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(57) ABSTRACT 

A laser-based method and system for processing targeted 
surface material and article produced thereby are provided. 
The system processes the targeted surface material within a 
region of a workpiece while avoiding undesirable changes to 
adjacent non-targeted material. The system includes a pri 
mary laser subsystem including a primary laser source for 
generating a pulsed laser output including at least one pulse 
having a wavelength and a pulse width less than 1 ns. A 
delivery sub system irradiates the targeted surface material of 
the workpiece with the pulsed laser output including the at 
least one pulse to texture the targeted surface material. The 
pulsed laser output has sufficient total ?uence to initiate 
ablation within at least a portion of the targeted surface 
material and the pulse width is short enough such that the 
region and the non-targeted material surrounding the mate 
rial are substantially free of slag. 
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LASER-BASED METHOD AND SYSTEM FOR 
PROCESSING TARGETED SURFACE MATERIAL 

AND ARTICLE PRODUCED THEREBY 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. provi 
sional application Ser. No. 60/584,268, ?led Jun. 30, 2004. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention relates to laser marking and 
texturing, particularly forming at least semi-permanent or 
erasable indicia on one or more materials of a microelec 

tronic device. The materials may include semiconductor 
substrates, thin ?lms, metalliZation, and dielectric layers. 
One or more embodiments may also be applied for forming 
indicia on MEMs, optoelectronic devices, or biomedical 
microchips. Various embodiments are useable for various 
micromachining or microfabrication applications. 

[0004] 2. BackgroundArt 

1. Field of the Invention 

[0005] Prior to 1999, Silicon Wafer marking Was used for 
identi?cation at Wafer level. Initially driven by the Known 
Good Die, and more recently by traceability and component 
identi?cation, laser marking on the backside of the Wafer at 
the die level has become the trend, and applied to various 
packaging technologies, including MCM, Flip Chip, DCA, 
and CSP. For the past years, research and development effort 
occurred to develop such a marking tool for production. 

[0006] One of the emerging challenges for die marking is 
the recent introduction of very thin Wafers. Previously, Wafer 
thickness speci?cations of 300 to 700 microns (um) Were 
typical. Present requirements for smaller die, both in terms 
of area and thickness, are resulting in Wafers as thin as 150 
um. Long-term projections are for Wafer thickness to be 
reduced to a feasible limit. 

[0007] Another challenge is the continuing shrinking of 
die siZes. For example, die used in DCA (Direct Chip 
Attach) applications are in the 3 mm to 8 mm dimension. 
HoWever, products like the RFID tags can be as small as 0.3 
mm yet require much of the same information that is 
included in large die marking. This trend creates the need for 
further development in die marking to shrink the actual 
alphanumeric character siZes. 

[0008] Traditional Wafer marking systems are not Well 
suited to present and emerging requirements. 

[0009] Valuable advancements have been demonstrated, 
for instance as disclosed in published US Patent Application 
Number 2003/0060910 entitled “High Speed, Laser-Based 
Marking Method And System For Producing Machine Read 
able Marks On Workpieces And Semiconductor Devices 
With Reduced Subsurface Damage Produced Thereby,” 
assigned to the assignee of the present invention, published 
1 Apr. 2004. HoWever, there is a need to produce high 
contrast indicia While providing for decreased feature 
siZesiand to form indicia on microelectronic materials, 
knoWn to have Widely varying optical properties. 

[0010] Desirable advancements for precision laser mark 
ing systems includes: increasing mark density (e.g., smaller 
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effective dot siZe or line Width), control over the marking 
depth, and improved mark repeatability With control of or 
substantial elimination of a heat affected Zone. There is a 
need for improvement of readability (e.g., mark contrast 
With the background), preferably, angle independent con 
trast. 

[0011] The ideal mark Will be formed With little or no 
material removed, and Will provide contrast that Will survive 
through one or more subsequent fabrication steps. Further, 
shrinking siZes are expected to mandate increasing density 
requirements, for instance, font siZes less than 0.3 mm and 
decreased font spacing. 

SUMMARY OF THE INVENTION 

[0012] An object of at least one embodiment of the 
invention is to provide a method of forming indicia/texture 
on at least one material of a microelectronic article. The 
method includes the step of applying a pulsed laser output to 
a localiZed region of the material, the output having suffi 
cient total ?uence to initiate ablation Within at least a portion 
of the region and a pulse Width short enough such that the 
region and proximate material surrounding the region are 
substantially slag-free. 
[0013] Another object of at least one embodiment of the 
invention is to provide an article of manufacture produced 
by the above method. 

[0014] Yet another object of at least one embodiment of 
the invention is to provide a laser marking/texturing system 
for carrying out the above method. 

[0015] In carrying out the above objects and other objects 
of the present invention, a method for processing targeted 
surface material Within a region of a Workpiece While 
avoiding undesirable changes to adjacent non-targeted mate 
rial is provided. The method includes generating a pulsed 
laser output including at least one pulse having a Wavelength 
and a pulse Width. The method further includes irradiating 
the targeted surface material of the Workpiece With the 
pulsed laser output including the at least one pulse to texture 
the targeted surface material. The pulsed laser output has 
suf?cient total ?uence to initiate ablation Within at least a 
portion of the targeted surface material and the pulse Width 
is short enough such that the region and non-targeted mate 
rial surrounding the region are substantially free of slag. 

[0016] The textured surface material may include indicia. 

[0017] The indicia may be at least semi-permanent or 
erasable. 

[0018] The Workpiece may be a microelectronic device 
and the textured surface material may be a microelectronic 
material. 

[0019] The targeted surface material may be at least one of 
a semiconductor substrate, a thin ?lm, a metal layer and a 
dielectric layer. 

[0020] The Workpiece may be one of a MEMs device, an 
optoelectronic device and a biomedical chip. 

[0021] The non-targeted surface material may include 
indicia. 

[0022] The indicia may be machine-readable. 

[0023] The indicia may have a font siZe less than 0.3 mm. 
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[0024] The textured surface material may include a micro 
textured pattern formed on the workpiece. 

[0025] The workpiece may be a semiconductor Wafer and 
Wherein the microtextured pattern forms indicia on the 
Wafer. 

[0026] The method may further include generating a sec 
ondary laser output and irradiating the textured surface 
material With the secondary laser output to process the 
textured surface material. 

[0027] The textured surface material may include indicia, 
and the indicia may be erased during the step of irradiating 
With the secondary laser output. 

[0028] The textured surface material may be formed on at 
least one side of the Workpiece. 

[0029] The Workpiece may be a semiconductor Wafer. 

[0030] The step of generating may be at least partially 
performed With a femtosecond or picosecond laser. 

[0031] The pattern may be a bar pattern, an alphanumeric 
character string, or a logotype. 

[0032] The pulse Width of the at least one pulse may be 
beloW about 1 ns. 

[0033] The pulse Width may be about 100 ps or less, or 
may be less than about 10 ps. 

[0034] The textured surface material may include micro 
textured surface material. 

[0035] The microtextured surface material may include 
nanotextured surface material. 

[0036] The total ?uence may be measurable over a spatial 
dimension of a spot of the output. 

[0037] The textured surface material may include indicia, 
and the step of irradiating may include the step of directing 
the laser output in response to at least one control signal that 
represents a ?rst location of at least a part of the indicia to 
impinge the region at the ?rst location. 

[0038] The region may be Within the spatial dimension of 
the spot. 

[0039] The step of irradiating may substantially increase 
surface roughness of the targeted surface material Within at 
least a portion of the region. 

[0040] The non-targeted surface material surrounding the 
region may have a surface With a strong specular re?ection 
component. 

[0041] Diffuse re?ectance of the indicia may be in a range 
of 0.5% to 5%. 

[0042] The total ?uence may exceed about 0.1 J/cm2. 

[0043] The Wavelength may be less than an absorption 
edge of the targeted surface material. 

[0044] The Wavelength may be ultraviolet. 

[0045] The pulse Width of the at least one pulse may be in 
a range of about 15 fs to 500 ps. 

[0046] The pulse Width of the at least one pulse may be in 
a range of about 100 fs to 50 ps, or may be in a range of 
about 300 fs to 15 ps. 
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[0047] The targeted surface material may be silicon, or 
may be a metal or a dielectric. 

[0048] The targeted surface material may be a portion of 
a dielectric passivation layer. The dielectric of the layer may 
be an inorganic, organic, or a loW-k dielectric. 

[0049] The targeted surface material may be part of a 
MEM device. 

[0050] A portion of the indicia may have surface varia 
tions in a range of about 0.25 microns to about 1 micron. 

[0051] A feature dimension of the indicia may be in a 
range of several microns to tens of microns, or may be a feW 
Wavelengths of the at least one pulse. 

[0052] The step of irradiating may include the step of 
controlling polariZation of the pulsed laser output to enhance 
or control a characterization of the textured surface material. 

[0053] The pulsed laser output may include a focused laser 
processing beam, and the step of irradiating may include the 
step of relatively moving the Workpiece and the focused 
laser processing beam. 

[0054] The textured surface material may include a micro 
textured pattern, and the step of relatively moving may 
create the microtextured pattern on the Workpiece. 

[0055] The step of irradiating may include the step of 
shaping the spot to obtain a shaped spot. 

[0056] The shaped spot may have a top-hat irradiance 
pro?le. 

[0057] The shaped spot may have a depressed center With 
energy concentrated in a perimeter of the shaped spot. 

[0058] The step of irradiating may include the step of 
controlling an aspect of the spot. 

[0059] The Wavelength may be beloW an absorption edge 
of a material of the Workpiece. 

[0060] The pulsed laser output may ?nely texture the 
targeted surface material and the secondary laser output may 
coarsely process the textured surface material. 

[0061] The pulsed laser output may coarsely texture the 
targeted surface material and the secondary laser output may 
?nely process the textured surface material. 

[0062] The textured surface material may include indicia, 
and a negative WindoW mark may be created during the step 
of irradiating With the secondary laser output. 

[0063] The textured surface material may include a pat 
tern, and the step of irradiating With the secondary laser 
output may micromachine the pattern. 

[0064] The step of irradiating With the secondary laser 
output may trim an electrical or mechanical parameter of the 
textured surface material. 

[0065] The secondary laser output may include at least one 
pulse having a Wavelength Which is absorbed into the 
textured surface material. 

[0066] The Wavelength of the at least one pulse of the 
secondary beam may or may not be absorbed into the 
non-targeted material surrounding the region. 
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[0067] Further in carrying out the above objects and other 
objects of the present invention, a system for processing 
targeted surface material Within a region of a Workpiece 
While avoiding undesirable changes to adjacent non-targeted 
material is provided. The system includes a primary laser 
subsystem Which includes a primary laser source for gen 
erating a pulsed laser output including at least one pulse 
having a Wavelength and a pulse Width. The system further 
includes a delivery subsystem for irradiating the targeted 
surface material of the Workpiece With the pulsed laser 
output including the at least one pulse to texture the targeted 
surface material. The pulsed laser output has suf?cient total 
?uence to initiate ablation Within at least a portion of the 
targeted surface material. The pulse Width is short enough 
such that the region and the non-targeted material surround 
ing the material are substantially free of slag. 

[0068] The primary laser source may include an ultrafast 
laser. 

[0069] The ultrafast laser may be a picosecond laser, or 
may be a femtosecond laser. 

[0070] The delivery subsystem may include a controller 
that accepts data that represents a location of the targeted 
surface material to be textured and produces at least one 
position control signal. 

[0071] The delivery subsystem may include a positioning 
subsystem for directing the laser output to the location of the 
targeted surface material so as to texture the targeted surface 
material in response to the at least one position control 
signal. 

[0072] The system may further include a secondary laser 
subsystem Which includes a secondary laser source for 
generating a secondary laser output Which irradiates the 
textured surface material. 

[0073] The secondary laser output may at least erase, 
micromachine, Weld or actuate the region of the textured 
surface material. 

[0074] The secondary laser source may include one of a 
pulsed, modulated or CW source. 

[0075] Irradiation With the secondary laser output may be 
beloW the ?uence breakdown threshold of the targeted 
surface material to heat the region. 

[0076] Irradiation With the secondary laser output may be 
above the ?uence breakdown threshold of the targeted 
surface material to effect at least one property change of the 
targeted surface material. 

[0077] The secondary laser output may include at least one 
pulse having a Wavelength near or exceeding the absorption 
edge of the material of the Workpiece. 

[0078] The primary laser source may include the second 
ary laser source or may be separate from the secondary laser 
source. 

[0079] The delivery subsystem may include a polarization 
controller for controlling polariZation of the laser output. 

[0080] The primary laser source may include a diode 
pumped, solid-state UV laser, and the pulse Width may be 
less than about 20 ns. 

[0081] The pulse Width may be less than 1 ns. 
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[0082] The positioning subsystem may include at least one 
translation stage to move the Workpiece relative to the laser 
output. 

[0083] The positioning subsystem may include ?ne and 
coarse positioners. 

[0084] The positioning subsystem may include translation 
and rotation stages to move the Workpiece relative to the 
laser output. 

[0085] The positioning subsystem may include an optical 
scanner to move the laser output relative to the Workpiece. 

[0086] The positioning subsystem may include tWo or 
more stages and scanners to move the laser output relative 
to the Workpiece. 

[0087] The laser output may be a laser beam having a 
beam Waist. The positioning subsystem may include at least 
one component for moving the beam Waist relative to the 
Workpiece. 

[0088] The delivery subsystem may include a focusing 
subsystem. 

[0089] The focusing subsystem may be a refractive optical 
subsystem. 

[0090] The system may further include an inspection 
subsystem for inspecting the textured surface material. 

[0091] The inspection subsystem may include a machine 
vision subsystem. 

[0092] The primary laser source may include a mode 
locked oscillator and a diode-pumped, solid-state laser 
ampli?er. 

[0093] The optical scanner may be a tWo-dimensional, 
galvanometer-based scanner. 

[0094] The at least one position control signal may be 
produced during at least one step of manufacturing an article 
from the Workpiece. 

[0095] The primary laser subsystem may include a seed 
laser and a ?beroptic ampli?er. 

[0096] The primary laser subsystem may further include a 
frequency-doubled, diode-pumped, solid-state laser. 

[0097] The primary laser subsystem may still further 
include a mode-locked oscillator, a diode-pumped, solid 
state laser ampli?er, and a Wavelength shifter. 

[0098] The primary laser subsystem may yet further 
include one of a frequency doubler, a frequency tripler and 
a frequency quadrupler. 

[0099] The laser output may have a repetition rate greater 
than 10 KHZ. 

[0100] The laser output may have an average laser output 
poWer in the range of 0.01 W-2 W. 

[0101] The textured surface material may include indicia. 
The system may further include a vieWing subsystem for 
reading the indicia. The vieWing subsystem may include an 
illuminator and an electronic imaging subsystem. 

[0102] The illuminator may be one of a bright-?eld, a 
dark-?eld, and a combination of both bright- and dark-?eld. 
























