
INTEGRATED CIRCUIT PACKAGE HAVING SECURITY FEATURE AND METHOD OF
MANUFACTURING SAME FIELD OF THE INVENTION The disclosed embodiments of the
invention relate generally to integrated circuit packages, and relate more
particularly to security features in such packages. BACKGROUND OF THE
INVENTION Manufacturers and sellers of microelectronic equipment and
devices, including integrated circuits (ICs) and IC packages, desire to
prevent the unauthorized sale of such devices, the sale of counterfeit
goods passed off as genuine, and similar illegal or unauthorized
activities. In order to discourage such activity, microelectronic devices
are often provided with markings or other security features that are
difficult to reproduce and that serve as proof that the marked article is
genuine. Thus, for example, data regarding the origin, manufacturing
history, or other information on an IC package or the like may be provided
in a protected and proprietary font. Similarly, IC packages or other goods
may be marked using techniques such as laser ablation, ink jet printing,
and others. BRIEF DESCRIPTION OF THE DRAWINGS The disclosed embodiments
will be better understood from a reading of the following detailed
description, taken in conjunction with the accompanying figures in the
drawings in which: FIGs. IA, IB, and 1C are plan, cross-sectional, and
detail views, respectively, of an integrated circuit package that is marked
according to existing techniques; FIGs. 2A, 2B, and 2C are plan,
cross-sectional, and detail views, respectively, of an integrated circuit
package according to an embodiment of the invention; FIG. 3 is a side
elevational view of a device capable of providing coaxial illumination of a
mark according to an embodiment of the invention; FIGs. 4A, 4B, and 4C are,
respectively, plan, cross-sectional, and detail views of an integrated
circuit package according to another embodiment of the invention; and FIG.
5 is a flowchart illustrating a method of forming a security feature on an 



integrated circuit package according to an embodiment of the invention.For
simplicity and clarity of illustration, the drawing figures illustrate the
general manner of construction, and descriptions and details of well-known
features and techniques may be omitted to avoid unnecessarily obscuring the
discussion of the described embodiments of the invention. Additionally,
elements in the drawing figures are not necessarily drawn to scale. For
example, the dimensions of some of the elements in the figures may be
exaggerated relative to other elements to help improve understanding of
embodiments of the present invention. The same reference numerals in
different figures denote the same elements, while similar reference
numerals may, but do not necessarily, denote similar elements. The terms
"first," "second," "third," "fourth," and the like in the description and
in the claims, if any, are used for distinguishing between similar elements
and not necessarily for describing a particular sequential or chronological
order. It is to be understood that the terms so used are interchangeable
under appropriate circumstances such that the embodiments of the invention
described herein are, for example, capable of operation in sequences other
than those illustrated or otherwise described herein. Similarly, if a
method is described herein as comprising a series of steps, the order of
such steps as presented herein is not necessarily the only order in which
such steps may be performed, and certain of the stated steps may possibly
be omitted and/or certain other steps not described herein may possibly be
added to the method. Furthermore, the terms "comprise," "include," "have,"
and any variations thereof, are intended to cover a non-exclusive
inclusion, such that a process, method, article, or apparatus that
comprises a list of elements is not necessarily limited to those elements,
but may include other elements not expressly listed or inherent to such
process, method, article, or apparatus. The terms "left," "right," "front,"
"back," "top," "bottom," "over," "under," and the like in the description
and in the claims, if any, are used for descriptive purposes and not
necessarily for describing permanent relative positions. It is to be
understood that the terms so used are interchangeable under appropriate
circumstances such that the embodiments of the invention described herein
are, for example, capable of operation in 



other orientations than those illustrated or otherwise described herein.
The term "coupled," as used herein, is defined as directly or indirectly
connected in an electrical or non electrical manner. Objects described
herein as being "adjacent to" each other may be in physical contact with
each other, in close proximity to each other, or in the same general region
or area as each other, as appropriate for the context in which the phrase
is used.Occurrences of the phrase "in one embodiment" herein do not
necessarily all refer to the same embodiment. DETAILED DESCRIPTION OF THE
DRAWINGS In one embodiment of the invention, an integrated circuit package
comprises a package substrate, an electrically insulating material adjacent
to the package substrate, and a mark on the electrically insulating
material. The mark is such that a visual contrast between the mark and the
electrically insulating material is maximized when the mark and the
electrically insulating material are exposed to coaxial illumination. In
one embodiment a solder resist material over the package substrate has a
first surface roughness and a mark on the solder resist material has a
second surface roughness that is no more than approximately twenty times
greater than the first surface roughness. Embodiments of the invention
involve or enable the creation of a mark that is visible only under
specialized lighting conditions, thus adding an additional layer of
security not available with existing IC package security markings. As an
example, and as further discussed below, embodiments of the invention
involve marks that are not visible under ambient lighting conditions but
are visible under "bright field" or coaxial illumination. Such marks cannot
be made with conventional laser marking tools (e.g., infrared lasers or
green lasers) commonly used in the packaging industry or with alternative
schemes such as ink-jet printing. Accordingly, such marks may be useful in
the detection and deterrence of counterfeiting and may be used to provide a
robust method for detection of pirated parts. (It should be noted that the
terms "infrared" or "IR" (laser wavelength greater than 760 nanometers
(nm)), "green" (laser wavelength approximately 532 nm), and "ultraviolet"
or "UV" (laser wavelength less than 400 nm) and the like are used herein to
mean lasers of characteristic wavelength, which is inversely proportional
to 



photon energy.) Referring now to the drawings, FIGs. IA, IB, and 1C are,
respectively, plan, crosssectional, and detail views of an integrated
circuit package 100 that is marked according to existing techniques, and
FIGs. 2A, 2B, and 2C are, respectively, plan, cross-sectional, and detail
views of an integrated circuit package 200 according to an embodiment of
the invention. FIG. IB is taken at a line B-B as indicated in FIG. IA.
Similarly, FIG. 2B is taken at a line B-B as indicated in FIG. 2A.
Furthermore, FIG. 1C depicts on an enlargedscale a portion 101 indicated in
FIG. IB, while FIG. 2C depicts on an enlarged scale a portion 201 indicated
in FIG. 2B. As illustrated in FIGs. 1A-1C, integrated circuit package 100
comprises a package substrate 110, an electrically insulating material 120
adjacent to package substrate 110, and a mark 130 on electrically
insulating material 120. (The content of mark 130, as is the case with the
content of all of the marks described herein, has been chosen for its
ability to portray for illustrative purposes certain physical
characteristics of the mark and does not necessarily approximate the
appearance of a mark that would be created on an actual product.) A die 140
sits on or is located above electrically insulating material 120. In the
illustrated embodiment, mark 130 is created using a green laser marking
tool, so called because it operates at wavelengths near the center of the
visible spectrum (i.e., producing green light). Green lasers and the other
lasers and marking tools using thermally-driven ablation techniques remove
material in explosive fashion, creating marks having a surface roughness
greatly changed from the original surface roughness of the material. This
change in surface roughness is one mechanism by which a contrast is
produced between the mark and the surrounding surface, which contrast is
essential in order for a mark to be visible. (It should be noted that the
terms "visible," "visual," and the like are used herein to mean
"perceptible to the human eye.") As illustrated, mark 130 has been carved
out of electrically insulating material 120 to a depth 135, which typically
ranges between 4 mm and 16 mm. Green laser marking tools and the other
marking tools are not precise enough to carve out a mark of lesser or more
controlled depth on integrated circuit packages or other electronic
packages. It 



should be noted that future technology generations will likely have
electrically insulating layers that are less than 16 microns thick due to
assembly dimensionality constraints. A surface roughness of mark 130 is
approximately 100 or more times greater than a surface roughness of
electrically insulating material 120. (It should be noted at this point
that all surface roughness values given herein correspond to the Ra
metric.) A typical value for the surface roughness of electrically
insulating material 120 might be between approximately 15 and approximately
55 nm, while a typical surface roughness for mark 130 might be
approximately 5-8 micrometers (hereinafter "microns" or "mm"). As
mentioned, differences in surface roughness of this magnitude create
contrast with background surfaces through the differential scattering of
light that in turn allows mark 130 to be visible.Referring now to FIGs.
2A-2C, integrated circuit package 200 comprises a package substrate 210, an
electrically insulating material 220 adjacent to package substrate 210, and
a mark 230 on electrically insulating material 220. In one embodiment,
electrically insulating material 220 is a solder resist material, a die
attach film, or the like. A die 240 sits on or is located above
electrically insulating material 220. As known in the art, solder resist
must have well-defined thermal properties, respond appropriately to the
application of solder, have electrical insulating properties, and conform
to other requirements that, like those mentioned, are required for its
performance as part of an integrated circuit package. Because any change
made to the solder resist material (as, for example, the introduction of a
color-changing additive or the like) would likely have negative or
unintended consequences for other parts of the integrated circuit package,
circuit design rules do not permit such changes and, therefore, visibility
of any marks on the solder resist must be created or achieved through other
means. In the illustrated embodiment, mark 230 is created using a UV laser.
UV lasers can perform non-thermal or "cold" ablation on a variety of
materials including solder resist material, die attach film, and other
polymer-based surfaces. It should be noted that the wavelengths and
materials mentioned are being used here in an illustrative sense; other
wavelengths and other materials may also suffice to create a mark such as
is described 



herein. One of the definitions of so-called "cold" ablation is a material
removal process that involves an orderly breaking of C-C and C-H chemical
bonds by the "photo-chemical dissociation" mechanism that has ablation
depth much more controllable than the explosive or evaporative displacement
of material characterizing thermal ablation and thus is capable of
producing marks that are very smooth, i.e., marks that have surface
roughnesses close to that of the material in which they are made, and that
do not change the inherent color of the material surface freshly exposed
after ablation. Because of this, such marks are characterized by a lack of
contrast or by a very small contrast between the mark and the surrounding
surface, and are thus invisible or are difficult to see under normal
lightning conditions (defined herein as lighting conditions in which the
light striking an object does so at multiple different angles). In the
illustrated embodiment, mark 230 comprises a concave feature in
electrically insulating material 220 that has been carved out of the
electrically insulating material to a depth 235, which may typically be no
greater than 5 mm, a depth well-suited for thethinner (sub- 16 mm)
electrically insulating layers of future technology generations. A depth of
5 mm, furthermore, is sufficient to ensure that the mark is permanent,
i.e., that it can survive post-assembly conditions. A surface roughness of
mark 230 is no more than approximately 20 times greater than a surface
roughness of electrically insulating material 220 and in some embodiments
may be no more than 4 or 5 times greater than the surface roughness of
electrically insulating material 220. In at least one embodiment, the
surface roughness of electrically insulating material 220 is no greater
than an average wavelength of visible light, which is taken herein to be
550 nanometers. A typical value for the surface roughness of electrically
insulating material 220 might be between approximately 15 nm and
approximately 55 nm, while a typical surface roughness for mark 230 might
be between approximately 60 nm and approximately 1 mm. As mentioned,
differences in surface roughness of this magnitude create very little
contrast, meaning that mark 230 is invisible or very hard to see under
normal lighting conditions. If mark 230 has a surface roughness below
approximately 300 nm, for example, and is made in a typical solder resist 



having a surface roughness of approximately 30 nm, for example, it is
expected to be nearinvisible to the naked eye under normal lighting
conditions. If mark 230 were invisible or difficult to detect under all
lighting conditions it likely would have limited usefulness as a security
feature. There are, however, lighting conditions under which mark 230 may
easily be detected, as will be explained immediately below, thus further
increasing its usefulness as a security feature because, for example, this
characteristic acts as an additional barrier to counterfeiting. It is a
characteristic of mark 230 that a visual contrast between the mark and
electrically insulating material 220 is maximized when the mark and the
electrically insulating material are exposed to coaxial illumination (see
below). This characteristic may be achieved, for example, by creating
surface roughnesses for the mark and the electrically insulating material
that are in the ratios or ranges discussed above. Note that in this
embodiment it is a physical property of the mark (its surface roughness
compared with that of its background) that maximizes the visual contrast
under coaxial illumination, even though it may be true that the described
result of this physical property is only detectable through an act of
observation. Coaxial illumination, sometimes referred to as bright field
illumination, is a lighting condition in which an object is illuminated
from precisely the direction of the imaging lens (e.g., the same direction
from which the object is viewed). In practice thismay require a specialized
viewing device, as will be further discussed below in connection with FIG.
3. As an example, coaxial illumination may be useful for the detection of
smooth features on flat or nearly flat surfaces, i.e., just the sort of
features created on electrically insulating material such as solder resist
by a UV laser. FIG. 3 is a side elevational view of a device 300 capable of
providing coaxial illumination of mark 230. It should be understood that
the FIG. 3 illustration is an example of just one device or lighting
arrangement out of many that may be suitable for providing coaxial
illumination of mark 230. As illustrated in FIG. 3, device 300 comprises a
housing 311 containing a mirror 321 arranged at approximately a 45 degree
angle with respect to the sidewalls of housing 



311. Mirror 321 reflects only part of the light incident upon it, letting
some of the incident light through. When a light source 33 1 is made to
shine into housing 311 and onto mirror 321, the mirror directs some of that
light onto mark 230 in a direction indicated by an arrow 341. Light
reflecting off mark 230 in a direction opposing arrow 341 may then be
viewed from above housing 311 by looking in the direction of arrow 341. It
was mentioned above that the characteristics limiting the visibility of
mark 230 to coaxial illumination conditions represent an additional layer
of security of the mark. In many situations this additional layer of
security is a desirable feature but in some situations, such as where a
coaxial illumination device is not available, it may be unwelcome.
Accordingly, in some embodiments of the invention, a mark may be created
with a UV laser as described above but modified so as to artificially
provide enhanced contrast with the surface in which the mark is created
sufficient to enable the mark to be seen under normal lighting conditions.
Such modifications are described with reference to FIGs. 4A, 4B, and 4C,
which are, respectively, plan, cross-sectional, and detail views of an
integrated circuit package 400 according to an embodiment of the invention.
FIG. 4B is taken at a line B-B as indicated in FIG. 4A. FIG. 4C depicts on
an enlarged scale a portion 401 indicated in FIG. 4B. As illustrated in
FIGs. 4A-4C, integrated circuit package 400 comprises a package substrate
410, an electrically insulating material 420 adjacent to package substrate
410, and a mark 430 on electrically insulating material 420. In one
embodiment, electrically insulating material 420 is a solder resist
material, a die attach film, or the like. A die 440 sits on or is located
above electrically insulating material 420.In the illustrated embodiment,
mark 430 is created using a UV laser and comprises a concave feature in
electrically insulating material 420 that has been carved out of the
electrically insulating material to a depth 435, which, like depth 235
(FIG. 2B), may typically be no greater than 5 mm. A surface roughness of
mark 430 is no more than approximately 20 times greater than a surface
roughness of electrically insulating material 420 and in some embodiments
may be no more than 4 or 5 times greater than the surface roughness of
electrically insulating material 420. In at least one embodiment, the
surface 



roughness of electrically insulating material 420 is no greater than an
average wavelength of visible light (taken herein to be 550 nanometers, as
first mentioned above). Typical values for the surface roughnesses of
electrically insulating material 420 and of mark 430 can be similar to
those described above for electrically insulating material 220 and mark
230. As mentioned before, differences in surface roughness of such
magnitudes create very little contrast, meaning that, as for mark 230, mark
430 would be invisible or very hard to see under normal lighting
conditions. However, as stated above, mark 430 has been modified such that
it is visible under normal lighting conditions, as will now be explained
with particular reference to FIG. 4C. Portion 401 of integrated circuit
package 400 comprises concave portions 431, 432, and 433. (Three concave
portions are shown for illustrative purposes. Various embodiments of the
invention could alternatively contain more or fewer concave portions.)
Adjacent pairs of these concave portions, i.e., the pair including concave
portions 431 and 432 and the pair including concave portions 432 and 433,
are separated from each other by no more than approximately 5 mm. In some
embodiments the adjacent pairs actually overlap. In other words, mark 430
is made up of a plurality of features (i.e., the concave portions just
discussed) having the property that adjacent ones of the plurality of
features are separated from each other by no more than approximately 5 mm.
Each of concave portions 43 1, 432, and 433 are, in the illustrated
embodiment, created using a UV laser in the manner described above in
connection with FIGs. 2A, 2B, and 2C and are thus each themselves a mark in
their own right having the characteristics of mark 230. Among other things,
this means that the individual concave portions cannot be seen by
themselves under normal lighting conditions. However, the placement of
multiple concave portions in close proximity in the manner described
artificially creates contrast with electrically insulating material 420
sufficient to enable mark 430 to be visible under normal lighting
conditions.FIG. 5 is a flowchart illustrating a method 500 of forming a
security feature on an integrated circuit package according to an
embodiment of the invention. As an example, method 500 may result in the
formation of a mark that is similar to mark 230 that is first 



shown in FIGs. 2A-2C. As another example, method 500 may result in the
formation of a mark that is similar to mark 430 that is shown in FIGs.
4A-4C. A step 510 of method 500 is to identify a marking surface of the
integrated circuit package. As an example, the integrated circuit package
can be similar to integrated circuit package 200 or to integrated circuit
package 400 that are shown, respectively, in FIGs. 2A-2C and FIGs. 4A-4C.
As another example, the marking surface can be a portion of an electrically
insulating material that forms a part of the integrated circuit package
such as the portions shown in FIGs. 2A-2C and FIGs. 4A-4C. Accordingly, in
one embodiment, the marking surface comprises a solder resist. In the same
or another embodiment, step 510 comprises selecting as the marking surface
a portion of the integrated circuit package having a first surface
roughness no greater than 550 nanometers. A step 520 of method 500 is to
remove a portion of the marking surface, wherein the portion of the marking
surface that is removed constitutes the security feature and wherein a
visual contrast between the security feature and the marking surface is
maximized when the security feature and the marking surface are exposed to
coaxial illumination. In one embodiment, step 520 comprises ablating the
marking surface using a UV laser. In a particular embodiment the UV laser
is operated at a wavelength of 355 nanometers. In a particular embodiment,
step 520 comprises ablating the marking surface to a depth of no greater
than five microns. In one embodiment, the performance of step 520 gives the
security feature a second surface roughness that is no more than twenty
times greater than the first surface roughness. In a particular embodiment,
the second surface roughness is between five and ten times greater than the
first surface roughness. In one or more embodiments, step 520 comprises
removing a plurality of sections of the marking surface in such a way that
adjacent ones of the plurality of sections are separated from each other by
no more than approximately 5 mm. Although the invention has been described
with reference to specific embodiments, it will be understood by those
skilled in the art that various changes may be made without 



departing from the spirit or scope of the invention. Accordingly, the
disclosure of embodiments of the invention is intended to be illustrative
of the scope of the inventionand is not intended to be limiting. It is
intended that the scope of the invention shall be limited only to the
extent required by the appended claims. For example, to one of ordinary
skill in the art, it will be readily apparent that the integrated circuit
packages and the related structures and methods discussed herein may be
implemented in a variety of embodiments, and that the foregoing discussion
of certain of these embodiments does not necessarily represent a complete
description of all possible embodiments. Additionally, benefits, other
advantages, and solutions to problems have been described with regard to
specific embodiments. The benefits, advantages, solutions to problems, and
any element or elements that may cause any benefit, advantage, or solution
to occur or become more pronounced, however, are not to be construed as
critical, required, or essential features or elements of any or all of the
claims. Moreover, embodiments and limitations disclosed herein are not
dedicated to the public under the doctrine of dedication if the embodiments
and/or limitations: (1) are not expressly claimed in the claims; and (2)
are or are potentially equivalents of express elements and/or limitations
in the claims under the doctrine of equivalents.CLAIMS What is claimed is:
1. An integrated circuit package comprising: a package substrate; an
electrically insulating material adjacent to the package substrate; and a
mark on the electrically insulating material, wherein the mark is such that
a visual contrast between the mark and the electrically insulating material
is maximized when the mark and the electrically insulating material are
exposed to coaxial illumination. 2. The integrated circuit package of claim
1wherein: the electrically insulating material comprises a solder resist.
3. The integrated circuit package of claim 1wherein: the mark comprises a
concave feature in the electrically insulating material. 4. The integrated
circuit package of claim 3 wherein: 



the concave feature has a depth that is no greater than five microns. 5. An
integrated circuit package comprising: a package substrate; a solder resist
material over the package substrate, the solder resist material having a
first surface roughness; and a mark on the solder resist material, the mark
having a second surface roughness, wherein the second surface roughness is
no more than twenty times greater than the first surface roughness. 6. The
integrated circuit package of claim 5 wherein: the second surface roughness
is between four and ten times greater than the first surface roughness. 7.
The integrated circuit package of claim 5 wherein: the first surface
roughness is no greater than 550 nanometers.8. The integrated circuit
package of claim 7 wherein: the second surface roughness is less than 300
nanometers. 9. The integrated circuit package of claim 5 wherein: the mark
comprises a concave feature in the solder resist material. 10. The
integrated circuit package of claim 9 wherein: the concave feature has a
depth that is no greater than five microns. 11. The integrated circuit
package of claim 5 wherein: the mark comprises a plurality of features,
wherein adjacent ones of the plurality of features are separated from each
other by no more than 5 microns. 12. A method of forming a security feature
on an integrated circuit package, the method comprising: identifying a
marking surface of the integrated circuit package; and removing a portion
of the marking surface; wherein: the portion of the marking surface that is
removed constitutes the security feature; and 



a visual contrast between the security feature and the marking surface is
maximized when the security feature and the marking surface are exposed to
coaxial illumination. 13. The method of claim 12 wherein: the marking
surface comprises a solder resist. 14. The method of claim 12 wherein:
removing the portion of the marking surface comprises ablating the marking
surface using a UV laser. 15. The method of claim 14 wherein:removing the
portion of the marking surface comprises ablating the marking surface to a
depth of no greater than five microns. 16. The method of claim 14 further
comprising: operating the UV laser at a wavelength less than 400 nanometers
or at a photon energy greater than 3 eV. 17. The method of claim 12
wherein: identifying the marking surface comprises selecting as the marking
surface a portion of the integrated circuit package having a first surface
roughness no greater than 550 nanometers. 18. The method of claim 17
wherein: removing the portion of the marking surface gives the security
feature a second surface roughness that is no more than twenty times
greater than the first surface roughness. 19. The method of claim 18
wherein: the second surface roughness is between five and ten times greater
than the first surface roughness. 20. The method of claim 12 wherein:
removing the portion of the marking surface comprises removing a plurality
of sections of the marking surface in such a way that adjacent ones of the
plurality of sections are separated from each other by no more than 5
microns. 


