DEFECT DETECTION RECIPE DEFINITION CROSS-REFERENCE [0001]

This application is concurrently filed with Application Number entitled "Test

Chiplets For Devices", which is herein incorporated by reference for all

purposes. BACKGROUND In the fabrication process of electronic devices,

for instance, integRFEGTCETHEH QNRESIEHBEBIN QN efects

effectively at an early stage in order to maintain and improve yield rates. As

IC feature sizes shrink, subtle 85@5?5%5?%@@5}ﬁe "killer defects" which can
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large amount of nuisance defects which affects the efficiency of

distinguishing the "killer defects". For example, as the design rule gets more

stringent, the main contributors of noise are not only the noise from the

patterns, but also those from nuigancrGR&CIsDike hillocks, silicon cones and

discolorations which can be significantly larger than the subtle killer defects.
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efforts and time need to be invested which can affect productivity. [0003]
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technique exist. SUMMARY OF THE INVENTION [0004] A method of _
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[0002] One of the issues for optimizing a defect detection recipe is the existence of a large
amount of nuisance defects which affects the efficiency of distinguishing the “killer defects”.
For example, as the design rule gets more stringent, the main contributors of noise are not only
the noise from the patterns, but also those from nuisance defects like hillocks, silicon cones and
discolorations which can be significantly larger than the subtle killer defects. In order to
suppress nuisance defects and locate killer defects, tremendous efforts and time need to be
invested which can affect productivity.
[0003] Therefore, challenges for developing a cost-effective defect detection technique exist.
SUMMARY OF THE INVENTION
[0004] A method of forming a device is disclosed. The method includes providing a
substrate and processing a layer of the device on the substrate. The layer is inspected with an
inspection tool for defects. The inspection tool is programmed with an inspection recipe

determined from studying defects programmed into the layer at known locations.



[0005] In another embodiment, a method of defect inspection is presented.
The method includes providing a substrate having defects programmed
(programmed defects) at known locations. The substrate is inspected with an
inspection tool using an initial inspection recipe. The method also includes
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_inspection recipe which suppresses noise signals. [0006] In @/et anather
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known locations. [0007] These and other objects, along with advantages and
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through reference to the following description and the accompanying

[0BoBIVings If-yrthesmeremibdgiteehe andesstaod thoaidhr JeaitisesdofMheivasdotisn tool
embodiments described herein are not mutually exclusive and can exist in

in¢lriesis coipbraatipnsnanddrermsiationseB R Eor&ihE 5 GRIRpQNOs0T He
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rendering of a cel ow embodiments of & test chip

accompanying drawings. Furthermore, it is to be understood that the features of the various
embodiments described herein are not mutually exclusive and can exist in various combinations
and permutations.

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] In the drawings, like reference characters generally refer to the same parts throughout
the different views. Also, the drawings are not necessarily to scale, emphasis instead generally
being placed upon illustrating the principles of the invention. In the following description,
various embodiments of the present invention are described with reference to the following
drawings, in which:
[0009] Fig. 1a shows a semiconductor wafer;
[0010] Fig. 1b shows a portion of a wafer;
[0011] Fig. 2 shows a 3-dimensional rendering of a cell;
[0012] Figs. 3a-b show embodiments of a test chiplet;

[0013] Figs. 4a-b show an embodiment of a cell;



[0013] Figs. 4a-b show an embodiment of a cell; 2 [0014] Fig. 5 shows a
portion of a wafer; [0015] Figs. 6a-f show examples of simulations of
programmed defects and corresponding printed patterns on a substrate;
[0016] Figs. 7a-1 show other examples of simulations of programmed defects
[094d] corfespbiing prritid phitditson a substrate; [0017] Fig. 8 shows
evolutions of defects from various physical features; [0018] Fig. 9a shows a .
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charting the numb%gt(r);ftg_efect detection with device dimension and pixel size;

P Efﬁl(ﬂ Fél.lsl?)%assﬁlows ah embodiment of a process for defining a defect
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in cells; [0022] Fig. 11 shows an embodiment of a sighal study; [0023] Fig. 12

csthQpshan eprkedimerhRf& »gnayhioise analysis and capture rate study;
[0024] Fig. 13 shows an embodiment of threshold segmentation for an

[0oBRectiggtecipews[OAblidrigst ddach shavw axamplakyckestdis el defect
detections using a non-PD recipe and PD recipe respectively; [0026] Fig. 15

[918Yvs aHiobofioapiurproatesusipgnani bf retigeoivarstisenand [0027] Fig. 16
shows an embodiment of a process for forming devices. DETAILED
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semiconductor devices or integrated circuits. More particularly, the devices

and piigltdiZdefect detection in devices. The ICs can be any type of IC, such as
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[0021] Fig. 10b shows an example of PDs being disposed in cells;
[0022] Fig. 11 shows an embodiment of a signal study;
[0023] Fig. 12 shows an embodiment of a Signal/Noise analysis and capture rate study;
[0024] Fig. 13 shows an embodiment of threshold segmentation for an inspection recipe;
[0025] Figs. 14a-b show exemplary results of defect detections using a non-PD recipe and
PD recipe respectively;
[0026] Fig. 15 shows a plot of capture rates using a PD recipe over time; and
[0027] Fig. 16 shows an embodiment of a process for forming devices.

DETAILED DESCRIPTION
[0028] Embodiments generally relate to devices, for example, semiconductor devices or
integrated circuits. More particularly, the devices facilitate defect detection in devices. The ICs
can be any type of IC, such as dynamic or static random access memories, signal processors,
microcontrollers or system-on-chip (SoC) devices. The devices or ICs can be incorporated into
or used with, for example, consumer electronic products, such as computers, cell phones, and

personal digital assistants (PDAS).



microcontrollers or system-on-chip (SoC) devices. The devices or ICs can be
incorporated into or used with, for example, consumer electronic products,
such as computers, cell phones, and personal digital assistants (PDASs). 3
Fig. la shows a semiconductor wafer 101. The semiconductor wafer, for
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[For example, the wafer may be a p-type, n- type, silicon-on-insulator or
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included to indicate the dopant type of the wafer. The wafer includes an
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typsséhbledfand tested. In other embodiments, the wafer may include a single
device. The fabrication of devices, such as integrated circuits (ICs), involves
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respective mask and etch techniques.
The fabrication of devices, such as integrated circuits (ICs), involves the formation of features on

a substrate that make up circuit components, such as transistors, resistors and capacitors. The
devices are interconnected, enabling the device to perform the desired functions.
Interconnections are formed by forming contacts and conductive lines in a dielectric layer using,
for example, damascene techniques. The features and interconnections are formed by repeatedly
depositing and patterning layers on the wafer. The devices may have multiple interconnection
layers. The structures of the different layers of the device are created or patterned using
respective mask and etch techniques.

Fig. 1b shows a portion 105 of the wafer of Fig. 1a in greater detail. As shown, the portion
comprises three adjacent dies 115 of a row in the x-direction. Portions of dies on adjacent rows
and columns (in the y direction) are also shown. A die, for example, comprises a rectangular

shape. Within the die may be various device regions 118, such as array and logic regions.



Fig. Ib shows a portion 105 of the wafer of Fig. lain greater detail. As shown,
the portion comprises three adjacent dies 115 of a row in the x-direction.
Portions of dies on adjacent rows and columns (in the y direction) are also
shown. A die, for example, comprises a rectangular shape. Within the die
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features and interconnections are strategically placed on the device to
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various features and interconnections is referred to as a product or device
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be various types of artwork files. The artwork files, for example, can be
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es a substr a pattern ysilicon layer which forms
mRelsligondlipgs- The polysilicon lines, for example, represent gate

electrodes of transistors. Three metal layers 230 are provided in the
In the design process, portions or chiplets of an IC may be contained in individual files.

Furthermore, different layers of the chiplets may also be contained in separate files. The
different artwork files are combined to produce 3-dimensional information of the complete
device of IC.

Fig. 2 illustrates a 3-dimensional rendering of an example of a cell. The cell includes a substrate
201 with a patterned polysilicon layer 210 which forms polysilicon lines. The polysilicon lines,
for example, represent gate electrodes of transistors. Three metal layers 230 are provided in the
cell. The metal layers are coupled to the substrate and gates by contacts represented by posts
225.

Fig. 3a shows an embodiment of a test chiplet 330 which facilitates defect detection. In one
embodiment, the test chiplet facilitates DO testing. Providing test chiplets which facilitate other
types of testing is also useful. The test chiplet can be employed for inline or offline testing. The

test chiplet, in one embodiment, comprises a plurality of cells. In one embodiment, the cells are



cell. The metal layers are coupled to the substrate and gates by contacts

represented by posts 225. Fig. 3a shows an embodiment of a test chiplet

330 which facilitates defect detection. In one embodiment, the test chiplet

facilitates DO testing. Providing test chiplets which facilitate other types of
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testing. The test chiplet, in one embodiment, comprises a plurality of cells. In
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an M X N array, where M and N are whole numbers. It is understood that M
also USB ul,
can be équal to or not equal to N. Other arrangements of the cells are also
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patterned structures are Similar to those in the actual device or cell. For
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of the actual device, such as, for example, pitch, critical dimension (CD) and
cldensdiystes onenaoiedivnehtadhalaldayCoidprssoidentipr] palls, idtingeakion
array with identical cells may be advantageous since it may more closely
(@mundtdeonierall structure or conditions of an actual chiplet or portion of a
device. Alternatively, the array may comprise different types of cells. In other
Inepnp ectipndimentbetesahipherinsaydimcicd scdlplraNigiog subrrexyivisidanticaloells
arrays of cells. In one embodiment, a sub-array comprises identical cells.
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included in the test chiplet. For example, as shown in Fig. 3b, a test chiplet
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of sub-regions allows for different types of cells to be included in the test chiplet. For example,
as shown in Fig. 3b, a test chiplet 330 comprises first and second sub-regions 331a-b with first
and second sub-arrays of cells 334a-b. Providing a test chiplet with other cell arrangements may
also be useful.

In one embodiment, at least one cell of the test chiplet is programmed with a defect 346. For
example, a cell is intentionally designed with a defect. In one embodiment, one defect is
programmed in a cell. The defects preferably include subtle defects which may be difficult to
detect. For example, the signal-noise ratio of subtle defects may be marginal, making them
difficult to detect. Such defects may include defects related to bridging or broken patterns.
Depending on the layer of the device, the defects may be related to active areas on the substrate,
polysilion lines, contacts or vias, or metal lines.

By programming defects into the cells, the types of defects and their locations are known. This

facilitates development of detection recipes from detection tools which can be tailored to detect



example, a cell is intentionally designed with a defect. In one embodiment,
one defect is programmed in a cell. The defects preferably include subtle
defects which may be difficult to detect. For example, the signal-noise ratio
of subtle defects may be marginal, making them difficult to detect. Such
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De endlcaon the layer of the device, the defects may be related to active
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detection tools may be employed. For example, inspection tools may be
iOpLicRhAbSDaRMIIBSRERLON tools. Optical inspection tools may include a
Brightfield Inspector from KLA or an UVision from AMAT while ebeam
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SemVision from AMAT. Other types of inspection tools are also useful. Fig.
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structures that exist iri the device, such as in the logic area of a device. The
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core working structures that determine
structures that exist in the device, such as in the logic area of a device. The critical line structure
may include known weak points of a designed pattern or core working structures that determine
a functionality of the particular device. Other types of structures are also useful.
A defect 346 is intentionally designed into one of the structures. The defect, for example,
comprises narrowing the line to cause an open line in the resulting structure on the test chiplet.
Without the defect designed in, the resulting structure would be a continuous line. Designing
other types of defects into the cell is also useful. For example, bridging or electrical shorts can
be designed into two separate lines.
Fig. 5 shows a portion 105 of the wafer, similar to that of Fig. 1b. As shown, the portion
comprises three adjacent dies 115 of a row in the x-direction. Portions of dies on adjacent rows

and columns (in the y direction) are also shown. A die, for example, comprises a rectangular

shape. Within the die may be various device regions 118, such as arrays and logic regions. First



a functionality of the particular device. Other types of structures are also

useful. A defect 346 is intentionally designed into one of the structures. The

defect, for example, comprises narrowing the line to cause an open line in

the resulting structure on the test chiplet. Without the defect designed in, the
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defects into the cell is also useful. For example, bridging or electrical shorts
digg 4n J 3%¥ned into two separate lines. Fig. 5 shows a portion 105 of the
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die size.

Figs. 6a-f show various examples of simulations of programmed defects 346 and corresponding
printed patterns on a substrate with an actual defect 646.

Referring to Fig. 6a, a simulation 670 of various structures of a cell with the intended patterns
676a-b is shown. The structures, as shown, are structures at the active layer of the cell. As
shown, the intended patterns of the structures have geometric shapes which include straight lines
or corners. The intended patterns may be modified by, for example, optical proximity correction
techniques, to produce a structure on the substrate with the modified pattern. The modified
patterns 678a-b, for example, may include rounded corners and/or changes in widths. Based on
the simulation, a mask is formed which is used to replicate or print the pattern 680 onto a

substrate or wafer.



Figs. 6a-f show various examples of simulations of programmed defects 346
and corresponding printed patterns on a substrate with an actual defect 646.
Referring to Fig. 6a, a simulation 670 of various structures of a cell with the

intended patterns 676a-b is shown. The structures, as shown, are structures
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structures have geometric sha()pes which include straight lines_or corners.
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into the cell. As shown, the defect bridges two separate features 676a-b. The
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features 686a-b together. In Figs. 6b, a simulation 670 of a structure of a cell
iswitigtinenetemde thpatteriie it iccshbwwhiheristed ciuressdstshawmsaseecking of a
structures at the polysilicon layer of the cell. The intended structure may
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A defect 346 is programmed into the cell. The defect 646, when printed onto
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polysilicon line. Under extreme process conditions, the defect may cause a
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example, gate conductors. A defect 346 is programmed into the celi. The
csiRiRes 846, RPN IANtgHRRIMACd into the cell. The defect 646, when printed onto a
substrate, causes bridging or shorting of two polysilicon lines 686a-b.
Figs. 6d-e illustrate a simulation of intended patterns 676a-b of two structures. The structures, as
shown, are structures at the metal layer of the cell. The two structures include a defect 346
which connects the two structures. Modified patterns 678a-b created by, for example, optimal
proximity correction (OPC) are shown. The printed pattern 680 on the substrate shows the two
separate features being too close together as a result of the defect 646, which can cause leakage.
Referring to Fig. 6f, a simulation of two line features 678a-b is shown. A defect 346 is
programmed between the two lines. The printed pattern 680 shows that the two lines are bridged
due to the defect 646.

Figs. 7a-1 show various other examples of programmed defect design patterns or structures and

corresponding printed patterns on a substrate.



substrate, causes bridging or shorting of two polysilicon lines 686a-b. Figs.
6d-e illustrate a simulation of intended patterns 676a-b of two structures. The
structures, as shown, are structures at the metal layer of the cell. The two
structures include a defect 346 which connects the two structures. Modified
Refgttdia iod 7180 Hdrelsfedn hy tesneXaahmBIeptitl andronnmepdsgractshriored)
are shown. The printed pattern 680 on the substrate shows the two separate

Py RO S J RIS Ot S A B Y et RSP i G el B B T Ang e patterns
ause leakage. rri Fig. 6f, a simulation of two line, features 678a-b
o e ARISH] e Ao P EAE R RS Il Pndeph e
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7a-1 show various other examples of programmed defect design patterns or

ol MEIHIEhANCt-COH ESPOBPRARLNIELEPEtes WA R @ RURSEaLe, HReIRINGIQance
Figs. 7a-b, design patterns or structures 770 and corresponding actua

opféateds patpsasomdecabactive layers of cells are shown. As shown, the
design structures include patterns of active area features 776. A defect 346
IngigroGeamdaggnintoithees 8110l B iprikapbindiie featalpnaotad @stedori dge {7el6
between two features 786a-b on the substrate, creating a short. On the other
plzEFitcen s defistertnRit. s Proaiacbevenndeksiagnaithidesi ge atiesurgoenclude patterns

increasing resistance or forming an open connection. In Figs. 7c-d, design

Ol IR PO CotfEspistiehiig At fiaPpIHEENS A ST frdbie. 7, the defect
alysilicon caonductor layers of cells are shown. As shown, the design

S el ‘a?a&é‘r?%*d&F5’595@6?%8&8%B}gféeétﬂf‘élgeﬁéf’ﬁa%&% P48 are
rogrammed into the cells, In Kig. 7¢, the defect .nro s a neck 746 within

e ok h e o R R B R A S R o

7§t 8 inthe sigiget d'ﬂ}fdgg 7diRrpduces a bridge 746 between two gate

conductors 786a-b on the substrate, creating a short.
As for Figs. 7e-h, design structures 770 and corresponding actual printed patterns 780 from, for

example, interconnect layers of cells are shown. The design structures and printed patterns,
alternatively, may correspond to other process layers. For example, the design structures and
printed patterns may correspond to the active layer, polysilcon layer, implant layer or a
combinations thereof, including interconnect layers. The design structures include patterns of
parallel line structures 776. Defects 346 are programmed into the cells. In Figs. 7e and 7h, the
defects produce bridges 746 between two adjacent structures or lines 786a-b on the substrate,
creating shorts. In Figs. 7f and 7g, the defects produce necks 746 within the features 786,
increasing resistance or forming an open connection.

Referring to Figs. 7i-1, design structures 770 and corresponding actual printed patterns 780 from
contact or via levels of cells are shown. The design structures include patterns of contacts or
vias 776. Defects 346 are programmed into the cells. In Figs. 7i and 71, the defects 746 produce

missing contact holes due to the reduced size 786. This results in increased resistance or open
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As for Figs. 7e-h, design structures 770 and corresponding actual printed
patterns 780 from, for example, interconnect layers of cells are shown. The
design structures and printed patterns, alternatively, may correspond to
other process layers. For example, the design structures and printed
copRgeifgs may brréshdhtidefatie Rietves BgEIc e SR SRIRARE inftartadyEs oF
a combinations thereof, including interconnect layers. The design structures

SiifaRiaR PaheiHs yf“?ﬁ?&ﬁéllﬂﬁgo GELG#E&8976. Defects 346 are programmed

rint@ (e cells l'lnloﬁ'gof g ‘%ecﬁédfrgh th?o defpets fraduce bridags £48 betuee flfect
0] a jacent structures or nes BI"Iy e su utr ate, creating shorts.

e\%'ﬂﬁozfs%%z&w@%ﬁﬁfﬁﬁ%ﬂ thrgg §1@§%c¥1 %M‘QEBBMWS 5887%‘8&1 1%9) features on

increasing resistance or forming an open connection. Referring to Figs. 7

a AARIGASIIGIYIRS R RRALCRITERPANINGRRIAGIRL e IrBURINSI/ARR ft'Hém

contact or via levels of cells are shown. The design structures include

pelgéieeos vhcpatactssoobvial Ay fhe Belipals dtbcammpiogiaproyed dvathe ealss,
In Figs. 7i and 71, the defects 746 produce missing contact holes due to the
cugdudetksizeod@6s arldisnresusits untincsbasecsniisistance or open 10
connections. In Figs. 7j-k, the defects produce merged contact holes due to
Agatangedtivieicypletiap B mvedy olestiTHistmessuies $3Ghohistordeednage teigetal
shows evolutions of defects from various physical features on a substrate. A
h‘i‘ﬁ'%t Heskite 4ottt GAVEED i densBHaRS SR EE8d o pfdReed Hﬂé%ﬁ?i‘rﬁ‘&

to polysilicon line features on a substrate, Bridging defects 848 having .
T5us %ﬁéﬁ%ﬁ?%%f hHSBFAN BRI HEY %ﬁ%f"cﬁoﬁef’ﬂﬁg“?%%‘cﬁ?&%fdbﬂé?

mﬁalt[]r?e% gln&de{gt(étodlmen'sjrll?n progressively increases, current leakage

[S]
OCCUrs an increases tnl a short results. A second defect evolution 820

AYAINRS-BOIA S eH 8RO WRIFR RYRSPORA %Wﬁ&h@%ﬁd NEEKIRRt or via

defects having various dimensions are programmed into the metal line

opERIIESN8AOR AeAsihaiecking defpst iTIRNSIONAMaaIass MR IBCRRRE Spenings
resistance increases in the

830b-e. As the necking defect dimension progressively increases, the contact opening becomes

increasingly smaller until it is completely missing from the pattern.

Some defects may be subtle defects. As device dimensions scale downwards, these subtle

defects can become killer defects. Futhermore, subtle defects are difficult to detect.

Inspection tools are used to detect defects that occur during manufacturing of the devices. The

inspection tools, for example, include optical or ebeam types of inspection tools. In one

embodiment, the inspection tool may be a brightfield inspection system manufactured by KLA-

Tencor. For example, the inspection system may be a KLA-Tencor 28xx Brightfield Inspection

System. Other types of defect inspection systems may also be useful. For example, inspection

systems, such as UVision and Semvision systems from Applied Materials, eScan3xx systems

from Hermes-Microvision or eS3x systems from KLA-Tencor, may also be useful.
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metal line until a complete open results. A third defect evolution 830 involves
nominal structures 830a which correspond to contact or via openings.
Necking defects having various dimensions are programmed into the contact
openings 830b-e. As the necking defect dimension progressively increases,
NiHeeeditsettp poditgisaearides thereHamdly shsatmmthairseestipidesly Usually,
missing from the pattern. Some defects may be subtle defects. As device

coghSE D SIS B IATRATVAFIRYS raRR e e e AR R SEIT et STiRPR iRy user. Fig.
defects. Futhermore, subtle defe re. diffic etect. ection tools
oA R g SIS A0 SR RSN Sien. as

shbif, IRSRRSHORN IR RL TXATHRLE, MGIAS GRUGH) ALER8ATLNPEROLeryp modes

Inspection tools. In"one embodiment, the inspection tool may be a brightfield
MW%Q&Q%%@%MHQ@Q&M Eﬁke?‘fo-gﬁﬁ(%@gn%ﬁfaﬁﬁﬁ,m@hm merge, cell size,
inspection system may be a KLA-Tencor 28xx Brightfield Inspection System.
other pesmddefetidnapoatianysiams say alsnche tisabulrddaexampie,
inspection systems, such as UVision and Semvision systems from Applied
uMatesialshaSddindxxl syste meddsomyHberimasdidi cnobesiomo peS3xdgistamisspection
from KLA-Tencor, may also be useful. 11 Numerous setup modes are
topkovidetans greficnsehiy opeikatidrde therivsise cticriplsohtigs 9hle dedalansenggdes.
mode may include various parameters which can be selected or input by a
Tapler Fig. 9a shows a programming menu 900 of a KLA-Tencor 2825

pﬁ?gﬁty of setup moyk F0a-k. The settjp modes may include scan,

Nnoctrrrm- imacind nival ciza faecnic amaentation_thrachaold m o ecall
Cscan - 2 Y Skifing Yor inspection.mechanism, .2, die fo dig.or cellYo tell
size, IDO and S|gna§ mgges.n'?%e various modes €an besef to senisvé The
desired result. It i$ Cg‘?%glri%%od that additional setup modes may be included
n the menu or that different inspection tools may have different setup

dEFurhabie 1 PIRURs /7 EXPIRHAHAT R TR Al SRR RHER rbaPiffer

oro

surface

Imaging Setting for light aperture that controls ways of light being flashed onto

wafer surface

Pixel size Setting for “unit” of light forming a pixel in 1 inspection

Focus Setting for the depth of inspected structures, e.g., flat surface vs

contact/via holes inspection.

Segmentation Setting to define the breaks between different grey levels to cater

specific threshold setting for certain regions

Threshold Setting for signal level of which below it will not be detected in 1
inspection
Merged Setting for grouping adjacent signals into 1 big signal in 1 inspection

Cell Size Setting for size of inspected cell, e.g., memory structure. Different

12



Mode Function Scan Setting for inspection mechanism, e.g., die to the or cell
to cell comparison Spectrum Setting for UV light wavelength that reflects
signals from wafer surface Imaging Setting for light aperture that controls
ways of light being flashed onto wafer surface Pixel size Setting for "unit" of
ight forming a pixetdH Sansseene difecns eoetivies foF heeadsirnbrixispested
structures, e.g., flat surface vs _contact/via holes inspection. Segmentation

Stiing to define theetealey BARIdFRUFRBRE I Yovers o'alaetmipernpred

threshold setting fo F! iertaln reg gs Threshold Setting for signal level of
which below it will A5FHE FESBESH e lﬂ%spectlon Merged Settlng for

vnu mina—adiaecan ~Aanale 1ntAa iy ,-.nnn =Y moenaectinng Cion C‘nt ~

Ilg aujabcll mlalb 1A f.l m %I | lk? LtLIUtII VCII IILT OT ng
for%lze of mspected ceal e g mégmc{rey% ruc lﬁlrce g erent 12 cell size

ELIUIIEb UIIIEIEIIL IXEI bILE IUI UELLEI blglld.l pIXIIdlIUII ILJU DELLIIIQ IUI bpb‘bidi
feature that enable user to isolate similar captured defects into specific group

ARIGOCTBE @EE;%%%%EQJM@&@SF%&&%E@@%@&J&{ R NERESHPR FLLIREIAS e

combination of parameters from each setup mode. Programming the
inkpepescti e Laathwith 4518 plRte priptetins PRGHOR IeeRes iNPepRENNG nuisance

suppressing nuisance signals while capturing physical defects or defects of
sigtdseshi(D@pruTihgspisypiaatidefarly drdefects of interest (DOI). This is particularly true

when the magnitude of the DOI signals is low compared to that of the nuisance signals. Fig. 9b
shows a graph 905 charting the number of defect detection of nuisance defects and DOIs with
device dimension and pixel size. As can be seen, as device dimensions decrease, for example,
from 90 nm to 45 nm, the magnitude of DOI signals progressively decreases compared to that of
nuisance signals. This results in decreasing amounts of DOIs being detected while the amounts
of detection of nuisance defects increase.

Fig. 10a shows an embodiment of a process 1000 for defining a defect detection recipe for an
inspection. The process can be applied to various types of inspections. For example, the process
can be applied to optical or ebeam types of inspection tools. The defect detection recipe enables
good DOI capturing while suppressing nuisance defect capturing. The defect detection recipe
may serve as a best known method (BKM) recipe for inspecting a specific type of layer, defect,
device region and/or device.

In one embodiment, a substrate prepared with a desired processed layer or level for detection is
provided at step 1010. The substrate, for example, may be a semiconductor wafer such as a
silicon wafer which is used to form a plurality of devices in parallel. Other types of substrates or
wafers may also be used. The processed layer can be any processed layer of a device. For

example, the processed layer can be an active layer, a polysilion layer, a contact or via layer or
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when the magnitude of the DOI signals is low compared to that of the

nuisance signals. Fig. 9b shows a graph 905 charting the number of defect

detection of nuisance defects and DOIs with device dimension and pixel

size. As can be seen, as device dimensions decrease, for example, from 90
infFeeBnest HYErthEUIsGRRITE S IFOMSAYS Prig Byt RASYYRe Sfclsyiss regions. For

compared to that of nuisance signals. This results in decreasing amounts of

BB Ty R RbIdE RANE R KHOUATBPa el 6R A RBANE dlteapd 2 logic

regidn: B " %C%?els%? Shows %&1%?n%9%"c{é‘3ﬂ:te°f ARSI Qiﬁ%iu%gﬁ?”‘tﬁeadevice.
ée%ct etection rempef ran inspecton. Process can be applied to

TP{QER}&%%H 95 Of SRR FOk CXRMRIE oIS PERFE TS CANIR ARAUE e, for

optical or ebéam types of inspection tools. The defect detection recipe

e SR HARRY DRI-SRRIHFRA WL SHRRIE3 At IS aNc e J&Te Bl CamUIb hiplets
The defect detection recipe may serve as a best known method (BKM)

mESCPRItPOIBS REaliNg @b pasHit bBaliayenhdaiecthiderdeviegiomaeiieimay be
device. In one embodiment, a substrate prepared with a desired processed

ndalyiag or leviifgryletectibDsis Fprewiohgdcabh stbpvliOibrig hidisuti3tratedifposed in cells
example, may be a semiconductor wafer such as a silicon wafer which is

atiiBe daysibnendaghur diigs of elbvidesinpay aliel bouseiuty pe snsfasuitystracas eplls

wafers may also be used. The processed layer can be any processed layer of

Lt give. Forbsatinpléime ptttasserrTayiican vh! i detiveaaeicls. SRAM cell

e SR B s R SRS EL D et
ice r ' Il SRA lls,.

IR A SRR TR S e

1i%ﬂ%’é‘t‘@é@nt@ﬁdgSf’lib?grsiﬂ@&ﬁ[&&?e%ﬁﬁgs!a)@%FSR’A%EQHQ‘?W@:%J%? Affmed

one or more test chiplets. A test chiplet, for example, includes a plurality of

wiagllsindtigh havsuegremmedaefastsvwy Ridsent pe1iealehiRliRtfMaY% bEogic cells
disposed in the scribe regions of the wafer and/or within the devices. The
1 FRDs trady fdégrammed with different types of bridging defects 1168a-b. Providing other types
of cells and/or programming the cells with other types of defects may also be useful. The defects
may also be programmed into other cell layers.
At step 1020 of Fig. 10a, the substrate is inspected using an initial defect detection recipe. The
initial defect detection recipe, for example, is set to be sensitive to capture all possible types of
defects, even those with very low signals. The initial defect detection recipe, for example,
comprises a “Hot” initial recipe. The inspector scans the wafer with a recipe of a hot initial
recipe to acquire defect signals on the wafer. The inspector scans the wafer using the different
recipes of the hot initial modes. The results of the inspection using the hot recipe are collected
and stored.

In one embodiment, a PD study is conducted at step 1030 on the results of the inspection using

the hot initial recipe. The PD study, for example, comprises examining the PDs as defect of
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necking or bridging types of PDs. For example, as shown in Fig. 10b, PDs

are disposed in cells at the polysilicon layer. PDs at other levels may also be

useful. In one embodiment, cells 1141a-e are SRAM cells at the polysilicon

layer while cells 1161a-b are logic cells. SRAM cell 1141a is programmed
iniGer o RQEKIHES o Sesse PrAbasiHi© Sheadofesd nienala abthe 2Rl rErs mdas nagiain

bridging defects 1148b-c. SRAM cell 1141d is programmed with a subtle
MBS PESI PSS ASHEY bt polysilicon line features. As for

cell1141e, it is.programmed yith a lateral bridging defect 1148e .
A a3 A BT L CAR A ool AR NG e gine e

si ﬁ%(&%ﬁ@ﬁs%ﬂ&%%@%%%%’ff%wﬁ%@&tﬂﬁf?&%&%@ﬁ%@é@é@iQQle%'i}é%r

ypes of cells and/or programming the cells with other types of defects may

dalsmreduseld of IR feclksy. aycalse &&&{QQ%P?%%MEQ paencrRllaNpIs:, the

At step 1020 of Fig. 10a, the substrate is inspected using an initial defect
lodgiieationtheciprrdin ey paitialddelastslelectiospraaipg | fosrexarplen iFsahéonhge, the

sensitive to capture all possible types of defects, even those with very low
ddiginadsn Pheaniiakdedebt détechorypecigecibrasxaihpl@thaomprlses teMofér would

initial recipe. The inspector scans the wafer with a recipe of a hot initial
beeeipedesed equirscdfisetssifrraisson g thakafeTiecindp eotorasciatghec\iifer

using the different recipes of the hot initial modes. The results of the
SRBHAL DA Vietkaethes Rbthediferateitpredtadesine BRded. In one embodiment,

y is. conducted at ste 30 on the results of the inspg?iﬁtion usin

a PD st
Afﬁé"%{)? itfal H’EB&?&P*TE%C‘E?)"SE?%% t,*‘f&?%&?a?ﬁ&@’,e&}ﬂﬁ‘prﬁ%l@%séié ﬁtﬁflgafHBg best
PDs as defect.of 14 interest (DOI) sites,.Based on,the s e defect
known et%oﬁ](egé%% Iéelgé%e (12)1‘ El’?eF?BI’g‘iS%OH lnﬁ pI‘OC%Sg ll'gg?léme (y lﬂEIUP 1n, one

signals'a g ertaii "mo ers may be

e HESAIMIREd AR YRG! ( HISIREESIORRAIL ViR PRI VDAL ISR L A0 T Rt ferent
defect signal study includes analyzing the signal-to-noise (S/N) response of

nyine differant insRastiRR IS RED MM RAVRRBRN BBIEG eSO esponse average for all

the different types of defects can be selected as the BKM. Selecting other inspection recipes

based on user requirements may also be useful. For example, if the user is focused on the logic

region or the array region, the hot mode with the best S/N response in the logic or array region

may be selected as the BKM for the logic or array region. Other BKMs may be defined based on

other user requirements.

The process 1000 is performed to define BKMs for all layers of the device. For example, the

process steps 1010 — 1050 are repeated for all layers of the device.

Fig. 11 illustrates an embodiment of a signal study 1100. The signal study analyses, for

example, signal-to-noise (S/N) responses of scans using different inspection recipes 1120. The

study includes inspections 1120;.n. As shown, the study includes 14 (N = 14) inspections using

14 different inspection recipes. Analyzing other number of inspections or scans may also be

useful. The inspection tool may generate different inspection recipes for scanning. Based on
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determined based on the PD study. Since the defects are programmed into
the test chiplet, the locations of the different types of defects for a
corresponding layer are known. Furthermore, the defects can be correlated
to the different types of cells as well. Other signals on the wafer would be
thedHarded B aseh 51k GlTeae PraivrBiosinY throdddsevt digpradoDFfsipgnfor the
[determine the strengths and weaknesses of the different inspection recipe
SIERBLELIAL step 1050, an inspection recipe out of the group of inspection

s/ﬁ%'e%ec?n'ssessc‘?}?%‘igf%?&ff%rt%%?t k%%“"” mathod (BKM)LeGPR fOrING e L140.and
corr pondlng process ayer.LFﬂpe J}gl\l/lr, In"ohe embodiment, corresponds to

1 FdE@f IDFRSGHIMRIR DAY TR DS A Eﬁ%&?i&?‘é&%&@'&l gitarenh YRERab

efects. The inspection recipe with, for example, the best'S/N response

JAERas I alidhadiffesant Sinemahdefretscamke Relestad %ﬂa%&é@%%nals
e

Selecting other inspection recipes based on user requirements may also
1 ussRfuldtoe exaifigiat ifyihe ostistoassed prothamlagiciiegipiceeltiRa BITay. Defect
region, the hot mode with the best S/N response in the logic or array region
sipnais h&doélettedoasithmdsKightdy ith8RANC et dirbl.region. Other BKMs may
be defined based on other user requirements. The process 1000 is

Inpendembeditecde firreSBXK P fopcal Riapbraisidthe deVites. $abgceordmgieoniqéthe
process steps 1010 - 1050 are repeated for all layers of the device. Fig.

11
InReSHAREEhn Ein CBHRMSIRCET Uaigioa So6 8y IPD 1T kig naidyt ey cyphff gedefect
for _example, signal-to-noise (S/N) responses of scans using different
Slﬁﬁ‘fﬂa%‘t‘fo‘ﬁe%&ﬂgeoé ?L%??)Wﬁ‘?ﬂ‘é‘(‘ﬁ?ﬂ?fﬁ? B THEP LRGN 15D R HEs for
ol?tgf%\f\ﬁnéﬁ?r%ug SichI%d%fs(}%e(eN :1%4‘2 d’nspections using 14 different
mspegtlon re(,lfpes. Rlnglyzmg other Aumber of inspections or scans may also

FRf Hé%@dhggﬁfﬁ?é&%%&%%%%ﬁﬁ REHiRfE @fﬁ%F&%M%V%iBE§t%Esl?f

scanning. Based on 15 the PD study, a user may select one, a group of or a
DR differa it JOSRRCHANESSMES faRther BlonalsidYes of DOISs are calculated for the

different modes. As can be seen, inspection recipes of scans 1120,, 11204 and 1120, have the
top three S/N response averages of the different scans. These may be considered as potential
candidates for the BKM. The candidates may be analyzed to study their capture rates.

Fig. 12 shows an exemplary embodiment of a S/N analysis and capture rate study 1200. The
study analyzes S/N responses of DOIs 1140a-d and 1160a-b, as described in Fig. 11. For each
DOI, there are six modes. The recipes BKM1, BKM?2 and BKM3 correspond to the recipes with
highest S/N response averages in Fig. 11. The recipes include two variations, one with focus A
and one with focus B. Providing a study which analyzes other types of DOIs or recipes may also
be useful.

A threshold 1260 is defined based on the S/N responses of the different types of DOIs. The

threshold should be set to detect the S/N responses. S/N responses having a level below the
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S/N responses of DOls for different inspection recipes were obtained. S/N
responses 1140 and 1160 relate to DOIs as described in Fig. 10b. For
example, defect signals 1140a-e relate to different types of defects 1148a-e

programmed into SRAM cells 114la-e while defect signals 1160a-b relate to
thifetiont Wpeshsidgterdeds Predaably pisoifarshoktisid 1oityidgistilidstgayng the S/N

Defect signals 1140f relate to nuisance signals in SRAM cell 1141f. In one
"&MiBSdiment, the S/N responses are obtained by an Optic Selector function of

the inspection tool, T tic Selector function, for example, is.used to study.
D SR B B R Rl MU 7 D Lt RO S PH LR e s
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employed. From the study, different recipes may result in different

nkEBRPHSEBfALINBIARQUS MRS Of (P AlpeAVEliages of the S/N responses
1180 of the various types of DOIls are calculated for the different modes. As

AE3RokG, S8 bapRsp et foredFast Ofeseam snli ¥302h hbdBdaanshddi 202, Havadhe
top three S/N response averages of the different scans. These may be
di¢fansidBrfeld. ahpobémdtiald Gdthdidetss: tbitihedB&Kdpiliergantid b maypbéor the
analyzed to study their capture rates. Fig. 12 shows an exemplary
Derntyoelinhé bt of e SitNhanedy sishang teptorst cansuseudiy pGOMRRee aygdypared to the
analyzes S/N responses of DOIs 1140a-d and 1160a-b, as described in Fig.
otpgr pedesadieiRIPTHErR BrdSikandue sate iy pescsk prthefaabBIY fok g to

. correspond to the recipes with highest S/N response averages in Fig. 11. . .
B T P L R iH‘[?OR@,ISorsl[E Wﬁﬁaﬁ?c% K ARG OhE %‘?ﬁ%%ﬁb%?lmﬂaf

OrF;B%viding%ar tsotrud vghich a aél&/zlelzes fotgeﬁl%ﬁses of E)C/%é?egtre Crlec:ipes may also be
useful. Athresnold 1360°is defined based on'the S responses of the
Fg'f@ﬁﬂ!sw&?gssaﬁfepl%énﬂgﬂ?omﬂ?e%hmg s%?%lqakﬁ%nsﬁdg fg?gﬁ'lqhg?gc§éhl reciBe. The
responses. S/N responses having a level below the 16 threshold will not be
indptesiadedipetRiBllaihedtyesnald st IRnawhite stk detering ha e
product (Product defects). The grey level voltage (GLV) of the signals is plotted. As can be
seen, the GLV of Product and PD defect signals detected are between about 40 — 140 or within
segment 1. Nuisance signals are detected in segment 0 and segment 2. The thresholds can be
segmented. For example, different thresholds can be set for different segments. As shown,
segment 1 has its threshold set at 8 to ensure detection of the PD and Product defects while the
thresholds in segment 0 and segment 2 are set at 20 and 45, respectively, to avoid detecting
nuisance signals. Thus, segmentation of threshold signals can be useful in filtering out nuisance
signals.
Fig. 14a illustrates exemplary results of defect detection using a recipe defined without the
benefit of a program defect study (non-PD recipe); Fig. 14b illustrates exemplary results of

defect detection using a recipe defined with the benefit of a program defect study (PD recipe).

Referring to Fig. 14a, a signal chart 1410 of defect signals detected using a non-PD recipe in
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responses. Defect capture rates of the DOIs for the different modes are

plotted. The defect capture rate is calculated by taking the total number of

PDs detected by the inspection divided by the total number of PDs available,

for example, of an inspected die. As shown, the capture rates for the first,
acsaEGgcdAdRRBLAF AR R 8 bt Ods Tor ehels afffeRIn oM ReamKag ild a non-

and fifth modes exhibit good capture rates for DOIs except for the DOI type

PL F99R° 416 & L o L B B e WSV RP RIS N AR BB POt eT g nsure that
ared to the, other modes. The recipe with the best captuye rate may be
algggg ear é:gptwéeﬁhatroglg[ﬁ]ﬁefso o?d setttlon 18 Bse(\fv ttﬁowever %e EP l%flr?sﬁo?d 8?&%‘}9% results

a I Use to Inspect the corrésponding layer
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performance, more than one final BKMs may be selected. Fig. 13 illustrates
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inspection recipe detects nuisance signals, defect signals of PDs and defect
ingignalsien theepodisah(Pracdiipbaetectishadhie grey level voltage (GLV) of the
signals is plotted. As can be seen, the GLV of Product and PD defect signals
Relieteotew &g hébtwdderabgut Adcet€0 anngithitd segraenictoNuisancesignals
are detected in segment 0 and segment 2. The thresholds can be
dissthyierats Foyidsdmpleigaiffeheritlthiashe ity wantiessatioe aiffbiéa D recipe
segments. As shown, segment 1 has its threshold set at 8 to ensure

enfficetidie Sragtwls efiberideictaneteetdhphialite comeardiithesayinenmon-FD

and segment 2 are set at 20 and 45, respectively, to avoid detectin
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filtering out nuisance si natlsD ig. 14a ”%J]Str es exemplary results of defec
SRR A A R T SRR R R

profHAYaRANRR Y %9}9?{1'85igfhjedtf%ﬂélé_{%%ﬁﬂ‘?§h§i&%ﬁ%ﬁé&%ﬁﬂg§aqggﬂ%f&%ma e of the

detection using a recipe defined with the benefit of a program defect study

dRR8EIPR)1s RRfRBinGi{MEIGidAn. asianal chariddof detectsignalns a PD
detected using a non-PD recipe in
recipe study can significantly increase the probability that real defects are captured.
In other embodiments, PD test chiplets may also be employed to monitor the stability of the
inspection recipe and health of the defect detection tool. Fig. 15 plots the capture rate of defects
using a PD recipe over time. As shown, defects from 20 time periods were analyzed. In one
embodiment, each time period is 3 days apart. A specified threshold 1520 may be set to
determine when a capture rate is below an acceptable range. For example, the specified
threshold may be set at 95% capture rate. Other specified threshold values may also be useful.
As shown from the plot, the capture rate of the inspection tool using the PD recipe dropped
below the acceptable level. This may indicate that the inspection tool may need to be examined

to determine whether there are any problems or process changes which have caused the capture

rate to drop. For example, process changes may affect PD patterns and capture rates.
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17 accordance to their distribution is shown. The defect signals of DOIs from
scanning with a non- PD recipe are relatively low in magnitude as compared
to the nuisance signals. To ensure that all DOls are captured, a low
threshold setting is used. However, the low threshold setting results in large
Andmigidheds BRrsetshiplele e capionsid drsthpyrarewing afsleriess: 14s0P Bnige printed
makes it difficult to identify real defects versus nuisance signals. For
O IS A LR (B QFAitnE a4 it St st i et Syt inal BKM
ﬁorresggnd. to nu(jsance. Rifﬁrge%gstohli:i 14b d.efect.sigrpls detecteﬂ hjlsing
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of the defect signals of the DOIs as compared to those using a non-P

&0 FRERSIMASEHR PR E8F RS WIS HRaRca Sighals being
weakened. Improved S/N response enables higher capture of DOIs, even

FiwhehsBowwatheesbalahdstusacrRefe abomalmanamaevided saba@aferispapvided at
1435. The defect count chart 1445 shows that a high percentage of the

steefiédts die: Ddisanchapbdadisanaesignasnissiuctor supprassing auisalice wafer.
signals using a PD recipe study can significantly increase the probability that

Otberl tpfe ofssehereteperadian athelsempodinbatsaPDstessddhiftatsanbyadiisef
be employed to monitor the stability of the inspection recipe and health of the

dyatetPudfedhontedisl: Ak WPPiaGitHesdy s casive fisrdetslavsig & P D-
recipe over time, As shown, defects from 20 time periods were analyzed. In
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1520 may be set to. determine whe aptyre rate is below an acceptable
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the capture rate of the inspection tool using the PD recipe dropped below the

oAGESRIARIR: CvRle T RISMAK I M EaIR At ISP ARIIQN QR mavIReedia. be
examined to determine whether there are any problems or process changes
Awbighobavm caused hercapfidigion on the processed layer may be performed at step 1640.
If no inspection is performed, the process continues to step 1660. The inspection is performed
with an inspection tool programmed with a BKM recipe determined through a PD study. For
example, the various parameters of the BKM recipe are determined as described in Fig. 10a and
Figs. 11-13. The results of the inspection may be analyzed at step 1650. It is understood that
the analysis may be performed in line, off line or a combination thereof. After the analysis, the
process continues to step 1660.
At step 1660, the process determines if there are anymore layers to be processed. For example,
if the N™ layer is the last layer of the devices, then the processing is completed. The process then
proceeds to step 1670. If there are more layers to be processed, the process returns to step 1630

to process the next layer (e.g., N =N + 1). Steps 1630 to 1660 are repeated until all layers of the

devices are processed.
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rate to drop. For example, process changes may affect PD patterns and
capture rates. 18 As described, PD test chiplets are employed during
processing of devices. The PDs are printed on the wafers at known fixed
locations. The use of PDs facilitates creation of a final BKM which is effective
Andgevdbsrhdress ddrelas it Blapplelsing nersesirupliisivicste, TihaRdgs are printed
facilitates checking on the stability of the final BKM over time. The use of PDs
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of substrates or wafers are also useful. The water is used to form a plurality
ufofiEMcasPn gl RRMAlRnd e BURSIAIRISISRENIOIBIOERSINGs the kst
layer (e.g., N = 1). At step 1630, the Nth layer of the substrate is processed.
clii@g@xample, in the case where N = 1, the active layer of the substrate is
processed. The features of the substrate are patterned into the Nth layer of
TheensahstrateyRetterbidied ompriseseddicdamplethmaskingtagdrebeitingtine or
Nth layer of the substrate. Other techniques for forming features of the Nth
eseapeinbekagiciorissiesuherdobr bhodesmigahmbodinepts, thesgferdiore dntheonsidered in
rocessed layer may be performed at step 1640. If no inspection is
alg@%%%fé&}lfﬁétwﬁo@é@é endimidagdhet@yensan deyabrd becinieopeAbitfed

. with.an inspection tool programmed with a BKM recipe determined throygh a
mﬁi‘?ﬂ%‘iﬂdrift.ﬁlg&P‘@%ﬁ%%‘fi%é‘%ﬂS%%ﬂP&%&f%%tB?‘{ﬁé RMFeeipe ‘iﬁ%ﬂfg‘“’“’ and
termined as described in Fig. 10a and Figs. 11-13. The results of the
o A s P PR e e O R hpssnoea o

b ReReHqrmed in line, off line or a combination thereof. After the analysis,
the process continues to step 1660. At step 1660, the process determines if
there are anymore layers to be processed. For example, if the Nth layer is
the last layer of the devices, then the processing is completed. The process

then
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proceeds to step 1670. If there are more layers to be processed, the process
returns to step 1630 to process the next layer (e.g., N =N + 1). Steps 1630
to 1660 are repeated until all layers of the devices are processed. 19 As
described, PD test chiplets are employed during processing of devices. The
WhpidslaipKiAted on the wafers at known fixed locations. The use of PDs
facilitates creation of a final BKM efficiently (time and manpower) and it is
effective in detecting real defects whilk Bressing noises. Furthermore, it
also f (gllitt%%%sogggrc@#]ao 1 thk%% g(t)abillr'i%{nof the final BKM over time. The use
‘of PDs also Tacilitates monitoring the e&lth of the inspection tools as well as
proc%§§vi%h§gr1g$§osg;gtg; invention may be embodied in other specific forms
without departing from the spirit or essential characteristics thereof. The
foregging &M Q(ﬂ&%@@ﬁhm&r& akestBdgconsidered in all respects
illustrative rather than limiting the invention described herein. Scope of the
invertiopeisitbuseingicaied hyitkpeappendechelrifss, athesithanibyplagon tool is
foregoing description, and all changes that come within the meaning and
prangenéeyulvaengeafdhecipgnisanennidinaeditolybe defdntapecktheratd.i@0 the
What is claimed is: CLAIMS 1. A method of forming a device comprising:
lageoeidinga Wde8tntte; processing a layer of the device on the substrate; and
inspecting the layer with an inspection tool for defects, wherein the inspection
tool is programmed with an inspection recipe determined from studying

defe rogrammed. into the
2. Q[tﬁepme%dod orpclaim 1 wherein:

the device comprises a plurality of layers; and

1

processing a layer and inspecting the layer are repeated until all layers of the device are

processed on the substrate.

3. The method of claim 2 wherein the defects are programmed into at least one of the layers

of the device at known locations.

4. The method of claim 2 wherein the defects are programmed into some of or all of the

layers of the device at known locations

5. The method of claim 1 wherein:

the device comprises a plurality of layers; and

processing a layer of the device is repeated until all layers of the device are processed.
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layer at known locations. 2. The method of claim 1 wherein: the device

comprises a plurality of layers; and processing a layer and inspecting the

layer are repeated until all layers of the device are processed on the

substrate. 3. The method of claim 2 wherein the defects are programmed into
6.at leakteonethFdREqayerS WHEERE He\detedt RIFTURETBRAIRSHS LA tTerstipRaIRb Ehefayers

claim 2 wherein the defects are programmed into some of or all of the layers

Ofotpﬂ)%e‘élé?/ﬁf&‘%ﬁ%b‘i’ﬁ?fl%’éations 5. The method of claim 1 wherein: the
7 devicg, comprses a plali ot ayers: and prpcessing layer ot e deviec s

. me ? a
repeated untl all layers o e € are processeda. € metno

pggg&agg%;@é& ‘i's“%rg&!?s%'&ﬁ are programmed into at least one of the layers of

the device at known locations. 7. The method of claim 6 wherein inspecting
the layer is performed after the layer with programmed defects is processed.
8. The method of claim 5 wherein the defects are programmed into some of
s.or allhetlayercpithe Wevice dt ke dacatigntmed hrosethast of aledmie
wherein inspecting the layer is performed after the layer with programmed
laglefectshis qeracessewiOlodhimmethod of claim 1 wherein the defects are
programmed into a test chiplet comprising a plurality of test cells. 12. The
method of claim 10 wherein the defects comprise bridging defects, necking

defects
9. The method of claim 8 wherein inspecting the layer is performed after the layer with

programmed defects is processed.

10. The method of claim 1 wherein the defects are programmed into a test chiplet comprising

a plurality of test cells.

12. The method of claim 10 wherein the defects comprise bridging defects, necking defects

or a combination thereof.
13. The method of claim 12 wherein the defects comprise subtle defects.

14. The method of claim 10 wherein:

the test chiplet is disposed in a scribe region surrounding the device or an inactive region
within the device; or

a first test chiplet is disposed in the scribe region and a second test chiplet is disposed

within the device.
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or a combination thereof. 13. The method of claim 12 wherein the defects
comprise subtle defects. 14. The method of claim 10 wherein: the test chiplet
is disposed in a scribe region surrounding the device or an inactive region
within the device; or a first test chiplet is disposed in the scribe region and a
13ecodbaasterdsibeiimispadserinitkifethe dampsise bridsingeterdthens e darects
14 wherein the defects comprise bridging defects, necking defects or a
O BRIBIRRAEAYHISERE. 16. The method of claim 15 wherein the defects

1§omprise.syble defects L Ameihod ol defectinspeation comerising
providing a substrate having defects programmed (programmed defects) at
known locations; inspecting the substrate with an inspection tool using an

initial inspection recipe; studying defect signals from inspecting the

1 substiateianobdatarminipecadinaipsrggtion recipe which suppresses noise
signals. 18. The method of claim 17 further comprises: determining

interpediany-aspeation recipes feompsbigeyingedefesitmsigalscfeen) inspacting
the substrate with the initial inspection recipe; inspecting the substrate with
lotheansermediary inspection recipes; studying defect signals from the
intermediary inspection recipes; and determining the final inspection recipe
from tir@dptiaentesdinbytinispeidhion inspistan 0ol i inypwdiid nnmer comipeisig:

studying defect signals from inspecting the substrate; and

determining a final inspection recipe which suppresses noise signals.

18. The method of claim 17 further comprises:

determining intermediary inspection recipes from studying defects signals from
inspecting the substrate with the initial inspection recipe;

inspecting the substrate with the intermediary inspection recipes;

studying defect signals from the intermediary inspection recipes; and

determining the final inspection recipe from the intermediary inspection recipes.

19. An inspection tool comprising:

a recipe set up menu; and

an inspection recipe stored in the inspection tool, the inspection recipe is used to inspect a
layer of a device, the inspection recipe is defined through the study of defects programmed into

the layer at known locations.
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a recipe set up menu; and an inspection recipe stored in the inspection tool,
the inspection recipe is used to inspect a layer of a device, the inspection
recipe is defined through the study of defects programmed into the layer at

known locations. 23 20. The inspection tool of claim 19 comprises an optical
2hspebifottteestion 4pkeimiF&EeRBetsE opycal inspection tool or an ebeam

inspection tool.
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