MULTI-MODE SYSTEM AND METHOD

BACKGROUND OF THE INVENTION
[001] This application claims priority from US provisional patent 62/519,497 having a filing

date of June 14, 2017 which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

[002] In recent years the complexity of electronic products -smartphones, tablets, automotive
vehicles, 10T, etc., is growing while the demands on overall miniaturization of these systems remain.
The thickness and dimensions of semiconductor chips are reduced from generation to generation while
the content of the electronic functions is expected to grow. Semiconductor manufacturing uses different
technics to answer this demand: 2.5-D, 3DIC, “Advanced Packaging”, Fanout wafer and substrate
level packaging, integrating multiple electronic functions on one single silicon chip by methods such
as System on Chip (SOC), new and efficient “Heterogeneous Integration” techniques, etc. One
chip may integrate in one module a single to several advanced digital chips with various
functions such as Digital RF, Analog, Power, Memory, Image Sensors and Microelectronic

Mechanical Systems (MEMS).

[003] Multichip modules incorporate different semiconductor chips from different processes
that have no process correlation between them. Thus the deviation of performance of one chip
embedded in the process, does not provide information on the process deviation of another

chip.

[004] A single low cost faulty chip can cause the failure of an expensive packaging module
or of the final product. This vulnerability to failure is further aggravated by the fact that very
few process steps in the advanced packaging module may be undone. Thus a faulty chip may

not be removed after it has been embedded in an advanced packaging module.

[005] Thus each die embedded in an advanced module needs to be tested and the advanced
packaged module need to be tested as well, for visible external and internal defects (to rule out
the existence of internal cracks that are usually formed during the die singulation process).
Furthermore, discovering all hidden defects, is also important as a reliability measure. An
undetected hidden defect, such as an internal crack or missing or defective internal bumps

integrated between different layers, is in many cases NOT detectable by electrical test before
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product shipment. A hidden crack, may later, when the product is in the customers “hands”,
develop into an product failure. Such field failures are most financially damaging and therefore

great efforts need to be taken to prevent them before shipment.

[006] In the prior art systems in order to inspect, detect and measure inner layers defects in
the substrate such as semiconductor wafers, expensive, time —consuming or destructive
methods are used, such as X-Ray light imaging, IR or UV light imaging, SEM sampling of
wafers cross-sections. In regular AOI techniques known in prior art, the inside layers’ defects

(such as side wall cracks) are invisible - resulting in significant losses to the end users.

[007] Thus a high throughput and efficient AOI system and method are required to prevent
field failures as described above. Such a high throughput detection system and method may

also be required in other technologies not limited to “Heterogeneous Integration”.

SUMMARY
[008] There are provided systems, methods and non-transitory computer for evaluating

semiconductor substrates as illustrated in the application.

[009] Any combination of any steps of any method illustrated in the application may be

provided.

[0010] Any combination of any units and/or components of any system illustrated in the

application may be provided.

[0011] Any combination of any instructions stored in any non-transitory computer readable

medium illustrated in the application may be provided.

BRIEF DESCRIPTION OF THE INVENTION
[0012] The present invention will be understood and appreciated more fully from the following

detailed description taken in conjunction with the drawings in which:

[0013] FIG. 1 illustrates an example of a diced wafer;
[0014] FIG. 2 illustrates an example of a defective die of a diced wafer;
[0015] FIG. 3 illustrates an example of defective dies of a diced wafer;
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0016] FIG
0017] FIG
0018] FIG
0019] FIG
0020] FIG

. 4 illustrates an example of defective dies of a diced wafer;

. 5 illustrates an example of a semiconductor substrate and a system;
. 6 illustrates an example of a semiconductor substrate and a system,;
. 7 illustrates an example of an inspection unit;

. 8 illustrates an example of an aperture stop and an objective lens;

0021] FIG

0030] FIG

0022] FIG.
0023] FIG.
0024] FIG.
0025] FIG.
0026] FIG.
0027] FIG.
0028] FIG.
0029] FIG.

. 9 illustrates an example of an inspection unit;

10 illustrates an example of an inspection unit;

11 illustrates an example of an objective lens;

12 illustrates an example of an objective lens;

13 illustrates at least one example of at least one aperture stop;
14 illustrates at least one example of at least one aperture stop;
15 illustrates at least one example of at least one aperture stop;
16 illustrates an example of a method;

17 illustrates an example of a method;

. 18 illustrates an example of a method;

0031] FIG. 19 illustrates an example of a semiconductor substrate and a system;
0032] FIG.
0033] FIG.
0034] FIG.
0035] FIG.
0036] FIG.
0037] FIG.
0038] FIG.

20 illustrates a pair of semiconductor substrates that are bonded to each other;
21 illustrates an example of a method;

22 illustrates an array of bumps and a pair of semiconductor substrates;

23 illustrates an example of a method;

24 illustrates an example of a method;

25 illustrates an example of a semiconductor substrate and a system;

26 illustrates an example of a semiconductor substrate and a system;
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0039] FIG.
0040] FIG.
0041] FIG.
0042] FIG.
0043] FIG.
0044] FIG.
0045] FIG.
0046] FIG.
0047] FIG.
0048] FIG.

27 illustrates an example of a method;

28 illustrates at least one example of at least one aperture stop;
29 illustrates at least one example of at least one aperture stop;
30 illustrates at least one example of at least one aperture stop;
31 illustrates at least one example of at least one aperture stop;
32 illustrates at least one example of at least one aperture stop;
33 illustrates at least one example of at least one aperture stop;
34 illustrates at least one example of at least one aperture stop;
35 illustrates at least one example of at least one aperture stop;

36 illustrates at least one example of at least one aperture stop;



[0049] FIG. 37 illustrates an area of a semiconductor substrate and a partially blocking bright
field unit; and

[0050] FIG. 38 illustrates an area of a semiconductor substrate and a partially blocking bright
field unit.

DETAILED DESCRIPTION OF THE INVENTION

[0051] Any reference to a system should be applied, mutatis mutandis to a method that is
executed by a system and/or to a non-transitory computer readable medium that stores
instructions that once executed by the system will cause the system to execute the method.
The system may be an inspection system, a verification system, a metrology system or a

combination thereof.

[0052] Any reference to a method should be applied, mutatis mutandis to a system that is
configured to execute the method and/or to a non-transitory computer readable medium that
stores instructions that once executed by the system will cause the system to execute the

method.

[0053] Any reference to a non-transitory computer readable medium should be applied, mutatis
mutandis to a method that is executed by a system and/or a system that is configured to execute

the instructions stored in the non-transitory computer readable medium.

[0054] The term “and/or” is additionally or alternatively.
[0055] The terms “comprising”, “Consisting” and “consisting essentially of” are used in an

interchangeable manner.

[0056] For example — a system that is illustrated as including certain units and/or components
may (a) include additional units and/or components, (b) may include only the certain units
and/or components, or (¢) may include the certain units and/or components and additional units
and/or components that do not materially affect the basic and novel characteristic(s)” of the

claimed invention.

[0057] Yet for another example- a method that is illustrated as including certain steps may (a)

include additional steps, (b) may include only the certain steps, or (c) may include the certain
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steps and additional steps that do not materially affect the basic and novel characteristic(s)”” of

the claimed invention.

[0058] Yet for another example- a non-transitory computer readable medium that is illustrated
as storing certain instructions may (a) store additional instructions, (b) may store only the
certain instructions, or (¢) may store certain instructions and additional instructions that do not

materially affect the basic and novel characteristic(s)” of the claimed invention.

[0059] Because the systems implementing the present invention is, for the most part, composed
of optical components and circuits known to those skilled in the art, circuit details will not be
explained in any greater extent than that considered necessary as illustrated above, for the
understanding and appreciation of the underlying concepts of the present invention and in order

not to obfuscate or distract from the teachings of the present invention.

[0060] In the following specification, the invention will be described with reference to specific
examples of embodiments of the invention. It will, however, be evident that various
modifications and changes may be made therein without departing from the broader spirit and

scope of the invention as set forth in the appended claims.

[0061] The term “specular reflection” refers (wikipedia.org) to a mirror-like reflection of light
from a surface, in which the direction of incoming light (the incident ray), and the direction of

outgoing light reflected (the reflected ray) make the same angle with respect to the surface

normal, thus the angle of incidence equals the angle of reflection (9,- = b in the figure), and

that the incident, normal, and reflected directions are coplanar.

[0062] A partially blocking bright field unit is unit that is configured to block any specular
reflection that fulfills the following: (a) the specular reflection is caused by illuminating, along
a first axis, of an area of the wafer, (b) the specular reflection propagates along a second axis,
(c) the first axis and the second axis are symmetrical about a normal to the area of the wafer,
and (d) the normal is parallel to an optical axis of the partially blocking bright field unit. In
figures 38 and 39 partially blocking bright field unit 5000 has an optical axis 5002, the normal
(to area 5010) is 5004, the first axis is denoted 5001 (and represented a center of an impinging

light beam, i.e. the illumination beam), and the second axis is denoted 5003 (and represents a



center of the specular reflection). In figure 37 the area 5010 is horizontal and optical axis 5002

is vertical. In figure 38 area 5010 is oriented.

[0063] A non-blocking bright field unit is configured to pass to the image plane any specular
reflection that fulfills the following: (a) the specular reflection is caused by illuminating, along
the first axis, of an area of the wafer, (b) the specular reflection propagates along the second
axis, (c) the first axis and the second axis are symmetrical about the normal, and (d) the normal

is parallel to the optical axis of the partially blocking bright field unit.

[0064] The partially blocking bright field unit and/or the non-blocking bright field unit may
pass or block one or more other light beams.

[0065] The partially blocking bright field unit and the non-blocking bright field unit are used
for acquiring (or at least assisting in acquiring) one or more images of one or more

semiconductor substrates.

[0066] The partially blocking bright field unit and the non-blocking bright field unit may

include optical elements such as lenses, aperture stops, and the like.

[0067] The partially blocking bright field unit and the non-blocking bright field unit may or

may not include light sources, and/or sensors, and the like.

[0068] There is provided a system and method that are fast, cost effective and non-destructive
that allows to have Dark-field imaging within the Numerical Aperture of the Bright-filed

optical and imaging channel.

[0069] There may be provided a system and method for automated optical inspection of
different semiconductor substrates related to semiconductor industry such as patterned
semiconductor wafers and substrates, non-patterned semiconductor wafers and substrates,
diced semiconductor substrates, non-diced semiconductor substrates, dies of any one of the
semiconductor wafers, etc., pattern recognition techniques, defect detection, verification,

metrology and similar.

[0070] Some of the following examples refer to a wafer. This is merely a non-limiting example

of a semiconductor substrate.



[0071] Some of the examples refer to light and especially light pulses. It should be noted that
light is a non-limiting example of radiation and that any reference to light may be applied
mutatis mutandis to other types of radiation such as infrared, near infrared, ultra violet, deep

ultraviolet, and the like.

[0072] Figure 1 illustrates an example of four active dies regions (such as 601) that are spaced
apart by streets (such as 605). In each die the active die region is surrounded by a redundant
die region. The redundant die regions form the streets. The border between each active region

and the redundant die region is known as guard ring 608.

[0073] The wafer will be diced to provide a diced wafer that includes spaced apart dies. The
dicing process included mechanically removing the centers of the streets — these centers are

known as kerf.

[0074] Internal cracks and external cracks may be formed during the dicing process. Figure 2
illustrates external crack 612 that appears on the upper surface of the die active region, and also

illustrated an internal crack 614 formed in the die active region.

[0075] Figure 3 illustrates a cross section of two die active regions 601 and 602, an internal
crack 614 that forms an upper layer deformation 609 (in the form of a peeling of the upper
layer). Most of the internal crack 614 is formed in the redundant die region 606 — but a part of

the internal crack 614 is formed in the die active area 602.

[0076] Figure 3 also illustrates kerf 607, street and an image 610 of the upper layer deformation
609.

[0077] Figure 4 illustrates a top view of two die active regions 601 and 602, an upper layer
deformation 609 (such as peeling). Most of the internal crack 614 is formed in the redundant

die region 606 — but a part of the internal crack 614 is formed in the die active area 602.

[0078] Figure 4 also shows guard rings 608, kerf 607.



[0079] Figure 4 further shows the length 617 of the upper layer deformation 609 and the
minimal distance 618 between the upper layer deformation 609 and the guard ring. It should
be noted that other metrics may be used to evaluate the potential harm of the crack. Non-
limiting example of metrics may include the area of the upper layer deformation, the area

between the upper layer deformation and the guard ring, and the like.

[0080] Figure 5 illustrates a system 200 and a diced wafer 300.

[0081] System 200 has a verification unit, and an inspection unit.

[0082] The inspection unit may include a non-blocking bright field unit and a partially blocking
bright field unit.

[0083] The partially blocking bright field unit may be incorporated in an objective changing
apparatus — 210- objective selector (such as a linear or rotating turret) that allows to

automatically change the objectives or field blocking stops.

[0084] Thus, it enables on one machine a sequence of partially blocking bright field inspection
for inner cracks and non-blocking bright field inspection for other defects on die or for different

magnifications of the imaging surface.

[0085] The partially blocking bright field unit is configured to block any specular reflection
that fulfills the following: (a) the specular reflection is caused by illuminating, along a first
axis, of an area of the wafer, (b) the specular reflection propagates along a second axis, (c) the
first axis and the second axis are symmetrical about a normal to the area of the wafer, and (d)
the normal is parallel to an optical axis of the partially blocking bright field unit. The partial

blocking may be achieved by using one or more aperture stops.

[0086] The first axis and the second axis may correspond to the middle of the illumination

beam and specular reflection respectively.

[0087] The non-blocking bright field unit is configured to pass to the image plane any specular
reflection that fulfills the following: (a) the specular reflection is caused by illuminating, along

the first axis, of an area of the wafer, (b) the specular reflection propagates along the second
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axis, (c) the first axis and the second axis are symmetrical about the normal, and (d) the normal
is parallel to the optical axis of the partially blocking bright field unit.
[0088] The non-blocking bright field unit may or may not have within the collection path

and/or the illumination path any filters and/or polarizers or any other blocking filters.

[0089] The partially blocking bright field unit may be a microscope where the angles of
impinging dark field illumination are contained within the numerical aperture (NA) of the

microscope bright field imaging optics.

[0090] The non-blocking bright field unit and the blocking bright field unit may share some

components - or may not share any component.

[0091] The inspection system may include a processor for processing images to identify any
one of the following: inner cracks or bumps defects or epi pillar defects or bonded wafers inner
layers defects or metrology (length, width, area calculations) of the identified inclination area
above the planar surface inspected. Alternatively, a least some of the processing are executed

by a processor located outside the system.

[0092] It shall be noted, that the inclination angle of the roughness above the planar surface
inspected is well detected by the suggested systems and methods, when the angle of inclination
is between 1° (1 degree) to 2° (2 degrees), however, the roughness detected by the suggested

systems and methods may have smaller than 1° angle of inclination or larger than 2°.

[0093] The non-blocking bright field unit and the blocking bright field unit can share optics
and black and white camera 206 — and differ from each other by their objective lens — first
objective lens 221 belongs to the partially blocking bright field unit (and may be referred to as
a partially blocking objective lens), while second objective lens 222 belongs to the non-
blocking bright field unit (and may be referred to as a non-blocking objective lens). The
detector, which is the camera 206 may be an area camera such as CCD or CMOS digital video
camera or a line camera such as TDI and others, it may be a grey-level (black and white camera

or a color camera.



[0094] System 200 is illustrated as including an objective selector for selecting which objective
lens (out of first objective lens 221 and second objective lens 222) to position in the collection

path and the collection path of the inspection unit.

[0095] It should be noted that instead of replacing the objective lens, system 200 may include
a configurable aperture stop - such as a configurable spatial light modulator (SLM) - that may

be set to a partially blocking configuration and may also be set to a non-blocking configuration.

[0096] The SLM may be set to affect any property of the impinging light and/or the reflected
light — (not just block or unblock the light) — for example — the SLM may be configured to
apply the following functions — fully blocking, fully transparent, partially transparent,
polarizing, rotating polarization, phase changing. ~ Any reference to blocking or unblocking

should be applied mutatis mutandis to any of these operations.

[0097] When the configurable SLM is configured in the partially blocking configuration then

inspection unit operates as a partially blocking bright field unit.

[0098] When the configurable SLM is configured in the non-blocking configuration then

inspection unit operates as a non-blocking bright field unit.

[0099] The configuration of the SLM may be changed in a dynamic manner- between one scan
to another, or during the same scan, “on the fly”, and the like. The change of the configuration
of the SLM may be determined based on actual or expected properties of the areas to be
scanned. The actual or expected properties of the areas to be scanned may be determined based
on at least one out of design information (for example- computer aided design CAD files),
results of previous scans of similar semiconductor substrates, and the like. The expected
properties may include expected geometry, roughness, grids, and the like. The properties may
defined which reflections to block and which reflections to pass, which phase shifts and/or

polarization changes to induce — at various areas of the SLM.
[00100] The SLM may be a liquid crystal mask that can change “on the fly” an

opaqueness of different regions to detect different angles of an inclinations beyond the planar

substrate surface.
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[00101] The SLM may dynamically change its blocking pattern. Thus, it can be used in
applications where the desirable angle of inclination (with respect to the horizontal plane) may
be selected electronically by changing the pattern. Thus, one can change the angles per job to
fit to the actual inspected regions with different surface roughness. Tuning can be done during

single scan or iteratively scan after scan.

[00102] For example — the system may scan one or more region of a semiconductor
substrates when the SLM is set according to a first configuration and then scan one or more
other regions of the semiconductor substrates (or may scan the same region with different

configurations of the SLM).

[00103] If, for example, the system is looking for defects that have two facets — one
configuration of the SLM may be used to detect the first facet and the second configuration of
the SLM may be used to detect the second facet. The second configuration may applied only

on location in which the first facet was detected- thereby saving time.

[00104] The semiconductor substrate may be a diced wafer. Dies that are spaced apart
from each other and are supported by tape 302 that is held by frame 303. The frame 303 is
supported by chuck 304 that can be moved by XY stage 306.

[00105] The inspection unit includes a light source 202 that may feed light pulses
(triggered by strobes) through optic fiber 214 through optics 208 and first objective lens 221

towards diced wafer 300.

[00106] Optics 208 may include a beam splitter that may direct the light pulses from
optic fiber 2014 towards diced wafer 300.

[00107] Light pulses reflected from the diced wafer 300 may be directed (either partially
blocked on not blocked) through first objective lens 221, optics 208 to a black and white camera

206.

[00108] The blocking of the light depends on the configuration of the inspection unit- as
a partially blocking or as non-blocking.
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[00109] The inspection unit includes a light source 202 that may feed light pulses
(triggered by strobes or by any other trigger) through optic fiber 214 through optics 208 and

first objective lens 221 towards diced wafer 300.

[00110] The light source 202 may be any source of electromagnetic radiation such as
laser, fiber, lamp, LED, Xenon, Strobe light, halogen, it could be of different wavelengths such
as visible light spectrum or UV spectrum , IR spectrum or near IR spectrum. Light Source may

include a polarizer or a spectrum filter.

[00111] The optic fiber is merely a non-limiting example of a light conduit. Any other

light conduit and/or optical components may be used in the system.

[00112] Optics 208 may include a beam splitter that may direct the light pulses from
optic fiber 204 towards diced wafer 300.

[00113] Light reflected from the diced wafer 300 may be directed (either partially
blocked on not blocked) through first objective lens 221, optics 208 to a black and white camera
206.

[00114] The verification unit includes light source 228, optics 212, color camera 224,
and optic fiber 226.
[00115] The light source 228 may feed light pulses (that may be triggered by a strobe

controller, or defined in the light source itself) through optic fiber 226 through optics 212

towards diced wafer 300. Optics 212 may include an objective lens.

[00116] Optics 212 may include a beam splitter that may direct the light pulses from
optic fiber 226 towards diced wafer 300.

[00117] Light reflected from the diced wafer 300 may be directed through optics 212 to

color camera 224.

[00118] The black and white camera 206 may have a higher throughput than the color

camera.
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[00119] The verification unit may be directed only to suspected defected detected by the

inspection unit- but this is not necessarily so.

[00120] The verification unit may detect the upper layer deformation 609 (in the form

of a peeling of the upper layer) — as the peeling are of different color than their surroundings.

[00121] Figure 5 also illustrates one or more processors 280 that may be configured to
process detection signals received from any one of the inspection unit or verification unit and
apply various inspection algorithms and/or verification algorithms such as but not limited to
the methods illustrated in the application. The detection signals may be arranged in frames (for

example by a frame grabber) — or may be fed to the one or more processors in any other manner.

[00122] The one or more processors may include one or more hardware processors. The
same processor may be coupled to black and white camera 206 and also to the color camera.
Alternatively, a different processor is allocated per each camera. There may be any number of

cameras of each type and any number of processors associated with these cameras.

[00123] The one or more processors may also be configured to execute metrology

algorithms and act (with any illumination and collection optics) as a part of a metrology unit.

[00124] Figure 6 illustrates a system 201 and diced wafer 300.

[00125] System 201 has an inspection unit — but differs from system 200 of figure 5 by

a lack of a verification unit.

[00126] Figures 7, 9 and 10 illustrate various configurations of the inspection unit of

either one of systems 200 and 201.

[00127] In figure 7, light pulses arrive from an illumination path 40 (for example- from
optic fiber 204) pass through an illumination aperture stop plane 23 progress towards beam
splitter 15, are directed (by beam splitter 15) towards objective lens exit pupil plane 24 and

through objective lens 16 and onto diced wafer (not shown) that is located in object plane 21.
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[00128] Light from the diced wafer passes through objective lens (and through objective
lens exit pupil plane 24) through beam splitter 15, towards tube lens 14 and onto black and

white camera (not shown) located within image plane 22.

[00129] In figure 7 the aperture stop may be positioned in the objective lens exit pupil
plane 24. The objective stop may be a non-blocking aperture stop, a partially blocking aperture
stop, may be a configurable objective stop that is set to a partially blocking configuration, or

may be a configurable objective stop that is set to a non-blocking configuration.

[00130] Figure 7 also illustrates a semiconductor substrate (such as wafer) 300 that is
located in the object plane 21 and a black and white camera 206 that is located in the image

plane 22.

[00131] It should be noted that a single aperture stop may be replaced by a group of
apertures stops. The affect of the single aperture stop may be achieved by using the group of
apertures stops. Examples of different groups of aperture stops are illustrated in some of the

following figures.

[00132] Figure 8 illustrates an objective lens 16 and an aperture stop 16’ that is located

at an exit pupil of the objective lens- near the interface between the objective lens and the

[00133] Figure 9 is an example of an inspection unit that includes a group of aperture

stops — the group includes first aperture stop and a second aperture stop.

[00134] The first aperture stop 51 is positioned in the illumination aperture stop plane
23 while the second aperture stop 52 is located at a re-imaged exit pupil plane 28. Re-imaged
exit pupil plane 28 is located at the collection optics (for example between lens system 13 and

tube lens 14) — and is positioned where the objective lens exit pupil plane 24 is imaged.

[00135] The first and/or second aperture stops may be static, may be moved in relation

to each other, may move in relation to the object or any part of system 200.

[00136] Figure 10 illustrates a SLM 19 that is positioned at the exit pupil plane conjugate
29. The exit pupil plane conjugate 29 is conjugate to illumination aperture stop plane 23. As

14



indicated above - SLM 19 is configurable and may be set to a partially blocking configuration

and may also be set to a non-blocking configuration.

[00137] The objective lens may be designed to have a free access to the objective lens
exit pupil plane in a way that the aperture stop may be mechanically inserted in place or taken

out from path to enable non-blocking bright field imaging.

[00138] The mechanical mount of special shape stop may adjustment means to position

the stop precisely concentric with the lens optical axis

[00139] The stop mount may include several different stop shapes to be exchanged

according to an actual defect detection requirement.

[00140] Exchanging between the different stops may be motorized and automatically
controlled.
[00141] Figure 11 illustrates a side view and a front view of objective lens 16. Figure 11

illustrates that the aperture stop 44 may be replaced by removing another aperture stop and
inserting aperture stop 44 (though mechanical opening 41 formed in the objective lens). In

figure 11 the aperture stop is positioned in the objective lens exit pupil plane 24.

[00142] Figure 12 is a top view that illustrates that the objective lens may include spatial
filter concentration means 42 for accurately positioning the aperture stop in the mechanical
opening 41. The spatial filter concentration means 42 may include any mechanical means that
can position the aperture stop in a controlled manner — they may include rails, bolts, recesses,
screws, bolts, motors, controllers, monitoring unit for monitoring the position of the aperture

store, and the like.

[00143] Figure 13 and 14 illustrate various example of a partially blocking aperture stop.

[00144] The partially blocking aperture stop may include segments of different types —

such as first type segments and second type segments.
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[00145] The first type segments may differ by polarization direction from the second
type segments. Light of a first polarization will pass through the first type segment and does
not pass through the second type segment. Light of a second polarization will pass through the

second type segment and does not pass through the first type segment.

[00146] Additionally or alternatively, the first type segments may differ by spectral
transmission from the second type segments. Light of a first spectrum will pass through the
first type segment and does not pass through the second type segment. Light of a second
spectrum will pass through the second type segment and does not pass through the first type

segment.

[00147] Additionally or alternatively, the first type segments may differ by intensity
transmission from the second type segments, where first type is transparent and second type is

opaque.

[00148] Figure 13 illustrates a partially blocking stop aperture 510 that includes ten
segments that are shaped as slices (sectors) — including five first type segments 512 and five
second type segments 514 — that are arranged in an alternating manner. Each first type segment
is surrounded by a pair of second type segments. Each second type segment is surrounded by

a pair of first type segments.

[00149] Figure 13 also illustrates a partially blocking stop aperture 520 that includes
twenty segments that are shaped as slices (sectors) — including ten first type segments 522 and

ten second type segments 524 — that are arranged in an alternating manner.

[00150] It has been found the partially blocking stop aperture 520 improves sensitivity
for lower angular deviation from optical axis in comparison to partially blocking stop aperture

510.

[00151] It should be noted that the number of the segments may differ than five or ten.

[00152] Figure 14 illustrates a partially blocking stop aperture 530 that includes an inner
circular region and an outer annular region. The inner circular region is surrounded by the outer

annular region.
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[00153] The inner circular region includes ten segments that are shaped as slices
(sectors) — including five first type segments 536 and five second type segments 538 — that are
arranged in an alternating manner. Each first type segment is surrounded by a pair of second

type segments. Each second type segment is surrounded by a pair of first type segments.

[00154] The outer annular region is segmented to ten segments — by imaginary radial
lines the define the borders of the ten segments of the inner circular region. The ten segments
include five first type segments 532 and five second type segments 534 — that are arranged in
an alternating manner. Each first type segment is surrounded (on both sides) by a pair of second
type segments. Each second type segment is surrounded (on both sides) by a pair of first type

segments.

[00155] An exterior border of a first type segment of the inner circular region contacts
the interior border of a second type segment of the outer annular region. An exterior border of
a second type segment of the inner circular region contacts the interior border of a first type

segment of the outer annular region.

[00156] Figure 14 also illustrates aperture stop 540 that include five first type regions
544 that are oblique and five second type segments 546 that are transparent — that are arranged
in an interleaving manner. Figure 15 illustrates a group of aperture stops — the group includes

first aperture stop 560 and a second aperture stop 565.

[00157] First aperture stop 560 may include three first type segments 561 and three
second type segments 562 that are arranged in an interleaved manner and in a radially
symmetric manner. The first type segments 561 are thinner (for example by a factor of three)

than the second type segments 562.

[00158] Second aperture stop 565 may include six first type segments 561’ and six
second type segments 562’ that are arranged in an interleaved manner.

[00159] When the first aperture stop 560 and the second aperture stop 565 are aligned
they virtually form an aperture stop 568 that includes three first type segments 561 and three
second type segments 562 that are radially symmetrical and are interleaved. The width of the

first type segments 561 are the same as the width of the second type segments 562”. Each first
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type segment 562” is formed by a continuous of a first type segment 561 of first aperture stop

560 that is surrounded by two first type segments 562 of second aperture stop 565.

[00160] When the first aperture stop 560 is rotated (clockwise) by sixty degrees (and the
second aperture stop 565 is not rotated) then the first and second aperture stops 560 and 565
virtually form an aperture stop 569 that includes nine first type segments 561” and nine second
type segments 562 that are radially symmetrical and are interleaved. The width of the first and
second type segments 561 and 562 are the same as the width of the first and second type
segments 561 of first aperture stop 560.

[00161] It should be noted that the rotation can differ than sixty degrees, the number of
the first type segments, the width of the first type segments, the arrangement of the first type
segments, the shape of the first type segments, the size of the first type segments, the number
of the second type segments, the width of the second type segments, the arrangement of the
second type segments, the shape of the second type segments, the size of the second type

segments, may differ from those illustrated in figures 13-15.

[00162] The system may include aperture stops such as the aperture stops that are listed
above. Additionally or alternatively, system may include aperture stops such as those illustrated
in US patent application “APERTURE STOP” publication serial number 20160366315 and of
US patent application “APERTURE STOP” publications serial number 20170261654, both

incorporated herein by reference.

[00163] There may be provided a method that may include scanning by a partially
blocking bright field unit a semiconductor substrate; checking whether a peeling of an external
surface of the semiconductor substrate is found; calculating at least one attribute of the peeling;
and determining, based on the calculating, whether to accept the semiconductor substrate,
whether to reject the semiconductor substrate, or whether to reject a group of semiconductor

substrates that include the semiconductor substrate.

[00164] The at least one attribute of the peeling is selected out of at least one of a length,

width, area, diameter, and perimeter of the peeling.

[00165] Figure 16 illustrates method 2500 for evaluating a wafer.
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[00166] Method 2500 may start by step 2510 of scanning (by a partially blocking bright

field unit) a semiconductor substrate.

[00167] Step 2510 may be followed by step 2520 of checking if peeling is found.

[00168] Step 2520 may be followed by step 2530 of measuring (by the partially blocking
bright field unit or by the verification unit) the dimensions of the peeling (length, width, area,

diameter, perimeter, etc.).

[00169] Step 2530 may be followed by step 2540 of checking the peeling (having the
dimensions learnt during step 2540) are acceptable or not — for example checking of the length

and depth of the peeling are above a Length threshold and a Depth threshold.

[00170] If the answer is negative, then jumping to step 2550 of scrapping the die or even
a group of dies that surround the “srapped” die (or deciding to scrap the die).

[00171] If the answer is positive, then jumping to step 2560 of accepting the die.
[00172] Figure 17 illustrates method 2600 for evaluating a semiconductor substrate.
[00173] Method 2600 may start by step 210 of loading a semiconductor substrate .
[00174] Step 2610 may be followed by step 2620 of scanning (by a partially blocking

bright field unit) a semiconductor substrate .

[00175] Step 2620 may be followed by step 2630 of grabbing images for verification.
[00176] Step 2630 may be followed by step 2640 of classifying defects.
[00177] It should be noted that any of the mentioned above systems may be used for

various purposes and may execute various methods that differ from crack detection. There may

be provided various methods that differ from method 2500.
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[00178] Figure 18 illustrates method 2700 for detecting pillar defects in epitaxial growth

over substrate.

[00179] Pillar defects are epitaxial growth defects where above the flat surface a pillar
(column) grows instead of a flat surface. In the vicinity of the pillar the surface inclination
deviates from the horizontal one thus making it abel to detection by the partially blocking bright
field unit.

[00180] After the step 2720 a step 2730 performs disqualification or verification by a
verification channel or performs metrology calculations: length, width, area, perimeter,

diameter, etc. of the inclination areas above the planar of the substrate.

[00181] Method 2700 may start by step 2710 of scanning a semiconductor substrate that
have an upper layer that was manufactured by an epitaxial growth process. The scanning is
performed by the partially blocking bright field unit. The outcome of step 2710 is one or more

images of one or more regions of the semiconductor substrate.

[00182] The pillar defects are much smaller than the surfaces that are inclined due to the
existence of the pillar defects — and thus their presence may be detected (in an indirect manner)
using optics of lower resolution that is required for imaging the pillars. This reduces the cost

of the optics and/or increases the throughput — by using wider beams.

[00183] Step 2710 may be followed by step 2720 of processing the one or more images
to find locations that should have been flat — but are inclined. Locations that should have been
flat may be determined using design information (such as CAD data) actual measurements of
similar locations — using for example cell to cell, die to die, die to design comparison methods,

and the like.
[00184] Profiles of inclined surfaces that are formed due the pillar defects may be learnt

using machine learning, by scanning reference semiconductor substrates that include such

defects, and the like.
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[00185] Step 2720 may include searching for bright spots (indicating facets with off
horizontal inclination) that that are above a grey level =X (predefined value) and from a cluster

of size> Y (predefined value) pixels can be marked as suspect defects.

[00186] There may be provided a method for inclinations (even minor) of surfaces, for
measuring surface roughness using the partially blocking bright field unit. These methods may

include haze inspection.

[00187] There may be provided an inspection unit that may include a phase shifting
bright field unit that may change the phase of light beams. The phase shifting bright field unit
may include different regions that introduce phase shifts and different regions that do not
introduce phase shift — or otherwise perform phase shifting to light beams that propagate at
some locations within the aperture stop and not perform phase shifting of light beams that
propagate at other locations within the aperture stop. It should be noted that the aperture stop
may perform different phase shifts at different regions of the aperture stop.

[00188] The phase shifting bright field unit may be provided in addition to the non-
blocking bright field unit, instead of the non-blocking bright field unit, in addition to the
partially blocking bright field unit, or instead of the partially blocking bright field unit.

[00189] An SLM may provide the functionality of the phase shifting bright field unit
and/or the non-blocking bright field unit and/or the non-blocking bright field unit.

[00190] There may be any spatial relationship between the phase shifting bright field
unit, the non-blocking bright field unit and the partially blocking bright field unit.

[00191] The phase shifting bright field unit may include a phase shifting objective lens

that may be replaced wither other objective lenses.
[00192] Figure 19 illustrates a system 202°. System 202’ differs from system 200 of

figure 5 by including third objective lens 223 in addition to first objective lens 221 and second
objective lens 222.

21



[00193] Third objective lens 223 belongs to a phase shifting bright field unit (and may
be referred to as a phase shifting objective lens. The phase shifting bright field unit may include

an objective lens and a phase shifting element — that mat be located in an exit pupil.

[00194] The phase shifting element may have any shape — depending on the required

phase shift — and may have the same shape as any of the aperture stops mentioned above.

[00195] There may be provided any combination of objective lenses 221, 222 and 223.
The third objective lens 223 may be another magnification non-blocking bright field unit.

[00196] The third objective lens 223 may also be included in system 21 of figure 6.
[00197] In a process of semiconductor substrate bonding, voids and foreign particles

may be located at the interface between one semiconductor substrate (for example- carrier

wafer) and the other.

[00198] These voids and foreign particles are internal defects that are hard to detect
directly.
[00199] It has been found that these voided can be indirectly detected by using the

partially blocking bright field unit — by searching for inclinations of the external surface (at

locations that should have been flat) of the bonded semiconductor substrates.

[00200] Figure 20 illustrates first semiconductor substrate 2810, second semiconductor
substrate 2820 that are bonded to each other. Void 2831 and foreign particle 2832 are formed
in the interface between the semiconductor substrates. These defects cause slight deformations
2811 and 2812 to be formed on the otherwise flat upper surface 2813 of first semiconductor
substrate 2810 and cause slight deformations 2821 and 2822 to be formed on the otherwise flat

lower surface 2823 of second semiconductor substrate 2820.

[00201] Standard imaging is not capable (neither BF and neither DF) to detect slight

deformations.
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[00202] These slight deformations may be detected using the suggested system and
method 2800.

[00203] Method 2800 may start by step 2870 of scanning the external surface of one or
more bonded semiconductor substrates. The scanning is performed by the partially blocking
bright field unit. The outcome of step 2870 is one or more images of one or more regions of

the external surfaces of the one or more bonded semiconductor substrates.

[00204] Step 2870 may be followed by step 2890 of processing the one or more images
to find locations that should have been flat —but are inclined. These locations may be indicative
of the internal defects — formed in the interface between bonded semiconductor substrates.
Locations that should have been flat may be determined using design information, actual
measurements of similar locations — using for example cell to cell, die to die, die to design

comparison methods, and the like.

[00205] Profiles of slight deformations that are formed due such inner defects of bonded
semiconductor substrates may be learnt using machine learning, by scanning bonded
semiconductor substrates that include such defects, and the like. During the learning period
bonded semiconductor substrates that have slight deformation may be detected or undergo any
other intrusive root failure analysis to find a match between the slight deformations and inner

defects.

[00206] Step 2890 may include searching for bright spots (indicating facets with off
horizontal inclination) that that are above a grey level =X (predefined value) and from a cluster

of size> Y (predefined value) pixels can be marked as suspect defects.

[00207] Step 2890 may be followed by performing intrusive failure analysis steps.
[00208] Different Semiconductors substrates may be connected to each other by bumps.
Accordingly — an internal array of bumps may be located between two semiconductors

substrates. This internal array of bumps may not be seen from outsides these semiconductors

substrates.
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[00209] Bump defects such as missing bumps, bump misalignment (bump locates at a
different location that the intended location), bad bump connections and other defects cannot

be seen when viewing the semiconductors substrates from above (or from the bottom).

[00210] The bumps may form a minor deviations of the external surfaces of the
semiconductors substrates. A non-faulty bump may form a certain minor deviation (for

example a certain concave area) while faulty bumps may case other minor deviations.

[00211] The minor deviations may be detected by using the partially blocking bright
field unit — by searching for the minor deviations or the lack of such minor deviations (when a

bump is missing).

[00212] Figure 22 illustrates first die 2901, second die 2902, and an internal array of
bumps (including bumps 2911, 2912, 2913, 2914, 2915, 2916, 2917, 2918, 2919, 2921 and
2922) positioned between these dies.

[00213] The internal array of bumps should have included twelve bumps — but one bump
(upper left bump) is missing. The missing bump can be detected by the absence of minor

deviation about the expected location of the bump.

[00214] Figure 22 illustrates the distribution of height along two imaginary lines 2930
and 2940.
[00215] Imaginary line 2930 passes over bump 2914 (see minor deviation 2934), above

bump 2917 (see minor deviation 2937) and above the location of the missing bump (no minor

deviation). The height is substantially constant between the minor deviations.
[00216] Imaginary line 2940 passes over bump 2915 (see minor deviation 2935), above
bump 2918 (see minor deviation 2938) and above bump 2921 (see minor deviation 2951). The

height is substantially constant between the minor deviations.

[00217] Figure 23 illustrates method 3000.
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[00218] Method 3000 may start by step 3010 of scanning the external surface of a
semiconductor substrate to provide one or more images of one or more regions of the external
surface of the semiconductor substrate. One or more internal bumps are located between the
semiconductor substrate and another semiconductor substrate. The scanning is performed by

the partially blocking bright field unit.

[00219] Step 3010 may be followed by step 3020 of processing the one or more images
to find bump defects — such as missing bumps, bad bump connections, bump misalignments,

and the like.

[00220] Locations that should include minor deviation that are indicative of non-faulty
bumps can be found in design data (such as CAD data), can be estimated based on previous
inspections, and the like. Step 3010 may include searching for bright spots (indicating facets
with off horizontal inclination) that that are above a grey level =X (predefined value) and from
a cluster of size> Y (predefined value) pixels can be marked as suspect defects. The CAD data
may be used in order to detect in the image achieved by the partially blocking bright field unit-

to identify and detect missing bumps, misalignment of the inner layer bumps, etc.

[00221] Profiles of non-faulty bumps as well as one or more bump defects may be learnt
using machine learning, by scanning semiconductors substrates that are connected to bumps,
and the like. During the learning period, semiconductors substrates that are connected to faulty
bumps may be disected or undergo any other intrusive root failure analysis to find a match

between the minor deviation and bump defects.

[00222] Step 3020 may be followed by performing intrusive failure analysis steps. After
the step 3020 a step 3030 performs disqualification or verification by a verification channel or
performs metrology calculations: length, width, area, perimeter, diameter, etc. of the inclination
areas above the planar of the substrate.

[00223] Figure 24 illustrates method 3100.

[00224] Method 3100 may include operating any of the systems illustrated above.
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[00225] Method 3100 may start by step 3110 of performing a first inspecting session
that comprises inspecting a first region of a semiconductor substrate, wherein the inspecting of
the first region comprises blocking, by a partially blocking bright field unit, any specular
reflection that fulfills the following: (a) the specular reflection is caused by illuminating, along
a first axis, of an area of the wafer, (b) the specular reflection propagates along a second axis,
(c) the first axis and the second axis are symmetrical about a normal to the area of the wafer,

and (d) the normal is parallel to an optical axis of the partially blocking bright field unit.

[00226] Method 3100 may also include step 3120 of performing a second inspecting
session that comprises inspecting a second region of the semiconductor substrate, wherein the
inspecting of the second region comprises passing to an image plane any specular reflection
that fulfills the following: (a) the specular reflection is caused by illuminating, along the first
axis, of an area of the wafer, (b) the specular reflection propagates along the second axis, (c)
the first axis and the second axis are symmetrical about the normal, and (d) the normal is

parallel to the optical axis of the partially blocking bright field unit.

[00227] The first and second regions may be the same region — which is inspected using
different settings of the inspection systems. Step 3120 may be applied on locations detected as

suspected (or of interest) during step 3110 — but this is not necessarily so.

[00228] Step 3110 and/or step 3120 may include obtaining images.

[00229] Method 3100 may include step 3130 of processing, by a processor, images
acquired during at least one step of steps 3110 and 3120.

[00230] The processing may include finding suspected defects, finding defects,

verifying suspected defects, metrology, and the like.

[00231] There may be provided an inspection system that may include an inspection unit
that comprises a partially blocking bright field unit and a verification unit; wherein the partially
blocking bright field unit is configured to block any specular reflection that fulfills the
following: (a) the specular reflection is caused by illuminating, along a first axis, of an area of

the wafer, (b) the specular reflection propagates along a second axis, (c) the first axis and the
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second axis are symmetrical about a normal to the area of the wafer, and (d) the normal is

parallel to an optical axis of the partially blocking bright field unit.

[00232] The verification unit may include a non-blocking illumination unit, and a color

camera configured to provide a color image of the semiconductor substrate.

[00233] The partially blocking bright field unit may be configured to acquire images,
and wherein the inspection system further comprises a processor that is configured to process
the images and to detect suspected defects at locations that correspond to locations of areas of

the semiconductor substrate that have an inclination that deviates from an expected inclination.

[00234] The verification unit may be configured to review the suspected defects.

[00235] Figure 25 illustrates system 204’ for inspecting a semiconductor substrate.
System 204’ differs from system 200 of figure 5 by not including the non-blocking bright field

unit.

[00236] There may be provided metrology (using the partially blocking bright field
unit), verifications, etc. The system may generate metrological information of the inclined
surface, in particular width, length and area. The data may be generated by using the

combination of the blocked and non-blocked channels or only the non-blocked.

[00237] Figure 26 illustrates a system.

[00238] The system of figure 26 differs from system 21 of figure 6 by including a camera

207 that may be a black and white camera and/or a color camera.

[00239] Figure 27 illustrates method 3300.

[00240] Method 3300 starts by step 3310 of operating an inspection unit in a first mode,
wherein the inspection unit comprise an exit pupil, an illumination module and an image

sensor; wherein the operating in the first mode comprise illuminating an entirety of the exit

pupil, and receiving by the image sensor light from the entirety of the exit pupil. During this
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step one or more images of one or more area of one or more semiconductor substrates are

acquired.

[00241] Method 3300 may include step 3320 of operating the inspection unit in a second
mode, wherein the operating in the second mode comprises positioning an aperture stop in the
exit pupil thereby preventing the illumination module from illuminating the entirety of the exit
pupil, and prevents, by blocking at least one specular reflectance, the image sensor from

receiving light from the entirety of the exit pupil.

[00242] During this step one or more images of one or more area of one or more

semiconductor substrates are acquired.

[00243] The first and second modes may be sued for acquiring images of the same

semiconductor substrates or of other semiconductor substrates.

[00244] The first and second modes may be used in association with a same type of
defects (bump defects, cracks or any other types of defects). Alternatively, the first mode may

be used to file one type of defect and the second mode may be used to find another type of

defects.
[00245] Either one of the first and second modes may be used to perform metrology.
[00246] Step 3320 may include having an aperture stop is configured to block any

specular reflection that fulfills the following: (a) the specular reflection is caused by
illuminating, along a first axis, of an area of the wafer, (b) the specular reflection propagates
along a second axis, (c) the first axis and the second axis are symmetrical about a normal to the
area of the wafer, and (d) the normal is parallel to an optical axis of the partially blocking bright
field unit; and the non-blocking bright field unit is configured to pass to the image plane any
specular reflection that fulfills the following: (a) the specular reflection is caused by
illuminating, along the first axis, of an area of the wafer, (b) the specular reflection propagates
along the second axis, (c) the first axis and the second axis are symmetrical about the normal,

and (d) the normal is parallel to the optical axis of the partially blocking bright field unit.
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[00247] Method 3300 may include step 3330 of processing, by a processor, images

acquired during at least one of the first mode and the second mode.

[00248] The processing may include finding suspected defects, finding defects,

verifying suspected defects, metrology, and the like.

[00249] Figures 28-36 illustrate various example of aperture stops that can be used in

system 200 and/or system 201 and/or any other method illustrated in the specification.

[00250] Figure 28 illustrates an aperture stop 100 according to an embodiment of the

invention. Within a circular region 120 there are opaque areas 101-107 and openings 111-117.

[00251] The bright regions are the material and the black voids are the openings. The
structure of the openings is such that, when viewed at a radial cross section, there are alternating
areas of material and openings. In addition, at any given angle, points of equal distance (i.e.
the same radius) from the center of the aperture stop are made of opposite materials (one
belongs to an opening and the other belongs to an opaque area). It should be noted that, there
are some advantages to retain a low specular reflection for improving the process of building
the wafer map. This allows a full wafer scan and requires die to die alignment, etc., which can

improve with a low specular reflection

[00252] Figure 29 illustrates that for each point of incidence (141 and 142) within an
opening there is a corresponding point of specular reflectance (121 and 122) that is blocked by
an opaque area. The corresponding point and the point of incidence “belong” to the same virtual
diameter (152 and 154). This is true for all polar angles (for any diameter of any orientation —
such as but not limited to virtual diameters 151, 152, 153 and 154)). Outside opaque area 101

there is a symmetry between opaque points and opening points.

[00253] Figure 29 also illustrates that each opaque area is narrow from a radial point of
view- if spans along a limited angular range. This enables reflected rays from surface with a
small tilt (in relation the horizon) to pass through the aperture stop 100. Typical values had a
peak response at 0.5 degree, and a meaningful response between 0.3 degrees to 1 degree, with

a very low specular response at 0 degrees.
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[00254] The outer diameter of the aperture stop should match the diameter of the

objective lens. The center of the aperture can be either open or full.

[00255] Figure 30 illustrates a mapping between opening point 141, a corresponding
opaque 121, and angles of reflection that slightly deviate from the specular reflection angle,

according to an embodiment of the invention.

[00256] Ray 161 impinges through point of incidence 141 and has an angle of incidence
171. When the illuminated object (illuminated point of the object) is horizontal the reflected
ray 163 is reflected at an angle of reflection 172 that equals angle of incidence 171. Reflected
ray 163 is blocked by opaque area 105. The width 135 of opaque area 105 is tailored in order
to block reflected rays that are confided to a small angular deviation 173 from angle of
reflection 172. Reflected rays 162 and 164 (reflected from tilted areas of the wafer- illustrated
by tilted boxes) are not blocked by opaque area 105 and pass near the borders of opaque area

105.

[00257] Figure 31 illustrates an aperture stop 100 according to an embodiment of the
invention.
[00258] Aperture stop 100 includes opaque spiral area 181 that is surrounded by one or

more opening areas 182. Each opening point (such as 143) is mapped to an angle of
illumination and is associated with a corresponding opaque region point (such as point 123) of
the opaque spiral area that is mapped to an angle of specular reflectance from the angle of
illumination mapped to the opening point. The width of the opaque spiral area 181 may be
tailored such as not to block reflections that are not specular reflections and deviate from the

specular reflection by few degrees.
[00259] Figure 32 illustrates an aperture stop 410 that include a non-circular region that
is shaped as a square 420 that include a triangle shaped opening 424 and a trapezoid shaped

opening 422 that are surrounded by opaque region 412.

[00260] Square 420 has a symmetry axis 428 (oriented in -45 degrees) and an asymmetry

axis 428 that is oriented in 45 degrees.
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[00261] Asymmetry axis 428 is referred to as an asymmetry axis because within square
420 each opening point that is located at one side of the asymmetry axis has a corresponding

opaque point that is located at a mirror location — at the other side of the asymmetry axis.

[00262] Triangle shaped opening 424 is "mirrored" by a triangle shaped opaque region
421. Trapezoid shaped opening 422 is "mirrored" by a trapezoid shaped opaque region 423.

[00263] Figure 33 illustrates three opening points 431, 432 and 433 and their
corresponding opaque points 434, 435 and 436 respectively.

[00264] Points 431 and 434 are positioned on axis 428, points 432 and 435 are positioned
on axis 427, and points 433 and 436 are positioned on axis 426. Axes 436, 437 and 438 are
parallel to axis of symmetry 429.

[00265] It should be noted that the axis of asymmetry and axis of asymmetry can be
oriented in other manners (for example- not oriented in 45 degrees and/or -45 degrees). The

orientation may be set according to the expected or actual orientation of the detects of interest.

[00266] For example — aperture stop 410 was designed to inspect defects that are
expected to be oriented along the X-axis and/or the Y-axis (corresponding to orientation of

zero and ninety degrees).

[00267] The shape and orientation of the triangle shaped opening 424 and a trapezoid
shaped opening 422 allow to receive non-specular reflections from defects that are horizontal
or vertical.
[00268] Figures 34-36 illustrate an aperture stop 450 according to an embodiment of the
invention.
[00269] The aperture stop 450 is an example of an aperture stop that is not spiral and

differs from an approximation of a spiral.
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[00270] Aperture stop 450 includes three openings 461, 462 and 463. It is noted that
opening 463 and 462 may be combined and that aperture portion 465 (see figure 15) can be
separated from other portions of aperture 462.

[00271] Aperture stop 450 has an axis of symmetry 492 and an axis of asymmetry 491.
The symmetry is an approximated symmetry — as aperture 463 and aperture portion 465 differ
from each other by their relationship to aperture portion 455.

[00272] Aperture stop 450 was also designed to inspect defects that are expected to be
oriented along the X-axis and/or the Y-axis (corresponding to orientation of zero and ninety

degrees).

[00273] Aperture stop 450 passes more (attenuates less) reflected signals at angular

deviation (in relation to specular reflection) of 1-5 degrees — in relation to aperture stop 410.

[00274] Circular region 459 of aperture stop may be formed of an interior circular

portion 452 and an exterior ring 451 that surrounds the interior circular portion 452.

[00275] The various openings and/or opening portions that are located within interior
circular portion 452 are referred to interior openings and/or interior opening portions

respectively.

[00276] The various openings and/or opening portions that are located within exterior

ring 451 are referred to exterior openings and/or exterior opening portions respectively.

[00277] Opening 462 has linear edge portions 4621, 4623, 4625, 4627, 4629, 4651,
4652, 4653, 4654, 4656 and non-linear edge portions 4622, 4624, 4626, 4628, 4655 and 4657.

[00278] Linear edge portions 4621, 4652 are parallel to the axis of asymmetry and are

scant lines of interior circular region 452.

[00279] Linear edge portions 4623, 2625, 4627, 4629, 4654 and 4656 are parts of
imaginary diameters of aperture stop 450.
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[00280] Linear edge portions 4651 and 4653 are oriented (by less than ninety degrees)

to the axis of asymmetry and are not a part of any diameter of aperture stop 450.

[00281] Opening 461 has linear edge portions 4611, 4613 and 4615 and non-linear edge
portion 4614.
[00282] Linear edge portion 4611 is parallel to the axis of asymmetry and is a scant line

of interior circular region 452.

[00283] Linear edge portions 4613 and 4613 are parts of imaginary diameters of aperture
stop 450.
[00284] Linear edge portions 4612 and 4616 are oriented (by less than ninety degrees)

to the axis of asymmetry and are not a part of any diameter of aperture stop 450.

[00285] Edge portions 4614, 4624, 4629 and 4655 may be a part of the exterior edge of

exterior ring 451.

[00286] Edge portions 4622, 4651, 4653 and 4657 may be a part of the interior exterior

edge of exterior ring 451 which is the exterior of the interior circular portion 452.

[00287] Figure 36 illustrates five opening points 471, 472, 473, 474 and 475 and their
corresponding opaque points 476, 477, 478, 478 and 480.

[00288] Each pair of opening point and corresponding opaque point are positioned on a
diameter of aperture stop 450 — at the same distance from the center of aperture stop 450 — and

at opposing sides.

[00289] It should be noted that the axis of asymmetry and axis of asymmetry can be
oriented in other manners (for example- not oriented in 45 degrees and/or -45 degrees). The

orientation may be set according to the expected or actual orientation of the detects of interest.

[00290] Those skilled in the art will recognize that boundaries between the functionality

of the above described operations are merely illustrative. The functionality of multiple
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operations may be combined into a single operation, and/or the functionality of a single
operation may be distributed in additional operations. Moreover, alternative embodiments may
include multiple instances of a particular operation, and the order of operations may be altered

in various other embodiments.

[00291] Thus, it is to be understood that the architectures depicted herein are merely
exemplary, and that in fact many other architectures can be implemented which achieve the
same functionality. In an abstract, but still definite sense, any arrangement of components to
achieve the same functionality is effectively "associated" such that the desired functionality is
achieved. Hence, any two components herein combined to achieve a particular functionality
can be seen as "associated with" each other such that the desired functionality is achieved,
irrespective of architectures or intermedial components. Likewise, any two components so
associated can also be viewed as being "operably connected," or "operably coupled," to each

other to achieve the desired functionality.

[00292] However, other modifications, variations, and alternatives are also possible. The
specifications and drawings are, accordingly, to be regarded in an illustrative rather than in a

restrictive sense.

[00293] The application is not limited to 2D and may expand to 3D inspection. The
inspected substrate is not limited to a wafer and may include any type of substrate, especially

flat substrates such as a printer circuit board, a solar panel, a MEMS device and the like.

[00294] The word "comprising" does not exclude the presence of other elements or steps
then those listed in a claim. It is 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.

[00295] Furthermore, the terms "a" or "an," as used herein, are defined as one or more

than one. Also, the use of introductory phrases such as "at least one" and "one or more" in the

claims should not be construed to imply that the introduction of another claim element by the
nn

indefinite articles "a" or "an" limits any particular claim containing such introduced claim

element to inventions containing only one such element, even when the same claim includes
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the introductory phrases "one or more" or "at least one" and indefinite articles such as "a" or
"an." The same holds true for the use of definite articles. Unless stated otherwise, terms such
as "first" and "second" are used to arbitrarily distinguish between the elements such terms

describe.

[00296] Thus, these terms are not necessarily intended to indicate temporal or other
prioritization of such elements. The mere fact that certain measures are recited in mutually
different claims does not indicate that a combination of these measures cannot be used to

advantage.
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WE CLAIM

l. An inspection system for inspecting a semiconductor substrate, that comprises:

an inspection unit that comprises a partially blocking bright field unit and a non-
blocking bright field unit;

wherein the partially blocking bright field unit is configured to block any specular
reflection that fulfills the following: (a) the specular reflection is caused by illuminating, along
a first axis, of an area of the wafer, (b) the specular reflection propagates along a second axis,
(c) the first axis and the second axis are symmetrical about a normal to the area of the wafer,
and (d) the normal is parallel to an optical axis of the partially blocking bright field unit; and

wherein the non-blocking bright field unit is configured to pass to the image plane any
specular reflection that fulfills the following: (a) the specular reflection is caused by
illuminating, along the first axis, of an area of the wafer, (b) the specular reflection propagates
along the second axis, (c) the first axis and the second axis are symmetrical about the normal,

and (d) the normal is parallel to the optical axis of the partially blocking bright field unit.

2. The inspection system according to claim 1, wherein the non-blocking bright field unit

and the partially blocking bright field unit do not share any optical components.

3. The inspection system according to claim 1, comprising a black and white camera that

is positioned in the image plane.

4. The inspection system according to claim 1, wherein the partially blocking bright field

unit comprises a partially blocking aperture stop.

5. The inspection system according to claim 4, wherein the partially blocking aperture

stop is positioned in an objective lens exit pupil plane.
6. The inspection system according to claim 1, wherein the partially blocking aperture

stop comprises first type segments and second type segments that differ from each other by

polarization.
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7. The inspection system according to claim 1, wherein the partially blocking aperture
stop comprises first type segments and second type segments that differ from each other by

spectral transmission.

8. The inspection system according to claim 1, wherein the partially blocking aperture
stop comprises first type segments and second type segments that differ from each other by

transparency.

9. The inspection system according to claim 1, comprising a group of aperture stops that

comprise multiple aperture stops that virtually form a partially blocking aperture stop.

10. The inspection system according to claim 9, wherein when the aperture stops of the

group when oriented at different orientations form different partially blocking aperture stops.

11. The inspection system according to claim 9, wherein when the aperture stops of the

group when positioned at different positions form different partially blocking aperture stops.

12. The inspection system according to claim 9, wherein a first aperture stop of the multiple
aperture stops is located in an illumination path and a second aperture stop of the multiple

aperture stops is located in a collection path and downstream of an objective lens.
13. The inspection system according to claim 9, wherein a first aperture stop of the multiple
aperture stops is located in an illumination aperture stop plane and a second aperture stop of

the multiple aperture stops is located in a re-imaged exit pupil plane.

14. The inspection system according to claim 1, wherein the non-blocking bright field unit

and the partially blocking bright field unit share at least one optical component.

15. The inspection system according to claim 1, wherein the partially blocking bright field

unit comprises a configurable spatial light modulator.

16. The inspection system according to claim 1, comprising an objective changing unit that

is configured to automatically replace objective lens that are used during an inspection process.
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17. The inspection system according to claim 1, comprising an aperture stop changing unit

configured to replace aperture stops used during the inspection process.

18. The inspection system according to claim 1 further comprising a processor for
processing images acquired by at least one of the non-blocking bright field unit and the partially
blocking bright-field unit.

19. The inspection system according to claim 18, wherein the processor is configured to
process the images and detect at least one defect out of inner cracks, bumps defects, epi pillar

defects, bonded wafers inner layers defects.

20. The inspection system according to claim 18, wherein the processor is configured to
process the images and measure at least one dimension or at least one element that appears in

one or more of the images.

21. An inspection system for inspecting a semiconductor substrate, that comprises: an
inspection unit that comprises an exit pupil, an illumination module and an image sensor;
wherein the inspection unit is configured to operate in a first mode and in a second mode;
wherein when operating in a first mode the illumination module is configured to illuminate an
entirety of the exit pupil and the image sensor is configured to receive light from the entirety
of the exit pupil; wherein when operating in a second mode then an aperture stop that is
positioned at the exit pupil prevents the illumination module from illuminating the entirety of
the exit pupil, and prevents, by blocking at least one specular reflectance, the image sensor

from receiving light from the entirety of the exit pupil.

22. The inspection system according to claim 21, wherein when the inspection system
operates in the second mode the aperture stop is configured to block any specular reflection
that fulfills the following: (a) the specular reflection is caused by illuminating, along a first
axis, of an area of the wafer, (b) the specular reflection propagates along a second axis, (c) the
first axis and the second axis are symmetrical about a normal to the area of the wafer, and (d)
the normal is parallel to an optical axis of the partially blocking bright field unit;; and wherein
the non-blocking bright field unit is configured to pass to the image plane any specular
reflection that fulfills the following: (a) the specular reflection is caused by illuminating, along

the first axis, of an area of the wafer, (b) the specular reflection propagates along the second
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axis, (c) the first axis and the second axis are symmetrical about the normal, and (d) the normal

is parallel to the optical axis of the partially blocking bright field unit.

23. A method for inspecting a semiconductor substrate, the method comprises: performing
a first inspecting session that comprises inspecting a first region of a first semiconductor
substrate, wherein the inspecting of the first region comprises blocking, by a partially blocking
bright field unit, any specular reflection that fulfills the following: (a) the specular reflection is
caused by illuminating, along a first axis, of an area of the wafer, (b) the specular reflection
propagates along a second axis, (c) the first axis and the second axis are symmetrical about a
normal to the area of the wafer, and (d) the normal is parallel to an optical axis of the partially
blocking bright field unit; and performing a second inspecting session that comprises
inspecting a second region of a second semiconductor substrate, wherein the inspecting of the
second region comprises passing to an image plane any specular reflection that fulfills the
following: (a) the specular reflection is caused by illuminating, along the first axis, of an area
of the wafer, (b) the specular reflection propagates along the second axis, (c) the first axis and
the second axis are symmetrical about the normal, and (d) the normal is parallel to the optical

axis of the partially blocking bright field unit.

24, The method according to claim 23 wherein the first and second regions at least partially
overlap.

25. The method according to claim 23 wherein the first and second regions do not overlap.
26. The method according to claim 23 further wherein at least one of the first and the second

inspection sessions are followed by performing a verification process.

27. The method according to claim 23 wherein the first and second semiconductor

substrates differ from each other.

28. The method according to claim 23 wherein the first semiconductor substrate is the

second semiconductor substrates.

29.  An inspection system for inspecting a semiconductor substrate, the inspection system

comprises: an inspection unit that comprises a partially blocking bright field unit and a
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verification unit; wherein the partially blocking bright field unit is configured to block any
specular reflection that fulfills the following: (a) the specular reflection is caused by
illuminating, along a first axis, of an area of the wafer, (b) the specular reflection propagates
along a second axis, (c) the first axis and the second axis are symmetrical about a normal to the
area of the wafer, and (d) the normal is parallel to an optical axis of the partially blocking bright
field unit.

30. The inspection system according to claim 29, wherein the verification unit comprises a
color camera configured to provide a color image of the semiconductor substrate.

31. The inspection system according to claim 29, wherein the partially blocking bright field
unit is configured to acquire images, and wherein the inspection system further comprises a
processor that is configured to process the images and to detect suspected defects at locations
that correspond to locations of areas of the semiconductor substrate that have an inclination

that deviates from an expected inclination. .

32. The inspection system according to claim 31 wherein the verification unit is configured

to review the suspected defects.

33.  Aninspection system for inspecting a semiconductor substrate, that comprises:

an inspection unit that comprises a partially blocking bright field unit and a metrology
unit;

wherein the partially blocking bright field unit is configured to block any specular
reflection that fulfills the following: (a) the specular reflection is caused by illuminating, along
a first axis, of an area of the wafer, (b) the specular reflection propagates along a second axis,
(c) the first axis and the second axis are symmetrical about a normal to the area of the wafer,
and (d) the normal is parallel to an optical axis of the partially blocking bright field unit; and

wherein the metrology unit is configured to measure at least one dimension of the area
and comprises a camera configured to provide at least one image of the scanned substrate or

any part of it.

34. The inspection system according to claim 33 further comprising a processor that is
configured to process at least one image acquired by the partially blocking bright-field unit and
to measure at least one dimension of at least one element that appears in one or more of the

images acquired by the partially blocking bright-field unit.
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35. An inspection method for inspecting a semiconductor substrate, the method comprises:

operating an inspection unit in a first mode, wherein the inspection unit comprise an
exit pupil, an illumination module and an image sensor; wherein the operating in the first mode
comprise illuminating an entirety of the exit pupil, and receiving by the image sensor light from
the entirety of the exit pupil; and

operating the inspection unit in a second mode, wherein the operating in the second
mode comprises positioning an aperture stop in the exit pupil thereby preventing the
illumination module from illuminating the entirety of the exit pupil, and prevents, by blocking
at least one specular reflectance, the image sensor from receiving light from the entirety of the

exit pupil.

36. The inspection method according to claim 35, wherein when operating in the second
mode the aperture stop is configured to block any specular reflection that fulfills the following:
(a) the specular reflection is caused by illuminating, along a first axis, of an area of the wafer,
(b) the specular reflection propagates along a second axis, (c) the first axis and the second axis
are symmetrical about a normal to the area of the wafer, and (d) the normal is parallel to an
optical axis of the partially blocking bright field unit; and the non-blocking bright field unit is
configured to pass to the image plane any specular reflection that fulfills the following: (a) the
specular reflection is caused by illuminating, along the first axis, of an area of the wafer, (b)
the specular reflection propagates along the second axis, (c) the first axis and the second axis
are symmetrical about the normal, and (d) the normal is parallel to the optical axis of the

partially blocking bright field unit.

37. The inspection method according to claim 35, comprising a processor that is configured

to process images acquired during at least one of the first mode and the second mode.

38. A method comprising scanning by a partially blocking bright field unit a semiconductor
substrate; checking whether a peeling of an external surface of the semiconductor substrate is
found; calculating at least one attribute of the peeling; and determining, based on the
calculating, whether to accept the semiconductor substrate, whether to reject the semiconductor
substrate, or whether to reject a group of semiconductor substrates that include the

semiconductor substrate.
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39. The method according to claim 38 wherein at least one attribute of the peeling is

selected out of at least one of a length, width, area, diameter, and perimeter of the peeling.

40. A non-transitory computer readable medium that stores instructions for inspecting a
semiconductor substrate by: performing a first inspecting session that comprises inspecting a
first region of a first semiconductor substrate, wherein the inspecting of the first region
comprises blocking, by a partially blocking bright field unit, any specular reflection that fulfills
the following: (a) the specular reflection is caused by illuminating, along a first axis, of an area
of the wafer, (b) the specular reflection propagates along a second axis, (c) the first axis and
the second axis are symmetrical about a normal to the area of the wafer, and (d) the normal is
parallel to an optical axis of the partially blocking bright field unit; and performing a second
inspecting session that comprises inspecting a second region of a second semiconductor
substrate, wherein the inspecting of the second region comprises passing to an image plane any
specular reflection that fulfills the following: (a) the specular reflection is caused by
illuminating, along the first axis, of an area of the wafer, (b) the specular reflection propagates
along the second axis, (c) the first axis and the second axis are symmetrical about the normal,

and (d) the normal is parallel to the optical axis of the partially blocking bright field unit.

41. A non-transitory computer readable medium that stores stores instructions for
inspecting a semiconductor substrate by:

operating an inspection unit in a first mode, wherein the inspection unit comprise an
exit pupil, an illumination module and an image sensor; wherein the operating in the first mode
comprise illuminating an entirety of the exit pupil, and receiving by the image sensor light from
the entirety of the exit pupil; and

operating the inspection unit in a second mode, wherein the operating in the second
mode comprises positioning an aperture stop in the exit pupil thereby preventing the
illumination module from illuminating the entirety of the exit pupil, and prevents, by blocking
at least one specular reflectance, the image sensor from receiving light from the entirety of the

exit pupil.

42. A non-transitory computer readable medium that stores instructions for inspecting a
semiconductor substrate by scanning, by a partially blocking bright field unit, a semiconductor
substrate; checking whether a peeling of an external surface of the semiconductor substrate is

found; calculating at least one attribute of the peeling; and determining, based on the
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calculating, whether to accept the semiconductor substrate, whether to reject the semiconductor
substrate, or whether to reject a group of semiconductor substrates that include the

semiconductor substrate.
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