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USING ABSOLUTE Z-HEIGHT VALUES FOR SYMNERGY BETWEEN TOOLS
CROSS-REFERENCE TO RELATED APPLICATIONS

0801} This application clalms priority to the Indian patent application filed April 6, 2019
and assigned Indian Provisional App No. 201941013944 and to the provisional patent application
fited May 17, 2019 and assigned U.S. App. No. 62/849,401, the disclosures of which are hereby

incorporated by reference.

FIELD OF THE DISCLOSURE

jenoz] This discloswre relates 1o mspection and review of senuconductor wafers.
BACKGROUND OF THE DISCLOSURE

[0B03] Evolution of the semiconductor manifactunng ndostyy is placing gredter demands
on viekd management and, i particular, on metrology and inspection systems. Critical dimensions
continue to shrink, vet the industry needs 1o decrease time for achieving high-vield, high-value
production. Minimizing the total time from detecting a yield problem to fixing it determines the

return-on-investment for a semiconductor manufacturer,

o004} Fabricating senviconductor devices, such as logic and memory devices, typically
includes processing g semiconductor waler using a large number of fabrication processes to form
various features and mualtiple levels of the semiconductor devices. For example, lithography isa
semiconductor fabrication process that involves transferring a pattern from a reticle to a photoresist
arranged on a semiconducior wafer. Additional examples of semiconductor fabrication processes
include, but are not limited fo, chemical-mechanical polishing {CMP), etch, deposition, and ion
tmplantation. Multiple semiiconductor devices mav be fabricated in an arrangement on g single

semiconductor wafer that are separated into individual semiconductor devices,

[onas] Inspection processes are used at varions steps during semiconductor manufacturing to
detect defects on walers o prosaote higher vield in the manufacturing process and, thus, higher
profits. Inspection bas always been an important part of fabricating semiconductor devices such as

imegrated circoits (ICs). However, as the dimensions of semiconductor devices decrease, inspection
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becomes gven more important to the successtul manufacture of scceptable semiconductor devices
becanse smaller defects can canse the devices to fail, For instance, as the dumensions of
semiconductor devices decrease, detection of defects of decroasing size has become necessary

hecause even relatively small defects may cause anwanted gberrations in the semiconductor devices,

5 [ooos] As design rules shrink, however, semiconductor manufacturing processes ntay be
operating closer to the {imitation on the performance capability of the processes. In addition,
smaller defects can have an impact on the electrical parameters of the device as the design rules
shrink, which drives more sensitive inspections. As design rules shrink, the population of
potentially yield-relevant defects detected by inspection grows dramatically, and the population of

Y nuisance defects detected by inspection also increases dramatically. Therefore, more defects may be
detected on the wafers, and correcting the processes to eliminate all of the defects may be difficult
and expensive, Determining which of the defects actually have an effect on the electrical
parameters of the devices and the yield may allow process control methods 1o be focused on those
defects while largely ignoring others, Furthermore, at smaller design rales, process-mduged

15 fatlures, in some cases, tend o be systematic. That is, process-induced failures tend to fail at
predetermined design patterns often repeated many times within the design. Elmination of

spatiallv-systematic, electricalty-relevant defects can have an bnpact on yield,

{0067} Many semiconductor wafers have a beveled edge. A beveled edge on a wafer means
that the top surface is not completely flat, Beveled edges can affect accuracy and speed of

20 measurements. Beveled edges also can complicate inspection and review,

[0008] Auto-focus in the Z-direction of a wafer having a beveled edge can be performed.
The Z-directiva is the thickness of a wafer, which is affected by the beval, Existing Z-height auto-
focus uses as assumption of possible bevel angles voder 2 SEMI standard. As shown in FIG. 1, the
possible angle ranges from w10 Gmie. The range of Z-direction values increases moving radially

35 outward along the bevel from a center of the waler.

o009 In the example of FIG. |, Zn 15 a nominal height in the Z-direction at which the
height sensor locks on wafer front swrface for a particular defect site. Zn is measured at the same

angular position as the defect at radius (e.g., 145 mm}. Rd is the radial position of the defect, which

%
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can cerme from a data file such gs KLARF used by KLA Corporation. Rb is the radius of the bevel

greater than Rb for most bevel defocts. B and Gmax are the

=

circle along an inner edge. Rdis
printnaen and maxinon bevel angles, respretively, per the SEMI standard. For examiple, Spivmiay

be 255 and Bues may be 195,

o1 A Z sweep anto~-focs is not always implemented 1 the area before the bevel at the
waler edge (e, zong 1), As shown i the table of FIG. 2, a 7 sweep of 30 um is required to pet the

image in focus. As Rd increases, the Z sweep range will increase.

{0011} As shown in FIG. 2 for bevel use-cases, min {ThMin} and Bme {ThMax) are
minynum and maxiomen bevel angle. The SEMI standard for these are <25.5 and -19.5 respectively.
Za is the nonunal Z-height at which the height sensor locks on wafer front surface for a particular
defectsite. 1tis measwred at the same angolar positionas the defect at a rading of 145 mm. For
simplicity of this example, it is assumed to be at -500 ym. Rd is the radial position of the defect
{e.g., from a data file hke KLARF). Rb is the radius of the bevel circle at an inner edge. Rd s
greater than Rb for many “real” bevel defects. Considering a defect at radial distance Rd of 149800
fum and the radius of bevel inner circle Rb of 149700 wm (or as calculated during alignment), the Z-
height sweep range would be between ~464.09 pm and ~-438.45 en. Zs and Ze are the Z-height
lower and higher sweep limit, respectivelv. The total sweep range, Zd, would be difference between
Zs and Ze and would come out to be 24.65 o for the example nombers above. Keeping some
room for better focus stability, 8 Z-height sweep of 30 pun would be needed to get a defect a radial

distance Rd of 149800 um in focus.

o012} FIG. 3 iHustrates the edge exclusion zone of a typical wafer. Older semicondoctor
water review tools do not review 5000 um from the edge. Newer semiconductor wafer review tools
do not review 1500 pm from the edge and include a bevel review that reviews 40 pm to 50 pm from
the edge. The region closest to the edge s not flat like the majority of the wafer surface, so there
can be a height difference between points at different radial distances. Even for the same radial

distance, the Z-height offset between points may be different depending on the polar angle.

[0013] Z-height auto-focus is needed in the bevel region for optimal focus of the image.

This is a slow process. For example, only 30 sites per howr can be imaged based on assumption of



WO 2020/210141 PCT/US2020/026805

the bevel roll-off angle 8. In an mstance, 8 is an actoal angle on the wafer bevel angle between 8uax
and Gwin. This forces semiconductor manafacturers to perform a sweep for 8 wide-range of Z-
heights to get the roages of the bevel region to be in focus and/or sharp because the roll-off angle

assumption is not aceyrate,

5 jonig) Besides having low throughput, existing methods are blind to the actual Z-height of
the defect. Thus, olvtaining sharp defect signals is difficult. The defect signal is important for
review and inspection. Without knowing the actual Z-height of the defect, a large anto-focus range
is needed. SEMI standard assumptions do not provide enough guidance for throughput needed for
next generation semiconductor manufacturing throughput, The sweep range to get the defects in

1y focus while moving radially outward increases. However, the SEMI standards are guidelines.
Accuracy to the SEMI standards cannot be guaranteed and semiconductor manufacturers are not

monitoring actual bevel surface parameters on processed wafers or on all inspection lavers.
[B8615] Therefore, improved inspection systems and methods are needed.

BRIEF SUMMARY OF THE DISCLOSURE

s
L

89146} A systern s provided in g first embodiment. The system comprises g particle beam
generator that generates a particle beam; a platen configured to hold a senyviconductor wafer; a
detector configured to receive the patticle beam reflected off the semiconductor water; and 8
processor in electronic communication with detector. The processor is configured to receive
absolute Z-height values for the semiconductor wafer and to send instroctions to review the

20 semiconductor wafer with the particle beam within a Z-height based on the absolate Z-height valoes.

In an instance, the semiconductor wafer has a beveled edge.

0017} The processor can receive azimuthal angle values and polar angle values with the

absolute Z-height values.

{0018} The particle beam can be a photon beam or an electron beanm.
35 ooy The processor can be fucther configured to adjust focns o within the Z-height,
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{6620] The processor can be further configored to determine a correlation of the Z-height to

a Z-height value of a semiconductor inspection tool separate from the systens. The comrelation can

be determined ar azinmthal angle values and polar angle values.

0021} A method is provided i a second embodiment, The method comprises receiving, at
a semiconductor review tool, absohute Z-height values for g semiconductor water. The
semiconductor wafer is reviewed using the semiconductor review tool. The review begins at the
absolute Z-height values and includes sweeping the Z-height on the semiconduoctor wafer. Inan

instance, the semiconductor wafer has a beveled edge.

0822} The semiconductor review tool can receive azimuthal angle values and polar angle

values with the absolute Z-height values,

j0023] The method can further include inspecting a semiconductor wafer with a
semiconductor inspection tool and determining, using measurements from the semicondoctor

inspection tool, the absolute Z-height values.

[0624] The methad can further include determinmng a correlation between a Z-height value

from the second seruiconductor nspection tool and the Z-height using the semiconductor inspection
tooh, The sennconductor review tool can receive azinmuthal angle values and polar angle values with
the absolute Z-height values. The correlation is performed at locations at the azimuthal angle values

and polar angle values.

j0625] A non~transtiory computer-readable storage medivmn 18 provided i a third
embodiment. The non-transitory computer-readable storage medinm comprises one or more
programs for execnting the following steps on one or more computing devices. Absolute Z-height
vatues are received for a semiconductor wafer, Instructions are sent. The instructions weto review
the semiconductor wafer with a particle beam within a Z-height based on the absolute Z-height

values.

[ea26] The steps can include adjnsting focus to within the Z-height.



16

[
L]

20

$A

WO 2020/210141 PCT/US2020/026805

DESCRIPTION OF THE DRAWINGS

{0627 For a fuller understanding of the nature and objects of the disclosure, reference
should be made to the following detatled description taken in conjunction with the accompanying

drawings, in which:

FIG. 1 llustrates an existing auto-focus method;
FIG. 2 is a table of variables;
FIG. 3 illustrates the edge exclusion zone of a typical wafer;

FIG. 4 is a table showing absolute Z-height for centain defects from a sample CIRCL KLARF;

FIG. §is a block diagram of a method in accordance with the present disclosure; and

FI(. 6 1s a system in accordance with the present disclosure,
DETAILED DESCRIPTION OF THE DISCLOSURE

[0028] Although claimed subject matter will be described in terms of certain embodiments,
other embodiments, including embodiments that do not provide all of the benefits and features set
forth herein, are also within the scope of this disclosure. Various structural, logical, process step,
and electronic changes may be made without departing from the scope of the disclosure.

Accordingly, the scope of the discloswre iy defined only by reference to the appended claims,

0029} Embodiments disclosed herein use absohute Z-height (Z-ABS) from CIRCL
manufactured by KLA Corporation or other semiconductor wafer inspection tools. Absolute Z-

height can be used ag an accurate starting point for z-height based avto-focos on a scanning electron

microscope tool. Additionally, an azimuthal angle {p) and polar angle (8) of the wafer or of the

point {e.g., defect) on the wafer can be used for improvements on a review tool, such ag one-
tine/multiple calibration or alignment of an inspection tool’s Z-height to a review tool’s Z-height
based on polar andfor azimuthal angle. While CIRCL and other bevel inspection tools are disclosed,
embodiments disclosed berein can be used with any bare or unpatierned wafer inspection, review, or

process tools,

{0630} Embodiments disclosed herein create a pipeline between semiconductor wafer

inspection and review tools to use absolute Z-height values, azimuthal angle values, and polar angle
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values from the inspection ool in the review tool. lnstead of relying on SEMI standards to estimate
the range of Z-height af which the defect is expected to come in focus, the absohute Z-height values
from an inspection tool {e.g.. CIRCL) is used. When the mspection tool inspects and reports a
defect lovation, 1t also reports the absolute Z-beight values slong with other defect position
mformation like azimuthal angle values and polar angle values. The sbsolute Z-height values can be

used as a starting point 1o sweep Z-height.

[0631] Instead of being blind to the actual Z-height of the defect, an absolute Z-height value
is used from previous measurements. A focused signal from the defect can be more consistently
obtained compared to previous technigues. The embodiments disclosed herain provide a throughput
improvement, which lowers the cost of ownership for bevel review. Instead of a wide range of Z
sweep to get defects in focns, Z-height of the defects based on absolute Z-height values can be
determined. A correlation between absolute Z-height values and Z-heights for best focus in a

review tool can be obiained.

{00321 Embodumnents disclosed herein also avoid Z sweep extending radially cutward, which
increases the amount of time needed 1o get defects n focus. Such sweeps are Hinuted for a large
range of focus. For example, previous 30 pm sweeps can be achieved wsing absolute Z-height

values and a fow microns of sweep to fine-nune focus (if needed).

[0633] FIG: 5 isa block diagram of a method 100, At 101, a senticonductor review tool
receives absolute Z-height values for a semiconductor wafer. Absolute Z-height is the beight of the
defect present on the wafer as reported in the bevel inspector of other inspection tools. Absolute Z-
height can be with respect to a reference. The reference may be anything that does not vary in
context of the experiment or measurement. For examnple, the reference can be the floor height on
which the tool is standing. Here, the reference height is from an inunobile inspector tool

component. For siraplicity, the reference is top flat portion of the wafer.

[0634] Data from KLARF or other data files may not need {o be processed. The height
received in KLARF is in standard units {e.g., jm or nnz}. Other data files may need further

processing.
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[0635] it 1s the helght that the height of the defect that the bevel inspector has measured.
The semicondoctor wafer may have a beveled edge. At 102, the semiconductor wafer is reviewed
using the serniconductor review tool beginning at the absolute Z-height value or values. A range of

absolute Z-height values may be used in an instance, The semiconductor inspection ool can sweep

L9 )

Z-height on the semiconductor wafer, such as bepinning at the absolute Z-height values, Sweeping
the Z-height can range from, for example, the values shown in FIG. 2. Thus, the Z-height of the

defect can be determined using the absolute Z-height values.

0636} The semiconductor review tool also can receive azimuthal angle values and polar
aagle values with the absolute Z-height values. The szimuthal angle values and polar angle values

1) can be used to inspect the wafer with the semicondusctor review tool.

{0037} The method 100 can further include inspecting a semiconductor wafer with a
semiconductor inspection tool, such as CIRCL. Using measurements from the semiconductor
inspection tool, the absolute Z-height values can be determined. Z-height values can be measured

when inspecting defects.

—t
(2]

[0038] Absolute Z-height values, azimuthal angle values, and polar angle values can be used
to form an empirical correlation map between absolute Z-height values and Z-height values for best
focas for various absolute Z-height values, azimuthal angle values, and polar angle values. To be
correlated, the difference between two nwmbers may be the same. A few defect locations are needed
for this empirical correlation. For example, three to five defect locations can be nsed. This can
20 eliminate or linit the need of sweeping for a wide Z-sweep range to get the images in focus. Z-
height reported on the mspection tool versus Z-height for best focus can be determined at various
arimuthal angle values and polar angle valnes. For example, Z-height for best focus can be
determined using the conventional method of Z-height sweep based on SEMI standards. The
correlation can be established between the two for some defect position at different azimuthal and
25 polar angles. This calibration can eliminate the need to sweep Z-height on a review tool after the

correlation 1s established.

{6639 In an instance, & correlation between a Z-height value from the semiconductor

inspection toel and the Z-height using the semiconductor review tool can be detexmined. The
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semiconductor review tool can receive azimuthal angle values and polar angle values with the
absolute Z-height values. The correlation can be performed at locations at the azimuthal angle

values and polar angle values.

{040 For example, the previous method can suggest a 30 ym sweep range becaunse the Z-
height of a defect may be anywhere in this range based on roll-off angle at the wafer. Instead of
estimation, embodunents disclosed herein uses absolute Z-height values from the inspection tool and

sweeps for a few microns in Z-height.

{0041} In an example, absolute Z-height values are highlighted for certain defects using data
from g CIRCL to6!, The CIRCL 00! can measure the surface of the semiconductor water from Z1
to Z5, as Hlustrated in FIG. 3, and can provide a map of dimensions, angles, and/or morphology.
Previous technigaes used X and Y locations of the defect to find Rd. A wide range of Z sweep was
estimated based on roll-off angle from SEMI standards. This Z sweep was used to determine where
the defect may be in focus. Instead, absolute Z-height values and correlation between absolute Z-
height values and Z-heights for best focus m a review tool is used to obtain best focus Z-height for

the defect.

[0042] The relation between gbsolute Z-height valoes and Z-heights for best focus of the
defect on review tool can be determumed. This can be done by selecting few defects and plotting
absolute Z-height values against Z-heights on the review tool for best focus and determining a

correlation between them.

[0043] 1t there are n defects, the correlation disclosed herein and the absolute Z-height
values from the inspection tool can be used to get the best focus Z-height on review tool, A few

nycrons sweep across this range can be nsed o get the Images in focus 1w review,

[0044] The sweep range can be potentially reduced by 7X. For example, 30 ym for full
sweep can be redaced to 4 um for focus fine twaog, which increases bevel review throughput and
reduces bevel review cost of ownership. Besides increasing throughput, embodiments disclosed

herein can reduce false positives becanse a narrow sweep range is used.
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[0645] In aninstance, 8 system (e.g., a review tool} inclodes a particle beam generator that
generates a particle beam. The particle beam can be a beam of electrons or a beam of photons. The
system further includes a platen configured to hold a semiconductor water! a detector contigured to
receive the particle beam reflected off the semiconductor wafer; and a processor in electronic
communication with detector. The processor i§ configured to receive absolute Z-height values for
the semiconductor wafer and send instructions to review the semiconductor waler with the particle
beam within a Z-height based on the absolute Z-height values. The semiconductor wafer can have a
beveled edge. The review can include imaging the semiconductor wafer and classifying,

categorizing, or otherwise analyzing defects.

[0046] The processor can recetve azimuthal angle values and polar angle values with the

absolute Z-height values.
[0647) The processor can be further configured to adjust focus to within the Z-height.

[0048] The processor also can be further configured to deterinine a correlation of the Z-
height to a Z-height value of a semiconductor inspection tool separate from the system. The

correlation can be determined at azimuthal angle values and polar angle values.

D049 FIG. 6 13 a block diagram of an ensbodiment of a system 200 that can inyplement the
embodiments disclosed herein. The system 200 meludes a wafer inspection’tool (which mcludes the

eleciron column 201) configured to generate images of a wafer 204

{0050 The wafer mspection tool includes an output acquisition subsystem that includes at
least an energy source and # detector. The cutput scquisition subsysten may be an electron beam-
based cutput scquisition subsystem. Foresample, in one embodiment, the energy directed to the
wafer 204 includes electrons, and the energy detected from the waler 204 includes electrons. In this
manner, the energy sowrce may be an electron beam source. In one such embodiment shown in FIG.

&, the output acquisition subsystem includes electron colunm 201, which is coupled to compater

subsystenm 202, A stage 210 may hold the wafer 204,

0051} As also shown in FIG. 6, the electron column 201 includes an electron beam source

203 configured to generate electrons that are focused to water 204 by one or more elements 205

10
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The electron beam source 203 may include, for example, a cathode source or emitter tip. The one or
wiore elements 203 may inchide, forexample, a gunlens, an anode, a beam Hmifing aperiore, a gate
valve, a beant current selection aperture, an objective lens, and a scanning subsysteny, all of which

may include any such suitable elements known in the art.

joas2] Electrons retumed from the water 204 {2.2., secondary elecirong) may be focosed by
one or more elements 208 to detector 207, One or more elements 206 may include, forexample, a

scanning subsystem, which may be the same scanning subsystem included in element(s) 205.

p=g

{0053 The electron column 201 also may include any other suitable elements known m the
art.
[8054] Although the electron columm 201 is shown in FIG. 6 as being configured such that

the electrons are directed to the wafer 204 at an oblique angle of incidence and are scattered from
the wafer 204 at another oblique angle, the electron beam may be directed to and scattered from the
wafer 204 at any suitable angles. In addition, the electron beam-based output acquisition subsystem
may be configured o use multiple modes to generate images of the waler 204 {e.g., with different
ilumination angles, collection angles, etc.). The multiple modes of the electron beam-based output
acquisition subsystem may be different m anv image generation parameters of the output acquisition

subsystem.

[0055] Compater subsystem 202 may be coupled to detector 207 as described above. The
detector 207 may detect slectrons returned from the surface of the wafer 204 thereby forming
electron beam images of the wafer 204, The electron beam images may include any suitable
electron beam images. Computer subsystem 202 may be contigured to perform any of the functions
described herein using the output of the detector 207 andfor the eleciron beam images. Computer
subsystem 202 may be configured to perform any additional step(s) described herein. A system 200
that includes the output acquisition subsvstens shown in FIG, 6 may be further configured as

described bherein,

{0836] ftis noted that FIG. 6 s provided herein to generally illustrate a configuration of an
electron beam-based output acquisition subsvsten that may be used in the embodiments described

herein, The electron beam-based optpat acquisition subsystem configoration described herein may

11
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be altered to optimize the performance of the output acquisition subsystem as is nommally performed

may be implemented using an existing system {2.g., by adding functionality described herein to an
existing systemy). For some such systems, the methods desceribed herein may be provided as optional
functionality of the svstem (2., i addition to other functionality of the system). Alernatively, the

system described herein may be designed as a completely new system.

857} Although the output acquisition subsystem ig described above as being an electron
beam-~based output acquidsition sabsystem, the outpot acquisition sabsystem may be an ton beanm
based output acquisition sybsystem. Such an output acquisition subsystem may be configured as
shown in FIG. 6 except that the electron beam source may be replaced with any suitable ion beam
source known in the art. In addition, the output scquisition subsystem may be any other suitable 1on
beam-based output acquisition subsystem such as those included in commercially available focused
ton beam {FIB) systerns, helium jon microscopy (HIM) systems, and secondary fon mass

spectroscopy {SIMS) systems.

[0058] The conputer subsystem 202 includes s processor 208 and an electronic data storage

unit 209, The processor 208 may inclode a microprocessor, a mictocontroller, or other devices.

[a59] The compuier subsystem 202 may be coupled to the components of the system 200 @
any suitable manner {e.g., via one or more transnuission media, which may include wired andfor
wireless transmission media) such that the processor 208 can receive output. The processor 208
may be configured to perform a number of functions using the cutput. The wafer inspection tool
can receive instractions or other information from the processor 208, The processor 208 and/or the
electronic data storage unit 209 optionally may be in electronic communication with another wafer
inspection tool, a wafer metrology tool, or a watler review tool (not Hustrated) 1o receive additional

intormation or send instructions.

[0660] The processor 208 is in electronic conmunication with the wafer inspection wuol,
such as the detector 207, The processor 208 may be configured to process hmages generated using
measurements from the detector 207. For example, the processor may perform embeodiments of the
method 100 or method 200.

12



L9 )

i

20

WO 2020/210141 PCT/US2020/026805

[0661] The computer subsystem 202, other system(s), or other subsystem(s) deseribed herein
may be part of various systems, including a personal computer system, bnage compuier, mainframe
computer system, workstation, network appliance, internet appliance, or other device. The
subsystem(s ) or systera(s) may also mclude auy suitsble processor known in the art, such as g
parallel processor. In addition, the subsystem(s) or system{s) may include a platform with high-

speed processing and software, either as a standalone or a networked ool

[0062] The processor 208 and electronic data storage unit 209 may be disposed in or
otherwise part of the system 200 or another device. In an example, the processor 208 and electronic
data storage unit 209 may be part of a standalone control unit or in g centrahized quality control unit,

Multiple processors 208 or electronic data storage units 209 may be used.

{0063} The processor 208 may be implemented in practice by any combination of bardware,
software, and finmware. Also, its functions as described herein may be performed by one unit, or
divided up among differeni components, each of which may be tmplemented in tum by any
combination of bardware, software and finmware. Program code or mstructions for the processor
208 to implement various methods and functions may be stored in readable storage media, such as a

memory in the electronic data storage unit 209 or other memory.

[064] If the system 200 includes more than one computer subsystem 202, then the different
subsysteras may be coupled to each other such that images, data, information, nstructions, ete. can
be sent between the subsysierns. For example, one sabsystem may be coupled to additional
subsystem(s) by any suitable transmission media, which may include any suitable wired andfor
wireless transmission media known in the art. Two or more of such subsystems may also be

effectively coupled by a shared computer-readable storage medinm (not shown).

jo665] The processor 208 may be configured to perform a number of functions using the
output of the systern 200 or other output. For instance, the processor 208 may be configured to send
the ounipat to an electronic data storage unit 209 or another storage medium. The processor 208 may

be further confignred as described herein.

0066} The processar 208 or computer subsystem 202 may be partof o defect review system,

an inspection system, a metrology system, or sone other type of system. Thus, the embodiments

13
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disclosed herein describe some configurations that can be tatlored in 8 number of manners for

systems having different capabilities that are move or less suitable for different applications,

0667 The processor 208 may be configured according to any of the embodiments described
herein. The processor 208 also may be configured to perform other functions or additional steps

S using the output of the system 200 or using images or data from other sowrces.

0068} The processor 208 may be communicatively coupled to any of the various
components or sub-systems of system 200 in any mannper known in the art. Moreover, the processor
208 may be configured to receive and/or acquire data or information from other systems {e.g.,
mspection resulis or absolute Z-height values from an inspection system, a remote database

10 including design data and the like) by & ransmission medium that may include wired andfor wireless

portions. In this manner, the transmission mediten may serve as a data link between the processor

208 and other subsystems of the system 200 or systems external to system 200,

{69 Vartous steps, functions, andfor operations of system 200 and the methods disclosed
p i 3

heredn are carvied ont by one or more of the following: electronic circuils, logic gates, multiplexers,

P
i

programmable logic devices, ASICs, analog or digital controls/switches, microcontrolless, or
computing systems. Program instroctions implementing methods such as those described herein
may be transmitted over or stored on carrier medivm. The carrier mediwm may include a storage
medium such as a read-only memory, a random access memory, & magnetic or optical disk, a non-
volatile memory, a solid state memory, a magnetic tape, and the like. A camrier medium may include
20 atransmission medium such as a wire, cable, or wireless transmission link. For instance, the various
steps described throughout the present disclosure may be carried out by a single processor 208 {or
compuier subsystem 2023 or, alternatively, multiple processors 208 {or nmitiple computer
subsystems 202). Morcover, different sub-systems of the system 200 may include one or more
computing or logic systems. Therefore, the above description should not be interpreted as a

25 lumitation on the present disclosure but merely an iHlustration.

0070} An additional embodiment relates to a non-transitory computer-readable medium
storing program instractions executable on a processor. In pacticular, a processor, such as the

processor 208, can be coupled to a memory in an electronic data storage medium with non-transitory

14
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computer-readable medium, such as the electronic data storage medium 209, that includes
exconiable program instructions. The computer-implemented method may include any step{sy of
any method(s} deseribed herein. For example, processer 208 may be programmed to perform some
or all of the steps of oethod 100, The memory in the electronic data storage medium 209 may be a
storage medium such as a magnetic or optical disk, a magnetic tape, or any other suitable non-

transitory computer-readable mediom known in the art.

{0671} The program structions mav be implemented in any of various ways, including
procedure-based technigues, component-based techmigues, andfor object-oriented techniques, among
others, For example, the program instructions may be implemented using ActiveX controls, C++
objects, lavaBeans, Microsoft Foundation Classes (MFC), Streaming SIMD Extension (8SE), or

other techuologies or methodologies, as desired.

[0872] In an embodiment, one or more programs are included on & non-transitory computer-
readable storage medium, such as the electroniv data storage medivm 209, The one or more
programs arg for exgcuting steps on one or more computing devices. For example, the steps can
include receiving absolute Z-height values for a semiconductor wafer and sending instructions to
review the semicondector wafer with a particle beam within a Z-height based on the absohute Z-

height values. Foous can be adjusted 1o within the Z-height

{0073] While a tool that uses an electron beam is specifically Hustrated, the embodiments
disclosed herein can be used with a system that uses a photon beam, a detector, and a platen

configured to hold a wafer.

{0074} Although the present disclosure has been described with respect 10 one or more
particular embodiments, it will be understood thar other embodiments of the present disclosure may
be made without departing from the scope of the present disclosure. Hence, the present disclosure is

deemed limited only by the appended claims and the reasonable interpretation thereofl

15
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What is claimed 15

L

Q.

A system comprising

a particle beamn generator that generates a particle beam;

a platen configured to hold a semiconductor wafer;

a detector configured to receive the particle bean reflected off the semiconductor waler: and

a processor i electronic communication with detector; wherein the processor is configured to:
receive absolute Z-height valoes for the semiconductor wafer; and
send instructions {0 review the semiconducior waler with the particle beam within a Z-height

based on the absolute Z-height values.
The system of claim 1, whergin the semiconductor wafer has a beveled edge.

The system of claim 1, whereln the processor receives azinuthal angle values and polar angle

values with the sbsolute Z-height values.
The system of claim 1, whergin the particle beam is g photon beam.
The system of claim 1, wherein the particle beam is an electron beam.

The system of claim 1, wherein the processor ig further configured to adjust focus to within the

Z~hedght

The system of clatm 1, wherein the processoris further configured to determine a correlation of

the Z-height 1o a Z-height value of a semiconductor inspection ool separate from the system,

The system of claim 7, wherein the correlation is determined at azinwithal angle values and polar

angle values.

A miethed comprising:

recetving, at a semiconductor review tool, absolute Z-height values for a semivonductor wafer;

reviewing the semiconductor wafer using the semiconductor review tool, wherein the review
begins at the absohge Z-height values includes sweeping the Z-height on the semicondactor

wafer.
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The method of clain 9, wherein the semiconductor water has a beveled edpe.

The method of claim 9, wherein the semiconductor review tool receives azimuthal angle values

and polar angle values with the absolute Z-height values,

. The method of claim 9, further comprising:

inspecting a semiconductor wafer with a semiconductor inspection tool; and
determining, using measurements from the semiconductor inspection tool, the absolate Z-height

values.

. The method of claim 12, further comprising determining a comrelation between a Z-height value

from the second semiconductor inspection tool and the Z-height using the semiconductor

inspection tool.

The method of claim 13, wherein the semiconductor review tool receives azimuthal angle vahues
and polar angle values with the absolute Z-height values, and wherein the correlation is

performed at locations at the azimuthal angle values and polar angle valoes.

A non-transttory computer-readable storage medium, comprising one or more programs for
executing the following steps on one or more computing devices:

receiving absolute Z-height values for a semiconducior wafer; and

sending instractions to review the semiconductor wafer with a particle beam within a Z-height

based on the absolute Z-height values.

The non-transitory computer-readable storage medium of claim 15, wherein the steps include

adjusting focus to within the Z-height.
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