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SYSTEM AND METHOD FOR SELECTIVELY LASER
PROCESSING A TARGET STRUCTURE OF ONE OR MORE
MATERIALS OF A MULTIMATERIAL, MULTILAYER DEVICE

Technical Field

The present invention relates to lasef systems
and methods for selectively processing a material of a
single or multiple layef structure of a multimaterial,
multilayer device and, in particular, to laser systems and
processing methods that émploy an output within a )
wavelength range that facilitates selective removal of an
electrically conductive link or resistive film structure
on a silicon substrate of an integrated circuif, as well
as facilitates functional laser processing of active or

dedicated devices that are sensitive to a certain spectrum
of light. '

Background of the Invention

Conventional laser systems are typically
employed for processing target strucﬁures such as
electrically conductive semiconductor-link or resistive
film structures in integrated circuits or memdry devices
such as EPROMs, DRAMs, and SRAMs. Link processing, which
is presented herein only by way of example of selective
material'processing, may include total or partial removal,
cutting, or vaporization of the link materia;. Examples
of link processing laser systems include model Nos. 8000C
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15. ‘ PROCESSI NG A TARGET STRUCTURE OF ONE OR MORE

MATERI ALS OF A MULTI MATERI AL, MJLTI LAYER DEVI CE Techni cal
Field The present invention relates to |aser systenms 20

and nethods for selectively processing a material of a single or _
mul tiple |ayer structure of a multimateri al, mul til ayer device and, in
particular, to | aser systens and processi ng methods that enploy an
output within a wavel engt h range that facilitates selective rem)val of

an 25 electric ti.ve eS|st| e m_str ur e
silicon subst rat%{%%éogogbng‘%%ﬁ?gpéﬁe% lteCt§§ \\%élllentlflc gn URE i qSy es
functi onal | aserIpt-ocaddichg l@f taetasfel‘mee of tdedipresedtdéniemsidhat are .

sensitive to a Cﬁfénﬁjl@sswfﬁr@:!ﬂbtlve £i1n 1imi3Y and functionaBafdigidund
of the Inventio ventional Iaser systens are tc{rﬁl cally

enpl oyed for proqiré’g‘g'flﬁ’g? tlglsﬁ& sgﬁ"ﬁ‘ﬁ urES Ui pogel NoOs. ofdcaRd 44
conducti ve Sem coerhssttdveliynkwbichearstdls manufhicltoretir bgt Bl @strdn

Lntegrated oircldferdli ARMNINEARYIEES AR, HEAS/ERRIMS, Pﬂs@é ‘Ef:

SRAMs. Link proces I's presente reirn on

exanpl e of sel ectd %thsn'&tfeﬁr 9p4 dl“B'cé'ssWWg Ay @ndn 8- §ae kﬂét aI or parti al

renoval,, cutti ng, or Thapphiahts cndicdntititem odalenyakor El@é'éﬂ-es
of link pr ocessigykdAS4; ]é%%%@gﬁsiﬂgé’rqae Jodsl; Nas 1n8080mputer
10 Simulation of Target Link Explosion in Programmable

Redundancy for Silicon Memory," L.M. Scarfone and J.D.
Chlipala, Journal of Materials Research, Vol. 1, No. 2,
March/April 1986, pp. 368-81, and "Computer-Simulated
Explosion of Poly-Silicide Links in Laser-Programmable
15 Redundancy for VLSI Memory Repair," J.D. Chlibala, L.M.
Scarfone, and Chih-Yuan Lu, IEEE Transactions on Electron
Devices, Vol. 36, No. 6, pp. 1056-1061 (June 1989).
Figs. 1A and 1B depict a conventional output
energy distribution of a laser output or puise 10 directed
20 at an integrated circuit or membry link structure 12,

which can be positioned between link terminators 14, and
is typically covered by a protective layer 16 often the
result of oxide passivation. Link structure 12 may be
composed of one or more layers of a single material or a
25 composite "sandwich" of several materials including those -
required for anti-reflective coating, binding, or other-
manufacturing purposes. For example, link structure 12
may include sublayérs of titanium and tungsten to enhance
adhesion between aluminum base link material and a silicon
30 substrate 22 which may include oxide layers.
' With reference to Figs. 1A and 1B, Chlipala et
al. suggest that a laser pulse 10 focused to a spot 18 of
radius R (which is, for example, about 2 um) and applied
across link structure 12 should have a suitable duration
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9000 manufactured by Electro Scientific Industries, Inc., which is
the assignee of the present invention. Exanpl es of resistive film.
trimm ng and functional device trimm ng | aser systens include nodel
Nos. 44 and 4200, 5 respectively, which are al so manufactured by

El ectro Scientific Industries, Inc. These systens utilize output
wavel engths of 1.064 [err]m 1.047 [err]m and 0.532 [err]m

0 BRYS1CS AN RORALE" IRE L0 Ll 336k cas, oBARRY A M cBERRSRS! 1S

Pr ogr ammabl e wavelength to cause a temperature distribution capable of
cutting link structure 12. Since the spatial or critical
dimensions of spot 18.aré typically (but not always)

5 1arger than the width'(which is, for example, about 1 pum)
of link structure 12, a portion of laser pulse 10 impinges
on silicon substrate 22. Laser pulse 10 must, therefore,
be tailored not to have energy sufficient to damage
silicon substrate 22 or adjacent circuit structures 20

10 either by direct laser energy absorption, by residual
pulse energy coupled into substrate 22 bélow link
structure 12 after it is vaporized, or by thermal
conduction.

 Yields of memory devices, for example, have been

15 dramatically improved by combining the use of 1.064 or
1.047 um laser output with the use of polysilicon and
polycide link structures 12 to enable redundant memory
cells. Even though it is a reiatively poor electrical
conductor, polysilicon-based material has been used to

20 fabricate link structures 12 because it is more easily"
processed by laser systems generating a conventional laser
output at a wavelength of 1.047 um or 1.064 um at energy
levels that do not prohibitively damage silicon substrate
22. A laser output having well-controlled energy and

25 power levels can generate across an entire polysilicon
link structure 12 a desired temperature distribution that
exceeds the melting temperature of polysilicon. Scarfone
et al. attribute this advantage to -the relatively large
optical absorption dépth of polysilicon at 1.064 pm in

30 combination with other favorable parameters such as the
mechanical strength, the thermal conductivity, and the

melting and vaporization temperatures of polysilicon,

PDX1-72992.1
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Redundancy for Silicon NErmry, " L.M Scarfone and J.D. Chl i pal a,

Journal of Materials Research, Vol. 1, No. 2, March/ April 1986, pp.
368-81, and "Cbnputer-SinuIated Expl osi on of Poly-Silicide Links in
Laser - Programuabl e 15 Redundancy for VLSl Menory Repair,” J.D. Chlipala,
L. M Scarfone, and Chi h-Yuan Lu, |EEE Transactions on El ectron

Devi ces, Vol. 36, No. 6, pp. 1056-1061 (Junet 1989). Fi gs.
1A and 1B depict a conventional output energy distribution of a |aser
out put or pulse 10 directe i nte ted circuit or nepory link
structure 12, PFOSSGHR ﬁeﬁelﬁosﬂa‘g %&%éﬁ |'PﬁEeFeW%ﬁ{'%}%

and i s typimeglwedovered by a protective |ayer 16 often the -

resul t of oxide passivatiape kbe!ﬁna&sggtyfégndl@%o%ver, cokQpgosed of one

or nore Iayers aS| | e materi al osite "sandw ch" of
several nateri al %Q‘OFﬁo%’mplex' Righay éjtfnldeYaﬁ‘FF‘oFé‘F? chayimg
coating,- blﬁdlngnoxﬂ letyteers and sma@bEfarink i sigryutipeseandFaemexangeEl | i nk

structure 12 o fimd S dbetl dic! ude E}&Q' EXEB)’?%;QIEJ “'n%ﬂlka@@g %E“Q YEPg ! £

enhance ween alumn erla a'silTicon.30
substrate 22 whiTenN 99Ydcede '8Ri dBCcrageed. the polysilicon-lifeh reference

]'Eo Fi gz 1A and i exdd]i palsatgplcauyabeccsm@q&&te ][déablg bﬁﬁ@édp%hhéﬁmﬂz&
ocused to a Sp (] 8 about .
[err]m and app?clsll#%L&Ilt t(? Q%@ #%k%%%cﬁl ure sﬁg ?%Hﬁgs%ya i tabl e

duration 1 expensive and tlme consuming process is typically employed

to delicately etch away surface layers to expose the
polysilicon-like structures to be processed. Another
disadvantage of polysilicon-like materials is that their
_ " electrical resistance increases with smaller dimensions,
15 and thereby restricts the operating speed of the memory
cells. _

Because metals have higher conductivity and are
typically deposited as a top conductive layer of memory
devices, manufacturers would like to switch the material

20 of link structures 12 to metals such as, for example,
aluminum, titanium, nickel, copper, tungsten, platinum,
gold, metal-nitrides (e.g., titanium nitride), or other
electrically conductive metal-like materials in new
generations of high-density, high-speed memory chips,

25 whose storage capacity would exceed 4 and even 16
megabits.

Unfortunately, metals and other electrically
conductive materials have much shorter optical absorption
depths and smaller absorption coefficients at 1.047 um or

30 1.064 um than the absorption depth and absorption

' coefficient of polysilicon-like structures, causing most
of the 1.047 um or 1.064 pm laser output energy to be
reflected away. Consequently, the small amount of laser
output energy absorbed heats only the topmost portion -or

PDX1-72992.1
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pul se width and be of sufficient energy at a certain wavel ength to
cause a tenperature distribution capable of - cutting link structure 12.
Since the spatial or critical di rensi ons of spot 18 are typically (but
not always) 5 l'arger than the width (which is, for exanple, about 1
[err]m of link structure 12, a porticn of |aser pulse 10 | mpi nges
on silicon substrate 22. Laser pulse 10 nust, therefore, . be tailored

i Gl i Licon substrate 22 or
e oo Srer Al 65 8hiA8 SSRGS e, SRR B Yo
absorption, by mestdwfl the undeulyinenaylgyme aufplldciki stoustivee rid eredia il ow
li nk at a lower temperature. Thus, it is very difficult to
cleanly process-a high conductivity link structure 12 with
5  the same laser ocutput energy and power levels used to .
process polysilicon-like structures.

Simply increasing the laser output power level
has deleterious effects on silicon substrate 22 and
adjacent circuit structures 20. On the other hand,

10 increasing the laser output pulse width, while maintaining
the output power level, to allow sufficient time for
thermal conduction to redistribute the heat to the
underlying volume of a high conductivity link structure 12
increases the cumulative laser energy of an output puise,

15 thereby increasing the risk of damage to substrate 22 and
circuit structure 20. Thus, some practitioners have
concluded that laser systems are no longer the proper tool
for processing high conductivity links and have discussed
using ion beams instead ("Focused Ion Beams," Jon Orloff,

20 Scientific American, October 1991, pp. 96-101). However,
ion beam technology is still largely experimental for such
applications, is very expensive, is not an automated
production process, and cannot easily be retrofit into
existing laser-based link cutting systems.

25 ' Passive trimming of thin film resistor
structures (not shown) in integrated circuits devices on
silicon wafers is another example of selective material
processing. The resistor structures typically comprise
thin films of nickel chromide, tantalum nitride, cesium

30 silicide, or other resistive materials that are embedded
within or 1ayered-upon'a substrate of a different
material, such as silicon, and may be laser processed or
trimmed to provide resistor structures with desired
values. As with laser link processing, iéser output that

. PDX1-72992.1
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structure 12 after-it is vaporized, or by thermnal conducti on.

Yi el ds of nenory devices, for exanple, have been 15 dramatically

i mproved by conbining the use of 1.064 or 1.047 [err] m | aser output

with the use of polysilicon and . pol ycide |ink structures 12 to enable

redundant nenory cells. Even though it is a relatively poor

el ectrical conductor, polysilicon-baséd nmaterial has been used to 20

fabricate link structures 12 because it is nore easily processed by

| aser systens g Lak ln ventj onal .| aser out put_.at, a-wavel ength

of 1047 [or ] meBIPYssofty bR ESH e Weths apg, pRY' Pikefoifhppower

prohi bitivel y d&fag@ssicrki €dpagubsimeing of resizriva fadws owtgpiitidwsi ng

vel | -control | ed ibet@uraBdiRBoses POMRE HAN%ElcT GRMaGENEHALRe AGIKSS-aR ENtiTe

pol ysilicon i nk stgggture %%Haldesired tenpéerature djstribution that
0

exceeds the nelting tenper atBrel St AAS95 BIQCCEEAPEAE trimming of
attribute this @brdveagedicated devites/elsy ylear gmother ermamplalofabsor ption
dept h of polysild 1 r | ' k i & ot

p pol ysi I9aeRcabelndférl ol rgBddbsity. g%mehaeue{a%y DA, 2

favorabl e paranefers such-.as the C al “stren

conductivity, affdiFated devige:isFepRpuediar itXafTSA RBdpeYatyatad smtil

polysilicon, . it performs its dedicated function. Functional trimming
is described in detail in "Functional Laser Trimming: An
i0 . Overview, " R.H. Wagner, Proceedings of SPIE, Vol. 611, pp

12-13 (Jan. 1986) and "Functional Laser Trimming of Thin
Film Resistors on Silicon ICé," M.J. Mueller and W.
Mickanin, Proceedings of SPIE, Vol. 611, pp 70-83 (Jan.
1986) . '

15 Functional trimming with conventional laser
outputs such as 1.064 um, 1.047 um, or their harmonics
presents a different probleﬁ from link or film processing.
These laser wavelengths can cause excessive carriers in
the silicon substrate and result in malfunction of the

20 ‘device as a whole, making. functional laser processing with
these wavelengths impossible or prohibitively slow because
extra time would be required to let these carriers
disappear before the device will function nofmally. This
is especially true for devices having some light-sensitive

25 portions or photo-electronic elements such as CCD arrays
integrated as part of the devices' function logic. During
laser processing with conventional laser outputs, those
light-sensitive or photo-electronic portions would react
to_the'laser beam, causing the entire device to '

30 malfunction, regardless of their proximity to the laser

' ‘beam. Functional laser processing or trimming of such
devices, where the processing control is based upon
measurement values of the devices real-time function, is
impossible to perform due to the laser beam-induced

PDX1-72992.1
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protective layer 16, substrate 22, and other materials I nvol ved.

The technol ogy trend i s, however, toward devel opi ng nore conpl ex,

hi gher density menories having 5 nore lLayers and smaller link structures
and nenory cel | di nrensions. As. the conplexity and nunbers of |ayers
of menory devi ces has increased, the polysilicon-1ike mat eri al
has typically becone nore deeply buried and nore difficult to process
using a laser. According) an 10 expensive and tine consum ng process
is tgpi cally errpf“ﬁgt ceidrs ¥ &S C5VEF§Set ch away surface |ayers to
expose the Summary of the Invention

An object of the present invention is,

4

therefore, to provide a laser system and method for

5 cleanly processing link or film structures fabricated,
respectively, from various high conductivity (e.g.
metallic) or resistive materials without damaging
underlying or surrounding substrate or adjacent circuit
structures.

10 ) Another object of this invention is to provide
such a system and method that employ selected laser output
parameters to exploit the differential opfical absorbance
between high conductivity or resistive materials and
silicon in order to reduce or eliminate damage sustained

15 by the silicon substrate from residual laser output
coupled into the silicon substrate after the link or film
structure has been Qaporized or processed.

Another object of this invention is to provide
such a system and method that employ selected laser output

20 parameters to exploit the differential optical absorbance
between high conductivity or resistive materials and
silicon in order to efficiently vaporize high conductivity
link or resistive film structureé without affecting the
silicon substrate or adjacent structures falling within

25 the critical dimensions of an oversized spot of the laser
output. ,

A further object of this invention is to provide
such a system and method that utilize a larger processing
window, i.e., accepts a greater variation inldevice

30 construction and/or allows a greater variation in laser
output power and énergy levels, pulse widths, and pulse
repetition frequencies to accurately process link or film
structures.

Still another object of this invention is to

. PDX1-72992.1
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poI ysi, I icon-like structures to be processed. Anot her di sadvant age of

ponS|I|con like materials is that their el ectrical resistance

i ncreases with smaller dinmensions, 15 and thereby restricts the
operating speed of the nenory .cells. Because netal s
have hi gher conductivity and are typically deposited as a top
conductive | ayer of nenory devi ces, mamsufacturers would like to
switch the material 20 of link structures 12 to netals such as, for
exanpl e, al um num tltanlun1 ni ckel , copper, tungsten, platlnun1

gol d, metal -nitriRFEYIEE. §UCht3 { ¥BRAR AN MeShodofrhathgan be ' relgtdsedivcal |y
conducti ve netal -indspemateelnl setrofiaw into exgenenat Lons 6f hixh-density,
hi gh- speed nenor egglngSlase¥Wg§§%é§§3rage capacity woul d exceed 4 and

even 16 me ‘Unfortunately, netals and other
electrically conductTU% PSR igTvanrd om ePS ROES ekhepdififgrential
absorption s 1aﬁd(§rr§d>|ﬁféiﬂ9él’ﬂttd QR QB@BEbEi@ﬂtéox%rals@‘w [err]m

or 30 1.064 [ h a rption .d pth ang
coefficient of ei{ ]wré: }lcggnlltt Ps]?%éﬁﬁ%&‘a T errﬁg‘ge%t'ylng of the 1.047
[err]mor 1.064 [WWF&serTmtmt%@T@ nteahbel of therpfésentedinwemrion

Consequently, thexade agBeAt ol l&@sern nonc%bauhsﬁﬂgyaﬁge%@ed heat s

onIy t he toanst B E%B BL for

29%%Jn1proce551ng) that optimizes
- 10 absorption contrast between, for example, silicon and high
conductivity or resistive film materials including metals’
or semiconductors, and results in relatively efficient
link or film processing (cutting'or vaporizing) witheut
risk of damage to the surrounding and underlying substrate
15 material. In particular, silicon has been shown to be
‘only slightly affected by laser.output of suitable power
in the 1.2-3.0 pm range, but aluminum, nickel, tungsten,
pletinum, and gold, as well as other metals, metal alloys
such as nickel chromide, metal nitrides (e.g., titanium or
20 tantalum nitride), and cesium silicide absorb such laser
output relatively well.

Conventional laser systems and methods for
processing link structures 12 or film structures have
emphasized the laser power absorption and temperature

25 distribution properties of link structure 12, whereas the
present invention considers the optical -
transmission/absorption_properties of substrate 22 as
well. Conventional laser systems function primarily to
control the temperature distribution within spot 18 by

30 preferring 1.047 um or. 1.064 um laser wavelengths over the

' 0.532 um laser wavelength and manipulating the shape,
including duration and power, of pulse 10 to avoid
overheating substrate 22 while obtaining the highest
possible uniform temperature distribution across link

PDX1-72992.1
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5: surface of -a high conductivity link structure 12 such that

nmost’ of the underlying volunme of link structure 12 remains at a | ower
temperature. Thus, it is very difficult to cleanly process a high
conductivity link structure 12 with 5 t he sane | aser output energy and
power |evels used to process polysilicon-like structures.

Sinmply increasing the | aser output power |evel has del eteri ous
effects on silicon substrate 22 and _adjacent circuit structures 20.
On the other hand, 10 i ncreasing the | aser output pulse width, while

mRi Nt ai ni ng SEYHELRER piR - pRRSRUSEy dhe PEegPRBWI RYARY iGN RXPLPAEST Bhe
t hermal conducti dhfferernel st radadrdbadte beahviort B€ 1link structures 12 and

substrate 22, the attention to pulse shaping can be
relaxed and a pulse 10 of greater peak power and shorter
5 duration can be used without risking damage to substrate
22. '
Exiscingllink or film processing laser systems
can be'relatively inexpensively modified to generate
output in the 1.2 to 3.0 um wavelength range. 1In

10 addition, conventional laser devices that produce laser
output within this wavelength range can be adapted for
link or film processing. Available laser. devices that
produce output within this wavelength range are
conventionally employed in fiber optic communications,

15 medical applications, military range finding, and
atmospheric pollution monitoring. Such laser systems have
not, however, been used for general material processing
because they are more complex and typically deliver laser
output of significantly lower power or energy per pulse

20 than, for example, a 1.064 um Nd:YAG or a 10.6 um CO,
laser. The conventional wisdom in laser material '
processing, of maximizing laser output average or peak
power with desired beam quality, reinforces the avoidance
of using wavelengths that do not optimize output power.

25 In contradistinction to the conventional wisdom, the
present invention employs a laser output having a
wavelength window that maximizes absorption contrast for
selective material processing, even though the peak power
of such laser output maybe lower than that which is

30 conventionally availabie. .

Another advantage of the selective'material
processing achieved by the present invention is that it
facilitates the functional laser processing or trimming of
dedicated devices or devices having some light-sensitive

PDX1-72992.1
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underlylng vol unme of a high conduct|V|ty link structure 12 _ :
the’ cunul ative | aser energy of an output pul se, 15 t hereby i ncreasing

the risk of damage to substrate 22 and circuit structure 20. Thus,

sone practitioners have concl uded that |aser systenms are no Ionger

t he proper tool

for processing high conductivity |inks and have

i NCr eases

di scussed using ion beams instead ("Faoused |on Beams,” Jon Ol off,
20 Scientific Anerican Cbtober 1991, pp. 96-101). ] However , I i on
beam technology is still lar erimental for suc applications,
i's very expensiv@’ PROTRtE ﬁa ggtions. Fou MR Spr E@LSYiAGd cannot

easi |y be retroflaséntoutput hagringt Angalasengtiaspredtdeik ttant ing ﬁmstenB

Passive trinmm nge@hct fbikfiy P d%%b%tgil con. bég &KgéUf%%s(% s%gﬁ@@g'
i 1T con o % of

I nt egrated CIFCUIiS devi ces on
sel ective materi &
t i hf ¢ misorofoMittlkeeletheosi Becadsnt@ldi@iniilcbnd8asegsi um 30

conpri se 5

ers 1s anot

1m1nate$HHE%§§pﬁ§1rqh§er%%$%ﬁtﬁanQ%kﬁ%m@glpypﬁba

25

ayered upon & SELLT Al et a it Breket SR B BT, are WHIILY and

| ayered upon a su

trate

may be | aser procekded" oi° Waveh?PBﬁﬁﬁdQF%aﬁﬁﬁvﬁhﬁnlﬂa% sror Theusiliiesnwith
desired val seisst Ascay titdedFEer bbbBie T HLRSS NGradspa@eneUbBut t hat
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wavelengths greater than 1.2 um and does not exhibit an
essential amount of carriers excited by a laser beam

having such a wavelength. As a consequence, virtually no

settling time is required and the voltage function
measurements of these devices can be achieved almost
concurrently without significant error.

Additional objects and advantages of the
invention will be apparent from the following detailed
description of a preferred embodiment thereof which
proceeds with reference to the accompanying drawings.

Brief Description of the Drawings

Fig. 1A is a fragmentary cross-sectional side
view of a conventional.semiconduétor link structure
feceiving a laser pulse characterized by a particular
enexrgy distribution. ' .

Fig. 1B is a fragmentary top view of the
semiconductor link structure and the laser energy
distribution of Fig. 1A, together with adjacent circuit
structure. o

Fig. 2 shows graphical representations of .
optical transmission properties of silicon vs. wavelength
for various silicon temperatures.

Fig. 3 shows graphical representatioas of the
optical absorption properties of four different metals vs.
wavelength.

Fig. 4 is a plan view of a preferred.embodiment
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6 - . enploys conventi onal wavel engths and has sufficient power

to insure clean trimmng of resistive filnms on silicon substrates

i nposes some risk of damage to the substrate. "Functional "
| aser processing or trimmng of 5 active dedicated devices is yet

anot her exanpl e of selective material processing. In functional
trimmng, a dedi cated device is repeatedly trimed and eval uat ed
unti | it performs its dedicated function. Functional trimmng

is described in detail in "Functional Laser Trinpmng: An 10 Overvi ew, "

R H. \agner, Prd¥eddilR§ETofYSPRE, IRRPLPIFRLINg the pregongsipveptiomss) and
"Functional Laser Trinmm nQeodiléd Descripthidondie PreffetrgednEfmbddimghd Cs,

MJ. Mieller and W cbekagi flug PY Of86lIng8 19/ sRBLEcnYObpe Sk PP 70-83
(Jan. . transmittance properties of silicon and optical absorbance

5 properties of different metals such as aluminum, nickel,
tungsﬁen;'and platinum that may be used in future link
structures 12. Fig. 2. is an enlarged replication of a
portion of Fig. 6e-52 from D.T. Gillespie, A.L. Olsen, and
L.W. Nichols, Appl. Opt., Vol. 4, p. 1488 (1965). Fig. 2

10 reveals that a 2.80 mm thick, single-crystal, N-type
silicon will transmit nearly 50% of laser output directed
at it in a wavelength range of about 1.12 to 4.5 um when
its temperature is between 25 and 300°C. The
transmittance of this type of silicon sharply decreases as

i5 the wavelength output drops below 1.12 um.
Fig. 3 is.a compllatlon of the relevant portions
of absorbance graphs found in the "Handbook of Laser

Science and Technology," Volume IV Optical Materials:
Part 2 By Marvin J. Weber, CRC Press, (1986). Fig. 3

20 shows that metals, such as aluminum, nickel, tungsten, and
platinum, absorb usable laser output from a wavelength
range from below 0.1 pm to 3.0 um, with aluminum not
absorbing quite so much as the other metals. Metal
nitrides (e.g., titanium nitride) and other high

25 conductivity, metal-like materials used to form link
structures 12 have generally similar optical absorption
characteristics. However, the absorption coefficients for
such materials are not as readily available as are those
for metals. _

30 The graphs in Figs. 2 and 3 reveal a preferred
overlap wavelength range 30 of about 1.2 um to about 2 um
in which silicon is almost transparent and in which the
optical absorption behavior of metal link materials is

sufficient for them to be processed. When comparing the

PDX1-72992.1
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1986) ' Functional trinm ng with conventional |aser
outputs such as 1.0.4 [errlm 1.047 [err]m or their harnonics :
presents a different problem from link or film processing. These

| aser wavel engt hs can cause excessive carriers in the silicon
substrate and result in malfunction of the 20 device as a whol e, making
functional |aser processing with t heseravavel engt hs i npossi bl e or
prohi bitively sl ow because extra time would be required to |let these
carriers di sappear before the device will function nornmally. This

is especially trde? ng deli kB sWavRAengtdorangrgh? - sereerventimnal gaseirons or

phot o- el ect r oni c wakelrengshs ush ﬁsoéxlamﬂdhays 532 umeEKiMEﬁdﬂbé¥%dh%rh1Qi

t he devices' fun n g processi n
convent i onal Iasg%hgu %gtést%%%i téénsmlqta&ﬁF &gt +?&?(ﬁbﬁﬁﬁﬁﬁ§ SePéct r oni ¢
portions woul d r dBgreases bYo°¥¢%r$a%%mMﬁE@deeaublhg thee apttigad device to

30 ma|funcst|onabsegpeﬂbﬁs&qilgmaidndaf&&mwlmktm&@éﬁres 12 beam
Functi onal Iaser [ocessi or. tr e the

Loge trnnégkﬁg g devi c g;
processing cont r SFEFERER Y LPROM FuPENER? - valtfe ?ﬁt%Qﬁf wees
real -time funct.i &he absorbanwrpo@smﬁ s aypechdim doe myem dfaser

beam i nduced PPXAsm2P02nde, of silicon substrate 22 and high
conductivity link structures 12 allows utilization of a

10 higher peak power or energy laser pulse 10 to cut.link
structures 12 without a proportional increase in risk of
damaging silicon substrate 22 or adjacent circuit
structures 20. -

_ Because shorter wavelengths within the 1.2 um to

15 2.0 pm wavelength range 30 provide better laser beam
focusability (and hence smaller laser output spots 18),
and maximize the absorbance of high conductivity link
structures 12, wavelengths such as 1.32 pm and 1.34 um are
preferred for most high conductivity link processing

20 operations. Waveiengths such as 1.32 um and 1.34 um are
sufficiently long to minimize damage to silicon substrate
22. The choice of 1.32 pgm or 1.34 um is also somewhat
predicated on laser source availability and other
complexities familiar to those skilled in the art.

25 In a preferred embodiment, a conventional diode-
pumped, solid-state laser with a lasant crystal such as
Nd:YAG, Nd}YLF, ND:YAP, or Nd:YVO, is reconfigured to
produce output in the 1.2 to 3.0 um wavelength range.

Each such redesigned laser employs resonator mirrors with

30 appropriate dichroic coatings to be highly transmissive to
the most conventional wavelength of the lasant crystal but
have desired reflectivity at a selected wavelength within
the range 1.2 pm to 3 pm and preferably at 1.32 um or 1.34
pm. Such dichroic coatings would suppress laser action at
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7 mal functions of the devices. ' Summary of the

| nvent i on An obj ect of the present invention is,

therefore, to provide a | aser systemor a nethod for 5 generating a | aser
out put at a predeterm ned wavel engt h for selectively processing a
mul tilayer, multimaterial device that includes a substrate and a
target structure having differential, wavel ength sensitive |ight
absorpti on. characteristics, where the predeterm.ned wavel ength has a
10 val ue that represents a sufficiently |arge absorption cont rast
bet ween t he t ar §é¥ FCSGcEAPECRRPRFe FP&FE p6 the lasamMgLW R cal

property of the suwwhges stogchmrfobwd: YAG, la@dvenRHhséaniseat |actiwhaitged t he
physi cal property of t r.ate. n t i's
the seg.g?ntg%dwaééli)ésﬁr%ttq’}‘loé)r]é%eraPégniLy32 p.r@‘ fé‘xdvl\?c{' )7 ¢ 7

that such a | aser sys : can ¢ _ prOCESS.|Iﬁk or film
structures - fabricat edn aeapher inrdfprredoempadinast hi yrdkedrhrumpad v

(e.g. nmetaldic) o arRSiakpvVBunBé®ddll i WelbheUt adakbghidng a lasant -
crystal of YAG doped with other dopants such as holmium
~ (laser output at 2.1 pm) or erbium (2.94 pgm) could be
employed to deliver laser output within the 1.2 pum to 3 um
wavelength range. '
10 Preferably, all of the transmissive optics in a
delivery path of the laser ocutput beam are antireflection
" coated for the selected wavelength. In addition, laser
output power or energy monitoring devices are changed, for
example, from Si for 1.064 um to Ge or GaAlAs for 1.32 um
15 or 1.34 um, to be responsive to the selective wavelength.
Other minor optical modifications to compensate for
changes in laser output focusing length are preferred and
known to those having skill in the art. _
One skilled in the art will also recognize that
20 higher output power diode lasers or pumping schemes, such
as arc lamp-pumping, may be employed to compensate for the
‘lower gain for lasers with lasant crystals such as Nd:YAG
or Nd:YLF at 1.2 um to 3.0 um wavelengths. For example,
with reférence to an embodiment of a laser system 50 shown
25 in Fig. 4, the output'(preferably 3.0 watts or greater) of
a high-power AlGaAs laser 52 may be funneled along optic
axis 54 through a nonimaging concentrator 56 composed of a
high refractive index, crystalline dielectric material and
then coupled into an Nd:YLF lasant crystal 58. This
30 method is disclosed in copending U.S. patent application
No. 07/873,449 of Baird, DeFreez, and Sun, filed April 24,
1992, for Method and Apparatus for Generating and
Employing a High Density of Excited Ions in a Lasant,
which is assigned to the assignee of the present’
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Underlying or surroundi ng substrate or adjacent circuit 20 structures.

Anot her advantage is'that such a system and met hod can enpl oy .

sel ected | aser output paraneters to exploit the differential optical
absor bance between hi gh conductivity or resistive materials and

“silicon in order 25 to reduce or elimnate damage sustained by the

silicon substrate fromresidual |aserieutput coupled into the

silicon substrate after the link or filmstructure has been vapori zed

or processed. . . * Another advantage is that” such a system and

30 nethod can P58y el ected | aser output paranmeters to ~ exploit

the differential optical &albsbfebable, beiswersiighpositicfaeddigdingd \a or

resistive materiglat adiSkb 688 14 Shfiled by o W BES &sggphgggw%/ﬁa%{gpag hi gh
conductivity link or . resistive Tilmstructures W thout affecting the
silicon 62 that is controlled by a processgng unit 64. Processing
: : 5 unit 64 is also connected to an impedance-matched RF
amplifier 66 and controls signals delivered to a
transducer coupled to a Q-switch 8. Q-switch 68 is
preferably positioned between lasant crystal 58 and an
output coupler 70 within a resonator cavity 72. A
10 targeting and focusing system 74 may be employed to direct
laser output to a desired position on link structure 12 or
other target material. Pumping, Q-switching,.and
targeting of the laser system S0 of the preferred
embodiment are accomplished through conventional
15 techniques well-known to persons skilled in the art.
An input mirror coating 76 on lasant crystal 58
and an output mirror coating 78 on ouﬁput coupler 70 are
preferably highly transmissive at the conventional 1.047
pm YLF emission wavelength. In addition, ihput mirror
20 coating 76 is transmissive to the AlGaAs emission
wavélength range and reflec;ive at about 1.32 um, and
coating 78 is only ﬁarcly transmissive at 1.32 um to
permit laser operation. '
'~ Skilled persons will appreciate that the above-
25 described laser systems can also be employed at
wavelengths longer than 1.2 um to functional process or
trim thin film resistor or other structures in active
integrated circuit devices. Laser output 'in the 1.2 um to
3.0 pum range, for example, can effectively trim resistor
30 material, such as nickel chromide, tantalum nitride,
cesium silicide, and other commonly used resistive
materials, but does not sﬁbstantially stimulate
undesirable photocurrents on.the photodiode or light-
sensitive, typically siliconjbased, portions of the
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substrate or adjacent structures falling within the critical
dlnEnS|ons of an oversized spot of the |aser out put . A
further advantage is that such a systemand 5 nmethod can utilize a |arger
processi ng wi ndow, i.e., accepts a greater variation in device
construction and/ or allows a greater variation in |aser output power
and - energy levels, pulse widths, and gl se repetition frequenci es
to accurately process link or filmstructures. 10 : Still

anot her advantage is_that such a system fethod can be relatlvely

i nexpensi vel y r8EYOFFE-i D 2 CORSSUERChRg PPnﬁeBF 19 3o des TeAYirgder
syst ens. between la'l'$rer pregentandvaet foncekghal treedsvreatiehter efit the

absorption (al Sgct 27€raeds (s A% ARP'ibAIoAAN hddhlrdmncdebpepl || Nk of

filmmaterial and the underl ng substrate e system and met hod of
the present invBRPETBREd almogt, (QREYLFEAELIBut put (in a nonconventional range
of waeel engt hs for I$k&11ﬁdfpéﬁ§c@@0®e$$lagpréé&ﬁténﬁhaﬁ e

absorption cont Ei‘iﬁ Pf&é(‘ﬁ@nckri%t e aega §5}:gg?8n%g#agﬁ: %%tween I:zlgh

conductivity or sistive fi I'nc
sem conduct or s, CARAUERLYIL ¥ 1¥P¥eﬁ%HWQRH§¢Se#¥|@Feﬁ%513tlvq|ﬁﬂ%mor film

processi ng (cut Btﬂﬁcﬂtﬁr&@p&ﬁd znm)sumﬂdﬁ@atmg s11i¢<sﬂs ffbgtamee 2bowine
surroundi ng and TT gr éngfsub @l o rtlcula& glllcon
nas been shown E5-B4 B8° CprMeA Y g‘ﬁﬁﬂ/pﬁ’%ﬁ?éﬁgb@ 1t it g Be
sui tabl e ﬂéher'used w1th conventlonal .047 pm or 1.064 pum laser systems
without causing damage to silicon substrate 22, i.e, the
energy of laser output 10 in excéss of that used to
process high conductivity link structureés 12 or resistive
fil@ structures will not be absorbed by'the underlying
15 silicon substrate 22 during and after the high
conductivity Iink structures 12 or resistive film
structures have been processed. The higher power laser
output will allow a greater coupling of laser energy into
high conductivity link structures 12 or resistive film
20 structures and therefore facilitate a more complete
cutting of link structure 12 or trimming of a resistive
film structure.
~ Persons skilled in the art might expect that the
level of hole-electron pairs created at the preferred high
25 intensity light level would induce metal-like _
characteristics in silicon substrate 22, théreby adversely
affecting the desired low absorption by silicon substrate
22. Experiments have shown, however, that at the laser
power level used, the silicon substrate still retains its
30 low absorption at 1.32 pm.

Higher power laser output may also raise the
link or film structure material temperature more quickly
and supply enough energy to exceed the required latent
heat of vaporization of the link or film ﬁaterial,

PDX1-72992.1



i v

iin the 1.2-3.0 [err]n1range but al um num’ nickel, tungsten,

platlnun1 and gold, as well as other netals, netal alloys such as
niickel chromide, netal nitrides (e.g., titaniumor tantalun1n|tr|de)
and cesiumsilicide absorb such laser 30 out put relatively well.
Conventional |aser systens and nethods for processing link structures
12 or filmstructures have - enphasi zed the | aser power absorption and
t enperature distribution properties of Iink structure 12, whereas the
9 present_.i nvention coE3|ders the optica

transn155|on/abs%ﬂﬁnq9ﬂ7epF853 FHRS Bt tr&?@05223§l°n of gpgt or all
Conventional | asef chesfléamk bunfilonsirucmrnd ywatterial. cBhisoitéet

tenperature di st&aﬁa&tﬂz%lw an §89ér%§i bg/uée iR %&@&rkeluhoﬂz 1£E¢ydn or

1.064 [err]mlaser  wavel engt hs ver ! err]n1|aser wavel engt h
and mani pul at i ng‘:tiarfgest?épé'e‘iems’l?h@hﬁﬁ rfd“ﬁdrréﬂoéfﬁdanalﬁlﬁv\@?’ £Hkmp5ul se 10

to avoid 5 structure material back onto the surrounding area of the
substrate. On the other hand, if the lase; power is not
high enough due to laser system limitations or due to
avoiding the risk of damaging the silicon substrate (as
with some conventional link or film processing laser

10 systems), then the direct vaporization rate of the link or
film structure material would be much lower. Link or film
structure material in the liquid state might then instead
be splashed away and redeposited on the surrounding area
of the silicon substrate 22 as a conductive "slag" which

15 may cause malfunction of the integrated circuit device.

Preferably, high conductivity link structures 12
or resistive ﬁilm structures are processed in an oxygen-
rich atmosphere'to promote the oxidation of the liquid

- link or film material splashéd away (i.e., the "slag"), as

20 well as the very small amount of remaining liquid link or
film material in the original link or film poéition so
that they become non-conductive oxides, thereby further
reducing the chance of the formatibg of a conductive
bridge over the opened link or short circuit to another

25 part of the integrated circuit, thus improving the yield
of the laser processing system. Persons skilled in the
art will appreciate that an oxygen concentration
sufficient to generate non-conductive slag will vary with
the nature of the material processed.

30 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
departing from the underlying principles thereof.
Accordingly, it will be appreciated that this invention is
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over heating substrate 22 whil e obtaining the highest possi bl e uni form
terrperature di stribution across link 10 structure 12. Because .the
present invention exploits the differential absorbance behavi or of
link structures 12 and substrate 22, the attention to pul se shaping
can be rel axed and a pul se 10 of greater peak power and shorter
duration can be used w thout risking damagel¥o substrate 15 22.

Existing link or film processing |aser systens can be relatively

i nexpensi vel y rm ified erate out in the 1. 0.3 m

wavel ength range® ﬁ° °RE 1f"g§ e to la%%ﬁ\féi}ﬁ%)%@aerla&%«gflsdé’/ c%’sf%%mpr oduce
| aser out put 20 Semmmcmhrssuhseta@tmatrarmscmcheaadgqanuhimn, Iaimk or
{11 m processi g qdvalARbachas! HEV] Cofs WAL HOJUGEs. basc@Ubpltac
‘this wavel ength ran e, are conventionally . ed ip T opt | c
communi cat i ons, ‘?ﬁ%’ﬁ the Se‘abﬁ‘l"i‘@é\‘?‘i%smqﬁqqrtyar fOFaﬁﬁée‘Fﬁ'—Hd? r?’gem%

at nospheri c525 ofpcineuibromorenndoetigls St d afAt isysbens] hdewidw! , The
e o e USRI IR BlelBAET | Al LGP SHA P BE2HE e rmined hey are
nore conpl ex an pi cal | rver |aser I gn|Jf| cantly | ower
power or energy re&mr§e PRAN, PY ofhe f°lJe©<'a1rﬂﬂ €ladms-064 [err]m Nd: YAG or
a 10.6 [errlmCJerr] |aser. The 30 . conventional wsdomin |aser nmateri al
processi ng, of maxi m zi-ng | aser output average or peak power wth
desired - beam quality, reinforces the avoi dance of using

PDX1-72992.1



'_'\R)év‘éi'engt hs that do not optim ze output power.-|n contradi stinction to

“the ‘conventional w sdom the present invention enploys a
| dser output having a wavel ength wi ndow t hat naxi m_zes absorption

contrast for selective material processing, even _t:ﬁ'éj S '
of - such | aser out put maybe | ower than that which is Il 5
avai |l abl e. Anot her advantage X the sel ecti .

processi ng achi eved by the present invention is that it facilitates

the functional |aser processing or trinmm ng of dedi cat ed devi ces or

devi ces. having sone |light-sensitive 10 o&%ﬁ%ﬁ o-el ectronic portions. For

exanpl e, - enpl oyi ng | aser Butquiiodh@orngedevay ety hrogy=ading af halnI 1.2-.
errfmto f I _ il .con- e V] t i

i nat es the UndeSiraprc | Aea Rt ed e BRvaBac Enab HERADS Yalrake,

of the devices b8PFudet#R2eti FiuitWasb@dving respective first and second

S wavelength sensitive light absorption characteristics, the
first and second absorption characteristics having
different light absorption properties that provide

. different light absorption contrasts for different
wavelengths of light, comprising:

10 generating at a predetermined wavelength a laser

output having predetermined spatial dimensions; and
directing the laser output to illuminate the

target structure, the predetermined wavelength having a
value that represents a sufficiently large absorption

15 contrast between the target structure and the substrate to
change a physical property of the target structure but
leave substantially unchanged the physical property of the
substrate within the spatial dimension of the laser |

output. . . |

20 ' 2. The method of claim 1 in which the target =
structure comprises metal and the substrate comprises
silicon.

3. The metHod of claim 1 or claim 2 in which
the wavelength of the laser output is in about the 1.2 um
25 to 3.0 um range. ' o ’

. | 4. The method of claim 1 in which the target
structure comprises a high conductivity link or a
resistive film. . '

5. The method of claim 1 in which the target
30 structure has a width that is smaller than the spatial
dimension of the laser output.
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i~ | i ght-sensitive or photo-electronic devices are virtually
"blind" to wavel engths greater than 1.2 [err]m The silicon

substrate, itself, becones al nost transparent. at wav dihis mmmd
than 1.2 [err]n1and does not exhibit an excessi ve annun

excited by a | aser beam 20 havi ng such a wavel engt h.

virtually no settling tine is requiredsSnd the voltage functlon
measurenents of these devices can be achi eved al npst . concu&rently

wi t hout significant error. ditional aqbjects an
advantagesgof the 25 QEntTQﬁlWﬁqqodbgfaﬁg%%%n? ??dﬁ?i?ﬂaqnﬂ L8feRg
detail ed- descpuptlandnfeemeﬁeﬁqwanﬂdtaabodrgentstrmnmnﬁe\Mﬂ ah .
proceeds with reE&gﬁgﬁergghtQﬁvggﬁg&yﬁpy|ng drawnngs ' Brief
Description of the awl ngs . 1A is a fragnmentary

cross-sectional side 30 (i ewifF @F?ﬁﬂﬁv@ﬁthﬂéT Lehi ottt ttdie tARRet
structure 5 sérecvung eohpsisepuhde iphar dayers zand byhe Jaavelr eukpat

f
ener gy dIStrIbUtlgﬂgfé?ef|nﬁe§?¥ in eddelds %Ehgﬁ?aswﬁf@ﬂmﬁgf?é@df%@dVLSWfo

t he sen con ucture and er ener
. process the target structure.

8. The method of claim 1 in which the laser

output is generated by a Q-switched, diode- pumped solid-
10 state laser.

9. The method of claim 3 in which the target
structure comprises a metal or combination of metals or
metal alloys selected from the group of aluminum,
titanium, nickel, copper, tungsten, piatinum, gold, nickel

15 chromide, tantalum nitride, titanium nitride, cesium .
silicide, and the like.

10. A laser system for ‘selectively processing a
target strutture of a multilayer, multimaterial device
including a substrate, the target structure and substrate

20 having wavelength sensitive properties, comprising:

a pumping source; and

a lasant positioned in a resonator cavity
adapted to be pumped by the pumping source to provide a
laser output having critical dimensions, power, and

25 wavelength selected to exploit differences in the
“wavelength sensitive properties of the target structure
and the substrate such that the target structure within
the critical dimensions is effectiVely processed and the
substrate within the critical dimensions is relatively
30 undamaged by the laser output.

11.  The laser system of clalm 10 in which the
target structure comnrlses metal and the substrate
comprises silicon.

12. The laser system of claim 10 or claim 11 in
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10 A dlstrlbuL_Qn_QL_ELg+~1A»_LQgether W th adjacent circuit
structure. ' Fig. 2 sh oms graphi cal representations of

optical transm ssi o niepleced con vs. wavel ength 5 for various
silicon-tenperatures. Iiiu m Fig. 3 shows graphical representations
of the optical ab ties of four different nmetals vs.

wavel ength. . Fig. 4 is a plan23f ew of a preferred enbodi nent

which the wavelength of the laser output is in about the
1.2 pym to 3.0 um range.
- 13. The laser system of claim 11 in which the

target structure comprises a high conductivity link or a
5 resistive film. ' i

_ 14. The laser system of claim 10 in which the

target structure has a width that is smaller than the

critical dimensions of the laser output.

15. The laser system of claim 11 in which the

10 target structure is processed in an.oxygen rich
environment.

16. The method of claim 12 in which the target
structure comprises multiple layers and the laser output
comprises energy'in excess of that which is required to

15 process the target structure.

17. The laser system of claim 10 further
comprising a Q-switched, diode-pumped or arc-lamp pumped,

solid-state laser.

18. The laser system of claim 10 in which the

20 lasant is selected from the.group of NAd:YAG, NA:YLF,
Nd:YAP, and Nd:YVO,, and in which the resonator cavity
employs resonator mirrors that are highly transmissive to
a conventional wavelength of the lasant but have desired
reflectivity at a wavelength within a wavelength range of

25 1.2 to 3.0 pm.

19. The laserléystem of claim 10 in which the
lasant comprises YAG doped with holmium or erbium and the
resonator cavity is adapted to generate laser output at a

- wavelength within a wavelength range of 1.2 to 3.0 um.

30 20. A method for employing a laser system to
process high conductivity link or resistive film
gstructures formed on a silicon substrate, comprising:

generating laser output in a wavelength range of
about 1.2 pm to 3.0 um; and |
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ef a | aser system i ncorporating the present inventiom

"Detailed Description of Preferred Enbodi nent " This Sheet Ha BQ l&%g 3
graphi cal ly show the opti cal " transmttance proper n and
opti cal absorbance 5 properties of different mnet aIs num
ni ckel , tungsten, and platinumthat nmay be used |
structures 12. Fig. 2.is an enlarged replicdtion of a portlon of Fig.
6e-52 fromD. T. Gllespie, AL dsen, and L.W Nichols, Appl. Opt.,
Vol .- 4, p. 1488 (1965). Fjg ea s t 8 thick,
single-crystal, Ntype regt%‘g%otnhevm <Cr &R %uf %%a?’qu % of | aser

out put direct ed conductiyify ¥¥P%1Qﬁnﬁﬁayﬁyiwer§mgm %¢r@¢knnejsunhtuhat 5t
[err] mwhen is IetheEeW@Iﬁtphf@céé?sé@tﬂﬁQe'ﬁhg5s§9§t§@@e{ &fd ]&:la—gl%ely
transm ttance OL{: S Expe of silicon sharply decreases as 15

wavel engt h out pu rosbelowl 12 [err]m Fig. 3|sa .
conpi | ati.o® of the rel evaft. pdfhe gmethod of gflaiinsad bamoehigrrapitse frdighd i n

the "Handbook ofcohasetivity 1850t eteiEeT8aaNg! 99 en, &‘ cal
Mat eri al s: Y rvin .Wabgr CRCPrevss é\J'I—AQ%JB 20

shows that net aPé‘tpél%cﬁaﬁs a ’cﬁﬁ‘?ﬁﬁﬁ thatk e, 1?63@&%‘??“6\‘#&? “iacn ﬁ!fattpﬁum

absorb usabl e | #dgh canguctiviny a imv edtengthre. range from bel ow 0.1
[err]nlto 3.0 [err]m witfal UMOYWBUHYG of claim 20 in which the high
10 conduct1v1ty link structure comprises a metal or metal
alloy.

23. The method of claim 22 in which the high
conductivity link structure is processed in an oxygen rich
environment. :

15 24. The method of claim 20 in which the high

: conductivity link structure comprises multiple layers and
the laser output comprises energy in excess of that which
is required to process the high conductivity link
structure.

20 25. A method for employing a laser system to
process a highly conductive material of a target structure
formed on a substrate; comprising: '

positioning the target stfucture in an
environment having an oxygen concentration;

25 generating'a laser output having energy
sufficient Lo process the material of the target
structure; and _

directing the laser output to process the target
material within the environment, wherein the oxygen

30 - concentration is sufficient to substantially convert any
slag resulting from processing of the target structure to
a substantially non-conductive oxide.
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ébSbrping quite so nmuch as the other netals. Metal " “nitrides (e:g.,

titaniumnitride) and ot her high 25 conductivity, netal-like materials
used to formlink ' structures 12 have generally simlar optical
absorption characteristics. However, the absorption coefficients for
such materials are not as readily avallable as are those for netals.
30 : The graphs in Figs. 2 and 32Peveal a preferred .
overl ap mavelength range 30 of about 1.2 [err]mto about 2 [err]n1 in

which silicon is al most trz%nSp%E”ztne@HQd {)‘f"‘@iﬂ}n the in 1cRpUt15f arget. .

"absorption behavior of metal |ink mafer |C|e
be processed. WEHOfarqonprifes meppkiandogpe qugen Concentratlon is .

12 . at least 50%.
' 27. The method of claim 1 in which the target

5 structure comprises a thin film resistor that has a width
that is larger than the spatial dimension of the laser
- output.

28. The laser system of claim 10 in which the
target structure comprises a thin film resistor that has a

10° width that is larger than the spatial dimension of the

| laser output. _ .

29. The method of claim 1 in which the device
comprises light-sensiﬁive or photo-electronic portions as
part of its circuit and the wavelength of the laser outpﬁt

15 is in about the 1.2 pm to 3.0 um rangeQ
' 30. The method of claim 29 in which the laser
beam energy is in excess of that which is required to
process the structure without exciting excessive carriers
in the substrate or causing malfunction of the light-

20 sensitive or photo-electronic portions. |

31. The laser system of claim 10 in which the
device comprises light-sensitive or photo-electronic
portions as part of its circuit and the wavélength of the
laser output is in about the 1.2 um to 3.0 um range.

25 32. The laser system of claim 31 in which the
laser beam energy is in excess of that which is required
to process the structure without exciting excessive
carriers in the substrate or bausing malfunction of the

~ light-sensitive or photo-electronic portions.
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1 2. to 2.0 [err]mwavel ength range 30 to conventlonal | ase

laced
vvavel engt hs of 1.064 [errJmand 0.532 [err]m skilled pers{g'ﬁg miﬁiﬁeiﬁ%paw

note the optical transnmittance of silicon substrate 22

orders of nmagnitude while the optical 5 absorption of hig

link structures 12 decr ses by about a factor of two. The contrast
bet ween - t he abE @nc ich is LAV E(ﬁallythe I nver se of
transmttance, of silicon substrate 22 % conductivity link

structures 12 aIIO\étEJﬂql[zﬂl of a (h er peak power, .or energy

| aser pulse 10 to strudt.Ufes 12 WPt hout a proM’rtlonaI

increase in risk ofg ' siljicop s s}/r i adj acgt circuit
structures. 20. DeCausEe SITUFrLETL | in the 1.2
[err]mto 15 . 18 0O erT}ipwereLengtBrange 30 aron 1 aser beam
focusability (and h S and maxi m ze
t he absor bance of high conductivity |ink %uct ures 12 panavel engt hs
such as 1.32 [err]m and 134[err]mare- pre erred for nost hi.gh

conductivity link pr o,Ee‘s%nq operations. \Mvel engths such as 1.32
[errJmand 1.34 [err]ma sufficiently long to m nin ze damage to

| bstr at h f 1.32 1.34 '
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conpl gxities famliar to those skilled in the art. 25 Ina
preferred enbodi nent, a conventional diode- punped, solid-state |aser
with a lasant crystal such as Nd: YAG Nd: YLF, ND: YAP, or Nd: YVO[err]
is reconfigured to produce output in the 1.2 to 3.0 [err] mwavel ength
range. Each such redesigned | aser enploys resonator mrrors with 30
appropriate dichroic coatings to be highly transm ssive to t he nost
conventional wavel ength of the lasant crystal but have desired
reflectivity at a selected wavel ength within the range 1.2 [err]mto
3 [errlmand preferably at 1.32 [err]mor 1.34 [err]m Such dichroic
coatings woul d suppress | aser action at

13 t he nost conventional wavel ength of the |asant crystal,

FIG. 3
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such.as 1.06.[err]mfor Nd: YAG and enhance taser action at t he
sel'ect ed wavel ength, preferably 1.32 [err]mfor Nd: YAG I n
anot her preferred enbodi nent, a di ode-punped 5 or arc |anp- punped
solid-state |aser having.a Iasant crystal of YAG doped with other-
dopants such as hol m um . (laser output at 2.1 [err]m or erbium(2.94
[err]m could be enpl oyed to deliver |aser output within the 1.2
[errfmto 3 [err]m wavel ength range. 10 Preferably, al
of the transm ssive optics in a - - delivery path of the | aser output
beam are antireflection coated for the Selected wavelength. In
addition, |aser out put power or energy nonitoring devices are
changed, for exanple, fromSi for 1.064 [err]mto Ge or GaAl As for
1.32 [err]m 15 or. 1.34 [err]m to be responsive to the selective

wavel engt h. O her mnor optical nodifications to conpensate for
changes in | aser output focusing length are preferred and known to

t hose havi ng ski in the art. One skilled in the art wll
al so recogni ze tktlcgo ZL hi gher output power diode | asers or punping
schenes, such as arc | anp-punping, may be enployed to conpensate for
t he | ower gain for lasers with |asant crystals such as Nd: YAG

or Nd: YLF at 1.2 [err]mtcﬁ%.o [err] mwavel e hs. For &@nple, W th
reference to an enbodi ment/of a | aser systen170'shomn 25 in Fig. 4, the
out put (prefera rater) o a—hi gM- power Al GaAs | aser

52 may be funnelled DIOREJPABER P.U
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axi s_54 through a noni magi ng concentrator 56 conposed of a hi gh
refractive index, crystalline.dielectric material and then coupl ed-
into an Nd: YLF | asant crystal 58. This 30 nmethod is disclosed in
copending U.S. patent application No. 07/873, 449 of Baird, DeFreez,
and Sun, filed April 24, 1992, for Method and Apparatus for _
CGenerating and Enmpl oyi ng a Hi gh Densi2y of Excited lons in a Lasant,
which is assigned to the assignee of .the present :

14 i nventi on. Pref er abl I [ 52 i osi tioned
- : r ELEC
against a | heat sipCEERAPSER S Saathert bt Supply
62 that is controlledpae@dTRE,8CEFSA “%F%W 1ALl 0 @? ER D g 641is
al so connected to an | npedance- mat ched:

' 5 Abstract of the Disclosure

A laser system and processing method exploits

the absorption contrast between the materiéls from which a
link (12) or film and an underlying substrate (22) are
made to effectively remove the link or film from the

10 substrate. Laser output in a waQelength range of 1.2 to
2.0 pm (30) optimizes the absorption contrast between many
high conductivity materials (e.g., metélé) or resistive
films and silicon substrates and permits the use of laser
output in a wider range of energy or power levels, pulse .

15 widths, without risking damage to the silicon substrates
or adjacent circuit structures. Existing link or f£ilm

- processing laser systems can be readily modified to

operate in the 1.2 ﬁo 3.0 um range. The laser system and
processing method also exploits a wavelength range in |

20 which functional or active dedicated devices, having
light-sensi;ivé or photo-electronic portioﬁs integrated
into their circuits, can be effectively trimmed without
inducing malfunctions of function shifts in the processed -
devices.

Figure 2
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‘anplifier 66 and controls signals delivered to a t r anp OREPEACEIMENT SHEET
to a @Qswitch 68. Qswitch 68 is =~ . preferably positione
crystal 58 and an out put coupler 70 within a resonato
10 targeting and focusing system 74 may be enployed to dgr gct
| aser output to a desired position od |ink structure 12 or

target material. PugEie]ra Q15Atchi ng, targeting ¢f the | aser
system 50 of the pr rred enbodh%% ar e ﬁﬁconpl i shedt-hrough
conventional 15 +
i anffut put mrror
¢ .

{pu 1 -kno s skilled in the art.

An input mrror co Egﬁg?§g ggrrisant ¢r ¥t al - and

coating 78 on out 70 @ : af ey ighly yra ssive at
Ok L YilE_ebs sdidp bkl opqh-Lin (Adi ti on,

t he conventi onal A — v 1NS .
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Skilled persons will appreciate that the above- 125 describ | aser

systens can al so be FTGyedlB wavel engths | onger than 1.2 [err]mto
functional process o . mthin filmresistor or other structures in

active i ntegr « Gl [ CHI evices. Laser output inthe 1.2 [errlmto
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§0e5|un1S|I|C|de and other commonly used resistive

‘does not substantially stinulate . undesirabl e phot ¢EPLA$ENENi1SHﬂH
phot odi ode or .light- sensitive, typically silicon

t he 15 ! ﬁv;;?m a
consequence, no settling time is required bet ween |} afe and tWe
functi onal neasurenents of the active devices so the

measur enents can be achi eved al nost concurrently. §5

Skilled persons will appreciate that the si gni f i cal—eherge—rmtire
absorption contrast between high conduct-ivity link structures 12 or
resistive film structures and the surrounding silicon substrate 22
wil | 2

FIG. 3

OPTICAL ENERGY ABSORPTION
VS. WAVELENGTH FOR METALS
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‘al | ow use of much hi gher processing powers than could be 10
conventional 1.047 [err]mor 1.064 [err]m | aser systens
causi ng damage to silicon substrate 22, i.e, the
output 10 in excess of that used to

structures 12 or resistive

used with
wi t hout

energy of |aser

process higTﬂﬂﬂﬂ%ﬁﬂE&%ty i nk
filmstructures will| MAPLAGEMENG hed by the

underlying 15 silicon substrate 22 during and afte}
conductivity link structures 12 or resistive film
processed. The hi gher power | aser output wll ajfl

‘he hi gh :
sOBAUG ¥9bhalve been

of laser energy into hi gh conductivity link str
film20 structures and therefore facilitate a nore

DW a greatergﬁu i ng
Icttr-es—t2—or~T¢Esi pti ve
cutling

conplete

of link structure 12 or trinm ng of a resistive
Persons skilled in the art m ght expect that the
hol e-el ectron pairs created at the preferred high 25

| evel

TiTmstructure.
of
intensity |ight

| evel woul d induce netal -1ike chaBacteristics in silicon substrate 22,
t her eby adversel affecting the desired | ow absorption by silicon
substrate ZE:l i ments have shown, however, that at the |aser
power |evel used, € silicon substrate still retains its 30

absorption at 1.32 [err]m H gher power
al so raise the linkg® filmstructure @gerial te

| aser

| ow
out put may
ature nore

qui ckly and supply ahough energy to exc?ed t he regw red | atent
DIODE LASER P U
POWER SUPPLY e ;6
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eﬁ’at of vaporization of the link or filmmaterial,

16 : therefore resulting in.direct vaporlzatlon of nost or all . of
the link or filmstructure material. This?direct vaporization is
prefeﬁred since it mﬁll result inlittle chance of redeposition of the

"remoyed" |Ink1€ m 5 £ éﬁrUﬁture mat eri al back onto the surrounding
area of the B3 ??%I%. 2t AEVLPRBr hand, if the laser power is not

hi gh jenough due to Iassmmggggeoflthé:@nzgnsign due to avoi di ng the
ri sk [of damagi ng the S%#iﬁﬁfeé rgﬁg ﬁ?% 1M0£Ht§gﬂe gonventlonal i nk

or fijl mprocessing |as he direct vaporization rate
of tHe link thereforeiltqwnrcutdere kaserlaysmgmlqrb% petRodofeE. Link or

fiL”‘ 5 .generating a laser output at a predetermined wavelength
for selectively ﬁrocessing a multilayer, multimaterial
~device that includes a substrate and a target structure
having differential, wavelength sensitive light absorption
characteristics, where the predetermined wavelength has a

10 value that represents a sufficiently large absorption
contrast between the target structure and the substrate to
change a physical property of the target structure but
leave substantially uﬁchanged_the physical property of the
substrate.

15 An advantage is that such a laser system and
method can cleanly process link or film structures
fabricated, respectively, from various high conductivity
(e.g. metallic) or resistive materials without damaging
-underlying or surrounding substrate or adjacent circuit

20 structures.

Another advantage is that such a system and

- method can employ selected laser output parameters to
exploit the differential opticél absorbance between high
conductivity or resistive materials and silicon in ordgr

25 to reduce or eliminate damage sustained by the silicon
substrate from residual laser output coupled into the
silicon substrate after the link or film structure has
been vaporized or processed.

Another advantage is that such a system and

30 method can employ selected laser output parameters to

exploit the differential optical absorbance between high
' conductivity or resistive materials and silicon in order
to efficiently vaporize high conductivity link or

resistive film structures without affecting the silicon

) PDX1-130284.1 26860 0033
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ucture material in the liquid state m ght then instead be spl ashed

y and redep05|ted on the surroundi ng area of the silicon substrate

as a conductive "slag" which 15 ma$ cause mal function of the

grated CIrCUIt devi ce. Preferably, high conductivity
structuge? or, resi stive f|In1str ﬁtures %éﬁ ﬁ:glcessed in an
en- BETAtS: REspRdRceNt SEERGTUTeR: 18 i ¥t 8iquid
or fikmititali aimeplsiohedocdwan oivesizele spoitagy) thas 1aser wel | as the
smal | _appunt of remaining liquid link or filmmterial in the

bi nal | TRKTOT"film position so that they becone non-conductive

les, thereby furtRAefurther ad&antagetﬁ.s ct-hartc@u@h ahsyshemtansh of a

jugt'vemethod Qg %13&5%_5hgaagggﬁ rOV|ng t W@Hady (yué t o anot her 25

;
of the integrated Circuit eyield of the | aser.
Lessi ngaSFePEm apgresters vamiagion imedevice gonspructien andAQr t hat an

Jen congeRbisat hoﬁreater %fzflla%i%t itn0 13@e Futptt poweiu@drd/e slag will
wth the nature of the material_ prqcessed. 30 | t

be obGREESY: devrdsa PR)SeyWidths, and,pulse repetition npny changes
be nmad€requeheide aid &d&;rhh:@ly prcoﬁwaldﬂs@rn lﬁdnergudmm:ﬁés.of this

500 OV, | oS, SR T el Sl 1 Rl e 0|
and method can be relatlvely inexpensively retrofit into
existing link or film processing laser systems.

The presenﬁ invention exploits the differential
absorption (also referred to as absorption contrast)

15 between link or film material and the underlying
substrate. The system and method of the present invention
provide laser output (in a nonconventional range of
wavelengths for link or film processing) that optimizes.
absorption contrast between, for example, silicon and high

20 conductivity or resistive film materials including metals
or semiconductors, and results in relatively efficient
link or film processing (cutting or vaporizing) without
risk of damage to the surrounding and underlying substrate
material. In particular, silicon has been shown to be

25 only slightly affected by laser output of suitable power
in the 1.2-3.0 um range, but aluminum, nickel, tungsten,
platinum, and gold, as well as other metals, metal alloys
such as nickel chromide, metal nitridés (e.g., titanium or
tantalum nitride), and cesium silicide absorb such laser

30 output relatively well. .

' Conventional laser systems and methods for .
processing link structures 12 or film structures have
emphasized the laser powér.absorption and temperature
distribution properties of link structure 12, whereas the

FDX1-130284.1 26860 0033 REPLACEMENT SHEET
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VS . . .
A7 ' " also applicable to | aser-based operations for different
semni conductor substrate materials such -as gernani um and gal I'i um
arsenide, etc., as wel| as | aser-based Qperations out si de the _
senJconductor i ndustry, for selective renoval 5 of one or nore materijals
froma multinaterial device. The scope of the present invention
sholil d be RR&sent dawention (¢eneiders e workigak fol | owi ng cl ai ns.

transmission/absorption properties of substrate 22 as
well. Conventiocnal laser systems function primarily to
cbntrol the temperature distribution within spot 18 by

5 preferring 1.047 um or 1.064 gm laser wavelengfhs over the
0.532 um laser wavelength and manipulating the shape,
including duration and power, of pulse 10 to avoid
overheaging substrate 22 while obtaining the highest
‘possible uniform temperature distribution across link

10 structure 12. Because the present invention exploits the
differential absorbance behavior of link structures 12 and
substrate 22, the atﬁentién to pulsé shaping can be
relaxed and a pulse 10 of greater peak power and shorter
duration can be used without risking damage to substrate

15 22.

Existing link or film processing laser systems
can be relatively inexpehsively modified to generate
output in the 1.2 to 3.0 pm wavelength range. 1In addition,
conventional laser devices that produce laser cutput

20 within this wavelength range can be adapted for link or
film processing. Available laser devices that produce
output within this waQelength range are conventionally
employed in fiber optic communications, medical
applications, military range finding, and atmospheric

25 pollution monitoring. Such laser systems have not,
however, been used for general material processing because
they are mofe complex and typically deliver laser output
of significantly lower power or energy per pulse thén, for
example, a 1.064 um Nd:YAG or a 10.6 pm CO, laser. The

30 © conventional wisdom in laser material processing, of
maximizing laser output average or peak power with desired
beam quality, reinforces the avoidance of using
wvavelengths that do not optimize output power. 1In
contradistinction to the conventional wisdom,.the present '
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s , a

ai s 1. A Iaser system (50) for selectlvely

rocessing a nmultilayer, nmultimaterialjgdevice that includes a
subktrate (22) and a target structure (12) 5 havi ng respective first and
secpnd wavel ength sensitive | i ght absorption characteristics, the

firkt. andigeeReion émplabﬁoaplhearcbatﬁﬁtenaeihQSahaavegeﬂbtherent | i ght
absjor ption. properties that .prov ge difterent L % { Qtlon
Bst SwHBROR: Fhef cRe it EPEngPROTBF PR GRPRtEESt EaR,PPIRRYe

outjput <19;shav'“gp§5 PREJBEC1BLBE chan cndBYEhEOA! b 2RnBEATTLRETIY

spatial dinen i 9 rede erm ned wavel ength having“a val ue
t halt Sr epravahlablels sufficiently | arge absorption contrast between the
tarpget struct yr8thée) aéOQnEH?eSB?SEhét Sefdétita ﬁa@a&qaa physi cal
property of the target structure t antially .
unghangedPEREeEEIBT cAFhpRYBEr PY etﬁéese“t l§ﬁﬁ§FF8PeIFZ§ ﬂ%ln t he

i al degensieatédBdinef ruhetidnall aaseroptpueséEifly. or trimming of 2.

laserde&iéggLSSQnggggrgkngev1cegahav1ng some llght-sen51t1ve

10 or photo-electronic portions. For example, employing
laser output having a wavelength greater than 1.2 gm to
functionally process silicon-based devices substantially
eliminates the undesirable laser-induced function shift or
malfunction of the devices because the silicon-based

15 light-sensitive or photo-electronic devices are virtually
"plind" to wavelengths greater than 1.2 um. The silicon
substrate, itself, becomes almost transparent at
wavelengths greater than 1.2 ym and does not exhibit an
excessive amount of carriers excited by a laser beam

20 having such a wavelength. As a consequence, virtually no
settling time is required and the voltage funqtion
measurements of these devices can be achieved almost
concurrently without significant error.

Additional objects and advantages of the

25 invention will be apparent from the following detailed
description of a preferred embodiment thereof which
proceeds with reference to the accompanying drawings.

Brief Description of.the Drawings
Fig. 1A is a fragmentary cross-sectional side

30 view of a conventional semiconductor link structure
receiving a laser pulse characterized by a particular
energy distribution.

| Fig. 1B is a fragmentary top view of the

semiconductor link structure and the laser energy

TIX1-15128¢ 1 L caRA I REPLAGEMENT SHEET
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to 3.0 [errI'mrange (30). ' 3. 'The | aser system 5
according to any 25

precedi ng claimin which the target structuré

conpnri ses a netal, nmetal alloy, or.nmetal nitride. "4, The

| aser] system (50) according to any 1preceding in mhlch t he netal,

net alfs, or netal alloys are sel ected froma group of al um num

titangi um el copper, tungsten, platinum gold, nickel chrom de,
tantdlumnwd#g%ﬁ9b4§i9R1Q£; Fligr ildo, tagethesiwith dejacent cirewdt|ike. .
5. The | asestmysthera,(50) according to-any ~  preceding claimin which the
t ar g¢

19

bt structure (12?, PDX1-130284. 1 26860 0033
' conpri ses 1?9 H’KRHVQﬁ]nI@QPer%@Q% gf I m

optical transm1551on properties of 5111con vS. wavelength
5 for various silicon- temperatures.

Fig. 3 shows graphlcal representations of the

optical absorption properties of four different ‘metals vs.
wavelength.

Fig. 4 is a plan view of a preferred embodiment
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6. Th
subst
(50)

(12)

the |
any 1
mul ti
of th
9.
the o
part

accor
not 40
mal f y
11. 7
conpr
| aser

e=| ager system (50) -according to. any o precedlng claimin which the

rate (22) conprises silicon, B ie 7. The |l aser system
according to any precedi ng clalnﬂﬁn mhlch the target structure
has a width that is smaller than the spatial dinmension (18) of
aser output (10). 8. The |l aser system (50) according to
0 preceding claimin which the tapgééﬂﬁ&ructure (12) conpri ses

ple layers and the lasek hasentsydfem (50) cooPrisbscebeely i n excess

'Iiﬁte \IAQIS g P ﬂs ystem ;ja ;@é]c')?dl ngé’?b eni'%lé{%é&ﬁ%e% e%é?nggé uéﬁ?h" |1§) whi ch

evi ce coriimq]ét# @MUbStrat%e('%ZIla/micn mmeitedsbmcbure pd2)ions as
of igs havitig Gdd t €,
avidid pective first andséﬁ é; aser %&tgéﬁég%t) does

3 nge;gl 33955&&‘%4) rec@aﬁliﬁr'] ?‘éti%raﬁl“in?:éﬁnﬁ%’cﬁﬁt the fipst ;an 3 aseeond
ncti on ofadsorptipn aﬁlﬁaétdﬁx@né@%@vﬁhfcdiﬁﬁéﬁent 1igretions.
he Iasera%esg%%) accord %ﬁd p&%fﬁ,%&gt £al further
Ising a -state
(52). absorption conﬁraéte fars ali ffertent (Vdyebenngthis ngft bighy,
10 comprising:

a laser output (10) generated from the laser
system (50), the laser output (10) having a predetermined
anelength and predeterﬁined spatial dimensions (18), the
predetermined wavelength having a value that represents a

15 sufficiently large absorption contrast between the target
structure (12) and the substrate (22) to change a physical
property of the target structure (12) but leave
substantially unchanged the physical property of the
substrate (22) within the spatial dimen51on (18) of the

20 laser output (10).

2. The laser system (50) according to claim 1
in which the wavelength qf the laser output (10) is in
about the 1.2 um to 3.0 um range (30).

3. The laser system (50) according to any

25 preceding claim in which tﬁe target structure (12)
comprises a metal, metal alloy, or metal nitride.

4. The laser system (50) according to any
preceding in which the metal, metals, or metal alloys are
selected from a group of aluminum, titanium, nickel,

30 copper, tungsten, platinum, gold, nickel chromide,
tantalum nitride, titanium nitride, cesium silicide, and
the like.

5. The laser system (50) according to any
preceding claim in which the target structure (12)

REPLACEMENT SHEFT
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!recedi ng-claimfurther conprising a | asant selected from the group of

Nd: YAG Nd: YLF, Nd: YAP, and Nd: YVJ err] 13. The | aser
system (50) according to any of 30 el d&%s 1 to 11 further conprising a
YAG | asant doped with hol'm um or erbi um 14 The | aser
systiem (50) % t [ f |ng a
resgnat or cavr§9£ %g a Bigh) ﬁ°Pd“ﬁ§F§§g9 ggonaé&nhnlﬁ%ggglg% ‘that are
hi ghl y 6. The laser system (50) agcordlng'tpangyiss|ve to a

conyention ﬁiﬁag&ﬂagﬁ tRew Piéﬁ”%he subQ?%8$%V?29$SHH%§§r%EE9Ct'V'ty at

a wgvel engt wavel ength ran O [err]m
15. {The Ias§¥1§9%¥en1(50) accordlng to any. 5 preceding claimin which the

targetsstructure (12)7iS The 1BEBECEYS demnrga)omdriwﬁwxahyonnent
16. |The | aser tem accordi,n rec |_ai further
congri si ng BR® 5%% %iﬁ%@nﬁpav 3ﬁg e’target s s Y (12} Bas
width that is smaller than the spatial dimension (18) of
the laser output (10). '
_ 8. The laser system (50) according to any
10 preceding claim in which. the target structure (12)

' comprises multiple layers and the laser output (10)
comprises energy in excess of that which is required to
process the target structure (12).

9. The laser system (50) according to any
15 preceding claim in which the device comprises light-
sensitive or photo-electronic portions as part of its
circuit. _ '
10. The laser system (50) according .to any
preceding claim in which the laser output (10) does not

20 excite excessive carriers in the substrate (22) or cause
malfunction of the light-sensitive or photo-electronic
- portions.

11. The laser system (50) according to any

preceding claim further comprising a Q-switched, diode-
25 pumped or arc-pumped, solid-state laser (52).

12. The laser system (50) according to any
preceding claim further comprising a lasant selected from
the group of Nd:YAG, NA:YLF, Nd:YAP, and Nd4:YVO,.

13. The laser system (50) according to any of

30 claims 1 to 11 further comprising a YAG lasant dopéd with
holmium or erbium.

14. The laser system (50) according to any
preceding claim further comprising a resonator cavity (72)
that employs resonator mirrors (76,78) that are hlghly

J—
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|thaf I's sufficient to substantially convert any slag 10 resulting from

processing of the target structure (12)_to a substantially
non- conducti ve oxi de. 129 The | aser system (50) -according
to clainms - 15 or 16 in which the oxygen concentration is at | east

S0% 15 tramsmissivhite A MBI St A BF eRY S E0400)

according to -any preéceding clal rocess a stTucture (12)

forfed on »udi hayen desigtedhirefbegtivitsn at a wawelength withintaucture
(12) is -ef Wél\é?@tlprr%i’g%segjm of bill2 the pUPshf.ate (22) is relatively
19. " A

undamaged. 20 met hod for_enploying a | aser system (50)
to Pprocess a highly dhdudhe/darglersysten BQlarapdording 0 RRYire (12)
forped on prededing @144 irf WIS e target structurdOfii) ofgng the
target structure d2)i I n_an enyi ronnent havi,ng an oxygen _
congent r at PHPCCSES n an oxygemJrifh RPELIYWMENY put (10) -havi ng ener gy
sufficient to procesag.he Th daser adystem t (BQletacdording ko any (12); and

thelonvi rolhesei AhY bEnde CBERsuig an onddl niRbfR bl " "
subgt ant i altllgat:d:a/aufﬁrqienf: to sswbgstmtd_.all.hg dorvrext s ssagof t he

20. [ Hhe maagtapg, trou Hrockeh Py HENNE Cledll SERRELIYC(£2) To

a substantially non-conductive oxide.

17. The laser system (50) according to claims
15 or 16 in which the oxygen concentration is at least
50%. _

1S 18. A method for employing a laser system (50)
according to any preceding claim to process a target .
structure (12) formed on a silicon substrate (22), such
that the target structure (12) is effectively processed
but the substrate (22) is relatively undamaged.

20 19. ' A method for employing a laser system (50)
to process a highly conductive material of a target .
structure (12) formed on a substrate (22); comprising:

positioning the target structure (12) in an
environment having an oxygen concentration:

25 generating a laser output (10) having'energy
sufficient to process the material of the target structure
(12); and

directing the laser output (10) to process the
target material within the environment, wherein the oxygen

30 concentration is sufficient to substantially convert any
slag resulting from processing of the target structure
(12) to a substantially non-conductive oxide.

\ 20. The method of claim 19 in which the target

?7 material comprises metal and the‘okygen concentration is

PDX1-130264.1 26860 0033
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!terl al -Gonprises nmetal and the oxygen concentration is
21 at |east 50%°
. 21

at least 50%.
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