
DEFECT DETECTION RECIPE DEFINITION CROSS-REFERENCE [0001]This application
is concurrently filed with Application Number entitled "Test Chiplets For
Device", which is herein incorporated by reference tor all purposes.
BACKGROUND       ibricalion process of electronic devices. for instance,
integrated circuits (iCs), it is essential to detect defects effect.ively
at an early stage in order to maintain and improve yield rates. As IC
feature sizes shrink, subtle defects may become "killer defects" which can
result in improper electrical device functions. Hence, high sensitivity
recipes need to be developed to capture low-signal but yield limiting
defects. [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. [11003]Therefore, challenges for
developing a cost-effective defect detection technique exist. 



SUMMARY OF THE INVENTION 100041A 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 studying defect signals from inspecting the substrate
and determining a final inspection recipe which suppresses noise signals.
[0006]in yet another embodiment, an inspection tool is also disclosed. The
inspection tool includes a recipe set up menu and an inspection recipe
stored in the inspection tool. The inspection .reclpe is sed to inspect s
layer of ievice and is defined through the study of defects programmed into
the layer at kno WWIThese and other objects, along with advantages and
features of the present invention 



herein disclosed, will become apparent through reference to the following
description and the accompanying drawings. Furthermore, it is to be
understood that the features of the various embodiments described herein
are not mutually exclusive and can -ist in various combinations and
permutations. BRIEF DESCRIPT ION 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,
emphasisad 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. I a shows a semiconductor wafer; [0010]Fig. lb shows a portion
of a wafer; [0011]Fig. 2 shows a 3-dimensional rendering of a cell;
RIM]Figs. 3a-ti show embodiments of a test chiplet; 



[0013]Figs. 4a-b show an embodiment of a cell;  /OM]Fig. 5 shows a portion
of a water; [0015]Figs. 6a-f show examples of simulations of programmed
defects and corresponding printed patterns on a substrate; [00161Figs. 7a-1
show other examples of simulations of programmed defects and corresponding
pruned patterns on a substrate; [00171Fig. 8 shows evolutions of defects
from various physical features; [0018]Fig. 9a shows a programming menu of a
inspection system; 



[0019]Fig. 9b shows a graph charting the number of defect detection with
device dimension and pixel size; [0020]Fig. 10a shows an embodiment of a
process for defining a defect detection recipe; [0021]Fig. Rh shows an
example of PDs being disposed in cells; [0022]Fig. II shows an embodiment
of a signal study; [0023]Fig. 12 shows an embodiment of a Signal/Noise
analysis and capture rate study; [00241Fig. 13 shows an embodiment of
threshold segmentation for an inspection recipe; [0025]Figs, [4a-b show
exemplary results of defect detections using a non-PD recipe and PD recipe
respectively; 



[00261Fig. 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
ineciiporated into or used with, for example, consumer electronic products
such as computers, cell phones, and personal digital assistants (PDAs).
Fig. In shows a semiconductor wafer 101. The semi onctuctor wafer, for
xample, comprises a silicon wafer. Other types of wafers are also useful.
For example, the wafer may be a p-type, type, silicon-on-insulator or
silicon germanium wafer. Depending on the type of device, the wafer may
comprise a non-semiconductor material. The wafer may include a notch 121 to
indicate the crystal orientation of the wafer. Other techniques for
indicating the crystal     alion may also be useful. Additional indicators
may also be included to indicate the dopant type of the wafer. The wafer
includes an active surface 11 I on which devices 115 are formed. A
plurality of devices may be formed on the wafer in parallel. The devices,
for example, are arranged in rows along a :first (x) direction and columns
along a second (y) direction. The devices 



subsequently singulated into individual dies, assembled and tested. In
other embodiments, the wafer may include a single device. 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 respeclive
mask and etch techniques.  Fig. lb shows a portion 105 of the wafer of Fig.
In 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 shape. Within the die may be various device regions 118, such as array
and logic regions.  A scribe region or line is disposed around a die. For
example, scribe lines 120a in the x direction and scribe lines 120b in the
y direction separate the dies on the wafer. The scribe lines provide an ama
for a wafer saw to cut the wafer to singulate the dies. The scribe lines
may be, for example, about 50--- 200 pm in width. Providing scribe lines of
other widths is also useful. The various features and interconnections are
strategically placed on the device to minimize the use of space andlor
opttrnize performance. The placement of various features and
interconnections is referred to as a product or device layout. The product
layout is contained in an artwork file. The artwork file contains
information of the product layout. For example, the various layers of the
product are contained in one or more artwork files. The artwork files can
be various types of artwork files. The artwork files, for example, can be
GDSII, LEF, DEG, OASIS or CIE types of files. Other types of artwork files
may also be useful. In the design process, portions or chiplets of an IC
may be contained in individual files. Furthetmore, 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 nob/silicon layer 210 which
forms polysilicon lines. The polysilimin 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 showst of a test chiplet 330 whichs
defect detection. 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 inhale or off The test
chiplet, in one embodiment, comprises a plurality of cells. In one
embodiment,  arranged in an array 334. The array may be an M x N array,
where M and N are whole numbers. it is understood that M can be equal to or
not equal to N. Other arrangements of the cells are also useful. A cell,
for example, comprises patterned structures. Preferably, the patterned
structures are similar to those in the actual device or cell. For example,
the. structures of the cell should have characteristics of structures of
the actual device, such as, for example, pitch, critical dimension (CD) and
density. In one embodiment, the array comprises identical cells. Providing
an array with identical cells may be advantageous since it may more closely
simulate overall structure or conditions of an actual chiplet or portion of
a device. Alternatively, the array may comprise different types of cells.
In other embodiments, the test chipiet may include a plurality of
sub-regions with sub-arrays of cells. In one embodiment., a sub-array
comprises identical cells. Providing a plurality of sub-regions allows for
different types of cells to be included in the lest ehiplet. 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 chipiet with other cell arrangements may also be useful.
in one embodiment, at least one cell of the test chip/et is programmed with
a defect 346. For example, 3 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  may be optical or ebeam inspection tools. Optical
inspection tools may include a Brightfield Inspector from KLA or an UVision
from AMAT while ebeam inspection tools may include an eScan3xx from HMI, an
eS3x from KLA or a SemVision from AMAT. Other types of inspection tools are
also useful. Fig. 4a shows an exemplary embodiment of a cell 440. The cell
may comprise an active unit cell structure of a device. For example, the
cell may comprise an SRAM unit cell structure at the active level. A
plurality of cells are arranged to form an M x N array 334 of the test
chiplet. For example, the cells are arranged in a 12 x 13 array. In one
embodiment, at least one defect 346 is designed into one of the cells of
the array. As shown, defects 346 are designed into some of the cells of the
array. In other embodiments, all the cells of the array may be designed
with defects. Fig. 4b shows an exemplary embodiment of a cell 440 in
greater detail. As shown, the cell comprises active fines 457. The active
lines, for example, are similar to critical active line 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 am 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 tines Fig. 5 shows a portion 105
of the wafer, similar to that of Fig. lb. As shown, the portion comprises
three adjacent dies 115 of a row in the x--direction. Portions of dies on
adpcents and columns (in the y direction) are also shown. .A die, for
example, comprises a rectangular shape. Within the die may he various
device regions 118, such as arrays and logic regions. First  scribe lines
120a in the x direction and second scribe lines 120b in the y direction
separate the dies on the wafer. in one embodiment, a lest chiplel 330a is
disposed in the scribe region of the wafer. The test chiplet comprises a
plurality of sub-arrays 331 of cells programmed with defects 346a. The test
chiplet, for example, comprises first and second sub-arrays 331 and 3312.
As shown, the test chiplet is disposed on the second scribe regions 120b in
the y direction adjacent to the die. Placing test chipiets in the first
scribe regions or both first and second scribe regions is also useful.
Alternatively, one or more test chiplets 330b can be disposed within a die.
The test chiplet, for example, comprises first and second sub-arrays 3321
and 3322 having cells with via structures. The test chiplet is programmed
with defects 346b. In other etnbodiments, test chiplets can he disposed
both within the dies and in the scribe regions. Disposing the test chiplet
within the die may more accurately reflect structures of the die but at the
expense of increased die size. 



Figs. 6a-f show various examples of simuiations 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-h 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 andior 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 Tafel.   in accordance with one embodiment, a defect 346 is
programmed into the cell As shown, the defect bridges two separate features
676a-b. The defect 646, when printed onto a substrate, causes bridging or
shorting of two features 686a-b together. In Figs, 66, a simulation 670 of
a structure of a cell with the intended pattern 676 is shown. The
structures, as shown, are structures at the polysilicon layer of the cell.
The intended structure may comprise a polysilicon line corresponding to,
for example, a gate conductor. A defect 346 is programmed into the cell The
defect 646, when printed onto a substrate, causes necking of a structure.
This increases resistance of the polysilicon line. Under extreme process
conditions, the defect may cause an open in the polysilicon line. In Fig.
Sc. a simulation 670 of two separate structures of a cell with the intended
patterns 676a-h is shown. The structures, as shown, are structures at the
polysilicon layer of the cell. The intended structures may comprise
polysilicon lines corresponding to, for example, gate conductors. A defect
346 is programmed :MO 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 metai 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 pattem 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 ShOW11. 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. 7a4 show various other
examples of programmed defect design patterns or structures and
corresponding printed patterns on a substrate.  



Referring to Figs, 7a-b, design patterns or structures 770 and
corresponding actual printed patterns 780 of active layers of cells are
shown. As shown, the design structures include patterns of active area
features 776. A defect 346 is programmed into the cell. In Fig. 7a, the
defect produces a bridge 746 between two features 786a-b on the substrate,
creating a short. On the other hand, the defect in Fig. 7b produces a neck
746 within a feature 786, increasing resistance or forming an open
connection. In Figs. 7c-d, design structures 770 and corresponding actual
printed patterns 780 from polysilicon conductor layers of cells are shown.
As shown, the design structures include patterns of gate conductor features
776. Defects 346 are programmed into the cells. In Fig. 7c, the defect
produces a neck 746 within a conductor 786, increasing resistance or
forming an open connection. In contrast, the defect in Fig. 7d produces a
bridge 746 between two gate conductors 786a--b on the substrate, creating a
short. As for Figs. 7e--11, 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
775. Defects 346 axe 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  connections. In Figs. 7j-k, the
defects produce merged contact holes due to CEliargod vias or extension via
holes. This results in shorts or leakage. Fig. 8 shows evolutions of
defects from various physical features on a substrate. A first defect
evolution 810 involves nominal structures 8 /0a which correspond to
polysiticon line features on a substrate. Bridging defects 848 having
various dimensions are programmed into the polysilicon line features
810b-e. As the bridging defect dimension progressively increases, current
leakage occurs and increases until a short results. A second defect
evolution 820 involves nominal structures 820a which correspond to metal
lines. Necking defects having various dimensions are programmed into the
metal line features 820b-e. As the necking defect dimension progressively
increases, resistance increases in the 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, the contact opening becomes
increasingly smaller until it is COMpktelyliSSing from the pattern. 



Some defects may be subtle defects"As device dillEellSiOnS 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 eheam wpe,s of inspection tools. In one
embodiment, the inspection toot may be a brightfield iFiSpeCtiCH3 system
manufactured by KLATencor. For example, the inspection system may be a
KLATencor 28xx Brightfiekl System. Other types of defect inspection systems
may also be usettil. For example, inspection systems, such as LlVision and
Seravision systems from Applied Materials, eScairidxx systems from
Hermea-Microvision or e8:Ix systems from KLA-Tencor, may also be useful.
Numerous setup modes are provided to program the operation or the
inspection tool Usually, each setup mode may include various parameters
winch can he selected or input by a user. Fig. 9a shows a programming menu
900 of a 1CLA-Tencor 2825 Brightlield Inspection System. As shown, the
programming menu includes a plurality of setup modes 910a-k. The setup
modes may include scan, spectrum, imaging, pixel size, focus, segmentation,
threshold, merge, cell size, 11)0 and signal modes. The various modes can
be set to achieve the desired result. It is understood that additional
setup modes may be included in the menu or that different inspection EGON
may have different setup modes. Table I provides an explanation of the
different modes. Table 1 ModeFunction   cii size requires different. pixel
size for better signal pixilation  11)0Setting for special feature that
enable user to isolate similar captured 



An inspecuon recipe is a combination of parameters from each setup mode.
Programming the inspection tool with the appropriate inspection recipe is
important in. suppressing nuisance signals while capturing physical defects
or defects of interest (DOE). 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 DON with device dimension and pixel size. As can be seen, as
device dimensions decrease, for example, from 90 rim to 45 am, 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 WON. The defect detection recipe enables good DO/ capturing
while suppressing nuisance defect capturing. The defect deiection recipe
may serve as a best known method (BEM) recipe for inspeming 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  interconnect layer. Furthermore, a device may have more than
one type of devices. For example, a device may have an army region of
memory cells, such as SRAM cells, and a logic: region. Other types of
memory cells andior device regions may also be included in the device. The
processed layer, in one embodiment, includes one or more test chiplets. A
test chiplet, for example, includes a plurality of cells which have
programmed defects or PDs. The test chiplets may be disposed in the scribe
regions of the wafer and/or within the devices. The PDs may be necking or
bridging types of PDs. For example, as shown in Fig. 10b, PDs are disposed
in cells at the polysilieon layer. PDs at other levels may also be useful
iii one embodiment cells 1141a-e am SRAM cells at the polysilicon layer
white cells I 161a-b are logic cells. SRAM cell 1141a is programmed with a
necking defect [148a while SRAM cells 1141b-e are programmed with bridging
defects 1148b-c. SRAM cell 1141d is programmed with a subtle bridging
defrct 1148d between ends of polysilicon tine features. As for SRAM cell
1141e, it is programmed with a lateral bridging defect [148e between two
adjacent polysilicon tine features. Logic cells 1161a-it are programmed
with different types of bridging defects 1[68a-b. Providing other types of
cells and/or programming the cells with other types of defects may also he
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      s 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 



interest (DOI) sites. Based on the study of the defect signals at the DCII
sites (e.g., PDs,), certain mode parameters may be determined as USefEll. A
defect signal study is performed at step 1040. The defect signal study
includes analyzing the signal-to-noise (S/N) response of the different
inspection recipes which have been selected or determined based on the PD
study. Since the defects are programmed into the test ehipler, the
locations of the different types of defects for a corresponding layer are
known. FAirthermore, the defects can be correlated to the different types
of cells as well. Other signals on the waler would be considered as noise
defects. From studying the defect signals, one can determine the strengths
and weaknesses of the different inspection recipe modes. At step 1050, an
inspection recipe out of the group of inspection recipes is selected as the
best known method (13KM) recipe for the CO/MipOTEding process layer. The
13KM, in one embodiment, corresponds to the inspection mode baying the best
S/N response for the different types of defects. The inspection recipe
wifft, for example, the best SIN respons. average for all the different,
types of defects can he selected as the BKM. Selecting, other inspection
recipes based on user requirements may also he 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 Wills may he defined based on
other user requirements. The process 1000 is performed to define BKIMs 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 (SAN) responses of scans using different inspection recipes
1120. The study includes inspections 1120Ls. As shown, the study includes
14 (N tri 14) inspections using 14 different inspection recipes. Analyzing
other number of inspections or scans may also he useful. The inspection
tool may generate different inspection recipes for scanning. Based on  the
PD study, a user mayet one, a group of or all xe different inspection
recipes for the signal study, 



SIN responses of DOD for different inspection recipes were obtained. SIN
responses 1140 and 1160 relate to DOIs as described in Fig. 10b. For
example, defect signals 114-0ti-e relate to different types of defects
1148a-e programmed into SRAM cells 114th-e while defect signals 1160a-b
relate to different types of defects 1168a-b programmed into logic eel is
1161a-b. Defect signals 1140f relate to nuisance signals in SRAM cell 1141f
in one embodiment, the SIN responses are obtained by an Optic Selector
function of the inspection tool. The Optic Selector function, for example,
is used to study the level of a defect signal over the level of noise
within the adjacent inspection region. Other techniques for ohia rung SIN
responses may also be employed. From the study, different recipes may
result in different SIN responses for the various types of DON. Averages of
the S/N responses 1180 or the various types of DOls are calculated for the
different modes. As can be seen, inspection recipes of scans 11202, 11204
and 112012 have the top three SIN 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 Sirs: analysis and capture rate study 1200. The study
analyzes SIN responses of DOls I140a-d and 1160a-b, as described in Fig.
11, For each 1)01, there are six modes. The recipes BMW!, BICM2 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 SIN 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  



threshold will hat be detected. Prelrablv. the threshold is set low while
still detacling the SRN-responses, Defect capture rates of the DOls 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, second and fourth modes are about 100% for
the different DDIs. The third and fifth modes exhibit good capture rates
for Dots except fix the DOI type 114Id. The sixth mode exhibits the worst
capture rate performance as compared to the other modes. The recipe with
the best capture rate may be selected as the final BEIM for use to inspect
the corresponding layer of the Dells. In the case where more than one
recipe has similar or the same performance, more than one final BKMs may be
selected. Fig. 13 illustrates an embodiment or threshold segmentation 1300
for an inspection recipe. The inspection recipe detects nuisance signals,
defect signals of Ellis and defect signals on the product (Product
defects). The grey level voltage (GIN) of the signals is plotted. As can be
seen, the GIN of Product and PD defect signals detected are between about
40 - 140 or within segment I. Nuisance signals are detected in segment 0
and segment 2. The thresholds can be segmented. For example, different
thresholds can be se: for different segments. As shown, segment I has its
threshold set at 8 to ensure detection of the PD and Product defects while
the thresholds in segment 0 and segment 2 WV 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. Ida
illustrates exemplary results of defect detection using a recipe defined
without the benefit of a program defect study (non-PD recipe); Fig. 141)
illustrates exemplary results of defect detection using a recipe defined
with the benefit of a program defect study (PD recipe). .Referring to Fig.
4a, a signal char: 1410 of defect signals detected using a non-PD recipe in
accordance to their distribution is shown. The defect signals of DOfs from
scanning with a non-PD recipe are relatively low in magnitude as compared
to the nuisance signals. To ensure that all DOIs are captured, a low
threshold setting is used. However, the low threshold setting results in
large number of defects detected, as indicated by gross wafer map 1430.
This makes it difficuit to identify real defects versus nuisance signals.
For example, a defect count chart 1440 indicates that all defect signals
correspond to nuisance. Referring to Fig. 14h, defect signals detected
using a PE) recipe in. accordance to their distribution are provided in a
signal chart 1415, As shown, the scanning with the PD recipe enhances the
magnitude of the defect signals of the DON as compared to those using a
non-PD recipe. Furthermore, the PD recipe results in nuisance signals being
weakened. improved SIN response enables higher capture of DON, even when a
low threshold is used. Defect signals are provided in a wafer map 1435. The
defect count chart 1445 shows that a high percentage of the defects are DON
and not nuisance signals. As such, suppressing nuisance signals using a PD
recipe study can significantly increase the probability that real defects
are captured. In other embodiments, PD test chipiets may also be employed
to monitor the stability of the inspection recipe and health of the defect
detection tocpl. 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 he set at 95% capture
rate. Other specified threshold \fatties 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 he 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 RD patterns and capture rates. 



As described, it test chiplets are employed during processing of devices.
The P.Ds am printed on the wafers at known fixed. locations. The use of PDs
facilitates creation of a final 15110/1 which is effective in detecting
real defects while suppressing noise. Furthermore, it also facilitates
checking on the stability of the final Mal over time. The use of Its also
facilitates monitoring the health of the inspection tools as well as
process changes. Fig. 16 shows an embodiment of a process 1600 for forming
devices. A substrate is provided at step 1610. The substrate may be, for
example, a semiconductor substrate such as a silicon wafer. Other types of
substrates or wafers are also useful. The wafer is used to form a plurality
of devices or dies in parallel. The substrate is ready for processing the
first layer (e.g., N = I). At step 1630, the Nth layer of the substrate is
processed. For example, in the case where N -= 1, the active layer of the
substrate is processed. The Matures of the substrale are patterned into the
Nth layer of the substrate. Patterning comprises, for example, masking and
etching the Nth layer of the substrate.. Other techniques for forming
features of the Nth layer are also useful. After processing the Nth layer,
inspection 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. IDa and Figs. 11-13. The
results of the inspection may be analyzed at step 16.50. 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 them 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 proceeds to step 1670. If there
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.  on the wafers at known fixed
locations. The use of PDs facilitates creation of a final RECNI efficiently
(time and manpower) and it is effective in detecting real defects while
suppressing noises. Furthermore, it also facilitates checking on the
stability of the final BKIM over time. The use of PDs also facilitates
monitoring the health of the inspection tools as well as process changes.
The invention may be embodied in other specific forms without departing
from the spirit or essential characteristics thereof The foregoing
embodiments, therefore, are, to be considered in all respects illustrative
rather than hiniling the invention described herein. Scope of the invention
is thus indicated by the appended claims, rather than by the foregoing
description, and all changes that come within the meaning and range of
equivalency of the claims are intended to be embraced therein. 



What is claimed is: CLAIMS A method of forming a device comprising:
providing a substrate; processing a layer of the device on the substrate;
and inspecting the layer with an inspection tool for defects, wherein the
inspectionis programmed with an inspection recipe determined from a
programmed defects study; and wherein the programmed defects study
comprises providing a test chiplet with defects ped therein at known
locations of 



the substrate, inspecting the substrate with a group of initial defect
detection recipes, analyzing signal-to-noise responses of the initial
defect detection recipes, and selecting the detection recipe with the best
signal-to-noise response which gives the highest capture rate of the
programmed defects as the inspection recipe. 2.The method of claim I
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.       The method of claim 2 wherein the
defects arc programmed into at least one of the layers of he device at
blown locations. 4.he method of claim 2 whereinthe defects arc programmed
into some of or all of the layers of the device at known locations. 



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.       The method of claim 5 wherein the defects are
program] d into at least one of the layers of the device at known locations
The method of claim 6 wherein inspectingthe layer is performed after the
layer programmed defects is processed. The method oftherei he defects are
programmed into some of or all of the layers of the device at known
locations. The method of claim 8 wherein inspecting the layer is
perk),Filed after the layer with 



programmed defects is processed.  10. The method of claim I wherein the
test chiplet comprises a plurality of test cells,  11. The method of claim
10 wherein the defects comprise bridging defects, necking defects or a
combination thereof  12. The method of claim 11 wherein the defects
comprise subtle defects. 13.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.  14. The method of claim 13 wherein the defects comprise
bridging defects, necking defects or a combination thereof. 



15. The method of claim 14 wherein the defects comprise subtle defects,
16. A method of defect inspection comprising; providing a substrate;
inspecting the layer with an inspection tool for defects wherein the
inspection tool is programmed with an inspection recipe determined from a
programmed defects study; and wherein the programmed defects study
comprises       providing a test chiplet with defects programmed therein at
known locations of the substrate, inspecting die substrate with a group of
initial defect detection recipes, analyzing sigial-to-noise responses of
the initial defect detection recipes, and selecting the detection recipe
with the best sial-to-noise response which gives the highest capture rate
of the programmed defects as the inspection recipe.  17. The method of
claim 16 wherein the test chipict comprises a plurality of test c  18. 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 a programmed defects
study, wherein the programmed defects udy comprises       providing a test
chiplet with efects programmed therein at known locations of the substrate,
inspecting the substrate with a group of initial defect detection recipes,
analyzing signal-to-noise responses of the initial defect detection
recipes, and selecting the detection recipe with the best signal-to-noise
response which gives the highest capture rate of the programmed defects as
the inspection recipe. 19.The inspection tool of claim 18 comprises an
optical inspection tool or an ebeam inspection tool. 




