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Description

CROSS-REFERENCE TO RELATED APPLICATIONS

BACKGROUND

Field

[0001] The present specification generally relates to methods for forming vias in glass substrates and, more specifically,
to methods for forming vias in glass substrates by laser drilling and acid etching.

Technical Background

[0002] An interposer may be used as an electrical interface in an electronic device to spread an electrical connection
to a wider pitch or to reroute a connection to a different connection. Typically, many thousands of vias (i.e., holes) are
formed in the substrate of the interposer, which are subsequently filled with electrically conductive material and further
processed in order to interface electrical connections. Interposers may be formed from a variety of materials, such as
from silicon, fiber reinforced polymer ("FRP"), and glass.
[0003] FRP interposers may suffer from a variety of drawbacks. For example, cylindrical vias may be formed in FRP
interposers by drilling with undesirably expensive fine drill bits. Such drill bits may wander on the surface of the substrate,
thereby limiting hole diameter and pitch. Furthermore, the coefficient of thermal expansion ("CTE") of FRP interposers
may be about five times greater than that of silicon, resulting in an undesirable thermal mismatch between silicon chips
and FRP interposers. Moreover, FRP interposers tend to warp during processing, leading to difficulties with adhesion
and bonding.
[0004] Glass interposers offer an attractive alternative to FRP interposers for a variety of reasons, such as the similarity
of the CTE of glass to the CTE of silicon and the low cost of glass, among others. However, it may be difficult to form
vias in glass interposers using conventional methods, such as drilling, which is not a practical technique for manufacturing
glass interposers with vias.
[0005] The documents WO 2014/085663 A1, US 2013/0089701 A1 and US 2009/0013724 A1 describe methods for
forming vias in glass substrates.
[0006] Accordingly, a need exists for methods for forming vias in glass substrates.

SUMMARY

[0007] In a first aspect, there is provided a method of forming a via in a glass substrate as defined in independent claim 1.
[0008] In a second aspect, there is provided a method of forming a through via in a glass substrate as defined in
independent claim 6.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

FIG. 1 schematically depicts an exemplary laser drilling system for laser drilling a glass substrate, according to one
or more embodiments shown and described herein;

FIG. 2 schematically depicts a glass substrate etching apparatus, according to one or more embodiments shown
and described herein;

FIG. 3A schematically depicts a cross section of a glass substrate with a blind via pilot hole, according to one or
more embodiments shown and described herein;

FIG. 3B schematically depicts a cross section of the glass substrate of FIG. 3A after being etched, according to one
or more embodiments shown and described herein;

FIG. 4A schematically depicts a cross section of a glass substrate with a through via pilot hole, according to one or
more embodiments shown and described herein;

FIG. 4B schematically depicts a cross section of the glass substrate of FIG. 4A after being etched, according to one
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or more embodiments shown and described herein;

FIG. 5A schematically depicts a cross section of a glass substrate with a through via pilot hole, according to one or
more embodiments shown and described herein;

FIG. 5B schematically depicts a cross section of the glass substrate of FIG. 5A after applying an acid-resistant film
to an incident surface of the glass substrate, according to one or more embodiments shown and described herein;

FIG. 5C schematically depicts a cross section of the glass substrate of FIG. 5B after being etched, according to one
or more embodiments shown and described herein;

FIG. 5D schematically depicts a cross section of the glass substrate of FIG. 5C after the acid-resistant film is removed,
according to one or more embodiments shown and described herein; and

FIG. 5E schematically depicts a cross section of the glass substrate of FIG. 5D after being etched to form a through
via, according to one or more embodiments shown and described herein.

DETAILED DESCRIPTION

[0010] Reference will now be made in detail to various embodiments for laser drilling and etching glass substrates to
form vias in the glass substrates, examples of which are illustrated in the accompanying drawings. Whenever possible,
the same reference numerals will be used throughout the drawings to refer to the same or like parts.
[0011] As described herein, methods for forming a via in a glass substrate comprise laser drilling the via through at
least a portion of a thickness of the glass substrate, etching the glass substrate for an etching duration to increase a
diameter of an incident opening of the via, and applying ultrasonic energy to the glass substrate during at least a portion
of the etching duration. In some embodiments, the applied ultrasonic energy may have a frequency between 40 kHz
and 192 kHz. By applying ultrasonic energy having a frequency of between 40 kHz and 192 kHz during etching, glass
substrates with vias having desired dimensions and properties can be quickly produced while minimizing damage to the
glass.
[0012] Also described herein are methods for forming through vias in glass substrates that comprise laser drilling the
through via through a thickness of the glass substrate, applying an acid-resistant film to an incident surface of the glass
substrate to cover an incident opening of the through via, etching the glass substrate for a first etching duration, removing
the acid-resistant film from the incident opening of the through via, and etching the glass substrate for a second etching
duration. By forming through vias with such a method, the vias may have comparable incident opening and exit opening
dimensions, thereby avoiding processing problems, costs, and delays associated with mismatched incident opening
and exit opening dimensions.
[0013] As used herein, the term "through via" means a hole in a glass substrate that extends entirely through an entire
thickness of the glass substrate. As used herein, the term "blind via" means an opening in a glass substrate that extends
from a surface of the glass substrate through a portion of a thickness of the glass substrate to a depth, but that does
not extend all the way through the thickness of the glass substrate.
[0014] Referring now to FIG. 1, an exemplary system for laser drilling a glass substrate is schematically depicted. The
system 100 generally includes a laser source 110 for laser drilling the glass substrate 150. The laser source 110 may
be any type of laser capable of drilling through the thickness of the glass substrate 150. The laser may drill through the
glass substrate 150 using any laser drilling technique, such as but not limited to, laser ablation, trepanning, percussion
drilling, and the like. In some embodiments, the laser source 110 is a solid state ultraviolet laser (such as a Nd:YAG
laser) emitting a pulsed laser beam 112 having a wavelength of 355 nm. However, it should be understood that in other
embodiments laser sources with other wavelengths may be used to laser drill the glass substrate 150.
[0015] In some embodiments, the laser source 110 may emit a laser beam 112 in order to laser drill a pilot hole for a
through via or a blind via, as described herein. A pilot hole for a through via extends all the way through a thickness of
the glass substrate 150. A pilot hole for a blind via extends from a surface of the glass substrate through a portion of a
thickness of the glass substrate to a depth, but that does not extend all the way through the thickness of the glass
substrate. The glass substrate 150 may be positioned on a translating table (not shown) such that it may be translated
in two (or three) dimensions to drill multiple pilot holes in the glass substrate 150. Additionally or alternatively, the laser
source 110 may be coupled to a translation mechanism such that a laser beam 112 produced by the laser source 110
may be translated with respect to the glass substrate 150 to drill multiple pilot holes in the glass substrate 150.
[0016] The glass substrate 150 may be formed from various glass compositions including, without limitation, borosilicate
glasses, aluminosilicate glasses, aluminoborosilicate, and soda lime glasses. Further, the glass substrate 150 may be
strengthened (e.g., by an ion exchange process) or non-strengthened. Exemplary glass substrates may include, but are
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not limited to, Corning EAGLE XG® glass, and chemically strengthened or non-strengthened Corning Gorilla® glass.
[0017] Referring now to FIG. 2, an example etching apparatus 200 for etching the glass substrate 150 to open the
laser drilled pilot holes is schematically depicted. Generally, the example etching apparatus 200 includes an outer
container 210, a water tank 220, an etching solution tank 230, a sample holder 240, ultrasonic transducers 250, and an
ultrasonic generator 260. In the illustrated embodiment, the etching solution tank 230 is disposed within the water tank
220 and the water tank 220 is disposed within the outer container 210. The ultrasonic transducers 250 may be disposed
within the outer container 210 and interface with the water tank 220, such that ultrasonic energy may be imparted to
water 225 contained within the water tank 220, which is then imparted to the etching solution 235 contained within the
etching solution tank 230, and ultimately imparted to the glass substrate 150 supported by the sample holder 240 in the
etching solution tank 230. It should be understood that the ultrasonic transducers 250 may be configured in any position
and orientation relative to the water tank 220, such as below the water tank 220 and/or on the side of the water tank
220. The ultrasonic energy applied to the glass substrate 150 while being etched by the etching solution 235 in the
etching solution tank 230 enhances the etching of the glass substrate 150 and facilitates the formation of vias with
desirable characteristics, as will be described in further detail below.
[0018] In the embodiment depicted in FIG. 2, the sample holder 240 is fabricated such that the glass substrate 150 is
supported in a vertical orientation. Not wishing to be bound by theory, when the sample holder 240 supports the glass
substrate 150 in a vertical orientation, several glass substrates may be processed simultaneously and the ingression
and egression of the etchant through the vias may be facilitated by the sinusoidal nature of the ultrasonic sound waves
as they traverse the surface of the substrates while simultaneously enabling acoustic cavitation. In other embodiments,
the sample holder 240 may be fabricated such that the glass substrate 150 is supported in a horizontal orientation in
which the ultrasonic sound waves may travel directly or longitudinally through the vias. Not wishing to be bound by
theory, when the glass substrate 150 is supported in a horizontal orientation, the ingression and egression of the etchant
through the vias may be accomplished by both gravity and the traversal of the acoustic waves longitudinally through the
vias. When the glass substrate 150 is supported in the horizontal orientation, it may be advantageous to process one
glass substrate 150 at a time to avoid acoustic attenuation that may result from ultrasonic sound waves traveling from
substrate to substrate.
[0019] The water tank 220 includes water 225 filled to a level sufficient to ensure that ultrasonic energy produced by
the ultrasonic transducers 250 is transferred to the glass substrate 150 immersed within the etching solution tank 230.
In some embodiments, water 225 is deionized water, which may include a few millimeters of detergent to reduce surface
tension. However, it should be understood that in other embodiments water 225 may be a type of water other than
deionized water and/or may not include detergent. Furthermore, it should be understood that a liquid other than water
may be utilized to transfer the ultrasonic energy from the ultrasonic transducers 250 to the etching solution 235 within
the etching solution tank 230. Some embodiments may not include the water tank 220, such as in embodiments in which
the ultrasonic transducers directly agitate the etching solution 235 in the etching solution tank 230.
[0020] The etching solution tank 230 may be formed from an acid-resistant material, such as a plastic like polypropylene
or high density polyethylene. The etching solution tank 230 includes the etching solution 235 filled to a level sufficient
to ensure that ultrasonic energy produced by the ultrasonic transducers 250 is transferred to the glass substrate 150.
In some embodiments, the etching solution 235 is an aqueous solution including deionized water, a primary acid, and
a secondary acid. The primary acid may be hydrofluoric acid and the secondary acid may be nitric acid, hydrochloric
acid, or sulfuric acid. In some embodiments, the etching solution 235 may include a primary acid other than hydrofluoric
acid and/or a secondary acid other than nitric acid, hydrochloric acid, or sulfuric acid. Furthermore, in some embodiments,
the etching solution 235 may only include a primary acid. In some embodiments, the etching solution 235 may include
20% by volume of a primary acid (e.g., hydrofluoric acid), 10% by volume of a secondary acid (e.g., nitric acid), and
70% by volume of deionized water. In other embodiments, the etching solution 235 may include different proportions of
the primary acid, the secondary acid, and deionized water. In some embodiments, the etching solution 235 may include
a surfactant, such as 5-10 mL of a commercially available surfactant.
[0021] The ultrasonic generator 260 is electrically connected to the ultrasonic transducers 250 via an electrical cable
270. The ultrasonic generator 260 causes the ultrasonic transducers 250 to produce ultrasonic energy at more than one
frequencies. The ultrasonic transducers 250 may produce ultrasonic energy at a variety of frequencies. In some em-
bodiments, the ultrasonic energy has a frequency between 40 kHz and 192 kHz. In some embodiments, the ultrasonic
energy has a frequency between 80 kHz and 132 kHz. In some embodiments, the ultrasonic energy is centered about
a primary frequency and dithered or swept above and below the primary frequency, such as when ultrasonic energy is
centered about 80 kHz and swept back and forth between 79 kHz and 81 kHz (i.e., 80 kHz +/- 1 kHz). In other embodiments,
the ultrasonic energy may be centered about a different frequency and/or dithered or swept in a range greater than 1
kHz above and below the primary frequency. In some embodiments, the ultrasonic energy has a first frequency and a
second frequency, such as when the ultrasonic transducers 250 produce ultrasonic energy having at least two frequen-
cies. For example, a first ultrasonic transducer may produce ultrasonic energy having a first frequency and a second
ultrasonic transducer may simultaneously produce ultrasonic energy having a second frequency. In some embodiments,
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the ultrasonic transducers 250 may produce the ultrasonic energy in a "40 kHz/80 kHz cross-fired" configuration in which
the first frequency is 40 kHz and the second frequency is 80 kHz. In some embodiments, the ultrasonic transducers 250
may produce the ultrasonic energy in a "80 kHz/120 kHz cross-fired" configuration in which the first frequency is 80 kHz
and the second frequency is 120 kHz. It should be understood that embodiments in which the ultrasonic energy is
dithered or swept about a primary frequency or has a first frequency and a second frequency (e.g., in a "cross-fired"
configuration), may avoid undesirable ultrasonic "hot spots" (areas in which glass damage or etching may occur faster
than in other areas) in the glass substrate 150 that might arise if a single frequency were utilized.
[0022] A method for forming a blind via in a glass substrate by laser drilling and then ultrasonic-enhanced etching will
now be described with reference to FIGS. 3A-3B. Referring now to FIG. 3A, a pilot hole for the blind via 310 is laser
drilled through a portion of the thickness of the glass substrate 150. In some embodiment, the pilot hole may be drilled
using the system 100 depicted in FIG. 1. The pilot hole for the blind via 310 is laser drilled from an incident surface 152
of the glass substrate 150 to a depth of the glass substrate 150. The pilot hole extends through the glass substrate 150
from an incident opening 311 of the incident surface 152 into the glass substrate 150. The pilot hole for the blind via 310
does not extend all the way through the thickness of the glass substrate 150.
[0023] Once the pilot hole for the blind via 310 is drilled, the glass substrate 150 is submerged in the etching solution
235 of the etching solution tank 230, as depicted in FIG. 2. Ultrasonic energy is applied by the ultrasonic transducers
250 while the glass substrate 150 is being etched. The glass substrate 150 is etched with the etching solution for an
etching duration to increase a diameter of the incident opening 311 of the blind via 310 and the diameter along the entire
depth of the blind via 310, as depicted in FIG. 3B. In some embodiments, the glass substrate 150 is also mechanically
agitated, such as by moving the glass substrate 150 up and down or side to side in the etching solution 235 either
manually or by machine, during at least a portion of the etching duration to facilitate removal of sludge from the via.
[0024] A method for forming a through via in a glass substrate by laser drilling and then ultrasonic-enhanced etching
will now be described with reference to FIGS. 4A-4B. Referring now to FIG. 4A, a pilot hole for the through via 410 is
laser drilled through the entire thickness of the glass substrate 150. In some embodiment, the pilot hole may be drilled
using the system 100 depicted in FIG. 1. The pilot hole for the through via 410 is laser drilled from an incident surface
152 of the glass substrate 150, through the thickness of the glass substrate 150, to an exit surface 154 of the glass
substrate 150. The pilot hole extends through the glass substrate 150 from an incident opening 411 of the incident
surface 152 to an exit opening 412 of the exit surface 154. A diameter of the incident opening 411 is typically larger than
the diameter of the exit opening 412.
[0025] Once the pilot hole for the through via 410 is drilled, the glass substrate 150 is submerged in the etching solution
235 of the etching solution tank 230, as depicted in FIG. 2. Ultrasonic energy is applied by the ultrasonic transducers
250 while the glass substrate 150 is being etched. The glass substrate 150 is etched with the etching solution 235 for
an etching duration to increase a diameter of the through via 410, as depicted in FIG. 4B. In some embodiments, the
glass substrate 150 is mechanically agitated, such as by moving the glass substrate 150 up and down or side to side
in the etching solution 235 either manually or by machine, during at least a portion of the etching duration to facilitate
removal of sludge from the via.
[0026] In some embodiments, the ultrasonic energy applied to the glass substrate 150 during at least a portion of the
etching duration described above with reference to FIGS. 3A-3B and 4A-4B has a frequency between 40 kHz and 192
kHz. Application of an ultrasonic frequency in the 40 kHz to 192 kHz range during etching facilitates the etching and
dissolving of glass from the walls of the pilot hole, thereby increasing the diameter of the incident opening 311 of the
blind via 310 to a desired diameter. The 40 kHz to 192 kHz range of ultrasonic frequency may minimize surface damage
to the glass substrate 150, which may occur at lower frequencies of ultrasonic energy. Furthermore, the 40 kHz to 192
kHz range of ultrasonic frequency may enable effective etching of the via at an acceptable and relatively constant etch rate.
[0027] In some embodiments, the ultrasonic energy applied to the glass substrate during at least a portion of the
etching duration has a frequency between 80 kHz and 132 kHz. Application of an ultrasonic frequency in the 80 kHz to
132 kHz range during etching facilitates the etching and dissolving of glass from the walls of the pilot hole, thereby
increasing the diameter of the incident opening 311 of the blind via 310 and to a desired diameter. The 80 kHz to 132
kHz range of ultrasonic frequency minimizes surface damage to the glass substrate 150, which may occur at frequencies
below 80 kHz. Furthermore, the 80 kHz to 132 kHz range of ultrasonic frequency enables effective etching of the via at
an acceptable and relatively constant etch rate. The 80 kHz to 132 kHz range may be more preferable than the broader
40 kHz to 192 kHz range because this range is high enough to prevent surface damage, but low enough to ensure
effective etching. However, it should be understood that in other embodiments, the ultrasonic frequency range may be
other than 40 kHz to 192 kHz or 80 kHz to 132 kHz.
[0028] As noted above with respect to FIG. 2, in some embodiments, the ultrasonic energy has a first frequency and
a second frequency, such as when the ultrasonic transducers 250 produce ultrasonic energy having at least two fre-
quencies. In some embodiments, the ultrasonic transducers 250 may produce the ultrasonic energy in a "40 kHz/80 kHz
cross-fired" configuration in which the first frequency is 40 kHz and the second frequency is 80 kHz. In some embodiments,
the ultrasonic transducers 250 may produce the ultrasonic energy in a "80 kHz/120 kHz cross-fired" configuration in
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which the first frequency is 80 kHz and the second frequency is 120 kHz. In some embodiments, ultrasonic transducers
250 may produce ultrasonic energy that is centered about a primary frequency and dithered or swept above and below
the primary frequency, as described above.
[0029] A method for forming a through via in a glass substrate that includes applying and removing an acid-resistant
film will now be described with reference to FIGS. 5A-5E. Referring now to FIG. 5A, a pilot hole for the through via 510
is laser drilled through the entire thickness of the glass substrate 150. In some embodiments, the pilot hole may be
drilled using the system 100 depicted in FIG. 1. The pilot hole for the through via 510 is laser drilled from an incident
surface 152 of the glass substrate 150, through the thickness of the glass substrate 150, to an exit surface 154 of the
glass substrate 150. The pilot hole extends through the glass substrate 150 from an incident opening 511 of the incident
surface 152 to an exit opening 512 of the exit surface 154. A diameter of the incident opening 511 is typically larger than
the diameter of the exit opening 512. If the pilot hole for the through via 510 were etched to open up the through via 510,
as described above with reference to FIG. 3B, the diameter of the exit opening 512 would still be smaller than the
diameter of the incident opening 511, as depicted in FIG. 3B. Such a mismatch in entry opening diameter and exit
opening diameter may result in process issues downstream, which may result in increased processing time and cost.
In order to produce through vias that have matching entry opening diameters and exit opening diameters, the processing
steps depicted and described below with reference to FIGS. 5B-5E may be employed.
[0030] Referring now to FIG. 5B, an acid-resistant film 505 may then be applied to the incident surface 152 of the
glass substrate 150 to cover the incident opening 511 of the through via 510. It should be understood that the thickness
of the acid-resistant film 505 illustrated in FIG. 5B is for illustrative purposes only and the figure is not drawn to scale.
In some embodiments, the acid-resistant film 505 is a polymer-based film. The acid-resistant film 505 may be applied
to the incident surface 152 by lamination. In some embodiments, the acid-resistant film 505 may be an adhesive acid-
resistant film, such as a tape, that may be applied to the surfaces of the glass substrate 150. Such an adhesive acid-
resistant film may be applied to the surfaces of the glass substrate 150 manually or by an automated process. In some
embodiments, the acid-resistant film 505 may be a photoresist polymer film that is coated on the incident surface 152
and then cured.
[0031] After the acid-resistant film 505 is applied to the incident surface 152 to cover the incident opening 511, the
glass substrate 150 is submerged in the etching solution 235 of the etching solution tank 230, as depicted in FIG. 2, for
a first etching duration to increase the diameter of the exit opening 512 of the through via 510. The acid-resistant film
505 should resist the etching solution 235 during the first etching duration, diminishing the rate of increase of the diameter
of the incident opening 511. In some embodiments, the incident diameter of the incident opening 511 is substantially
equal to the exit diameter of the exit opening 512 after the glass substrate 150 is etched for the first etching duration.
Such a match in incident diameter and exit diameter avoids the above-noted problems that may arise from mismatched
entry and exit diameters. The first etching duration may be chosen such that the incident diameter of the incident opening
511 is substantially equal to the exit diameter of the exit opening 512 after the glass substrate 150 is etched for the first
etching duration. In some embodiments, ultrasonic energy is applied by the ultrasonic transducers 250 while the glass
substrate 150 is being etched, in any manner described herein. In some embodiments, the glass substrate 150 is
mechanically agitated, such as by moving the glass substrate 150 up and down or side to side in the etching solution
235 either manually or by machine, during at least a portion of the etching duration to facilitate removal of sludge from
the via. FIG. 5C schematically depicts the glass substrate 150 after this etching step.
[0032] Next, the acid-resistant film 505 may be removed from the incident surface 152 of the glass substrate 150, as
depicted in FIG. 5D. In some embodiments, the acid-resistant film 505 may be removed by washing the glass substrate
150 with a solvent or soaking the acid-resistant film 505 in hot water and peeling it off of the glass substrate 150.
[0033] After the acid-resistant film 505 is removed from the incident surface 152, the glass substrate 150 is again
submerged in the etching solution 235 of the etching solution tank 230, as depicted in FIG. 2, for a second etching
duration to increase the diameter of the incident opening 511 and the diameter of the exit opening 512 of the through
via 510. In some embodiments, the incident diameter of the incident opening 511 is substantially equal to the exit diameter
of the exit opening 512 after the glass substrate 150 is etched for the second etching duration. Such a match in incident
diameter and exit diameter avoids the above-noted problems that may arise from mismatched entry and exit diameters.
The second etching duration may be chosen such that the incident diameter of the incident opening 511 and the exit
diameter of the exit opening 512 reach a desired diameter. In some embodiments, ultrasonic energy is applied by the
ultrasonic transducers 250 while the glass substrate 150 is being etched, in any manner described herein. In some
embodiments, the glass substrate 150 is mechanically agitated, such as by moving the glass substrate 150 up and down
or side to side in the etching solution 235 either manually or by machine, during at least a portion of the etching duration
to facilitate removal of sludge from the via. FIG. 5E schematically depicts the glass substrate 150 after this etching step.

Examples Relevant To Via Formation With Ultrasonic Agitation During Etching

[0034] The following examples describe via formation via a wet etch process using different ultrasonic schemes to
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provide ultrasonic energy during etching. Etching solutions were prepared by making one liter mixtures containing 20%
by volume of hydrofluoric acid (HF), 10% by volume of nitric acid (HNO3) and the balance deionized (DI) water. The
etching solutions were all prepared in the etching solution tank 230. The samples to be etched were placed in the sample
holder 240 and the ultrasonic bath was turned on. The etching solution tank 230 was then positioned in the water tank
220 and the sample holder was lowered into the etching solution tank 230. Then, the glass substrate samples, supported
by the sample holder 240, were immersed in the etching solution for a pre-determined etch time. After etching, the
sample holder 240 with the samples was removed and placed in a water bath to terminate the etching process.

Example A-1

[0035] In this control example, four glass samples were etched without ultrasonic agitation. Four samples of Eagle
XG© glass were obtained. Through via pilot holes were drilled through the glass samples using a laser beam. The
thicknesses of the samples were first measured and recorded. The samples were etched in a one liter solution of HF
and HNO3 using mechanical agitation but no ultrasonic application for a specified amount of time. The etch solution
temperature was about 2562°C. After thoroughly washing and drying the samples, the post etch thicknesses of the
samples were measured again. To determine the hole quality and shape, the diameters of the holes on the incident
surface (also referred to as entry holes), their waist diameters (e.g., the diameter halfway between the incident surface
and exit surface), and the exit surface diameters were measured. Table 1, below, shows average diameter and average
circularity for entry holes, exit holes, and waists for the vias of each of the four samples. As can be seen from Table 1,
the waist/entry and waist/exit aspect ratios were below 0.3, which m be unacceptable for many applications.

Example A-2 (not in accordance with the invention)

[0036] At least two samples of Eagle XG© glass were obtained. Through via pilot holes were drilled through the glass
samples using a laser beam. After obtaining the thicknesses of the samples, they were etched in a one liter solution of
HF and HNO3 in the presence of a 40 kHz ultrasonic field. The samples were also mechanically agitated. The initial etch
solution temperature was about 2562°C. After thoroughly washing and drying the samples, the post etch thicknesses
of the samples were measured again. To determine the hole quality and shape, the diameters of the holes on the incident
surface, their waist diameters, and the exit surface diameters were measured. The "40 kHz" column of Table 2, below,
shows the measurements and evaluations (e.g., number of chipped entry holes, number of through holes that extended
through the glass sample, etc.) for this example.

Example A-3 (not in accordance with the invention)

[0037] At least two samples of Eagle XG© glass were obtained. Through via pilot holes were drilled through the glass
samples using a laser beam. After obtaining the thicknesses of the samples, they were etched in a one liter solution of

Table 1 - Measurements for Example A-1

ENTRY HOLE Sample 1 Sample 2 Sample 3 Sample 4

Average Diameter, [mm] 51.63 51.96 51.13 51.54

Average Circularity, [mm] 8.28 8.99 7.46 8.24

EXIT HOLE

Average Diameter, [mm] 40.64 48.53 47.91 58.49

Average Circularity, [mm] 0.91 0.96 0.84 1.00

WAIST

Average Diameter, [mm] 8.42 9.13 8.62 14.54

Average Circularity, [mm] 0.52 0.75 0.53 1.79

ASPECT RATIOS

Exit/Entry 0.79 0.93 0.94 1.13

Waist/Entry 0.16 0.18 0.17 0.28

Waist/Exit 0.21 0.19 0.18 0.25
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HF and HNO3 in the presence of a 132 kHz ultrasonic field. The samples were also mechanically agitated. The initial
etch solution temperature was about 2562°C. After thoroughly washing and drying the samples, the post etch thicknesses
of the samples were measured again. To determine the hole quality and shape, the diameters of the holes on the incident
surface, their waist diameters, and the exit surface diameters were measured. The "132 kHz" column of Table 2, below,
shows the measurements and evaluations (e.g., number of chipped entry holes, number of through holes that extended
through the glass sample, etc.) for this example.

Example A-4 (not in accordance with the invention)

[0038] At least two samples of Eagle XG© glass were obtained. Through via pilot holes were drilled through the glass
samples using a laser beam. After obtaining the thicknesses of the samples, they were etched in a one liter solution of
HF and HNO3 in the presence of a 192 kHz ultrasonic field. The samples were also mechanically agitated. The initial
etch solution temperature was about 2562°C. After thoroughly washing and drying the samples, the post etch thicknesses
of the samples were measured again. To determine the hole quality and shape, the diameters of the holes on the incident
surface, their waist diameters, and the exit surface diameters were measured. The "192 kHz" column of Table 2, below,
shows the measurements and evaluations (e.g., number of chipped entry holes, number of through holes that extended
through the glass sample, etc.) for this example.

Example A-5

[0039] At least two samples of Eagle XG© glass were obtained. Through via pilot holes were drilled through the glass
samples using a laser beam. After obtaining the thicknesses of the samples, they were etched in a one liter solution of
HF and HNO3 in the presence of a 40/80 kHz dual frequency ultrasonic field. The samples were also mechanically
agitated. The initial etch solution temperature was about 2562°C. After thoroughly washing and drying the samples, the
post etch thicknesses of the samples were measured again. To determine the hole quality and shape, the diameters of
the holes on the incident surface, their waist diameters, and the exit surface diameters were measured. The "40/80 kHz"
column of Table 2, below, shows the measurements and evaluations (e.g., number of chipped entry holes, number of
through holes that extended through the glass sample, etc.) for this example.

Example A-6

[0040] Ten samples of Eagle XG© glass were obtained. Through via pilot holes were drilled through the glass samples
using a laser beam. After obtaining the thicknesses of the samples, five of the samples were etched in a one liter solution
of HF and HNO3 in the presence of a 40/80 kHz dual frequency ultrasonic field. After obtaining the thicknesses of the
samples, five of the samples were etched in a one liter solution of HF and HNO3 in the presence of a 80/120 kHz dual
frequency ultrasonic field. The samples were also mechanically agitated. The initial etch solution temperature was about
2562°C. After thoroughly washing and drying the samples, the post etch thicknesses of the samples were measured
again. To determine the hole quality and shape, the diameters of the holes on the incident surface, their waist diameters,
and the exit surface diameters were measured. Table 3, below, shows the measurements and evaluations (e.g., missing

Table 2 - Measurements For Examples A-2 through A-5

40 kHz 40/80 kHz 132 kHz 192 kHz

AVE Entry DIA [mm] 54.25 51.62 53.25 44.74

AVE Waist DIA [mm] 43.12 37.82 40.83 26.04

AVE Exit DIA [mm] 45.01 42.40 43.71 36.98

CIRC Entry Holes [mm] 1.78 1.45 1.80 1.63

CIRC Exit Holes [mm] 1.12 1.06 1.11 1.04

Chipped Entry Holes 9 11 5 6

# Through-Holes 100 100 100 61

Exit/Entry Diameter 0.83 0.82 0.82 0.83

Waist/Entry Diameter 0.79 0.73 0.77 0.58

Waist to Exit 0.96 0.89 0.93 0.70
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exit holes, etch damage, etc.) for this example. From Table 3, it is apparent that all samples had 100% through vias.
The hole diameter and circularity were similar for both the 40/80 kHz samples and the 80/120 kHz samples. However,
4 out of 5 samples etched using the 40/80 kHz ultrasonic energy system exhibited some degree of surface damage.
However, the 80/120 kHz ultrasonic energy system did not cause any damage to the samples, while also demonstrating
comparable waist-to-entry diameter ratios. From this experiment, it is apparent that ultrasonic frequencies in the range
from 80 kHz to 132 kHz or from about 80 kHz to 120 kHz provide effective conditions for forming vias with desirable
aspect ratios and minimizing surface damage of the glass substrate.

Example A-7

[0041] At least two samples of Eagle XG© glass were obtained. Through via pilot holes were drilled through the glass
samples using a laser beam. After obtaining the thicknesses of the samples, they were etched in a one liter solution of
HF and HNO3 in the presence of a 80/120 kHz dual frequency ultrasonic field. The samples were not mechanically
agitated. The initial etch solution temperature was about 2562°C. After thoroughly washing and drying the samples, the
post etch thicknesses of the samples were measured again. To determine the hole quality and shape, the diameters of
the holes on the incident surface, their waist diameters, and the exit surface diameters were measured. Many of the
holes did not open up after etching, indicating that mechanical agitation during etching may be advantageous in some
circumstances.

Examples Relevant To Via Formation With Acid-Resistant Film Application And Removal

[0042] The following examples describe via formation including etching of different samples of glass in which incident
hole diameters and exit hole diameters were compared. From these examples, it can be concluded that when performing
a first etching step with lamination on the incident surface prior to a second etching step without lamination, identical
exit and incident diameters can be achieved. The length of the first etching step can be adjusted to achieve a desired
aspect ratio of 1 (i.e., identical entry and exit diameters). Furthermore, by comparing examples B-2 through B-4 (in which
ultrasonic agitation was only used during the second etching step) with examples B-6 through B-8 (in which ultrasonic
agitation was used during both the first etching step and the second etching step), it can be concluded that the etch rate
is increased by applying ultrasonic agitation during both the first etching step and the second etching step.

Example B-1

[0043] In this example, a control sample was etched without lamination using ultrasonic agitation. Through via pilot
holes were drilled through a sample of glass using a laser beam. The sample was etched for 8 minutes in a one liter
solution of HF and HNO3 in the presence of a 40/80 kHz cross-fired ultrasonic field. The solution temperature was about
2562°C. After thoroughly washing and drying the sample, the diameter of the holes on the incident surface and those
on the exit surface were measured. The ratio of the exit side diameter to the incident side diameter was calculated as 0.87.

Table 3 - Measurements For Example A-6

40/80 kHz 80/120 kHz

Sample 1 2 3 4 5 6 7 8 9 10

AVE Entry DIA [mm] 44.9 0 45.3 3 44.6 0 44.6 4 44.6 7 44.1 4 43.4 6 43.3 7 43.9 7 44.3 0

AVE Waist DIA [mm] 28.6 8 28.5 4 28.4 1 28.3 6 28.1 8 28.3 7 27.8 8 27.5 4 27.9 2 28.5 4

AVE Exit DIA [mm] 34.6 4 36.5 3 36.4 5 36.3 0 36.2 2 36.3 9 35.6 9 35.3 8 35.5 2 36.4 5

CIRC Entry Holes [mm] 1.45 1.57 1.35 1.33 1.40 1.40 1.33 1.34 1.35 1.43

CIRC Exit Holes [mm] 0.68 0.76 0.81 0.73 0.70 0.75 0.59 0.57 0.53 0.63

Exit DIA/Entry DIA 0.81 6 0.80 6 0.81 7 0.81 3 0.81 1 0.82 4 0.82 1 0.81 6 0.80 8 0.82 3

Waist DIA/Entry DIA 0.63 9 0.63 0 0.63 7 0.63 5 0.63 1 0.64 3 0.64 2 0.63 5 0.63 5 0.64 4

Number of Holes 100 100 100 100 100 100 100 100 100 100

Missing Exit Holes 1 0 1 0 1 1 1 0 0 1

Etch Damage yes onse t onse t onse t no no no no no no
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Example B-2

[0044] Through via pilot holes were drilled through a sample of glass using a laser beam. The sample was laminated
on the incident side of the laser beam using a clear HF-acid-resistant polymer film. The sample was then etched in a
one liter solution of HF and HNO3 without any ultrasonic agitation for 4 minutes. The sample was washed and the
lamination removed. The sample was etched again in a fresh one liter solution for about 8 minutes, this time, in the
presence of a 40/80 kHz cross-fired ultrasonic field. The solution temperature was about 2562°C. After thoroughly
washing and drying the sample, the diameter of the holes on the incident surface and those on the exit surface were
measured. The ratio of the exit side diameter to the incident side diameter was calculated as 0.97.

Example B-3

[0045] Through via pilot holes were drilled through a sample of glass using a laser beam. The sample was laminated
on the beam incident side using a clear HF acid resistant polymer film. The sample was then etched in a one liter solution
of HF and HNO3 without any ultrasonic agitation for 5 minutes. The sample was washed and the lamination removed.
The sample was etched again in a fresh one liter solution for about 8 minutes, this time, in the presence of a 40/80 kHz
cross-fired ultrasonic field. The solution temperature was about 2562°C. After thoroughly washing and drying the sample,
the diameter of the holes on the incident surface and those on the exit surface were measured. The ratio of the exit side
diameter to the incident side diameter was calculated as 1.03.

Example B-4

[0046] Through via pilot holes were drilled through a sample of glass using a laser beam. The sample was laminated
on the beam incident side using a clear HF acid resistant polymer film. The sample was then etched in a one liter solution
of HF and HNO3 without any ultrasonic agitation for 6 minutes. The sample was washed and the lamination removed.
The sample was etched again in a fresh one liter solution for about 8 minutes, this time, in the presence of a 40/80 kHz
cross-fired ultrasonic field. The solution temperature was about 2562°C. After thoroughly washing and drying the sample,
the diameter of the holes on the incident surface and those on the exit surface were measured. The ratio of the exit side
diameter to the incident side diameter was calculated as 1.06.

Example B-5

[0047] In this example, a control sample was etched without lamination using ultrasonic agitation. Through via pilot
holes were drilled through a sample of glass using a laser beam. The sample was etched for 8 minutes in a one liter
solution of HF and HNO3 in the presence of a 40/80 kHz cross-fired ultrasonic field. The solution temperature was about
2562°C. After thoroughly washing and drying the sample, the diameter of the holes on the incident surface and those
on the exit surface were measured. The ratio of the exit side diameter to the incident side diameter was calculated as 0.84.

Example B-6

[0048] Through via pilot holes were drilled through a sample of glass using a laser beam. The sample was laminated
on the beam incident side using a clear HF acid resistant polymer film. The sample was then etched in a one liter solution
of HF and HNO3 for 2 minutes in the presence of a 40/80 kHz cross-fired ultrasonic field. The sample was washed and
the lamination removed. The sample was etched again in a fresh one liter solution for about 8 minutes again in the
presence of a 40/80 kHz cross-fired ultrasonic field. The solution temperature was about 2562°C. After thoroughly
washing and drying the sample, the diameter of the holes on the incident surface and those on the exit surface were
measured. The ratio of the exit side diameter to the incident side diameter was calculated as 0.96.

Example B-7

[0049] Through via pilot holes were drilled through a sample of glass using a laser beam. The sample was laminated
on the beam incident side using a clear HF acid resistant polymer film. The sample was then etched in a one liter solution
of HF and HNO3 for 4 minutes in the presence of a 40/80 kHz cross-fired ultrasonic field. The sample was washed and
the lamination removed. The sample was etched again in a fresh one liter solution for about 8 minutes again in the
presence of a 40/80 kHz cross-fired ultrasonic field. The solution temperature was about 2562°C. After thoroughly
washing and drying the sample, the diameter of the holes on the incident surface and those on the exit surface were
measured. The ratio of the exit side diameter to the incident side diameter was calculated as 1.08.
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Example B-8

[0050] Through via pilot holes were drilled through a sample of glass using a laser beam. The sample was laminated
on the beam incident side using a clear HF acid resistant polymer film. The sample was then etched in a one liter solution
of HF and HNO3 for 6 minutes in the presence of a 40/80 kHz cross-fired ultrasonic field. The sample was washed and
the lamination removed. The sample was etched again in a fresh one liter solution for about 8 minutes again in the
presence of a 40/80 kHz cross-fired ultrasonic field. The solution temperature was about 2562°C. After thoroughly
washing and drying the sample, the diameter of the holes on the incident surface and those on the exit surface were
measured. The ratio of the exit side diameter to the incident side diameter was calculated as 1.23.
[0051] It should be understood that embodiments described herein provide for forming vias in glass substrates by
laser drilling and etching during the application of ultrasonic energy having a frequency between 40 kHz and 192 kHz.
By applying ultrasonic energy having a frequency of between 40 kHz and 192 kHz during etching, glass substrates with
vias having desired dimensions and properties can be quickly produced while minimizing damage to the glass. Further-
more, embodiments described herein provide for forming through vias by laser drilling, film application, etching, film
removal, and etching, which results in vias having comparable incident opening and exit opening dimensions.
[0052] It will be apparent to those skilled in the art that various modifications and variations can be made to the
embodiments described herein without departing from the scope of the claimed subject matter.

Claims

1. A method of forming a via (310, 410, 510) in a glass substrate (150), the method comprising:

laser drilling the via (310, 410, 510) through at least a portion of a thickness of the glass substrate (150), wherein
the via (310, 410, 510) is laser drilled through the glass substrate (150) from an incident surface (152) of the
glass substrate (150);
etching the glass substrate (150) for an etching duration, thereby increasing a diameter of an incident opening
(311, 411, 511) of the via (310, 410, 510); and
applying ultrasonic energy to the glass substrate (150) during at least a portion of the etching duration, wherein
the ultrasonic energy has a frequency between 40 kHz and 192 kHz,
characterised in that the ultrasonic energy has a first frequency and a second frequency or the ultrasonic
energy is centered about a primary frequency and dithered or swept above and below the primary frequency.

2. The method of claim 1, wherein the via is a through via (410, 510), wherein the through via (410, 510) is drilled from
the incident surface (152) to an exit surface (154) of the glass substrate (150), the through via (410, 510) extending
between the incident opening (411, 511) of the incident surface (152) of the glass substrate (150) and an exit opening
(412, 512) of the exit surface (154) of the glass substrate (150).

3. The method of claim 1, wherein the via is a blind via (310), wherein the blind via (310) is drilled from the incident
surface (152) to a depth of the glass substrate (150), the blind via (310) extending through the glass substrate (150)
from the incident opening (311) of the incident surface (152) to the depth of the glass substrate (150).

4. The method of any one of claims 1-3, wherein the frequency is between 80 kHz and 132 kHz.

5. The method of any one of claims 1-4, further comprising mechanically agitating the glass substrate (150) during the
etching duration.

6. A method of forming a through via (510) in a glass substrate (150), the method comprising:

laser drilling the through via (510) through a thickness of the glass substrate (150), wherein the through via
(510) is drilled from an incident surface (152) to an exit surface (154) of the glass substrate (150), the through
via (510) extending between an incident opening (511) of the incident surface (152) of the glass substrate (150)
and an exit opening (512) of the exit surface (154) of the glass substrate (150);
applying an acid-resistant film (505) to the incident surface (152) of the glass substrate (150), wherein the acid-
resistant film (505) covers the incident opening (511) of the through via (510);
etching the glass substrate (150) for a first etching duration, thereby increasing a diameter of the exit opening
(512) of the through via (510);
removing the acid-resistant film (505) from the incident opening (511) of the through via (510); and
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etching the glass substrate (150) for a second etching duration, thereby increasing the diameter of the incident
opening (511) and the exit opening (512) of the through via (510),
wherein the method further comprises applying ultrasonic energy to the glass substrate (150) during at least
one of the first etching duration and the second etching duration, and
characterised in that the ultrasonic energy has a first frequency and a second frequency or the ultrasonic
energy is centered about a primary frequency and dithered or swept above and below the primary frequency.

7. The method of claim 6, wherein the ultrasonic energy has a frequency between 40 kHz and 192 kHz.

8. The method of claim 6, wherein the first frequency is 40 kHz and the second frequency is 80 kHz or the first frequency
is 80 kHz and the second frequency is 120 kHz.

9. The method of any one of claims 6-8, further comprising mechanically agitating the glass substrate (150) during at
least one of the first etching duration and the second etching duration.

10. The method of any one of claims 6-9, wherein the glass substrate (150) is etched during the first etching duration,
during the second etching duration, or during both the first etching duration and the second etching duration with
an etching solution (235) including a primary acid and a secondary acid,
wherein the primary acid is hydrofluoric acid and the secondary acid is nitric acid, hydrochloric acid, or sulfuric acid.

11. The method of any one of claims 6-10, wherein an incident diameter of the incident opening (511) is substantially
equal to an exit diameter of the exit opening (512) after the glass substrate (150) is etched for the first etching duration.

12. The method of any one of claims 6-11, wherein an incident diameter of the incident opening (511) and an exit
diameter of the exit opening (512) are equal to a desired diameter after the second etching duration.

13. The method of any preceding claim, wherein the first frequency is 40 kHz and the second frequency is 80 kHz.

14. The method of any preceding claim, wherein the first frequency is 80 kHz and the second frequency is 120 kHz.

15. The method of any preceding claim, wherein the ultrasonic energy is swept in a range that is 1 kHz or greater above
and below the primary frequency.

Patentansprüche

1. Verfahren zum Bilden eines Vias (310, 410, 510) in einem Glassubstrat (150), wobei das Verfahren umfasst:

Laserbohren des Vias (310, 410, 510) durch mindestens einen Teil einer Dicke des Glassubstrats (150), wobei
das Via (310, 410, 510) von einer Einfallsfläche (152) des Glassubstrats (150) durch das Glassubstrat (150)
lasergebohrt wird;
Ätzen des Glassubstrats (150) für eine Ätzdauer, wodurch ein Durchmesser einer Einfallsöffnung (311, 411,
511) des Vias (310, 410, 510) vergrößert wird; und
Anlegen von Ultraschallenergie an das Glassubstrat (150) während mindestens eines Teils der Ätzdauer, wobei
die Ultraschallenergie eine Frequenz zwischen 40 kHz und 192 kHz aufweist, dadurch gekennzeichnet, dass
die Ultraschallenergie eine erste Frequenz und eine zweite Frequenz aufweist oder die Ultraschallenergie um
eine Primärfrequenz zentriert und über und unter der Primärfrequenz gedithert oder gewobbelt ist.

2. Verfahren nach Anspruch 1, wobei das Via ein durchgehendes Via (410, 510) ist, wobei das durchgehende Via
(410, 510) von der Einfallsfläche (152) zu einer Austrittsfläche (154) des Glassubstrats (150) gebohrt wird, wobei
sich das durchgehende Via (410, 510) zwischen der Einfallsöffnung (411, 511) der Einfallsfläche (152) des Glas-
substrats (150) und einer Austrittsöffnung (412, 512) der Austrittsfläche (154) des Glassubstrats (150) erstreckt.

3. Verfahren nach Anspruch 1, wobei das Via ein Blind-Via (310) ist, wobei das Blind-Via (310) von der Einfallsfläche
(152) bis zu einer Tiefe des Glassubstrats (150) gebohrt ist, wobei sich das Blind-Via (310) von der Einfallsöffnung
(311) der Einfallsfläche (152) durch das Glassubstrat (150) bis zur Tiefe des Glassubstrats (150) erstreckt.

4. Verfahren nach einem der Ansprüche 1 bis 3, wobei die Frequenz zwischen 80 kHz und 132 kHz liegt.
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5. Verfahren nach einem der Ansprüche 1 bis 4, ferner umfassend das mechanische Rühren des Glassubstrats (150)
während der Ätzdauer.

6. Verfahren zum Bilden eines durchgehenden Vias (510) in einem Glassubstrat (150), wobei das Verfahren umfasst:

Laserbohren des durchgehenden Vias (510) durch eine Dicke des Glassubstrats (150), wobei das durchgehende
Via (510) von einer Einfallsfläche (152) zu einer Austrittsfläche (154) des Glassubstrats (150) gebohrt wird, sich
das durchgehende Via (510) zwischen einer Einfallsöffnung (511) der Einfallsfläche (152) des Glassubstrats
(150) und einer Austrittsöffnung (512) der Austrittsfläche (154) des Glassubstrats (150) erstreckt;
Aufbringen eines säurebeständigen Films (505) auf die Einfallsfläche (152) des Glassubstrats (150), wobei der
säurebeständige Film (505) die Einfallsöffnung (511) des durchgehenden Vias (510) bedeckt;
Ätzen des Glassubstrats (150) für eine erste Ätzdauer, wodurch ein Durchmesser der Austrittsöffnung (512)
des durchgehenden Vias (510) vergrößert wird;
Entfernen des säurebeständigen Films (505) von der Einfallsöffnung (511) des durchgehenden Vias (510); und
Ätzen des Glassubstrats (150) für eine zweite Ätzdauer, wodurch der Durchmesser der Einfallsöffnung (511)
und der Austrittsöffnung (512) des durchgehenden Vias (510) vergrößert wird, wobei das Verfahren ferner das
Anlegen von Ultraschallenergie an das Glassubstrat (150) während mindestens einer von der ersten Ätzdauer
und der zweiten Ätzdauer umfasst, und dadurch gekennzeichnet, dass die Ultraschallenergie eine erste
Frequenz und eine zweite Frequenz aufweist oder die Ultraschallenergie um eine Primärfrequenz zentriert ist
und über und unter der Primärfrequenz gedithert oder gewobbelt ist.

7. Verfahren nach Anspruch 6, wobei die Ultraschallenergie eine Frequenz zwischen 40 kHz und 192 kHz aufweist.

8. Verfahren nach Anspruch 6, wobei die erste Frequenz 40 kHz und die zweite Frequenz 80 kHz beträgt oder die
erste Frequenz 80 kHz und die zweite Frequenz 120 kHz beträgt.

9. Verfahren nach einem der Ansprüche 6 bis 8, ferner umfassend das mechanische Rühren des Glassubstrats (150)
während mindestens einer von der ersten Ätzdauer und der zweiten Ätzdauer.

10. Verfahren nach einem der Ansprüche 6 bis 9, wobei das Glassubstrat (150) während der ersten Ätzdauer, während
der zweiten Ätzdauer oder sowohl während der ersten Ätzdauer als auch der zweiten Ätzdauer mit einer Ätzlösung
(235) geätzt wird, die eine Primärsäure und eine Sekundärsäure umfasst, wobei die Primärsäure Flusssäure ist und
die Sekundärsäure Salpetersäure, Salzsäure oder Schwefelsäure ist.

11. Verfahren nach einem der Ansprüche 6 bis 10, wobei ein Einfallsdurchmesser der Einfallsöffnung (511) im Wesent-
lichen gleich einem Austrittsdurchmesser der Austrittsöffnung (512) ist, nachdem das Glassubstrat (150) für die
erste Ätzdauer geätzt wurde.

12. Verfahren nach einem der Ansprüche 6 bis 11, wobei ein Einfallsdurchmesser der Einfallsöffnung (511) und ein
Austrittsdurchmesser der Austrittsöffnung (512) gleich einem gewünschten Durchmesser nach der zweiten Ätzdauer
sind.

13. Verfahren nach einem der vorhergehenden Ansprüche, wobei die erste Frequenz 40 kHz beträgt und die zweite
Frequenz 80 kHz beträgt.

14. Verfahren nach einem der vorhergehenden Ansprüche, wobei die erste Frequenz 80 kHz beträgt und die zweite
Frequenz 120 kHz beträgt.

15. Verfahren nach einem der vorhergehenden Ansprüche, wobei die Ultraschallenergie in einem Bereich gewobbelt
wird, der 1 kHz oder mehr über und unter der Primärfrequenz liegt.

Revendications

1. Procédé de formation d’un via (310, 410, 510) dans un substrat en verre (150), le procédé comprenant :

le perçage au laser du via (310, 410, 510) à travers au moins une partie d’une épaisseur du substrat en verre
(150), ledit via (310, 410, 510) étant percé au laser à travers le substrat en verre (150) à partir d’une surface
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incidente (152) du substrat en verre (150) ;
la gravure du substrat en verre (150) pendant une durée de gravure, l’augmentation ainsi du diamètre d’une
ouverture incidente (311, 411, 511) du via (310, 410, 510) ; et
l’application d’une énergie ultrasonique au substrat en verre (150) durant au moins une partie de la durée de
gravure, ladite énergie ultrasonore possédant une fréquence entre 40 kHz et 192 kHz, caractérisé en ce que
l’énergie ultrasonique possède une première fréquence et une seconde fréquence ou l’énergie ultrasonore est
centrée autour d’une fréquence primaire et juxtaposée ou balayée au-dessus et au-dessous de la fréquence
primaire.

2. Procédé selon la revendication 1, ledit via étant un via traversant (410, 510), ledit via traversant (410, 510) étant
percé à partir de la surface incidente (152) jusqu’à une surface de sortie (154) du substrat en verre (150), le via
traversant (410, 510) s’étendant entre l’ouverture incidente (411, 511) de la surface incidente (152) du substrat en
verre (150) et une ouverture de sortie (412, 512) de la surface de sortie (154) du substrat en verre (150).

3. Procédé selon la revendication 1, ledit via étant un via borgne (310), ledit via borgne (310) étant percé à partir de
la surface incidente (152) jusqu’à une profondeur du substrat en verre (150), le via borgne (310) s’étendant à travers
le substrat en verre (150) à partir de l’ouverture incidente (311) de la surface incidente (152) jusqu’à la profondeur
du substrat en verre (150).

4. Procédé selon l’une quelconque des revendications 1 à 3, ladite fréquence étant comprise entre 80 kHz et 132 kHz.

5. Procédé selon l’une quelconque des revendications 1 à 4, comprenant en outre l’agitation mécanique du substrat
en verre (150) durant la durée de gravure.

6. Procédé de formation d’un via traversant (510) dans un substrat en verre (150), le procédé comprenant :

le perçage au laser du via traversant (510) à travers une épaisseur du substrat en verre (150), ledit via traversant
(510) étant percé à partir d’une surface incidente (152) jusqu’à une surface de sortie (154) du substrat en verre
(150), le via traversant (510) s’étendant entre une ouverture incidente (511) de la surface incidente (152) du
substrat en verre (150) et une ouverture de sortie (512) de la surface de sortie (154) du substrat en verre (150) ;
l’application d’un film résistant aux acides (505) sur la surface incidente (152) du substrat en verre (150), ledit
film résistant aux acides (505) recouvrant l’ouverture incidente (511) du via traversant (510) ;
la gravure du substrat en verre (150) pendant une première durée de gravure, l’augmentation ainsi d’un diamètre
de l’ouverture de sortie (512) du via traversant (510) ;
le retrait du film résistant aux acides (505) de l’ouverture incidente (511) du via traversant (510) ; et
la gravure du substrat en verre (150) durant une seconde durée de gravure, l’augmentation ainsi du diamètre
de l’ouverture incidente (511) et de l’ouverture de sortie (512) du via traversant (510), ledit procédé comprenant
en outre l’application d’une énergie ultrasonique au substrat en verre (150) durant au moins l’une de la première
durée de gravure et de la seconde durée de gravure, et caractérisé en ce que l’énergie ultrasonore possède
une première fréquence et une seconde fréquence ou l’énergie ultrasonique est centrée autour d’une fréquence
primaire et juxtaposée ou balayée au-dessus et en dessous de la fréquence primaire.

7. Procédé selon la revendication 6, ladite énergie ultrasonore possédant une fréquence comprise entre 40 kHz et
192 kHz.

8. Procédé selon la revendication 6, ladite première fréquence étant de 40 kHz et ladite seconde fréquence étant de
80 kHz ou ladite première fréquence étant de 80 kHz et ladite seconde fréquence étant de 120 kHz.

9. Procédé selon l’une quelconque des revendications 6 à 8, comprenant en outre l’agitation mécanique du substrat
en verre (150) durant au moins l’une de la première durée de gravure et de la seconde durée de gravure.

10. Procédé selon l’une quelconque des revendications 6 à 9, ledit substrat en verre (150) étant gravé durant la première
durée de gravure, durant la seconde durée de gravure, ou durant à la fois la première durée de gravure et la seconde
durée de gravure avec une solution de gravure (235) comprenant un acide primaire et un acide secondaire, ledit
acide primaire étant l’acide fluorhydrique et ledit acide secondaire étant l’acide nitrique, l’acide chlorhydrique ou
l’acide sulfurique.

11. Procédé selon l’une quelconque des revendications 6 à 10, un diamètre incident de l’ouverture incidente (511) étant
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sensiblement égal à un diamètre de sortie de l’ouverture de sortie (512) après que le substrat en verre (150) a été
gravé durant la première durée de gravure.

12. Procédé selon l’une quelconque des revendications 6 à 11, un diamètre incident de l’ouverture incidente (511) et
un diamètre de sortie de l’ouverture de sortie (512) étant égaux à un diamètre souhaité après la seconde durée de
gravure.

13. Procédé selon l’une quelconque des revendications précédentes, ladite première fréquence étant de 40 kHz et
ladite seconde fréquence étant de 80 kHz.

14. Procédé selon l’une quelconque des revendications précédentes, ladite première fréquence étant de 80 kHz et
ladite seconde fréquence étant de 120 kHz.

15. Procédé selon l’une quelconque des revendications précédentes, ladite énergie ultrasonore étant balayée dans
une plage qui est de 1 kHz ou plus au-dessus et au-dessous de la fréquence primaire.
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