DEFECT DETECTI ON RECI PE DEFI NI TI ON CROSS- REFERENCE [ 0001] Thi s appl i cation
is concurrently filed with Application Nunber entitled "Test Chiplets For
Device", which is herein incorporated by reference tor all purposes.
BACKGROUND i bricalion 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 inprove yield rates. As IC
feature sizes shrink, subtle defects may becone "killer defects” which can
result in inproper electrical device functions. Hence, high sensitivity
reci pes need to be developed to capture | owsignal but yield limting
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is the existence of a | arge anount of nuisance defects which affects the
ef ficiency of distinguishing the SBAPIRFERENEEL s, For exanple, as the

design rule re stringent trib s of noise are not
onty ¢ he nol BT - dRisaRRehsp Bapirurend {123 b PRl Gl cts ke
Ih;'r ggfkfhan r{tlhg£§ﬁ§%ﬁ lset(s e‘%icgsgg&ﬁ{h% eIQeQI§1n¥\(41éf)eo(fzt??dcoy@efgeencg lgog “1'r11 dr;g él“ y
defects and | ocate killer defects, tremendous efforts and tinme need to be

i nvested which can affect productivity. [11003] Therefore, challenges for

devel oping a cost-effective def ect gdekeabysi t echni que exi st.

In the fabrication process of electronic devices, for instance, integrated circuits (ICs), it is
essential to detect defects effectively 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.
[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.



SUMVARY OF THE | NVENTI ON 100041A met hod of formng a device is disclosed.
The net hod i ncludes providing a substrate and processing a | ayer 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
determ ned from studyi ng defects programed into the |ayer at known

| ocations. [0005]1n another enbodi nent, a nethod of defect inspection is
presented. The method includes providing a substrate having defects
programed (progranmed defects) at known | ocations. The substrate is
inspected with an inspection tool using an initial inspection recipe. The
met hod al sol0Dest| udesodenethppdigerdefrestiod of dgfral igspkatiomisipresgpeedt Thegnetlivd substrat e
and determning a final inspection recipe which suppresses noi se signals.

[ 0006] i n yeincledeppedingaiydeiiaipdating defrcis popemmedprageaine defegtss of kgpvst| osed. The
i nspection tool includes a recipe set up nmenu and an_inspection recipe
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[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 recipe is used to inspect a layer of a device and is defined through the study of defects
programmed into the layer at known locations.
[0007] These 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 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;



herein disclosed, wll becone apparent through reference to the follow ng
description and the acconpanying draw ngs. Furthernore, it is to be
understood that the features of the various enbodi ments described herein
are not nutually exclusive and can -ist in various conbinations and
pernut ati ons. BRI EF DESCRI PT | ON OF THE DRAW NGS [ 0008]in the draw ngs,
l'i ke reference characters generally refer to the sane parts throughout the
different views. Al so, the drawi ngs are not necessarily to scale,
enphasi sad generally being placed upon illustrating the principles of the
invention. In the follow ng description, various enbodi nents of the present
i nventi on af8lddles i hegwoi pdtigneff epeisse to the fol | owi ng drawi ngs, in which:
[0009] Fig. | a shows a sem conductor wafer; [0010]Fi%1_g.t I b shows a portion
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RIMFigs. 3a-ti, show enbodi nents of a test chiplet;
printed patterns on a substrate;
[0016] Figs. 7a-1 show other examples of simulations of programmed defects and
corresponding printed patterns on a substrate;
[0017] Fig. 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. 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).



[ 0013] Fi gs. 4a-b show an enbodi nent of a cell; /OMFi g. 5 shows a portion
of a water; [0015]Figs. 6a-f show exanples of sinulations of programed
defects and corresponding printed patterns on a substrate; [00161Figs. 7a-1
show ot her exanpl es of sinulations of programmed defects and correspondi ng
pruned patterns on a substrate; [00171Fig. 8 shows evolutions of defects
fromvarious physical features; [0018]Fig. 9a shows a progranm ng nmenu of a
I nspectl on system

Fig. la shows a semiconductor wafer 101. The semiconductor wafer, for example, comprises a

silicon wafer. Other types of wafers are also useful. For example, the wafer may be a p-type, n-

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

orientation may also be useful. Additional indicators may also be included to indicate the dopant

type of the wafer.

The wafer includes an active surface 111 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 columas along a second (y) direction. The devices are

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

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.



[ 0019] Fig. 9b shows a graph charting the nunber of defect detection with
devi ce di nension and pi xel size; [0020] Fig. 10a shows an enbodi nent of a
process for defining a defect detection recipe; [0021]Fig. Rh shows an
exanpl e of PDs being disposed in cells; [0022]Fig. Il shows an enbodi nent
of a signal study; [0023]Fig. 12 shows an enbodi nent of a Signal/Noise
anal ysis and capture rate study; [00241Fig. 13 shows an enbodi nent of
t hreshol d segnentation for an inspection recipe; [0025]Figs, [4a-b show
exenplary results of defect detections using a non-PD reci pe and PD recipe
respectively;

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 area 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 and/or optimize 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 CIF 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.

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



[ 00261Fi g. 15 shows a plot of capture rates using a PD recipe over tineg;
and [0027] Fig. 16 shows an enbodi nent of a process for form ng devices.
DETAI LED DESCRI PTI ON [ 0028] Enbodi nents generally relate to devices, for
exanpl e, sem conductor devices or integrated circuits. Mre particularly,
the devices facilitate defect detection in devices. The I Cs can be any type
of 1C, such as dynam c or static random access nenories, signal processors,
m crocontrollers or systemon-chip (SoC) devices. The devices or |ICs can be
i neciiporated into or used with, for exanple, consuner electronic products
such as conputers, cell phones, and personal digital assistants (PDAs).
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xanpl e, nPrlses a silicon wafer. Qther types of wafers are al so useful.
For exanpl elt istRgersjeer drat Mg seaze! 9-or fsequat | ple Ot prraagsimeai of tswliater or
silicon gerﬂa §n1mafer Dependi ng on the type of device, the wafer may
conprise a gnlconductor material. The wafer may include a notch 121 to
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al ong a sec@nd akdydendityr ecti on. The devices

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 chiplet 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 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



subsequently singulated into individual dies, assenbled and tested. In

ot her enbodi nents, the wafer may include a single device. The fabrication
of devices, such as integrated circuits (1Cs), involves the formation of
features on a substrate that nmake up circuit components, such as
transistors, resistors and capacitors. The devices are interconnected,
enabling the device to performthe desired functions. |Interconnections are
formed by form ng contacts and conductive lines in a dielectric |ayer

usi ng, for exanple, danmascene techniques. The features and interconnections
are formed by repeatedly depositing and patterning | ayers on the wafer. The
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devi ce of |
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



Fig, 2 illustrates a 3-dinensional rendering of an exanple of a cell. The
cell includes a substrate 201 with a patterned nob/silicon |ayer 210 which
forms polysilicon lines. The polysilimn |ines, for exanple, represent gate
el ectrodes of transistors. Three nmetal |ayers 230 are provided in the cell.
The netal |ayers are coupled to the substrate and gates by contacts
represented by posts 225. Fig. 3a showst of a test chiplet 330 whichs
defect detection. enbodinent, the test chiplet facilitates DO testing.
Providing test chiplets which facilitate other types of testing is also
useful. The test chiplet can be enployed for inhale or off The test
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enbodi rent, arranged in an array 334. The array may be an M x N array,
where M andli9qoa¢hs %aff6l e nunbers. it is understood that M can be equal to or
not equal to N. ther arrangenents of the cells are also useful. A cell,
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In other enbodinents, the test chipiet may include a plurality of
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conprises identical cells. Providing a plurality of sub-regions allows for
di fferent tohjpks fofexagld, sonpoisdyéirst malserdedisubqarréyh 837 est33&Hiaphgetells Wi viexanpl e,
as shown in Fig. 3b, a test chiplet 330 conprises first and second

sub- r egi onsst:8@dres Fheviestighiplet is progragmedbwigritiosia B4y fregiter epbodiments, (384a- b.
Providing a test chipiet with other cell arrangenments may al so be useful.
in one enbdWipETED beftisppisd Beth witlin the dies ¢ i fescribsiesiani Prsatsing heisogiPsimmed wit h
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bridgi ng or broken patterns.” Depending o ayer of the device, the
def ects rraypriag%dbﬁleaggﬁa§u97tal&_twieﬁ%na&ﬁa§ef&n64khe substrate, polysilion lines,

contacts or vias, or neta i nes. By programm ng defects into the cells,
the types ofcrdgfn6ts. @andsihion ch@eahii@Rsruafes KinQamwitd e fatended 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 corers. 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.



facilitates devel opnent of detection recipes fromdetection tools which can
be tailored to detect may be optical or ebeaminspection tools. Optical

i nspection tools may include a Brightfield Inspector fromKLA or an WVi sion
from AMAT whil e ebeam inspection tools may include an eScan3xx from HM, an
eS3x from KLA or a SenVision from AVAT. Ot her types of inspection tools are
al so useful. Fig. 4a shows an exenpl ary enbodi nent of a cell 440. The cell
may conprise an active unit cell structure of a device. For exanple, the
cell may conprise an SRAM unit cell structure at the active level. A
plurality of cells are arranged to forman Mx N array 334 of the test

chi pl et. Forln escandpicewith ¢ne embddingent p defeqt Bérigprderpmmed inp the cglf Awshewn. then one
enbodi nent, at |east one defect 346 is designed into one of the cells of
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with def ect QuseEpryiging Br SABHEOTANC BXBIHISRY “@ﬁ‘gﬁdi ment of a cell 440 in
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i ntenti onal & yrog@sneae thdtel. THIQERE: 6hd)&h&t priaeh ULe 8 subdthe:, daleesdcking 6ma exanpl e,
conprises narrowng the line to cause an open line in the resulting
structure odinttie. TiESincredRespbsatance M\He Polydilidoh Bned @fnea texwebas ipgha@elcdntitiotshe
resulting structure would be a continuous |ine. Designing other types of
def ect s i ntibe gdfiet 0@l dause an ees O tkslysiliconfoe. exanpl e, bridging or el ectrical
shorts can be designed into two separate tines Fig. 5 shows a portion 105
of the waf el Figparp bimplatien 67h aff twe peppjaty strychires Afa @Hmhtg}hetifﬁ@dmﬁtﬁrb?m%‘ﬁpri ses
three adjacent dies 115 of a rowin the x--direction. Portions of dies on
adpcent s ani SROYPURBESIEGIHCS Hehr e gerciupss it e rolysilieqs layririshe coth T¥fe, for
exanpl e, co,n‘ﬁr(g aes a rectanqgul ar s, a(ﬁlg,. Wthin the die he vari ous
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di sposed | n?lgggrg%_sc%ﬁsjcpfg‘ldglgg&rosg?rﬁﬁgeiff r&?o %@S’sﬁ'&on 1%93968k§-§.t chiplet conprises a

plurality o arrays cell's progranmed wth defects 346a. The test
chiplet, fof,e5R0M&rateaQRNkiSLS iftbdddd paBLtEk 78£0 bW WRrcAkk VR sdtur@nd 3312.
As shown, the test chiplet is disposed on the second scribe regions 120b in
the y di r ecihbor) aRAjr@eRdtar hOmbihiQaydi & theREIACTHO @vd RGEmEHIbRIR LA 3td1e fir st
scribe regions or both first and second scribe regions is also useful.

Al t er nat i vewhich @hct® the mor @rutt@sd Mdiffeld @items 80Ha-baanatet) By, tirspopedopittthi N a di e.
The test chiplet, for exanple, conprises first and second sub-arrays 3321
and 3322 haptrigitcairtgioni QHT) wieahatny To¢ primes patFimet8P es the eupstptesshowsshqiwegr ammred
with defects 346b. In other etnbodinments, test chiplets can he di sposed

bot h wi t hi nsepdsse @hterss being tgarleshoedlsr pyaesul gf BhdcfecEppHdshrtgn ¢t lgakage- chi pl et
within the die may nore accurately reflect structures of the die but at the
expense of Referringde Eig- ¢fi simylation of two line features 678a-b 1s shown. A efect 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.



Figs. 6a-f show various exanples of sinuiations of progranmed defects 346
and corresponding printed patterns on a substrate with an actual defect

646. Referring to Fig. 6a, a sinulation 670 of various structures of a cel
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 geonetric shapes which include straight |ines or
corners. The intended patterns may be nodified by, for exanple, optical
proximty correction techniques, to produce a structure on the substrate
with the nodified pattern. The nodified patterns 678a-b, for exanple, may

i nclude r ou&ﬁi@dn&f@?’mér7§b&1‘?ﬁigfma“€h$a?¥g@§mif% TV ane heresiBadiagicsn! Rrnisd si mul at i on,

a mask is formed which is used to replicate or print the pattern 680 onto a
substrate oftqay @ of actweri%{f@&fe&aﬁe it fs BRY-ShsHEmERTUCHI A 8™ 46 i s
programed into the_ cel

t he defe i dge ate features
676a-b. The’lderadr? %ﬁ%res Meﬁ‘ dﬁgmﬂf‘%‘d pf?ﬁrtaﬁlmﬁ éet‘i" 't ]Z‘ é&%?@@%‘?l dgi ng or
shorti ng of t 86a o] " 66 a ion 670 of

9 ces a% % 7?6S lfehwe[exﬁ two flé jgga e subgréfya reatm 0 . n?l}}'

a structure”or a cetq e 1n ern

structures, é@hmqmefe@tnﬁl:@tf ;#gmegﬁn@ck ﬁmﬁm %&hllehg@nm}e@syng esRlindene cel |
The intended structure nay conprise a polysilicon I'iné corrésponding to,

for exampl ey f@dmidheoeRlsedion.. A defect 346 is programmed into the cell The
defect 646, when printed onto a substrate, causes necking of a structure.
Thi's i ncr eas@gs 79| &hignacfes 1nPInYGohdipBullipAfed AdReRY 780 XbMmENE process
conditions, the defect may cause an open in the polysilicon line. In Fig.
Sc. a si rrulm:lysmmnﬁzzﬁhuabr lbywos of eflanatiewat Asligioun.ele dfigestoahkes indlida phtleensi nt ended
patterns 676a-h is shown. The structures, as shown, are structures at the
pol ysi | i coroflgaty emdestor fdamres @76. Defrite 34Grreproeanmedrinte thecdls. neljje. do thgrdefse
polysilicon Iines corresponding to, for exanple, gate conductors. A defect
346 is progradyeasd nedte wishigapqne ucwﬁéSQa@Fré@tngs%tanwwefvnplﬁs @ onto a
substrate, causes bridg |ngl or  Sharting of two palysilicon |ines 686a-b.
Figs. 6d- - OMIeFifgt fmfearast M fdefent Wik Ad Brdycriadhidend 4p ATV er 4 BFe2 B8 t wo

structures. gg tth uL&)tures %P) are structures at the netai |ayer of
the cell. wo 8t E}ff‘feu?r%aémgﬁ Uide a defect 346 which connects the t Wo

structures. I\Qrdll‘l ?edh ?gg&%{mcﬁmg%g@anla c ﬁ‘i%]gotngig% Qz\ldahgn?l[ed F%zgo frog'p

proximty dorrect nte ont

substrate showse tl[n&C(;nmt BERAF AR af- SRIWH Gfe J%%ﬁ‘gruh@n%s é‘dd%ﬁf-?te& paghder as a

result of the defect 646, which can cause | eakage. Referring to Fig. 6f, a
si mul ati on @fmimely] md}%oﬁ&%nﬂﬁ&ihe@&%@esbla&e% B0 M rdple, Ahediefi 8CGHudA & ahd
programed between the two lines.. The printed pattern 680 shows that the
two |ines gfiatehpir@ae haglttereépond thﬁ]edafveqhtyerﬁpbﬁzsﬂdah OSer, ifphnidfierervar i ous ot her
exanpl es of programmed defect design patterns or structures and

cor r espondi cagbipations deteqatdl@lingsnternonaecs pss. rlt 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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Referring to Figs, 7a-b, design patterns or structures 770 and

correspondi ng actual printed patterns 780 of active |ayers 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 form ng an open
connection. In Figs. 7c-d, design structures 770 and correspondi ng act ual
printed patterns 780 from polysilicon conductor |ayers of cells are shown.
As shown, tmnﬁé@i&gh@rﬁr&tm@éﬂsmmﬂmﬁ@em@E@Fan@otsﬁ dygde enlaggsAdlaeeror f eat ures
776. Defects 346 are ranmed into the cells. In Fig. 7c, the defect
produces a ‘l"i‘éﬁ‘éﬁo‘mﬁh%st P‘?gﬁfcélﬂ‘éﬁ}‘ﬁﬂ?féstobleal?% i ncreasing resi stance or

form ng an gpen connection., |n contrast, defect ip Fig, roduces a
bri dge 746 B‘étgvﬁﬂ‘é‘?‘f‘ et%tw@a?féie%tﬁ PR v g1og P}%%% febmﬁﬁowwb%fatssﬁf%f %J? *treating a
short. As for uct.yres 77 Qrres ng act ual
print ed pat‘fvglr“ 'ggagﬂlvf’lr"%srﬂomfngle&% 15%5%1 @ whig COm?:sgnnec ‘i’ g‘ﬁ%nrhsne? res f"?s are
o e #SBLAR. SHiME!WEER ARl bagwsddu%g&ga&smﬁad 4RRS Y ©! y, my

correspond to ot cess a ers. For exa SI gn structures and
printed pat kol TRY faRfek §RBQN s&s bR bxlkg%nga&&bt\a@ménammgrg@w§ inkeRs, | ayer,

i npl ant | ayer” or a conbinations thereof, including interconnect |ayers. The
desi gn Strualhaﬁt%skdgeeéculdendqa&r&a@ésmsmafshdaﬁesalté el line structures 776. Defects
346 are programmed into the cells. In Figs. 7e and 7h, the defects produce
bri dges 746Abebmisktctentlutisd)saC@ndlves homiail Whefira 1820al wheh cdi88gonld oaretdl he
substrate, creating shorts. In Figs. 7f and 7g, the defects produce necks
746 wit hi n lilte Nekihgddstsh86ng \iarimmda@insigxsra@spirmaarmé ingyr thé wetatilingfeatnreppen
connection. Referring to Figs. -1, design structures 770 and

cor r espondi Fgb-actudb ngsking dedest ?JH'FIES@FIm@ngWeM”@ﬂﬁqa%mS&E‘?ﬂceonW% inthyel s of
cells are shown. The design structures include patterns of contacts or vias
775. Def ect@et§4@eﬂ%aﬁ¥‘@&?%ﬁ‘b‘as@ﬁto the cells. In Figs. 7i and 71, the

defects 746 m ssi contact holes due to the reduced size 786 Thi s

resul ts i n MASHEE 6 YEEn BRRLE St ouBh e PRER TR G he

def ects produce rrﬁr ed C at ct holes.due.to CEljar oddmw as_or ex;11 nsi on via
S

hol es. Thi Sopenlg%? nﬁ de av1n8 varjous (f(lmensmnﬁre pro%'a OWSto éh\c/: C(): t ope %

defects frogoyarho §né%l&¥%hé}&¥ lﬁl%?sb%l {%ﬁreg’sﬁlfe 7%’495%% rtl?etc%maﬁoﬁe'nfné Becgl‘ﬁé ect

evol ution 810 involves nomnal stru tur es whi ch correspond

pol ysi ti coninkbRBgl; SALIKF &t PR c@mﬁl&@@hﬁﬁ%@frorﬁﬁﬂe%%eﬂg defects 848 haV' ng
various di nensionsS are programmed into the polysilicon |ine features
810b-e. As $dae dofetidl@hyig sdRfe@Etctdl i ARBGEQIMEEOM se8Sdosalvyrds, ifeaamRrS, current
| eakage occurs and increases until a short results. A second defect

evol uti on 8&fcismteves kipnidials. Sithambuyselslcd2Bas mhiiélvulc oracegpond t o net al

I ines. Necking defects having various dinensions are programed into the
netal |ine heattionesls8R0ikdgo dobst ddvatstratbewgudiefreotfadirmenshodevprodiressi vel y
i ncreases, resistance increases in the nmetal line until a conpl ete open
resul ts. A niesign pebdet exapplf itciugn omisd of fhosn ey °ﬁ@ﬁﬂeﬁa>r1 tagisr {pctneir es 830a
whi ch correspond to contact or via Qpenin cklng ef ect s _hayi ng vari ous

di nensi ons &tkad ‘ﬂﬁe’ﬁg‘?’%ﬂf?@f}“’i“ FRobMBHRE 2 dF R E‘ﬂ’ﬁ@’r‘?f‘ FP@E’ Bfa‘i%“re%%y Kl necki ng
def ect di | t
o east ngl AT TpTi P erety s R RD e e A P R PR

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 KILA-Tencor, may also be useful.
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Sonme defects may be subtle defects"As device dill Eell Si OnS scal e downwar ds,
t hese subtle defects can becone killer defects. Futhernore, subtle defects
are difficult to detect. Inspection tools are used to detect defects that
occur during manufacturing of the devices. The inspection tools, for

exanpl e, include optical or eheamwpe,s of inspection tools. In one

enbodi nent, the inspection toot may be a brightfield i Fi SpeCti CH3 system
manuf act ured by KLATencor. For exanple, the inspection systemnmy be a
KLATencor 28xx Brightfiekl System Oher types of defect inspection systens
may al so be usettil. For exanple, inspection systens, such as LI Vision and
Ser avi si on @W@Prseufprfmﬁp%mrp‘e@dmrwﬁfaﬂls Opeé@eapfrthﬁxspe@%loelrréjswlbm

Her mea- M crovi sion or e8:1x systens from KLA-Tencor, may al so be_ useful.
Numer ous se@eipetd dede Badnghids VirtpatPaf e sFsoy AT tr?éelefﬁélroétnmﬁyarlsef Has-

i nspection tool Usually, each setu vari o araneters
wi nch can hé SSQs& A BHGHg ’H‘fﬂ‘ﬂtg&b?f E(L@sﬂ"r“coqggﬁ t'}{%lﬁg{ﬁgecﬁo Y8§P i ng nenu
pr ogr ammi ng’ nehd iPREFITEE &p ura seﬁid’ ﬁ( pﬁnﬁe set up

modes may i 1&%e§c%fi"lpec§8§,q}n%#r§90plkél’g& !ﬂQus Fég?ﬁ@rgan%h Ztﬁr shI)lQ%E?ge &fgpent ati on,

t hreshol d, rge Sl ze e various nodes can
be set to a@blaﬁ'a/@gnmﬁod@@srhsegloﬁﬁﬁwe;canbé seu%auna@rzh%fd&qéd&mt 1@ddi ti onal
setup nodes may be included in the nmenu or that different inspection EGON
may have difibi@tedatinag eddupndredgsmodiaddybe incRd@vih @R snedior@apligeradt idpec@dn t he

di fferent nodes. Table 1 ModeFuncti on cii size requires different. pixel
si ze for bebélemnayshagndifferpit xdubpahdded Talld ) Poekits an gxfldnticapeibe diffeksatodese t hat
enabl e user to isolate simlar captured

Table 1

Mode Function

Scan Setting for inspection mechanism, e.g., die to die 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 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
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An inspecuon recipe is a conbination of paraneters from each setup node.
Programm ng the inspection tool with the appropriate inspection recipe is
inportant in. suppressing nuisance signals while capturing physical defects
or defects of interest (DOE). This is particularly true when the magnitude
of the DO signals is | ow conpared to that of the nuisance signals. Fig, 9b
shows a graph 905 charting the nunber of defect detection of nuisance
defects and DON with devi ce di nension and pi xel size. As can be seen, as
devi ce di mensi ons decrease, for exanple, from90 rimto 45 am the

magni tude of DO signals progressively decreases conpared to that of

nui sance signals. This r @slml{egequnesdiééqre@awqhgzeafnbb;mrglggafl pR®Itien pbei ngl det ect ed
while the anmounts of detlection of nuisance defects increase Fig. [10a shows
an enbodi mentP®f a pr ocqSstinHDOsPeeH feptrg thit arpbls uera fodealaterimige eaPBFEdr elci pe f or
an inspectign. The proceass can be a plied to various types of inspections.
For exanple,| the processd@EﬁSB@SHﬁ Cie8dPt o optical or ebeam types [of
i nspection .
whi | e suppr e Hg?uéb‘fﬂ‘é%{&fﬁ?tf Ck‘?ﬁgec&gf ect deiection frecipe
may serve a i ific type
of layer, defect, device region and/or device. In one enbodi nent, a

substrat e pmﬁg,%&% 102 8 L AR Bl AYSL Pl Yk %%t ection is

provi ded at st e substrate or exanp conduct or
wafer such @gedios tobl mnhe/\@;,ﬁﬁna\me@cub&eaﬁ@fé uﬁ;s?mﬁmr{eugprahlhgmaﬁcx of devices
in parallel. Qher types of substrates or wafers nay al so be used. The
processed |@ek whid taperidMysaDRess ofkickady of inefestaDABV Ti€is phbdulexatpl e, the
processed | ayer can be an active layer, a polysilion |ayer, a contact or
via | ayer owhenitetneptioineate D@Eshals i vt doeparet © thasofdeiuscemgnahakig. dor e t han
one type of devices. For exanple, a device nmay have an arny region of
nmenory cel | $owsaariph285 SRAN the hirgber elividicet dbtogiot of nugficodefec@ah@POsyIbs  of
menory cells andior device regions may also be included in the device. The
processed I@V’é‘?dlmfﬂﬁloeﬂ@ B¥eheh e aan beﬁ?ﬁ‘@l*\ﬁd@’sce@menﬁ?nsﬁffrr@sq Bsexagpkepl ets. A
test chiplet, for exanple, includes plurality of cells which have
pr ogr anmed fepRsp YA togp nppige m?&‘i‘é“dceé%P%ﬂ?ﬁls@f%feﬁ%‘?lytﬁlécr?j‘ﬁ"éﬁﬂgfé‘&’d HPHRE scri be
regions of the wafe d/or within. the devi be necking or
br 1 dgi ng ty‘b’ésgnc{’)]s‘g‘?lrfﬁs R ol LT e Do ST el Je e e S Eo i Sposed
in cells at Qeecng tyn%l i eﬁi%:k er. PDs at other |levels may al so be useful
ATa

iii one enbogl Fent CcorT s a6 5m SRAM cel s at the pol ysilicon | ayer

white cell sg ; &RAM " dwth a
necki ng defSFe%:t &ll?lvégan\%h@ (leﬁ%lt?%fl\ﬁléélefss}ollﬂgﬁghér%%ﬂ%é%%nﬁ%gggm@{zﬂe bri dgi ng

def ect s 1148heGion. SIAMEES banbl 4ffed © vIHRAOH AR spatdoRs. FosdiRbbIE thRIpredetsNg
defrct 1148§Q’bet Weenlmends of ﬂ%ﬁﬂym licon tine fﬂgéatur es. As!Jf IJéRAM cel |
1141e, it i&nps QPhrAMEBMicMot dbedin fypdsF ﬁll;pehfohd@lsﬂ@hdi&fe@&ﬁete&tfbﬂ&elpba’iamen t wo
adj acent polysilicon tine features. Logic cells 116la-it are progranmed

w t h differgnd DOY@esrinf wiikisdgresdngdeisact sfdf GBarily. TRe dficddengtiatrérgre t ypes of
cells and/or programring the cells with other types of defects may al so he
usef ul . Themdefmetss ajnaingetiyd (PEdyreapnfedinimitos otivefic bed of liyaydafest, At: step
1020 of Fig. 10a, the substrate is inspected using an initial defect

det ection r‘@&lF‘bféwa’é/orﬁﬂvtcPal defect detection recipe, for exanple, is set
to be sensitive to capture all possible t%ges of defects, even those with

very | ow si'gfai CPoFREN Fibyar PR RLY I Ndeld PIBFFS%@P/?IQY leyed for 8%&%%1 i3,
conprises a The inspector sca wafer with a
reci pe of apr%vg‘lfaa%s‘eﬂlgio rTg% %S“%F ORGP d aaé?a“ cé’flguﬁté’ ggf%rﬁu%hﬁéamf er. The

i nspector s R0 %ﬁe{w i sed'd e} atpml?ah%' (Iffdg\n(%g hl éxajﬁlllel éthgljtg;epgf snt%trat tial

nodes. The resu e 1 nspection ‘usi ng reci pe are co Iected and

stored. In opgs RRPAGILERAN, TR JRResSidial¥r dad bsgﬁsql,%és@eq 18k 3haRick08g on the
results of the inspection using

example, the processed layer can be an active layer, a polysilion layer, a contact or via layer or

| Thn rlnf et det ection—raci a anabhl ac nnnrl nNOY. C&pt u"-i ng

A\PA" Iy =4 |
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interest (DO) sites. Based on the study of the defect signals at the DClI
sites (e.g., PDs,), certain node paraneters may be determ ned as USefEll. A
defect signal study is perfornmed at step 1040. The defect signal study

i ncl udes anal yzing the signal-to-noise (S/N) response of the different

i nspection recipes which have been selected or determ ned based on the PD
study. Since the defects are programed into the test ehipler, the

| ocations of the different types of defects for a corresponding | ayer are
known. FAirthernore, the defects can be correlated to the different types
of cells as well. O her signals on the wal er woul d be considered as noi se
def ect's. Frioigrconngelydypry Foitkerrolest, @ deviesingpi dhve mogmibancoantypeef de vigertegianhelost r engt hs
and weaknesses of the different inspection recipe nodes. At step 1050, an

i nspecti on ¥8&ppe déufetﬁaryh?Wén@FWﬁglmofnﬁglﬁ@éﬁliSowdr%éﬁﬁé@ceﬂ% ad leglt ed as t he
best known net hod (13KM. recipe for the CO M pOTEdi ng process | ayer. The
13KM in onréglgrrr&}mr '\Qf “EBPWéelb&ﬁ(ng dfscetrﬁ%oqs H&‘bé‘é‘t tedpietiE tfmw%/fg the best

S/ N f
R ol RN RS R AT ol s et M L83 b er et
types of defeqhs ARS8l eatad ARaLle ﬁé%@ﬁhgg 1 90s Ol dpspect for

reci pes base N user requirenents nay e use or exa if the

user is focysad aPoth tﬂqu'ib@ rergﬁm mhe%férfa&y&r“mﬁm QB THPDs ma% pdrode with
the best S/Nresponse in the l'ogic or array region may be selected as the

BKM for t henckiagd & bRbgid tyRY of FEBI Bét-exdhphghis Wbl & FrpayobhEDsdef dipedd based on

ot her user requirenents. The process 1000 is perfornmed to define BKIM for
al | | ayers athetphigsiitex lg&. PBO4t otaaenelsenay bls@badiserglie $isoms tapalindai Gells 1050 ar e
repeated for all layers of the device Fig. 11 illustrates an enbodi nent of
a signal st Ueja-da08RANIvelssi gnpdlyssicordlyyeanbilocsiisl.16 fagrareikgnpllle, SRAM cell

si gnal -to-noi se (SAN) responses of scans using different inspection recipes
1120. The stldéhyis prehnaesvitrasiseldnd dsfrst 1148201hgle SRAMslbvir} 1btctree meaiiymddnel udes
14 (N tri 14) inspections usi na§14 different inspection recipes. Analyzing

ot her numbeYiltoridping feiectsi lé‘f'%"cors il [ HHY areggred B £ gt friiging Agfrcti o n
3 v, oG OSLALICARECHL D LSRR R L vBBeE 7
recipes f Orw&h aelatera n%gmg Eieli‘lec}/l 148e between two adjacent polysilicon line features. Logic cells
1161a-b are programmed 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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SIN responses of DOD for different inspection recipes were obtained. SIN
responses 1140 and 1160 relate to DO's as described in Fig. 10b. For
exanpl e, defect signals 114-0Oti-e relate to different types of defects
1148a-e programred into SRAM cel|ls 114th-e while defect signals 1160a-b
relate to different types of defects 1168a-b progranmed into logic eel is
1161a-b. Defect signals 1140f relate to nuisance signals in SRAM cell 1141f
in one enbodi ment, the SIN responses are obtained by an Optic Sel ector
function of the inspection tool. The Optic Sel ector function, for exanple,
is used to study the level of a defect signal over the |evel of noise

Wi thin the agjesdB sitassPeed orohe stalyiobihe d@chegnats echnP@ldss (F.of PRMicartaiung SI N
responses may al so be enployed. Fromthe study, different recipes may
result in diffde@rangcrSmRy %@Hﬁﬁgwsflﬁfu‘the varl ous types of DON. Averages of
the S/ N responses 1180 or the various t of DAs are cal cul ated for the
di fferent nodefect sigal gudy igRerfermsd at Sfeﬁéwct %%f%%anﬁ'égldwclg@aﬁ@ YEISBS 11204

and 112012 have the f th ff t
These may BRREREPSEY r%fgonﬁeoqfﬁw% D GG o P RN I cand dar o5

may be anal % ?%‘mng})assetd%gﬁleltl)i} udy eltHe f:freé% 5&91%16%1%0?\%8%? h%xﬂet ‘%ﬁ%enpl ary

enbodi nent anal ysi's’ and gre ra st udy

anal yzes Sl 1'&4&@:%%%@ @i%reafc t%g éfdlef;l:&gﬂr Qccﬁr@ﬂ)oﬂdl&quepare %wgeﬁﬁ'{hbrgl%fi Wd Fig.
11, For each 1)01, there are six nodes. The reci'pes BMN, BI CV2 and BKMB

correspond &e@ects R HeRGkddRSH Wit BiffRlc@R@RE ofSLIN at RSP ABBR si@NA AYRSvardd worlg. 11.
The recipes include two variations, one with focus A and one with focus B.

Provi di ng abesbisth¢redd obie astedsy #asn @ltdlgriag tHe YiEres sighalsDéle Sar0deteriigd pes nmay al so be
useful. A threshold 1260 is defined based on the SIN responses of the
di fferent typeshsahd @Bkeessedbfehd diffeghobmct®hoagipd mModesset to detect the S/N
responses. S/ N responses having a | evel bel ow the

At step 1050, an inspection recipe out of the group of inspection recipes is selected as the best

known method (BKM) recipe for the corresponding process layer. The BKM, in one

embodiment, corresponds to the inspection mode having the best S/N response for the different

types of defects. The inspection recipe with, for example, the best S/N response 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,.y. 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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threshold will hat be detected. Prelrablv. the threshold is set |ow while
still detacling the SRN-responses, Defect capture rates of the DA s for the
different nodes are plotted, The defect capture rate is cal cul ated by
taking the total nunber of PDs detected by the inspection divided by the
total nunber of PDs avail able, for exanple, of an inspected die. As shown,
the capture rates for the first, second and fourth nodes are about 100% f or
the different DDIs. The third and fifth nodes exhi bit good capture rates
for Dots except fix the DO type 1141d. The sixth node exhibits the worst
capture rate performance as conpared to the other nodes. The recipe with

t he best calpt BIP elugyar eseryniy splectoud, @ erowrolggalt thedifferens insBEiqu recines 95@et o | nspect
the corresponding |ayer of the Dells. In the case where nore than one

reci pe has %Enﬁ]isfug}’- or the same performance, nore than one final BKMs may be

selected. Fig. 13 ill rate an_enbodi nent or .t hr Id se ation 1300
for an insp tr?SB‘H‘S"rSé’f:ﬁéfi or B*r‘i“h‘gﬂ’é‘iﬂof‘ E?ﬁ‘p?se“ﬁrep‘g’taﬁlég @ﬁéesﬂ?i‘isﬁggﬁ@@nél gnal s,
defect sign 66 re?a e to i)b&s esc bteg 1nePC% %%ra %xgrgtﬁe deth & sxp A8 H%a— (BLQ UCt

defects). e grey ever (RS relfnte d. As can be

seen, the C'Eilﬁ‘l:rg'{t] tyﬁés%g Hé%éctsalqua- r&?aflrﬁtgeh 1r§(5 glgﬁibl%elgqtl gte%ll@ﬁe?ecps%‘n% en about

40 - 140 or wt ui'sance signals are detected 1 n segnent O
and segnent uzoa-t;r Jaetettme&m ss S a1 18QB BN SinedRb 12% 38R 1851281 DEREENT

t hreshol ds can be se: ifferent segments. As shown, segnent | has its
t hreshol d sfﬁagnalatl148f1bmtee@&huaﬁbed@haﬂﬁh'BRAMthellmef PD and Product defects while
the thresholds in segnment 0 and segnent 2 W set at 20 and 45,

respecti vel lyi ,ond émbatioid, thet/Natspirgesntt dbaime€bysin@pat Selecldn Gmctiopefythent at i on of

t hreshold signals can be useful in filtering out nuisance signals. Fig. lda
i I'1'ust rat esingxenploak yhe Eptid Selsctof funitbe bir exatplecis o tansidy e develet i gefectef | ned

wi t hout the benefit of a program defect study (non-PD recipe); Fig. 141)

i 11 ustr at essigsrlepypyitagrlovel f apive withig thejediasent ingeocémtreedn- %ﬂeﬁﬁc@‘qtl@é?rpe defi ned
with the benefit of a programdefect study (PD recipe). .Referring to Fig.
4a, a signal ‘%S/Nieﬂli"(ﬁseéfnalﬂ%‘f‘e@te“’gto%l s detected using a non-PD recipe in

d t.h tribut f f
Scanni ng.wi T 4R ASH: PEEFRETHE: SRR e en D SUPre: WBR PO B Oconpar ed
to the nui eAver%Qsa (I)t§h C?HQ 5N éélé ‘13’18t0hﬁlth ?Zarlous'?ﬂ esﬁf)(ﬁl&ﬁr@%l a?e%’forQ‘h | ow

threshol d seiting IS use set results in
| arge nu nbe(flffé}gnt glg&eg Ck§caq 6L ?egﬁ %Qpec@&h bl GaL&d lp.% 9 [@?ﬁd%i(ﬁzrhamﬁ)e 1430.

This makes 1t difficuit to identify real defects versus nui sance si gnal s.
For exanpl eop fred §MnERdpofis® Uitkagb\ R ite akftfd: dchld] CrRtefayttddbnsAbkd slgbefital Si gnal s
correspond to nuisance. Referring to Fig. 14h, defect signals detected

usi ng a PE)cah®@@ied or kHe BKAL. CTHedaddGRtet Mayt He@hdlyzeld @tsmuﬂométr e@ptuirgtespr ovi ded in a
signal chart 1415, As shown, the scanning with the PD reci pe enhances the
magni t ude Ofig.t1Aehosle hreckempligy rabslirodnt dftes/NDONIyais agicapare ek dwly i 29s Fheisi ng a
non- PD reci pe. Furthernore, the PD recipe results in nuisance signals being
vweakened. istply ovabdesSYNrasersiyo A2k  &i9k-dgnchi 1gPrelr. acdeprriiedein e DOKjor eelen when a
low threshold is used. Defect signals are provided in a wafer nmap 1435. The
def ect coun‘POICWarﬁﬂref%wdeshé“\h%reflﬁ%ttBWhP&P{Rﬂe? BEME sereesomd trfee gepcedts are DON
and not nuisanc nal s. ressin nU|sance Si using a PD
reci pe stucﬂ}gh(‘?ﬁ%“ite Pslela}ﬁeéar%ﬁ‘i} tgnl:lr ngg PHABID BRIy P14 “%rf?f& ‘idef ects

are captured. In e i_ment st ¢C npl oyed
to nmonitor Thé"s 8'be(iUS Fy ré’ 1 tnﬁasm%l‘ﬁ%% g on-tect tp}'é’eso Syorlretcﬁ)e ]?ayt Esg def ect
detection tt%%?éful Fig. 15 plots the capture rate of defects using a PD

reci pe over tinme. As shown, defects from 20 tine periods were analyzed. In
one enbodi e Rkeshd@ 480 tsldeﬁe@stswa, theSs/R rét?aﬁ%es%pms hitfePreSRREIDORY br eshol d
1520 may be set to determi ne when a capture rate is bel ow an acceptabl e
range, . FormhexarRh&ild deha (speci thd 8 réspseshoiNdedpBysetRviagh leadl bASHhe apt ur e
rate. Clher specified threshold \fatties may al so be useful. As shown from
the plot, the capture rate of the inspection tool using the PD recipe
dropped bel ow t he acceptable level. This may indicate that the inspection
tool may need to he exam ned to determ ne whether there are any problens or
process changes whi ch have caused the ¢apture rate to drop. For exanpl e,
process changes may affect RD patterns and capture rates.



As described, it test chiplets are enployed during processing of devices.
The P.Ds amprinted on the wafers at known fixed. |ocations. The use of PDs
facilitates creation of a final 15110/1 which is effective in detecting
real defects while suppressing noise. Furthernore, it also facilitates
checking on the stability of the final Mal over tinme. The use of Its also
facilitates nonitoring the health of the inspection tools as well as
process changes. Fig. 16 shows an enbodi nent of a process 1600 for formng
devices. A substrate is provided at step 1610. The substrate may be, for
exanpl e, a sem conductor substrate such as a silicon wafer. O her types of
subst rat es toreshpldalt rot e detegled oPrefgrably the tpqgholdas setloy svhilesseil detectingtherdA pl ural ity
of devices or dies in parallel. The substrate is ready for processing the
first layer™Pe®sg:., N =1). At step 1630, the Nth layer of the substrate is

processed. For exanple, .in the case where N -= 1 the active |ayer of the
substrate iI%‘%SH?B@?é@‘c'f.Of*ﬁ(?o&?af?ﬁg%gff?ffmf‘}‘?gesé‘ﬁﬁ’éoftf’%lﬂ‘e3& tbagf“feéf’%gd into the
Nth [ayer of, the substrate. Patterping conprises, for. ex e ski ng and
ot chi ng  na KIS SRR Gt Sf P SR e SR iy o g

features of the Noh, ngﬁggl%, fglrﬁ%@ggg%@g%wwd Jdfter processing the Nth layer,

i nspection on the processe e perfornmed at step 1640. If no

i nspecti on ASh&S, e EapREk rafeDr BE BGE SR oA folERodePars bR 1HBHor tEhe 1 Nspect i on
is performed with an inspection tool programred with a BKM recipe

det er m ned diffsr@upOIsa TROLSd 4hdYifth MOdes @XATH08d cabli ey foraisEs patam®iter s of the
BKM reci pe are determ ned as described in Fig. I1Da and Figs. 11-13. The
resul ts of ndieypensqpdc Theixtimaydeldehibinatleywzed capturestie perfoomdOe aslcompagedundier st ood
that the analysis may be perfornmed in line, off line or a conbination

t her eof . Afdtter mpdee Hradoypsiwih thelhest prpocasts mopbr selaciebasthy finplddKM B60se tAt st ep
1660, the process determnes if themare anynore |ayers to be processed.
For exanpl @nspgct the perrepgopdinglpyer of the PRl ndl caseayhete mgre thieonglegipeds similpfen t he
processing is conpleted. The process then proceeds to step 1670. If there
nore | ayer s"rthS%%Ff?fE’é%Cﬁe‘Eﬂre{)hﬁ‘é°“ﬁ|ﬁ8?'!§§§’lsr"éa9’l§?ﬁ%ec't°6 step 1630 to process

th t | .0,, N=N 1 t 1630 t 60 . ) at til all
B A e Bk R e
I ti - f . PDs facilit eaf | f ' | efficientl
ocations 3 eg:ctls Fulfaaglée es}&gpﬁ&%«?fe&&%%&s&%?l@% %nld%afl;étgl {\al{}%% erticrently

- inshgctigns & ipe d .
(time and maﬁpowerﬁ an ectrve e efects while

suppr essi n %{&Pﬁiﬁ?ducf difek ':Iﬁpgr@y lei/e_tl V(ﬂlageflthW&J thd s‘f?én?l§ is%ﬂﬁ@ck NG PR the

stability i nal BKIM over tinme. The use of PDs also facilitates

noni t ori ng stdaemnbeal bhpdluct A8 PhRISRA GlzhMbct-00d Se Rtwitk hhout® PLOGHASRILhanges.
The invention may be enbodied in other specific forns w thout departing

fromthe spegncht DMNRSSERBighad arCltREOE InBEdnShi A d tdpeeaafl THhrefloIdegaibaY
enbodi ments, therefore, are, to be considered in all respects illustrative
rat her t hanegmenictl.i Fig etahgle diffent insshddsar bebetdothigfeainnsegBotpsofiownhe | nventi on
is thus indicated by the appended clains, rather than by the foregoing
descri pt i orsegmzendl kb fts bivsholfesst at htetengiordstepiionief the PR andfisedvitvigfeethahitedbrge of
equi val ency of the clains are intended to be enbraced therein.

thresholds in segment O 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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What is clainmed is: CLAIM5S A nethod of formng a device conprising:
provi ding a substrate; processing a |layer of the device on the substrate;
and inspecting the layer with an inspection tool for defects, wherein the
i nspectionis programmed with an inspection recipe determned froma
programed defects study; and wherein the programmed defects study
conprises providing a test chiplet with defects ped therein at known
| ocations of

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 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

difficult 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. 14b, defect signals detected using a PD 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 DOIs as compared to those using a non-PD

recipe. Furthermore, the PD recipe results in nuisance signals being weakened. Improved S/N

response enables higher capture of DOIs, 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 DOIs 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 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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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
si gnal -t o- noi se response which gives the highest capture rate of the
programmed defects as the inspection recipe. 2. The nethod of claiml

wherein: the device conprises a plurality of |ayers; and processing a
| ayer and inspecting the |ayer are repeated until all layers of the device
are processed on the substrate. The nethod of claim2 wherein the

defects arc progranmmed into at |east one of the |ayers of he device at

bl own | ocat Pefescribad, RE tespehindats af crenleyphdupingipresesdingtoff devites: dde EDagre ppadgr anmmed

into sone of or all of the |ayers of the device at known | ocations.
on the wafers at known fixed locations. The use of PDs facilitates creation of a final BKM
which is effective in detecting real defects while suppressing noise. Furthermore, it also
facilitates checking on the stability of the final BKM over time. The use of PDs 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 = 1).
At step 1630, the N™ layer of the substrate is processed. For example, in the case where N = 1,
the active layer of the substrate is processed. The features of the substrate are patterned into the
N™ layer of the substrate. Patterning comprises, for example, masking and etching the N™ layer
of the substrate. Other techniques for forming features of the N™ layer are also useful.
After processing the N™ 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. 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 + [). Steps 1630 to 1660 are repeated until all layers of the

devices are processed.
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The nethod of claim1 wherein: the device conprises a plurality of |ayers;
and processing a |layer of the device is repeated until all layers of the
devi ce are processed. The nethod of claim5 wherein the defects are
programl d into at |east one of the |layers of the device at known | ocations
The nethod of claim6 wherein inspectingthe layer is perforned after the
| ayer programmed defects is processed. The nethod oftherei he defects are
programmed into sone of or all of the l|ayers of the device at known
| ocations. The nethod of claim8 wherein inspecting the layer is
perk),Filed after the layer with

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

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 BKM 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 limiting 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.
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programmed defects is processed. 10. The nethod of claimI| wherein the
test chiplet conprises a plurality of test cells, 11. The nethod of claim
10 wherein the defects conprise bridging defects, necking defects or a
conbi nati on thereof 12. The method of claim 11 wherein the defects

conprise subtle defects. 13. The nethod of claim 10 wherein: t he
t est chVipdtes clasnadiisposed in a scribe region surrounding the device or an
i nactive region within the device; or a first test chiplet is

di sposed in the scribe region and a cseatyg test chiplet is disposed within
the device. 14. The nethod of claim 13 wherein the defects conprise

bri dgi §g defieqlfioaRt ¢ FAERES SofpridngOmbi nati on ther eof .

providing a substrate;
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 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 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 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 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.
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15. The method of claim 14 wherein the defects conprise subtle defects,

16. A nethod of defect inspection conprising;, providing a substrate;

i nspecting the layer with an inspection tool for defects wherein the

i nspection tool is programmed with an inspection recipe determned froma

programed defects study; and wherein the programmed defects study

conpri ses providing a test chiplet with defects programed therein at

known | ocations of the substrate, inspecting die substrate with a group of

i ni tials, def etie iH@heE bf €hink E&HRASn: anal yzi ng sigi al -t o-noi se responses of

the initial defect detection recipes, and selecting the detection recipe

W th the besjcgé e‘éd?ﬁ bSge ftﬁﬁ%'&?ﬁd i gy gi ves the highest capture rate
def ects ag t [

of the programe ~the’ins ec_fl on recipe. 17. The nethod of
iC:,]ng;nCéL |6 O\é\htepggéeg%’jlégg Ila%y%? hfg‘;&lg aRUEE isCr((g,Ir)TPartcl:dS Sitil %11%},%?53('){ the dg\}cicet &2 tproCcess% - AN

6. The method of claim 5 wherein the defects are programmed into at least one of the layers

of the device at known locations.

(A 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 or all of the

layers of the device at known locations.

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 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:
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a recipe set up nmenu; and an inspection recipe stored in the

i nspection 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 progranmed defects udy conprises provi ding a test
chiplet with efects programmed therein at known | ocations of the substrate,
i nspecting tthetestudhsyletat dispbted im agedhgoregionisnirbiualinglthealevicd et ex inadiverregiopes,
anal yzi ng signal -to-noi se responses of the initial defect detection

reci pesyittafthesRiRel by the detection recipe with the best signal-to-noise
response which gives the highest capture rate of the programmed defects as

the i nspectigff t%&ioﬂgl(lﬁt %% ?li-gggseh B BRGLLO bR anﬂIaos%}:(ﬂ{d%gt%hfb@msr 4iSFssed@n

optical inspectiont n ebeam I nspecCti on

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 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.
17. The method of claim 16 wherein the test chiplet comprises a plurality of test cells.

18.  An inspection tool comprising:
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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 a programmed defects study, wherein
the programmed defects study comprises
providing a test chiplet with defects 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.
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