TEST CHIPLETS FOR DEVICES CROSS-REFERENCE [0001] This
application is concurrently filed with Application Number entitled "Defect
Detection Recipe Definition"”, which is herein incorporated by reference for all
purposes. BACKGROUND [0002] In the fabrication process of electronic
devices, for instance, intE§fEtSeEFHESEQR REY B<ESntial to detect defects

effectively at an early stage in grder to maintain and improve yield rates. As
IC feature sizes shrink, subtle 85@5?5%5?%@@5}ﬁe "killer defects" which can
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large amount of nuisance defects which affects the efficiency o

plgi%ggguishing 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 nuiganCcrGR&CIsDike hillocks, silicon cones and
discolorations which can be significantly larger than the subtle killer defects.

(0002} der ho tisufppriessanyisaresecd efesterandelo cat e diliestaete tis; greedendoins(ICs),
efforts and time need to be invested which can affect productivity. [0004]

it Trrspeftird (e Helilehdpects eldlesrpid pitigia ceoist sefte diiveddefe oradetter tiog improve yield
technique exist. SUMMARY OF THE INVENTION [0005] A method of _
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. which the device is formed. It also incﬁiglies forming a test cell on th
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[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



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

includes modifying the 1 artwork file to program defects into the test chiplet.

A mask set derived from the artwork file is formed. The mask set is used to
form the chiplet on a substrate. [0007] In yet another embodiment, a device is
agfertoBldoTreSHEY KdeHE iR S a tetiishirite é\qﬂl%ﬁﬁbé@@dﬁﬁ‘ﬁmﬁl@g eegfile is

on the substrate. It also includes a test cell formed on the substrate. The test

formpdn e sesk GerESdgiamh BaNRITHY AR Bikilitate defect detection.
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is to be understood that the features of the various embodiments described
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permutations. BRIEF DESCRIPTION OF THE DRAWINGS [0009] In the

[0d0BYingThike dieferancebRoaratiessxgenerallyapefemtDrthtusaraHRgstssent invention
throughout the different views. Also, the drawings are not necessarily to

hsealejemgliasislibstead geasraliyrdieing felacedtu gerfallostnagidep ¢hiption and the
principles of the invention. In the following description, various embodiments

agsbtheapy e iriventibwr Geendusciibe@ batindefeiaaddbachipécfolionmghe various
drawings, in which: [0010] Fig. la shows a semiconductor wafer; [0011] Fig

er@%ﬁamt%dﬁmhwmma’f%Pq’oeitz‘]aﬁgexglgﬂ&w%C@ru%étﬁglzaﬁ&r%ﬁa@?m@nons
of a cell; [0013] Figs. 3a-b show embodiments of a test chiplet; [0014] Figs.

gL PEIHERRY embodiment of a cell; [0015] Fig. 5 shows a portion of a wafer;

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;



[0016] Figs. 6a-f show examples of simulations of programmed defects and
corresponding printed patterns on a substrate with an actual defect; 2 [0017]
Figs. 7a-1 show other examples of simulations of programmed defects and
corresponding printed patterns on a substrate; [0018] Fig. 8 shows an

(094 Bodirhitgit GFhshapeorientsuBRS FHovs BT Hewi 8 Proero) g sletrsth idow
embodiments of processes for incorporating a defect into a cell; [0020] Figs.

CHESWE A I5PYEL 88N BRASHREA By an embodiment of a script file; and

1] Figs. l10a-f show emhbodiments of programmed defect generation
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particularly, the devices facilitate defect detection in devices. The ICs can be
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processors, microcontrollers or system-on-chip (SoC) devices. The devices
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electronic products, such as computers, cell phones, and personal digital
assistants (PDAs). [0023] FIQETRAShBlyDESERIRDIGNICtor wafer 101. The
semiconductor wafer, for example, comprises a silicon wafer. Other types of
[0823¢rs drebddomesetgbrrmdlzxelaiple, dbhiacprafer priapibe sampiagpdicityguices or
_silicon-on-insulator or silicon germanium wafer. Depending on the type of
indegided SHEUHR A FRaRREBHY ke ercse Mrbiiadebichistestion il virgrer The 1Cs
may include a notch 121 to indicate the crystal orientation of the Wf:lfel’. Other
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waier. ?6) Sflofhé waier inc es an active surface 18. on wnic evices é
o%?eﬁqm%qofaéxample, 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.



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

[092R]le deVirérbsitononpidiairsbrivation Breaetdedrcsiie HIGe) intspbsrtclirmsion of
ICs), involves the formation of features on a substrate that make up circuit
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Interconnections are formed by repeatedly depositing and patterning layers
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structures of the different layers of the device are created or patterned using
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the wafer of Fig. lain greater detail. As shown, the portion comprises three
lagelacehd shiestlits dftberdifareithiayeding dhiode iReriienscofediespaneadfacent

rows and columns (in the y direction) are also shown. A die, for example,
respeppriseesd auketahgethnighape. Within the die may be various device

regions 118, such as array and logic regions. [0027] A scribe region or line is
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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 um 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



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
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files can be various types of artwork files. The 4 artwork files, for example,
of AhMEK SIS E Ay g0 THASIS or CIF types of files. Other types of artwork
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files are combined to produce 3-dimensional information of the complete
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of a cell. The cell includes a substrate 201 with a patterned polysilicon layer
d4& which forms polysilicon lines. The polysilicon lines, for example,

represent gate electrodes of transistors. Three metal layers 230 are provided
[063He celigThdlmetatdaye e coopleditothesubstiatpl@oithgatiesTby cell includes

contacts represented by posts 225. [0032] Fig. 3a shows an embodiment of
a guhstuEPleV8B0 pifinddoiiritiscddiset dtedhion formppel ysitibodlmentTise

test chiplet facilitates DO testing. Providing test chiplets which facilitate other
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offline testing. The test chiplet, in one embodiment, comprises a plurality of
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rerr}g%éb%dabn Moggshb%ray, where M and N are whole numbers. It is understood

tha l{% can be equal to or not equal to N. Other arrangements of the cells are

[0’6% useﬂi’é‘. 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. Alternatively, the array may comprise



[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
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Providin 8%an array with identical cells may be advantageous since it may
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ntical cells.” Providing a plurality of sub-regions allows for different types of
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test chiplet 330 comprises first and second sub- regions 33 la-b with first and
oecentastubeaniays phealls 334sctul Providing a test chiplet with other cell
arrangements may also be useful. [0035] In one embodiment, at least one
[098B Jof thim testachiplEtisnpradeasnone delioh thedefechiBdiG s Prorzexampl eyith aeléfect
is intentionally designed with a defect. In one embodiment, one defect is
3frofranaeplénacdkis Mivatdwrdbtslgsiefedaith indpfers. sisthe defedisngrtiiche defect

may be difficult to detect. For example, the signal-noise ratio of subtle
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include defects related to bridging or broken patterns. Depending on the
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péletartiomtaols imay bevermripwReh Figks.

[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



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
infes9atiohthe 68l are sy asefil ootz boR meats il iR £al el WESI&WY may be
embodiment of a cell 440. The cell may comprise an active unit cell structure
IS ePHbYide 6F  xample, the cell may comprise an SRAM unit cell structure

RIS e el pluly ot cells afe arrapged o orn a0 N ATy 334,

e testchip or examp e cells’are arranged in X 13 array. In

2081 PRGN Rl IGasksone AlefeRl SIS designgiL nie QRSAT NG GENS Al ve

the array. As shown, defects 346 are designed 6 into some of the cells of the
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defects. [0038] Fig. 4b shows an exemplary embodiment of a cell 440 in
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include known weak points of a designed pattern or core working structures
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structures are also useful. [0039] A defect 346 is intentionally designed into
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to cause an open line in the resulting structure on the test chiplet. Without
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Designing other ty f defects intq the cell is alsp useful. For example .
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Stﬂgs g‘aﬁ%@‘ﬁ’é&&ﬁrﬂlﬁ’@&v@%ﬁfa@ﬁ mﬁf;rZ similar to that of Fig. Ib. As shown,

the portion comprises three adjacent dies 115 of a row in the x-direction.
[dﬁ@ﬂionslz@é@%ﬁcﬁﬂ 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 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



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 scribe lines 120a
in the x direction and second scribe lines 120b in they direction separate the
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digigglglon adjacent to the dle. Placing test chiplets in the first scrlbe regions or
both first and second scribe regions is also useful. Alternatively, one or more
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comprises first and second sub-arrays 332, and 3322 having cells with via 7

cétrdplnRee phadephehiplenhis pragrammadnitidediesia 846b. In other
embodiments, test chiplets can be disposed both within the dies and in the
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reflect structures of the die but at the expense of increased die size. [0042]
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and corresponding printed patterns on a substrate with an actual defect 646.
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modified pattern. The modified patterns 678a-b, for example, may include
BHQMNGlethESERRIERi SN Y AIaSRANBESIM WHRINS used to replicate or print the pattern 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



Based on the simulation, a mask is formed which is used to replicate or print
the pattern 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
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In Figs. 6b, a simulation 670 of a structure of a cell with the intended pattern
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causes necking of a structure. This increases resistance of the polysilicon
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polysilicon line. [0046] In Fig. 6¢, a simulation 670 of two separate structures
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686a-b. [0047] Figs. 6d-e illustrate a simulation of intended patterns 676a-b
legkagfo structures. The structures, as shown, are structures at the metal layer

f the cell. The two structures include a defect 346 which connects the two
[Oz]églctu ree ROBESd 5a m%‘%%&% B‘flé‘é{?elb‘lf‘);f/?%ﬂfeéﬁ% 2's YoiHar defect 346
. proximity correction (OPC) are wn. rinted, pattern 680 on the.
B R RS B A R R g o

bﬁﬂgéﬁt&fe%et&eé%kﬁé%. which can cause leakage. [0048] Referring to Fig.
6f, a simulation of two line features 678a-b is shown. A defect 346

[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



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. L}%OSO Referring to Figs. 7a-b,

cHesiiihatbeitiiat shadairesiT Vi afttpeetvespdb Adisg Atapsivsrnide paigsprductors
780 of active layers of cells are shown. As shown, the design structures

7%&1388 “&eaﬂﬁ’isﬁ‘ﬁ%f derregrideatures 776. A defect 346 is programmed
O S B P S T e

atures e su , Creating a s other

frgl%t%} g}frjgig ?{1&&98'1’11%%? lgygl%c& Zeﬂlg WQQH&@JG]%%QJI%@&P&&%?@% printed

resistance or forming an opén connection. [0051] In Figs. 7c-d, design

pSTEHEIURS TQ NI RIEESBYIING BetkahBENtad RAtaS {RAL IO design

polysilicon conductor layers of cells are shown. As shown, the design
stEltuGHirasiipehicep paiierns ot gatepeandustoidealras, HobsDefetige34mpltat layer
programmed into the cells. In Fig. 7c, the defect produces a neck 746 within
oiaconthicioond8be it éadinin pasistemoe ol fpeminthadesigentficonsactiode ratterns
contrast, the defect in Fig. 7d produces a bridge 746 between two gate

ofcomalidtbng sT8G ALY dritth&dapistbafeareatirignaghoe [B0s2sAETbigsigs and 7h,

7e-h, design structures 770 and corres&gnding actual prir_ltedjoatterns 780
th dricqtsrPEadteR R dgRE TS NS EYEaR P BIREBINS BRSO RN NER & tfadigi the substrate,

structures and print terns, alternatively, may correspond to. other
CrB?BE&Eﬂ%@eFB.‘%%r é%,t?ﬁé‘aeé%%Fglﬂog‘ﬂﬁ?c‘tﬁ?‘gss%é‘ a’ th}? Bafsrd $hay
correspond to the atctir\{ltiz-nlaxe% olé/oslglrg:eggolgyer, implant layer or a

inéreasing resistance or : .
com IE& |onsnt?1ereo , INncfuding Interconnect Iayers. The deS|gn structures

[00§3yde RAFGINS Qfmarafial hog SIGRIES 776 .REIGER A0 ALS RIAFAMMEd

into the cells. In'Figs. 7e and 7h, the defects produce bridges 746 between
pAMQRIIGEBBISIOACIM 85K 1VER SB&ArPANHIR SUREH @l8ign structures include patterns
of contacts or vias 776. Defects 346 are programmed into the cells. In Figs. 71 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

10



creating shorts. In Figs. 7f and 7g, the defects produce necks 746 within the
features 786, increasing resistance or forming 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
nEheioiradTRER[Hes pARE MBI it derice mAn Py A6 ifsdfatesngmergpe chiplets
programmed into the cells. In Figs. 7i and 71, the defects 746 produce

COHEMY Ot RBIRS HIC o e rHRRRUEIL 8P BE rif USRI NFE A gelgvice

of CRISTAT G52 Spont GRInec Jv‘f’du';ﬁ SIS Elﬁ‘fést.hBtﬂgf%‘%t%&‘%ﬂé‘%%ameé%%n s for the
COI’]P&C% Hl(z)jl%s ue to en arged vial or extension via FIO]ieS. his resufts in

1a§?'89€5§ %e'ﬁ&%@@%a&oﬁ?ﬂfﬁgetﬁﬁhows an embodiment of a tapeout process
I .

ow 800 of a device. The process commences at step 810 by creating a

[odsémengiona) astvark fle.poRIaITRG Hdayemi RS FHeee o NEhaietking

file can be various types of artwork files. The artwork file, for example, can
inoR1@ &5 13 DHe(E5H0gi thék, ddc G n OASIHvas Ciffetitpe @tdigec Stiatdypss ah one
artwork files may also be useful. [0055] In one embodiment, the artwork file
erobodairsdayekinformatie:s of afitite difexerictayé3RET) e deVits, lioran@mple,
embodiment, the layout information of the different layers of the device is
ingohvetinberking GBS ifildic The dapotieirforphritonyofahendeldcd im 8R6echecks to see if
contained in 10 numerous artwork files. For example, the device may be
theidraisd R HUREIEEAE IR SITREHES Mot ATR PR R e Pt amtiNoTRUAfaC g ne or
some embodiments, the different layers of a device or chiplets may be |
br&‘g%% REA SHYRHIG QAR THER ﬁtﬂiﬁé‘kcﬁﬁwlﬁ%‘%ﬁaﬁ%Bﬁ?é’r?fié%BPH’iét outon

th? B%Erc%fli?%ﬁ%%ﬂﬁ&”%%%(%?%lg?aﬂgg# 92264 SR 320, AN Aroriofle,

itted for processing. The processing Includes, in one

rEMBMARLiGRGaHINA De vk e JopReTigEtess at step 830. In one

embodiment, checking comprises an optical rule correction (ORC) check.
[00518, for £X@MRIGDSin 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 , filed on 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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involves checking to see if the design patterns violate any design rule. The
ORC checks to see if the design pattern includes adjacent structures that are
too close which may cause merging or bridging or a structure that is too thin
such that process marglns may not be able to print it out on the physical
[0R2&r. 1fdheteirvOrie Alradifls O RPINEEICHB L Pe 888 MU FRE tePStsH 8 2D hSr
further modification until the artwork file passes ORC check. [0057] After the

i s perp ke ey ErBIR b e Bt ?/Sé‘é?@l?ﬁliﬁ @ pen §50- Checking of
th.%?ﬁ%m?%lgg Stﬁﬁ)gsafe% r? e(%[zlislgléi VI gfe%&?nh%glam g‘:s'é%o 1Y) ex zll%%{n generated

orma ion or a ayers 0) ceorc

prYRiemRUcRAlY DRIHlAR 12050 ’?B%X&Je@?&&?&éﬂ t@)e@ﬁ}é’[go%f\l% 2l Rished. in

modlflcatlons are used to create masks with a mask geometry which

ol ORARALES H9TIeRHER| RIS eGhigIachiRYR the Cas¥at RBHKN GRLNE pes

actual wafer. Various types of OPC techniques can be used. For example,
ofRRLGKIBeheMBSCaRviBERaithose described in the co-pending application
USSN , filed on which is herein incorporated by reference for all purposes.
[006hEr types pbQRGesBRiy 860meyrglsaddamnsirbl 6328in[0BS S bheodeyice are
embodiment, the GDSin file containing all the layers is delayered prior to
Pivetgppro cexssed YOO Kdpwvaiotcoties papdioek filbddagewayétbeldptise For
plurality of artwork sub-files, each containing a la %‘p[ of the device or chiplet.

xRl GRSAYS SHfsr AR A PRI R Bptes Ol teraph chiplppldtfer all the
rformed on the artwork sub-files in IVId ally At step 850, a
& ﬁ}o?r& Jﬁfé’é‘%%‘é@@ﬁ 85?@3%%1%% ?c??ﬂ g‘?ﬁ&%‘é’ﬁ?le
ers of [ r ch let le ec d ats o
G AR R R AR *#f)?a@aﬁ#&g? B R e

uéélf—t@? GPMEMGLRLHIEY ATGESLIR datied natterns to create the

device as designed. Checking can be accomplished, in one embodiment, by
[obeRyiewrlobyigwwiol sxeBplpnispaliarpiadin Refleioncs Qthertypasess
involves drawing the defect in an artwork file. At step 812, an artwork file is provided. The
artwork file, for example, comprises a GDS file. Other types of artwork 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 also be useful. [0060] The process steps 820 - 860 are
repeated until all GDSin files of the device are processed to create a plurality
of GDSout files corresponding to the layout of the device. For example,
GDSout files can correspond to different layers of different chiplets. After all

thidefespisioubsire ire HicerBd Findriape s Jseifstinertian stdpfgndinereate the
. tapeout, for example, produces an MEBES file from assembling all the
ingsprsddekads Of R idererl PR e ARRINTSSa T8 Ens dRRd A WS PR

gsed for fa r.icatir]% the ?l?tualu%fl\f[%e 061&,@&. 9a shows a process 802 for
e .

This ma I‘CS{J mn nac ng in tne ac feature 1mn rease& IeS1S an(EF] ord:ref-ate an
mcorﬁora Ing a ecCt Into a ce e procéss INVOlves arawing the derect In

oftlh AU NG ML FHEPeE AR 2OAIMOPE SR dRIRVIAS N NPT st][f?llﬁale, the

example, comprises a GDS file. Other types of artwork files are also useful.

ahG AV SRR EHPBFISAA RS chiRletwith ARairayHf (est esiR T Bldging

array of cells includes standard cells with patterns corresponding to standard

whltHGHakeS Aefeatuhe feakOfe Sxaimpte ithR-adiay ohe els aen i caasi0bnal
record (POR) structures. A portion of a test cell is shown. The patterns may

ddecresperid poogolysilicointstriciogsoftahegiblysilicontgleraddiionairfpies agy be
shown, the test cells may comprise patterns corresponding to polysilicon line

progrered Bgesieddocetionresf wibludellsatidade st bthbthgpesy ofedruetbee, the same

such as structures of other layers. For example, the structures may be

tprefhrratt linkes onaleiAtErETI Rkt phyRT afiay BRChGEE Sy DiBCoPEaHestt
layer or active structures of an active layer. [0062] At step 822, a defect 846
[qggaﬁogra{?ﬂﬁ?é]ﬁ G %Cé%ﬁ‘fe&f%ﬁsgi?ﬂh&‘?%’rg’é%’i@?‘tfﬂ“dﬁéh%?ﬁ%%ﬁﬁ‘ ht, ThHestetqn be
is drawn into the cell. A.user apen the artwork file and w 12 the
o R e R L A R O S

d&?i?éﬂ?&f&s%ﬁ%@p@i?sii{&‘ﬁ{‘ﬁﬁéjs(é@f&?{hé@a?&?éfééﬂ&p&ﬂﬁfgE& P &ehmed
comprises narrowing a line feature pattern. This may result in necking in the
d@stuahling featis, Whighdnaensas iaaistanee RI&I8a8H A which results in
increased resistance.

[0064] The defects can be drawn into the artwork file at various stages of the tapeout process
flow. For example, 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 GDSin file. 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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open connection in the line feature. Other types of defects may also be
useful. For example, the defect may comprise widening or extending a line
feature pattern. This may result in bridging which may cause current
leakages or shorts in the actual line features produced. Additional defects

(0908} be pRSFER AT e RS AP PAPE ¢St EBISO BT sxhmpike AEritpbrist cells

_ defects may be Hor‘%%rammed at desired locations of other cells. The defects
S
n

NG sAnHESH bR BF I SIRBOTYNS by HRtdut e A R Ra Wifre fétit

£l e ey may have diforent tybes of deferts, 10069) A mask can e o i
creatéd based on ﬁ1e m?orma]t)lron in ﬂ1e artwork fire. € mask P:an%e
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2. A physical defect 848 exists in"the polysilicon line 884 on the wafer

o CRRPRSRONAIG tthesPresl ammesh ARIES A CRR S theotgieetisiae

narrowing of the polysilicon line which results in increased resistance. [0064]

stiidaibefests TRhdR aeavititinde pheeartwookhiilegbyariaus sirgesdf dheructures of
tapeout process flow. For example, the defects can be drawn into the input
othetvarkrfilel suohapl & DS it tuiee sdedig dis ioancbendealine dpf theteespectiviayer, vias
layers of the array of cells in the GDSin file. In other embodiments, the
ojesfeiesss sl bie dr aantaititoereonfsiive kils tafee ©OREcHES Ibeen performed on
the artwork file. For example, the defects can be drawn into the GDSout file

(0961t afted OP R BeSH BedHhdbCoP RIS EMiBER MR uSRETE RN He
mask set for the device. In the case of the MEBES files, the defects can be

Se&?&&zﬁﬁﬁf&%ﬁ&r&%&‘&ﬁ\%ﬂ%{%}@g ‘i%%ﬁ’a@%‘?%é‘&%‘é’l‘?s?fﬁbé%f igragsrs: A PD
shows another process 804 for incorporatinga, defect into, g cell, The process,

MiAvolves merging two Artwork files foge%ﬁer using, for example, a scripgtkﬂ e.'In

QNG IEMRIPNERLfI[5hiBNE: SRER IR SR 842 A0, BR8, 518 Y LRk ﬂ:ice cell

step 814. The artwork files, for example, comprise GDS files. Other types o
ar WiREk e asealsontsshiihal® PRGRNE ke firstardwatk file faxcanansean

array of test cells. The array of test cells
bridging type of defect. Other types of defects may also be useful. Additional PD markers may
be included in the second artwork file for programming other defects into the array of test cells.
For example, additional PD markers may be included corresponding to other desired locations of
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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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
copguEss|| st Ry drilsrisecpatariBres RS ist ditb s pe Iy Hiedn iereanstimetgredhem

882. The cell may include patterns of other types of structures, such as
togFher e iENr layers. For example, the structures may be interconnect

' of gn interconnect layer, vial or,contacts of a via or contact layer. or :
] e P R Do T R G R B B e
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programmed de (PD) information, such as PD markers. A PD marker

gindiggipgihe leeRtignsandyRehdelarmatonalibede st Naie el poN®RIK o the

file. For example, the PD marker indicates the location of the defect in the
peraspending daysrceh theesl] tanetwhathesdhevdeieridstRaiOViRg € an open
widening of a feature pattern to create necking or bridging type of defect.
c@tietidypetholidefeatsenay also be useful. Additional PD markers may be
included in the second artwork file for programming other defects into the
[09rFHly of Tdstasetierk Filss exahepler gailivicrealcrin merdest srivaykiddneNidieds stages of
corresponding to other desired locations of other cells. The defects of the
the {aps e BEPFE B tHis Bursectype ok i Prfirekd sffnethaitreranyeehélsts

the array may have different types of defects. [0068] At step 824, the first and
R IR R8T g e BHEIE A AGTG] OV g e ceaied ater

taining defects carre ding to location.and type of the defects bas
O%’]&: Bl‘ ?n alﬁgger,st. Eartwoﬁ?ﬁ[%: CO%&IIIBIE? ﬁ:leqib mark%ps ma € MCr’ e%l W?ﬁa %ut

or example, the marker contains a harrowing type o

odeiesEIHAne Bl RRHINGRRUNE ARUBISHRIRIEIRG P Qafﬁé%%%%ﬂﬂ?é%&ﬁ%aﬁble

types of defects is also useful. [0069] In one embodiment, merging of the

wawiorkdileo it erfQomad assamatically Ry anpesipt file 879. The script file, for
example, is a computer program generated for execution on a 14

[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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computer. The script file receives as inputs the first and second artwork files
and merges them together automatically. [0070] A mask can be created
based on the information contained in the merged artwork file. The mask can
be employed to form a physical layer with the desired pattern on a wafer at
Inspap epbadimertydie atdRifits Bagranistsiivitel adtivalanse el feVasd dirtrss by
wafer corresponding to the programmed defect. As can be seen, the defect

ofRer v lai%ﬁ‘}é?ff\ﬂfﬁigff’%'?éﬁ?éeéiéxﬂ%ﬂgﬁc%nnection in the line feature.
Bl ThGRorcflcs canbe merged o qreate thamerged artwork fle 4t

a t .
various stages o € tapeout process flow. erged artwor fite can be
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Alternatively, the merged artwork file may be created after OPC. For

ISXMRNIS NS Ay eLk figaeniaining ieuRD. paaoters feekds: testedryitBd@mple,
GDSout or MEBES file. The format of the artwork file containing the PD
theaikexks shaldhe gompattblerdvithigyeanhialthr armwad Meicanainiagiben
test chiplet. [0072] Fig. 9c shows a process flow 807 performed by an
eembodiment cilasotipt flén8icdte Fiestrand seooddyactdedektfilas adé mnplkinfor
the script file. In one embodiment, the first artwork file contains POR
exstrideuresy shaeseard i waedigl b Tdledeitoiorkifemesgnawmben mibtiserfasmengd to a
of the test chiplet. The second artwork file contains PD markers for the test
bré%ﬁ}éﬂy?ﬁéf;ﬁe%aﬁbér@%ﬂ’é%gﬁd% FRERBAAHMAENP T s coratTeRds fnthe

the different layers of the test chiplet. The artwork fjles, for example, _
GBI RB L& e S B ShiBle, CHEHSE e EBRAPC BB IOAN Hiat argrors e
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also be an one embo e Sscrip

HRTRIANS JSTPEHS IR dherfe Shabunled 1BY&IoRY%f A DRRLEXAMR IS SHIRS the

file programs the defects into the layers in an ordered sequence, such as
pRRHORAMR QK LR HOW R P LRGN MINGHRE 1aMErs IBIRQT anHIM&LIRASIEShe PD

also useful.
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
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15 In one embodiment, the script file programs defects of a first layer of the

device followed by other layers until all layers are programmed with defects.

[0074] A PD marker, in one embodiment, includes a layer ID and a defect

type ID. For example, the PD marker may be in the format of X.Y, where X is
a1 ARei o RO acab fdetPatErTRE ey IoprkeiveyerRishenier thiedmafaAgOR

the layer of the device or chiplet. For example, the number 2 ma

SIEITHES R0 HEPAERUROI) B BN GE CEs acpven FRL Rparg speion at

Stgvgwgn}lggre or o der&urr%g%{ to indicate the first or second type defect. An
gad um er, for eﬁam%?e, may correspond to a necking type of defect while
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the PD marker in the artwork file corresponds to the location of the defect.

odhsusharert the RR Mackeninsigatesshe chapassste the-ficstastwatk flay pe of

[0075] As an example, a PD marker ID equal to 2.1 may correspond to a
pheeking«defectvinitheactivalayer ahibieidavitces aldehshape dnditeeatiarakeful.
the PD marker will correspond to the pattern and location in the first artwork
Thitesavipichiléptof ensemdNED functhva oaskeine radhecPidl mandk ifidor re spandsitacking
a bridging defect, the shape and location of the PD marker will correspond to
ortiaspagdriekendbdertiondrnidelf¢iist Botwonkiike whieh§$clise dodeatioporés RP
step 817, the script file determines whether the defect type ID of a PD
MATKFREY e ROKARIIIEC drahiestiretyatfelifh terae eBvadimenrihfiRafisancfieds §D

first or a second type of defect, For example, an_even number indicates a.
Mt ?‘t;‘/“p%vslfl?igf@:t?é‘h%dﬁﬁ%@g’%ﬁrﬁB&SPﬂi? cates Eﬁ‘%@&%ﬂ& %{ée&%%@?&?ﬁrﬁ%

suPracie] ?%%%%“&e SR dEOR Q%%HSR‘?%(}Q dllfcﬁ"‘% §t$pd%§zg' ”%%4?% %%%Eﬁ%u%&d an

number corrésponds to a necking type o cess flow

[0¥RGEC It IO SIGRIBAILIN S AP I IREHR 45 A SHPDIHIRREL o NGy er are

embodiment, an even number indicates that the type of defect is a bridging
indRporfiseieet i revidingoanray e mHUMIGHNHCHY iRdicateR aRANRTHRRTbe

defect is also useful. The script file
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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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 artwork file. In one embodiment, the
pattern of the PD marker is overlaid onto the desired POR structure region.

[0PRR] pattBiriter e BIS ARSI ARided s bded asiaty PORER GG festabRA i§tone
step.847 to create a bridged pattern. [0078] On the other hand, the process

B o B 5 SHRY A i theeusret IS E 1918 dhYiSScia PRAFIBBPA G Maious

embodiment, an odd nu r corresponds to a king .or missjng type of.
struct%lres (r)(;tlet:*le (%e ce at cFte "b% g)o ce structpre (r)}et device Hglv% eg[n)égcex?amed, a
pat ern aerec rovidaing an o number which indicates another ype O

e JEIAFLIS A0 Y58y 1S RRARIME REHQIRS AR fuiction o s ltshand i

second artwork files to create a necking or missing/broken pattern type of

cARlarl ol &xampiskalsian S&intpR, IHorealian R Jhikld i MAGKSS e,

incorporated into the first artwork file. In one embodiment, the pattern of the
[0884] marka¢ issoverlRidatbigtheraesiinth RQARsiFwoh redsginhddrasgrit@imhed on
the PD marker is subtracted from the desired POR structure region at step
th8 8 toetire@be derssing lpdtieerarf(ly Mdindm elenkbodinegntiestepBandiims of the
repeated until all PD markers of the layer are incorporated into the first
caktdiofitdcrre P paeikers caitia seed g datgo friftenpn d)thve tyrescesdesiin
sequence, such as row by row or column by column. Other arrangements for

cheesypvatipR bs P dn KRy o g e hin AR 66 IBE didbtieso0B i) Ty itsd to
case where multiple layers are programmed with defects, the script file

CTRTHLE (6B 8 U SRR TG AT 85T AL KPR 1 HRAHES Wit el
all layers have heen . programmed with defects. [0081] In. o

Ire eaf%){mtlsl;llls Vatl)lgated. f‘%g anm ?? t é:fp(g?‘iﬁses e?é‘%\gﬁmp%eﬁnchr

, el pmbodipents,
e script file programs only one Tay | or example, the

relE3t ATRYPEK R GRE RRPPIRSOHNHE FR0RINIGBRMRHayer of the test

chiplet. In such case, the PD markers which correspond to the layer in the
[oe83Pout filenvihhe dNeeRPARRIRY: cell is contained in a plurality of artwork files, such as
GDS files. For example, individual layers of the test cell are contained in respective artwork
files. The process steps from 920 to 930 are repeated until all the artwork files 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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All GDSout files may be processed by the script file individually. [0082] Figs.
|Oa-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.
an yIBed 3T ARstRRF OOR! fiseiptoridus tredtess (B efpietcorataseion 8ty
the test array, in one embodiment, includes analyzing the device structures
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e the structures of the.device have been ertain a. test cell at
o S S R B S e Tl i By e
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DS file. [0084] The'test cell is validateéd. For'example, at step 920, a design

af6ciclaRerPsmadrle the iesteals The deaigh ek fobexaMpis: IBEMASS the

checking the pattern dimensions of the cell, distance between adjacent

x-glifgelidiemaswell as sesigrpaiiermshGtaattipesohdasigr. chiecks: may alsey
be performed. If any design rule has been violated, the test cell is revised to

alsotredistiveed ésigim fiolefiond @poire chéckiaicEh© hrocess gfmevisidgesirays or
rechecking the test cell repeats until it is validated. For example, the process

cloplesyivmpphndaastiebking the test cell repeats until compliance with all

design rules has been accomplished. [0085] In one embodiment, the test cell
[0@88h ntaileRnr izt of shandriofitss | Strdheauoespss ERuGsAP sikRMffle At step
individual layers of the test cell are contained in respective artwork files. The
9%%88§‘§“§f’ég§”ﬁ&%sb§8$&}lb%t%erée?Ea?fé%‘{tésdpﬁ?ﬁ’ff‘ e ?‘E\%B?‘fvﬁﬁeg‘ﬁ&\’}émple’
n _processed,,The validated test cell is replicated tq form a test arra
AR AL one
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are repeated until all artwork files of all the differént types of cells have been
inPrecessssle. e differaptsetpsamdihendhsirsarmpRistdnfRiexamRiamibierRd test

test array having
GDSin) is submitted for processing at step 940.
[0089] In the case where different layers of the test array are contained in individual artwork
files, the process step 980 maybe repeated for the artwork files of the different layers, creating
numerous modified test GDSin files for processing at step 940. Optical proximity correction
(OPC) is performed on a test GDSin file at step 950. Processing of the artwork file includes, in
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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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
[09PHe scriBe! yibrigsiangtbek Brbgdifnertidit aspaesritay HA8 tvncerporating
Alternatively, the test array may be inserted into, for example, 18 an unused

PSRBT A AATA HES dViZR "rhdPRgrersICHBRAT FABIEK i be
ifically. placed int ice for th f the test f
oSBERIIEAN PAGed NG 1he lovie [or 116 AuIRGSE of 1 (eoL ATAY 1 e e

monitoring purposes. € case whnere al arrays or
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The test arrays may be disposed in one or some of the scribe regions and/or

hADACE R rRYAMRIE Jie BRI MAMPedigPesd i eRenahibensetibsout
regions in the x-direction and one of the scribe regions in the y-direction of

fithe dereeibihaEst adirays gy ialspebedlispesa ik fonalustismaliegions of
the device. Other arrangements of test arrays or chiplets may also be useful.
p[@@88¢dntinnes dmbdahimery aH shshowdifigl fiet. D& th&lpy doeSsat aptinutesitio other
step 980. At step 980, the artwork file (test GDSIin) of the test array is
Ghoygreintanettheite dedee tormanMEmipie defeiepsO4fe iemivkafiyrmed from the
Ngﬁgrammed into one, some or all the cells of the test array. In one
Sdithar tise WdrbE srdepicss RiMat intbhhealss par Abe sl HFshiRg defscts are

. defects, as described in, for example, Fig. 9a. The test GDS file containing

mﬁﬁ’S%%&%ﬁWé”daagFé)c%ngodified test GDSin) is submitted for processing at
940..[0089].In the case where different layers of est array.are
[0?5}:1 33% qgo lhl%msa :imo er eﬁﬂh ce?lg,leﬂfo?a roéra E:)H;c%ée %gg:/ erthonﬂ w 900.

. C
ain nindiv artwor € Process ste m e repeate

Al iAok Bles of e Y iare of g@%ef §b CleatiNgaNHSERHRMed G@gc{g%_e

GDSin files for processing at step 940. Optical proximity correction (OPC) is

inREHBFNEChON:A 1St GDRINVIFBREHRNGEM: Rrosessing:akdhaaityors fitthe

includes, in
programmed defects, in one embodiment, are drawn into the MEBES file. For example, the

defects at the different levels are drawn into the test array portion of the device. Thereafter, the
modified MEBES file is resubmitted for tapeout to form the set of masks used to form the
device.

[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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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.
suRBN iR fBLIQN tisEph Y- tREepa Jed PRI s ersats 4o etib alidesh(RS B e fifeave been

which is used to form a set of masks which are used to fabricate devices on

mgraesrdf PrepsrgiRrL R dirst walitelighd defects are inspected for review at
[@?g 97OT = 89699 (I)Zrll nue%btosp na jaa?’en?o erlzli,]esrgb Imeﬂtfif asfi) (Sﬁgss fHes and

for II’]CO porating programme O tWO S shown,
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programmed defects are not programmed into the test GDSIn files. Instead,

fdhe MaPemed HRiesHS R iDeosResatad, 1bLo & iefhEP IaetfileARRR BPGevices
has been performed at step 950. In one embodiment, the defects are drawn

andigetba Gl fnytclilesoas describeg ndig. 9a. Step 980 is repeated, for
example, for all GDSout files. The process continues by submitting all the

[ootEifie drie st @ BDisout yites dorcliraltapeeut oithpotheniGo Seiat figescodttbwe flow 900.
device to form an MEBES file at step 960. The masks formed from the

AMEBES tfepapectisie dito kidn caeod Eide dddorieeny det I msogratemed e fpes are
devices and defects are inspected for review at step 970. [0091] Fig. 10c

lngﬂm%faﬁaf%@ﬁ@aam%f%%@%mﬁée bt GEMerImSA ot SeomanksT
shown, the r%P({)cess .Ji simijlar to that of Fig. 1 '\%@gg tha (%thhe g[rammed
R RGPS TR B K Sl S s e Hsdyads
enerat ?d attsﬁd) 96% The rogrgm rqed detfe%iﬁn ??? embo |5n nt. age
3. Th
e SR ol e§a1n1gp &the Helects at the different levels ™ |
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MEBES file is resubmltted or tapeout to form the set of masks used to form
etR@pReYiESipt 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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[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
cfranrsrkdine MERPrditgrPIF Pk eI S dRE St RIse typiePaiils Richdo that dpisribed in

defects to be grogrammed in, for example, a corresponding layer of a GDSIn

Pl Xty e dish 97 3 res et ant il ARt S ORI TS Qe rCa T erent
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uch as that described in € merge el
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GDSin files have been merged with corresponding defect marker files.
udQPR3hE NG RIQGESS eRAtIMES PHiinaliaraaHhPYAssEMRIInaAUsthR f®stinspected
GDSout files and other GDSout files of the device to form an MEBES file at
f3tepi®h0. 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
[G0%Hectedsfdesaitiedy tht Stdr8 A [0OPddrRig] 10e Showsnyehmgotharay of test cells.
embodiment of a programmed defect generation flow 900. As shown, the
Inphee smbodimiis. thaldatcofsFiap tOdw@xpaptethmteHdaibarapnimiaditafigtefdest cells
incorporated after OPC has been performed at step 950. In one embodiment,

adratEoRRNER ISRV INE dSETSIRY S Ahpleé FaanieNdadtherkypliripg and
location of the defects to be programmed in, for example, a correspondi
di4irs BRI 19830 IO TRE RS é%‘3{12%6@%%%?}1[&0‘”6%‘?80&6%&?8?%%&8?&??@ may
alissowee&gf%qlwith 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

[@%Iepeﬁﬁg%v%ﬁal'n{%%@éﬁﬁ%&w'ﬁlsoﬂﬁe‘{@;}%&%@ fHEﬁQ%ﬁtHYJHE‘ departing from the

corresponding defect marker files. The merged test GDSout files are

spiHbanittgehinn finahtapreLs @baiap PR0ffaReutintudes asermRIBGRILNR

test GDSout files and other GDSout files of the device to form an MEBES
cdileiddioe iMEBES e iBustrative 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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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
eneration flow 900. As shown, the process is similar to that of Fig. [0e
&ptltaedHE 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 eml%tﬁrlr%ﬁt, a defect marker artwork file
Lcompl&i%ilggl(gfijofr?grkersg ?icatingnthe.}%/: e and location of the defects to be

programmed in, orrmel%mp é{cg%orlpélssb ding layer of the MEBES file is

creatfal ALHIER 03 A06AGHRG MAKGLAIMGH S, I;merged with a 21

corresponding MEBES file at step 976 using, for example, a script file such

as that,dgserbed o FiasORis e RMIEH QT barmirRealed At BYrammed

defect marker files corresponding to different layers have been processed.
inih@dnengedMERE &file: iecadbaitted for final tapeout 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
2incorpbeansthitoffileecdheamirgdes behaglafraapreais a phagthigrof test cells, wherein

embodiments, the defects can be incorporated into files that contain an array
thefteslthiie ingdugdis| PERE RIS st biod WHURle IR6FElEsiFINg; 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
3.'”Y?”fﬁ9e”m@§%§ef%r§%?n° 15010, ﬁgﬁe% ef?'f;l:étfo&@sﬁ‘évéé%o% deRAring oM NG g

spirit or essential charactenstics thereof. The for going erbocﬁments,
-dfjerefore, are to be considered in all respects illustrative rather than limiting

the invention described herein. Scope

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.

6. The method of claim 5 wherein the test chiplet comprises a plurality of sub-arrays of test
cells.
7. The method of claim 2 wherein forming the test chiplet comprises:

providing a test artwork file containing the test chiplet;

modifying the artwork file to program defects into the test chiplet;
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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. 22
What is claimed is: CLAIMS 1. A method of forming a device comprising:
proviéhfgiBesumatiatel 8erxaddrrméesavitertsisitidt; and forming a test cell
on the substrate, wherein the test cell includes a defect programmed into the

cell t3¥48iRERAEASLIYR e BP e e BBt laim 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

8'whergi%gg§05eg.ltﬁ)%lﬁ g%}%ﬂ@a@ﬂ [ality.of sub-arrays of test cells. 4.

The method of claim Z'wherein the test chiplet is disposed in a scribe region

of thq)lql,g}@ﬁgg Q{ewigm(;&eﬁqjee&gg@aﬁq@ aplingtiae thereof. 5. The method of
claim 4 forming a test chiplet comprising a plurality of test cells, wherein the

test chipigyinctue eswsagrammedodafediste faciltatedefgpledetection. 6. The
method of claim 5 wherein the test chiplet comprises a plurality of sub-arrays
of tesbroetlg.amaTheandthod Glookathm 2twhdr&ip; forining the test chiplet
comprises: providing a test artwork file containing the test chiplet; modifying
the amswerifilaask peotréermudfechlptontheubstathiplet; 23

9. The method of claim 8 wherein the test chiplet comprises an array of test cells.

10. The method of claim 9 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.

11. The method of claim 8 wherein modifying the artwork file is performed before optical

proximity correction.

12. The method of claim 9 wherein the artwork file comprises an artwork file containing

layers of the test chiplet.

13. The method of claim 9 wherein the artwork file comprises a GDSin file containing layers

of the test chiplet.

14. The method of claim 8 wherein modifying the artwork file is performed after optical

proximity correction.
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forming a mask set derived from the artwork file; and using the mask set to
form the chiplet on the substrate. 8. A method of forming a test chiplet
comprising: providing a test artwork file containing the test chiplet; modifying
the artwork file to program defects into the test chiplet; forming a mask set
derived from the artwork file; and using the mask set to form the chiplet on a
substrate. 9. The method of claim 8 wherein the test chiplet comprises an

Rirray Sei@stosied A rhb HetHB s AEMRH &'k ARTEASHE RILpdbprtwork sub-
.comprises a plurality of sub-arrays of test cells, wherein the test cells of a

e el T S 8 (I e method of ciim 8
wherein modifying the artwork file is performed before optical proximity
correction. 12. The method of claim 9 wherein the artwork file comprises an

1&rtworkfile.gRatsirIaeh ey fiR ldhe: 1) GRiRIBLH& c%fﬁ@ﬂ?@@dﬁft R 9
wherein the artwork file comprises a GDSin file containing layers of the test
chiplet. 14. The method of claim 8 wherein modifying the artwork file is
performed after optical proximity correction. 24 15. The method of claim 14

I'Wher@&ir tihetiartvod dtafile Cohepriselseanptundl ifileafoarpriork aautwitdsfileloengimag
sub-file contains one layer of the test chiplet. 16. The method of claim 15

layige péithaliesaaiipbik sub-files comprise GDSout files. 17. The method of claim
8 wherein the artwork file comprises an artwork file containing layers of the
test chiplet.

18. The method of claim 17 wherein the artwork file comprises an MEBES file.

19. The method of claim 8 wherein modifying the artwork file comprises:
providing a defect artwork file containing defect information; and
incorporating the defect information form the defect artwork file into the test artwork file

to produce a modified test artwork file with programmed defects.

20. The method of claim 19 wherein incorporating the defect information is performed by a
script file.
21. A device comprising:

a substrate;
device components formed on the substrate; and
a test cell formed on the substrate, wherein the test cell includes a defect programmed

into the cell to facilitate defect detection.
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18. The method of claim 17 wherein the artwork file comprises an MEBES

file. 19. The method of claim 8 wherein modifying the artwork file comprises:

providing a defect artwork file containing defect information; and

incorporating the defect information form the defect artwork file into the test

z%rtwﬁkefﬁé‘“&? Bt WSEehedt sethve dismrssith predpansaier i dhe dyice or
20. The method of claim 19 wherein incorporating the defect information is

wiBirdRs R 5g & Lepbidionthacslyice comprising: a substrate; device
components formed on the substrate; and a test cell formed on the substrate,
wherein the test cell includes a defect programmed into the cell to facilitate
defect detection. 25 22. The device of claim 21 wherein the test cell is
disposed in a scribe region of the device or within the device or a
combination thereof. 26
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