R/ iﬁ%ica{ 5|
problems.Whie peatntes,ttantiores)cbstvamtages, and alternatives associated with the present disclosure
have been described in the context of 82 those embodiments, other embodiments may also exhibit such
advantages, and not all embodiments need necessarily exhibit such advantages to fall within the scope of

the distlsurEhdtpriitdss dpprieciated théftbeperadsofpiiti ol d26- that livsetl/strdetemas) ifeptvnethend
functions, or IternatiY s thereof,.can be de ilrabl c1cor‘r{bined into_other vicqs, %systen}s or.
er U n'.the?event that

applications.t &'afovet |58%e§gt e ﬂ?%%%eg ures S%td t?rrl%ti%uncsc,e 37 alternatives thereo , as well as
various preseoiipantitresgen by tmafdecipatesdlaltéhatioesearadtfitidicns)poaeati et @iamptamee ments
theroto Nl Bt R AL BTG RO loREA R S SR BH 2 e 4y e
first component 20a, before the component reception stage 200 returned to the
15  component reception position X, and was ready to receive a second or next component
20b, the singulation operations were unsuccessful. That is, component ejection from the
feeder track 120 occurred in a manner that was not appropriately synchronized with the
component reception stage’s recurrent motion relative to the component reception
position X;. Consequently, the vacuum forces that were applied along the feeder track
20 120 by way of the current configuration of active vacuum elements while the component
reception stage 200 is cycled from the component reception position X; to the component
dispatch position X4 and back to the component reception position X, were inadequate to

effectively stop the motion of a leading component 20b carried by the feeder track 120.

25  If singulation was unsuccessful (i.e., undesirable component output from the feeder track
occurred), a sixth process portion 430 involves determining whether more vacuum
elements can be considered for addition to the configuration of active vacuum elements.
If so, a seventh process portion 432 involves increasing a number of active vacuum
elements to which vacuum forces can be applied in order to more effectively stop the

30 motion of a leading component 20b and/or at least decelerate the motion of a set of

trailing components 20c-e carried by the feeder track 120. That is, the seventh process



83 Claims 1. An apparatus for at least one of regulating a flow of components and separating
components comprising: 5a component delivery unit comprising at least one feeder track configured to
carry a series of components serially displaceable along the at least one feeder track from a component
inlet of the at least one feeder track toward a compegnent outlet of the at least one feeder track; and at

least one vacuym assembly fluidly. couplaple to at least twq distinct sites on the 10at least one feeder
track and coRME A AN S S GR R AOR UTP G AL R LRI TEUARS apparatus
of claim 1, fusifyer eampeissfovactumpeloerhte adpiipthstéaelaromfiguread to reditievat leastforrescomponent
within a series of components offloaded 15from the c nent outlet. 3. The apparatus of.claim 2,
Wherein e GuBoRRL e L ARCAdG e HIEdas dreenocd trat GfSiabid ¢S FBBRERt 5e2th
from the feeder track 120 can be prevented. Following the seventh process portion 432,
5 the process 400 can return to the fourth process portion 410 to (re)test singulation

performance.

When an active vacuum element configuration (e.g., the initial vacuum element
configuration selected in association with the third process portion 406) includes an
10 insufficient number of vacuum elements to reliably stop the motion of a leading
component 20b carried by the feeder track 120 in synchrony with the component
reception stage’s recurrent positioning relative to the component reception position X,
the fourth, fifth, sixth, and seventh process portions 410, 420, 430, 432 can facilitate the
identification of an active vacuum element configuration (e.g., corresponding to a
15 threshold or smallest active vacuum element configuration) that can provide successful or
reliable singulation performance for the target singulation rate under consideration.

In the event that additional vacuum elements are not available for selection as active
vacuum elements, an eighth process portion 434 can involve increasing one or more
20  vacuum forces applied to a current set of active vacuum elements. Following the eight
process portion 434, the process 400 can return to the fourth process portion 410 to retest

singulation performance.

If singulation was successful, a ninth process portion 440 can involve determining
25 whether a current set of singulation parameters is acceptable. Such singulation
parameters can include (a) one or more positive air pressure or flow rate magnitudes; (b)
vacuum element configuration data that identifies an active vacuum element
configuration that can reliably stop the motion of a leading component 20b when the
singulation apparatus 10 operates at the target singulation rate; and/or (c) one or more
30 vacuum pressure or vacuum force magnitudes corresponding to the current active

vacuum element configuration.



receptacle suitably shaped to receive at least one component. 20 4.The apparatus of claim 1, wherein the
component delivery unit comprises at least two feeder tracks arranged in parallel. 5. The apparatus of
claim 4, wherein the at least one vacuum assembly comprises at least two distinct vacuum assemblies,
each of the at least two distinct vacuum assemblies;g5fluidly couplable to at least two distinct sites on
each of a corresponding feeder track. 6. The apparatus of claim 2, wherein the component reception
stage includes at least two distinct component receptacles, each of the at least two distinct component
receptacles mﬂaﬂlmshmdmbmimpﬁé\zﬂr@; Ieasbdnﬁzaﬁmpoﬁehtgu&%ioﬁ ddrergpaydgus otclaim 1, wherein
the at least Qne vacuum asse onf ured t a first vacuum force at a first set of feeder track
Sites of the ARACEEHEYocRa A e be NN G SHHETES AP D od MEHPUELK stes of
the at least cpeeféeedacdramhg51n8alﬁlnmtq0@1améu&mimmrﬁemfwrﬁrgukalam Jéasimensgonbithassembly is

figured ly establish th itude of at le of the fir f d th d
vecuometorc L6 P GNP Bk i P € B B AR R kL aNS CeiRPce a

elements is to be considered, an eleventh process portion 452 can involve selectively
decreasing a number of active vacuum elements under consideration, followed by

returning to the fourth process portion 410 to retest singulation performance.

10  If the number of active vacuum elements is to remain the same, a twelfth process portion
454 can involve selectively decreasing the magnitudes of one or more vacuum forces
applied to the active vacuum elements. After the twelfth process portion 454, the process

400 can return to the fourth process portion 410 to retest singulation performance.

15  When an active vacuum element configuration includes a number of vacuum elements
that may be more than sufficient to reliably stop the motion of a leading component 20b
carried by the feeder track 120 in synchrony with the component reception stage’s
recurrent positioning relative to the component reception position X;, the fourth, fifth,
tenth, and eleventh process portions 410, 420, 450, 452 can facilitate the identification of

20  asmaller or smallest active vacuum element configuration that can provide successful or

reliable singulation performance in view of the target singulation rate.

If in the ninth process portion 440 it is determined that a current set of singulation
parameters is acceptable, a thirteenth process portion 460 can involve saving or storing

25  (for instance, in a memory or on a data storage device, e.g., within a data structure) the
current set of singulation parameters, for instance, as a set of operational singulation
parameters for the target singulation rate under consideration. Finally, a fourteenth
process portion 470 can involve initiating singulation operations in accordance with the
current or operational set of singulation parameters.

30



plurality of vacuum elements, each vacuum element within the plurality of vacuum elements configured

for selective fluid communication with the feeder track. 10. The system of claim 1, wherein the at least

one vacuum assembly comprises a 15first set of vacuum elements and a second set of vacuum elements

distinct from the first set of vacuum elements. 11.7Bhe system of claim 10, wherein the first set of

vacuum elements inc¢ludes. a first set of vacuum openinI%ss,Oe osed to the feedergfékogenc%the second set
eader

of vacuum 208IMeHIE TG /el w&%tt& faliRn in%cgrg%%%ﬂgcot?n Fadk. 12. The
system of claimultbnedistgiortive fistl Betvattvaaussguepestingilis expatip o etetdotiésfoibgye ia Boshesacuum

force across a first.number of components and the second sef of vacuum .openings s configured to
st ot n STUBITERS o O LePLE G B LU A e AL o BRSOy & e Bt of lair
11, wherein suticsts afel aiefiseidabyl ity rarguite pratmfithefitht \whogul aiboropdativadficat reutiybendxr
components is different than a stecotnd [atio ef'tnecﬁlﬁﬁ?? mi?ﬁrqbitud f the se?gfnd vacuurp Trce to the
second Rumbeh 8F CorpSise s> 1ga @08 LILHRNE: QAP GREKSS ¥ A PELY B ¥ Uum
openings is pasifidtregicdossar pothencdpaaanioudiet thatetiménger cnd getesdtveruane gpemogs. 516.The
system of claif 13, 4P S0 LAl AR LRRRIAGE 4R ARI98E LS ponents 20 within

one or more component evaluation sets exhibit structural and/or functional damage. For

instance, a first component damage measure can indicate or correspond to a number or

10 percentage of components that exhibit structural damage; and/or a second component
damage measure can indicate or correspond to a number or percentage of components

that exhibit functional damage.

If more than a predetermined or acceptable number or percentage of components exhibit
15  structural and/or functional damage (e.g., in the event that the first or second component
damage measures are undesirably large, or exceed corresponding component damage
thresholds), the process 600 can proceed to test the selective activation of additional
and/or fewer sets of vacuum elements, and/or the selective adjustment of vacuum forces
applied to particular vacuum elements, in a manner identical or analogous to that
20  described above in relation to FIG. 6 in order to establish an operational set of singulation
parameters that (a) consistently or generally consistently results in zero, essentially zero,
minimal, or an acceptable level of structural and/or functional component damage, and
which also simultaneously (b) provides a highest or suitably high component throughput
(e.g., in accordance with a measured or indicated UPH value), and (c) consistently
25 prevents or avoids undesirable, unintended, or untimely component output from the

component outlet 124 during singulation operations.

As a representative example to aid understanding, in some embodiments, a first process
600a corresponding to FIG. 6 can be performed to determine a first operational set of
30 singulation parameters that consistently prevents or avoids undesirable component output

from the component outlet during singulation operations at a highest or high component



accommodate a first number of components and the second set of vacuum openings is configured to
accommodate a second number of components. 17.The apparatus of claim 16, wherein the first number
of components is different 10 from the second number of components. 18The apparatus of claim 16,
wherein the first number of components is equal to ghe second number of components. 1519.The

tus of claim 16 in the first ber of ts is.less than th d b
componentat BRL AR S0 AU APEE e A LSS e BF IR pCRALGLESG Bho.

2021.The apfiagataisonf gdedmeters wasargiimtherdir st sseitiaflyaeuomomenings is aotsped koltvel aifleast one
feeder track by a set qf vacuu hways disposed at.an angle relative to the at least one feeder track.
25 The app P00 B BATIESE, KFHER GO ERRIL o e S R B B RSS2 P SR S relative to
the at least asedeegert tvhakoratBiclibe wprbyatompdreatmad,fadieriein phecésst set of vacuum openings
and the set of air passages are configured to enable a progressive displacement of the series of

components along the at least one feeder track in a synchronous manner with respect to a 30cyclical
application adinttiee g2eof tratanrorfdesiesble theiaddesshbleolelstinEcsitgmnentivambge is indicated,

a corollary, associated, second, or next process 600b can be performed to arrive at a
second operational set of singulation parameters that defines an appropriate vacuum
element configuration and/or one or more vacuum force levels for providing a highest,
10  high, or acceptable component throughput, as well as zero, essentially zero, minimal, or
an acceptable level of component damage. The second operational set of singulation
parameters can be retained and used as part of a production worthy component

manufacturing process.

15 In certain embodiments, one or more portions of a singulation apparatus configuration
process 400 can be automatically managed or performed by way of the execution of a set
of program instructions. Such program instructions, and/or particular sets of singulation
parameters, can be stored on one or more computer readable media, for instance, a
memory and/or a data storage device corresponding to a control unit 90 such as a

20  computer system.

A process 600 such as that described above can be adapted in accordance with essentially
any type of component delivery unit 100 and/or component reception stage 200
embodiment under consideration (e.g., involving multiple feeder tracks 120, and/or
25 iterative component reception stage motion along a Y axis or rotationally about a central

component reception stage axis).

Aspects of systems, apparatuses, devices, and processes are described above for
facilitating or effectuating the separation, singulation, or isolation of components,

30 particularly the repeated, cyclical, or recurring separation of a component that is carried



least one feeder track. 86 24. The apparatus of claim 11, wherein the first set of vacuum openings is
configured to apply a vacuum force to at least one component in a manner that is sufficient to stop
displacement of at least one component along the at least one feeder track. 5 25. The apparatus of claim
11, wherein the first set of vacuum openings is configured to apply a vacuum force to a leading
component closest to the comgonent qutletin a n%ﬁnner that isﬂf%thFcient to sto%dilsplace]me t of the

[

leading com bifefeMRIEFHE EBBQP&E?@%F@HM? g7 GRIBPENT AL S B U L?u?ﬂ%ﬂeﬁ §includes a

vacuum opetriay taving e diftbearinopossectieptadrasagdhan a vacuum opening within the second set of
vacuum openings. 27. The apparatus of claim 11, wherein the first set of vacuum openings provides a
15first aggregate cross sectional vacuum opening area and the second set of vacuum openings that
provides a s@cegtdofiggegatelfoross aeptisnmiegaranube apleoiinglgrepdtied ieldisiincd fferdahadoist aggregate

cross sectional area. 28. The apparatus of claim 11, wherein the first set of vacuu ings includes a
optorafty oAU SEHH R AU e sev e ko £ B R SRR aim 12,
wherein the firstawimf waaunimeodetingsiésichedles apunalidienl sscoaneppftiiys hawvhijoddfefent cross
sectional areas and the second set ?f vacuum %pening(s includes aé)ll.braclj%of vacuum ogenings having
different croQl€ OF more components from the feeder track. In"various embodiments, the prevention

of undesired component ejection from the feeder track occurs solely by way of a set of

vacuum forces applied relative to one or more sites or positions along the feeder track. In

10  particular embodiments, the application of a vacuum force at a set of positions

corresponding to a leading component carried by the feeder track is sufficient by itself to

prevent the transfer of components from the feeder track to the component reception

stage when the component reception stage already carries a previously withdrawn or

offloaded component, or when the component reception stage is not yet ready to receive a

15  next component from the feeder track.

Particular vacuum forces or pressures can be applied at a set of positions, regions,
segments, or zones along the feeder track by way of a set of vacuum elements such as
vacuum openings, vacuum pathways, and/or vacuum chambers. The duration and/or
20  magnitude of applied vacuum forces applied by way of one or more vacuum elements can
be controlled (e.g., selected and/or varied), for instance, depending upon a length and/or
size (e.g., cross-sectional area or diameter) of the feeder track; component size and/or
type; peak or average component displacement speed along the feeder track; and/or
desired rate of component throughput (e.g., a target component singulation rate). In
25  certain embodiments, the duration and/or magnitude of vacuum force(s) applied by way
of particular vacuum elements can be controlled independently from vacuum force(s)

applied by way of other vacuum elements along the feeder track.

Certain embodiments of the disclosure are described above for addressing at least one of
30 the previously indicated problems.  While features, functions, advantages, and

alternatives associated with the present disclosure have been described in the context of



25sectional areas. 30. The apparatus of claim 11, wherein the first set of vacuum openings includes a
leading vacuum opening and a trailing vacuum opening. 87 32. The apparatus of claim 11, wherein the
component delivery unit comprises a vacuum chamber fluidly coupled to one of the first set of vacuum
openings and the second set of vacuum openings. & 33. The apparatus of claim 11, wherein the
component Ilveey Lh%é com rls 1€fcuum cham er fﬁ%&i‘dg cou%;i)]l he first set of vgcuum
openings ant 5&CBRYVEENTM" J%‘?{)tédﬂﬁYeﬁ 18 o GuATSChiAGs. 1034.The
apparatus ofematmlmemstmee@m@msmgyamsausmmammytmmm flwithircahplssbpe thiethomponent
delivery unit (1conf|g rovide a tive gas ure to th eI|ve n|t to exert a
cisplacemerNTSIEE ol L S AREET B A AR A FL DR LB LR AL e e
series of comrpxdarfantslmwamd ﬁltemmmnﬁmemﬂlearﬂﬁésae?éhetﬁpmmaedf oanmoter vdbeies) the
pressuri \A%/; supply unit is onflgu d to rowg t[ﬁ}ee%gs tlv sure atope of a substantlally
constant flow’rate and'a ' h‘%ﬂiny 8§ % eﬁjsa%q clléﬂ%'gﬂ wherein the at
least one vagliematissethbigdf aemegUaed/an(apmyeﬁeetgeunforammmrfurmaﬂmmatedmmnmmarusmanner
relative to the cuum for es |nc Fes aé% ast one vacuum

forae tha o DTG oS T e et e e e R e T

component aditbetlinary skill in the art, are encompassed by the following clalms



25 37.The system of claim 36, wherein the at least one vacuum assembly is configured to apply the set of
vacuum forces during uninterrupted application of the positive gas pressure to the component delivery
unit. 3038.A system comprising: a component delivery unit comprising: 88 at least one feeder track
having a component inlet and a component outlet, g at least one feeder track configured to carry a
series of components displaceable along the at least one feeder track; and a pressurized gas supply unit
fluidly couplzegqmﬁe component delivery unit 5 and configured to supply a flow of pressurized gas that
exerts a substantially constant dlsplacement force upon the series of components along the at least one
feeder track, the d| lacement f% rected tovtard the.com nenéoutlet a comﬁ%nent reE émon stage

configured t&recelv R Y F%ﬁﬁ”ﬁe RE 4% Wgso W 88%@%@% e feeder

track, the compqmmhrecammlslagage comprising a set of sensors conflgured to detect receipt of the first
compo nt by the ¢ onent ra f |on st e and.a v uum as ngl ﬁ glgi o the component
Gelvery it and con TP TR A SIS R s ACOLEIL G4L oot of
a series of components serially displaceable anng the at least one feeder track
from a component inlet of the at least one feeder track toward a component
outlet of the at least one feeder track; and
at least one vacuum assembly fluidly couplable to at least two distinct sites on the
10 at least one feeder track and configured to apply a set of vacuum forces to the

at least two distinct sites.

2. The apparatus of claim 1, further comprising a component reception stage
configured to receive at least one component within a series of components offloaded

15  from the component outlet.

3. The apparatus of claim 2, wherein the component reception stage includes a

receptacle suitably shaped to receive at least one component.

20 4. The apparatus of claim 1, wherein the component delivery unit comprises at least
two feeder tracks arranged in parallel.

5. The apparatus of claim 4, wherein the at least one vacuum assembly comprises at
least two distinct vacuum assemblies, each of the at least two distinct vacuum assemblies
25  fluidly couplable to at least two distinct sites on each of a corresponding feeder track.

6. The apparatus of claim 2, wherein the component reception stage includes at least
two distinct component receptacles, each of the at least two distinct component
receptacles suitably shaped to receive at least one component.

30



15 vacuum forces at a set of feeder track sites, the set of vacuum forces sufficient to prevent output of a
second component within the series of components from the component outlet. 39. The system of claim
38, wherein at least a portion of the vacuum assembly is 20carried internal to the component delivery unit.
40. The system of claim 39, wherein the vacuum asgembly comprises at least one vacuum chamber

s R R S AR B
wherein application o't [ irst
component by dpplganfieneatuaocilion attag‘&sﬂé’eﬁ”bemydéemackcﬂ&m @Sthe/lheleasttbreviredaim assembly

comprises a first set of 30va um eIe ents onf| egj to a Cl um({ ce {q a first set of feeder
rack 89 stel Sk LS BCHRT eV B URD AT e CEA A 6 A S ESEOTVA AT B 0 a
second set deéeledanttack sites that is distinct from the flrst set of feeder track sites. 43. The system of
claim 42, wherein each of the first vacuum force and the second 5vacuum force opposes the

displacement force. 44. The system of claim 42, wherein the vacuum assembly is configured to
selectively e8tablisiThieeappagmitsideaddithe fivaterarutig dokeastrerativar toitih asseatiiytusiecofithe ek cond

vacuum forC{aO. selectively establish the magnitude of at least one of the first vacuum force and the

second vacuum force.

10 o. The system of claim 1, wherein the at least one vacuum assembly comprises a
plurality of vacuum elements, each vacuum element within the plurality of vacuum

elements configured for selective fluid communication with the feeder track.

10.  The system of claim 1, wherein the at least one vacuum assembly comprises a
15  first set of vacuum elements and a second set of vacuum elements distinct from the first

set of vacuum elements.

11.  The system of claim 10, wherein the first set of vacuum elements includes a first
set of vacuum openings exposed to the feeder track and the second set of vacuum

20  elements includes a second set of vacuum openings exposed to the feeder track.

12.  The system of claim 11, wherein the first set of vacuum openings is configured to
distribute a first vacuum force across a first number of components and the second set of
vacuum openings is configured to distribute a second vacuum force across a second

25  number of components.

13.  The system of claim 11, wherein a first ratio defined by a magnitude of the first
vacuum force to the first number of components is different than a second ratio defined
by a magnitude of the second vacuum force to the second number of components.

30

14.  The system of claim 13, wherein the first ratio is greater than the second ratio.



10 45. A method for at least one of regulating component flow and separating components comprising:
providing a component delivery unit having at least one feeder track configured to displace components
from a component inlet toward a component outlet; 15 providing a series of components to the at least
one feeder track, the series of components includingga first component and a second component that
serially succeeds the first component; displacing the series of components along the at least one feeder
track toward the component outlet; and 20applying a set of vacuum forces to at least two distinct feeder
track sites ofifhe atTeasysteenfetdeainrackudgredveind firdpset of e nanapdrdagigspesitiotiidn the series of
components from %;eilﬁcom onent outlet. 46. 'B%e metrhod of claim 45, wherein the series of components
0

includes a th(i,'as% %8?‘%%%3{ 8,% %IIW%QJ CEOTHSLL o‘f?&%%%%ém,sthe method further
comprising: adjusting at least one vacuum force within the set of vacuum forces to enable output of the
second compgonent.within the series of components from the component outlet;.and .. rther
usting thelBr leat BAGAB L HAUTSho R G B RS2 EL Mo et e e issc B e v
component wiifomthedaer i@ §iict nomipererosnimements and the second set of vacuum openings is

configured to accommodate a second number of components.

17.  The apparatus of claim 16, wherein the first number of components is different

10  from the second number of components.

18 The apparatus of claim 16, wherein the first number of components is equal to the

second number of components.

15 109. The apparatus of claim 16, wherein the first number of components is less than

the second number of components.
20.  The apparatus of claim 16, wherein the first number of components equals one.

20 21. The apparatus of claim 11, wherein the first set of vacuum openings is coupled to
the at least one feeder track by a set of vacuum pathways disposed at an angle relative to

the at least one feeder track.

22. The apparatus of claim 21, further comprising a set of air passages disposed at an

25 angle relative to the at least one feeder track.

23.  The apparatus of claim 22, wherein the first set of vacuum openings and the set of

air passages are configured to enable a progressive displacement of the series of

components along the at least one feeder track in a synchronous manner with respect to a
30 cyclical application of the set of vacuum forces to the at least two distinct sites on the at

least one feeder track.



90 the component outlet after the second component has been at least partially output from the
component outlet. 47. The method of claim 45, further comprising providing a component reception
5stage configured to receive at least one component within the series of components offloaded from the
component outlet. 48. The method of claim 47, whggein the component reception stage includes a
receptacle suitably shaped to receive at least one component. 10 49. The method of claim 45, further
comprising providing at least one vacuum assembly configured for applying the set of vacuum forces, the
at least one gacuuriassemaiiiuflofdtjanuplableteithbeafi isest b¥vatiatincosidagy itheafitpast one feeder
track. 1550.The rnlethod of clafm 4ibw ereén the com onEnt deliveﬁg :I}gziilﬁcomﬁ;ises ?t Ief-éz):lst two feeder
tracks arran{28°R )()gr\ééff:éﬂ"% O RECABIFSY BREHQRP '6?'} Krtes |5 &5}-‘ %ﬁ% Qt398st two distinct
vacuum asseivpliesncenfifiaelddsironp piyingotitaisHbof vecauiraioreseedeeteackhe at least 20two distinct
vacuum_assemblies are fluidly coupable to the at least two distinct sites on each of a corresponding
feeder track. 52. The method of claim 48, wherein the component reception stage includes at least two
distinct compénent Taceptackiss efichiod e whéeeist thed icss tietad focaoynom expe R brgcadies editably
shaped to ret%eailve at least one co onlent. .

pply a vacuum force 10 a leading component closest to the component outlet in a

manner that is sufficient to stop displacement of the leading component.

10 26.  The apparatus of claim 11, wherein the first set of vacuum openings includes a
vacuum opening having a different cross sectional area than a vacuum opening within the

second set of vacuum openings.

27.  The apparatus of claim 11, wherein the first set of vacuum openings provides a

15  first aggregate cross sectional vacuum opening area and the second set of vacuum
openings that provides a second aggregate cross sectional vacuum opening area that is
distinct from the first aggregate cross sectional area.

28.  The apparatus of claim 11, wherein the first set of vacuum openings includes a

20  plurality of vacuum openings having different cross sectional areas.

29.  The apparatus of claim 11, wherein the first set of vacuum openings includes a
plurality of vacuum openings having different cross sectional areas and the second set of
vacuum openings includes a plurality of vacuum openings having different cross

25  sectional areas.

30.  The apparatus of claim 11, wherein the first set of vacuum openings includes a

leading vacuum opening and a trailing vacuum opening.

30 31.  The apparatus of claim 30, wherein the leading vacuum opening is larger in cross

sectional area than the trailing vacuum opening.



53. The method of claim 45, wherein applying the set of vacuum forces to at least two distinct feeder track
sites comprises selectively establishing at least one of a magnitude of a first vacuum force at a first feeder
track site and a magnitude of a second vacuum force 30at a second feeder track site distinct from the first
feeder track site. 91 54. The method of claim 53, wherein the magnitude of the first vacuum force is
different from the magnitude of the second vacuum force. 55. The method of claim 45, further comprising
providing a plurality of vacuum 5 elements fluidly couplable to the at least one feeder track, and wherein
applying the3set of Taelppufaneesftodhe &t I&&&WéWalnﬁstﬁmpcﬁaadaﬁdﬂaeW&itﬁsmpiﬁsea selectively

establishing fluid co between the at le ne feeder track and particul rvacuum elements
ot the AP R UAE R AL A B e 5 Aol I TS QoM g providing a st
set of vacuusecgiedreentsf fladdiyncopphalds. to the at least one feeder track and a second set of vacuum
elemen(? fluidly couplable to the at least one feeder track, the first set of vacuum elements distinct from

the second set of vacuum elements. 1557.The method of claim 56, wherein the first set of vacuum
elements inéd33des & Iﬁesimmmnyatulmmmmmhhgﬁebmmsmﬂrmm)ﬂwtaidﬁwtyan&tfaﬁdpﬁﬁeaddkm the second

set of vacuum eleme?ﬁts |% Prila soe @ fn at e%m} enl s ex osedéo the at Jeast one feeder
track. 20 58 447 HE il %9 pp ylng a s¥ vac fo>25984st two distinct

feeder track\mtﬂmnmhaxmmesﬁliimwouuugajﬂosﬂh\eweuum fetad aaross @mﬂfatrrgsmber of components using
the first set of vacuum openings and distributing a second vacuum force across a second number of
components using the second set of vacuum openings. 25

10 34.  The apparatus of claim 1, further comprising a pressurized gas supply unit fluidly

coupled to the component delivery unit and configured to provide a positive gas pressure
to the component delivery unit to exert a displacement force upon the series of
components, the displacement force sufficient to displace the series of components
toward the component outlet.

15
35.  The apparatus of claim 34, wherein the pressurized gas supply unit is configured
to provide the positive gas pressure at one of a substantially constant flow rate and a

substantially constant pressure.

20 36. The apparatus of claim 34, wherein the at least one vacuum assembly is
configured to apply the set of vacuum forces in an intermittent manner relative to the
positive gas pressure, and wherein the set of vacuum forces includes at least one vacuum
force that is sufficient to intermittently stop displacement of a leading component closest
to the component outlet.

25
37.  The system of claim 36, wherein the at least one vacuum assembly is configured
to apply the set of vacuum forces during uninterrupted application of the positive gas

pressure to the component delivery unit.

30 38. A system comprising:

a component delivery unit comprising:



59.The method of claim 58, wherein a first ratio defined by a magnitude of the first vacuum force to the
first number of components is different than a second ratio defined by a magnitude of the second vacuum
force to the second number of components. 92 61.The method of claim 57, wherein the first set of
vacuum openings is coupled to the at least one feegdgr track by a set of vacuum passages disposed at an
angle relative to the at le st one f a r tra 562.The method of E}um 61, further comﬁrlsn providing a

set of air passages dISE)tO ey 89?31 %flér?g h@/\é"?g TR R %érbﬁg@?n%g OPH& hod of claim
62, wherein displacing theasdees afneonfep@ewemm@ngﬂgaracﬂ Ie@atamrye feseligstratkctowstk tire

component outlet compns.iI ﬁé %%’f \?f ress ve&% ent of serially disposed
components along the fee BPHERBRA] S%to ﬂ'%% K e first set of vacuum openings
and the set of air passagesssuiGZedT s mqiplgdumitcfalml‘;%&owﬂﬂeobtn H)mcbnnmjnm tiedivinggoesisive
displacement of serially dIS sed nts alg feede track comprises |caII djusting at
15least bne vacuum forceawﬁi) ﬂf@%@g IFQ/a lfﬂﬁm&goarc ! Wes! Tﬂr&%{ﬁ%% Wﬁlgﬁﬁ %{} eftin
synchronizing the progresmtmmmmf(ﬂepiabyrdespdsmé Qcpmpmlnleswledmsfg(ﬁmrfemi&s track
comprises cyclically adjustl at leas one v within the set fva rees \ hile
oroviing atJeast one 20nBRd & L Rt T F e TR Al By B e St e,
wherein the at the component outlet;
a component reception stage configured to receive a first component within the
10 series of components from the at least one feeder track, the component
reception stage comprising a set of sensors configured to detect receipt of the
first component by the component reception stage; and
a vacuum assembly fluidly coupled to the component delivery unit and configured
to intermittently apply with respect to the flow of pressurized gas a set of
15 vacuum forces at a set of feeder track sites, the set of vacuum forces sufficient
to prevent output of a second component within the series of components from

the component outlet.

39.  The system of claim 38, wherein at least a portion of the vacuum assembly is

20  carried internal to the component delivery unit.

40.  The system of claim 39, wherein the vacuum assembly comprises at least one

vacuum chamber fluidly coupled to the feeder track by way of a set of vacuum openings.

25 41.  The system of claim 38, wherein application of the set of vacuum forces is
initiated upon detection of the receipt of the first component by the component reception

stage.

42.  The system of claim 38, wherein the vacuum assembly comprises a first set of

30  vacuum elements configured to apply a first vacuum force to a first set of feeder track



least one positive air pressure exerts a substantially constant displacement force upon the series of
components. 66. The method of claim 57, wherein the first set of vacuum openings is positioned 25closer
to the component outlet than the second set of vacuum openings. 67. The method of claim 66, wherein
the first set of vacuum openings is configured to acggmmodate a first number of components and the

second set of vacuym openi is configured to accommodate a second number of components. 93 68.
The method BFCIAA &P CLrEl P A R P i A0 r SRR KA ME S5 8 mumber of
componentsa secofd St bfypdeatnsckisilednhél is dikaretfitve thistfinstreiterfdbedenpaciesiteds equal to the 5
second number of components. 70. The method of claim 67, wherein the first number of components is
less than the second number of components. 10 71.The method of claim 67, wherein the first number of

components43qualsThasystémidfe laethi) whetaineadh vitaecdiinstheafushsedrod uadubkrsa@padings includes a
vacuum opening ha ir}g?a different cr SSﬁgﬁsectio | area than a vacuum opening within the second set of

vacuum50pe}4ﬂ9 dm K8 %%e(fﬁglf ?ﬁrgep H&Fein the first set of vacuum openings provides a first

aggregate cross sectional vacuum opening area and the second set of vacuum openings that provides a
o e B B S S R o

selectively establish the magnitude of the first vacuum force relative to the magnitude of

the second vacuum force.

10
45. A method for at least one of regulating component flow and separating
components comprising:
providing a component delivery unit having at least one feeder track configured to
displace components from a component inlet toward a component outlet;

15 providing a series of components to the at least one feeder track, the series of
components including a first component and a second component that serially
succeeds the first component;

displacing the series of components along the at least one feeder track toward the
component outlet; and

20 applying a set of vacuum forces to at least two distinct feeder track sites of the at
least one feeder track to prevent output of the second component within the

series of components from the component outlet.

46. The method of claim 45, wherein the series of components includes a third
25  component that serially succeeds the second component, the method further comprising:
adjusting at least one vacuum force within the set of vacuum forces to enable
output of the second component within the series of components from the
component outlet; and
further adjusting the at least one vacuum force within the set of vacuum forces to

30 prevent output of the third component within the series of components from



distinct feeder track sites comprises establishing fluid communication between the feeder track and at
least one of the first set of vacuum openings and the second set of vacuum openings. 75. The method of
claim 57, wherein at least one of the first set of vacuum openings and the second set of vacuum openings
is coupled to a vacuum chamber carried by the conggonent delivery unit. 94 the displacement force

sufficient to displace the series of components toward the component outlet. 77, The me rlngii:i of claim 76,
herein the positve GAReHFRUINETS FHATHEN R AL EAB BT et At BT &
substantially constant pugssuh@ma8e Tompoathodwnfetlaim 77, wherein applying a set of vacuum forces to
at least two distinct feeder track sites comprises applying the set of vacuum forces in an intermittent
manner relative to the positive gas pressure. 10 79. The method of claim 77, wherein applying a set of

vacuum forcé3.to aTleastdthoddistintdifeetterfuabkrsiesmisimyipesvigipntying tiepsataf kaeptionforces
during ag unigterrugt d pro i(fion of.the o&%iti e aas ressure to tlhe feﬁder track. 1580.A method for at
o4 X i

least ond of 7 a&ﬁla& N Ediipohet s g%—:‘pg 0 %n‘é’h Cmethiod oﬁQB}PSQHa?%roviding a

component adéfieadgdifrivmatgcpaigenstitantléeeder track configured to

48.  The method of claim 47, wherein the component reception stage includes a
receptacle suitably shaped to receive at least one component.

10
49. The method of claim 45, further comprising providing at least one vacuum
assembly configured for applying the set of vacuum forces, the at least one vacuum

assembly fluidly couplable to the at least two distinct sites of the at least one feeder track.

15 50. The method of claim 45, wherein the component delivery unit comprises at least

two feeder tracks arranged in parallel.

51.  The method of claim 50, further comprising providing at least two distinct
vacuum assemblies configured for applying the set of vacuum forces, wherein the at least
20  two distinct vacuum assemblies are fluidly coupable to the at least two distinct sites on

each of a corresponding feeder track.

52.  The method of claim 48, wherein the component reception stage includes at least
two distinct component receptacles, each of the at least two distinct component

25  receptacles suitably shaped to receive at least one component.

53.  The method of claim 45, wherein applying the set of vacuum forces to at least two
distinct feeder track sites comprises selectively establishing at least one of a magnitude of
a first vacuum force at a first feeder track site and a magnitude of a second vacuum force

30 atasecond feeder track site distinct from the first feeder track site.



displace components from a component inlet toward a component outlet; providing a series of
components to the component delivery unit, the series of 20components including a first component and
a second component that serially succeeds the first component; providing a substantially uninterrupted
positive gas flow that exerts a displacement force ugpn the series of components to displace the series of

components Iong e fee ‘%{5 ragk foward the com nent outlet; 25qu the first component within
the series of compo ?’ﬂt BW?p ’eWS[ﬂ t; '&%th%e %ft&cﬁﬁﬂvﬁ%@t OEF dt of feeder
track sites; zmtf@@pnmmdimlﬁa@madﬁ of the sseonddannnpdoeset along the at least one feeder track solely
as a result of applying the set of vacuum forces. 95 81. A method for at least one of regulating
component flow and separating components, the method comprising: providing a component delivery unit

having at Iea'ﬁ.oneTeedeeﬂnadkcﬁr\deamelectablaerooﬁmprwimgl pfoxadingra epduveditts dtidiywonplable to
the at least SRR e RIS LoumSRt 1SRt AP RASCSISy ALaqs: SR WS AhIT PR B set of
vacuum forces to the at least two distinct feeder track sites comprises selectively
establishing fluid communication between the at least one feeder track and particular

vacuum elements within the plurality of vacuum elements.

10 56.  The method of claim 45, further comprising providing a first set of vacuum
elements fluidly couplable to the at least one feeder track and a second set of vacuum
elements fluidly couplable to the at least one feeder track, the first set of vacuum

elements distinct from the second set of vacuum elements.

15 57. The method of claim 56, wherein the first set of vacuum elements includes a first
set of vacuum openings exposed to the at least one feeder track and the second set of
vacuum elements includes a second set of vacuum openings exposed to the at least one

feeder track.

20  58. The method of claim 57, wherein applying a set of vacuum forces to at least two
distinct feeder track sites comprises distributing a first vacuum force across a first
number of components using the first set of vacuum openings and distributing a second
vacuum force across a second number of components using the second set of vacuum
openings.

25
59.  The method of claim 58, wherein a first ratio defined by a magnitude of the first
vacuum force to the first number of components is different than a second ratio defined

by a magnitude of the second vacuum force to the second number of components.

30 60.  The method of claim 59, wherein the first ratio is greater than the second ratio.



components from a component inlet toward a component outlet; establishing a first vacuum element

configuration that defines a first set of vacuum elements fluidly coupled to the at least one feeder track at
a first set of feeder track sites; 10displacing a plurality of components along the at least one feeder track
toward the component outlet; outputting a leading agmponent from the component outlet while displacing

the plurality of components alpng the at least one feeder track:  applying a vacuum force to the first
et slerhbnt oo T EATEH SR e O DRI Of sk et AL FPER B IS b ponent rom
the componeid avidest ane fdetiermivk dwdsshef vheuliratpassagendidposetacantigylatislatiwetents output of
another comﬁﬁ%ﬁt from t eﬁg%ﬁg%gent outlet during applying the vacuum force to the first vacuum

element con f8n. ethod of claim 81, further comprising: providing a component

reception stage configured to receive a component from the component outlet; and offloading the
fir nent within th ] from the 25componen h mponent r ion
St;;gm%po B e 8 Bt Sl B RN (S S a3 OB L S P g G mponent receptio

disposed at an angle relative to the at least one feeder track.

63.  The method of claim 62, wherein displacing the series of components along the at
least one feeder track toward the component outlet comprises synchronizing a
10  progressive displacement of serially disposed components along the feeder track toward

the component outlet using the first set of vacuum openings and the set of air passages.

64.  The method of claim 63, wherein synchronizing the progressive displacement of
serially disposed components along the feeder track comprises cyclically adjusting at

15 least one vacuum force within the set of vacuum forces.

65.  The method of claim 64, wherein synchronizing the progressive displacement of
serially disposed components along the feeder track comprises cyclically adjusting the at
least one vacuum force within the set of vacuum forces while providing at least one

20  positive air pressure to the feeder track by way of the set of air passages, wherein the at
least one positive air pressure exerts a substantially constant displacement force upon the

series of components.

66.  The method of claim 57, wherein the first set of vacuum openings is positioned
25  closer to the component outlet than the second set of vacuum openings.

67.  The method of claim 66, wherein the first set of vacuum openings is configured to
accommaodate a first number of components and the second set of vacuum openings is
configured to accommodate a second number of components.

30



83. The method of claim 82, wherein the component reception stage includes a receptacle suitably
shaped to receive at least one component. 96 85. The method of claim 84, wherein the at least one
vacuum assembly comprises at least two distinct vacuum assemblies, each of the at least two distinct
vacuum assemblies fluidly coupable to the at least two distinct sites on each of a corresponding feeder

track. 5 86. The method of claim 83, wherejn the component reception stage includes at least two distinct
componen fteptal BB 8 18 2 dLath B SR e BV SR BB IB s S HEER) Sttt
receive at legst sseercbnopaeent ddBgohteynethod of claim 81, further comprising: establishing a second
vacuum element configuration that defines a second set of vacuum elements fluidly coupled to the at
least one feeder track at a second set of feeder track sites, the second set of feeder track sites distinct
from the first6Set of Teed@ptratks sfadaibdaisplaerinahe fiatityuofoee mparrepésalnng éheahitdabst one feeder
track toward the compgnent.outlet: outputting a component from the component outlet while displacing
the plurality 3t MBg)chﬁ{sogfboﬁBp% UPleast one feeder track; applying a vacuum force to the

second vacuum element configuration after 20outputting the component from the component outlet; and
component

determining whether the second vacuum element orrﬁi ratign prevents output of anpthe
from the co bner?lr %euwgtﬁbo ri?%gcsadﬂﬁl’g\'\fﬁ%”\e)géﬁﬁ r%grncue q%eﬁl%? QTR e\;ﬁ%bsﬁl Sse‘%%]e{ﬂ? configuration.
2588.The methboadafustdien &f7comtEneentthe second set of feeder track sites includes a

10 71.  The method of claim 67, wherein the first number of components equals one.

72.  The method of claim 57, wherein the first set of vacuum openings includes a
vacuum opening having a different cross sectional area than a vacuum opening within the
second set of vacuum openings.

15
73.  The method of claim 57, wherein the first set of vacuum openings provides a first
aggregate cross sectional vacuum opening area and the second set of vacuum openings
that provides a second aggregate cross sectional vacuum opening area that is distinct
from the first aggregate cross sectional area.

20
74.  The method of claim 57, wherein applying a set of vacuum forces to at least two
distinct feeder track sites comprises establishing fluid communication between the feeder
track and at least one of the first set of vacuum openings and the second set of vacuum
openings.

25
75.  The method of claim 57, wherein at least one of the first set of vacuum openings
and the second set of vacuum openings is coupled to a vacuum chamber carried by the

component delivery unit.

30 76.  The method of claim 45, further comprising providing a positive gas pressure to

the at least one feeder track to exert a displacement force upon the series of components,



larger number of feeder track sites than the first set of feeder track sites. 89. The method of claim 87,
wherein the second set of feeder track sites includes a smaller number of feeder track sites than the first
set of feeder track sites. 30 90. A method for separating components, the method comprising: 97
providing a component delivery unit having at leastgne feeder track and a selectable plurality of vacuum

openings qui?éy ouplable to distinct positions of the gt least ong feeder track, the at least one feeder
tack config B FIPURCETRL (A CHET i SPLETA S0 ea e e OMET L SORMGHARS outiet Scrsplacing a
plurality of coompesrentoatiuig the at least one feeder track toward the component outlet; cyclically
applying a first set of vacuum forces to a first set of vacuum openings fluidly coupled to the at least one

feeder track; outputting a component evaluation set from the component outlet as a result of 10
alternatively Iransitibmengdietd € e ldisples; ind dretrpibead dyi hvegasgessate & @novideddt eastadrze feeder

track and cyclically applyin é&% et of yacuym fgrces to ilthe first set of vacuum openings, the component
evaluation <StTREUURLY SPTRiEGt KW st aBr s brs e St REs S amage meascre
corresponding to the component 15evaluation set, the at least one damage measure providing an
indication ofﬂ?e i . .
.~ The method of claim 77, wherein applying a set of vacuum forces to at least two
distinct feeder track sites comprises applying the set of vacuum forces in an intermittent
manner relative to the positive gas pressure.
10
79. The method of claim 77, wherein applying a set of vacuum forces to at least two
distinct feeder track sites comprises applying the set of vacuum forces during an

uninterrupted provision of the positive gas pressure to the feeder track.

15 80. A method for at least one of regulating component flow and separating
components, the method comprising:
providing a component delivery unit having at least one feeder track configured to
displace components from a component inlet toward a component outlet;
providing a series of components to the component delivery unit, the series of
20 components including a first component and a second component that serially
succeeds the first component;
providing a substantially uninterrupted positive gas flow that exerts a
displacement force upon the series of components to displace the series of
components along the feeder track toward the component outlet;
25 outputting the first component within the series of components from the
component outlet;
applying a set of vacuum forces to a set of feeder track sites; and
stopping displacement of the second component along the at least one feeder track
solely as a result of applying the set of vacuum forces.
30



of component structural damage and component functional damage; and establishing at least one of a

second set of vacuum openings distinct from the first set of vacuum openings and a second set of

vacuum forces distinct from the first set of vacuum forces based upon the at least one damage measure.

20 91. The method of claim 90, wherein outputtinggge component evaluation set comprises serially

outputting in 'vidu?Acomepo%n'ﬂ?gts fromlthe component ortlet in a manner tglmareﬁnts coerg)onent output
t

from the coniponerftolll

"t i€t ePBF VLT 1BYEds O RBRNEY 3¢ sEESf

um

openings. 2To8hohemsthiosl fetiaid easipisingf regulating component flow and separating components, the
method comprising; roviding a compaonent delivery unit having at least one feeder track fluidly
couplable to a sourlPF i EGROBFEL SFIVERY UL BRI Lo RAe Aot io act b iRments
fluidly couplable to the%tde@bt@mf@ﬂeﬁmmok,ﬂwahlewheﬂ& thﬂoﬂ;edmpmﬂ_k_umﬁégare@bw displace
components from & o oSt LAY A S DR Rk g S eRpG gL AR B re to the &t

least on

10

15

20

25

30

feeder track;
components from a component inlet toward a component outlet;

establishing a first vacuum element configuration that defines a first set of
vacuum elements fluidly coupled to the at least one feeder track at a first set
of feeder track sites;

displacing a plurality of components along the at least one feeder track toward the
component outlet;

outputting a leading component from the component outlet while displacing the
plurality of components along the at least one feeder track;

applying a vacuum force to the first vacuum element configuration after the
outputting of at least a portion of the leading component from the component
outlet; and

determining whether the first vacuum element configuration prevents output of
another component from the component outlet during applying the vacuum

force to the first vacuum element configuration.

82.  The method of claim 81, further comprising:
providing a component reception stage configured to receive a component from
the component outlet; and
offloading the first component within the series of components from the

component outlet to the component reception stage.

83.  The method of claim 82, wherein the component reception stage includes a

receptacle suitably shaped to receive at least one component.

84.  The method of claim 81, wherein the component delivery unit comprises at least

two feeder tracks arranged in parallel.



exerting a displacement force upon a plurality of components carried by the at Sleast one feeder track by
way of the positive gas pressure; displacing the plurality of components along the at least one feeder
track toward the component outlet; and  determining a configuration of vacuum elements that counters
the displacement force to prevent component outpugoy the component outlet during a vacuum
10application interval. 93.The method of claim 92, wherein the configuration of vacuum elements is a
smallest configuration of vacuum elements that counters the displacement force. 1594.The method of
claim 92, whggein apyiingHbe: giositive S srasiuthecanigisenapiving assebiaisalyrizesnstant gas

pressure. 95.A system for separating components, th stem comprising: a com onent[[j{(}jp livery unit
cComprising: a5 < ST RCt A b SR et O L U i SRE T ASSS e along the
at least one faddirdoapkiflot theangasnent idistirict itsropeacntbadetraspdralisgtfebdecenskg elements;
and 5

86.  The method of claim 83, wherein the component reception stage includes at least

two distinct component receptacles, each of the at least two distinct component

receptacles suitably shaped to receive at least one component.

10 87.  The method of claim 81, further comprising:
establishing a second vacuum element configuration that defines a second set of
vacuum elements fluidly coupled to the at least one feeder track at a second
set of feeder track sites, the second set of feeder track sites distinct from the
first set of feeder track sites;
15 displacing a plurality of components along the at least one feeder track toward the
component outlet;
outputting a component from the component outlet while displacing the plurality
of components along the at least one feeder track;
applying a vacuum force to the second vacuum element configuration after
20 outputting the component from the component outlet; and
determining whether the second vacuum element configuration prevents output of
another component from the component outlet during applying the vacuum

force to the second vacuum element configuration.

25 88. The method of claim 87, wherein the second set of feeder track sites includes a

larger number of feeder track sites than the first set of feeder track sites.

89. The method of claim 87, wherein the second set of feeder track sites includes a
smaller number of feeder track sites than the first set of feeder track sites.
30

90. A method for separating components, the method comprising:



a component reception stage comprising: 25a receiving structure configured to receive a component
within the series of components output from the component outlet; and a set of engagement elements
configured to matingly engage with the set of receiving elements. 99 96.The system of claim 95, wherein
the set of engagement elements comprises a set oprotruding members that extends away from the
receiving structure toward the conéﬁ%gggg ggiver% unit, ﬁ%?.The s¥stem of claim 96, wherein the set of

e

receiving elements RIS LS £4 BRI YH%gcgthBﬂeﬂ% ﬁ\?g?{/ L‘]rﬁﬁ!?ce gﬁred to
receive the set of protrsglsataieplbedity 98 vhbausysiminfciiuid 19 Towblebdsrtshaissieicopesigagement

Fecaning structure whl 116 SebEbABAGEHE L Aot e aicrha S B e L BN st a
partially engaged statediSpladdeosystasnisifotaing S@npdrereimibietduisigearvanpaert cotléigured to support a
LS com et At I By PO Ao e M) T AT R e TRt P O BRA e
component outlet;
cyclically applying a first set of vacuum forces to a first set of vacuum openings
fluidly coupled to the at least one feeder track;
outputting a component evaluation set from the component outlet as a result of
10 alternatively transitioning between displacing the plurality of components
along the at least one feeder track and cyclically applying the set of vacuum
forces to the first set of vacuum openings, the component evaluation set
including at least one component;
determining at least one damage measure corresponding to the component
15 evaluation set, the at least one damage measure providing an indication of one
of component structural damage and component functional damage; and
establishing at least one of a second set of vacuum openings distinct from the first
set of vacuum openings and a second set of vacuum forces distinct from the
first set of vacuum forces based upon the at least one damage measure.
20
91.  The method of claim 90, wherein outputting the component evaluation set
comprises serially outputting individual components from the component outlet in a
manner that prevents component output from the component outlet when the first set of
vacuum forces is applied to the first set of vacuum openings.
25
92. A method for at least one of regulating component flow and separating
components, the method comprising:
providing a component delivery unit having at least one feeder track fluidly
couplable to a source of positive gas pressure and a selectable configuration of

30 vacuum elements fluidly couplable to the at least one feeder track, the at least



component reception stage. 100. The system of claim 98, wherein the component reception stage is
configured for displacement between a component reception position and a component dispatch 20
position, and wherein the bridge member and the receiving structure are configured for least partial
engagement when the component reception stage gglocated at the component dispatch position.  101.

The system of claim 98, wr%er inat | ast{%ne of ﬁhe grid e member aqd fhe 25receivin%1itrrtif ureis
tapered to facilitate macffheg 8?1%39%?’3 O QEE GRS 68@98“%{? i B ESRTRIE S ?&onent
delivery unit and the compgpdardorapepéiarostRye. 102. A method for separating components, the method

ising: idi . deli i includ I feed k and a 30
o1 racening clemerTEP ML YU AToBASH AR [B ARt TEAURU 100 serics of components

along the at least oseefiieger tiaplatemera conypapentarjiirtdisy afncpopentotstied: ripd\bglitige seacomponent
reception stage that includes a yeceiving structure and a set.of engagement elements, the receiving
structuré configured to??éie?\';'g ge%de 6#?35@%&)&8?%%8% i\é%%ég(%%ﬁﬁu%rﬁents from the component outlet,
the set of engagemdisplatngethis mordlgyrefl donmpatiegly dogndee aithetise gt feetecendrigteleartents, the set
of engagement elemer% S conf’i&ureq\é’%tgrovidc? a bridge member between the component delivery unit

and the component rece%ﬁ%‘ QS@ %tﬁ% set of engagement elements and the set of receiving
determining a configuration of vacuum elements that counters the displacement

force to prevent component output by the component outlet during a vacuum

10 application interval.

93.  The method of claim 92, wherein the configuration of vacuum elements is a

smallest configuration of vacuum elements that counters the displacement force.

15 94, The method of claim 92, wherein applying the positive gas pressure comprises
applying a substantially constant gas pressure.

95. A system for separating components, the system comprising:
a component delivery unit comprising:

20 at least one feeder track configured to carry a series of components
displaceable along the at least one feeder track from a component inlet to a
component outlet; and

a set of receiving elements; and
a component reception stage comprising:

25 a receiving structure configured to receive a component within the series of

components output from the component outlet; and
a set of engagement elements configured to matingly engage with the set of

receiving elements.



10elements exist in a partially engaged state; outputting a component from the component outlet to the
component reception stage when the set of engagement elements and the set of receiving elements exist
in the partially engaged state; and supporting by way of the bridge member the component output
from the 15component outlet. 99

96.  The system of claim 95, wherein the set of engagement elements comprises a set
of protruding members that extends away from the receiving structure toward the

component delivery unit.

5 97.  The system of claim 96, wherein the set of receiving elements comprises a set of
recesses formed in the component delivery unit configured to receive the set of

protruding members.

98.  The system of claim 95, wherein the set of engagement elements is configured to
10 provide a bridge member between the component delivery unit and the receiving
structure when the set of engagement elements and the set of receiving elements exist in a

partially engaged state.

99.  The system of claim 98, wherein the bridge member is configured to support a
15  component that is at least partially disposed between the component delivery unit and the
component reception stage.

100. The system of claim 98, wherein the component reception stage is configured for
displacement between a component reception position and a component dispatch
20  position, and wherein the bridge member and the receiving structure are configured for
least partial engagement when the component reception stage is located at the component

dispatch position.

101. The system of claim 98, wherein at least one of the bridge member and the
25  receiving structure is tapered to facilitate mating engagement to accommodate a

positional error between the component delivery unit and the component reception stage.

102. A method for separating components, the method comprising:
providing a component delivery unit that includes at least one feeder track and a

30 set of receiving elements, the at least one feeder track configured to displace a
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series of components along the at least one feeder track from a component

inlet to a component outlet;
providing a component reception stage that includes a receiving structure and a
set of engagement elements, the receiving structure configured to receive a
5 component within the series of components from the component outlet, the set
of engagement elements configured to matingly engage with the set of
receiving elements, the set of engagement elements configured to provide a
bridge member between the component delivery unit and the component
reception stage when the set of engagement elements and the set of receiving
10 elements exist in a partially engaged state;
outputting a component from the component outlet to the component reception
stage when the set of engagement elements and the set of receiving elements
exist in the partially engaged state; and
supporting by way of the bridge member the component output from the

15 component outlet.



