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10
FIELD OF THE INVENTION
The invention relates to a position sensing
system, and more particularly, to a position sensing
system for use in a taper module of an inspection and
15 handling system for devices such as semiconductors.

BACKGROUND OF THE INVENTION

Some devices, such as integrated circuit
chips, need to be precisely fabricated. Accordingly,

20 inspection of such devices is necessary to ascertain
whether the devices meet exacting acceptance standards.
The devices to be inspected are often provided in

' compartmented trays which have multiple rows and
columns of pockets in‘which the devices are

25 transported.

An inspection and handling system is utilized
to inspect such devices. Trays of devices are '
transported through various stages of the inspection
and handling system including laser scanning,

30 inversion, camera scanning and individual placement at
a final destination so that devices meeting the
exacting acceptance standards are separated from those
devices which do not meet such standards.

One final destination of devices that meet

35 . the acceptance standards is carrier tape. Typically,
carrier tape is an elongate tape which includes pockets
that are arranged in series. The pockets are typically
shaped to be complementary to the dimensions of the
devices that are to be housed therein. An instrument

40 such as a vacuum operated precisor of a pick-and place



The devices to be inspected are often provided in conpart ment ed

trays which have nultiple rows and col ums of pockets in which the
devi ces ar. transport ed. An i nspection and handli ng
systemis ‘g?gﬁ’y?éd to inspect such devices. TrayRCH¥S¥itites are
transported fhrough various stages of the inspection and handl i ng
systemincluding | aser scanning, 30 -24dnversion, canera scanning and
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preci sor of aspl %
as where the devices will be put into final use.

Pick and plaee systems are generally capable
of motion in one direction (transverse to the direction

10 of movement of trays through the inspection and
handling system) and have limited, if any, movement in
a direction perpendicular to that motion (parallel.io
the direction of movement of the'trays)._ Therefore,
the carrier tape needs to be incrementally moved by a

15 drive system so that the pick and place system can
place devices into successive pockets of the carrier
tape. It is therefore necessary to determine the .

- location of individual pockets of the carrier tape with
respect to the pick and place system. Typically, fheu

20 " carrier tape includes sprocket holes that run the _
length of the carrier tape on one or both sides of the
pockets. The sprocket holes are utilized to determine
the position of a pocket relative to the pick and place
system.

25 In some inspection and handling systems,
problems may occur if the carrier tape is not
consistently advanced by the proper distance equivalent
to the length of one pocket. Traditionally, the
beginning of a pocket is determined by forwarding the

30 carrier tape by a fixed distance, and assuming that the
carrier tape moved forward the distance programmed.

Use of a sensor may also be employed to detect the
number of sprocket holes passed as the carrier tape is
advanced. In such systems, the drive system assumes

35 that the point to which the carrier tape is forwarded
is the correct starting point of the pocket.

Specifically, in some syetems, simply
advancing the carrier tape by a set distance, or



- 2- system can transport a device froma tray into a pocket

of the carrier tape. once devices are individually pl aced into the
pockets of. rrier tape, a cover tape is often applied and the
carrier ta%’é%wtg devices 5 housed in the seal ed po@f@’tvggsé‘éﬂsbe wound
onto a reel and conveniently transported to another destination,
such as where the devices will be put i43to final use. Pi ck
and place systens are generally capabl e of notion in one direction
(transverse tocPHEtHPQg?!’ﬁ samber of gFpneckeheheles pesapd, tmavwuwgt t he
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sprocket hol essphatketiholBetwice. HAcoghingly) e ro2kr h&y imRE QR one or
both sides of KBEerminin Qﬂgkf&fsati‘mleoéproc gleiholes are utilized to
determ the position of a poc ef Perati've to the pi ck and pl ace
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probl ens may osccuratfe teind ealidlde pIRCenSnOBf a carrier tape, or

the like, relative to a pick and place assembly or the
like.

15 SUMMARY OF THE INVENTION

For the achievement of those and other
objects, this invention proposes to achieve the desired
placement of the carrier tape in two steps. A first
step positions one of the compartments in the tape in

20 - the vicinity of but not at the final placement
position, and the second subsequent step moves the
compartment into placement position.

More specifically, the carrier tape has a
plurality of compartments of a size to receive one

25 semiconductor device. The compartments are serially
Spaced along the longitudinal axis of the tape and the
tape also includes a plurality of sprocket holes
serially spaced along a line which is parallel to said
longitudinal axis. The distance between compartments

30 corresponds to a predetermined number of sprocket holes
and, in the first step, the tape is advanced a distance
corresponding to less than that predetermined number of
sprocket holes. 1In the second step, the tape is
advanced the remaining number of said sprocket holes.

35 Preferably, the first step is equal to one less than
the distance between the predetermined number of
sprocket holes and the second step is equal to the
distance to.the last sprocket hole.
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BRI SC ON OF THE DRAWINGS
Fig. 1 is a side elevation of a tape
positioning system embodying this invention;

Fig. 2 is a plan view, in schematic form, of
a carrier tape with the positioning sensor;

Fig. 3 is a side view of the drive roller -
assembly;

Fig. 4 is an end view, partly in section of
the drive roller assembly of Fig. 3;

Fig. 5 is a plan view of the tape positioning
system of Fig. 1; ' Ly '
Fig. 6 is a side view of the device sensing

Fig. 7 is a plan view of the mechanism of-y-
Fig. 6; i
Fig. 8 is a plan view of a sensor assembly;
Fig. 9 is a side view of a sensor assembly;
Fig. 10 is a schematic diagram of the tape
positioning sensing system; and

Fig. 11 is a timing diagram of the tape
position sensing system.

Before one embodiment of the invention is
explained in detail, it is to be understood that the
invention is not limited in its application to the
details of construction and the arrangement of
components or steps set forth in the following
description or illustrated in the drawings. The
invention is capable of other embodiments and of being
practiced or being carried out in various other ways.
Also, it is to be understood that the phraseology and



carrier tape may nove backward, thereby counting a sprocket hole

tw ce. Accordingly, errors may incur in determ ning the location of
a pocket. An object of this invention

accurate eﬁggﬁef?able pl acement of a carrier tape, or §Cb%gﬁ{iﬂhgllke
relative to a pick and place assenbly or the l'ike. 15

SUMVARY OF THE | NVENTI ON -5- For the achi evenent of those and
ot her Eéects this invention proposes to achleve t he desired

pl acenent of tAe*RHIGIogY 558 hereify 18t £8% the murepse of  step positions

one of the congaseripttion andhshdwpe not B regarded wsclimitimef, but not at

the final placenent position, and the second subsequent step noves
t he conpar ' oLacenent:£05|t|on Mor e
specifically, the RCRIRIIO LHE PREEERRE BODIMENT, t nents of a

size to rfeceive one 25 Befoserﬂmﬁbdhgrtﬂewm poilnelmnmmrtrrents are
serially e | o] d the
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tape al so incl des q§P urality of sprocket "hole seri al spaced
along a line Y arallel to said | ongi tudi nal axis. The -

di stance bet ween conpar erehtseﬁ}:enceceorEB@amhaihgsa tmedﬂiperrh ned nunber
of sprocket h0b6§1tlon1ng §9§texh r!lotoh‘?Lsf k S:{hr?%’ss a{ﬂﬂ? Wit agvanced a
e

dlstancq' r resg&g | ess t erm ne nunber
sprocket %ol esP P99 200cBh P s*tYé’d'caﬂ-hBlflép%“q place (eN?) system.

The PNP system will only be shown schematically to -
illustrate its relationship with the tape posztlonlng
system.

The relationship of the PNP system to the

.15 overall inspection and handling system and. a taper

system or module can be as set forth in co-pending U.S.
Application Serial No. , filed
and entitled "Inspection Handler Apparatus and Method"
and assigned to the assignee of this application. If

20 - details of those relationships are necessary, reliance
is placed on that co-pending application.
The tape system includes a carrier tape drive
102 that draws carrier tape from a supply reel assembly
104 and conveys the carrier tape through a device
25 placement station 106, several inspection stations, a
cover tape placement station 108, and a heat seal
station 110 to an outfeed reel assembly 112. Further,
it includes a frame 114 whereon the major assemblies
are mounted and a control system 116 for coordinating
30 the various operations of the tape positioning system.
In general terms, carrier tape 120 is drawn
from reel 104 by the combination of friction roller
122, driven by drive 102, and friction roller 124,
driven by drive 126. The carrier tape travels through
35 placement station 106, is engaged with covering tape
128 from reel 130, then passes through heat seal
station 110 where the cover tape is sealed to the
carrier tape, and goes to its destination on reel 112.



advanced the remai ni ng nunber of said sprocket holes. 35 Preferably, the
first step is equal to one less than t he di stance between the
pr edet er mi ped nunber of sprocket holes and the second step is equal

to the WORM¥hnce to the |ast sprocket hole. PCT/US98/14618
- 4- - Preferably, this invention also contenpl ates

transporting the tape by engaging the tgpe surfaces and not the
sprocket holes, and it includes the capability of inspecting for the
presence of a device inFibe 2 ajepichs one cofipmverahttypes @Eoper positi oni ng
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DESCRI PTI ON CFaJl*iJ%%é yGS . . o elg. '
a tape 10 POSIITO né Ey¥ e e Bd Ay YRESH s RPAbeRAYIGY, shaped
Fig. 2 is a pléavigerockatsctrae ephoednumifformly along the
5 longitudinal axis of the carrier tape 12. The pockets -
are dimensioned to fit with a particular semiconductor - - = -
device and each pocket includes a central test hole.22.
The distance between test holes 22 is commonly referred
to as the pitch 24 of the carrier tape.
10 The carrier tape also has a series of
uniformly spaced sprocket holes 14 provided along one
or both edges 16 and 18 of ‘the carrier tape. The
sprocket holes are a means for driving the carrier
tape. Typically, the sealed carrier tape provided by
15 the tape system is unwound by the semiconductor device
user using the sprocket holes 14. To reduce the risk
of damage to the sprocket holes, this taper positioning
system does not use the sprocket holes 14 to drive the -
tape 102 through the taper module. : PRy
20 ' In lieu of sprockets, this tape system : -
utilizes soft friction rollers at both the main drive,
roller 122, and the take-up drive, roller 124, to drive
and guide the carrier tape through the various stations
to the carrier tape 102 as the carrier tape is driven
25 by the soft roller.
Referring to Fig. 3, a main drive roller 122
is mounted between a pair of mounting blocks 132 near
the left ends of the guide rails 146, 148. The main
drive roller comprises a core 134 mountéd onto a drive
30 shaft 136 and has an outer layer 138 of urethane
material.
A pinch roller 140 is supported beneath
roller 122 and preferably is of the same general
construction as roller 122, A pneumatic assembly 140
35 is connected to the mount for roller 140 and is
operative to move the roller 140 up or down to vary the
pressure exerted on the carrier tape as it passes
between the Tollers.



a carrier tape with the positioning sensor; Fig. 3is a

side view of the drive roller assenbly; 15 Fig. 4 is an
end vi ew, |n section of the drive roller Fig. 3;
Fig. 51 svg&% view of the tape positioning s%ﬁ%&%ﬁ“gg. 1;

Fig. 6 is a side view of the device sensing. 20 mechani sm

Fig. 7 is a plan view of the nmechani sm-pf Fig. 6

Fig. 8 is a plan view of a sensor assenblg:_ Fig. 9is a
side view of a sensor aB%Ef®Ishafi5136 is driven byppiePPEF MOtQrschemtic

di agram of t heldapthrough amﬂuleyomyageﬁem ng system and :

Fig. 11 is atimng dia p po | I ng,system

Bef ore one enbodi nent o?i%ﬁerﬁl ﬁtllhgngall (}46 ﬂé Q“bﬁzg’q@ %ét ail, it is
to be under st ctFRhErPRethe dr”ﬁn%‘@ﬁi-?’énl?% tHSP“F n‘?‘t]eld’r A28ts application

tothe 5§ deheidarrabroodsd ri2nt ien shown tdrteaingntiosentl lek 122 :
Comonent S °f SeRisaho! A6k 1241But O Hdileen, for %gﬁwtt gn or

illustrated in vention i's capa ot her
enbodi ments anttHHEYS: élth@n "ot the,dpterveping BfEtAg cEe |eé’($36u9 in various

ot her ways. the cirxderi tapes dre kausadetsttxadel hanugdlye gvlerasrel ogy and
guide rails 146, 148 as it is conveyed through the

10 device placement and inspection stations. The center
hole 22 of the individual pockets of the carrier tape
is maintained positioned directly above the centerline
of the rail gap 144.

The precisor 200 (shown in dotted lines in

15 . Fig. 5) from the PNP module is positionable overhead of
the guide rails to the right of the main drive roller
122 and over the rail gap 144. The precisor places®
devices into individual pockets 20 to the carrier- tape.
The precisor, except for the device which actually -

20 - engages the circuit devices by moving vertically, is
capable of movement in only one direction. That
direction is illustrated by arrow 201 in Fig. 5.

A tape position sensor assembly 32 is mounted
adjacent the front guide rail 146 and will be described

25 more completely hereafter.

Referring again to Figs., 5 and 6, a part hold
down assembly 150 is disposed to the right of the tape
position sensor assembly 32 and the device placement
station 106. Referring to Figs. 6 and 7, the hold down

30 assembly 150 includes a left pivot arm 152 and a right
pivot arm 154, and a hold down bar 156 that is fastened
across both pivot arms 152, 154. The pivot arms 152,
154 extend over the rear guide rail 148 and support the
hold down bar 156 directly over the rail gap 144.

35 The pivot arms 152, 154 are pivotably
connected to a mounting block 158 by a bushing 160.

The part hold down assembly is biased such that the
arms 152, 154 pivot downward and the hold down bar 156



term nol ogy used herein is for the purpose of description and shoul d
not be regarded as limting. DETAI LED DESCRI PTI ON OF THE

PREFERRED ODILVENT 5 Bef ore describing the tape

posi tioni n§OPM3B3 system a type of carrier tape packaBFHYSS(&m will be
descri bed. ~ Wth reference to the draw ngs, the tape
positioning system 100 is shown in assggiation with a 10 preci sor 200 of
a typical pick and place (PNP) system The PNP systemw |l only be
shown schenat i €@$ts down onto thd lasstriiaretapes. r al atadhwdigr ekl t he tape

positioning  end ofWHe®Hbld down bar 156 %ath@eP%ﬁéf%%g{BZ%sgﬁ fatth:pngP

systemto the %éa overagl I n ction an and .a taj .
system or modufE2EhFHBENEE e S*g’gﬁt HovR RRF S&itghhpd 97 the passingp|jcation
Serial No. carrier tapel edThe hold dosin dudn tl56dtypisqidat irddeslandl er- -
Appar at us and deéRathe carrier ¥ubeApSLALES 40 thBecassidNagpafl sLhi s
appl i cation. Iéonveyed forward. Pressure applied by the hold down - = = .
bar on the carrier tape helps to keep devices in the
carrier pockets.
Further, a proximiter probe 162 is vertically
10 mounted to the left pivot arm 152 at a location x L3
directly above the rear guide rail 146. the probe end
extends downwardly through the left pivot arm 152 and
is set to face the top surfgce of the front guide rail
148. The proximiter probe senses vertical displacement
15 of the left pivot arm 152. When an unseated device”
protrudes outward of a pocket 20, the hold down bar - 156
and the left pivot arm 152 are displaced upwardly as
the carrier tape passes underneath, thereby alarming
the probe. 1In this event, the carrier tape drive .may
290 - be prompted to reverse index the carrier pocket so. that
the unseated device is returned to the device placement
station. At that point, the precisor may pick and -
discard the unseated device, and replenish the carrier
pocket with another device. '
25 A missing part photo sensor assembly 162 of
conventional construction is preferably the through-
beam type is disposed to the right of the hold down bar
assembly 150 and directly overhead of the rail gap 144
and includes a photo sensor 163 located above rail gap
30 144 and emitter cone assembly (not shown) supported
below the rail gap 144. )
When a carrier tape pocket 20 is moved past
the photo sensor without a device therein, the exposed
center hole allows the through beam to be picked up by
35 the emitter cone. Accordingly, the carrier tape drive
is prompted to move the carrier tape in the reverse
direction until the empty pocket is vertically aligned
with the device placement station. At this point, the



20 details of those rel ationships are necessary, reliance S
pl aced on that co-pendi ng application. The tape system

i ncl udes al"@%@%ﬁ%l tape drive 102 that draws car r*@&é&g&]; roma

supply ree y 104 and conveys the carrier rough a
device 25 “placenent station 106, several inspection stations, a

cover tape placenent station 108, and a-%heat seal station 110 to an
outfeed reel assenbly 112. Further, it includes a frame 114 whereon
the maj or asserRI9¥$Or is propptedpiint RIAGHE® devédAer b HheseBptY16 for

coordi nati ng 3Ccarrierhpowket ous operations of the tape positioning system

conbinat Lon of 111 ot on PEffbpateinbSchiISh, chose (oI QMg SEyioHe Y LNC
friction rol | erth@farrier tapg ppekebyigrraady) 39 beriealad i efniehR travel s
t hrough 35 pacamtape Sp bidex@ntO6tat Soe rngdjedovet heapav disi ng tape

128 fromreel i@reddiangpassin LBLRUGD. Nolle 360k: tape piakahbfl 110 where
the cover tape Is sealed to the carrier tage, arnd goes to its
destination on $8iop1308 includes a supply reel 130 that is mounted

overhead of the guide rails 146, 148.
Below the supply reel shaft, an idler roller

10 162 and a conventional vacuum manifold 164 are '
separately mounted to the support place. The coveér
tape travels from the supply reel 130, underneath the
idler roller 162 and over the vacuum manifold 164
before engaging the cover tape roller 166. The vacuum

15 manifold applies a constant drag on the cover tape '°
between the vacuum manifold 164 and the cover tape
roller 166. The cover tape is brought into engagement
with the carrier tape under roller 166 and covers the
pockets 20 in the carrier tape.

20 After the cover tape is applied over the
carrier tape, the carrier tape is conveyed to the heat
seal station 110. The heat seal mechanism is :
conventional and thus will not be described in detail.

The roller 124 is a take up roller. 1In the

25 preferred embodiment of the invention, the main drive
roller assembly 102 has the primary responsibility for
pushing the carrier tape, while the take-up drive
roller assembly 124 maintains tension on the carrier
tape. The take-up drive roller assembly is disposed

30 across the guide rails 146, 148 to near to the right
end of the module frame, feeding sealed carrier tape to
the outfeed reel assembly 112. .

The construction and arrangement of the take
up roller 124 and its associated parts is the same as

35 that at main drive roller 122, including the pressure
roller and pneumatic assembly to vary pressure between
the main roller and the pressure roller, and a stepper
motoxr to drive roller 124. For that reason, it will



Fig. 2 depicts one of several types of carrier tape 12 used in the
sem conduct or industry and adaptable for use in this system

Rect angul d devi ce pockets 20 are spaced uniformy along the
5 Ioné??ggﬁgél axis of the carrier tape 12. The poRKEY¥814618 - gre

di rensioned to fit with a particular sem conduct or devi ce and each
pocket includes a central test hole.223¢- The di stance between test
holes 22 is comonly referred to as the pitch 24 of the carrier
tape. 10 not be desynibachrin detatbe dlheorhistives apeeds obt
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provi ded by 15the cegzierpkaps @seiti Bassasodhdobgh tthe vemicenduct or device

user usi Bg t heomgyatdisag. hol es 14. To reduce the risk .of. damage to

t he sprocket holes, thi er. _positionjng., . System does. not use the
sprocket holes 14 to drl?‘\alée 189 €3 the Arawings, (Bigy, hlﬁ‘éﬂ%ﬁ nodul e. 20

In lieu of sprddi@PesPosktion ssosipgtsyatem 10 widH jopesasesttd riction
rollers at botdeterminBi théligoé@tion of car@likertdme 102nd the take-up drive,
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station to the Carrier tape B APhd TSP riven 25
by the igft r fiBased sprocket holes 14 provided along one or both -

edges 16 and 18 of the carrier tape 12. The sprocket

holes 14 can be used as a means for driving the carrier . :

tape 12. A plurality of pockets, such as pocket 20,

are positioned sequentially along the carrier tape 12, -
15 and are dimensioned to be complementary to devices that

are to be housed therein.

After devices have been housed in the pockets
20 of the carrier tape 12, the ultimate user of the «
devices typically will utilize the sprocket holes 14;as

20 " & means by which to move the carrier tape 12. To .
reduce or eliminate the risk of. damage to the sprocket
holes 14, it is preferable that the inspection and = = .-

handling system does not utilize the sprocket holes 14
as part of the drive system. Preferably, a friction

25 drive is utilized to move the carrier tape 12 through
the taper module of the inspection and handling system.
The friction drive will be described hereinafter.

In the present invention, to determine the

beginning of a pocket 20 of the carrier tape 12 and

30 thus the proper position of the tape and compartment, a
known fixed distance to advance the carrier tape 12
(corresponding to a set number of sprocket holes) is
preprogrammed such as in an encoder. This fixed
distance lies between the last sprocket hole (n) and

35 the second to last sprocket hole (n-1) adjacent to the
end of pocket 20, where n is the number of sprocket
holes corresponding to the spacing between pockets 20.



Referring to Fig. 3, a main drive roller 122 I S nmounted between a

pair of nounting bl ocks 132 near the left ends of the guide rails
146, 148. Wyl drive roller conprises a core pudRged onto a
drive 30 JB‘?:%@st 136 and has an outer |ayer 138 of ur e{lﬁé’rsle s

mat eri al . A pinch roller 140 is supported beneath

roll'er 122 and preferably is of the sama-general construction as
roller 122. A pneumatic assenbly 140 35 i s connected to the nount for
roller 140 and is Bperir iafe copvaptionale phetpesensruFloldown to vary
t he presercBet@car thd pasdiliry oFr ehersdfipd 8protkPnInAes 14  between

the rollers.
dﬁarrle% %Re 12 is a?vanced by t&ﬁjdfﬁgg system.

Drive shaft 136 |%1 epper h.a pull ey
syst em 142. ee °d1me‘E} SheamedngFide aPlsandeP2 0% @0 Fig. 5)
ext end fSom t hapairt \emdr al pecket? A enlgthudds tiod [Hetadde between four

of the sprocket holes 14. The number of sprocket: holes
14 passed by the photo sensors Pl and P2 is counted’ by
the encoder. Preferably, the carrier tape 12 is '
advanced rapidly ("jumped") by the drive system the

10 distance of the jump zone, n-1 sprocket holes. The
carrier tape 12 is then slowly advanced ("crept") by
the drive system until the .edge of the last sprocket
hole 14 (n) is reached. The photo sensors Pl and P2
are used to determine when the edge of the n** sprocket

15 hole 14 is reached to determine the end of the current
pocket 20, and accordingly, the beginning of the next
pocket 20, '

With reference to Fig. 2, the sprocket holes
are spaced on centers 2, in the preferred embodiment
20 - 4mm. There is a distance 4 between the leading and *
trailing edges of adjacent sprockets, that is leading
and trailing relative to the direction of travel of the
tape illustrated by arrow 6. In the preferred '
embodiment, the spacing between is equal to or less
25 than the distance 4. Specifically in this embodiment
the spacing 4 equals 2mm.
With reference to Fig. 2, a circuit schematic
of the tape position sensing system 10 is illustrated.
The circuit processes the information received from the
30 photo sensors Pl and P2 resulting from the detection of
the passing of sprocket holes 14. Specifically, the’
photo sensors Pl and P2 are electrically connected to
transistors Q1 and Q2. Each source of transistors Q1
and 02 is electrically connected to a conventicnal SR
35 flip-flop 30, through Schottky diodes D1 and D2. The
source of transistor Ql is electrically connected to
the "S8" input of SR flip-flop 30, and the source of
transistor Q2 is electrically connected to the "R"



5 The carrier tape 120 is shown entering the roller 122 and
exiting roller 124 but not between for clarity of il lustration of

the intervenin arts. The edges of the carrier aused to
travel snuﬁpﬁ”g\?& t he guide rails 146, 148 as i%@?@s%éﬁs\}%yed

t hrough the 10 devi ce placenent and inspection stations The center
hol e 22 of the individual pockets of tdwe-carrier tape I S mai ntained.
positioned directly above the centerline of the rail gap 144.

The precisor 200p¢sfivsRi fliptfiob 130nesEach Kirain pf gtr#sipteRft @k PNP

nmodul e is posi gh@nedlie grenngad, of the guide rails to the right of
the main drive roller

122 and over the rail.ga e precisor
pl aces devi ces i KP8™i Haf %ltﬁfgl oﬁoiﬁ%‘?’sngzg%lf)ggt%ee&é%:rsr ?gr t ape.
The precisor, €gteges faosprackefeicde Mirch skanadl £§ sept to engages tHe .
circgit dEYiCESrbﬂsigﬁdrnglvgﬁai{&ﬂﬂriprﬁipp 30, se&apﬁblﬁhaﬁflﬁp;enent,Ln_ongy
one direction.. t C i g t.r at in F,g. 5..
A tape posrtioﬁig r%ﬁﬂ' ggggn%$§ %é?%&g §5u%%é§}ld% Sﬂop%‘]éﬁgﬁ% ?%e front
guide rail 146dghects |3 sprogkeerhaled 145 a signad d8npPRE MY hereafter.

Referring agai eréfnsfdt@s Q2 and & M ipaflopadd, resettimpwhensdépbly 150 is
di sposed to th L ght, of..the . posi tJ se lw - 32 and:
t he devi ce plagéé%ht‘As.flEP §¥%§ﬁﬁhlfogétdéﬁéﬁ#%%g'tgﬁﬁi§§§%§ %% 7, the
hol d dowH 30 ©of dhe iy fiep indeddss hhe egncqsieForhishn INPXeRRAtE right

pi vot arm 154, aagfrécitd) GolleVBolrder 56 Th8adptscKedshebesl being -across. bot h

pi vot arms 1523d\1’§§ced -Ql% Bin\.{x%ecf‘rirﬁs tﬁg’manner.
Turning now to Fig. 9, the photo sensors Pl
and P2 are shown. A sensor assembly 32 is mounted

15 adjacent to a front guide rail 146 of the taper module.
The sensor assembly 32 supports the photo sensors Pl
and P2. Each photo sensor Pl and P2 typically includes
a beam element 36 and 38, and pick-up elements 40 and
42 opposed to elements 36 and 38, respectively. One:of

20 - the pick up elements 42 is visible in Fig. 10. When -
the carrier tape 12 is caused to move linearly along--
the rail guide 146, the series of sprocket holes 14--
pass directly between the beam elements 36 and 38 and
the pick-up elements 40 and 42.

25 The sensor assembly 32 is mounted
horizontally on an elongated support block 44 that
extends substantially into a slot on the front guide
rail 34. As illustrated, both photo sensors Pl and P2
are mounted on the same support block 44. However, it

30 is contemplated that each sensor Pl and P2 may be
supported separately and accordingly, the position of
each photo sensor Pl and P2 may be adjusted separately.
The support block 44 is mounted to a bracket via a ball
slide 46. By operating a rotatable dial 48, the

35 support block 44 may be secured to or loosened from the
bracket. A micrometer 50 is mounted on the left of the
support block 44 and engages the support block 44 with
a ball tip 46. Through adjustment of the micrometer



154 extend over the rear guide rail 148 and support the hol d down bar
156 directly over the rail gap 144. 35 The pivot arns 152, 154

are pivot connected to a nounting bl ock 158 ng 160.
The part ﬁ%#%mﬁﬁﬁn assenbly is biased such that the E%u&g?%@ﬂﬁ 154

pi vot downward and the hold down bar 156
- 8- rests down onto the carrier-X3ape. A leading or |eft end

of the hold do bar 156 ma be beveled so as to uard. agai nst the
hol d down bar tatcHisigalsrehePPRiddgnyot the sengax éPS?*a‘ng 32ndnhol d down
bar 156 typi cathg sisleof bhe fromy duidecaail e34 tmmyebpofives fuRedt he carrier

tape is conveyed yi 91 fored?Pa5les 20P] o hing LRI dpun -

bar on the carrker t rier

pocket s. stocell” detFEH%ra“da %Pof?ﬁ‘i’é?”sﬂﬁab@li‘ﬁ?hes f&é?rl cally 10
nmount ed tSo thefleﬁtm)msonlamatn&zecht "Q"| bsa0l ofset) everylitriset Byiabove the

rear guide rai bu1465 tah%r@."g@@@e&"tﬂ: ON when S¥{€NEadYRSE BehiiERUgN the
left pivot arnb} segggrs a sprocket hole 14. "Q" is OFF (reset)

every time R is ON. R is triggered or ON when the

lagging photocell P2 detects a sprocket hole 14. As

10 illustrated in Fig. 4, the leading photo sensor Pl is
turned ON at time t, when the second to last (n-1)
sprocket hole 14 is reached. This sets "Q" in the ON
position. "Q" is not reset until time t, when the
lagging photo sensor P2 is turned ON. "Q" remains in

15 the OFF position until time t,, when the photo sensor:
Pl is once again activated. This occurs when the
beginning of each sprocket hole is reached.
Accordingly, the pair of photo sensors Pl and P2
consistently detect each serial sprocket hole 14 up to

20 . the nth sprocket hole for a given pocket size. That

' is, it counts the sprocket holes passing the sensor.
Utilizing photo sensors Pl and P2 in this
manner eliminates any potential jitter problems that

may occur.

25 As the carrier tape 12 is advanced the
distance between sprocket holes n-1 and n, the carrier
tape 12 can move (i.e. jitter) backwards slightly, as
opposed to always moving forward. In such a case, if
the carrier tape 12 is advanced to just beyond the n-1I1

30 sprocket hole 14, and jitter forces the carrier tape 12
slightly backward, either photo sensor Pl or P2 may
count the n-1 sprocket twice.

However, by using the pair of photo sensors
Pl and P2 in tandem as disclosed in this invention,

35 both the leading edge and trailing edge of each
sprocket hole 14 must be encountered before allowing
the encoder to increment or decrement the sprocket hole
14 count. _Jitter does not move the carrier tape 12 so



is set to face the top surface of the front guide rail 148. The

proxi mter probe senses vertical displacenent 15 of the left pivot arm
152. We ated device prot rudes outward cket 20, the
hol d down ng 5 and the left pivot arm 152 aregép@ﬁﬁﬁggg upwar dl y
as the carrier tape passes underneath, thereby alarm ng t he
probe. In this event, the carrier tape-1#+4ve may 20 be pronpted to
reverse index the carrier pocket so that t he unseated device is
returned to th aﬁeg?%keﬁﬂqgcéﬁéhtbOth photgt aensnrs PAt andaf2 @¥ent, the

preci sor may phckiuﬂmbdt Accopdbogly] Bheghosfritad deYicget and repl enish the
carrier 1REEEREntMthia ?89&?@{, ql?é' %ﬁefgéor , the ?xl:l%cikepi‘: Hojd! Ny part

phot o sensor aiienbl% 16 nventional’ cons ron'13 pre?erably
the through- *% CCUedf thpecencodnrs 568a4NE AIWEAtRght of the hol d déwn bar

assenbly 150 and. directly overhead of the:rail gap 144 ~+and i'ncl.udes
a photo sensor 163 |ocated above rail gap 30 = 144 and emtter cone
assenbly (not shown) supported ° below the rail gap 144. °

When a carrier tape pocket 20 is noved past: - t he photo sensor wi thout
a device therein, the exposed center hole allows the through beamto
be picked up by 35 the emtter cone. Accordingly, the carrier tape
drive is pronpted to nove the carrier tape in the reverse

direction until the enpty pocket is vertically aligned with the

devi ce pl acenent station. At this point, the



-0-

stati ons,

precisor is pronpted to place a device in the enpty
carrier pocket. After passing through those testing
the carrier tape pocket is ready to be sealed In the

5

cover tapaVQEEAent station 108, = cover tape is CHUSBAAEY over the

pockets. ThE‘CQMELfLaﬁE‘prCenEnt

130 that is npunt

vacuum mani f ol d 1

cover
idler roller

station 108 includes a supply reel

e ad of 1 e guide rails 146, 148.
Bel ow t he supply ﬂﬂl \B““‘“ ﬂm“dl er I er 10 162 and a conventi onal
s Separagggmggnunted to the support place.
tape travels fromthe supply reel 130 under neat.h t he

162 and over the vacuun1nan|fold bef.ore engagi ng
the cover tape roller 186. ¥he® \2¥SHeR f87 °"ﬁ%ﬂ‘-’r Seyigps i'-%’é"a'“ const ant

The

drag on the coverrismpeape haviﬂng:ta/\qﬂmrtaﬂatyaoﬂmnmpantinehdslﬁﬂ and the cover

t ape 5

with the carrier tape un
the carrier taﬁ%@Pa tments are serially spaced along the longitu

10

15

20

25

30

35

rokgd dPGec E@@ec&?lfeoré %%gd' a gggghtwﬂé}tegneggi\gerrent

covers gockets 20 in

inal
axis of said tape, wherein said tape also includes a
plurality of sprocket holes serially spaced along &
line which is parallel to said longitudinal axis, and
wherein said tape is transported to a placement
position in which said devices are placed into said
compartments, the steps of '

positioning said compartments at said
placement position in two steps, a first step
positioning one of said compartments in the vicinity of
but not at the placement position and the second
subsequent step moving said compartment into said
placement. '

2. The system of claim 1 wherein at the end
of said first step said compartment is located,
relative to the travel of said tape to said placement
position, upstream of said placement position.

3. The system of claim 1 including the step
of transporting said tape by engaging the tape surfaces
and not the sprocket holes.

4. The system of claim 1 wherein

the distance between compartments corresponds
to a predetermined number of sprocket holes,

in said first step said tape is advanced a
distance corresponding to less than said predetermined
number of sprocket holes, and

in said second step said tape is advanced the
remaining number of said sprocket holes to totally
advance said tape the predetermined number of sprocket
holes.

This Sheet Has Been Replaced

T




20 After the cover tape is applied over the carrier

tape, the carrier tapeis conveyed to the heat seal station 110.
The heat seal nechani it R \‘\\““nventional and thus will not be

descri bedWOoeRas R | r‘)ﬂg‘“\%“‘““‘ The roller 124 i SPFY L6 rol | er.
In the 25 - prefer cenbodf ment *of the invention, the main drive '
roll er assenbly 102 has the primry rgfgpnsibility for pushi ng the
carrier tape, while the take-up drive ~ rol'ler assenbly 124 maint ai ns

tension on the carrier s, The épddem D chakf-apifHliveEngothersggsenbly is

di sposed 30 he guide rails 146 8 10 near e right

end of the m85|,§8\5{?’°31§‘é tggeg‘lnﬁ%eltseozﬁ 58”85}‘?%3’%" ezic‘pea%gnag é{]n t he outfeed
reel assenbl yS3ig first and second steffe construction and arrangenent of the

t ake up roller 124 and its associated parts is the sane as 35 t hat

at main grive roller 1722, i ugli uy. s Il er and
pneunat igci assenbly to \?fzziry gﬁ%s%kﬁ%“ﬁgﬁmggﬁﬁ {%herteﬁg FTé.IQn roller and the
pressure roll F?t%éﬁFz??§ﬁ@ﬁﬁe?°mpartme“ﬁ§tSPIFQﬁRﬂﬂdﬁetPoPLer 124. For that = -

reason, it w pkedetermined number of sprocket holes and including
the steps of .
controlling the transport of said tape by
190 counting the passage of sprocket holes past a
preselected area in the path of travel of said tape,
effecting the end of said first step when
less than all of said predetermined number of sprocket
holes have passed said preselected area, and
15 effecting the end of said second step when
all of said predetermined number of sprocket holes have
passed said preselected area. '

7. The system of claim 6 wherein the
20 " predetermined number of Sprockét holes is n and the end
of said first step is effected when n-1 sprocket ‘holes
have passed said preselected area.

8. The system of claim 7 wherein at the end
25 of said first step said compartment is located,
relative to the travel of said tape to said placement
position, upstream of said placement position.

9. The system of claim 8 including the step
30 of transporting said tape by engaging the tape surfaces
and not the sprocket holes.

-
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-//
-10- not be described i \\ﬁi | . The relative speeds of
rotation of the roll efses % re controlled in a conventi onal
manner to maintaint*- "RSI bn on t he carri%r %&&as it
passes t W8HKRBhe v oper ati ons. PCT/US eferring to
the drawings, Fig. 2 illustrates a tape position sensing system 10
whi ch operates to determ ne theiposition of carrier tape 102.
The carrier tape 12 has a series of uniformy 10 spaced sprocket hol es

14 provi ded al ong one d0.boThe system edgedail Hnkhcl@iddfgt hhecarrier tape
12. The sprockebps of hol es 14 can be used as a neans for driving the

carrier tape 12.., A plurality of .pockets, such as.pgcket_20,

are positioned sequent il&ngcg?%%&’¥%€r¢§P¥F§f°?a éeJ 3 ,?t’i‘%g EIS;__,%‘md are
di mensi oned t gopaximpitedennatyeany afewieddsplacement posigieng AR housed
therein.s in rébpEhsdad Gegehave besly kikpadced ileapockets

20 of the carrjier_tape 12 the. ultinmate uset of the . | ££S
typically wl Foﬁf’?f?@eenﬁ ﬁ?vsﬁﬁ?ﬁkeﬁh%&%‘ggcgﬁo%st?gvel Ofasﬁégggé% which to
nove the carrigdf reperning syad tape to s@ddepdacemsentt PESAtiAB-ri sk of . damage
to the sprocket holes 14, it is preferable that the inspection and

handl i ng system does nat, ut|lize the sprocket hole % . as part of
the drive system Pr efeleibl !’easjfsﬁe& id%;]cggm 5' Jd}clslve g EP?I] zed to nove
the car¥9er t&ber320f hr ough the taper nodule of the inspection and

handl i ng system transporting a cover tape into overlapping
relationship with said carrier tape downstream of said
placement position,
and engaging said cover tape with said
15 carrier tape and sealing said cover tape to said
carrier tape to close said compartment.

12. The system of claim 1 wherein said tape
compartment has a base and upstanding side walls

20 extending from said base to a surface of said tape and
a hole is provided in said base and including the steps
of '

inspecting said compartment through said hole
after operation to place a device in said compartment,
25 and
in response to said inspection determining
that there is no device in one of said compartments
reversing the direction of transport of said tape and
returning said one of said compartments to said
30 placement position.
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The friction drive will be described hereinafter. In the
present invention, to determ ne the begi nni ng of

carrier tagpe 12 and 30 t hus the proper position of the :
conpart nen 0 9903733 known fixed distance to advance thel aiﬁﬂﬁ? mm
* C

(corresponding to a set nunmber of sprocket holes) is

such as in an encoder. This fixed —~igdi stance |lies between the |ast
sprocket hole (n) and 35 the second to | ast sprocket hole (n-1) adjacent
to the end of pocRét 2Dn atmyrstem ifort headinmgpeevitespimtket

hol es correspofbN@ing ah8otPEE | ¥ dashWeSN: kelvingOa p1 ;
-11- ' [ g?? hotg%sgngo?gfﬁifyénd

£ tﬁ I r_of_ caqnvention .

P2 detect the Pass g o eﬁﬁ% er? A28 FBcketehet @0e18T said 45 the carrier
tape 12 is advafeiepsypndhwheréeire saist epmpartments arehseebdbid ment shown in
Fig. 1, Bl andspiced @130 tRe londRAWinaDdafi PUKehikepghd, i s the distance
bet ween four her.io%aﬁgetg rockg} hol es _14. The ngnber qz sprocket hol es
14 passed by the_ phot 0 sensors P R§5p2 PLut e gtpgprocket - - - -

holes serially spaced along a .line which is parallel to

said longitudinal axis, and including a drive for

transporting said tape to a placement position in which
10 said devices are placed into said compartments, the.

combination comprising,

a sensor positioned in the path of movement

of said sprocket holes and operatively connected to and

controlling said drive,
15 said sensor responding to the passage of a

sprocket hole and de-energizing said drive in response

to the passage of said sprocket holes to position one

of said compartments in a predetermined location.

20 14, The system of claim 13 wherein
the distance between compartments corresponds
to a predetermined number of sprocket holes,
said sensor de-energizes said drive when less
than the predetermined number of sprocket holes passes
25 said sensor,
said drive is re-energized, and
said sensor again de-energizes when the
number of sprocket holes remaining in said
predetermined number are sensed by said sensor.

30 .
15. The system of claim 14 wherein said
sensor includes
first and second sensing devices spaced one
from the other in the direction of travel of said tape,
35 and

said first and second sensing device respond
to the passage of, relative to direction of tape

travel, a leadins-edge of a sprocket hole.
PRI A :

J—
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t he encoder. Preferably, the carrier tape 12 is advanced rapidly
("junped") by the drive systemthe 10 di stance of the junp zone, n-1
sprocket holes. The. carrier tape 12 is then slowy advanced

(" crept " )WQPs/03733 the drive systemuntil the edge of”“’“”Mi"ﬂﬂﬂlmwet
hole 14 (n) 7is reached. The photo sensors P1 and P2 ) |

determ ne when the edge of the n[err]g §_procket 15 hol € 14 i% r¥eached to

determ ne the end of the current pocket 20, and accordingly, the
begi nning of the next 1e. TheoHkHem’df claim 15 wherein Wth reference to

Fig. 2, the spr ocket hgliefﬁ s%rocketaéx l@gagggﬁ%é%%géﬁg?ﬁeal in the preferred

enbodi nent 20 stance eadi ng and
trailing edgeglé?a‘mﬂ deepbdsprockets, that is |eading and trailing
relative to the directisaiadofitén\tld @ecbh@ sensing depeceslasdérated by arrow
6. Int pre 'a the spacing between is equal to or

| ess 25@ Eg&‘}f{é e Egi tt gtﬁggg eC| ‘fically in'this enbodi nent

t he spacing 4 equals 2 : Wth reference to"kkg. 2, a
circuit schematic 7). oftn@esltsa:;m pdsclabdn BERMergifaystem 10 is
illustrated. r d fromthe
30 phot o iensors P giﬁdgngresucd?ﬁsgaf{)g%%%Isqé’gae%?ﬂ%%gg%ébe t he
passing of sprBtkede fopadriaf sepsing |ef],-&F‘P§?'=St [Re sensingnelemeldnsors Pl

and P2 Xre el positiaiddy onoanecséixik tof said tape sl ther se€indind Q2. Each

source of tragsj %f%%lg?“e La%g % S %e 2l - en ed to a
conventi onal %% s ??81 he ﬁh tﬁ %k{mtt y d?odes 1 and D2.
The tape so that Sald tape sprockets pass between said

pairs of sensing elements.
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source of transistor QL is electrically connected to the "S" input

of SRflip-flop 30, and the source of transistor Q2 is electrically
connected to the "R’ . -12-
i nput of 3f@BWP3f| op 30. Each drain of transistors QL PCT/USIsamsis Q2 i s
gr ounded. - When the first or |eading photo sensors Pl
detects a sprocket hole 14, a sighdl is sent to 5 transistor QL and to
flip-flop 30, setting the flip- flop 30. When the second or trailing
phot o sensors P2 detects a cket hole 14, a signal is sent to
transistor @ and to flip-flg ,_res ing the flip- flop. As flip
flop 30 is set and reset, t "Q.eutput Y0  of the flip flop is fed to
t he encoder which increnenys ,# a sprodket hol e counter. The sprocket
hol es bei ng advancegd € Teuried y n, 4his manner.
Turning now to Fig. 9, the¢ phbtqg sgnsff?TPi o and P2 are shown. A
sensor assenbly 32 is nmoufte *}'57~5 E e :
AN _/
\@\ ::: \\ —:_:/ .
N == “: T /
ERE =
©) T X
- & X
S S —
N e IRy \Ealeyl =
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15

sensor (E‘

pi ck-up elenen 240 and
respectively. One of 20
When
rail

gui de 146, the series

42. 25
on an el ongated support
sl ot on the front QUIde_

adj acent to a front guide rai
sensor assenbly 32 supports the photo sensors Pl
typically includes

42

t he p 5 up elenments 42 is visible in Fig.
the carrier tape 12 is caused to nove linearly al ong

of sprocket hol¥ég ¥
bet ween t he beam el enentsf36 and 38 and

nodul e. The
and P2. Each photo
a beam el enent 36 and 38, and
opposed to el ements 38CA§B4g618

146 of the taper

10.

t he
pass directly

t he pick-up elenments 40 and

P1 and P2
.

is contenpl ate
separately and
P2 may be adj usted separ:tely
bracket via a ball

—

slide 46. By operatin

Theps ‘@Zsor assenbl y A nount ed hori zontal |y
0 44 DAt ex stantially into a
ile 34. As Y I ustrated, jpboth photo sensors
ated on 1 Sanme supporjt ¥l ock 44. However, it 30
iep/sensor P1 and P2 nay |be support ed
¢l y, the position of each jphoto sensor Pl and

rt block 44 is nounted to a

g g otatableznlal 48, the -

The suppc

35 support bl ock 44 may be secured tog go S
bracket. A mcroneter 504 s nounted on the | eft} of the support bl ock
44 and engages the supporjt block 44 with- a ball t§p.46. Through

adj ustment_ of the mcro

2z

pz R4

0

Pz FPZ
L u/f; , 20
- 24
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N
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/
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-13- 50, the lateral
the slot of the front guide rail 34 may be fine turied.
Wth reference to Fig. 4, a timng diagram of phot
its relatiVWAMBP3with the flip- 5
(set) every tine Sis ON

39

position of the sensor assenbly 32 in

ocell detection and

flop 30 is illustPETREI4EE s ON
Is triggered or ON when the |eading

phot o sensor P1 sensors a ocket hole 14. "Q' is OFF (reset)
every time Ris ON. Ris triggered en the | aggi ng phot ocel |
P2 detects a sprochqt ho 14. As 1 - illus Fig. 4, the |eading
photo sensor Pl i sW~¢ [ UFned at tinme.t[err] when ghe second to | ast
(n-1) spr ocKet Lel TAT5Trached. ThiS=ets "Q jn the ON
position. "Q'sjs not kgsedfjuntil tijme t[err]=when e | aggi ng phot o
sensor P2 is tyyQe — mains in 15 T tHeNPFF position until tine
t[err], when the t@%aento Pl is once agaifm acfivated. This
occurs when the X Heg) nif of leach sprocket fple_ ik reached.
Accordingly, the p ot ens and P2{rM=consi stently detect
each serial spregk Lo~ =0 ‘ ket hole for a given
pocket size. THhy l NG | aquis |4 J rogkpt hades pagssing the
sensor. N [ I :i -1 K %f |
l | i T E R
§ l ! .' \_
!
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Utilizing photo sensors P1 and P2 in this manner elim nates any

potential jitter problens that may occur. 25 As the
carrier tape 12 is advanced the di stance between sprocket holes n-1
and n, the ¥Rr¥e3 tape 12 can nove (i.e. jitter) PCTOISORM46ES
slightly, as’ opposed to al ways ving forward. In such a case, if
the carrier tape 12 is advanced to just’ beyond the n-1 30 sprocket hole
14, and jitter forces the carrier tape 12 slightly backward, either
photo sensor Pl or P2 may cougd the n-1 sprocket tw ce.
However, by using the pair of phot rs P1 and P2 in tandem as
disclosed in this invention, 35%—49 R t he \§eadi ng edge and trailing edge
of each sprocket hole 14™Mu bed ncodﬁtered before all ow ng
t he encoder to increnmen{_gQr_decre hol e ‘ 14 count.
Jitter does not nove thejcarrl apeH12: : .
-14- far back such that|Both 5 S d P2 are™

O o= -
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activated. Accordingly, slight jitter will not increnent the counter, and
therefore, the sprocket hole 14 count of the encoder remains accurate.

1. A tape position sensing systemfor use in the taper nodule of a pick
and pl ace W@$#BBM t he sensing system conpri sing: PCT/USISR441B | er t ape
havi ng a | ongi tudi nal axis and i ncl udi ng a plurality of

conmpartnment sized to receive one s¥Hi conductor device each, each
conpartnment having a center point, the conpartnment being serially spaced
along the Ilongitudinal axis of the tape, the distance between center

poi nts of successive conpartnents defining a tape pitch, and
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a plurality of equally sized sprocket holes uniformy spaced along a |line
which is parallel to the longitudinal axis, the distance between
successi veysRbpniket holes defining a hole pitch, which is constant
relative to the tape pitch; two signal - produci ndFIHP¥ 61 oupl es
nount ed adj acent the plurality of ocket holes such that the optical
couplers directly detect the passa%@r of the sprocket holes, the optical
coupl enms bei ng spaced apart from each other a fixed distance snaller than
the hole pitch; and a signal processor for intercepting signals
fromthe optical couplers, thereby neasuring g d ual carrier tape novenent.
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2.
pl ace

A nmethod for sensing tape position in the taper nodule of a pick and
system the nethod conprising: providing a carrier tape
i ncl udi ng plurality and a plurality of equally si zed sprocket hol es
equal |y sh&?@ﬂmgﬁbng a line, the distance between succefSNHB%MWi¥ket hol es
defining a hole pitch: pz;%tioning two optical couplers adjacent
the plurality of sprocket hol es ahd’ spaced apart fromeach other at a
fixed distance different fromthe hole pitch; directly detecting
t he spocket holes with the optical couplers to prodgge signals; and
interpreting the signals in a signal processor to d&yerm ne the actual

direction and distance of carrier e travel . 3. The tape
RO cr opr ocermh “coupl ed £ f'@}ii céfféﬁhﬁg?i. B A nel udes
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4. The tape position sensing systemof -claimb5, r%i nthe

m &roprocessor is programred to determ ne tape movenehf AT 2& B a0
actual tape conpartnent position. Y The t ape&olsiat icoW Y
sensing systemof claimb5, wherein the nicroprocessor is progfanmedit o

a2, “ner AVIPRAIREIMRITL: C2, | EvEmEd SEET > o1 &6 et nes

produci ng a sighal® cdnt &i nf ng* a uni que og8 ¢ sequence. corresponding to
actual tape novenent direction. ‘ .
- 17 - 7. The met hod of claim2, wherein the act of

[t or pret Che S5 ghal o O e e ey oo mplce
system, the seusing system comp-ising ;-
aca:dc:tagehavingalongﬁnﬁiﬁﬁ axig and including

a phurality of compartments sx;zed 3 recsive ane semiconductor devics each, each
compartment having a center point, the compartmants being serially spaced along the
longitudinal axis of the tape, the distance between center poimx of szccessive compartments
defining a tape pitch, md _ . '

a phuality of equally sized sprccksthol';s uniformaly sp;sced along & line which is

-

parallel fo the longitudinal axis, the distance between successive sprocket holes dsfining & hole
pitch, which is constant relstive to the tape pitch;

two signal-producing optizal couplers mounted adjacent the pIuraﬁiy of sprocket hples
such that the optical couplers directly detect the passaéa of the sprocket holes, the optical
couplers being spaced apart from each other a fixed distance smaller than the hole pitch; and

u signal processor for intecpreting signals from the optical couplers, thereby measuring

actual carrier tape movement.
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8. . The nethod of claim2, wherein the tape incl udes a pI urallt of tape
comﬁartments and wherein the ac of interpreti ng |ncI u,df.s,H{“r‘I”T’l ng a

m croprocessor to determ ne the actual pQSItI selec
canpart nment. 9. A tape position sen se in the
taper nodul e of a pick and pl ace system’ the s cenpr|5|ng

a carrier tape having a longitudinal axis and inc mang

a plurality of conpartment sized to receive one seniconductors device each
each conpartment having a center point, the conpartnents being serially

spaced al ong the | ongi tudi nal axis oOfl& he tape, the distance between
poi nts of succegsive,co rtnents deflnlng a tape_ pitch, and
a plurality of ual‘i&;’m@a posion.da the tapeoRede of sk rnd PRy a 1 ne
which is ar al o,the ] ogi tud| nal "axi s, the distance between
successi ve’gﬁﬁ%ﬁt‘f COPERInE ng a hol e pi tch which is substantislly
constant relative o the tape pltch :
providing a carrier tape itcluding a phurality of compartments and aplnrahty of equally
sized sprocket holes equally spaced along a line, the distance between succeasive sprocket holes
defining a hole pitch; |
positioning two optical ccuplers adjacent the plurality of sprocket holes and spaced apart
from each other at a fixed distance different ﬁ'cmﬁxe hols'pitch;
d::ecﬂydetecungthespmcketholawxmmeopumdcouplersmpmdnccagnﬂs and
mwmgmemgxﬂsmamgnﬂpmcmbdztemethemmmcnmand

distance of carrier tape travel,

3. The tape position sensing system of claim 1, wherein the signal processor

includes a microprocessor coupled to the optical couplers.

4.  The tape position neosing system of claim 5, wherein the microprocessor is
programmed to defermine tape movement direction and actual tape compartment position.

5. Thetapeposition:wnsingsystanofclaiins, wherain the microprocessor is
programmed to generate an index pulse for homing the tape.

6.  Themethod of clzim 2, wherein the act of detecting the sprockst holes inclndes
producing a signal contzining & mique logie sequeice correspending to actual tape movement
direction,
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twp signal - produci ng optical couplers mounted adumﬂmuutmmum ,_Il ty of

sprocket hgles,. such that the optical couplers e passage
of "t he sprocket hol es, the optlcal cou }ers bei ng spe‘{ce ai)ar*t from each
other a fixed di stance different fromtheé/ hole pitch; and “a signal

processor for irfterpfts m@ﬂé¢@hm§,wm&hwoﬁmm@@ eby

measuring actual carrier tape novenefht. 10. - The t ape p05|t|on
sensi ng syWMtMHMMQMPMMr further conprises
a mcroprocessor coupled to the optical ‘coupl ers. 11. The tape

position sensing sysemof claim 14, -whereih the m croprocessor S
programmed to determ ne tape m)vement direction and actual tape conpartnment.

o' The tape posi t1on Saneing. Syarem o T B AP o tne
M Cr Opr 0C e g8 Mbarkriients, and whersin the a:t afm:e:preung includes utilizing 2 microprocessor to
determine the actual position of a selected tape comnpartment.
9. A tape position sensing aystém forusehthempamdmcofapick aﬁdplace
system, the sensing system comprising: ] -
a camertapehavmgalmgm!dmal axis and mchxd.mg
a plurality of comyartments sized to recerve one semiconductor device each, each
compartment having a center poiit, the compartmanm being serially spaced along the '
longitndinal axis of the tape, the distance between center points of successive eompartmenté
defining a tape pitch, and
a plurality of equally sized sprocket holes uniformly spaced along a line which is
parallel to the longitndinal axis, the dxstancebetwrxn successive @imcketholcs defining a hole
pitch which is substantially constant relative to the tape pitch;
two signal-producing optical couplers mounted adfacent the plurality of sprocket holes
such that the optical couplers directly detect the passage of the sprocket holes, the optical
cauplers being spaced apart from each other 2 fixed distanice different from the hols pitch; and
2 signal processor for intarpreting signals from the optical couplers, thercby measuring

uctus] carrier tape movement,

10.  The tape position nensing system of claim 11, wherein the signal processar further

compriscs a muicroprocessor coupled to the optical couplers.

11, Thcmpcposiﬁonmshgsystemofdaﬁnl4,whaeinthemicmpmccssoris

programmed to determine tape movement direction and actual taps mfgem position.
REPLACEMENT SHEET
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programmed to generate an indext: pulse for, hom ng he ta

132 The method of claim 2, wherein the act of de ,M "m ,mme
detecting whether a first sprocket hol e is present of t he
opti cal coupl ers and producing a first8&ignal correspondl ng td the

présence or absed@e oThetam gokitio sensingSystera l6€élaiOl 4 Sherein the microprocessor is
detecti ng whet her a second sprocket ~hele is present over a sécond one of

t he opti cmmmmﬁﬁ@%gﬁmﬁg@gﬁegnal correspondl ng to the
presence or absence of the second sprocket hol e; storing

the first and second signal; -~ after detecting whether the
first and second sprocket holes-are.present or absent over the optical

ggtjglcterngo\\:\LQ?hEr theeﬂﬁ r@spc%igkzé“ﬁm?e 'S g‘:“&%ﬁﬁ%@ h'tehet a1|?ie’rst one of
Itotlgsce)g::;cglr coupl ers @&gm%ﬁ% n&sta ngketfu'arSt 1_gslmg;tnal c&gresg&rﬂgll ng to the
mnplmandpmcmgaﬁrs!mgna!mwpondmgm&:epmmcorabsemcoﬁheﬁm
sprocket hole;
detectinng whether a second sprocket hiole is present over a second ans of the
opﬁ@lmlmmdm@cbgasmndgignﬂmonﬂhgmmpmme«absmmofmc
second sprocket hole; B '
storing the fivst and second signal; -
after deteoting whither the fist and second sprocket holes ars preseat o sbeeat
over the optical couplers, moving the tape;
after moving the {ape, detpeting whisther the first sprocket hole is present over the
first one of the optical couplets andpm;lucing a..ne‘é-vﬁ-rstsignzl cotresponding to the presance or
absence of the first sprocket hole; |
dciecﬁhg whather the second sprocket gole is present over the second one of the
optical couplers and producing a tew second mgmal carresponding to the presence or absmce of .
the second sprocket hole; and
compming&eﬁrstandsecondstored:sigmlmthcnewﬁﬁtandnewmnd
signal to detenmine actual tape mivement and direction. ' '
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absence of . the f"‘%‘s.t sprodcket hol e; j paic %g}; gt i ng whet her the
second sprocket hole is present over the second (gné“‘"o' “thoglt i cal coupl es
and produci ng w second signal corresponding to the pr\@iHge or absence
of the seconPaGﬁfocket h3PEP AL, PROFERTY ORGANIZATION: h iyar i SY8#¥ t he first and
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(34) Tide: POSITION SENSING SYSTEM FOR AN INSPECTION AND HANDLING SYSTEM

(57) Abstract

A drive for a carrier tape (12) used in conjunction with a pick and place module (200) of 8 machine for inspecting and handling
advances the ¢arsier tape (12) to its desired position in two steps. Using the number of sprocket holes (14) between compartments (20)
in the tape {12) {» boles), the first step is n~1 sprocket holes (14). The second step takes the carrler tape (12) the remaining distance to
complete the Advance to the distance equal to # sprocket holes (14), The tape (12) is driven by friction rollers (122, 124) not by means
of the sprocket holes (14). The presence of a device in a compartment (20) and its proper positioning in the compartment (20) is also
inspected. :




