2 0 MAY 2005 1 PIGVENTS AND COMPCSI TI ONS FOR USE | N LASER MARKI NG
Cross-Reference to Related Applications This application is an appl iZth%?{m
under 35 USC 111(a) and clains priority under 35 USC 119 from Provi si onal
Application Serial No. 60/252,286, filed Novenber 21, 2000 under 35 USC
111(b). The disclosure of this provi silonal application is incorporated
herein by reference. BACKGROUND OF THE I NVENTION Field of the Invention
This inventi on reI at es ‘10 p gments and C%%OSIH Qns_cont ai ni.ng such
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Introduction to the Invention

Polymers such as fluoropolymers are commonly used as insulating materials for
substrates such as wire and cable. For such applications, the fluoropolymer generally
surrounds a central wire or provides a jacket around one or more insulated wires. In order
to identify particular wires, it is often necessary to mark the insulation or jacketing
material with numbers, letters, or other indicia. Laser marking is one preferred method of
marking, as it can provide a relatively permanent, highly legible mark on the surface of
the insulation and does not produce mechanical damage or require good adhesion of an
ink to the polymer.

Laser marking often uses a ultraviolet (UV) laser such as an excimer laser.
Because fluoropolymers are transparent to UV radiation, it is generally necessary that a
UV light absorbing compound or pigment be added to the fluoropolymer in order to
produce marks. A commonly used additive is titanium dioxide (TiO,). When a laser is
directed at the additive-containing polymer composition, the photosensitive TiO, changes
color as a result of the laser-induced reduction of Ti** (colorless) to Ti** (blue-black) in
the TiO, lattice. The use of TiO, in a fluoropolymer is disclosed in U.S. Patents Nos.
5,560,845 and 5,789,466 (both Birmingham et al.), which provide details on laser
marking of pigmented melt-processible fluoropolymer substrates that use titanium dioxide
pigment coated with organosilane. These documents rely on the organosilane to increase



pi gnent coated with organosil ane. These docunents rely on the organosilan
to increase 20 MAY 2005 2 the dispersion of the Ti Q2 pignent, redchi[h sIﬁl@lj
nunber of Ti @2 aggl onerates and increasing the quality of the mark. In the
di scl osed conpositions, the organosilane is present in an anount from about
0.1 to about 5 weight percent based oR the ambunt of the organosilane and
the pignment. BRI EF SUVMWARY OF THE | NVENTI ON W have now found that | aser
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usi ng the pignents of the i nvention and conpositions conprising themretain
good contrast under heatBRBFRUNMMERYVICTHE IWVENTIGY aspect this invention
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pi gment , e¥avaple mmmd&ty g)@g wirps and cables. Di erent types of synergists can be used to
accommodate the different processing and use conditions of the polymer. In particular,

we have found laser marks formed using the pigments of the invention and compositions
comprising them retain good contrast under heat aging conditions.

In a first aspect this invention provides a colorless UV-absorbing pigment at least
partially coated with a synergist having the formula

[Ra(Si0.)LR’,,
wherein
(@ mislto3,nislto3,pisatleastl,andqisOto3,

(b)  atleast one R or R’ is a substituent that upon pyrolysis generates a black
material suitable for providing a mark.

In second aspect, the invention provides a composition suitable for laser marking
when exposed to radiation from an excimer laser, said composition comprising

(1)  afluoropolymer having a processing temperature T,

(2) 0.1 to 25% by weight of the composition of a colorless UV-absorbing
pigment, and



(3) a synergist according to the first aspect of the invention, said
synergist being (i) present at at |east 10% by weight of the pigmenty MAY 005
present in the polyner conposition, (ii) heat stable at a tenperature of at
least TP, and (iii) in physical proximty wth the pigment. Particularly
preferred are conpositions in which t He synergi st and pignent are used in
pol ytetrafluoroethylene (PTFE). Therefore, in a third aspect, this invention
provi des a conposition suitable for | aser marking when exposed to radiation
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at least 0. 1% by weight of the pignent present in the polynmer conposition,
(ii) heat st abdridcudarlyprefarmedrant cumpc:sitim)sinhahwhtthél'ﬁynesgist apd ipigmenhayehysi cal
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said wire, said |'ayer conprising a composition of the second aspect of the
i nventi on. DETAI LED DESCRI PTI ON OF THE | NVENTI ON Pi gnents of the invention

absorb UV radfiat i opolytetréfludraéthplehgn | ess t han about

(2) 0.1 to 50% by weight of the composition of a colorless UV-absorbing
pigment, and

?3) a synergist having the formula
[Rn(SiO)]R’,,
wherein
(@ mislto3,nislto3,pisatleastl, andqisOto3,and

(b)  atleast one R or R’ is a substituent that upon pyrolysis generates a
black material suitable for providing a mark,

said synergist being (i) present at at least 0. 1% by weight of the pigment
present in the polymer composition, (ii) heat stable at a temperature of at
least T,, and (iii) in physical proximity with the pigment.

Pigments and compositions of the invention are particularly useful for insulating
materials. Therefore, in a fourth aspect, this invention provides an insulated conductor
which comprises

(A) anelongate wire, and



400 rim They are preferably substantially colorless. For purposes qf tWﬁIOS
specification, "white" indicates an absence of color and therefore anM e

pi gnents are colorless. Suitable pignments include titaniumdioxide (TiQ2),
zinc oxide (ZnO, and zinc sulfide (ZnS). Particularly preferred for its
opacity, high refractive index, and résponse to U/ radiation is crystalline
Ti2. Either rutile or anatase forns of TiO2 be used. It is preferred that
the average particle size of the pigment be less than 1m preferably |ess
than 0.5 m (Bart iaihswlatipg|layes sameunddigsaid wise saidi laydrcompsisingldan 0.3 m  The
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(also referred t eln as a coating) having the formula [R(Si O JI pR q,
(1) inwhich mis 1to 3, nis l1to3 pis at least 1 and gis 0 to 3. At

| east one of R and RDETAIBEDMVESCRIMEON ORAHE INVENIYOM ysis, e.g. resulting
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f r om absgdrfitulaly ks thas 048im,| e3pevially g thdy0.8lpgn. pi gnment. Therefore, it is

i nportant that the synergist be directly in contact with the pignment or

sufficiently close, generally in physical proximty, that heat transfer is
easi |y achi evedheHigment meatdéast partislty dvatedowitheor ingontattwith agyeengisofalsoe abl e

to m gr alfe el thitSrei hkrzf&‘iﬁnéﬁli{?igﬁ&tﬂé’f&fﬁﬁfa processing to forma coating that

remai ns closely adjacent to 't pt gnent surface throughout all processing
and product use conditions. If coated on the 2 0 MAY 2005 5 pignent, the
z%mer gist may partially COVe[R(Siap]FQver at | east 25% of f{ipe surface area
inwhichmis1to3,nislto3,pisatleastlandqis0to 3. Atleastoneof RandR’isa
substituent that, upon pyrolysis, e.g. resulting from UV radiation, generates a large
amount of black material, e.g. carbon black, silicon carbide, silicon oxycarbide, or
mixtures thereof. IfR is greater than 1, each of the R elements may be the same or
different; and if R’ is greater than 1, each of the R’ elements may be the same or different.
R' can be absent depending on the selection of m, n, and p. For example, ifm=1,n=
1.5, and p is very large, then R' is essentially absent. For cyclic analogs of (), R' is
absent. R and R’ may be same or different substituents. For R or R, aryl groups, either
substituted or un-substituted, are preferred. The synergist is preferably itself substantially
colorless, and should be heat-stable (i.e. does not degrade) and non-volatile to remain
relatively unchanged throughout all processing and subsequent product use conditions.

The heat for the pyrolysis results from absorption of excimer laser light by the
pigment. Therefore, it is important that the synergist be directly in contact with the
pigment or sufficiently close, generally in physical proximity, that heat transfer is easily
achieved. The synergist must be coated upon the pigment or be able to migrate to its
surface during polymer processing to form a coating that remains closely adjacent to the
pigment surface throughout all processing and product use conditions. If coated on the



the pignment, or conpletely cover the pignent. Preferred synergists ar

si | sesqui oxanes and Pol yhedral Oigoneric Silsesquioxanes (POSS). Thé MRN8
materials have the generic structure (RSiOL.5) where R can be any organl C
resi due, but preferably an aromatic group such as phenyl or napthyl, and n
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advantages in that they are (1) stable at processing temperatures of greater than or equal to

360°C, which is necessary for processing of some polymers, including perfluoropolymers,

and (2) colorless in visible light.

Also suitable for use are phenylalkoxy silanes, e.g. phenyltrimethoxy silane such
as that availableé from Sivento Inc. under the name CP0330. Both the phenyl POSS
materials and phenyl silanes are stable at high temperature.

The synergist is generally present in an amount of more than 5% by weight of the
total amount of synergist and pigment, preferably at least 10% by weight, particularly at
least 20% by weight, especially at least 30% by weight, and can be present at much higher
percentages, e.g. 50% or more. These quantities are particularly appropriate for melt-
processible polymers (as described below) containing a phenyl silane or silicone.
However, for melt-processible polymers comprising silsesquioxanes or POSS synergists,
or for non-melt-processible polymers comprising any of the designated synergists, the
amount of synergist present may be much lower, e.g. at least 0.1% by weight of the total
amount of synergist and pigment, preferably at least 0.5% by weight, especially at least
1% by weight.



anount of synergist present may be nuch | ower, e.g. at |east 0.196bé g@&g@&
of the total anount of synergi st and pignent, preferably at | east 0

wei ght, geReaeal!ly at least 1%by weight. 2 0 MAY 2005 WO 02/42371 6 The
pi gnents descri bed above nmay be used to enhance | aser marking in

conposi tions conprising any suitable folyner, including polyolefins such as
pol yet hyl ene and pol ypropyl ene. However, of particular interest, especially
for airfrane wre, are fluoropolyners. These include nelt-processible
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herei n bgf the campegition has a processing temperature T, which is defined as the ghest

temperature the composition is exposed to during normal processing of the composition.

For crystalline polymers, T, is generally greater than the melting temperature T,, which is

defined as the peak of the exotherm on a differential scanning calorimeter (DSC) trace.

Perfluoropolymers of high purity are particularly preferred for use, as they provide
maximum contrast at a given concentration of pigment and coating. High purity PFAs are
fully end-capped with fluorine, having fewer than six nonfluorinated end groups per
million carbon atoms. Such polymers are disclosed in U.S. Patent No. 4,743,658
(Imbalzano et al.), the disclosure of which is incorporated herein by reference.

The compositions of the invention comprise a substantially colorless UV-
absorbing pigment, e.g. TiO,, in an amount of 0.1 to 70% by weight of the total
composition, preferably 0.1 to 50%, particularly 0.1 to 25%, especially 0.1 to 10%. Also
present is a synergist as described above. The synergist is selected to be heat stable at a
temperature of at least T,. It may be in direct physical contact with the pigment, e.g.
crosslinked to the pigment prior to adding to the polymer. Alternatively, it can migrate
close enough to the pigment during processing to have sufficient physical proximity for
heat transfer during UV radiation.



The conpositions of the invention conprise a substantially colorless UV-
absorbing pignent, e.g. TiOZ, in an anmount of 0.1 to 70% by wei ght b8 MAh&00h
total conposition, preferably 0.1 to 50% particularly 0.1 to 25%
especially 0.1 to 10% Also present is a synergist as described above. The
synergist is selected to be heat stabl’e at a tenperature of at least T. It
may be in direct physical contact with the pignent, e.g. crosslinked to the

pi gnent prior to addi ng to the polynmer. Alternatively, it can mgrate close
enough to t heWgihgvasfoun ehatﬂgqsﬁmétd n pf thesyaergist and-pigmenidnylg cal
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SST-3P01). PPSQ has a | adder structure. W have found that this materi al
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procedure i§.described. |n anpl e .15, below. Conpositions qof the invention
are part ?‘B’tﬁ‘aé]i‘art s ma’feﬁ'&i By ?f; C{Eé‘“alﬁaaﬁ? "E SYeRiby asted ontd a pigment, it

forms a coating that stays on the pigment and is resistant to certain types of solvent used

in the manufacture of PTFE tapes. One suitable crosslinking procedure is described in

Example 15, below.

Compositions of the invention are particularly suitable for use on an insulated
conductor in which an elongate element, e.g. a wire, cable, or bundle of wires, is
surrounded at least in part by an insulating layer comprising the composition.
Compositions can also be used to surround an elongate element which is a fiber optic
cable. Ifthe composition is based on a melt-processible polymer, the composition may be
extruded over the element. Alternatively, if the composition comprises a non-melt-
processible polymer, e.g. PTFE, it may be ram extruded or tape-wrapped over the
element. One or more layers of different or the same thickness and/or composition may
be present between the wire or cable and the layer of composition. Such layers may
include a mica tape such as is disclosed in U.S. Application No. 09/587,229 (Nyberg et
al.) and International Publication No. WO 00/74075 (Tyco Electronics Corporation et al.),
the disclosure of which is incorporated herein by reference. In general, the contrast is
greater as the wall thickness of the insulating layer containing the pigment and synergist
increases.
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coat ed onto th crossl i nked reupon.” For
t her nopl Yl’éefs 3’% @%@P@ yppspxleng pppo M?ﬁhﬂﬁ?@p%éﬁ@e‘&s‘ B ‘iﬁet hyI ene), the
syner gi st[G;HSiDK],, or a low molecular weight variant that can migrate to the pigment dispersed

in the polymer matrix during thermoplastic processing to form a coating on such pigment,

which remains in this location during product use. A preferred compound is
dodecaphenylsilsesquioxane, [C;H,SiO, 5];.

The compositions of the present invention are particularly useful for airframe wire
insulation. For example, one commercial PTFE tape for aircraft wire comprises about 4%
TiO,. When this tape is illuminated with an excimer laser at 308 nm it provides about 60
to 70% laser mark contrast. Examples of PTFE compositions of the invention exhibit
contrast of more than 75%.

While the invention generally has been disclosed in terms of silicon-based
synergists, a more general description is that synergist has the formula

[RX], uy

where R is as previously defined (i.e. a substituent that is chosen to afford upon pyrolysis
a large amount of black bodies), X is a structural unit comprising one or more elements, s
is given by the remaining valences of X, and t is at least 1. Examples of synergist II are



[ C6H5Si Ols] 11, or a | ow nol ecul ar wei ght variant that can mgrate to the

pi gnent di spersed in the polymer matrix during thernoplastic procdssMAG2WD
forma coating on such pignent, which remains in this |ocation during
product use. A preferred conpound is dodecaphenyl sil sesqui oxane, [ C6H5SI O
.5] tz The conpositions of the presentdinvention are particularly useful for
airfrane wire insulation. For exanple, one commercial PTFE tape for
aircraft wire conprises about 4% Ti Q2. Wien this tape is illumnated with
an exci maryl-sebstituted sikgaalenmllaneqos@smngmamhowmqm&gwhm@nam k contrast.
Exanpl es PRSI ol f hdpyention exhibit contrast of nore

t han 75%pﬁ§lﬁﬁlﬁ)%g?sﬁe in{é/iérr?%llgg%egeorﬁtgrhgylr?égxhas been disclosed in terns of
silicon-based synergists, a nore general description is that synergi st has

the formul a | Thé prekent MVRABoRalsS irfttudek \thethisd of pileVitingd hark@ntoda Salp@es t uent

o s st r GEAHAR MBS SR Hies BT T e LvepioR Aoy (e
r emai ni N@xpasingrthe sompositionsto dntextitned laseeyiyrdlyzexaubsptitasntasf tissyeergistt 11 are 2
0 MAY 2005, 9 .arvl.-substi.t siJ oxanes, silanes, silsesquioxanes,

phosphi ngn%g{oggg%'bl %0'2’61 ﬁlgtf’gg,maﬂfihosphazenes, and their oligoners or

pol ynmers. The present invention also includes a nethod of providing a mark
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of the invention, a exposi'ng the co [ron to an extine dser to
pyr ol yze 34, 31984 B3 asreompRratiNe ex3mpleyi st and produce bl ack material for a
mark. The invention is illustrated by the foll ow ng exanples, in which
Exanpl es ég rative exanples. Melt-Processible
Conposi t I~6RsS——EX3H o= 30— e rorwat i ons set forth in Table | were
prepared and granul ated or pelletized wusing the ingredients described in

manut act ur er ) P g nlons oFTEHE i ebis 1K bbeding RRIMCR BRI | o,
Tabl e | |usingshe ingredisnts deserehsdtin dgblgs Ii{ipwhish "MIRE’ moeans meeltfiowirate 8§ pi grrent
as det er fyfRfied by the manufacturer), III, and IV, and following the procedures set forth below.

Table I lists the total % coating as a percentage of the amount of pigment, as determined

by [weight % coating/(weight% coating + weight % pigment)], as well as the total amount

of pigment present in the composition by weight of the total composition.
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Example 1:  The polymer was introduced into a 250cc Brabender mixing bowl heated
to about 350°C and melted. The DPOSS was added to the polymer and mixed, then the
TiO, pigment was added and mixed. The composition was removed from the mixing
bowl, cooled, and granulated. The granulated composition was then extruded at a
temperature of about 375-385°C, using a 25.4 mm extruder having a length/diameter ratio
of 24:1, over a 20 AWG nickel-coated copper 19 strand wire to give a wall thickness of
about 0.20 mm (0.008 inch). Samples of each extruded wire were then laser marked. All
laser marking was conducted by Spectrum Technologies PLC (UK), using a Capris 100
XeCl excimer laser at 308 nm wavelength with 800 mJ/cm? fluence. The contrast
measurements were also conducted by Spectrum, using a Capris CMS2 system. The
contrast, expressed as a percent, is the difference between the reflectance of the mark and
the background on which the mark is placed.

Example 2:  The procedure of Example 1 was followed, except that after the polymer
was melted, the TiO, was then added, followed by the DPOSS. Comparison of the
contrast data of Examples 1 and 2 showed that the addition of the coating material after
the pigment produced higher contrast.



by [wei ght % coating/ (wei ght% coating + weight % pignent)], as well as the
total amount of pignent present in the conposition by weight of ”26{] Mgf ﬂ]bfj
conposition. Exanple 1: The pol yner was introduced into a 250cc Brabender
m xi ng bowl heated to about 350C and pelted. The DPOSS was added to the
pol ymer and m xed, then the TiQZ pi g?‘r%nt was added and m xed. The
conposition was renoved fromthe mxing bow, cooled, and granul ated. The
granul at ed conposition was then extruded at a tenperature of about
375-385C, using a 25.4 nmextruder having a length/dianeter ratio of 24:1,
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mat er i al folgwed hen di ssolved in toluene. Two parts of Kronos 2078 Ti02 to 1
parts of DPOSS were mixed in the DPOSS/toluene solution and stirred; the

t ol uene was renoved by heating above its boiling point. The resulting

coat ed TEginpla$: gr Bellovihg theGRocminke offxaapls3, 13PO88deated Tidphasptepatydner, and
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Ti 02 wasfollowpdred in a ratio of 4 parts Ti02 to 1 part DPOSS. The procedure
of Exanple | was then followed. Exanple 5: Follow ng the procedure of

Ex I DPOSS- Ti 02 d
anpt € l%)’(ampleogz Clggﬁo%gmg the pr\évgesdu% N4 I%Ea?nple 3, DPOSS-coated TiO, was prepared
in a ratio of 16 parts TiO, to 1 part DPOSS. The procedure of Example 1 was then
followed.

Examples 7to 12:  Following the procedure of Example 2, the TiO, was added to the
melted polymer, followed by the DPOSS. The procedure of Example 1 was then
followed except that the extrusion was conducted at about 400°C.

Example 13: 100 parts Kronos 2078 TiQO, and 25 parts of phenyltrimethoxy silane
(CP0330) were used. The phenyltrimethoxy silane was prehydrolyzed by adding 3 moles
of water to each mole of silane. HCl was then added reach a pH of 2. Ethanol was added
while vigorously stirring the mixture until a single phase resulted. The mixture was
covered and stirred for 3 hours. A slurry of the TiO, in water was prepared and the
prehydrolyzed silane was added and mixed well. The mixture was heated at 100°C in a
forced air oven until it was dry, then the dried, treated TiO, was broken into small pieces,
was jet milled to about 8.5 pm average particle size, and then ground cryogenically.
1.75% by weight of the ground pigment was added to the melted polymer, and mixed (at
about 370°C), granulated, and extruded (at about 400°C) as in Example 1.

Example 14: The procedure of Example 13 was followed to prepare the
phenyltrimethoxy silane-coated TiO,, except that the dried treated pigment was ground to
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forming there was a relatively large unused reactor volume and the addition of about 5 ml

of deionized water near the end of the azeotropic distillation (which suppressed foaming
to some extent). In addition the trap prevented the foam from entering the distillation
unit. Increasing the nitrogen flow at the end of the distillation and keeping the pot
temperature at or below 90°C facilitated the removal of residual toluene. Then, 1.75 g of
concentrated ammonia, dissolved in about 30 ml of deionized water, was added to
catalyze the crosslinking of the PPSQ coating on the titanium dioxide particles and to
minimize agglomeration during the subsequent product drying. The heating was turned
off, while maintaining stirring until the reaction slurry had cooled to room temperature.
The slurry was centrifuged at 10,000 rpm for 0.5 hour and the turbid supernatant fluid
was decanted from the centrifuge cake, which was then dried for > 1hour at 100°C to
afford a soft powder. This powder was further dried at 150°C and 200°C (to complete the
crosslinking) for one hour each under a nitrogen purge to afford 357 g of product.
Scanning electron microscopy showed a uniformly coated powder. The powder was then
jet milled to a finer particle size, was added to the melted polymer, and was mixed,
granulated, and extruded (at 385°C) as in Example 1.

Example 16: 8.7 gms of Kronos 2078 and 8.7 gms of polyphenyl POSS (Hybrid Plastics
PM 1270) were dissolved in 500 ml of toluene. The toluene was removed by heating and
the resultant material was dried in a vacuum oven at 200°C for one hour. The dried

material was ground by mortar and pestle to give a relatively coarse powder having a ratio



was added at room tenperature. The suspension was stirred at room .
tenperature for 2 hours. Separately, 75 g of PPSQ were dissol ved irZUa’BNu@UUfi
175 m of toluene. This solution was added via a dropping funnel to the

wel |l -stirred suspension of the TiQZ within 20 mnutes; residual PPSQ in the
droppi ng funnel was rinsed over with &out 20 m of toI uene. The resultant
suspensi on-enul sion was stirred at roomtenperature for about 2 hours, then
the tenperature was increased to about 90C to distill the toluene/water
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Example 20 (Comparative): 25% by weight Kronos 2078 TiO2 and 75% by weight
Dyneon PFA 8502 UHP were fed together into a 27mm corotating Leistritz twin screw
extruder heated to about 380°C and compounded/pelletized to form a masterbatch
(Masterbatch 1). 4% by weight of the masterbatch and 96% by weight of Dyneon
PFA8502 UHP were dry-blended and extruded at 400°C as in Example 1.

Example 21: 93.02% by weight of Masterbatch 1 of Example 20 was fed into the
Leistritz extruder along with 6.98% by weight DPOSS and compounded/palletized to
form Masterbatch 2. 4.3% by weight of Masterbatch 2 and 95.7% by weight of Dyneon
PFA 8502 UHP were dry-blended and extruded at 400°C as in Example 1.

Example 22: The same procedure was followed as for Example 21, except that the dry-
blended material was extruded at 400°C over a 24 AWG nickel-coated copper 19 strand
wire to give a wall thickness of about 0.20 mm (0.008 inch).

Example 23 {Comparative): TiO, was added to the melted polymer and the mixture was
mixed (at 370°C), granulated, and extruded as in Example 1.



365C), granul ated, and extruded (at 375C) as in Exanple 1. Exanple 17:

Fol I ow ng the pr ocedure of Exanpl e 13, 100 parts Kronos 2078 Ti G2 apg MALQ005
parts of phenyltrinethoxy silane (CP0330.) were used to prepare a treated
Ti 2 which was ground to pass througq a 200 nesh sieve. 1.1% by wei ght of
the ground pignment was then added to 8he nelted pol ymer, and m xed (at
about 350C), granul ated, and extruded as in Exanple 1. Exanple 18:
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pol ynmer, followed by the DPOSS. The procedure of Exanple 1 was then foll owed
except that the extrusion was conducted at about 400C. Exanple 20
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Exanpl e stultedmelpweltdmh'asthe dry- bl ended nateri aI was extruded at 400C over
a 24 AWG ni ckel -coat ed copper 19 strand wre to give a wall thickness of
about 0.20 mm (0.008 inch). Exanple 23 (Conparative): Ti 2 was added to the

mel ted pol yner and the mxture was m xed (at 370C), granul ated, and
extruded as in Exanple 1. 2 0 MAY 2005 13




Exanples 24 to 27: Prior to conmpoundi ng, the DPOSS was heat-treated at 200C
for 1.5 hours to renpve solvent. Follow ng the procedure of Exan'pz & MaY 100he
Ti 2 was added to the nelted polyner, followed by the heat-treated DPGCSS.
The m xture was then m xed, cool ed, granul ated, and extruded as in Exanple
1. Exanpl e 28: Followi ng the proceduré*of Exanple 2, Ti 2 was added to the
nelted polyner, followed by DPCSS, and then 0.75% of WIson FEP bl ue col or
concentrate. The m xture was m xed, granul ated, and extruded as in Exanple
1. Exanples 29 and 30: Follow ng the procedure of Exanple 2, Ti2 was added
to the nelted polyner, foll owed by DPGCSS, and the m xture was m xed,

gr anul-ateeh—ahe; AS—R-—Eanpte—t—Thedse-of no FF;| purity FEP,
rat hgr tthap hHig tP, | rlesul tied|i nf | gwel dontr ast 0 MAY 2005 14
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Q 06 00 0:1 00 CO70 06 NCON O O aQ
a Maawwwwwwww NN
Conmponent Desi gnati on Manuf act urer
Per f | uor oal koxy resins PFAlL PFA 440 HPB DuPont Hi gh purity,

MFR 14 PFA2 PFAI®45 HP DuPont Hi gh purity, fluorine

O~ O 0%
R

end- capped; MR 5 PFA3 8502 UHP Dyneon Hi gh purity, fluorine end-capped;
MFR 2 PFA4 PFA 340 DuPont Normal purity, MR 14 PFA5 PFA 950 HP DuPont Hi gh
purity, fluorine end-capped; PEVE & mer: MFR 1.7 - 3.0 Fluorinated
et hyl er @_@iwh_tenl n}?\%ﬁ)@aﬁaﬁr s tFEE!R}Imﬁg@pﬁng@q%g&t IHi ghnptir Lt y:_._ggd capped;
MFR 22 —FEP2—FEP1+ 0903 DuPont—Hrghr—purtty,—emnd—capped;,— VR 6—6—FEP3|FEP 100
DuPont rolkQXR BSINER 6.6 FEP4 FEP 5100 DuPont Normml purity: R 22
Tabl e ljlprAonponentpieaugrmy on | IRipghpct ur PH;idH tfudpiReRRE-chfpedy2 |Hybrid
Dople_cadhenyl pol yhedral oligonerlic Plasti :;{Fil I@%qw oxane; cage stjructure;
initiall _particle size - 120m (C6HSS| QlS)
PFA2 PFA 445 HP DuPont High purity, fluorine end-capped;
MFR 5
PFA3 8502 UHP Dyneon High purity, fluorine end-capped;
MEFR 2
PFA4 PFA 340 DuPont Normal purity; MFR 14
PFAS PFA 950 HP DuPont High purity, fluorine end-capped;
PEVE comonomer; MFR 1.7 - 3.0
Fluorinated ethylene/propylene copolymers
FEP1 FEP 5100J DuPont High purity, end capped; MFR 22
FEP2 FEP 100J DuPont High purity, end capped; MFR 6.6
FEP3 FEP 100 DuPont Normal purity; MEFR 6.6
FEP4 FEP 5100 DuPont Normal purity; MFR 22
Table III
Component | Designation | Manufacturer | Comments
DPOSS1 MS0802 Hybrid Dodecaphenyl polyhedral oligomeric
Plastics silsesquioxane; cage structure; initial
particle size ~ 120pm; (C4H,SiO, ;),,
DPOSS2 DPOSS]1 heat-treated at 200°C for 1.5
hours to remove solvent.
PbS CP0330 Sivento Inc. | Phenyltrimethoxy silane
PPSQ SST-3P01 | Gelest Polyphenyl silsesquioxane; ladder structure
PPOSS PM1270 Hybrid Polypheny! polyhedral oligomeric
Plastics silsesquioxane; cage structure in a polymer
chain; initial particle size ~ 40um




DPOSS2 DPOSS1 heat-treated at 200C for 1.5 hours to renove solvent. PbS
CP0330 Sivento Inc. Phenyltrinmethoxy silane PPSQ SST-3P01 Cel est Pg)lgwm’iem&l
si | sesqui oxane; |adder structure PPOSS PML270 Hybrid Pol yphenyl polyhedral
ol igonmeric Plastics silsesqui oxane; e structure in a polymer chain;
initial particle size - 40m2 0 MAY 2b’85 17 Table |V Conponent Designation
Manuf acturer Conmments Ti Q2 Ti Q21 2078 Kronos Rutile; no coating; particle
size - 0.27 pom TiR2 2:1 2:1 Kronos 2078: DPCSSI Ti 23 4:1 4:1 Kronos

2078: DPOSSI Ti 24 8:1 8:1 Kronos 2Patde BPOSS1  Ti a5 16:1 16:1 Kronos

2078: lﬁ'iﬁnﬁ UNit SHAREE: élafg,c% organi c coati ng; cr ysit al
si ze- O§&23ﬁ$$ 111 r}.ldd ‘n“—\q"a\ o1t r\lﬁllﬁmﬁj,E —25%of gouu e—treatment: 3. 2%
a! um naj T}ﬁ:rtl cle size - 0. 23 pm_ TiO28 4:1 4:1 Kronos 2078: PhS ( CPO330)
Ti 029 4 .hd'l.l qu%% 2078: XLEPOE%T' 021q{xﬂfx}é-n%claa{ﬁ5£rb9ﬁ1c%0sz§epb@7¥lnﬁ“ met hoxy
si | ane Uz T 110 1—Krpnos—26+8 rITO 5 TTHOZTZ . I onos
2078: PhETIQG20330) 2.1 (213 T} Pure R100 |BibBmenon207BOPAESIos or gani ¢ t rleat nent
1.7% alwppa, pargjcle sizp -+ 0.32 Ay Fl@ggﬁzﬁqgﬁ(ﬂ@{ 4 MII ennlljm
Ruffl e; "97'%1" g2t —aoma—and—Hnor-gant Iﬁ’ ccoattng—payticle
size - Tﬁl pm 8:1 8:1 Kronos 2078 0OSS1
TiO,5 16:1 16:1 Kronos 2078:DPOSS1
TiO,6 AHR-F Huntsman Anatase; some organic coating; crystal
size ~ 0.13 um
TiO,7 TiPure R103 | DuPont Rutile; 0.25% organic treatment; 3.2%
alumina; particle size ~ 0.23 pm
TiO,8 4:1 4:1 Kronos 2078:PhS (CP0330)
TiO,9 4:1 4:1 Kronos 2078:XLPPSQ
Ti0,10 1:1 1:1 Kronos 2078:phenyltrimethoxy silane
TiO,11 10:1 10:1 Kronos 2078:PhS (CP0330)
TiO,12 5:1 5:1 Kronos 2078:PhS (CP0330)
TiO,13 TiPure R100 | DuPont Rutile; 0.2% organic treatment; 1.7%
alumina; particle size ~ 0.32 pm
TiO,14 Tiona RCL-4 | Millennium | Rutile; 97% TiO, minimum; alumina and
Inorganic organic coating; particle size ~ 0.27 pm
Chemicals
TiO,15 2:1 2:1 Kronos 2078:XLPPSQ

PTFE Tape Wrapped Samples (Examples 31 to 38)

Unsintered PTFE tapes were prepared by the following process: the designated
TiO, pigment as shown in Table V was jet-milled to reduce the particle size, and was then
added to the PTFE (6134, available from DuPont) in a low shear mixing process,
followed by a high shear mixing process to enhance the dispersion of the pigment. A
lubricant was added to the PTFE/pigment mixture under low shear mixing conditions.
Preforms of the lubricated PTFE/pigment mixture were prepared, followed by aging, ram
extrusion into tape form, and calendaring to a desired thickness. Lubricant was then
removed by heat-treatment below 250°C, and the tape was slit to the desired width.



Chem cals Ti Q215 2:1 2:1 Kronos 2078: XLPPSQ 71 PTFE Tape Wapped Sanpl es
(Exanples 31 to 38) Unsintered PTFE tapes were prepared by the fOWQMNYQUUb
process: the designated Ti Q2 pignent as shown in Table V was jet-mlled to
reduce the particle size, and was then added to the PTFE (613A, avail able
fromDuPont) in a | ow shear m xi ng prl&ess, foll owed by a high shear m xing
process to enhance the dispersion of the pignent. A lubricant was added to
t he PTFE/ pignent m xture under | ow shear m xing conditions. Preforns of the
| ubri cat ed PWEDp mmm&@&ﬁﬁ/\r@p@ were yarapred ovet mekt%ﬁ%geragtmg, ram
ext rusi af t { . Lubri cant
Va2 &ﬂ:ﬁf‘c tﬁ{a st h mn?@%&ﬂlﬂr Phémitah O;;eavas PRESHEESS

was t hen bel’ow 250C. an thetape was slit to the

desired WCHPPFI szM@(“ﬂié% 4&31@%@0%}‘1%9)?@ %43 Nvbereet plpand apes were

wr apped IﬁHﬁhﬁéﬂa@ Pﬁbhéhﬁbﬁ@{o \W@@O/mappgftg\mbétxdm&@&ﬁ&@mﬁaw a.ﬁbf EJR tape

Aop | caiseHiewes of 5N aES BEepJFh BTy ssicen d be ETEE FABASPUbI [ cat | on

V\Nlﬁ x\D @Qﬁ&é&iﬁ&ﬁm&uﬁbeﬁ%@w M°?@6ﬂmaiddmfabéutd|mﬁlutet lﬂEhe ottezcl osure of .

ich i r at e er.ei ree ne, TEE 1 nsu sintere

at a te??’baé?g Lf&gh% ompisted §o %ﬁf}t{?rf%sr ﬁe@?&ﬂnwgﬁ%gﬂfe%fsﬁa ﬁct'j’?’«sdmfhe out er

gi amret ErExahpteme aposholat isdrablendu &"h@p;rcmt coating sl figreent anmberstin Table (W eddas
escri ing an

o grent Tk oy B R s Chfertl B bohfuck it ok whIGPERGRE WAL 10, 2

conduct @eseBt. rpre than one pol yner layer is present. Tabl e V Exanpl e

Coating Pignment Wre Quter Contrast Dianeter Type % Type % (AW (mm % 31

- 0 Ti0213 4 20 1.42 69.6 32 - 0 TjrCﬁlQ/4 20 1.45 60.2 33 - 0 T1O214 4 24
1.22 660 avie

Example Coating Pigment Wire QOuter | Contrast
Diameter
Type % Type % {(AWG) | (mm) %

31 - 0 TiO,13 4 20 1.42 69.6
32 - 0 TiO,14 4 20 1.45 60.2
33 - 0 TiO,14 4 24 1.22 66.0
34 PPSQ 0.33 | TiO,15 1.34 | 24 1.24 86.0
35 PPSQ 0.33 | TiO,15 1.34 | 24 1.23 86.0
36 PPSQ 0.24 | Ti0,9 0.96 | 24 1.23 76.0
37 PPSQ 0.33 | Ti0,15 1.34 {20 1.33 77

38 PPSQ 0.33 | TiO,15 1.34 | 20 1.47 81

Example 31 (Comparative): Mica tape was wrapped on the wire with 50% overlap. Two
layers of 0.051 mm (0.002 inch) thick commercial PTFE tape (DuPont 613 A) containing
4% TiPure R100 TiO, were overlapped 52%.

Example 32 (Comparative): Mica tape was wrapped on the wire with 50% overlap.
Three layers of 0.038 mm (0.0015 inch) thick commercial PTFE tape (DuPont 613 A)
containing 4% RCL-4 TiO, were overlapped 52%.

Example 33 (Comparative): Mica tape was wrapped on the wire with 50% overlap. Two
layers of 0.076 mm (0.003 inch) thick commercial PTFE tape (DuPont 613A) containing
4% of RCL-4 TiO, were overlapped 52%.




34 PPSQ 0.33 TiQ 15 1.34 24 1.24 86.0 35 PPSQ 0.33 TiO215 1.34 24 1.23 86.0
36 PPSQ 0.24 T'029 0.96 24 1.23 76.0 37 PPSQ 0.33 Ti Q215 1.34 20 4 M3$ 2008
38 PPSQ 0.33 T10215 1.34 20 1.47 81 Exanple 31 (Conparative): Mca tape was
wrapped on the wire with 50%overlap. Two layers of 0.051 nm (0.002 inch)
thick commerci al PTFE tape (DuPont 619 A) containing 4% Ti Pure R100 Ti Q2
over | apped 52% Exanple 32 (Conparative): Mca tape was w apped on the wire
wi th 50% overl ap. __Three Iayers of 0.038_mm (0.0015 inch thlck comer ci al
PTFE tap&é@dﬁfﬁt Wing the precsauss desqitped ip Fxample 15 dsrapnes 2078, was eqatdd 5206

Exanpl e w?aiﬁx(}a@mswﬁmly%mwmglm 6l a 4tid S wri@, }@LPPS 0%
overlap._Two | ayers of 6 mMm 003.In

C ck E tape
( DuPont @&%99&%8@?%%5“533/&%?‘3&@&&“@@2 e&&%&@éﬂiﬁe ig%@@ 0 MAY 2005
19 ExanpPFFEt eb&atmmﬂg’rm roemée-:asted P@%anuugm fdeeskﬁiesdﬁbaaos 2078 was

oL S o ippAee utﬁa%sv%s}??éaa&ﬁ%ﬁmhe B8 of S0 Fisk h 3075 Bl er oo

2:1 Ti O t d

0. 076I mTA(fEst(l)%@r pfithe unsinterdd PPHE Eapt ayas omf.rmppedl b2, 2% byecord wlentical OIt Ereec oat ed
t 0

P oot oSS ERERT AR AR N e B ST R NG ROkaiBea PIADRT O DY

unsi ntered PTFE tape was overl apped 52% and a second identical unsintered

PTFE t apExé?@%g_\%aaC %cé)i’az;& &a@%&%ﬁeﬁ%n'ﬂﬂ: %ﬁawso%ev@\eﬁr 'A@ﬂ{&?r ¥ ¥ Exanple

35 Mca wr apped wire wt o over ayer of
0. 076 PP wos(G-Bnnch)thick copwmassial BIFEtppe(I ntadning et ai ni ng 4%

) il ot mmmmﬁwm P omi 5"
descri beaﬁt}% %’&2& v‘i"‘ﬂé %eo‘%f’é "é’ gé‘lgﬁ‘%ﬂ8§ 8078 was
coat ed wthithﬂ%st/e@T 3P01 pol yphenyl si l seqw oxane (PPSQ in a ratio of
4:1 Ti Q2: XLPPSQ as described in Exanple 15, and 1.25% by wei ght

Example 36: Kronos 2078 was coated with Gelest SST-3P01 polyphenylsilsequioxane

(PPSQ) in a ratio of 4:1 TiO,:XLPPSQ as described in Example 13, and 1.25% by weight

of the coated pigment was mixed with PTFE to prepare an unsintered 0.076 mm (0.003

inch) thick PTFE tape. A conductor was prepared by wrapping mica tape on the wire

with 50% overlap. The mica tape was covered by first and second layers of the unsintered

0.076 mm (0.003 inch) thick PTFE tape, each overlapped 52%.

Example 37: Mica tape was wrapped on the wire with 50% overlap. It was covered with
one layer of the 0.076 mm (0.003 inch) PTFE tape.containing 2% by weight of the coated
pigment described in Example 34, and overlapped 52%. The contrast was lower with a
single layer of PTFE tape than with two layers, as compared with Example 35.

Example 38: Mica tape was wrapped on the wire with 50% overlap. It was covered with
one layer of the 0.076 mm (0.003 inch) PTFE tape containing 2% by weight of the coated
pigment described in Example 34, and overlapped 69%. Increased wall thickness
(resulting from the increased overlap) produced higher contrast, as shown by comparing
Examples 37 and 38.

Heat Aging of Marked Samples

Heat aging was conducted on laser-marked samples at the temperatures and for the
times indicated in Table VI. Examples 31 and 32 are comparative examples. Even after
heat-aging, compositions of the invention showed high contrast.



of the coated pignment was m xed with PTFE to prepare an unsinter e&g@wgzzougrm
(0.003 inch) thick PTFE tape. A conductor was prepared by w appi j

tape on the wire with 50% overlap. The m ca tape was covered by first and
second | ayers of the unsintered 0.076 nm (0.003 inch) thick PTFE tape, each
over |l apped 52% Exanple 37: Mca tape2Qas wapped on the wire with 50%
overlap. It was covered with one layer of the 0.076 nm (0.003 inch) PTFE
tape containing 2% by wei ght of the coated pignment described in Exanple 34,
and overl apped 52% The contrast was lower with a single |ayer of PTFE tape
than with two |ayers, as conpared wphlj. pfanpl e 35. Exanple 38: M ca t ape was

wr apped ea—the—w+e—t ree%ﬁd—w th—ene—tay f the
0.076 nin (OEx@®l¢ nch) itk Coapastc pntAging By £9% Agingdinht ngddeCmfed
pi gment | descri bed i n| Exanpbg 34, and ri apped(ﬁ%{ Increaseg/zf
t hi cknegs—f{+esut+ng fram@e et easgg?uvc. Hap—pt-oduegt—ig > I ast,
as shown by cbhparing Exafdl es 37 andl®8. HHeat ng of| Mar ke®® Sanpl s Heat
agi ng wi s cong}uct ed pn lases- mark>d sgg(pl es at thgtenperatureg and fpr the
ti mes i ptecatet—n—Tabte—vA—Examptes—3t—ang—32—are—comarative exanp] es.
Even aftler _hbht-agi hg, codPositigns 819t heli nvent4 on showed H&h con}rast.
2 0 MAY 2005 1¢0 Table VI gxganpl e|lni gig@l Contrasts Agi ng T Aglg(g ti me}] Aged
Cont r ast— (99— E—(hours)y—(A— 1118331024182 —1275346—24—7 3—7p 310
24 68 19 88 310 3 90 310 6 89 310 13186 310 24 ®3 31 [70 2908%68 65
310 12 86
310 24 83
31 70 290 168 65
290 336 65
260 677 65
32 60 290 168 40
290 678 37
260 678 37
35 86 310 24 73
37 77 310 24 69
38 81 310 24 75




290 336 65 260 677 65 32 60 290 168 40 290 678 37 260 678 37 35 86 310 24
73 37 77 310 24 69 38 81 310 24 75 2 0 MAY 2005 What is cl ai ned?2i(sMAY12005A
conposition suitable for | aser marki ng when exposed to radiation from an
excimer |aser, said conposition conprising (1) a fluoropolynmer having a
processing tenperature TP, (2) 0.1 to 50% by wei ght of the conposition of a
col orl ess UV-absorbing pignment, and (3) a synergist having the formula
[R(vivh)J R P 9 wherein (a) ms 1to3,nislto3, pisatleastl, andgi sOt 03, and
(b) at |eagh, @Qhﬁn&gsR is a substituent that upon pyrolysis generates a

bl ack material suita 1e for providing a mark, said synergist being (i)
present at at |east 10% by wei ght of the pignment present in the polyner

conposi tion, _('A)coﬁnaﬁéiﬁ% 3Bk 1 ordade PARBEAL Whén Bfpoddd tolr8@8tiod from@d (111) in
physical proximty wih the pignment. 2. A<conposition according to claim1l
wher ei n t hexciperdesp SRPROMROSI EonAemprisiigocessi bi e fl uoropol yner _ 3. A
conposition according to claim2 wherein the fluoropol ynmer conprises PFA,

1" 07A, ETFE, or FEP. é . A conposition accqrding to claiml wherein the

f I uor opol ymer cdnpr i s BROTePRiymer having a processing temperature T,

) 0.1 to 50% by weight of the composition of a colorless UV-absorbing
' pigment, and

(3)  asynergist having the formula
RA(SICLR’,
wherein
(a) mislto3,nis1to3,pisatleast], and qis Oto 3, and

(b) at least one R or R’ is a substituent that upon pyrolysis generates a
black material suitzble for providing 2 marle,

said synergist being (i) present at at least 10% by weight of the pigment
present in the polymer composition, (ii) heat stable at a temperature of at
least T,, and (iii) in physical proximity with the pigment.

2. A composition according to claim 1 wherein the fluoropelymer is a melt-
processibie fluoropolymer.

3. A composition according to claim 2 wherein the fluoropolymer ccmprisés PFA,
MFA, ETFE, or FEP.

4.. A composition according to claim 1 wherein the flucropolymer comprises PTFE.
5. A composition according to ciaim 1 wherein the synergist comprises a

silsesquioxane or a polyhedral oligomeric (POSS).

6. A composition according to claim 5 wherein the synergist comprises

dodecaphenylsilsesquioxane.



5. A conposition according to claiml wherein the synergist conprises a

si | sesqui oxane or a polyhedral oligoneric (POSS). 6. A conpositi o gq&yr@jsng
to claim5 wherein the synergi st conprises dodecaphenyl sil sesqui oxane. 0
MAY 2005 7. A conposition according to claiml wherein the synergist is
present at at |east 20% by wei ght of thg2 pignent. 8. A conposition according
to claiml wherein the pignent conprises Ti®2., ZnO or ZnS. 9. A
conposition suitable for | aser marki ng when exposed to radiation from an
excinmer |aser, said conmposition conprising (1) polytetrafluoroethylene, (2)
0.1 to 50%%hy wei gimpasitisrhecontiposi dliien] oheaircht oylegist yrabsodthi Rgst

pi gnent, a ). & ist having the formula (R ,,(SIQJ]JPR q, wherein
(a) ms 1 ?@0/%% Wellggyéf%ggfg%eqqs at least 1, and q isOto 3, and (b) at

| east one Ror R is a substituent that upon pyrolysis generates a black

terial i tabl 1 di K Ld. i st bei I t at
At Teast 010 by enpp A Ch R IR | AL Pl BRI e i on.

(ii) heat sAn¥ble at a tenperature of at least TP, and (iii) in physical
proximty with the pignment. 10. An insul ated conductor which conprises (A
an elongate wire, and (B) an insulating |ayer surrounding said wire, said

| ayer conprg si ngAacouﬁféaﬁ%ﬁismme\fmgslarﬁ@fM% $Bén &dposad td walolea liviesn having a
processi ng tenperature TP, 2 0 MAY 2005 (2) 0.1 to 25% by wei ght of the
conposi t i of*exmes 1gsgl. SrIdEEBPOftion compnsing

(i)  polytetrafluoroethylexe,

@) 0.1 to 50% by weight of the composition of a colorless UV-absorbing
pigment, and

(3)  asynergist having the formula
[R(S10),R,
wherein
(8 mislto3,nislto3,pisatleast],and qis0to3, and

) at Jeast one R or R’ is 2 substituent that upon pyrolysis generates a

black material suitable for providing a mark,
said synergist being (i) present at at least 0.1% by weight of the pigment .
present in the polymer ccmposition, (31) heat stable at a temperature of at
least T, and (iii) in physical proximity with the pigment.
10.  Aninsulated conductor which comprises

(A)  an elongate wire, and

(B) an insulating layer surrounding said wire, said layer comprising a
composition which comprises

(1)  afluoropolymer having a processing temperature T,,



absorbing pignent, and (3) a synergist having the formula [RM S ORI]PR q,
wherein (a) ms Ito 3, nis ito 3, pis at least 1, and q isOto 3, and (b)
at least one Ror R is a substituent that upon pyrolysis generatgg MiYhi@ck
material suitable for providing a mark, said synergist being (i) present at
at | east 10% by wei ght of the pigment PpYesent in the polyner conposition,
(i1) heat stable at a tenperature of at Jleast TP, and (iii) in physical
proximty with the pignent. 11. A conductor according to claim 10 wherein
the conposition conmpggses (al tPRs% by ardgaloy Rcombdsitibn @ adulbriess B¥eor di ng to
claim 11l wherein the per:|luyoropolyner is PTFE. 13. A conductor according to
claim 12 wherein the syneraé?%‘?’ = Plpand dodecapbenyl sii sesqui oxane. 14. A
conductor according to claim 10 which; when exposed to an exciner |laser at a

wavel ength of 308 nmand a f| uenc% of 800. mJ/.cm , produces a mark having a
contrast of at |east(?}0o? Synergist having ihe formuia

[Ru(SIO}R
wherein
(a) mislto3,nis1to3,pisatleast], and qis0to 3, and

) at least one R or R’ is a substituent that upon pyroiysis

generates a black material suitable for providing a mark,

said synergist being (i) present at at least 10% by weight of the pigment
present in the polymer composition, (ii) heat stabie at a temperature of at
least T, and (1it) in physical proximity with the pigment.

11. A conductor according to claim 10 wherein the composition comprises a
perfluoropolymer.

12. A conductor according to claimu 11 wherein the perfluoropolymer is PTFE.
13. A conductor according to claixn 12 wherein the synergist comprises

dodecaphenylsilsesquioxane.

14. A conductor according 1o clzim 10 which, when exposed to an exciruer laser at a
wavelength of 308 nm and a fluence of 800 m)/cm?, produces a mark having a contrast of
at least 70%.



