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SLOTS IN RESILIENT MASK OF MINIATURE COMPONENT CARRIER
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Backaround of the Invention

[0004] Computers and other electronic equipment are becoming more powerful
and can perform a wider range of tasks. To prevent growth in the sizes of the
computers and other electronic equipment and operate them at higher speeds, the
electronic circuits use miniature electronic components in high density packing
arrangements. One such miniature electronic component, a solid state capacitor, is
a tiny rectangular “chip” that is smaller than a grain of rice. Fig. 1 shows a capacitor
chip 10 that has a solid enclosed body 12 of square or rectangular cross section and
made of ceramic or other dielectric material. Capacitor chip 10 contains within body
12 multiple spaced-apart metal plates (not shown). One terminal end of each of
alternate metal plates is connected to the exterior of body 12 and is adapted by a
metallizing process to form a pair of spaced-apart mutually opposed electronic
contact surfaces or ends 14. One or more of the contact surfaces 14 of chip
capacitor 10 are striped with a solderable paste that is dried and then fired to

produce surfaces that later can be soldered directly onto a circuit board. U.S. Patent
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produce surfaces that later can be soldered directly onto a circuit board.

U.S. Patent 1 23 MARCH 2007 No. 5,226,382 describes a machine for

placing a stripe or trace of solderable paste on surfaces of a chip and

drying the paste so that the paste can later be fired. This machine uség\RCH 2007
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paste s(}rtlpgé B??g rgg&gésr ﬁ%%%@%s{gergn\évdl r(])r(la )g[r(%mlﬁl’[ board 32. The width of each
stripe 22 is typically set at 0.38 £ 0.18 mm (0.015 = 0.007 in), with 2 0.3 £ 0.18 mm
(0.012 £ 0.007 in) turn-down edge at the end of each stripe along the adjacent wall
as shown on top and bottom surfaces 24 in Fig. 2A. As with other chip components,
after the paste is applied, it is subjected to a heat-drying cycle to set the paste and
thereafter to a firing cycle to fuse the paste on array chip 20.

[0007] The small size of a chip and the small differences between its width and
height dimensions raise the importance of handling the chip and its insertion into the
mask of a carrier belt or tape. The multiple stripes are placed on only the
appropriate circuit board surfaces, and their placement is accomplished with extreme
accuracy. Splashing of the paste onto other surfaces of the chip would provide a site
for a short circuit and thereby significantly degrade electronic equipment function.
Accordingly, a feed device places the chip onto the carrier tape in a correct position

and location, and the chip is handled correctly so that the appropriate surface is



accuracy. Splashing of the paste onto other surfaces of the chip would
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with precise dimensions are difficult to form. The array chip component is held in the
slot under compression by an interference fit. A 0.05 mm (0.002 in) desired
interference fit nominally requires a £0.025 mm (£0.001 in) slot opening tolerance
range. For example, a 5.1 mm (0.20 in) thick array chip component typically requires
a 0.43-0.48 mm (0.017-0.019 in) slot opening. A less than a —0.025 mm (—0.001 in)
slot opening width tolerance results in a slot that is too tight, causing the silicone
rubber nubs of the slot opening to deflect (rather than compress) and thereby cant
the array chip component held in the slot. A slot opening width of greater than
0.025 mm (0.001 in) lets the component fall out of the belt.
[0011] The use of precision moldings typically provides a 25 percent initial yield in
dimensionally accurate slot openings, and the belt needs to be reworked to increase
the yield to a 65-80 percent nominal yield benchmark. Yield represents the number

of chip components that remain in their associated slot openings during processing.



rubber nubs of the slot opening to deflect (rather than compress) and

thereby cant the array chip component held in the slot. A slot opening

width of greater than 0.025 mm (0.001 in) lets the component fall out of
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silicone rubber, at the UV laser ablation wavelength region (shorter than about

400 nm) is insufficiently strong to cut slots at commercially acceptable throughput
rates. To overcome this drawback, the method entails introducing a light absorptivity
enhancement material into the silicone rubber to form a flexible support blank that
operationally adequately absorbs light within a laser ablation wavelength region and
using a UV laser beam to cut the slots. Iron oxide or titanium dioxide is a preferred
dye dopant functioning as a light absorptivity enhancement material.

[0015] A beam positioner receives commands from a controller programmed to
cause the laser beam to cut into the mask multiple slots with repeatable, precise
dimensions. Each of the slots cut has opposed side margins that define between
them a slot opening of suitable shape to receive a miniature component and to exert
on it optimal holding and release forces. Slot openings of different shapes are used
to accommodate miniature components having different configurations. A

programmable controller can improve yield by processing slot opening dimensions
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enhancement material into the silicone rubber to form a flexible support

blank that operationally adequately absorbs light within a laser ablation
wavelength region and using a UV laser beam to cut the slots. Iron oxide
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0017] Additional opjects and advantages of this jnvention will be apparent.
the RlRIvG A5IBIHG RSP BB SRS S bR GREsy Wit
refevénicd 1 deeedeonipurgfiergdeaviintdie accompanying drawings. [0018]

Additignal aspects and agyantages.of this invention will be apparent from

the fo%@%&@@@@%&ﬁ ferred embodiments, which
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the Prawings [0019] Fig. 1.is an enlarged isometric pictorial view of
100 A B3] A SR GO 5 ORE] Usgiagd
pass$jEcedinpegTate dr prRSVENto Tpmieenith avkic citiecoates with solderable

ste. [0021] Fig. 2B is an enlarged isometric pictorial yiew of the array _.
10021} o ZEnS A G =SS SYelosrl iR g he array eric of Fig. 24

mounted on a surface of a circuit board.

[0022] Fig. 3 is a fragmentary top plan view of a component carrier tape in which
a series of apertures carries masks that hold chip components.

[0023] Fig. 4 is a fragmentary plan view showing a carrier tape having a variety of
different apertures.

[0024] Fig. 5 is a fragmentary isometric view of a carrier tape carrying masks that
are formed over the apertures.

[0025] Fig. 6 is a sectional view of the carrier tape and masks taken along lines
6--6 in Fig. 5.

[0026] Fig. 7 is a fragmentary isometric view of an exemplary pattern of apertures
formed through the masks of Fig. 6 for carrying chip components.

[0027] Fig. 8A is a plan view of an alternative type of carrier tape to that of the
carrier tape of Fig. 3, and Fig. 8B is an enlarged fragmentary view of the component
holding apertures in the mask strips of the carrier tape of Fig. 8A.

[0028] Fig. 9A is a plan view of an over-mold or over-coat type of carrier tape,

and Fig. 9B is an enlarged sectional view taken along lines 9B--9B of Fig. 9A.
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[0022] Fig. 3 is a fragmentary top plan view of a component carrier tape in

which a series of apertures carries masks that hold chip components.

[0023] Fig. 4 is a fragmentary plan view showing a carrier tape having a

variety of different apertures. [0024] Fig. 5 is a fragmentary isometric $&{ARCH 2007
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[0025] Fig. 6 is a sectional view of the carrier tape and masks taken along
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carrying chip components. [00279 Fig. 8A is a plan view of an alternative

madG R BFCaiRATEINHR R POPERET 4AYRBFbe of Fig. 3, and Fig. 8B is an
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mask strips of the carrier tape of Fig. 8A. [OOZSJHE;%. 9A is a plan view of
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carrRrdgppigiadiat\éeysof an endless carrier tape routed around two
spaced-apart sets of stacked spools and made in accordance with the
10038 e AR So ATET 1P 14 G oaalS & A Sbig Shaps are out
and Wayelamtb dhecpipdicldrarsimissine cluvesitss neshedively: silleooeFig. 14A.
rubber nd,FiIic ne rubber %fJg,ed withdrﬁr&_&xi e. [r(])031] Figs. 13A and
13B, af éc‘:t?éfp ES'C'“"?LlO&au.aFﬁfQHB 9 l,Jn?:e'..t§\/hich slots of a dog
[0038]ne crrigowsli&)m;a@ﬁ mmtsamhmﬁoi@éi@d mmeeﬁrn)médmrﬁfﬂwalfww metal
tape and its slots. [0032] Fig. 14A shows a carrier tape in whjc ts.0
(e AT e BT 51 EAG L 1 BRld SRAH BRLED oS mm
(0.06Bin)nHiok eadiabtanesof Eig.(247in Deidded Bes Gipioof efinPatdiesd” variety in
bodiments [0033] Fig. 3,shows an endless component carrier in, the
that RS2 RESIRTRLRL ST B br S Srat] BPOUIAr SRl SOLRAIP NeeRae
sprdd@éﬁ&v&@@ll@)b&_t&tebnaﬁéaonmp@d&'éihg thitioasdablowscdb seriiediim)
U.S}Aﬁda?'egtaﬂ%.ﬁgéi’gﬁ%%. elngé%sgo\{g rc'i%tf){r{gd by spaced-apart mutually parallel

side margins 52 and 54 and includes a series of pilot or sprocket holes 56 that serve

uraoalrtic

as drive perforations to receive drive stubs of drive sprocket wheels (not shown).
Sprocket holes 56 are disposed adjacent at least one and preferably both of side
margins 52 and 54 and are uniformly spaced along the length of tape 50.

Fig. 4 shows tape 50 formed with a variety of apertures of different shapes into which
a mask can be inserted. Multiple first apertures 60 formed in discrete patterns are
spaced uniformly along the length of tape 50, preferably positioned intermediate of
side margins 52 and 54. Apertures 60 may be a series of closely spaced round
holes as shown in Fig. 3, a series of elongated rectangular openings as shown in the
end portions of Fig. 4, or a series of elongated openings in repeated patterns in a
side-by-side arrangement as shown in the center portion of Fig. 4. In a configuration
of other than round holes, apertures 60 are generally defined by a pair of
spaced-apart elongated side edges 62 terminated by a pair of short-end edges 64.
Each of apertures 60 receives a mask 66 that is of a size and shape to remain fixed
to tape 50 and carry multiple chip components. “Mask” is the term used in the art to

define an element made of silicone rubber or other resilient material that surrounds
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that it has no beginning or end but is maneuvered about a series of

pulleys and sprocket wheels between various processing stations such as
described in U.S. Patent No. 5,226,382. Tape 50 is defined by

spaced-apart mutually parallel side margins 52 and 54 and includes &3 MARCH 2007
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receive drive stubs of drive sprocket wheels (not shown). Sprocket holes

TheqIpaseYdBag'aaRISIR RIQVILS BrREARIANIFLRERIBPIE BN SiiaWaAligdiRgider in
whidr2 2605 ¢anp@ie el seagriaanadkedenathtré tor88s biométallizing its

shows tape 50 formed with a variety of airjz)ertures of different shapes into

OPPOFHIEEPMadl SRBPIAY Rt M GRRRC 1Ps10l SRR 886 RaRIRPifTansport by

tapelBEisteHRRterAFaje1 spaced uniformly along the length of tape 50,
referably 9ositioned intermediate of side margins 52 and 54. Apertures
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define bé@fgéjr of ged-a z?art elongated side ed%es 62 t(ﬂ inated by
so thah arralbalig OeRAERRIRHRNGET R BARIL RRG S ks verse to
the Ibagiitiinaisiaésasitsbe 3o lodaamainnisesl skrtiredp anebedry ohalbple smaller
chip.components. "Mask" is the term used in the art to define an element
thary BB RO 5L BD G SHREP IR e RibiERSH R QEERH S S core o
tapdVBBRIUHO? @0 Atad wiahthh e ntipsesrapbnie o MprNsirb i e samhaiagessf 74 is
._its fabrication prqocess., The purpose of mask 66 s to provide a generall
Slighl Ty AU LR 1 e G TR o O B AT R eSS hat the
chiptesmpaidvtheid derpostiieritcassabtar el iegiitveolynpsitp ed durig
example of a chip capacitor of a type amenable to transport tape 50 i
advaAGRMaRIG e RRAOERONSHL IR B 2 RIGE 8L AcHras I8 AMRIey Mask 66
is deleeediapadition a0 dop eitenbebtter susiataceB)/nant2] Drapaihehopposed
mask 66 is fixed in.place an. tape 50, lie, respectjvely, above and helow
eloneiEs el RS SAIEE B Al B o R LR S B 72 for
recehy o3 fiesichpaasketé sh gatidrsjtlacigbe B Afoapeturct&de SDth@ha length of a
lurality of S 66 may be arranged in a pattern parallel or transvers
romBYARS IR i 598 DAL G e dAHoR Arbo B REARL Frpfen the
distsnoe $reblleen adjacent sprocket holes 56.
[0035] Figs. 8A and 8B are respective plan and enlarged fragmentary views of an
alternative component carrier tape 50' that is similar to tape 50 with the exception
that silicone rubber mask strips 66' are molded into or coated over apertures 60' of
generally rectangular shape with curved ends in a core portion. Apertures 74" are
formed in a single row in each mask strip 66' along the width of carrier tape 50'.
[0036] Figs. 9A and 9B are respective plan and enlarged sectional views of a
component carrier tape 90 of an over-mold or over-coat type in which a core portion
92 having multiple apertures 94 spaced apart along the tape length is covered by a
support blank of thin elastomeric material to form a mask 96. A single slot 98 is cut
in mask 96 at each location where the elastomeric material covers an aperture 94.
[0037] Fig. 10A is a simplified pictorial diagram of a laser-based system 100
showing by way of example the cutting of a slot 98 in a carrier tape 90 in accordance

with the present invention. Light energy propagating in the form of a shaped beam
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than that of first aperture 60 are formed in each mask 66 to keep the metal

core of tape 50 out of contact with the chip component. The size of

second apertures 74 is slightly smaller than that of the chip component in

at least one direction so that the chip component can be positionally 23 MARCH 2007

10236sier4ed S8 (Rpistively afespeshausbIa Ri¥BRCe 1IeEE Wytiaeu@dm positioner 106
component from one processing stage to another. Mask 66 is defined, in

abouhigsHHRRE Qi Thask B @ 1cadian ArnAapeue 3t i sphasiet 98 of a
desieéen slats Pl BietitnmRM SbeRN EBEAR PIoSIRcHY BOBQINigeEaRRET Q02 in

and 72 for recelpt of first aperture elongated side edges 62 formed in tape

reSRENISPHR RIAGRHDPLIERRA BbiR %89@6%”’@@@% WRRnsbcege i
congORbbinseieRbhsIpss (bR sdeiBBR0cke DIRACEAREN! SEIATPERSRS

[0035] Figs. 8A and 8B are respective plan and enlarged fragmentary

SC'%HU&'B?HH”@%PM’ RARBrh ORIt dNfRSIEE R RIR RAGRErqBRYgRIToN. A

tap&ﬁéwhw@@wﬁmﬂtl(@i’cbt @teéwm):mé\gb@@rrmaﬂpétep&@@@reut@(dg@ﬁuné@ 94

ST BB B o

tapdlmt”@ 5@ aﬂQm élﬂ(? W'?Uﬁ@b@aﬂi@é f@lﬁﬂ ﬁﬁbclll@%f ]IEQQ@I@&[@@?’G%B
rere ecth an and enla VI WSQ a .Co onent c rrler
meQRSH SISO Ad B BuUPHELe BBl e AR SYSER: 655 Sold by
Eledm)/@@gﬁlﬂﬁtplﬁdlmﬂgﬁs%ﬁﬂﬁg laparétgleaqrihﬂéelia@%mgﬂ@hﬁeved by
vere t of thin elastomeric material to fo S
G B A 8 DRG0 ZESRTSHOR WAUR RRGTCI R IR i ich the
wavelaa@msaﬂc Imeb@bm\n@zbap@gﬂmnmﬁﬁévd@@%ﬂ Fig. 10A is a simplified
i tori lagram r se owin
1008H] o 5 o Pk OB Sk T e oee ol ol slastomeric
matémpamlemmgweamwmigw enaancpmeagﬂgrialthmiermaﬁt@ﬁbaoedatenal
) am 7 23 MARCH 2 102 from Ias 41is |
mDRTR A ARS8 Bt oL AR s e e BSGHaRie

elas%mmlommpfsanmaerwreo% ﬁtmbbéa ebér%@ﬁallydmrmhabw? ab&orbs
reC|se mensml ,[Ii/eam smoner 1 6§&'Pdes beam. 102.in.r
&Y ¥

S
light,§aeIA% O St ?at?ﬁﬂﬁBBYé &%ﬁfb%r‘tsm@ﬂeé?[eh lih S iron
oxideootriotéariimstaitedozs papkbofsailyidd SRROWIARIOPnG Sy siehesaidibyrt blank to

oK RSO A ALt e R oY RGN RG UL ey
abstaptcdOiaaigngts aaﬂgeilteswﬂthe slots but not to change the elastic properties
imparted by the elastomeric material. The light emission wavelengths of beam 102
are preferably shorter than 550 nm, and 266 nm is a preferred wavelength for cutting
slots in a mask 96 formed of silicone rubber doped with iron oxide.

[0039] In a preferred embodiment, the support blank forming mask 96 is prepared
from a liquid formulation of silicone rubber (99 percent by weight) and iron oxide

(1 percent by weight) to provide silicone rubber with a brown color without changing
its elastic properties. Figs. 11 and 12 show as a function of wavelength the optical
transmission (absorptivity) curves for 0.356 mm (0.014 in) thick samples of,
respectively, silicone rubber and silicone rubber doped with iron oxide (1 percent
weight). Fig. 11 shows for undoped silicone rubber about 3 percent and about

17 percent light transmission at 266 nm and 550 nm, respectively. Fig. 12 shows for
silicone rubber doped with iron oxide about 0.01 percent light transmission at 266 nm

and 550 nm. The 3 percent light transmission by the undoped silicone rubber is
8



with beam 102 to cut slots 98. Carrier tape 90 is preferably in the form of

an endless tape shown in Fig. 10B, and a suitable tape feed mechanism

is the tape feed mechanism installed as part of a Model 750 Belt

Termination System, also sold by Electro Scientific Industries. The cufiNgRCH 2007

suffiefen@t® 98raenapk RfidhamirirRib Y afs NI ITHRRINS Baviettidhta silicone

absorption wavelength range with which the wavelengths of laser beam
rubbri SYBRPALBIAN overlap. [0038] The support blank forming mask 96

[0040¢ udesarkneapegitivPigh elastoarrr ico B aiariad g @ YohbaRsrMitity rubber
enhancement materjal. The elastomeric material jmparts elastic

surtaes Ui SHIERSE IpBI ISR RACRIOT RENGSRSIBA SAWRTRN! of laser-based

systelasioneie seriesamsLEd asstiliiieat 'ehbg)y enesatialbsiadesoriely pockets
.absorbs Ii%ht energy to cut a slot, the Iight absor tivggfyenh ncement
R

98 infa {e-fuehen 2B lotRIRE D PRI R te FFRY le GosyEalsy, 108 of
systléfﬁpﬁld% na;ﬂwl ; nzl@@rtﬁhiarﬂlgtﬂvamika tto?ﬂﬂsamlg&bmwh eheam@tﬁr,bthe
ight energy Inc within a light. a rptjon wavelength range to cut the
shagf SRt PLHANIGR f1e SRISHDITER BN Anskyes dRplicalpnlbperizes and
shapeatefighiph® g esntssion wavelengths of beam 102 are preferably
orter_ than 550 nm, and 266 nm is a preferred elength for cutting
10041} T PR HEy P DD Al HEB AR A o AT T RIS fogkeso the
hea!rgérwﬁma@lmf 'W??@d_témﬁbélrﬂ/ﬁmfﬁlﬁmbmbb' tg;fkfé@ﬁc'@ne rubber. An
repar rom Iquid formulatjon Icone .r er ercent,
xRS G O S e Gstals B O (RS aRs aba b2 anat
emi@shhmwatca)fm WHW?W@@H@S da@.ti@pfﬂpngﬂe:f(gssﬁlgmndqz_1 4 in) thick
SNOW as unction o avelen e optical trans n(a rptivit
cary Pt D IS AU GO63 ) thiiR G eLant szt e
dim&neiiPadSTE one LD REdPpeslad Bhtian DXIREIdE draseant eighty fakes

11 shows for undoped silicone rubber about 3 percent and about 17

35 pisedRRItionsAMisk R h SROBERAP SATBEIGIm, respectively. Fig. 12
[0048YoWsHRys SiBARRMELPEBIARPERwituisoareXidBakiaul APk sy ligiBts of

transmission at 266 nm_and 550 nm. The 3 perce%tglirﬁht transmission b

difeiR0 ABRREY o gFuAA 108 2AH AR S8te SORBAIED RARILP! tapered
slotoperatwtallydogdssmeterigiwalsorsiiapdo Tapelels slotssiBone pibbeced by

t blank. [0040] As indicated in Figs. 1 OA and 1 OB, ier t 9
cuts AN 0 | Opossd Sior Sideiargme 110 sparaied Sloag Shar
STRQ W 430H

lengths by longer slot distances at opposite ends 112 and a shorter distance at a

medial location 114 between ends 112. In a preferred embodiment, the slot
distances become gradually smaller from opposite ends 112 to medial location 114.
Figs. 14A and 14B show a tape 90, in which each of slots 98, is of a “sawtooth”
shape. Slots 98, are produced by cuts that form in tape 90, opposed slot side
margins 116 separated along their lengths by alternating shorter and longer
distances that form corresponding alternating narrower and wider openings. In a
preferred embodiment, the narrower openings are in the general form of concave
tapered segments 118 and the wider openings are in the general form of parallel
straight line segments 120.

[0043] It will be obvious to those having skill in the art that many changes may be
made to the details of the above-described embodiments of this invention without



surface without surface features is placed on processing equipment of
laser-based system 100. Laser beam 102 of sufficient energy cuts into

mask 96 slots or pockets 98 into the rubber at the locations of apertures

94. Programmable controller 108 of system 100 is implemented with 23 MARCH 2007

depéﬂfff\’%a"r@ﬁﬁ’W@lﬂﬁlﬂé‘ﬁd@iﬁgcﬁﬂﬁﬂm@sth%‘iwﬁ’ thee skepesoRfseSH#esaNt invention

which are determined by the end use application (i.e., sizes and shapes

shoyide 1St RIS RERE SIBRA BT BW IS IR D SRJASF laser beam 102
[0041F contigllasktetkaendhe thesé srNaigteriifiT it GitiRghelaMy tBeapRies may be

damage to the silicone rubber. An example of laser pulse parameters

of

made 1p388 HRiiG pLdBE GRAElsSHiPeBERAIRRRIS HENQUL dePRAiNg from the

undetiaRg pripidiole s etHeUrRinghin . a Thadseops 6-edpradbinkncaririiapeuld,
90 a rectangular bar of 3.05 mm (0.12 in) x 0.711 mm (0.028 in)

thergipen SRR inethANYR%LRE IPOMENHEIAE DM laser beam bite size
takes 35 pulse repetitions and 3.51 seconds to complete. [0042] Figs. 13A
and 13B and Figs. 14A and 14B show tapes having slots of different
geometries. Figs. 13A and 13B show a tape 901 in which each of tapered
slots 981 is of a "dog bone" or "bow tie" shape. Tapered slots 981 are
produced by cuts that form in tape 901 opposed slot side margins 110
separated along their lengths by longer slot distances at opposite ends
112 and a shorter distance at a medial location 114 between ends 112. In
a preferred embodiment, the slot distances become gradually smaller
from opposite ends 112 to medial location 114. Figs. 14A and 14B show
a tape 902 in which each of slots 982 is of a "sawtooth” shape. Slots 982
are produced by cuts that form in tape 902 opposed slot side margins 116
separated along their lengths by alternating shorter and longer distances
that form corresponding alternating narrower and wider openings. In a
preferred embodiment, the narrower openings are in the general form of
concave tapered segments 118 and the wider openings are in the general
form of parallel straight line segments 120. [0043] It will be obvious to
those having skill in the art that many changes may be made to the
details of the above-described embodiments of this invention without 9 23
MARCH 2007 departing from the underlying principles thereof. The scope
of the present invention
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should, therefore, be determined only by the following claims. [0044] It will

be obvious to those having skill in the art that many changes may be

made to the details of the above-described embodiments without

departing from the underlying principles of the invention. The scope o¥xM&RCH 2007
present invention should, thereforeghgrigtermined only by the following

claims. 10 23 MARCH 2007 Claims_ 1. In a miniature component carrier

havind haHTHN R&IIR SOMRLBHoCRH SR ARA ARG Sisglligr faasedhrough
whigratLRfplkesarstiple RletederiagcH SR F7RABIBLS RrPTG e CesARIRIN & Ze and

receive and hold a miniature corﬂi)onent a method of forming the slots in

shapgelocRARBRI A G5 RAHBIR AdTHE & iR, SRRBRAADbrREthod of forming

the ﬁ@@%ﬂﬁ@réﬁt@ﬁﬂhﬁb@kl%ﬂﬁm@%\d operationally adequately absorbs
light included within a Ilqaﬂ%bsor tion wavelength ran%e the support
I

blaRIOMEI i A HRRIGHS P bR %|%§%%%?ﬁ materd % is fgxiple and

opeRRANYIadeqamigaest matRiialiibrieRs Wineia m@ieaabtmpﬁ@w\gavelength
the s ort blank to make it flexible and the li

elastic properties t
rang e RURD GH RS e o SPTRES NG i LB R BRY roPakaRd 2
Ilghtﬂablwmd ; rtybéﬁﬁh Hﬁh H?:dhﬁﬁfﬂ mam'iathmﬂelﬂ@@l@ﬁ#@rﬁ@mb@@zﬁb|h§15értmg elastic

INnciuae thin the t sorption wave t tnot to
ProRSSUERGH I, HERRE el By rEae Jo Rb e ntanG LOAL aPBeT I
enham@imgtd rI?ntéﬂt@frng;l émbgiﬁdglqd@nm éb@dlﬁilmt\/@bp@%pmwwet@gﬂppgﬂgmank to

irecting the laser beam to the su T movin er peam
makGy BRI CRAGHALS BEBIER I P E AN Adae didi Agsorption
wavg!@lﬁ@m mmgaﬁkﬁnhmrtd)@dfa@mwldhah;gelm\elﬁsfm@t@&ﬂh f es?reCIse

Imensigns an thereb a slott 1en acC OteSOSCt

O S T R i Ra vy € ot
absmmlawmmm@heah@@d hold |t ina controlled onentatlon 2. The

thod of clai m 1, in which th ht absor ’]K ncement material

inc 5%‘14'[?8& *aé%rkﬁgﬂu% )%@pgr dof claim 2, in which
th%ghmwwwwéaemmmwt vlaloikleslstvectorgibs stiastesublathat the

Iaser%eam IS |nC|dent on the support blank to cut multiple slots with repeatable,
precise dimensions and thereby form a slotted resilient mask, each of the slots cut to
have opposed slot side margins shaped to grip between them a miniature
component and hold it in a controlled orientation.

2. The method of claim 1, in which the light absorptivity enhancement
material includes iron oxide or titanium dioxide.

3. The method of claim 2, in which the light absorption wavelength range
includes wavelengths shorter than about 550 nm.

4. The method of claim 1, in which the light absorptivity enhancement
material includes a dye or a pigment.

5. The method of claim 1, in which the elastomeric material includes silicone
rubber.

6. The method of claim 5, in which the laser beam has a wavelength of about
355 nm.

7. The method of claim 1, in which each of the multiple slots has a slot length
and opposite ends between which the opposed slot side margins extend, the

opposed side margins being separated along their slot lengths by slot distances, the
11



4. The method of claim 1, in which the light absorptivity enhancement

material includes a dye or a pigment. 5. The method of claim 1, in which

the elastomeric material includes silicone rubber. 6. The method of claim

5, in which the laser beam has a wavelength of about 355 nm. 7. The23 MARCH 2007

slot dnethre iflaidihgmongisuraahcdshe melBplsositisdire astPhlsAeter distance

and gpposite ends between which the opposed slot side margins extend,

at ajmedigtigcatiiReMGehl6ARE 2RI RIEE: along their slot lengths by slot
disgantes thethbl &% N&MﬁC7I,-lirRQﬂﬁcsiqhéi%uanaeﬁéﬂ@wi@gtll@@sfsosite ends
a

distances at the opposite ends and a shorter distance at a medial location

andgReRiehdisteassoditle' e e e tes it Alnt A rRSRRGIEY oMaximum
and #fFneRs aidhmeppesirrnmy BridpecYeldsaaRR ahiligineaiohg their siot

I%cation for each slot are, respectively, maximum and minimum distances
lengifiSarating the opposed slot side margins along their slot lengths. 9. The

meghotief slatfiod df evhieh7Zhi sielideneids ot kamdtistadiasachuhistarsally
the s,awye and the slot 'ﬂeatgfﬂe;s from the gpposjte ends to the media

subsdRately i B &R FHELPEERS AT R ARG IapE RaCsid g medial
locafibe iEghas) frataimOteavich geraemgredyteanyralpeiarrsest. siot is of a

thel PR BOLHLSEBED BB ARS L GERE N SBHAL AAF At ' of
dogM@@dtﬁﬁﬂ[@@@ﬂ@extend, the_ opposed side margins t_)eing separated
o A ) e B A oo
lengthednetopidsite dddinbebiaieine hiziiahe bppesEysideertatgmperterad, the
oPp e RlEe Sl 2 D PR & RS shorer
and12ngendistatice opradedhsiderrosppinding thitc orpor)jtaarcinef @adhviier
opeﬁlrr?gsst_eparated by the longer distances.

12. The method of claim 11, in which the narrower openings are in the
general form of concave tapered segments and the wider openings are in the
general form of parallel straight line segments.

13. The method of claim 12, in which the opposed side margins at the
opposite ends of each slot are separated by the longer distances.

14. The method of claim 1, in which the miniature component carrier is in the
form of a carrier tape having a tape length, the carrier tape including a core portion
having multiple apertures spaced apart along the tape length and covered by the
support blank of thin elastomeric material to form the resilient mask, the slots cut in
the resilient mask at locations where the elastomeric material covers the apertures.

15. The method of claim 14, in which the carrier tape has opposite tape side
margins running along the tape length and includes multiple drive holes mutually
spaced apart along the tape length on each of the tape side margins.

16. The method of claim 14, in which the core portion of the carrier tape
includes flexible metal into which the multiple apertures are formed.

17. The method of claim 16, in which the flexible metal includes stainless

steel and the elastomeric material includes silicone rubber.
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14. The method of claim 1, in which the miniature component carrier is in

the form of a carrier tape having a tape length, the carrier tape including a

core portion having multiple apertures spaced apart along the tape length

and covered by the support blank of thin elastomeric material to form hEARCH 2007

resi@ntri@sheth8BlIteIaihin, tRaviaeiient MaskaRIr®eaHANSHEREEAIREN is in the

elastomeric material covers the apertures. 15, The method of claim 14, in
form @fichGREI 8L R AN AR Rfb IR et R REThO ARG idtg erapertures

eackepReRgihaaptie et andtipiodfuadelgsomt bk sSepsRe aratbmens
the tape Iengtth on each of the t%Ee side margi,ns. 16. The method of claim

matgyaliQ A1eR the erligumaskime waink I SlotRaReSitie metal into
whiph theawémedpesidias eseifowhash the fatipletsrAsodCeh Kugport blank

which the flexible metal includes stainless steel and the elastomeric

of tinLelaRIPMAlIa SR LREBhECRRRT . P1B8 fARIEE RSLRFE AYIPRE Meiesron
translaired ot isdTttmginiature component carrier is in the form of a

carrier belt havi belt length, the carrier belt including. multiple

B A A LA e B RLIDS GAE 6 P Caen Easlesstype and
incld?&&l@&tbmeﬁgtapﬁwmﬁmm?ﬁWeﬁwtdﬁ&ftmmf;@éﬁmrlﬂpli

slots, are cut. 19. The metho claim, in which the multiple slots of

o e TR EIAR O A L e S e A Bl DETF s sipinless
stedhelhanp akgased ineridiresténral iimnsdetssiiedhe hablength. 20. The

method of claim 18, in which the carrier belt is of an endless type and

includes flexible metal in which the multiple apertures are included. 21.
The method of claim 20, in which the flexible metal includes stainless
steel and the elastomeric material includes silicone rubber. 13
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