TEST | PLETS FOR DEVI CES CROSS- REFERENCE 100011Thi s apphcation is
concurrently filed with US Application Nunber 12/621,510 entitled "Defect
Det ecti on Reci pe Definition", which is herein incorporated by reference for
al | purposes. BACKGROUND [ 0002]In the fabrication process of electronic
devices, forated circuits efects effectively an

early stage in order to na?ﬁ%%?ﬁ%ﬂﬁPEF%FE&éqﬁiﬁaﬁétues. As I C feature

si zes shrink, subtle defects may becone "killer defects" which can result
in inproper electrical device f TROPSREFERINGE hi gh sensitivity reci pes
need to be devel oped to capture lowsignal but yield limting defects,
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exi stence of a |arge anmount of nui sance defects which affects the

ef fi ci eREdeP*DEeSDAEMORR Ripet Tiritidd e Wwhilfi€Rédin inbstpoRredty referends férhel
desi gn rule gets nore stringent, the main contributors of noise are not

only t g e fromthe patterns, but also those from nui sance defects |ike
hilloc s, S|'icon cones and di scol orati ons which can be significantly

| arger than the subtle killer def er to suppress nui sance
defects and | ocate killer defects, (ﬁgﬁégggﬁ@ efforts and time need to be

i nvested which can affect product|V|ty [.0004] Therefore, challenges for

devel ofP9gla chuthe Estrisation Brogessex elegibmis @Pwﬁese EEHRSRAsE; indgesated SRR SR
THE 1 NVENTI ON [ 0005] A net hod of formng a device is disclosed. The net hod
i ncl udesispsentiaitngetact 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.

[0003] 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.

[0004] Therefore, challenges for developing a cost-effective defect detection technique exist.
SUMMARY OF THE INVENTION

[0005] A method of forming a device is disclosed. The method includes providing a

substrate on which the device is formed. It also includes forming a test cell on the substrate.

The test cell includes a defect programmed into the cell to facilitate defect detection.

[0006] In another embodiment, a method of forming a test chiplet is presented. The method

includes providing a test artwork file containing the test chiplet. It also includes modifying the



substrate on which the device is Conned. It also includes formngell on the
substrate. The test cell includes a defect programmed into the cell to
facilitate defect detection. [0006]In another enbodi nent. a method of
formng a test chiplet is presented. The nethod includes providing a test
artwork file_containing the test chiplet. It also |ncludes nodifying the

ar t wor Kryorle fi eotomr%@alarﬁeéﬂ%ef%thp ltﬁss)clflalét-téglea%ﬁp cgved gsowa@ﬁ aguprigidieiiy ed
fromthe artwork file is forned. The nask set is used to formthe chipl et
on a subsnedathe moboetismsgkio farm theeshiplatowds substratea devi ce is di scl osed. The
device includes a substrate and device conponents formed on the substrate.
It al sq0o0n| udasya ahethitr @ebddithenth® dede islilisciisbét Thé deviddiaclngssa abbirate and

i ncludes a defect programmed into the cell to facilitate defect detection.
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reference characters generally refer to the sane parts throughout
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
[0009] 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:
[0010] Fig. 1a shows a semiconductor wafer;
[0011] Fig. 1b shows a portion of a wafer;
[0012] Fig. 2 shows a 3-dimensional rendering of a cell;
[0013] Figs. 3a-b show embodiments of a test chiplet;
[0014] Figs. 4a-b show an embodiment of a cell;
[0015] Fig. 5 shows a portion of a wafer;
[0016] Figs. 6a-f show examples of simulations of programmed defects and corresponding

printed patterns on a substrate with an actual defect;



the different views. Also, the drawings are not necessarily to scale,
enphasi s instead generally being placed upon illustrating the principles of
the invention. In the foll ow ng description, various enbodi nents of the
present invention are described with reference to the foll ow ng draw ngs,

i n' oh: [)0010] Fig. la shows a sem conductor_  wafer; [0011/Fig. |b shows a
porti odO&¥71a" wEkesr 7a-hshoyothergxamples ehsimplafions of Reigsinmed defees pRg of a cel | ;
100131Fi gs. 3a-b show enbodi nents of a test ehiplet; 100141Fi gs. 4a-b show
an enbaediregondiof paintciGittbikiog.a subghadeys a porti on of a wafer; 100161F.i gs.
6a-f show exanpl es of simulations of programed defects and correspondi ng

print egowm]t er Rig. @Bh@vSatbehbalificid 41 tapece prorbssdRve6t 4 deve@d: r espondi ng
printed patterns on asubstrate; 100181NG shows an enbodi ment of a

t apeOUt[OlﬁﬁceSPigfs.l Wb HovRefB¥difints of processes for incorporating a defect into a cell;

[0020] Figs. 9¢ shows a process flow performed by an embodiment of a script file; and
[0021] Figs. 10a-f show embodiments of programmed defect generation flows.

DETAILED DESCRIPTION
[0022] 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).
[0023] Fig. 1a 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.
[0024] 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 columns 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.



00191Fi gs. 9a-b show enbodi nents of processes for incorporating a defect
into a cell; [0020] Pigs. 9¢c shows a process flow perforned by an enbodi nent
of a script file; and [00211Figs. 10a-f show enbodi nents of programed

def ect generation fl ows. DETAILED DESCRI PTI ON [ 0022] Enbodi ments general |y

relate e for exappl e, sem conduct or deV|ce ar in ed .
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par al | ekspetiine: esk adstcl echmequspl e, are arranged in rows along a first (x)
direction and colums along a second (y) direction. The devices are
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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.
[0027] 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.
[0028] 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.
[0029] 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



[ 00251The fabrication of devices, such as intewated circuits (iCs),

i nvol ves the formation of features on a substrate that nake up circuit
conponents, such as transistors, resistors and capacitors. The devices are
i nt erconnected, enabling the device to performthe desired functions,
intercorinfornmed by form ng contacts and conductive lines in a dielectric
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of the wafer of Fig. la in greater detail. As shown, the portion conprises
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[0032] 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 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.

[0033] 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.

[0034] 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. Altematively, the array may comprise



artwork files, for exanple, can be GDS11,E 1, DEQ OASIS or CIF types of e
Q her types of artwork files may al so be useffil. [0030]In the design
process, portions or chiplets of an IC may be contained in individual
Furthernore, different |layers of the ehiplets nay al so be contained in
separate files. The different artwork files are conbined to produce
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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.

[0036] 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 subtle defects. Various types of detection tools may be employed. For
example, inspection tools 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.

[0037] 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



identical cells ma.y be advantageous since it nmay nore closely simulate
overall structure or conditions of an actual ehiplet or portion of a
device. Alternatively, the array may conprise different types of cells. In
ot her enbodi nents, the test chiplet may include a plurality of subregions
w th sub-arrays of cells. In one embod] ment, a sub-array conprises

i dent i dafo sewteiof therpedly ofitheareey pilm plier embestiments, albgiesalls ofl theasay may B f f er ent
types of cells to be included in the test chiplet. For exanple, as shown in
Fi 9. 3hlesignédwith dbfepiset 330 conprises first and second subregi ons 33la-b
with first and second sub-arrays of cells 334a-b. Providing a test chiplet
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The celDestmnechetyess oirsiegfeﬁs. 19 thmll Eealso @gﬁl&cm@a@p le; bedging er 31setrwa1
exanple, the cell may conprise an SRAM unit cell structure at the active

| evel . shmpd candiei degigoéd ot two saperata hiimasged to forman M x N array 334 of the
test ehiplet. For exanple, the cells are arranged in a 12 x 13 array. In
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great eradql%;[:rﬁ TOWS and coriumns (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 scribe lines 120a in the x direction and second scribe lines 120b in the y direction
separate the dies on the wafer.

[0041] In one embodiment, a test chiplet 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 331,. As shown,
the test chiplet is disposed on the second scribe regions 120b in the y direction adjacent to the
die. Placing test chiplets 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 332, and 332, having cells with via



the cell conprises aclines 457. The active lines, for exanple, are simlar
to critical active es that exist in the device, such EIS in the
|l ogic area of a device. The critical line structure may include known weak
poi nts of a designed pattern or core working structures that detcuninc a
functionality of the particular device. Oher types of structures are al so
usef ul .streouss1 Ahgéest ehiplt & nregrammesd: wighdetedts d4eh. ghnedhgrpmbodineends, tashe
structures. The defect, for exanple, conprises narrowing the line to cause
an operchiplete cambddispdsied ot witltih theedioardia thestribe hegibet . Divdshithe tdsechdpleect
designed in, the resulting structure would be a continuous |ine. Designing
ot her twigg#s tRf difl&fa§GhsrelabéiRateliaeflgdt strhiSturk D0 tHéSRE bht: at HRS exPURRIRIf ercréiskdgi NY
or electrical shorfis can be designed into two separate lines. [0040]Fig. 5
shows g;pgrtion 105 of the wafer, simlar to that of Fig. I'b. As shown, the
portion conprises three adjacent dies 115 of a row in the x-direction.

Portio digs o jacent rows and colums (in the irecti re al so
chown. T0fHle" Figs G Bomerattoun i srude® of PutiRgt prognmbect dfch S wd G o
may be various device regions, such as arrays and | ogic regions, First
schbe |oFegpondmgpringedinastesas ginrasubstanic with asacwabidefestioBe. | i nes 120b in the y
direction separate the dies on the wafer, [0041] I n one enbodi nent, a test
chi pi ctl0G8)a i Reftrsppodigi Ga, & hiemdatione’ Or dfgiacnuosttdvairesadier cell Thith thesotendddpl et
conprises a plurality of sub-arrays 331 of cells programmed with defects
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3311 and 3312. As shown, the test ehiplet is disposed on the second scribe
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sub-arrays 3321 and 332:2 having cells with via structures, The test

chi pl etcofrectinndghaighss, taiprefuge patp guregyiic sybstigtegith t%wwﬂlﬁmaﬁ,em- ekhe
chiplets can be disposed both within the dies and in the scribe regions.
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structures of the die but at the xp ¢ of increased 100421Figs. 6a-f show
var i ouBaesdopitesimilaton miskds sorfed piogh BREditodepleaitsordftmt diethattern 680 onto

a substrate or wafer.

[0044] 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.

[0045] In Figs. 6b, 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.

[0046] In Fig. 6¢c, a simulation 670 of two separate structures of a cell with the intended

patterns 676a-b is shown. The structures, as shown, are structures at the polysilicon layer of the



correspondi ng printed patterns on a substrate with an actual defect 646.
100431Referring to Fig. 6a, a simulation 670 of various structures of a
cell with the intended patterns 676a-b is shown. The structures, as shown,
are structures at the active layer of the cell. As shown, the intended
atterns_of the structures have geonetric. shapes which include straight

Fi nes dilledhsdnten eﬁrﬁéfﬂf?‘hlf@ﬁa@dcqsgﬂl‘ﬁérpﬁkvsmn biaenhesarespandling to, fosexanplspgate
optical proximty correction techniques, to produce a structure on the
subst r atoadwgtots. tAhdefagtdidbiieprogrmmedintathe ceibdilhe defegtaidbewhen priidead bntofaor
exanpl e, may include rounded corners achanges in w dths. Based on the

si nul atsubstraté, caBsss btidginglorelbrhg 6htwSpdl§EHedmlidegpRbL£BL € or print the
pattern 680 onto a substrate or wafer. [0044]1n accordance with one

enbodi a egd. I - : - R fect
bri dge;m ?av\Z)] seggérséﬁdee?@%ﬁ&%e%@%%%%#ﬂ{gggg eecrtﬁgéz(’éi, lﬁ%@#’%&:ﬁ{ré&g lgﬁt 0 a

substrate causes.bridging or shoptin f t f eat.ures 686a-h t oget her.
00451 P CEES 88 G b AP oo I TR oS Btutef Bt

i nt ende a rn. 676 is shown. The structures, as shown, are structures at
t he po|‘€?§4pcr ?%@whr pneats the dve saciues Yladified paigms Srpr-bseeatedyr, Yot axample,
l'ine cor r_es?ondi. ng to, for exanple, a gate conductor. A defect 346 is

pr ogr ampéithal prexgmityeorgedtion (PRE) desfshownoAbe printed pattemtt8l cortheosubstatoshows e,
causes necking of a structure. This increases resistance of the polysilicon
l'ine. Uheatwo ssphraesiieaturddebsy 00 RIbist teether hd@redalt 6€ thelRfect 6415 Gvhich @p&Ausan t he
polysilicon line. [0046]in Fig. 6¢c, a sinulation 670 of two separate

struct yegeg®f a cell with the intended patterns 676a-b is shown. The
structures, as shown, arc structures t the polysilicon |ayer of the

[0048] Referring to Fig. 6f, a simulation of two line features 678a-b is shown. A defect 346
is programmed between the two lines. The printed pattern 680 shows that the two lines are
bridged due to the defect 646.

[0049] Figs. 7a-1 show various other examples of programmed defect design patterns or
structures and corresponding printed patterns on a substrate.

[0050] 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.

[0051] 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



cell. The intended structures may conprise pol ysi hcon |ines correspondi ng
to, for xanple, gate conductors. A defect 346 is programmed into the cell.
The defect 646, when printed onto a substrate causes bri4ng or shorting of
two polysilicoes 686a-b. [0047]Figs. 6d-e illustrate a sinulation of

i nt ended atterﬁé 676a-b ofg%mn i;ructur s, The structures, as shown, are
st r uct ufIegHon- Wi qoptragt, the defectyp K o/ dgupducesp bridgg, 744 behweqn 8 gatcpandactars
defect 346 which connects the two structures. Mdified patter 678a-b

cr eat ed7$82-b pa thesubaipite creqsing mehottr oxi mity correction (OPC) are shown. The
printed pattern 680 on the substrate shows the two separate features being
t oo cl of®52pgetAefor &gsa7¢-bsddsignatrutfaeesdDeat c6dbspontiing Acteanpridedspatlearkaoe.
[ 0048] Referring to Fig. 6f a sinulation of two line features 678a-b is

shown. fogefRtkadffR, interbéRREA Hobg, ¢ ki A attern
680 shows t hat ?hg twoerl i nes gﬁgggi&?ﬁaﬁ@%ue to’["}%hdgb e?gg%}er&%gw%%gglﬁ gs.

7a-1 sh I I d defect desjgpn patterns or
St uct up el R AR Al Bl AP PG rpley re R
[ 0050] Referrin 0.Figs., 7a-b, design patterns qr structures 770 and
corres pgtmff‘ﬁﬁs %@EWﬁ}te‘gP‘}thn%fqré‘?sﬁ%n‘g@dh%FCt‘aYég"i‘XFé nojypdlran gper gpplantiayer
shown. As shown, the design structures include patterns of active area

f eat ur e@ Fgnbipatinns deeredymelugding istgrepmnest layero Theedesigh|strugtnrasiincludespattetns
defect produces a bridge 746 between two features 786a-b on the substrate,
cr eat i ngf meralebline st@retyres 706. hPefebiando atdywogefrendd into the gells? HnPigyd 0 &xsd 7h,neck
746 within a feature 786, increasing resistance or form ng an open

connect fhedefetBPpddiicd bridgss 743%&%&1&%50%? REAUSIBILES of [Re@Eba006 ARRABI NG
actual printed patterns 780 from polysilicon conductor |ayers of cells are

h . t . i [Wolel . f gat duct or
Foat i B BEFEdRd Th HEHUCES prblb EIRIUb Sty B Rk, 78600°1 0L

def ect ol oduces_ a,neck Z46.vvithi n a conductor 786, increasing resistance or
for mi ng1 grﬁasdg%ﬁemstance Oor 10rming an open connection.

[0053] 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 connections. In Figs. 7j-k, the defects produce merged contact holes due to
enlarged vias or extension via holes. This results in shorts or leakage.

[0054] Fig. 8 shows an embodiment of a tapeout process flow 800 of a device. The process
commences at step 810 by creating a 3-dimensional artwork file containing the layout of the
device. The artwork file can be various types of artwork files. The artwork file, for example,
can be a GDSII (GSD), LEF, DEG, OASIS or CIF type of file. Other types of artwork files may
also be useful.

[0055] In one embodiment, the artwork file contains layout information of all the different
layers of the device. In one embodiment, the layout information of the different layers of the

device is contained in a GDS file. The layout information of the device may be contained in
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connection. In contrast, the defect in Fig, 7d produces a bridge 746

bet ween two gate conductors 786a-b on the substrate, creating a short.
100521As for Figs. 7e-h, design structures 770 and correspondi ng act ual
printed patterns 780 from for exanple, interconnect |ayers of cells are
shown. The design structures and printed patterns, alternatively, my

cor r espumEreus astvnek fitgsodies Qxarml@,rtg@ degee mrz bp Hevidadratogusnageussehinlets ur es and
printed patterns may correspond to the active |ayer, polysikon |ayer,

i mpl antcoh@yminding ta défferbitrdtaook Sldsh @i sohe emnbodinghizgthie difésreatriages of ayotic. The
design structures include patterns of parallel line structures 776. Defects

346 ar grRADUIAAD be lchhtQinkd ¢ fRAlVidual hAWBHOSles. 7 OtIRP drtkdi fileRerafgdntsiSfopkiRduce
bri dges 746 between two adj acent structures or |ines 786a-b on the

substrq%ﬁnugfgggkogeﬁﬂgﬂﬁaﬂﬁhﬁeﬁﬁgs. 7f anddefects produce necks 746 within

t he features I'ncreasing resistance or form ng an open connection.
190531 ring to EFigs. 7i-1 esign. structures. 770 and cqtrespondi ng a
"t pri0al pit e o0 sk e ek b b REEPOeBR S e TR Shban.
The desiqn structures include patterns of contacts or vias 776. Defects 346
are pr do¢ladesetn angtemnbodinend] ¢hecking the agtvorkifile frg comrectpess abideR83% Ia@epr oduce
m ssing contact holes clue to the reduced size 786. This results in
i ncr easatbodanés) diecleing compasesaampecdlirolesorrectida (PR C)ighekk. Tlhe, fdeéanide,
produce nerged contact holes due to enlarged vias or extension via holes.
Thi's r sy & dhBclGROtd Seef the qaii%xgﬁauel:&@ﬁérhﬁi ghy dbsiBiowWe. Jhe ©@HOJhdREto @k ift

e

t apeout process flow 800 of a vi ce. The process conmmences at step 810 by

creating, égﬁ%ﬂ@ﬂ?ﬁ@ﬁﬁlas @%&e@g{ égFJchlr@s &Qﬂérgﬁu'eég_gsé?ﬁgch ma%aﬁ&;ﬁ%@gggvi ce.

The artwor e various t ar t wor ar t wor r

le,. b Sl SD) ., LEF, QASI S. ClE .t f fi . h
ypes GFEREACTEFTB by T Lin b REPDerBaRR B o BEaRI iRt gt ™"
artwork file contains |ayout information uall the different |ayers of the
devi ce.thg physiral watssdiftaa artwerkefile £ais (PR Crphgekrdlts FACESP retwas &e ?tf%g%(h ?"rl ayers

of the device is contained in a GS file The |layout information of the
devi ce forlerbeodibedtminnatil fhe artwork file passes ORC check.

[0057] After the GDSin file passes ORC check, optical proximity correction (OPC) is
performed at step 840. As discussed, the GDSin file contains layout information of all layers of
the device or chiplet. OPC, for example, systematically modifies the geometry of features in the
artwork file. These modifications are used to create masks with a mask geometry which
compensates for optical proximity effect to achieve the desired pattern on the actual wafer.
Various types of OPC techniques can be used. For example, OPC techniques can include those
described in the co-pending application USSN 11/943,591, filed on November 21, 2007 which is
herein incorporated by reference for all purposes. Other types of OPC techniques may also be
employed.

[0058] In one embodiment, the GDSin file containing all the layers is delayered prior to
being processed by OPC. For example, the artwork file is delayered into a plurality of artwork
sub-files, each containing a layer of the device or chiplet. OPC is then performed on the artwork

sub-files. OPC, for example, is performed on the artwork sub-files individually.
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nunmerous artwork files. For exanple, the device nmay be divided into
numerous chiplets corresponding to different artwork files. In sone

enbodi ments, the different |ayers of a device or ehiplets t ay be contained
in individual artwork files. Oher artwork file arrangenments for the | ayout
of the device may al so be useful, 100561At step 820, an artwork file (GDSM
i s subni®P3Yd f dv sippFEesaplvEplitThEGPSeueklss ayyibseknetalsd cpmespaadiagiotienent |
checking the artwork file for correctness at step 830. In one enbodi nent,
checki ndiffeenplayee of & depideoakhipldt.e The GDSout files GfRBecloddent ktep B60.S Chédking of
exanpl e, involveschecking to see if the design patterns violate any design

rule. The (B eue NRS kEmpAs&ERrickathPR, SRSifRinBa HefHeR tHe 0P O Paferf PeRGEIRY
structures that are too close which nay calse merging or bridging or a

or ot Ol s AR R P e BRI SR itk RO R e B,

t he process .:returns ste 20 far further :nodifjcation until the

b tvor ot debvie b rpne B expnals ieepesd P eEN ot OB meRe ok,
optica;gprox[nity correction (OPC) is petrol'lied at step 840. As

di scussd@heqling cplsimay alpebe ins layout information of all layers of the
device or chipict. OPC, for exanple, systematically nodifies the geonetry
of feat[00& i nThbheraetsvataps 820 HR60Enespeared uftilcdlt GDEm fleeofihedetioe arceat e
masks with a mask geonetry which conpensates for optical proximty effect

t o achipyesidiaodentd pluRdicy 6f GDISBuAEIes dbrrddpbRiing Matht B ut ¥RBS d&ficé lor
techni ques can be used. For exanple, OPC techniques can include those

descri té‘iqfvr\ﬂholﬁé Eﬁfsso(&ﬁﬁf%g i B &BBAd fba&lgglg)r#ﬁg S %%éﬁfeg?rg r%ljnghfté | RBeOf thgvenber

21, 2007 erein I ncofporate reference purposes. O her

types echni, que al so, be | oycd 581l n one enbodi nent, the
B RPEOUHE GRS, R PRy 8 peTPRnGL Sirn it She B0 BERRG Rocesseq
by OPC. For exanple, the artwork file ijs delayered into a plurality of .

ar t wor RTegHses an &EEB‘%%@? fen aasembhige all|thg 6P Sept filss ofibgidswicer Tb%Mﬁ%@’S filpg | s
then performed on the artwork sub-files. OPC, for exanple, is perfornmed on
t he ar tused o gedse fliel reaski setiused doraflabyicating0B®©joMwal slewipe.850, a plurality of

GDSout files may be generated corresponding to the different |ayers of the

devi ce [00610hi pFit 9a evsEDH0uEss B0OD dsr iat@pefadak e deftt intePcdBOrhe@reedss ng of
the GDOSout files conprises, for exanple, determ ning whether the OPC

patter nnﬁﬁo&raﬁmgnﬁ@&'&e&% LA l%n@;ﬁﬁ& fird Ratd,H19Sard 81&6&%% i A6vidBY! Bfe @S

desi gned. Checking can acconplished, 1n on enbodi ment, by Jobvi ew.
Jobvi eva?tévryf)f( %le, 't e[))cgrrn];)f)er, Er(')ar(rjlpll'is%s 3%15?&1(9 nO€I<1'er gpgse 153 EJ{erPoeﬂS( files are also useful.

The artwork file may comprise a test chiplet with an array of test cells. The array of cells
includes standard cells with patterns corresponding to standard structures or features. For
example, the array of cells contains process of record (POR) structures. A portion of a test cell is
shown. The patterns may correspond to polysilicon structures at the polysilicon layer. For
example, as shown, the test cells may comprise patterns corresponding to polysilicon line
structures 882. The cell may include patterns of other types of structures, such as structures of
other layers. For example, the structures may be interconnect lines of an interconnect layer, vias
or contacts of a via or contact layer or active structures of an active layer.

[0062] At step 822, a defect 846 is programmed into a cell of the array of cells. In one

embodiment, the defect is drawn into the cell. A user may open the artwork file and may draw
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of checking tools may al so be usefill. [0060] The process steps 820 - 860
are repeated until all GSin files of the device are processed to create a
plurality of GDSout files corresponding to the | ayout of the device. For
exanpl e, GDSout files can correspond to different |ayers of different
chiplets. After all the GDSout tile are ieeked, final eout i s perforned
at st eghgddectipie thapelsutFor pramplgamisaiare grtheldesired émaNEBEsPefqm@dfw gippte the
assenbling all the GSout files of the device. The MEBES file is used to
cr eat e ihteadetbdded eAsshednfthe défabirin ¢lat ¢etigcontpeisecharadwidgwiline feai®paftdrng. 9a
shows a process 802 for incorporating a defect into a cell. The process

i nvol vepnighayi&ditin fedkel £Mmtthé Aetad] 1aktvide, Which indbassé RBisBhde oBdtedtbd MPT K
file is provided. The artwork ¢ for exanple, corrprlses a GbS file. Oher

types QI ﬁc&’ﬁ%ﬁ M the 1ift ?eaﬁ‘[ré OO'ﬂ?e?ft)g{eF ﬂi&ﬁ ra.lfso l#el d%eff?yF SPJJJB{’?@&Q tifd

t est chlp et W th an array o

st andar fcglls wrth%at(ierns co ggg tosand d struct Eﬁ?

f eat ur 6§ °FBPY EXARPFEW! eﬂelgeﬂfreé{? fEfele L prgtay rGH r“é RYR"% POR)
structures. A portion of a test cell ,shown The fpatterns ma correspond to
pol ysi IWiighmay cawsesuesntdeakages rothorts in the gptuplynefeatpess p .eAdgifort ownt est
cells may conprise patterns corresponding to polysibcon |ine structures
882, Thiefertd thayveg piogrinuded g theransy of test tedls. Fopesingfle, stiditionalrdedsctsmanbas
structures of other layers. For exanple, the structures nmay be interconnect

l'i nes Giro@Bminitiiex deviedebcatibay & othati RHs. OThE Qtb@s bthefarrdy vitd ®it be @fttRGhmeayer
orstructures of an active |layer. [0062] At step 822, a defect 846 is

prograieh b ftfefechs. ! er(%%feh@lﬂ%fernﬂéelﬁfof?flé ay rﬂa Qgﬁ?%hgﬁgés ofidagectief ect

is drawh into the cel user may open t art may draw the

def I | F h d d

s ot k) 18 5 5T RNRA i B MR SRR GRS Bl
I f eat t Thi It cki

ARV ST S5 R IR R

connection in the line feature. Qther types of defects may al so be useful.
For exalefrice$48 trastelaf bepohmiticonipe B84 Omtlwernaﬁqgcmesm@mgﬂortge ardgravemédat ur e
pattern. This may sult in bridging which may cause current |eakages or

shor t s defect.h&s adit biedeeh, the défeat iv h@arrpwathusfahe pdgisliitoming whieh eatulis iy be
programmed into the array of test cells. For exanple, additional defects
may be jpiegedidtrehdt. desired | ocations of other cells. The defects of the
array need not be of the sane type of def ects. For exanple, different cells

of the 6%({43)/ MY {f%é&s g%u{ b 560k lh%ptﬁ§ At ngélg%£§?ﬂ+lgggélﬁﬁ)m§ Eapg&ﬂ (?cess

creat eJ ed on or rratl on'in e nask'can

enpl oy to.forma p er, wwth the desired ter waf er at
step 839V AQiRrame %Jﬁ%&s PSSR B etlﬂréutﬁer‘g? o flee Sp¢ 45233%‘84%% t he
waf er corresponding to the programred defect. As can be seen, the defect is

a nar r égfosty cen be Idéavrablny@thfréoﬂpepﬁlwelaym efitheasay o& cells in dexiGPSinsfilg. In other

embodiments, the defects can be drawn into the artwork file after OPC has been performed on
the artwork file. For example, the defects can be drawn into the GDSout file right after OPC has
been performed or into the MEBES file used to form a mask set for the device. In the case of the
MEBES files, the defects can be drawn into the respective layers of the array of test cells.

[0065] Fig. 9b shows another process 804 for incorporating a defect into a cell. The process
involves merging two artwork files together using, for example, a script file. In one
embodiment, first and second artwork files 862 and 868 are provided at step 814. The artwork

files, for example, comprise GDS files. Other types of artwork files are also useful.
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[ 0064] The defects can be drawn into the artwork file at various stages of
the tapeout process flow For exanple, the defects can be drawn into the
input artwork file, such as GDSin. The defects can be drawn into the
respective layers of the array of cells in the GSin file. In other

enmbodi "ﬁﬁté th otl.efects can be drawn into the artwork file after OPC has
been peldP80led 186 frstertgorkdiampy pmprisgranageayot dest eqlls. ddeapay obtest 58S dr awn
into the GDSout file right after OPC has been perfornmed or into the MEBES
file usadutes stardardcalta sthsgattefrsrcotragpoddingde stahdart ieudase onfedtvgesVERES fi | es,
the defects can be drawn into the respective layers of the array of test
cel I's. ¢xa0fphd, Bictharrayto febdySonddind fetesdod e@sed GOR X Bructufes0 AP Péreibh 09 a testledlEigt
into a cell. The process involves nerging two artwork files together using,
for ex , i il i j : a rk
e R L P R L o
conpris files. er, types of artwork files are. also use-flu.

[ 0066 TR 8 5o, Jod8 kPR SeomRfid ity afRufnfibed Sob3Tera ioene ar ray
test cells inclu E‘?’ standara ells with pattern% corresponding to standard
st r uct UTREIEFS §eatlle sell mayringudepatiernsiof othgr types gf stewatyrss, SBeft 25 HUCHSAss of
record (POR) structures. A portion of a test cell is shown. The patterns
may corqteergayeds.t Fopetamiile.itbostrusturecmay be intercotrecplingssif b dwercbanyest laygiprias
exanpl e, as Shown, the test cells nay conprise patterns corresponding to
pol ysi | dreontatts o a sia ercdoutaesla8&2or attiee stalcturedyf dnnetiveltaypat t erns of ot her
types of structures, such as structures of other |ayers. For exanple, the

st ruct yoes7)mey ARGor ik 8ERAARAKork HRER cBhtaf deRlcBlFORNE6h. F8YSlampld, 3 OF
contacts of a via or contact |ayer or active structures of an active |ayer.

e R o
i nf ti . h PD K . D k i ndi | i t
o S TSR R AR OB o A ED L R R0 e BBl o, 2P

PD marker indicates the |ocation of the defect in the borresponding |ayer
of t he CREPIG RS maker drdienies the lavarerool thg defect dhg pRrespondingkyen et thaedlbr n
to create necking or bridging type of defect. Qther types of defects may

al so bemndsdfetier thaditif¢dt tn@drroRbngrar wateaingaf alfeatiureqiatteiectoicreatedveeckimgamd ar t wor k
file for progranmrng other defects into the array of test cells. For

exanpl eridafd tyhOsedef&D Tids @yses BRMe6ts nkls! sttt wsefil € ARSI AIPTH haPkd?Emay
desired locations of other cells. The defects of the array need not be of

have: ol T o P RS RGPy Ot BU R Bl bE AR 45RL TuShd AR ghustY
et oot S E6FTRRORANALE PoREHE 3% BT oRhe Fentbibaoalhet Rt ptyont

other cells. The defects of the array need not be of the same type of defects. For example,

different cells of the array may have different types of defects.

[0068] At step 824, the first and second artwork files are merged to create a merged artwork
file 873 containing defects corresponding to location and type of the defects based on the PD
markers. For example, the PD marker contains a narrowing type of defect at one of the line
feature patterns. Providing a PD marker with other types of defects is also useful.

[0069] In one embodiment, merging of the artwork file is performed automatically by a

script file 879. The script file, for example, is a computer program generated for execution on a
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mar kers. For exanple, the PD marker contains a narrowi ng type of defect at
one of th feature patterns. Providing a PD marker with other types of
defects is also usefU. [0069] En one enbodi nent, nerging of the artwork
file is performed automatically by a script file 879. The script file, for
exanple, is a conputer program generated for execution on a conputer. The
scri pt compateredhe seript fide fospvesasinputh thesfirstband sseenshartveark ideskend mperges therg
nmerges them together automatically. [00701A nask can be created based on

t he i nftogetimdriaatoncaviciléy.ned in the erged artwork file. The mask can be

enpl oyed to forma physical layer with the desired pattern on a wafer at

step 840970} PhAsth&k! cafl Bt @edatBAhsEXbBIHR ihdrhiorAdntidhed ihMge ekl AAWSAAHIRN

the wafer corresponding to the programed defect. As can be seen, the

def ect [ i ne
Foat ur 1B Fii AL BRI EL S fortL SR ﬁﬁ@%@ﬁtﬁ%ﬁ%&&fﬁ%ﬁ%&%hpﬁe wor k
file at, various.s the .t apeout ess fLow. The ed flle
can’ bo $ir deaaicekflen &3 kb Aitiel Pnf Barge RE8h a VBt i o Siditig Tepsi o
stage. Alternatively; the nerged artwork file may be created after OFC. For
exanpl erograameddgiack As Fan boseeni the defeete aparrawinegadodeotaihidhecremesfd PRt h a
GDSout or MEBES tile. The format of the artwork file containing the PD

mar ker sosix@tiba ihéhedimepedtudel e with or cater to the artwork file containing
the test chiplet. [00721Fig. 9c shows a process flow 807 perforned by an

enbodi eert1]of LS Gitwek filkes @arﬁ?egmeﬂgbﬂ 8 cromd tsemendd arhord Klefat basorstageiput
into the script file. In one enb ment, the first artwork tile contains

POR st th'é:faﬂécﬁﬁ lpﬁJce?st ﬂ(&»@ aﬁle Wr? If?é c nmefoﬂﬁ%(d’\@f{f tﬁé fn%t WO&%E ?§ n all

t he Iayers test chlp secon art wor e contains

mar ker s f te C le D mar ens corr 0 oth Ioc and
types SFectidy -aihvh@&nfs? B fteb e ATk 1B i) Se'pratyd

files, for exanpl conpri se GDS es For exanple, the first flle

conpr | BC.aFersaample, the aifrork fide g@ﬁ@ﬁ@géh% RBrrarkets anaydregneiged witharaDiavtk er

file. '"The first artwork file may also be an MEBES file. [00731lin one
enmbodi me MEBES éils cThepformat & the agwanksfild ebatainsng the & Dembrksts sbhuld|betcotmpypableby

with or cater to the artwork file containing the test chiplet.

[0072] Fig. 9c shows a process flow 807 performed by an embodiment of a script file 879.
First and second artwork files are input into the script file. In one embodiment, the first artwork
file contains POR structures of at least a test chiplet. The artwork file may contain all the layers
of the test chiplet. The second artwork file contains PD markers for the test chiplet. The PD
markers correspond to the location and types of defects in the different layers of the test chiplet.
The artwork files, for example, comprise GDS files. For example, the first file comprises a
GDSin file and the second artwork file comprises a GDS marker file. The first artwork file may
also be an MEBES file.

[0073] In one embodiment, the script file programs defects into the test chiplet layer by
layer. For example, the script file programs the defects into the layers in an ordered sequence,

such as bottom up or top down. Programming the layers in other configurations is also useful.
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| ayer. For exanple, the script file prograns the defects into the layers in
an ordered sequence, such as bottomup or top down. Progranm ng the |ayers
in other configurations also usefid. hi one enbodinent the script file
prograns defects of a first |layer of the device followed by other |ayers
until all layers are progranmed with defects, [0074] A PD marker, innmhodi nen
i ncl udds one brapediment, dradscaiptiblequogragp defepts of arfirstdaynyioé thetdewicpiiolhaweddry maybe
in the format of XY, where Xis the layer IDand Ni is the defect ID. The

I ayer lobhebayeheurdil Al ddefs drél prigrdnimed withelefayer of the device or chiplet.
Forple, the nunber 2 may correspond to the active |ayer of the device. As
for Y. [bdzdfey RIfHERe, @néYaboliihe indldQdda i TbRd ! UckebyzalD. tag 117 st

or second type defect. An o nber, for exanple, may corréespond to a

necki ng_t f fegt while.a en_.n r r -bri.dai
Cype o iR PFiaior Mg i et AT o FBE X R BEREOD b P igle kR0
correspaonds to the location of the defect. The shape of the PD marke

i ndi catles lhRdaxen A geay kep RHEOG e R RE fisr Ryt dhe fegw £l -Eszfam, ®a PD
marker 1D Nt hay correspond to a necking defect in the active |ayer of the
devi ce the MhebasRapey eorcesborshivitbhagtvetler pOtheedeiise. WisItpr ¥oit ey wéther heoant he
pattern and location in the first artwork file which is to be renoved. In
t he easeeinbertdied®Pumbekierindioste éspfmtsr decoral type defiectg Adeddiuymbdnefoshape
and |l ocation of the PD marker will correspond to the pattern and | ocation

in the exfmpRl may L¥REHohd b MEUKETE thde bPddTECt RGN vEPABhBEr hiesbrbbgond B@

script file determ nes whether he defect type ID of a PD marker, for

exanpl %Eidgi{%tetp;gqf éﬂ'cffee éecé![ *_%M%)rckﬁb& &ﬁpg ?b%grk@{ S MRE ﬁnbx?evykef%lg !&9&8@5{?& thé rst or

S
a secon exanp an even nu Icates a first type

ermboai JEHon QB BFFehu KRR APh Al (i CCa 5 G (o pnets Bdrenist O

nunber corresponds to a necking tyl%e of defect. ) )
[0075 As an example, a PD marker ID equal to 2.1 may correspond to a necking defect in

the active layer of the device. The shape and location of the PD marker will correspond to the
pattern and location in the first artwork file which is to be removed. In the case where the PD
marker corresponds to a bridging defect, the shape and location of the PD marker will
correspond to the pattern and location in the first artwork file which is to be added.

[0076] At step 817, the script file determines whether the defect type ID of a PD marker, for
example, of the first layer in the second artwork file indicates a first or a second type of defect.
For example, an even number indicates a first type of defect and an odd number indicates a
second type of defect. In one embodiment, an even number indicates a bridging type of defect
and an odd number corresponds to a necking type of defect.

[0077] The process flow proceeds to step 827 if the defect type ID is an even number. In one
embodiment, an even number indicates that the type of defect is a bridging type of defect.
Providing an even number which indicates another type of defect is also useful. The script file
performs an AND function on the first and second artwork files to create a bridging type of

defect. For example, at step 837, the information in the PD marker is incorporated into the first

16



100771The process flow proceeds to step 827 if the defect type IDis an
even nunber, In one enbodi nent, an even nunber indicates that the type of
defect is a bridging type of defect. Providing an enunber which indicates
anot her type of defect is also useful, The script file perfornms an AND
function on the first and second artwork files to create a bridging type of
def ect , arPorrk éiteininl ane eatbodinegnt 387 pattdre of thiedIDhvaarksn i everlpid @iy therdesired lég
incorporated into the first artwork file. In one enbodinment, the pattern
of the diidctue kogion. sSThe\pattbai of tiPD ridikerde addeddo FRISiredIPORr strucge gion e
pattern of the PD marker is added to the desired POR structure region at

step 84fed 470th @Rk AbRISARMepat tern. 11007810n the other hand, the process
fl ow proceeds to step 71t the defect type IDis an odd nunber. In one

enbodi an ofr on cki .01, S.S§

pat ter o0Elac, EBtnEBERE Rl b TRBANE Rab i dfF el R R s R ¥R TR 4
defect is also useful. The script file perforns _an NOT function on th

first hid naqmbegfmfrésmf fldumanes CaTERReRTISY adiecking Of MYBRARRAC Bgt tern
type of defect. For exanple, at step 877, the information in the PD marker

i s i ncanpemadederti Rrayidingad pdd pumberwdiirh indicatesianobartyperbbdétpetns alse heefgat t er n
of the PD marker is overlaid onto the desired POR structure region. The

pat t er MhefsctipefilePerfardiesn NOTsfubttiacdrethe firanmt Becotid artiveek FlERts treatetaureeking
region at step 887 to create a mssing pattern. 100791l n one enbodi nent,
step 8lof nhiSsih@PRRER Pattth ypedlfldefdor. MrkRhpRf atldi 872y Be idfoBmbiié:PIRRE Abed
into the first artwork file. The PD markers of tile second artwork file may

be pr Ofrﬁé‘rﬁé‘%s?&&&ﬂh’t@ﬁ' Gfto (UG %ﬁr&?‘ﬁ%@éﬁf &n%a@ﬁ‘gﬁbo?i%#{m;thpﬁa&% Wihe i her

arrangenents for 1ncorporating ers o yer may al so be

useful . 100801i n.t.he case wher [tiple |ayers ar rogranned wth

o ect anakas syfaig SpioftRe HENHEH ROR huchisf ey B paicBLSHREL TR Byer . The

script file termi nates when all |ayers have been pro?rarmed with defects.
subtracted from the desired POR structure region at step 887 to create a missing pattern.

[0079] In one embodiment, step 817 is repeated until all PD markers of the layer are
incorporated into the first artwork file. The PD markers of the second artwork file may be
processed in sequence, such as row by row or column by column. Other arrangements for
incorporating all the PD markers of a layer may also be useful.

[0080] In the case where multiple layers are programmed with defects, the script file returns
to step 827 to process the next layer. The script file terminates when all layers have been
programmed with defects.

[0081] In other embodiments, the script file programs only one layer of the test chiplet. For
example, the first artwork file can be a GDSout file containing only a layer of the test chiplet. In
such case, the PD markers which correspond to the layer in the GDSout file will be incorporated.
All GDSout files may be processed by the script file individually.

[0082] Figs. 10a-f show various embodiments of programmed defect generation flows 900.
An artwork file of the device is created or provided. The artwork file, for example, comprises a

GDS file. Other types of artwork files are also useful.
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[0081] I n other enbodinents, the stript file prograns only one | ayer of the
test hiplet. For exanple, the first artwork file can be a GDSout file
containing only a layer of the test chiplet In such case, the PD markers
whi ch correspond to the layer in the GDSout til- will be incorporated. All
GDSout fil|es be processed by the script. .file [00821Fi gs. 10a-f show
vari ous[foghﬁ)d in'%ﬁfe? 9([5))? E‘P(Pﬁ‘?"&%gﬂatﬂ%? bt chyRlgleoraryagn Greating tg@@.St IFRY e AR k
file of the device is created or provided. The artwork file, for exanple,
conpr i sasbaliges, fricludes @aheing thoelsvict stmdetwes kf 4 dbdse wrumdatstnd tlsevarous

[ 0083i At step 902, the process creates a test chiplet or array. Creating

t he t esdtruaturésyof theidene frtepdiloe Unce tcdttidesesasTahy ddvig: Kave be@vaseertfihddigt ur es
of a device to understand the various structures of the device at step 910.

Once t hgstell WESt 955 chréatﬂﬁil 1deNLIGE MRLRuIERE oﬁﬁf&‘%&t?‘iﬂﬂ@ Gost é’e_H2| Z&Iexﬁﬁl&)!:eé ﬁ[

step 915 is created to include the structures ofinterest. t est

for ex i.s .coptained-in cel |l .ar rk tile. For . .exa t he test

Lol & MRldned i FRMLAWORLAI RO XGRS AR el s Soned S e Fon
exanpl st 920, design check is perforned on the test cell. The
desi gne@ﬂ@bk, e tesk Séf?ﬁﬁiq%@-u%fgsexerﬁ@kex%ﬁen??& pAEtER FheskALPRIFSASAOR t he
cell, distance between adjacent structures as well as design patterns.

Ct her tthptest el dhwi dgsigo isbedks farepampleoingbidge elieskimgdhe pattean dingpasiognof thee has
been violated, the test cell is revised to correct the design violations
and r eafelcdistdnceltewperoalsenndtrucaresasngel iddesiz@pactking.g Otiee types bf d&dign r epeat s
until it is validated. For exanple, the process of revising and rechecking

the t esthesl@lthay 8BEBE Pertithicl. ¢RI dedpASuidiHal badd vidBRIAthe tel: 8811 Ra8viB&ED
acconpl i shed. [0085]1n one enbodi nent, the test cell is contained in a

pl urali - £ iles. c A i.ndi vi

Payer s fFePHbPHER HoldibBE nd HetcRBy, % blocBS o FREs b BxtdRiiefhte
process_steps . fram 920 t 30 are repeated until, all .th rtwork files have
Deen: prgbecaiy ioh i Foeasade EBprowrs diapriviehrad eedumning rbeelar r ay
having a plurality of test cells at step 930. For applications where the
test eHFpsabt Uk spnphange yith dll dastenpjss appeanaicremplishedpr ocess from st eps
915- 930 are repeated until all artwork files of all the different types of

cel I s HB085]beem gnaoaelssiadentTthe tekit CEleisamntaieddlis aphmalityerf abierodsflkes, rdokleds f or
exanple, into a test array having different sub-arrays for the respective

types @D$ €iés. @@k bfamplBEindividual Rigtrsloif kirste@fcell R doRsdinedlih dspeétBlc 2XaNR! €,
can be referred to as test GDSin tiles. 10086] The test array, in one

embodi PR ’TWO&%S Et@ﬁ@fr&ﬁd)ZiOQB 93 R I%ﬁéd.t&ﬁll{tﬁ gil% ﬁ‘wfﬁ'ﬁ%és have been

processed. The validated test cell is replicated to form a test array having a plurality of test cells
at step 930. For applications where the test chiplet comprises different types of cells, the process
from steps 915- 930 are repeated until all artwork files of all the different types of cells have
been processed. The different cells can then be assembled, for example, into a test array having
different sub-arrays for the respective types of test cells. The different files of the test array, for
example, can be referred to as test GDSin files.

[0086] The test array, in one embodiment, may be inserted into the scribe region adjacent to
the device. For example, the test array may be inserted into one of the scribe regions in the x or

y direction adjacent to the device. Alternatively, the test array may be inserted into, for example,
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the device. For exanple, the test array nmay be inserted into one of the
scribe regions in the x or on adjacent to the device. Alternatively, the
test array may be inserted into, for exanple, an unused or non-functional
region within the device. The non-functional region may be specifically
placed into the device for the purpose oldie test array for nonitoring

pur pos &8, unue@Bm|on-fuhetianabesgitneyighin gl devinsalThe @on-fungtiopsl regioamayibet s are to
be included, step 902 may be repeated for each test array. The test arrays
may be spedficdBoblaceddnte the dsacefon the frepsserof e tegt@arran Soranchiaringguigmass. For
exanple, the test arrays may be disposed in one of the scribe regions in

the x-dopeqti om MeLaQNPhQE aldiBoRd tésP BrrhRUr*ADH1dtH a8 bY indideBCitePM0Dhay BE
device. The test arrays may al so be di sposed in non-functional regions of

t he devj 0, r . e .

usef ul fepatsgpl Eleb it ARREGPRL Retlruly® B e AR Rl in e Sifg B 3TE: faons
continueg,tq ste 80. At step 980, the artwork file st GDSin) af the
Cost miPaipr Aevib S5 ciunbles 1 orb pEbrsama i Qe o B toctbgregions Tn the
intentionally progranmed into one,sone or all the cells of the test array.
| n one *edisstiorend on¢ plethg seréa regigneinpthe grdirpstien phihe deviec.t EBe tealrareays Biay

drawi ng the defects, as described in, for exanple, Fig. 9a. The test GDS
file caiodiendispstdim mmefynetiomatiregiine of the(dwwibef iCthkrtaemh gdaSitnof tes asapsot t ed
for processing at step 940. 100891l a the case where different |ayers of the
test arghifetdhRyGdtRiuesli n i ndividual artwork files, the process step 980
maybe repeated for the artwork ales of the different |ayers, creating

nuner o di f§ N =i j ti

pr oxi m'L[tﬁ ?/ggjor r iégﬁet %t’ iaose rhlfo g&ﬁ%g@%% Bg’qtﬁgéﬁi(:%ﬂﬁ%ﬁgetgégp g tgg pAg%%P
Processjng.of th t fi.l.e dncludes, .in one enbodi t C at _step
050, *aio0r gtk flef SRR DRI it ProBBin S RL P R fisise ToR G e, t st
GDSout files are generated from processing the us nodified test GDS in
files. defpstsaggnt ally progesniped e epgqisPag ol HegteHs of thetess giray. Ingeof ¢ he
device for tapeout at step 960. As previously described, the tapeout file

i s usecnthodongd}the dafeMEBESrOgtasmdd intp fhe tess eday by demmgthealefeofs, anddseribidi ch
are used to fabricate devices on a wafer. The wafer with the devi ces and
def ect Snabeetangedigdal AhertestiGDS fle heinidg the prbSaBRIdd difectOinaidssteanot her
enbodi mrent of a process flow 900 for incorporating programmed defects into

the artyg§i) {d dubittddros PRMBssid # S{Q,E%gg_ss flowis simlar as that described

in Fig. 10a” except that the programred defects are ot progranmed into the

(oot TR R R R BIRR-AITRE BRG] 2 UfubBERT RETHET 0L 2
nmbodi t, the defect d into th Sout fi | d i bed i
2o o iobiis oo s B ahseresead By e chel hesseniies e
process continues by submtting all the nodified test GDSout files for
final trapsows medificbterteGDES0Igs fdrifressssing atrte@4l. (@pticsl proximigncvERHES t i | €
at step 960. The nmasks forned fromthe MEBES file are used to fabricate
devi cegOPQ) & parformed dha tvGDSinifildhat diep WV iFresessing ofltheaetwriafite incspes tred
for review at step 970.

one embodiment, OPC at step 950. After OPC, a test GDSout file is generated. For example,

numerous test GDSout files are generated from processing the numerous modified test GDSin
files. The test GDSout files are assembled with other GDSout files of the device for tapeout at
step 960. As previously described, the tapeout file is used to create an MEBES file which is
used to form a set of masks which are used to fabricate devices on a wafer. The wafer with the

devices and defects are inspected for review at step 970.
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[ 00911Fi g. 10e shows anot her enbodi nent of a programred defect generation
fl ow 900. As shown, the process is simlar to that of Fig. 10b except that
t he progranmed defects are incorporated at step 985 into the MEBES file
whi ch has been generated at step 965. The progranmmed defects one

enbodi nent, are drawn into the MEBES file. For exanple, the defects at the
di f f er dA090]eveFig. a0l shivesmmother embhdinteat of apnoagss flomt 9 hfoofncotporatimngi ce.
Thereafter, the nodified MEBES file is resubmtted for tapeout to formthe
set of pragksnitdeidfdess ihrtht kg ofteNles.eAs $ROHD tid grocdQdloshiewhniyatas dimpt her
enbodi nent of a programmed defect generation flow 900. As shown, the

pr Ocesﬁlekéribghﬁﬂ FRY 1 @eﬁé&gﬁ th%ﬂ;t}élg hﬁyfglrzfrgﬂe@ﬁ@fé% givél?ét tdiramiied ifl6Rclest are not

incorporated into the te s created at step 930 by drawing. In

one e Lrent de t_marker tawork f.ile conmpri.si P I ker

i catmates. S, B pOBRTRs ot e St G e SRR e ops
exanpl g, eorresponding layer of a G)Sin fjle js created. at step 973. The
def ect HenPrarbesformed t e 25 -sln&eﬁgg@%%t,éhﬁg?fjﬁfég wrfﬁﬁwe, inte e Wfile
at step 976 using, for exanple, a script file such as that described in

Fi gs 9Hiles, adescribedjiodig it SEEPFD isirgpsaied, fos ghampleciyr Al GOt &less{ldp 950.
Steps 973-950 are repeated until 1 test GDSin tiles have been nerged with
cor r es posuwssepntiatiechy subhkeingfaill the modHzd 3dsT IGD Suuo €ids Torc il itapeest wich biheal
tapeout by assenbling all the test IDSout files and other GDSout tiles of
t he de\@5Sodt FildsBhSdeMeBEFoinh he MIBBS @i AGQtp obde TN ERERs fdrhRd idni@ed to

forma set of masks which are used to fabricate devices on a wafer. The

waf er Wi ' re | -1 LYV] t

00041 AERES M HEILEET, ABREIARA R ARPRE! Sl Qi VUGN BT BRI AR
generation flaw 900. As s , the process is simlar to that of Fig. 10cl
except ppLEte ?fgrBYIS\j'r"’éﬁtr‘?ngmf ects arc incorporated after OPC has been
perforned at step 950. In one enbodinent, a defect marker artwork file
conpri 409Y1PD Figr kg shomisamether ergbedimentofea pragramseesk defect genaraiiond@ e 808 t o be
programmed in, for exanple, a corresponding |layer of a GDSout file is

cr eat ed\sathoshethe pr@essTis aimliddrac thatraf Ker 1@y exvepkthht the programemngd defacts larea
correspondi ng test GDSout file at step 976 using, for exanple, a script

file sygddrgsateat ste9983 i the MEBESi18 Whech 1idk ®én %&@rzﬁé’tﬂat%?e@ g¥5e Thepeat ed

until all test GDSout files have been nerged with con-espondi ng def ect

mar ker S&%%’%ﬁwaﬁgfe%f QEsheld odﬁ?éﬁ}r’r'%'r Mdﬁllnfc{ @ﬁmgt% HexabBinet apeout

at ste apeout "I ncl udes asse Ing a e test out tilres$ and

ot her out fil of , the device tg forman IVIEBES file. .The NI EBES file
s bsedergtin in Glte@ht fpsAedrtRns S v B0l PoBmthe Givice ek alEs s,
wafer. The wafer with the devices and defects are inspected for review at
st ep 9TepdifigheEBESfilejigyesybmitied dproapraut Eniosa;the pat obmagksirssd fxformdbelef ect
gener atdi on flow 900. As

EcViCE.

[0092] Fig. 10d shows yet another embodiment of a programmed defect generation flow 900.
As shown, the process is similar to that of Fig. 10a except that the programmed defects are not
incorporated into the test GDSin files created at step 930 by drawing. In one embodiment, a
defect marker artwork file comprising PD markers indicating the type and location of the defects
to be programmed in, for example, a corresponding layer of a GDSin file is created at step 973.
The defect marker artwork file is merged with a corresponding test GDSin file at step 976 using,

for example, a script file such as that described in Figs 9b-c. The merged test GDSin file is
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shown, the process is simlar to that of Fig. 10e except that the
programmed defects are orated into an MEBES file forned at step 965 by
assenbling the test GDSout files and other GDSout tiles of the device.
1009611 n one enbodi ment, a defect marker artwork file conprising PD markers
ludic the type and Iocatlon of the defects to be programmed in, for

exanpl eubritisioeOBGratisiey W58y Steps©73960 wEBEBRated wntil gl dest Giln Silesdraup ern
defect marker artwork file is nmerged with a correspondi ng MEBES flle at

st ep 97berged with choespexdimgldefecamacder fitesf i | e such as that described in Figs
9b-c. Steps 973 and 976 are repeated until all defect markorrespotiding to

di f f er qohodjayemhe PriessRRaAnRs6 EasdpeolBy FRESSHN ESE§ tedtiAISSdud figdstmit t ed
for final tapeout at step 970 to create a final BES file. The final MEBES

file i Sotﬁ& (g*tff%srg %esgivu?ef dtor}gﬁllfﬁn ME(F%S? e%t"&e?‘?@o %%Eﬁé? ?iééjﬁ\ﬂsgdat% on

a wafer er wt evi ces an y be |nspec

review., . 100971 ed t fects re incor to files

Cont ai PTG A4 chinashs Bichate btiS T isagfuiEen i oot e Wtk tidh BExievieeh e
incorporated into files that contaln an airay of test cells as well as
conponeiifl defsetsargimspected foprevistaatpiter 9the chipl et may incl ude test

sub-chi pl ets and device chiplets together. O her configurations of design

fl ow ard@098f ectig heoshpovsatet amothérambuvdimait 96 a lpeograafetl defe008BERNion iflowedt0l on
may be enbodied in other specific forns without departingthe spirit or

sent i alAchanasiRipreddseR sirtigara0thal BEFfe01 @UeidRgt REbGdpreimmbotsfecRhee t 0 be

considered in all respects illustrative rather than limting the invention
descri t nded
o . BABga BncRopEupbol i ANERG A b B S, Rhc e pREr

come” ‘firlltworl‘gli1 geeco%];pn%l UI 14b] Irr(laarll']((:éés 1ndlca?1ng the type and location of the defects to be
programmed in, for example, a corresponding layer of a GDSout file is created at step 973. The
defect marker artwork file is merged with a corresponding test GDSout file at step 976 using, for
example, a script file such as that described in Figs 9b-c. Steps 973 and 976 are repeated until all
test GDSout files have been merged with corresponding defect marker files. The merged test
GDSout files are submitted for final tapeout at step 960. Tapeout includes assembling all the test
GDSout files and other GDSout files of the device to form an MEBES file. The MEBES file is
used to form a set of masks which are used to fabricate devices on a wafer. The wafer with the
devices and defects are inspected for review at step 970.
[0095] Fig. 10f shows another embodiment of a programmed defect generation flow 900. As
shown, the process is similar to that of Fig. 10e except that the programmed defects are
incorporated into an MEBES file formed at step 965 by assembling the test GDSout files and
other GDSout files of the device.
[0096] In one embodiment, a defect marker artwork file comprising PD markers indicating
the type and location of the defects to be programmed in, for example, a corresponding layer of

the MEBES file is created at step 973. The defect marker artwork file is merged with a
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clainms arc intended to be enbraced therein. What is clained is: CLAIMS A
nmet hod of form ng a device conprising: providing a substrate on which the
deviced; providing a testork file containing a test cell; - modi fyi ng
the test artwork file to programa defect into the test cell, wherein

nodi fying the test artwork file conprises providing a defect artwork file
cont ai wongsmeflmgtMEBESfita i ssep 9 Hnubing) dor gampid, agetiptdild efidcts thatfdesambed on
fromthe defect artwork file into the test artwork file to produce a

modi fi Eﬂi%si @st. 8fcpWOTXaild 9B Mk kpepledahaNiTEdeB@ieaker filof Edri@péndimbto difftrent

derived fromthe nodified test artwork file; and using the mask set to form

the t eslﬁye?seflzive%eﬁ Bﬁ)cééégé.t TR ﬁleréeBGMEBES eld subﬁ%é&%f‘ﬁn&lhgpeow at step 970
to create a final MEBES file. The final MEBES file is used to form a set of masks which are
used to fabricate devices on a wafer. The wafer with the devices and defects may be inspected
for review.
[0097] As described, the defects are incorporated into files containing an array of test cells.
In other embodiments, the defects can be incorporated into files that contain an array of test cells
as well as components of a device. For example, the chiplet may include test sub-chiplets and
device chiplets together. Other configurations of design flow and defect incorporation flow may
also be useful.
[0098] 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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defect programmed facilitates defect detection. The net hod of claim
formng a test chiplet conprising a plurality of lest ells wherein the test
chi plet includes progranmed defects to facilitate defect detection.

The met hod of claim2 wherein the test chiplet conprises a plurality of
sub-arrays of test cells. 4. The nethod of claim2 wherein the test
chiplet“&@t@wkwmgéﬁ in a scribe region of the device or wwthin the device
or a conbination thereof. 5. The nethod of claim4 formng a test chipfet
conprising a plurality of test cell ELAINS ein the test chiplet includes
programmed defects to facilitate defect detection. test cells. 7. A

met hod pf f of tydimel @fﬁ,ﬁﬁﬁlgcameplc@tcoﬁlgﬁgh?si ng; providing a test artwork file
containing the test chiplet ying the test artwork file to

program defe ﬁ%ﬁgir{ya suhog't? tE% Rth(l['H %EEYIC %ﬁh rmdi fying the artwork tile

conprises provi e con di ni ng defect informtion, and

i ncorporatin e def ect |nf matiqn fromt defect artwork file into the
test artwor k&PY‘legtao eﬁrmlé?i\e ‘Pﬁ?ﬁql’?’?‘g&t?sé§a?’artmr k tile with the

programed defect;
modlfylng the test artwork file to program a defect into the test cell, wherein

modifying the test artwork file comprises
providing a defect artwork file containing defect information, and
incorporating the defect information from the defect artwork file into the test
artwork file to produce a modified test artwork file with programmed defect;
forming a mask set derived from the modified test artwork file; and
using the mask set to form the test cell on the substrate, the test cell including the

defect programmed facilitates defect detection.

2. The method of claim 1 forming a test chiplet comprising a plurality of test cells,

wherein the test chiplet includes programmed defects to facilitate defect detection.

3. The method of claim 2 wherein the test chiplet comprises a plurality of sub-arrays of
test cells.
4. The method of claim 2 wherein the test chiplet is disposed in a scribe region of the

device or within the device or a combination thereof.

5. The method of claim 4 forming a test chiplet comprising a plurality of test cells,

wherein the test chiplet includes programmed defects to facilitate defect detection.
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formng a mask set derived fromthe nodified test artwork file; and using
the mask set to formthe test chiplet on a substrate. 8. The nethod of
claim7 wherein the test chiplet conprises an array of test cells. 9. The
nmet hod of claim8 wherein the test ehiplet conprises a plurality of
sub-arrays of test cells, wherein the test cells of a sub-array are
identical except for the defects. 10. The nethod of claim7 wherein
nodi fyi ngthe artwork tile is perforned before optical proximty correction.
11. Thes.met hbiek méthod at caiin Biveteetin tidtestichfletapinpeisds 4 pllmlicoofsubsemysof est
artwork file containing |layers of the test chiplet, The net hod of
claim ephengin the test artwork file conprises a GSIn iii contatlayers of
the test chiplet. 13. The method of claim7 wherein nodifying the test
artwork file is performed after optical proximty correction. 14. The

nmet hod of claim 13 wherein the test artwork file conprises a plurality of

artmork7subéLiIeskhéﬂgrejn a suF: ile cantains one |ayer of the test
ehi plet” 15 MR RKIABRANGA et Shin'et SORBFRNEub-fi | es comprise GDSout fil es,
16. The method of claim 7 whereinartwork file conprises an artwork file
providing a test artwork file containing the test chiplet;
modifying the test artwork file to program defects into the test chiplet, wherein
modifying the artwork file comprises
providing a defect artwork file containing defect information, and
incorporating the defect information from the defect artwork file into the test
artwork file to produce a modified test artwork file with the programmed defect;

forming a mask set derived from the modified test artwork file; and

using the mask set to form the test chiplet on a substrate.
8. The method of claim 7 wherein the test chiplet comprises an array of test cells.

9. The method of claim 8 wherein the test chiplet comprises a plurality of sub-arrays of

test cells, wherein the test cells of a sub-array are identical except for the defects.

10. The method of claim 7 wherein modifying the artwork file is performed before optical

proximity correction.

11.  The method of claim 8 wherein the test artwork file comprises a test artwork file

containing layers of the test chiplet.
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containing layers of the test ehiplet. d of claim16 wherein the test
artwork tile conprises an MEBES The nmethod of claim7 wherein

i ncorporatingthe defect information is perforned by s,,ript file. A nethod
of formng an artwork file conprising: providing a pre-artwork file
containing a test chiplet; arid. nodi fying the pre-artwork file to
progr am2def eT:h@nﬁthod)ogﬂelm 8 a¢theggin thettest\arsiosk fileroairrisehg GOen piree- ar t wor k
file conprises providing a defect artwork file containing defect

i nf or madontaming iwyersfafltiee fest ghipdetuce a test artwork file with the programed
defect, 20.The nethod of claim 19 wherein the test ehiplet conprises an
array of test cells,

13.  The method of claim 7 wherein modifying the test artwork file is performed after

optical proximity correction.

14.  The method of claim 13 wherein the test artwork file comprises a plurality of artwork

sub-files, wherein a sub-file contains one layer of the test chiplet.
15.  The method of claim 14 wherein the artwork sub-files comprise GDSout files.

16.  The method of claim 7 wherein the test artwork file comprises an artwork file

containing layers of the test chiplet.
17.  The method of claim 16 wherein the test artwork file comprises an MEBES file.

18.  The method of claim 7 wherein incorporating the defect information is performed by

a script file.

19. A method of forming an artwork file comprising:

providing a pre-artwork file containing a test chiplet; and

modifying the pre-artwork file to program defects into the test chiplet, wherein
modifying the pre-artwork file comprises

providing a defect artwork file containing defect information, and
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incorporating the defect information from the defect artwork file into the pre-artwork

file to produce a test artwork file with the programmed defect.

20.  The method of claim 19 wherein the test chiplet comprises an array of test cells.
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