AN E-BEAM INSPECTION STRUCTURE FOR LEAKAGE ANALYSIS
FIELD OF THE INVENTION [0001] This invention relates generally to a
test structure and method for defect detection in a semiconductor
structure and more particularly to a test structure and method for defect
detection using voltage contrast test. DESCRIPTION OF THE PRIOR
AR OB AM NI CIION S TR S AR BRI BARAEANMERSS:
continuing demand for higher circuit packing densities. This demand of
increased packing denslfﬁgyﬂé%ﬁ%{tﬁél\ls ddRictor industry to
develop new materials and processes to achieve sub-micron device o
[0001] i ERSi SRS RS SRBCFELYFO LR MG BitAERFSRRIAARE SRt ¢letection in
. complexity to circuits and the demand for improved methods to inspect
a semicRduioeRUr BRI AT RS SSYaE BIYRRs R GRS TReERRY {reddht!
. [0003] Although inspection of such products at various stages of
detectiqn, 4sing ¥AlResCOBRAShibrtant and can significantly improve production

yield and product reliability, the increased complexity of ICs increases the
cost of such inspec%?@ﬁ@%ﬂfs@?@fdﬁr&%é time. However, if a
defect can be detected early in production, the cause of the defect can be
[0002] e clp RS EIAH OO AB BEYSHCL %&A&E};\Wﬁﬁﬁ%&e&f HeteQinygg drgnand for
, manufactured. [0004] In order to overcome the problems posed by
higher qputackiag densigiurhlis fsraend e rdnrecatbseribrtlrtded the
. defect test structures. Such defect test structures are dedicated to defect .
semicongglon ARSI ey 6l BN RAEE AP PAOSESIFS R ACHEY §rwy Apisron device
i sensitive t defects(rtjsgat occur in IC product, but are designed so that the .
dimensions JMABUAHEFREGS AoHe PrBURHIF SLDSRSIRSF IS QLR FoB RIS LY to circuits and
stryctures are often constructed on the same.semiconductor substrate as

the dempe for BRI [BBS] DIFRITEARRSE LSty fraunays e of ther

charged\particle beams. In such systems, a
manufactures ever present.

[0003] Although inspection of such products at various stages of manufacture is very
important and can significantly improve production yield and product reliability, the increased
complexity of ICs increases the cost of such inspections, both in terms of expense and time.
However, if a defect can be detected early in production, the cause of the defect can be
determined and corrected before a significant number of defective ICs are manufactured.

[0004] In order to overcome the problems posed by defective ICs, IC manufacturers
sometimes fabricate semiconductor defect test structures. Such defect test structures are
dedicated to defect analysis. The defect test structures are fabricated such that they are sensitive
to defects that occur in IC product, but are designed so that the presence of defects is more
readily ascertained. Such defect test structures are often constructed on the same semiconductor
substrate as the IC products.

[0005] Defect detecting systems frequently utilize charged particle beams. In such systems, a

charged particle beam, such as an electron beam, is irradiated on defect test structures. The
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charged particle beam, such as an electron beam, is irradiated on defect
test structures. The 1 interaction of the electron beam with features in the
circuitry generates a number of signals in varying intensities, such as
secondary electrons, back-scattered electrons, x-rays, etc. Typically,
) electron beam methods employ secondary electron signals for the ] ]
mteractl%@é&é@@é?&%-bm)wgb%ww fOr B Elt H R BERRIRLELIB MU BBYE]T signals in
~ However, there is a need for improved methods and devices. SUMMARY
varying el e SR AY QOEY P RE We RSk YISO AIREHE o ey preent ypically,
invention provide a structure and a method of employing a testing |
electronshgeme ATt IBRIA% ASERITAEY Aectbofignai dediing Stirrdrateast” (VO)
. comprised. of at least one test structure. Each of the test structures
techniqys fionicies it gielestrlstfgti98fect characteristic upon voltage contrast (VC)
scanning when the test structure(s) that exhibits the discernable defect

[0006] op,aHosysetidhess rased S pRIaE MRSt darastect. The at

least one test structure is selected from the following first through eighth
exemplary test strucﬁwﬁgﬁrgﬁﬁ@tm&% Ihg an Active Area
(AA)./ P-N junction leakage test structure; 2) a second test structure
[0007] hav ity SKCTOBIARL APEGIBIEE S RIURE RESCE AT EOn g i (Bt LR method
having an AA / P-N junction and isolation region test structure; 4) a fourth
of emplydp g fEtHAE SEVATETS WAL dicfeRtACFELRAGE L9 Warte! I iSS Tt TEgSR s
ground test structure; 5) a fifth test structure having a gate dielectric

Compriﬁtg% gE'TAEABR BA YRS EnGRSH 1 QR RRYGE BRI HecgaPle defect

sixth test structure having a gate dielectric to ground and gate / one sj
characterl)étic upon voltage contras(tJ (V%% scanning when the test structgre(s) tgat exiggits the

discernable defect characteristic has at least one predetermined structural defect. The at least one
test structure is selected from the following first through eighth exemplary test structures:
1) a first test structure having an Active Area (AA) / P-N junction leakage test
structure;
2) asecond test structure having an isolation region to ground test structure;
3) a third test structure having an AA / P-N junction and isolation region test
structure;
4) a fourth test structure having a gate dielectric leakage and gate to isolation region
to ground test structure;
5) afifth test structure having a gate dielectric leakage through AA / P-N junction to
ground leakage test structure;
6) a sixth test structure having a gate dielectric to ground and gate / one side
isolation region leakage to ground test structure;
7) aseventh test structure having an oversized gate dielectric through AA / P-N

junction to ground leakage test structure; and
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isolation region leakage to ground test structure; 7) a seventh test
structure having an oversized gate dielectric through AA / P-N junction to
ground leakage test structure; and 2 8) an eighth test structure having an
AA / P-N junction leakage gate dielectric leakage test structure. [0008] It
is noted that 1 or more, 2 or more, 3 or more, 4 or more, 5 or more, 6 or

mofd, b ighHe S S B R i A (o4 PsTLIMFHS G e Grtip ighes ric

Additionally, more than one of the same test structure may also be
employ&tkdeT ERhHPE Uirst, fifth and two sixth test structures may be

employed. [OOOSF)Slchn yet anagther aspect of the invention, a method of
[0008] forr%ill’r“gn@%diéh& [IsBA e R o d EbMBHsEChrBOTEing A RACstHeEe: 7 or
which detects various types of leakage defects, the test structure capable
more ot QLKA HETRRGHitL SRS g %%g@@laﬁegreﬁé@a@ame Bihtgn one of the
further comprises differentiating killer leakage defects, determining a
ﬁ(é[gl test structures

same tegGHGHFG A% WiifePeFopalRy shéctbreaRisg I it hsorhtme 1

solution. [0010] The above and below advantages and features are of
may be epployadtative, exemplary, embodiments only, and are not exhaustive
and/or exclusive. They are presented only to assist in understanding the

[0009] iy dRaish RSB iEPEE Ghtk B st A dPraRe dritkbacdpsal: The

the inventions defined by the claims, to be considered limitations on the
method; (oRMRHISHS L Ve ANSF BT IEVERIT Y ST ifistEtid Hai e hRTa Rk gRdelects, the
claims. For instance, some of these advantages may be mutually
test struchii; SARARS Ol HaSL iR SarBigs Q?Hﬁﬂ]féﬁ%%%?? BPeEN S & sibiyignethod
embodiment, Similarly, some advantages are applicable tQ one aspect
further fﬂ@ﬂ%/?ﬁt?’dﬁ?%?ﬁ‘&%ﬁ&é&ﬁﬁ%ﬁfﬁ%@%tﬁ%%twﬁﬁ@ﬁ%?& LEiPadpe %16‘11“
imed inv%ntion have not laeen discussed herein. However, no

the cl
defects ppd %Eéaé‘ﬁ]&ﬁ HEWRARYBE i HHBRe discussed herein relative to

[0010] thosl%gl glt)ove and below advantages and features are of representative, exemplary,
embodiments only, and are not exhaustive and/or exclusive. They are presented only to assist in
understanding the invention. It should be understood that they are not representative of all the
inventions defined by the claims, to be considered limitations on the invention as defined by the
claims, or limitations on equivalents to the claims. For instance, some of these advantages may
be mutually contradictory, in that they cannot be simultaneously present in a single embodiment.
Similarly, some advantages are applicable to one aspect of the invention, and inapplicable to
others. Furthermore, certain aspects of the claimed invention have not been discussed herein.
However, no inference should be drawn regarding those discussed herein relative to those not
discussed herein other than for purposes of space and reducing repetition. Thus, this summary of
features and advantages should not be considered dispositive in determining equivalence.
Additional features and advantages of the invention will become apparent in the following
description, from the drawings, and from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS



discussed herein other than for purposes of space and reducing repetition.
Thus, this summary of features and advantages should not be considered
dispositive in determining equivalence. Additional features and
advantages of the invention will become apparent in the following
description, from the drawings, and from the claims. BRIEF .
[0011] pedbRipsitsheesFatHBEARAN NGTIC B} FRddeatiredingp the teachings of
advantages of a semiconductor device according to the teachings of the )
the presspsdpYRTHOBANG{UHPFARIES 9&fnEses pFdaBEsa bR B thtingraGeRdyctor device
) semiconductor device in accordance with the teachings of the present
in accordinpasisHicIEATIRS LI ARG RIRRIYSTO B Ah h T NBIRiRG LS eRftstpod from
taken in conjunction with the accompanying drawings in which like, o
the foll purde e ribEr ARG SHARAY B LSrRESHBRATRE I BFARIRSS fagidHEh like
and portions and in which: [0012] Figures 1A through 1E are cross. )
referenceppis s ARSI R AN RIS TR BeRr drsdP RSy ARA ROTHER ARG in

. the first test structure according to an exemplary embodiment of the
which: yresent invention; [0013] Figures 2A through 2C are cross sectional and
overhead plan views illustrating a second test structure according to .
[0012] 5 Jf ek dmBry ehbodinfEmtort i prbard PR RbRLAT 0B} ﬁlamgng a

3A and 3B are cross sectional and overhead plan views illustrating a third

methodfor mapiHGHar RedBriHY (5 SAnBHEE SRRy EMBSTiTHE 0T TR Y aBep; of the

invention; [0015] Figures 4A and 4B are cross sectional and overhead
present IYENHBIs illustrating a fourth test structure according to another

oot SR SR oL precen nyenion 0010 oves o
T L L TR o .
[0014] plarl]:ivgil?rve\:/ss 4%2}{3 g%garaesci%((ggs sectional and overhead plan views illustrating a third test
structure according to another exemplary embodiment of the present invention;

[0015] Figures 4A and 4B are cross sectional and overhead plan views illustrating a fourth
test structure according to another exemplary embodiment of the present invention;

[0016] Figures 5A and 5B are cross sectional and overhead plan views illustrating a fifth test
structure according to another exemplary embodiment of the present invention;

[0017] Figures 6A and 6B are cross sectional and overhead plan views illustrating a sixth
test structure according to another exemplary embodiment of the present invention;

[0018] Figures 7A through 7C are cross sectional and overhead plan views illustrating a
seventh test structure according to another exemplary embodiment of the present invention;
[0019] Figures 8A through 8C are cross sectional and overhead plan views illustrating an
eighth test structure according to another exemplary embodiment of the present invention;
[0020] Figures 9A and 9B are overhead plan views illustrating an overall testing structure

according to an exemplary embodiment of the present invention;
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test structure according to another exemplary embodiment of the present
invention; [0018] Figures 7A through 7C are cross sectional and overhead
plan views illustrating a seventh test structure according to another
exemplary embodiment of the present invention; [0019] Figures 8A
through 8C are cross sectional and overhead plan views illustrating an ]
[0021] ojg g st Qs RiFRPHC RO FE RIBIhET BxerABARPBHBbRINfe s tHex racting
present invention; [0020] Figures 9A and 9B are overhead plan views
(+Ve) and Kesardigh-derandestiagstructure according to an exemplary
embodiment of the present invention; 4 [0021] Figure 10A is a table with )
[0022] gesEigdiipn Rt tast EBMHAD AECRSSEURNELIIGY EAPLAING 3Tk iaHdure according
Retarding (-Ve) modes.; and [0022] Figure |OB is a simplified cross
to an excItaRa PR R i Sy Rt iR} hccording to an exemplary
embodiment of the present invention. DETAILED DESCRIPTION OF THE
EXAM@@«E&Q&?&@W@I%M REFE ARGV BORIIE N Fetail
to example empodiments of the invention. Examples of these ) )
[0023] o s HeBRES A MNPt s s 8 R RDIR G B PRI hifee d ention.
invention will be described in conjunction with these nonlimiting example
Examplgs (B erRSE R Bertitltaicd thARSasABIARRSHR 48 IR thehile the
. .invention to these embodiments. On the contrary, it is intended to cover . .
inventiofail AR 88 RBHIHB AR i &4 tVARSAECAL REPHEHBRIGST RAtHRF IR 1t Will
spirit and scope of the inventjon as defined by the appended claims, In the
be und%%?&fﬁ&ta%@&mﬂm@ﬂ%{%ﬁ% BURETAIS B SERAtHMT YR adrrdhe
provide a thorough understanding of the present invention. The )
Contrar%kéiﬁb‘?é‘??déd;%%‘?ﬁ?éﬁléeFHaS}Vk‘?é’ BradHiictionenant Sl LASmiieRe included
ecific details. In gther. instances, w%{I kn(%wn process, o erationz[h ve ,
3 Iﬂﬂée following

within (RE BRHAMLSER P ABIAITRT A3 HOE A P e ERRRLHS) SRt

descrip ﬁ%ﬁgﬁ#‘{\éﬁpgg%é&?ﬁg@ggﬁrgﬁﬁ%ﬁ?p oqggrlrg)eg]}gv?c[et Iglet orr%?l?g tunderstanding
of the present invention. The exemplary embodiments may be practiced without some or all of
these specific details. In other instances, well known process operations have not been described
in detail in order not to unnecessarily obscure the present invention.

[0024] The example embodiments of the present invention will be described in detail with
reference to the accompanying drawings. The example embodiments provide a test structure for
voltage contrast (VC) and, optionally, electric testing and a method of forming a testing structure
for a semiconductor structure.

[0025] It is noted that the element names may utilize “first” as an adjective for elements in
the first test structure and “eighth” as an adjective for elements in the eighth test structure. The
eighth poly region does not necessarily mean that there are a total of eight (8) poly regions.
These element names do not necessarily mean that they are the number of, e.g., eighth poly

region, but the poly region in the eighth test structure.



reference to the accompanying drawings. The example embodiments
provide a test structure for voltage contrast (VC) and, optionally, electric
testing and a method of forming a testing structure for a semiconductor
structure. [0025] It is noted that the element names may utilize "first” as an
adjective for elements in the first test structure and "eighth" as an

[0026] 5 qjd¥ehselTal BRerRRiees iffthRedighnT RIY SiRfARBATFHIOL SighEH SO iheelgipant types
does not necessarily mean that there are a total of eight (8) poly regions.

shown g di gierie hohaHEY o et Ss g IreisrstRaWie) dre themilmrbérigures
of, e.g., eighth poly region, but the poly region in the eighth test structure.

may be see5aes) Notd thaCtHeVHiesy s be S §pdcs? Rt P Widaréchvmimied” type

. to the dopant types shown in the figures. For example, the P and N type

devicesgayices shown in the exemplary Figures may be reversed, i.e., P type

devices may be N type devices and N type devices may be P type

devj es.‘[I0027] Overview [0028] The present invention relates to test

strué%erlésﬁ‘gr testing various types of defects in, for example, a device

such as transistors. For example, the structures test for front end of line .

[0028] (FEBhe)nessrAGW YS8LeE Felasd adestiviErrBiate dy (esynadavevsieRsrapdefects in,
junction), isolation (e.g., shallow trench isolation or STI) defects and gate

for exagpigea flndcts Uy 23 FIMEIESS: Tins cspupigréieciit el et denftonestdigt line
example, back end of line (BEOL) leakage issues. Structures which test

(FEOL xdakfiesr rsugatiaaisd s dicon g ariefais i sHceieb airh Bl e iiivafity afion
test structures are provided. The test structures test for a single type of

(e.g.. shadpseirenghipsidlaipr O ob e fdes s raksmbiatio Haikere b SopboatRe tekdte
structures may be tested using a voltage contrast (VC) test and an

structurg i Als @ ReHiEt 4R {ehle Miae MBlechaskifn i Db detkess ity

the test structures, leakage ) )
Structures which test for other leakage issues are also useful. In one embodiment, a plurality of

[0027]

test structures are provided. The test structures test for a single type of defect, multiple types of
defects or a combination thereof.

[0029] The test structures may be tested using a voltage contrast (VC) test and an optional
electric test. Leakage defects will manifest as VC defects. Using the test structures, leakage
defects can be quantified or measured in terms of magnitude or grey scale level of the VC test.
Killer defects can be easily differentiated from non-killer defects by, for example, correlating
with ET (electrical test) spec or sort yield data. By effectively and efficiently identifying killer
defects, solutions can be incorporated into the IC. This increases yields which result in reduced
manufacturing costs.

[0030] Figure 9A shows an overall testing structure 4 in accordance with one embodiment of
the invention. As shown, the testing structure comprises 16 blocks (BK1-BK16). A block
comprises at least one of the exemplary test structures (116, 216, 316 ... 816) as described in

Figures 1A to 8A. In one embodiment, BK1 and BK9 comprises test structure 116, BK2 and



defects can be quantified or measured in terms of magnitude or grey scale
level of the VC test. Killer defects can be easily differentiated from
non-killer defects by, for example, correlating with ET (electrical test)
spec or sort yield data. By effectively and efficiently identifying killer
defects, solutions can be incorporated into the IC. This increases yields
BK10 compesspsdeitt irrstiedd onBihdmpdtig e iopssr Fgura e’ AoltE and BK12
_overall testing structure 4 in accordance with one embodiment of the
comprif,Estishiu AR HA Qb K b G StROCRRFS Colb EMs s B daK6 and BK 14
_(BK1-BK16). A block comprises at least one of the exemplary test
comprisG et {0 2063 B1@nd BI6) o pustsib&einEigtied LAt g friphBK 16
_embodiment, BK1 and BK9 comprises test structure 116, BK2 and 6 BK10
comprisgsifsisEactust StticldrferpBrIaERiy KA YBHeRR tett QiR 6 Xample,
o BK4 and BK12 comprises test structure 416, BK5 and BK13 comprises )
itis undersfoafl i e 6t BRISUHR Bk 942 bompriSagtedingiriedaraisd 6! Ay tnya single

. BK15 comprises test structure 716, and BK8 and BK16 comprises test
testing Yeiiret §T6 SRR PN PSR SRR YHHIE RS are also useful. For
example, itis understood that the test structures (116, 216,...816) need
[0031] o Hoeigeciiany Srivitrintares gy Redarigdstineute’ s Srodadn s Blitasiyjest and an
. be dispersed about the chip. [0031] The exemplary test structures may be
optionat Lles i dfsh d RISt betr s AN TSP AT B L R8T two or
testing of at least one of the test str%ctures or with the testing of éwo or

more of i IHF HEAUET SRS SHORARY AL {0 UAEIARE RTINS devsrmiAg (e-2-

. the device part (e.g,, Active Area (AA), isolation (iso), gate dielectric, etc.) .
Active gf3LAes: é%?nﬂ%iﬁ?e‘@?}h%%t%ddéf‘&ﬂ\‘}e?twfé? c§ﬁ %ﬁ%%?&r‘a@i&%{é cleciive.

e UL g ot sl s o o M
o e T R e g s
The VCI ?éﬁlﬁg 1asnpdre grfglg?ytgeer orlrrllae%ee{ft(e:er'g{iehﬂlolnatggtrpjlggsc%g Z<Igrsctotr61}tsa1tctCI Sl\ﬁ'g? 1]3142 of first test
device 112 (BK1)) are formed and before the M1 layer (e.g. M1 layer 136 of first test device 112
(BK1)) as shown in Figure 1A is formed.

[0032] We may perform an optional electric test on the test structures to get electrical test
results. The electric test results and the VC test results may be correlated to obtain more
accurate identification of VC defects that are “killer” defects. Once this correlation is achieved,
one could just use subsequent VC test alone to determine whether defects / “killer” defects are
present.

[0033] The exemplary test structures specifically disclosed in the instant invention have
different connections between the respective contact plugs and the Active Areas (AA), poly pads

and/or STIs, for example. The test structures may be tested using a voltage contrast (VC) test

thru an automatic E-beam inspection, and an optional electrical test.



(BK1)) as shown in Figure IA is formed. [0032] We may perform an
optional electric test on the test structures to get electrical test results.
The electric test results and the VC test results may be correlated to
obtain more accurate identification of VC defects that are "killer" defects.
Once this correlation is achieved, one could just use subsequent VC test
[0034] 510/ FEPHRSHRMYWHETR S BRYRG kAR Ef@fé&fé%ﬁ‘éveﬁi‘bé@ﬁﬁ’ foogspmple.
The exemplary test structures specifically disclosed in the instant
Overalli{g5HREGHHAVE U@Vt CitHILAHS ISV (PR BIRHAS d6Hgactor example.
lugs and the Active Areas (AA), poly pads and/or STIs, for example. The
The testsbstriet FePLHRLETBNEREINSIAG B SHAG S EBRIPSLIIREY astF umake
automatic E-beam inspection, and an optional electrical test. 7 [0034]
product§guicas (SUaRGHGEN 8 hefliSe located in the kerf between chips, for
example. Overall testing structure 4 may be used on a product wafer or
[0035] o Bigthitdt WareeheBradkarssIdePreReHER Lt bl SCUSHRT B YRR I Mipihe The
during the same manufacturing steps used to make product devices .
test stryclyegs sAREYE N the ChipuafeoBsT ERJUIeidE i e S ERRARSIRE Megymetal line MI).
resenting the test structures within a block. The test structures can

The teS'irw%{)%CNrﬁSéﬂn(@dﬁtg{:ﬂg?ﬁe‘i‘%\R??BPF&E‘?dsif@éVéﬁ‘rlﬁ]réEi& S5 Samsicsny metal

MI). The test structures can have N times row (connected individual test

lines e il st PR M (B R8P RRIN Sk BB if e p+ ohmic
bonding pads (BP) are connected to the p+ ohmic contact, e.g., 134G
ContaCttﬁr%r’BLogfé Béé#é%ﬁfﬁ%ﬁﬁf&%ﬁ)%(%%}ﬁest methods may include,
for example, voltage copntrast. inspection, optical inspections, basic .
[0036] 1o rtl&d BISE eStRISH8 ,“&Foﬂ%?{o%“@%?&tr‘(& RS EAY AR HAT G BRG]

) electrical testing. The exemplary test structures disclosed herein may b
inspectionsAiste BY NeEada s UL b%ir%ofﬂflfi‘?él Fi]%‘ftﬂm tSEPé‘?ruE:‘i‘&)é‘P'gm%n ed

electrical testing. The exemplary test structures disclosed herein may be modified, as necessary,
according to the test method employer.
[0037] An exemplary test method comprises the following:
Forming at least one (1) test structure on a substrate. The test structure may be comprised of any
of the following exemplary test structures:
1) (Figure 1A, for example) a first exemplary test structure 116 for testing Active
Area (AA) / P-N junction leakage (which could be junction leakage or / and
crystal (e.g. silicon) defect induced leakage) (AA / P-N Junction Leakage
Structure);
2) (Figure 2A, for example) a second exemplary test structure 216 for testing
isolation (STI) region leakage (Isolation (STI) Region to Ground Test Structure);
3) (Figure 3A, for example) a third exemplary test structure 316 for testing Active
Area / P-N junction (which could be junction leakage or / and crystal (e.g. silicon)

defect induced leakage) and isolation (STI) leakage, and may especially be STI
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[0037] An exemplary test method comprises the following: Forming at
least one (1) test structure on a substrate. The test structure may be
comprised of any of the following exemplary test structures: 1) (Figure IA,
for example) a first exemplary test structure 116 for testing Active Area
(AA) / P-N %unction leakage (which could be junction Ieaka%e or / and

crystal {sglasHiaaA it liaimasdet ¢ dkAgBINGARY BNsplakan A3 daRsegion Test

Structure); 2) (Figure 2A, for example) a second exemplary test structure

216 forXESEiNESisolation (STI) region leakage (Isolation (STI) Region to

Ground Test Structure); 3) (Figure 3A, for example) a third exemplary test
struthufE1 841 M EStRREIR APBE PRIRIAEY ST (WHIERSOtIG B testing Active
junction leakage or / and crystal (e.qg. silicon) defect induced leakage) and
isolatioft @& ) R KEGE WiiE HRA5AE- e iR Belasicd sAkagaahpricodtolation
leakage (AA / P-N Junction and Isolation [STI) Region Test Structure); 4

(Figurd 2 RD fseinmlshiiags ferird istestsis apdints wsalatiy éi)on to

Active Area (AA) / P-N junction leakage, gate dielectric leakage and gate
to isolaﬁB‘?P'lé$ﬂs?§§iB Y&kage (Gate Dielectric Leakage and Gate to
Isolation Region tg Ground Test Structure); 5) (Figure 5A, for example) a
fiftrPaxErkBETy L F SRR 52 B b BRI &g tB U EhiB Ot L I {Riing the gate
Active Area / P-N junction leakage (Gate Dielectric Leaka%: Through AA /

PN IS A e A PRt KR o7 ks (it e eGVchepkaee
Flgure g Supe) ONFue o8, (0 SRR 2 BN QSR Sa o e
seventh, Figure 7, structure);
6) (Figure 6A, for example) a sixth exemplary test structure 616 for testing the gate
dielectric to the Active Area and the isolation (STI) area leakage and the isolation
(STI) region to the Active Area leakage (Gate Dielectric Leakage to Ground and
Gate / One Side Isolation (STI) Region Leakage to Ground);
7) (Figure 7A, for example) a seventh exemplary test structure 716 for testing the
oversized gate dielectric to the Active Area / P-N junction leakage (Oversized
Gate Dielectric Leakage Through AA / P-N Junction to Ground Leakage Test
Structure) (related to fifth, Figure 5, structure); or
8) (Figure 8A, for example) an eighth exemplary test structure 816 for testing the
Active Area / P-N junction leakage and the gate dielectric leakage (Active Area /
P-N Junction Leakage and Gate Dielectric Leakage).
[0038] Please note that an Active Area (AA) / P-N junction test may also be referred to as
simply “Active Area” or “AA,” i.e., e.g., an Active Area VC test may also test the P-N junction.

That is, for example, the Active Area may include a P-N junction (such as Active Area 117



dielectric to the Active Area and the isolation (STI) area leakage and the
isolation (STI) region to the Active Area leakage (Gate Dielectric Leakage
to Ground and Gate / One Side Isolation (STI) Region Leakage to
Ground); 7) (Figure 7A, for example) a seventh exemplary test structure
716 for testing the oversized gate dielectric to the Active Area/ P-N
shown &, higies ldudtg & rasvRlsizy asilpibrduniipeakagk! FRRIIIH 201 / peiye Area
Junction to Ground Leakage Test Structl%fr(]eg related to fifth, Figure 5,
leakageqpiyinrdyde cBjsiigaterBikakareafse it ey RSieaikytest
structure 816 for testing the Active Area / P-N junction leakage and the
[0039] gatdVsigna¥raTetedge PRBRHECALDY @rrquowés%@bbsﬁal@a@stect defects
) Dielectric Leakage). [0038] Please note that an Active Area (AA) / P-N
in the te3f URAES ARG QRRIBefsda Y Es simply "Active Area” or "AA" i.e.,
e.g., an Active Area VC test may also test the P-N junction. That is, for
[0040] exa%i@??ﬂéf ABSTEIA NG fisly WicTide Sl BN Prefi Sl UYEUEh JY e s dhe e-test
117 9 shown in Figure 1A, for example, may include the junction of P 118
results (ol Yis) canile Abe B YeakBgalin¥y aer e rydhers thabain g sriad by the.
or the P-N junction Ieakalge. [0039] We may scan the test structures with,
for example, ERISfeleqiran &aron IBRGTPiRekt defects in the test structures and
to obtain VC test results. [0040] Optionally, after the VC test, we may .
[0041] o1y fratiassthe irleaies WA SITASTUSS Wodbcd¥e FRdffdify ARt (piag clectrical
correlate the BVC (Bright Voltage Contrast) defect that was detected by
leakagetﬁé?eﬁo‘iﬁ&%\%@?é%‘fg c%‘é%véé&fﬂ%%‘béﬁ f5hy t3Bf° f@@ﬁﬁﬁgﬁq@sﬁﬁg One
the selected test structures we are able to identify and isolate electrical .
advantage,p é@ AR SEES“%‘PF%“e?E&%,PA%Wé AYRRHEA Herheishe spangigiion of

efects, etc. One advantage of the exemplary test structures of the .
selecte %ééﬁ{,lﬁ]ik}l@ﬁ | 6ﬁs}ﬂ§ ﬁiﬂﬁﬁ%seo&ﬁﬁ%ﬂ%ﬁﬂ %TQH defects, ct?ve? junction defects,
Gate oxide defects, etc., and makes it easier to verify leakage issues at each of the test structures

independently. All these test structures may be inspected on commercially available E-beam

inspection systems (IBS) (e.g., eScan300/ 380 or eS31/ 32...etc).

[0042] 8 Exemplary Test Structures

The 8 exemplary test structures / sites will now be described in detail. All tables herein are at

least partial listing of elements shown for the respective figures.

[0043] First Exemplary Test Structure 116 — Figures 1A and 1B (AA / P-N Junction
Leakage Test Structure)

Name: The Active Area / P-N Junction Leakage Test Structure.

Figure 1A shows a cross sectional view of an exemplary first test structure 116. Figure 1B

shows a top down view of a portion of the first test structure. Below is a table of elements.

1™ test structure - element chart — Figures 1A, 1B and 1C
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selected test structures / results enables one to decouple STI defects,
Active /junction defects, Gate oxide defects, etc., and makes it easier to
verify leakage issues at each of the test structures independently. All
these test structures may be inspected on commercially available E-beam
inqlnpm‘inn systems (IRQ) (p g eScan300/ 380 or eS31/ 32___etc)_ [0042] 8
Exemplary Test Structures The 8 exemplary test structyres / sites will now
be described in detail. All tables herein are at least partial listing of

numbeglements showA\BP¢he respective figures. [0043] First Exemplary Test
Structure 116 + Figures 1A and 1B (AA / P-N Junction lleakage Test

116 structure) Namé&HstHeSENEUWedaiteP-N Junction Leakage Test Structure.
Figure 1A shows a cross sectional view of an exemplary first test structure

116R 116. Figure IB | $hghieststaprdoiegieny of a portion of the first test

| structure. Below is a table of elements. 1st test structure - element chart -

112 Figures IA, | B|dhdtiesidevigetber Name 116 first test structure (site)
116R first test istructure region 112 first test devices 11 a first Active

117 Area 111 substdiest ’20ifieshisalation region 118 first well region 126
first doped regjon 130 dielectric layer (ILD layer)

111 substrate

120 first isolation region

118 first well region

126 first doped region

130 dielectric layer (ILD layer)

134 a first contact (plug)

136 first conductive line

138 1*" inter metal dielectric (IMD) layer

first conductive line (contacting the

136G grounding contact (plug) 134G)
114 first grounding device

119 a first grounding Active Area
118G first grounding well region

122 first grounding doped region
134G first grounding contact (plug)

[0044] As illustrated in Figure 1A, for example, the first exemplary test structure (site) 116

is comprised of:

11



134 a first contact (plug) 136 first conductive line 138 Vt inter metal
dielectric (IMD) layer first conductive line (contacting the 136G grounding
contact (plug) 134G) 114 first grounding device 119 a first grounding
Active Area 118G first grounding well region 122 first grounding doped
region 134G first grounding contact (plugg [0044 As illustrated in Figure
IAPRrER HdIEs st R iEe MBI 4T B4Rt H](ﬁlfﬁ‘% 5oy b! fs Comaptisdd ST1
of: 11 a plurality of first test devices 112 (e. |nclud|ng Active Area 117,

120). ingyfsicterss! rel%}omlééﬁswsfu&fﬁﬁefail ¢i%h 116R on a substrate

111 ~and (O%‘glal at least a first conductive line 136 (MI) and (Optional)
grotianiyleeinedi1a A3od4s) #6 noted that first

round| device 114 may not be needed for the automatic VC. During
gﬁé’%‘ﬁﬂé]ﬂﬁ%ttﬂ@aﬁmriﬁéﬂ&ﬂwnﬂf@é 4%vies didrounding device 114 lands
on P' Active Area 122 so that grounding device 114 will show as brigh
[0045] voltﬁd%%ﬁ%&t (BT HEULRS AR A HIRRYIBCARY @&Qﬁ@é"&é@&&%@ﬁlauc ve.
there are any). A Ieaka defect can only be observed on a 134 that
During (B¢ Bi7 S NS RETAPULE 120 AEFEOUHUBE oria! /16306‘6‘96 gon P active

defect free) caonditions, such a |leakage defect will show as a dark V

Area 12&,&}&]@% 8%{?&&? f@@%] IFd wiHshoys uighbvoltage contrast (BVC) hence it

cannot pick up any leakage defects (if there are any). A leakage defect can only be observed on
a plug 134 that is landed on an N+ Active Area 126 where, under normal / good (i.e. defect free)
conditions, such a leakage defect will show as a dark VC (voltage contrast).
[0046] First Test Device 112
The first test devices 112 are each comprised of:
= a first Active Area 117 in a substrate 111 preferably surrounded by a first isolation region
120;
= a first well region 118 in the first Active Area 117;
2) a first doped region 126 over the first well region 118; the first doped region 126
extending to the surface of the first Active Area 117; the first doped region 126 being of the
opposite impurity type as the first well region 118 (for example, in Figure 1A, an N+ first doped
region 126 is over a first P-well region 118); and

a first contact (plug) 134 extending to the first Active Area 117 formed within a (n
interlevel) dielectric layer 130.
[0047] The substrate 111 may be comprised of, for example, a semiconductor substrate such

as, for example, a silicon substrate, a SOI substrate or an epi wafer.

12



The first test devices 112 are each comprised of: a first Active Area 117 in
a substrate 111 preferably surrounded by a first isolation region 120; a
first well region 118 in the first Active Area 117; 2) a first doped region 126
over the first well region 118; the first doped region 126 extending to the
surface of the first Active Area 117; the first doped region 126 being of the
[0048] o ppblaséiithgorRy f5BE0Rd TRERSPAEIRELREAt LPBEBI Mk iid Ofr FIAgRS- between
IA, an N+ first doped region 126 is over a first P-well region 118); and a

1E13 ang JEHhipanpficig) Do ATk donsit gei ahd 40 Spachedoames spigmsaesividrife same

) a (n interlevel) dielectric layer 130. [0047] The substrate 111 may be
implant gieR i dBE RF BT R SR SrQBtor substrate such as, for
example, a silicon substrate, a SOI substrate or an epi wafer. 12 [0048]
[0049] TheThsHERS SeRFEGRINR1E MaY Paltrasiopine donesntatfoR dfnfascene process.
example, between 1E13 and 1E20 atoms/cc. The first doped region 126

The firghcaRigGtiBitg el SmaNtan ST R tHY SXARRP mfuRst Std S ALt proticuitable

. S/D (source/drain) regions. [0049] The first contact plug 134 may be

metalligipaierialising, for example, a damascene process. The first contact plug

134 may be formed of, for example, tungsten (W) or any other suitable
[0050] e tHhc “r‘ﬁ%‘ﬂé?’iﬁﬁS[éé%@ﬁﬂ‘&?ﬁ%&ifeﬁﬂ%dﬁ%%tb?é%&&?ﬁé%&@wh the

during the same steps in which the product device(s) are formed. For
productdeichi®) e Mo gion S BRI 1 818 Wethis @dtstroth 8 ARt gpetures and

device are formed using the same well implant process. For example, the .
productgyice Pé‘ai’iﬂﬁ@%@ﬁrﬂﬁé?&%@ﬁ%&?&%m‘{ﬁ?%r@&ﬁ@f‘%‘ftﬁlFe&?Brﬁjﬁped regions

etc. [0051] We preferably VC test the test devices 112 after the contact
126 canplpﬁ Qryng %’E%‘A%QWS{ t%e %rm%ct ng reg?ons, etc.

[0051] We preferably VC test the test devices 112 after the contact plugs 134, 134G are
formed. However VC testing on a metal interconnect (e.g. M1, M2) is still possible with slight
modification of the metal routing pattern.
[0052] First Conductive Line 136 (M1)
The first conductive line 136 (M1) contacts the first contacts 134 of the test devices 112. The
first grounding device 114 contacts the substrate 111. An inter metal dielectric (IMD1) layer
138 may be formed before or after the conductive line 136.
[0053] The contacts 134 and Active Areas 117 are preferably arranged in rows and columns.
The conductive line runs along either a row or column. The conductive line 136 can connect one
or more rows of contacts 134.
[0054] First Grounding Device 114.
Still referring to Figures 1A and 1B, for example, the first grounding device 114 can be
comprised of:

a first grounding Active Area 119;

1) a first grounding well region 118G in the first contact Active Area 119;
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formed. However VC testing on a metal interconnect (e.g. MI, M2) is still
possible with slight modification of the metal routing pattern. [0052] First
Conductive Line 136 (M) The first conductive line 136 (MI) contacts the
first contacts 134 of the test devices 112. The first grounding device 114
contacts the substrate 111. An inter metal dielectric (IMD1) layer 138 ma
be f@m%eféf%M@%f%}pﬁﬁ’er%ﬁad@t?v%vﬁﬁéhﬁg?'{@%{‘}]%"&%fﬁé@nléﬁgG' The
and Active Areas 117 are preferably arranged in rows and columns. The
conductiok SFRETOIRG S5 BHHER 4 70 R ECERSHHIP RS cRIcHe ezt ding
can connect one or more rows of contacts 134. [0054] First Grounding . ]
Device YA B CIMFRekEPriHY (T HiGIRBRNALHIRPIBI IO B Y airh PR fige i spme impurity
grounding device 114 can be comprised of: a first grounding Active Area
119; 1) ¥Phrdt QiolRtiRg Wenegieh reeiss I 8k fidt cortalt-ARfgUAsd4. the P+
119; 13 % a first grounding doped region 122 over the first grounding well
region TiBErOFRETE PBrI ARGy tops @ YehiBh o satadingd @y eilercgion 118G.
~surface of the first grounding Active Area_ 119; the first groundin dO{Jed
A first cRrgyRin s LIAARG fHES ARt %Q%%&?%‘W&%?BH%‘H&%M 34G. In the
. region 118G. For example, in Figure 1A, the P+ first grounding doped
first, Orn%‘gf‘dnt‘iséétfélﬁ%‘? e f@ﬁ%nﬂ‘?&ﬁﬁﬁs Fl-j\i%é’l‘f“?é)&éhgffé@. RYifspnd columns as
conductive grounding line 136G contacts the first grounding contact (plug)
shown ipdzgurg, lRfo5eXamPlther, test structure 116, the first devices 112 can be
aligned in rows and columns as._ shown in Figure 1B, for examgle. [0055]

[0055] Figdiguiei§ & PRORHREGM SIS 4R AaH HABRIRHERE GFtdgices (for

devices (for
example test evgces 112) lined up in rows and columns.

[0056] In a test structure 116, the first devices 112 may be aligned in rows and columns as
shown, for example. In an example test structure 116, between 4100 and 5500 test devices 112
are in a row connected by the first conductive line 136 (see Figure 1A, for example).

[0057] The first conductive line 136 (e.g., M1) connects the rows and columns. Between
200 and 300 rows (tgt = 238 rows per pad) may be interconnected. Between about 2 to 6000
total first test devices 112 may be connected together by the first conductive line 136.

[0058] Figure 1D shows a cross sectional view of the first exemplary test structure 116 at
post contact (134, 134G) formation. At this point, the wafer can be examined using an EBI tool,
for example, using a VC technique. It is preferable to test the wafer after formation of contacts
134 (134G) and before the M1 (136, 136G) and subsequent metal layers are formed.

[0059] Figure 1E is an incomplete top down view of the first test devices 112 (where CA =
contact).

[0060] Referring to Figures 9A (showing an exemplary overall testing structure (test site) 4)
and 9B (and Figures 1A through 8C, for example), the difference between test blocks BK1 and

BK9 (Figures 9A) is simply how many rows and columns of the test structure are being
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example test devices 112) lined up in rows and columns. [0056] In a test

structure 116, the first devices 112 may be aligned in rows and columns

as shown, for example. In an example test structure 116, between 4100

and 5500 test devices 112 are in a row connected by the first conductive

line 136 (see Figure IA, for example). [0057] The first conductive line 136
connected J2RCEo RERES! A olvRH R borshigs Senieg 00 2haTEPFBAE Yo test

= 238 rows per pad) may be interconnected. Between about 2 to 6000
structursyi} RRSY eSSt Hetcds 4 iDRAHGH &M BatitEdefn By thecrpple. are cach an

conductive line 136. [0058] Figure 1D shows a cross sectional view of the

array ol sUuptWishy 8V BirlAtr 81 34%UR OhsSRabHa NG 8 Ae5t 8950 frhation.

At this point, the wafer can be examined using an EBI tool, for example,.

[0061] s fPL pepeelipmiGee: N s prERgabiRatly iSRS GrIriadte AfhiatiBR!shing back
contacts 134 (134Gn2|t§dnd before the MI (136, 136G) and subsequent

of the capiagiydJare gretkish W%@ﬂﬁ@h%‘g@is@ﬁ e GELRIERY

of the first test devices 112 (where CA = contact). [0060] Referring to |
determipg Aty dealageBiRACR P bREmbIsey B bite SRR el A RPASLRSEPA)S very
.. and 9B (and Figures IA through 8C, for example), the difference between
sensitivicoBRRY IET S PR @?ﬁ?gﬁ%@'%‘) UL AR AR R ITRAS ghY cascading
columns of the test structure are being 14 connected together.

N numbep, of sipele st HHFUFHBHEHSHSs can have N (N > 1) number of single test

structures in between them. |t is important to know that BK1 & BK?9, for

(00621 o ote4Pe BBCRAH GIFSY BIREH STRILRGES L BMIERUPET Rl Shrgptures
16 col RSB 5 eves 12,0054 S0l pecion o . VS sl
60 A o e el T o PR P O 8 o,
o0 B e A SO S i i e B

Name: AA (Active Area) / P-N Junction Leakage Structure

This first exemplary test structure 116 (Figure 1D) is preferably used to test the leakage (using
BVC and optionally electrical tests after M1 136, 136G formation) mainly on Si Active Area
117 and / or P-N junction leakage only. If there is any Si defect or P-N junction leakage current
between 5 pA and 1 nA, it can be picked up by the W contact 134 connected to the Active Area
117 with the Si defect or the P-N 118, 126 junction leakage defect which manifests as a BVC
(Bright Voltage Contrast) defect.

[0064] The first test structure 116 is preferably designed using minimum dimensions based
on a particular design rule of a technology. We believe that leakage problems / issues are more
pronounced at smaller dimensions.

[0065] The E-beam inspection (VC test) may be preferably performed after the M1 WCMP
layers 136, 136G are formed (Figure 1A). The E-beam inspection can also be performed after

more metal and IMD layers are formed over the W contact plugs 134 / M1 layers 136, 136G.
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N number of single test structure in series. [0062] Depending on specific
requirements and needs, different numbers of test structures 116 can be
cascaded in arrays to be tested electrically by E-testing after the Ml layer
(136, 136G) is formed. This E-testing result may then be used for EBI
leakage detection correlation. [0063] First Exemplary Test Structure 116 -
[0066] g figure A4 for st In AhQvio s AR 9P aQss Rekions L diryge with a test
Structure This first exemplary test structure 116 (Figure 1D) is preferably
structurgdiayifg Rkt |@a¥%sglé>(%r§i¥f§1r@9@vgﬁa eRRiBRmy Iddaney telts Aftdppsible o
) 136, 136G formation) mainly on Si Active Area 117 and / or P-N junction
inspect fhgikBeaghiy G trbke Ty Arsr 8 terdtt GMRNOR MBI RdR3gR Kiherpntact plug(s)
) between 5 pA and 1 nA, it can be picked up by the W contact 134 o
is (are) eappRALEdA RYHE REsvEAtdecnFBRIPHE! BlrsrtloMre PMF £187q98 in Figure

junction leakage defect which manifests as a BVC (Bri?ht Volta%%]S
10B, fopempey detsctisews) PR ikt essdsirlrciaicaly eentedediealy Bbsigred
.using minimum dimensions based on a particular design rule of a o
formatiggenHaiby REa RN Hatalole Bre Biidbrfaatiallyrlongaigd in any direction.
pronounced at smaller dimensions. %)065] The E-beam ins,é)ection VC
[0067] testyFhal) B frerraply potdirad SdPtid ARG ER A G EReTsE hedeakage at
are formed ]ﬁgi%;re IA). The E-beam inspection can also be performed .
the WChte FImiare PSR RALY IER5QRBrRGE Ined ot ARSI GBI Aee Ry B4 i gure
/ Ml layers 136, 136G. 15 [0066] Figure 10B, for example, shows a
ID, or we B hisATCHoUABY AL M b a ?8&@%%&%@%%5 p f32My as shown
. . Mx layers formed over a contact plug. However %js still possible to
i PR BB o LA A OIS amy el ayer)
0068 if th contacg% ?%I#égy\% i%é%{% connected upward thru small rectan%%llar, )
(00681 e P BIBERS RHINA2 6K 208 B TAREIAIGL IO, FoF BRFiIEY g nele test
structurgtsrlll(l:g,J rZel g’a gll%ej E_Stfg tt%ge %L:erc (glrcglll :[FeSsEetg)n?gglglrJ}Q t%e Iela aegre thru them.
[0069] VC (Voltage Contrast) or BVC (Bright Voltage Contrast) Test
In general, voltage contrast tests may involve radiating the test structures 116, 216, 316...816
with a primary beam of electrons, causing secondary radiation. The secondary radiation is
measured and a voltage contrast image is formed.
[0070] Voltage contrast (VC) physics under Extracting mode (+Ve Mode) can have the
following characteristics:
The Extraction field attracts the secondary electrons.
The grounded structure remains neutral, as the missing charges are replaced from ground.
The floating structure charges positively.
Secondary electrons from the floating structure are being extracted out from the surface by the

external positive field. Hence the signal increases as more electrons make it to the detector.

These defects look dark.
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formation. That is, metal blocks MI, M2 to Mx are not substantially
elongated in any direction. [0067] For all the test structures (116 to 816,
for example) we can either test the leakage at the WCMP contact 134
layer (highly recommended), e.g., the fabrication stage shown in Figure
or we can scan it at any metal layer by stacking up the metal layers
Yy yer Dy s g% éR’ %é

1D,
[0071] 1), N2 teg MR HE28hoVn R YSIGH HMMOTER S EREINES &Ve1derebmgRayhe

_connected in series. [0068] However for E-test correlation, it is important
following (hardiedHifsct several single test structures 116, 216, 316 ... 816

together for an E-test to measure the leakage thru them. [0069] VC
The RGW%W&gfée@dfﬁﬂ%!éé"B‘f BN BRIBIEGE EBhtrast) Test In general,

voltage contrast tests may involve radiating the test structures 116, 216,
The groypgedestcithin "STpiiaRg Beksdhe B shERAIGS ABrERTO X YaY i ER ground.

The secondary radiation is measured and a voltage contrast image is )
The flogging éHPfé‘&T?d{%lF&@‘&@HH%%W%%H@WBe wstiagthysday phersaping

Mode) can have the following characteristics: The Extraction field attracts
secondafyeelettiiMiary electrons. The grounded structure remains neutral, as the

missing charges are replaced from ground. The floating structure charges
These dﬁ&s“ii%‘%&‘? %E%%Fa‘&%qé‘é‘fr&%%dﬁ‘f‘fﬁ@%ﬁﬁﬁﬁ&%fhﬁ&ﬁ%@%csg}%r ed fo the

extracted out from the surface by the external positive field. Hence the
grounded SECiIEGses as more electrons make it to the detector. These defects

look dark. 16 [0071] Voltage contrast (VC) physics under Retarding mode
[0072] v &gtyaeyenls RATR Y HolRsRing emah e ARt O AR LIS g e fgst In

e B s R et St S, 1.
forward bias.

[0073] Electric Test — E-Test

Electrical tests (E-tests) are preferably performed on the test structure after the M1 layer 136,
136G is formed. The electrical tests may be conventional tests such as leakage and breakdown
tests.

[0074] One key point may be that we are employing the E-test technique to help us in
correlating the BVC (Bright Voltage Contrast) defect(s).

[0075] Generally an EBI inspection will generate a very high count of BVC defect density.
While we had believed that most of the BVC defects were harmless, an acceptable method in the
market to separate a real, or killer, BVC defect from a non-killer BVC defect is currently not
available.

[0076] The main advantage of this BVC defect correlation is that we can easily identify
which BVC defect(s) are killer leakage defect(s) and those which are not. For example, thru E-
test confirmation, we may determine which Block, e.g., test structure 116, 216, 316...816, has a

high leakage current.
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The floating structure finds equilibrium with negative charges, boosting the
energy of escaping secondary electrons. These defects look bright as
there are more electrons reaching the detector compared to the grounded
structure(s). [0072] Figure 10A is a table with descriptions of the test

conditions for the VC test in Extracting (+Ve) and Retarding (-Ve) modes.
[0077] Her%BHé‘%e%rﬁgn@oéFs@%%%w@-% ¥ekorphard Bla¥) (oo 75Pm 0
Electric Test - E-Test Electrical tests (E-tests) are preferably performed on

(Darkespdrp {Biiabfcs BrtEhaf-Mmayden serrapsstopakdersomiar Ul fidhs leakage.

tests may be conventional tests such as leakage and breakdown tests.
For leakpge anabinisiy BisicKRTA) Te'bdt W MrEBeh Mg Hanesesiterhwigue! 00 to
to help us in_correlating the BVC (Bright Voltage Contrast) defect(s).

255, thq sty AsridbayhsMem ihspectibr vl ydterdie RUEHRYN cHhpdf bydeakage
defect density. While we had believed that most of the BVC defects were
defect. ptarod iy Gl yelBreinr bR e nfaresrBRlepyrdpe y veLs 1yF ihig data
i BVC defect from a non-killer BVC defect is currently not available. ﬁO?B}i
with E-tegidafaist the NHidod ot a5id 88! Soresartbiatimisanhhn mamedbi( defects

identify which BVC defect(s) are killer leakage defect(s) and those which
are on parHenlar siEpclures Bba KAFE- test confirmation, we may determine which
Block, e.g., test structure 116, 216, 316...816, has.a high Ie,akzgﬁ current.

2
[0078] 17 WT]I%BNV@}IH%@%%? B%V ESYJ?G%GE@WQV@P&?&EVW Xi@ﬂfﬁ? and
180. If hﬁ}’hgpﬂégﬁﬁgéﬁ?ﬂ?%tg%égﬁ% Brlrgg] t(?ft al rllgos;tlﬁg v ?eesrull%sqilogr? ]E:tllggl?ll‘rent out

of spec, while for a GLV = 120, the BVC results in an ET current within spec. Thus, from the
ET data we can confirm that any GLV > 180 is a killer BVC defect.

[0079] Second Exemplary Test Structure 216 — Figures 2A and 2B

Name: The Isolation (STI) Region to Ground Test Structure 216.

Figures 2A and 2B show the second exemplary test structure 216. Corresponding analogous
elements are shown as described above for first test structure 116. The corresponding elements
are increased by 100, i.e. to the 200 series. The corresponding elements are also changed from
“first” to “second” as appropriate. Figure 2B is a partial overhead view of Figure 2A.

[0080] In the second test structure 216, contact 234 contacts just the isolation (shallow
trench isolation (STT)) 220.

[0081] The second test structure 216 is used to test for leakage of the isolation (STI) 220.
The leakage tested is between the contact 234 and substrate 211.

[0082] Figure 2C shows another exemplary partial top down view of Figure 2A.

2nd test structure - element chart — Figures 2A, 2B and 2C
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For leakage analysis, we are expecting the GLV number to be in a range
of from about 100 to 255, the higher the GLV the more "leaky" it is, and
thus, the more possible it is a killer leakage defect. On top of this GLV
value from the EBI tool, for example, we may correlate this data with
E-test data_at the M| E-Test as we will know pxam‘ly where, and how

numbegany, BVC de

Example: Assl

ming that we have 2 BVC defects with re

f&t8€are on particular structures on a wafer. [0078]

spective GLVs of

20, the BVC

data we can
] Second

and 2B show the
alogous elements

e 200 series. The

ire 2A. [0080] In
the isolation

test structure 216
e leakage tested is
re 2C shows

?nd test structure -
e 216 second test

216 120 and 180. |FRACRATtES I Wt IEHows that for a GLV = 180, the BVC
results in an ET current out of spec, while fora GLV =]
216R results in an Ersecorshietlithincipedesions, from the ET
confirm that any GLV > 180 is a killer BVC defect. [0079
212 Exemplary Testsstaneiias daGceFigures 2A and 2B Name: The Isolation
(ST1) Region to Ground Test Structure 216. Figures 2A
217 second exemplarseeesdstreierarA®a6. Corresponding an
are shown as described above for first test structure 116. The
211 corresponding|elebsieniis are increased by 100, i.e. to th
corresponding|elements are also changed from "first” t¢ "second" as
220 appropriate. Figieeoa@ilatpartiegionerhead view of Figt
the second test structure 216, contact 234 contacts just
218  (shallow trenchsisoiadiorl{STE)p@220. [0081] The second
IS used to test for leakage of the isolation (STI) 220. Th
226 between the contach@8dmddegibstrate 211. [0082] Figu
another exemplary partial top down view of Figure 2A.
230 element chart + HigacescdAye2BIBAAREr18 number Nam
structure (site)
234 a second contact (plug)
236 second conductive line
(Not shown) 1*" inter metal dielectric (IMD) layer
second conductive line (contacting the
236G grounding contact (plug) 234G)
214 second grounding device
219 a second grounding Active Area
218G second grounding well region
222 second grounding doped region
a second conductive grounding contact
234G (plug)
[0083] Third Exemplary Test Structure 316 — Figures 3A and 3B

Name: The AA / P-N Junction and Isolation (STI) Region Test Structure.
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216R second test structure region 212 second test devices 217 a second
Active Area 211 substrate 220 second isolation region 218 second well
region 226 second doped region 230 dielectric layer (ILD layer) 234 a
second contact (plug) 236 second conductive line (Not shown) Vt inter
. metal dielectric (IMD) layer second conductive line (contacting the 236G
Figuresgieyding sBrvattq g 2smplany e LelBiirgtolfdikgraeineaimgagalogous
second grounding Active Area 218G second grounding well region 222
clemenisie SRR AR AMGTHRSEP PGB HisbishasHEE e agﬁem?faﬁ?gpeeﬁta&elements
_ 234G (plug) [0083] Third Exemplary Test Structure 316 - Figures 3A and
are incrigeq Analrie- Al PBNCHSACRK ANBISIREENE @ereRiegrsmirashanged from
., Structure. 19 Figures 3A and 3B show the third exemplary test structure
first” tg 1 §nigco s SPBFAHG anISYEUSD dichRaria it 1Y @édirped aove

for first test structure 116. The corre3£ondin elements )
[0084] In third test structure 316, contact 334 contacts both third doped region 326 and

isolation (STT) 320.

[0085] Third test structure 316 tests for leakage between the interface between Active Area
317 (and P-N junction 326, 318) and STI 320 using voltage contrast.

[0086] Contact plug 334 lands intentionally at the interface between STI 320 and Active
Area 317. Typically the interface between Active Area 317 and STI 320 may have leakage.
Any such leakage would also be worse at any STI divots. This third test structure 316 is useful

for this assessment.

3rd test structure - element chart — Figures 3A and 3B
number Name

316 third test structure (site)
316R third test structure region
312 third test devices

317 a third Active Area

311 substrate

320 third isolation region

318 third well region

326 third doped region

330 dielectric layer (ILD layer)
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are increased by 200, i.e. the 300 series. The corresponding elements are
also changed from "first" to "third" as appropriate. Figure 3B is a partial
overhead view of Figure 3A. [0084] In third test structure 316, contact 334
contacts both third doped region 326 and isolation (STI) 320. [0085] Third
test structure 316 tests for Ip.qkam:\ hetween the interface between Active

334 Area 317 (and PINTIACRBRIIPBIEI18) and STI 320 usirlg voltage contrast.

[0086] Contact plug 334 lands intentionally at the interfgce between STI
336 320 and Active therééeqdilcvysubaﬁy the interface betwen Active Area 317
and STI 320 may have leakage. Anv such leakage would also be worse

(Not skt STI divots. i tialdilesiiedMBIBYS Useful for this

3A and 3B
number Name SEE'E@WGM@MJR@IW@QQGR third test structure
region 312 third test devices 317 a third Active Area 311 substrate 320

336G third isolation rnegjiodng @itawéitegion 326 third doped region 330

dielectric layer|(ILD layer) 20 334 a third contact (plug)| 336 third
314 conductive line third grounding device

319 a third grounding Active Area
318G third grounding well region
322 third grounding doped region
334G a third grounding contact (plug)

[0087] Fourth Exemplary Test Structure 416 — Figures 4A and 4B

Name: The Gate Dielectric Leakage and Gate to Isolation Area to Ground Test Structure.
Figures 4A and 4B show the fourth exemplary test structure 416. Corresponding analogous
elements are shown as described above for the first test structure. The corresponding elements
are increased by 300, i.e. to the 400 series. The corresponding elements are also changed from
“first” to “fourth” as appropriate.

[0088] In fourth test structure 416, contact 434 is to a fourth gate 432. Fourth gate 432 (e.g.,
poly pad) is over a gate dielectric 431 that is over fourth Active Area (AA) 417 and over fourth
isolation regions (STIs) 420 on both sides. For example, see Figure 4B which is a partial
overhead view of Figure 4A. Fourth test structure 416 tests gate dielectric 431 leakage to ground
and gate 432 / STI 420 to ground leakage using the EBI. It is noted that Active Area (AA) 417
may also include the P-N junction so that the P-N junction 418, 426 may also be a part of the

leakage test.

4th test structure - element chart — Figures 4A and 4B

21



(Not shown) Vt inter metal dielectric (IMD) layer third conductive line
(contacting the 336G grounding (plug) 334G) 314 third grounding device
319 a third grounding Active Area 318G third grounding well region 322
third grounding doped region 334G a third grounding contact (plug)

[009.7] Eourth

xpmplary Test Structure 416 - Figurpq 4

and 4B Name:

The Gate Diele

2ctric Leakage and Gate to Isolation Area

to Ground Test

Structure. Fig

numbes16. Correspo

far the first tes

res 4A and 4B show the fourth exemplay

ndifi§eanalogous elements are shown as
structure. The carresponding elements

y test structure
described above
are increased by

416 300, i.e. to the|400rdetessstridlEd éSponding elements|are also changed
from “first" to tfourth" as appropriate. [0088] In fourth test structure 416,

416R contact 434 is técafEURS tfastuBXCENth gate 432 (e.g., poly pad) is
over a gate dielectric 431 that is over fourth Active Areal (AA) 417 and

412 over fourth isqléisthriagicles ST Is) 420 on both sides. For example, see
Figure 4B which is a partial overhead view of Figure 4A. Fourth test

417 structure 416 testoybe’diblsctrie431 leakage to ground and gate 432 /
STI1 420 to ground leakage using the EBI. It is noted that Active Area (AA)

411 417 may also [isshsti@tthe P-N junction so that the P-N junction 418, 426
may also be a|part of the leakage test. 4th test structure - element chart -

420  Figures 4A and @BrtR isnlaterdgame

418 fourth well region

426 fourth doped region

430 dielectric layer (ILD layer)

431 (fourth) gate dielectric layer (gate oxide)

432 (fourth) gate

434 a fourth contact (plug)

436 fourth conductive line

(Not shown) 1*" inter metal dielectric (IMD) layer

fourth conductive line (contacting the

436G grounding contact (plug) 434G)

414 fourth grounding device

419 a fourth grounding Active Area

418G fourth grounding well region

422 fourth grounding doped region

434G a fourth grounding contact (plug)
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416 fourth test structure (site) 416R fourth test structure region 412
fourth test devices 417 a fourth Active Area 411 substrate 420 fourth
isolation region 418 fourth well region 426 fourth doped region 430
dielectric layer (ILD layer) 431 (fourth) gate dielectric layer (gate oxide)
432 %ourth) ate 434 a fourth contact (plug) 436 fourth conductive line
[00891 (Nof b &R GAtEF iﬁé%éﬁaﬂe(@&m&amjﬂaws RSINGHED RN R pimgrised of, for
(contacting the 436G grounding contact (plug) 434G) 414 fourth

exampley licame s fEe P 9 AUMB Y FliRterg Arieriakea 418G fourth
grounding well region 422 fourth grounding doped region 434G a fourth

00901 s 0 e S G MIE Biicon oxic o
Name: %Ille\:l Co}gtgn ic?lgcrgr-ilf: (Ijjgellﬁ%gcthr?(?utglrliaAl'A / P-N Junction to Ground Test Structure.
Figures SA and 5B show the fifth exemplary test structure 516. Corresponding analogous
elements are shown as described above for the first test structure. The corresponding elements
are increased by 400, i.e. to the 500 series. The corresponding elements are also changed from
“first” to “fifth” as appropriate.

[0091] Figure 5B is a partial overhead view of Figure SA.

[0092] In fifth test structure 516, contact 534 contacts fifth gate 532. Fifth gate 532 (e.g.,
poly pad) is over gate dielectric 531 that is over fifth Active Area (AA) 517. Fifth test structure

516 tests gate dielectric 531 leakage / thru AA 517 to ground leakage using the EBI, for

example. Fifth gate 532 is not over STI 520.

Sth test structure - element chart — Figures 5A and 5B
number Name

516 fifth test structure

516R fifth test structure region

512 fifth test devices

517 a fifth Active Area

511 substrate

520 fifth isolation region

518 fifth well region

526 fifth doped region
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[0090] Fifth Exemplary Test Structure 516 - Figures 5A and 5B Name: The
Gate Dielectric Leakage through AA / P-N Junction to Ground Test
Structure. Figures 5A and 5B show the fifth exemplary test structure 516.

Corresponding analogous elements are shown as described above for
the first test structure. The corresponding elements _are

increased by 400,

530

lso changed from
al overhead view

B4 contacts fifth
slectric 531 that is

fests gate
sing the EBI, for

icture - element
structure 516R fifth

i.e. to the 500 séiffé%?tq*ﬁéaﬁﬁlf@%&ﬁﬂﬁﬁb elements are &
"first" to "fifth" as appropriate. [0091] Figure 5B is a part
531 of Figure 5A. [pOOBN) g3rKliRseStedalsid e ogitthct 5
gate 532. Fifthigate 532 (e.g., poly pad) is over gate di
532 over fifth Active (i8R GAIK) 517. Fifth test structure 516
dielectric 531 leakage / thru AA 517 to ground leakage
534 example. Fifth |gafdtBIPngsoiduey STI 520. 5th test stri
chart - Figures/ 5A and 5B number Name 516 fifth test ¢
536 test structure refjfhceadusiftretise devices 517 a fifth Ac

substrate 520

fifth isolation region 518 fifth well region

tive Area 511
526 fifth doped

(not shesgion 23 530
(gate oxide)

dieldeteionaya difl ety €HYER5eh) gate

dielectric layer

fifth conductive line (contacting the

536G grounding contact (plug) 534G)
514 fifth grounding device
519 a fifth grounding Active Area
518G fifth grounding well region
522 fifth grounding doped region
534G a fifth grounding contact (plug)
[0100] Sixth Exemplary Test Structure 616 — Figures 6A and 6B

Name: The Gate Dielectric Leakage to Ground and Gate / One Side Isolation (STI) Region
Leakage to Ground Test Structure.

Sixth test structure 616 is similar to the fourth test structure 416 but contact 634 of sixth test
device 612 contacts sixth gate 632 over sixth gate dielectric layer 631 over a sixth isolation
region (STI) 620 that only extends on one side of sixth Active Area 617 (not both sides of the
AA 617 as in fourth test structure 416).

[0101] It is noted that the sixth test structure 616 and the fourth test structure 416 may test the

same function, the only difference is probably the number of contact plugs 634 / 434 that are

connected.
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532 (fifth) gate 534 a fifth contact (plug) 536 fifth conductive line (not
shown) Vt inter metal dielectric (IMD) layer fifth conductive line
(contacting the 536G grounding contact (plug) 534G) 514 fifth grounding
device 519 a fifth grounding Active Area 518G fifth grounding well region
522 fifth groun ing doped reglon 534G a fifth grounding contact( lug)
[0102] 01 eguserefde @ﬁ#%ﬁa? desiribiereraalery EgurEeBREMP BN E}ﬁ%re 6B being
The Gate Dielectric Leakage to Ground and Gate / One Side Isolation
a partia} §Y¢RaY WA YR EYE 1 B rE ARG PR BF BRI O LAl REN S ATFHIN & #8
is similar to the fourth test structure 416 but contact 634 of sixth test
describegh 3R BHF Bttt SHGR Fatd B 3BGRAIrSSRAN MRS e#%%%tﬁ&r&yapfseaed by 500,
over a sixth isolation region (STI) 620 that onIy extends on one side of
i.e. to thegAH0EfiGE ATBE BT IR BBt Saud s o brass PR U telt sixth” as
structure 416). [0101] It is noted that the sixth test structure 616 and the
apProPigiGith test structure 416 may test the same function, the only difference is
probably the number of contact plugs 634 / 434 that are connected. 24
[0103] [016‘2?\’—‘?6‘&?@%%%% é?sﬁ%@ﬁﬁ&‘%&ﬂ%&%ﬁfﬁ@%ﬁt@&uém@ €318 Gith (-2

Figure 6B being a partial overhead view of Figure 6A. Corres ,Pondln

poly pag)nlél 8&%@@&%&%%@%%?? Quer sixth Active Area (AA) 617 and over the adjacent

sixth isolation region 620 on only one side. See Figure 6B. Sixth test structure 616 tests gate
dielectric 631 leakage to ground and gate 632 / one side — isolation (STI) region 620 to ground
leakage using the EBI, for example. It is noted that Active Area (AA) 617 may also include the
P-N junction so that the P-N junction 626, 618 may also be a part of the leakage test.

[0104] The sixth test structure 616 is used to test for gate oxide 631 leakage and leakage at

STI 620 and Si Active Area 617 interface.

6th test structure - element chart — Figures 6A and 6B
number Name

616 sixth test structure (site)
616R sixth test structure region

612 sixth test devices

617 a sixth Active Area

611 substrate

620 sixth isolation region

618 sixth well region

626 sixth doped region
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described above for first test structure 116. The corresponding elements
are increased by 500, i.e. to the 600 series. The corresponding elements
are also changed from "first" to "sixth" as appropriate. [0103] In sixth test
structure 616, contact 634 contacts sixth gate 632. Sixth gate 632 (e.g.,
pnly pad) iS_ Qv r gate diplpm‘rir 631 that is over sixth Active Area (AA) 617

630 and over the agfelatrisilkareisdldddaYiayion 620 on only one side. See
Figure 6B. Sixth test structure 616 tests gate dielectric 631 leakage to

631 ground and gaméségb)/%%fedé?&%cuﬁéﬁé(ﬁb@é@m‘i@@ion 620 to ground
leakage using the EBI, for example. It is noted that Active Area (AA) 617

632 may also includestH&) B2 junction so that the P-N junctjon 626, 618 may
also be a part of the leakage test. [0104] The sixth test structure 616 is

634 used to test for gatstbrRdE8IPlEgkage and leakage at [STI 620 and Si
Active Area 617 interface. 6th test structure - element chart - Figures 6A

636 and 6B numbesiNBnsemstistsirthnest structure (site) 616R sixth test
structure region 612 sixth test devices 617 a sixth Active Area 611

(Not skemssirate 620|sixthisomeiehdistgomicaIBIBIX{AYERIl region 626 sixth doped

region 25 630 dielectric layer (ILD layer) 631 (sixth) gate dielectric layer
(gate oxide) | sixth conductive line (contacting the

636G grounding contact (plug) 634G)
614 sixth grounding device

619 a sixth grounding Active Area
618G sixth grounding well region
622 sixth grounding doped region
634G a sixth grounding contact (plug)

[0105] Seventh Exemplary Test Structure 716 — Figures 7A and 7B

Name: The Oversized Gate Dielectric Leakage / AA / P-N junction to ground test structure.
Figures 7A and 7B show the seventh exemplary test structure 716. Corresponding elements are
shown as described above for the first test structure 116 and the fifth test structure 516. The
corresponding elements are increased by 600 (200 for the fifth test structure 5), i.e. to the 700
series. The corresponding elements are also changed from “first” (“fifth”) to “seventh” as
appropriate.

[0106] Figure 7B is a partial overhead view of Figure 7A.

[0107] The seventh test structure 716 is comparable to the fifth test structure 516 except that
the surface area of the seventh doped region 726 is at least about 10% greater than the surface

area of the fifth doped region 526 in the 5™ test structure 516 or the gate 732 (e.g. poly pad) in the
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632 (sixth) gate 634 a sixth contact (plug) 636 sixth conductive line (Not
shown) Vt inter metal dielectric (IMD) layer sixth conductive line
(contacting the 636G grounding contact (plug) 634G) 614 sixth grounding
device 619 a sixth grounding Active Area 618G sixth grounding well
region 622 sixth oundln doped reglon 634G a sixth grounding contact

" test zmmib@}ss%e ARl s )?'?%"ét 18tiad QR imes largrtld The gats 782 (e

Name: The Oversized Gate Dielectric Leakage / AA / P-N junction to
poly pag} i e e stesfrifensrere Biurd i As daaves S e stV elsitkaseinprapprtional to
test structure 716. Corresponding elements are shown as described
the size B gt P rkt fe SOSHRANrE 11 B UMY BRSBTS RO BB T {hany such
corresponding elements are increased by 600 (200 for the fifth test
leakages‘ffﬁ]chﬁre‘%?)g‘i”é‘% tfe PopeakriscomrrEshiadbdn titlg BRHENE Gre also
changed from "first" ("flfth;) 0 "seventh" as appropriate. [0106] Figure 7B
[0108] i5 AIRSRTSMBY S SHYHEG DOFraiHacy AteParcing e (dhtr fsPEeitura2 (-g-
716 is comparable to the fifth test structure 516 except that the surface
poly Pa%é%n%ﬂh‘@@é@@l’?ﬁ{r&‘o@b th?{;%ﬁ‘fé@@ya%q}é%@a‘b‘é}h‘fei‘é@%ag%é%e? kfarieventh
e surface area of the fifth. doped region 526 in_the 5a’ test structure 516

test Stf“&F‘ﬁ’?e@ét@S?%Ea(S Yepsiypda) iiahedé Pas rasr Shliture bR retersing e

between about 10 to 100 times Iar%er than the gate 532 (e.g.
EBI, for example. Gate 732 / gate dielectric 731 1s not over STI 720.

[0109] Figure 7C shows another exemplary partial top down view of Figure 7A.

7th test structure - element chart — Figures 7A and 7B
number Name

716 seventh test structure (site)
716R seventh test structure region
712 seventh test devices

717 a seventh Active Area

711 substrate

720 seventh isolation region

718 seventh well region

726 seventh doped region

730 dielectric layer (ILD layer)
731 (seventh) gate dielectric (gate oxide)
732 (seventh) gate

734 a seventh contact (plug)
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poly pad) in the 5th test structure 516. This is because gate oxide 731
leakage is proportional to the size (or area) of gate (e.g. poly pad) 732.
By using the seventh test structure 716, any such leakage will be
"magnified"”, so to speak, as compared to fifth test structure 516. [0108] In
seventh test structure 716, _contact 734 contacts gate 732. Seventh gate

736 732 (e.g., poly PN sordussie dibfectric 731 that is over only seventh

Active Area (AA) 717. Seventh test structure 716 tests gate dielectric 731

(Not shesige / thru AR TatergiddirlasaicadMINikythe EBI| for example. Gate

732 | gate dielectric 731 is not over STI 720. [0109] Figyire 7C shows

another exemplafyepateands GsnoicOsatiparBe7A. th test structure -
element chart ; Figures 7A and 7B number Name 716 seventh test

736G structure (site)| PRy AN SPRIBIIRAE region 712|seventh test
devices 717 a seventh Active Area 711 substrate 720 seventh isolation

714 region 718 sev&ptEniletrpugiing #eBiseventh doped redion 730 dielectric
layer (ILD layer) 731 (seventh) gate dielectric (gate oxide) 732 (seventh)
719 gate 734 a sevehthveoHtaeoyprigy Avtiveaseventh conductive line

718G seventh grounding well region
722 seventh grounding doped region
734G a seventh grounding contact (plug)

[0110] Eighth Exemplary Test Structure 816 — Figures 8A and 8B

Name: The Active Area (AA) / P-N Junction Leakage and Gate Dielectric Leakage Structure.
Figures 8A and 8B show the exemplary eighth test structure 816 with Figure 8B being a partial
overhead view of Figure 8A. Corresponding elements are shown as described above for the first
test structure 116. The corresponding elements are increased by 700, i.e. to the 800 series. The
corresponding elements are also changed from “first” to “eighth” as appropriate.

[0111] Eighth test structure 816 includes multiple eighth aligned test devices 812 and may
include at least one misaligned test device 812M (the second test device from the left in Figure
8A, for example).

[0112] The eighth aligned test devices 812 include contacts 834 that are adjacent to, but not
contacting, respective eighth gates 832. Contacts 834 contact silicon (for example, N* as shown
in Figure 8A) within Active Areas 817 (as do eighth gates 832 / eighth gate dielectric 831 — see

below).
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(Not shown) Vt inter metal dielectric (IMD) layer seventh conductive line
(contacting the 736G grounding contact (plug) 734G) 714 seventh
grounding device 719 a seventh grounding Active Area 718G seventh
grounding well region 722 seventh grounding doped region 734G a
seventh grounding contact (plug) [0110] Eighth Exemplary Test Structure
[0113] 81@-1@5{1%@%%26&%8?&%@. e ABaIE Wi eAY Y PeRicIdistarsrics 831 that are
Leakage and Gate Dielectric Leakage Structure. Figures 8A and 8B show
each ovggea QQé‘ﬁ‘?BIaffléi%tﬁ?&ﬁsﬁﬁﬁéﬁﬁ%“g&%%it@@@l}@gB%’éfﬁ@eé{; Haiisip gate
) overhead view of Figure 8A. Corresponding elements are shown as
dlelec“tfe%ﬁiEé&%ﬁd\i@rfbfgﬁwéﬁré?'ﬁgéPgﬁEf&dPegi‘i‘B?dﬂﬁ%kégﬁB%‘BéﬁBﬁEBL for example.
elements are increased by 700, i.e. to the 800 series. The corresponding
[0114] oo ettditipa-dio iR e Hotiui st danaidheieadnspidiop mtaligned gighth
Eighth test structure 816 includes multiple eighth aligned test devices 812
contactigy 434N (Y & ide "B faligPeheSHSHGhe A RSt R B s P e ' ladrRfs) 812M
_ test device from the left in Figure. 8A, for example). [0112] The eighth
(the first smelyie o dBeicdsia fzgmaga\é P EscanAGHhSE HYb é%B?ﬁ“t%&Bbﬁ‘E Bt (©-g.
contacting, respective ei%hth gates 832. Contacts 834 contact silicon (for
poly pad) 8 Aehbang pariabdirsrte g RR WRRm ABRR Nréss v tjeurmfin within
. ates 832 / eighth gate dielectric 831 - see below). 28 [0113] Eighth gates
Active 5 b1 Mo G018 AN s s olo R o el e BB B3 e e

each over a portign of eighth Active Areas (AA)_ 817. Eighth test structur
examplgllg’tg%é)%\g{?e?n Figure %g) within Active Are(a 8 I)7M. An}gJ e}ght% m?sa igne(? test

device 812M tests the alignment of the eighth contact 834M. Also see Figure 8C which is a
partial overhead view of misaligned eighth contact 834M.

[0115] Preferably about 10% of the total eighth (aligned) test devices 812 may be misaligned
eight test devices 812M. Contact resistance will be affected if any contact 834 is misaligned
over its gate (poly pad) 832, this resistance change can be picked up by E-beam inspection and

shown as Dark VC (voltage contrast).

8™ test structure — element chart — Figures 8A and 8B

number Name

816 eighth test structure (site)

816R eighth test structure region

812 eighth test devices

812M optional misaligned eighth test device(s)
817 an eighth Active Area

817M optional misaligned eighth Active Area(s)
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dielectric 831 leakage / thru the AA / P-N junction to ground leakage using
the EBI, for example. [0114] In addition, the eighth test structure 816 may
further include a misaligned eighth contact(s) 834M (M as in "misaligned"
structure). Any eighth misaligned test device(s) 812M (the first structure

aon the left in Fi

gure RA) includes cantact 834M that. is p

811

rtially on gate
r example, N' as

’M is over gate
' as shown in
ned test device

so see Figure 8C
ntact 834M.

test devices 812
sistance will be

(e.g. poly pad) 88PNrEnd partially directly on silicon (fo
shown in Figune 8A) within Active Area 817M. Gate 837
820  dielectric 831M ¢HEtthisal iR g8 EMiton (for example, N
Figure 8A) within Active Area 817M. Any eighth misaligt
818 812M tests the &ldmeall gegieighth contact 834M. A
which is a partial overhead view of misaligned eighth ¢
826 [0115] Preferapi@todenodsesiene total eighth (aligned
may be misaligned eight test devices 812M. Contact re
830 cotectrgdayier iskligiied over its gate (|

affected if any

resistance chan e can be iqked u b E-beam inspect
831 Dark VC (voltgg@lgbﬁt}ﬁt)ﬂ. Gatestiser(gtigrexiddement ch

and 8B numbé

>r Name 816 eighth test structure (site) §

poly pad) 832, this
on and shown as
art - Figures 8A
16R eighth test

structure regio
test device(s)

nogioneldpightbsedevdids®iogasptional
817 an eighth Active Area 817M optional

misaligned eighth
misaligned eighth
gion

831M Active Area(s)| 291801 (sudstratel @R0deggini¥33dMtion re
832 (eighth) gate
832M optional (eighth) misaligned gate
834 an eighth contact (plug)
834M optional (eighth) misaligned contact (plug)
836 eighth conductive line
(Not shown) 1*" inter metal dielectric (IMD) layer
eighth conductive line (contacting the
836G grounding contact (plug) 834G)
814 eighth grounding device
819 an eighth grounding Active Area
818G eighth grounding well region
822 eighth grounding doped region
834G an eighth grounding contact (plug)
[0116] Exemplary E-beam Inspection Tools and E-beam Inspection Types

Exemplary E-beam inspection systems may be, for example, the eScan300 / 380 by Hermes

Microvision, Inc. (HMI), CA, USA, or the eS3x EBI by KLLA-Tencor, CA, USA.
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818 eighth well region 826 eighth doped region 830 dielectric layer (ILD
layer) 831 (eighth) gate dielectric (gate oxide) optional (eighth) gate
dielectric (gate 831M oxide) (under misaligned gate 832M) 832 (eighth)
gate 832M optional (eighth) misaligned gate 834 an eighth contact (plug)
834M optional (eighth) misaligned contact (plug) 836 eighth conductive

[0117] jineAnpstisHS Ry RFe Rt RTstati e YRl RIS TGS deightilcishdRR tive
line (contacting the 836G grounding contact (plug) 834G) 814 eighth

grounding deyjce 819 an eighth grounding Active Area 818G eighth
[0118] groﬁﬂ%‘iﬂgf\?ﬁ%&%@%&z eighth grounding doped region 834G an

eighth grounding contact (plug) [0116] Exemplary E-beam Inspection
Exemphrgopdestiir e -tssiaiorinspactishigtopios cexsiriplaby masiehhbhdpeetdpAT) P12XL.

systems may be, for example, the eScan300 / 380 by Hermes
Other camepsissad, vl Apla M i igr Uy, Biahs assREBe by KLA-Tencor, CA,

USA. 30 [0117] A preferred E-beam inspection is the voltage contrast
[0119] qefdet eretemipnf an electrical test performed is a current leakage measurement.

[0120] After the test structures (116, 216, 316 ... 816, for example) are tested using VC
techniques, they may be further tested using electrical tests. Preferably, we first form a first level
metal layer (M1) contacting said contacts before conducting any electrical tests.

[0121] We may also electrically test (ET) all of the test structures (116, 216, 316 ... 816)
present to obtain electrical test results concurrently with the VC technique testing. The electrical
testing permits failure sites to be found that may not have been detected during the EBI (Electron
Beam Inspection) testing.

[0122] Next we correlate the electrical test (ET) results and the voltage contrast (VC) test
results to determine which elements of the test structures (116, 216, 316 ... 816) are defective.
For example, if both the electric test and VC test for a test site is bad, then that element (e.g.,
gate oxide) tested is confirmed bad.

[0123] These test structures 116, 216, 316 ... 816, for example, may be located anywhere on
the wafer including the kerf. The reason is because since each of the test structure are small in

size, the test structures may be increased by cascade or repeat the similar structure in array form.

[0124] Example Test Methods

By testing the test structures 116, 216, 316 ... 816, for example, we are able to help identify and
isolate electrical leakage issues related to isolation region (STI) defects, Active Area defects,
gate oxide defects, etc. One main advantage of the eight exemplary test structures disclosed
herein are that the test structures 116, 216, 316 ... 816, for example, enable us to decouple the
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[0118] Electrical Tests Types Exemplary electrical test tools may include,
for example, the model TEL (AGILEAT) P12XL. Other commercially
available E-testers may also be acceptable. [0119] An example of an
electrical test performed is a current leakage measurement. [0120] After
) _ the test structures (116, 216, 316 ... 816, for example) are tested using VC
isolatioperagifged Irleyeriny/ 158 YartHen tedrsth (il g detidartlers prafapRle. and
_we first form a first level metal layer (Ml) contacting said contacts before
make it GISGHEING bty Sleriarissts ofeh o1 [ éemhaluastcaidthiday 1é6t-(EH)0
) all of the test structures (116, 216, 316 ... 816) present to obtain electrical
independaties i BSHCIRTEHINE thvE edhhiqu ﬁgﬁﬂ@.em@%qg&ﬁea'ﬁ-beam
) testing permits failure sites to be found that may not have been detected
inspectigfgies EBPIEfeudh B Hsiioeion) ?éétﬁa?[om] Next we
correlate the electrical test (ET) results and the voltage contrast (VC). test
[0125] o5 )Ks tanuiterHhirerithisHldferaeh @ dransitstt Birdrtbiredng mere o5 Al 14 the
i ... 816) are defective, For example, if both the electric test and VC test for
different (g SUHEHEGSald et PtrAPererEht 8 G ARl B%ide) MRt S onfirmed
bad. [01231] These test structures 116, 216, 316 ... 816, for example, may
[0126] o ExamRAeHyWhere on the wafer including the kerf. The reason is
because since each of the test structure are small in size, the test

Test strugifesdrbS! iy B Gfitrd 2080 Dy edst Rl bicte pect tifecatifmitt tidrs fiyopped

array form, [0124] E>iample Test Methods By testing the test structures
on (conippRng) activegegigl d lfsr example, we are able to help identify and isolate

electrical leakage issues related to isolation region (STI) defects, Acti )
[0127] Arel{e&%fé%‘t%‘}lr&ﬁt%@}%‘ecﬂ%%é‘f&t 8te. %ﬁ?%&ﬂluya A5 GOURThR Byt is only

d Cﬁxerpplary tes%%lictur,es isclosed herein are that the test structures
roppec; 91 (RS S B0 example, enable us to decouple the 31

[0128] One key point may be that we can isolate each module (e.g., Si defect or STI leakage)
by inspecting all of the different test structures 116, 216, 316 ... 816 on the same wafer.
Conclusions may be drawn by analyzing all of the test structure inspection results together.
[0129] For example, if both test structures #1 (116) and #2 (216) on the same wafer are
inspected and measured, we can conclude leakage is dominated by each region.

[0130] Example 1:

Test Structure #1 (116) — High count of BVC

Test Structure #2 (216) — Low count of BVC

= leakage must be due to Si defect, as test structure #2 (216) (sensitive for ST 220
leakage) has a low count of BVC.

[0131] Example 2:

Test Structure #1 (116) — Low count of BVC

Test Structure #2 (216) — High count of BVC
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structures 116, 216, 316 ... 816 can be inspected on E-beam inspection
systems (IBS) (e.g., an eScan300/ 380 or an €531/ 32...etc). [0125] We

=> leakage, (patd Blg%{ﬁ(?eréfésé%ﬁ%‘f%g?d@f&)tésﬂi}%‘sﬁéﬁﬁ%eﬁ?o%f Alggkage and
the different test structures 116, 216, 316 ... 816, for example, on the

test strughfALAfd O BIPETESRRPIS: (Peitletkigtre #1 (116) can detect both Si

and STI defects because contact plug 134 is dropped on (contacting)
[0132] ZrlibRdfsn HrvcEa ] FOLOMIA A0 B ah eratgier ot B o heageasonable

only because contact Il,ﬁ 324 is only dropped on (contacting) STI region,
to S“SP%OYe[@i“é%Pﬁhék%‘%ﬂp%f FEIRE &S AT W WAR R oMt 6@ AER Wi Rl cigusions by
Si defect or STI leakage) by inspecting all of the different test structures,
& éﬁhd

lookingp foyiest 84 81, 1984 &7 lhfer EBHRITGIORO G B i Bgions. if

analyzing all of the test structure inspection results together. [0129] For
any, that haNepAlspitl RINESructures #1 (116) and #2 (216) on the same wafer
are_inspected and measured, we can conclude leakage is dominated by
[0133] o5 Nondignting Sapmelany Embediments ciure #1 (116) - High count of
BVC Test Structure #2 (216) - Low count of BVC leakage must be due to
The exegp]ars SrRetRee UG R 4 Ee 16 (SeRsitiVR o 19D IBHR G g sed on a
low count of BVC, [0131] Example 2: Test Strucéjre #1 f116) - Low count )
producto\yggfé)r?géa[ @ﬂﬁlé%ﬁggég(ﬁl& t-eﬁiﬁﬂl{“i%ﬁ% b]: @&;6 316 ..."816 may be formed in

the kerf area between chips on a wafer, for example.

[0134] It is noted that 1 or more, 2 or more, 3 or more, 4 or more, 5 or more, 6 or more, 7 or
more or 8 or more different test structures 116, 216, 316 ... 816 may be employed. Additionally,
more than one of the same test structure may also be employed, for example a first 116, fifth 516
and two sixth 616 test structures may be employed.

[0135] Given the variety of embodiments of the present invention just described, the above
description and illustrations shown not be taken as limiting the scope of the present invention
defined by the claims.

[0136] While the invention has been particularly shown and described with reference to the
example embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made without departing from the spirit and scope of the
invention. It is intended to cover various modifications and similar arrangements and procedures,
and the scope of the appended claims therefore should be accorded the broadest interpretation so

as to encompass all such modifications and similar arrangements and procedures.
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high counts of BVC it is reasonable to suspect we have both Si and STI
[0137]Ieak e tissul%%. eH wever we can draw better conclusions by looking at
the rest of the test Structures #3 (316) ... #8 (816) and isolate each of the
regions, if any, that have potentigjrhp m. [0133] Non-limiting
Exemplary Embodiments The ex ‘é embodiment test structures 116,
216, 316 ... 816, for example, can be used on a product wafer or on a
L AR SRR T BRI SEH it aastyie opiB oo oS tertis GG e gBroh o i least
_the kerf area between chips on a wafer, for example. [0134] It is noted that
two diffespririgpestpusiunss exhiirardises e drdeet Shaapisiel Guppmstsage gpntrast (VC)
more or 8 or more different test structures 116, 216, 316 ... 816 may be
scanniggnpheyedy Acit tiorallg, thaorehihis thedisfamebdadue shatrgttustanhayat least
also be employed, for example a first 116, fifth 516 and two sixth 616 test
one pr&tevsiuiesinaycheastdyitoyed. [0135] Given the variety of embodiments of
the present invention just described, the above description and
illustrations shown not be taken as limiting the scope of the present
invention defined by the claims. [0136] While the invention has been

2. PAfEeaRY shewreatd deRarRRd it EefereRCaVO it r&xaBPBructures further

embodiments thereof, it will be understood by those skilled in the art that

compri#@eggé@ﬁglg %?e@d‘%ﬁ%?d}%\%@@?a@SXS.QFV@gggngi&ﬁ%&%ﬁ?efﬂ@%@&‘

pirit and scope 0 ntion. It is inten COVer various

octiifi(%ationls nd similar arrangemen {andlpr(i) ures, and the scope of

characteristic fo exclude,one or HIOI”G BOS ¢ said structural (e Ct(ﬁs.

€ appended claims therefore should be accorded the broadest
interpretation so as to encompass all such modifications and similar

arrangements and procedures.

3. The testing structure of claim 1 wherein the at least two different test structures are
selected from the following structures:

1) a first test structure having an Active Area (AA) / P-N junction leakage test structure;

2) a second test structure having an isolation region to ground test structure;

3) a third test structure having an AA / P-N junction and isolation region test structure;

4) a fourth test structure having a gate dielectric leakage and gate to isolation region to
ground test structure;

5) a fifth test structure having a gate dielectric leakage through AA / P-N junction to
ground leakage test structure;

6) a sixth test structure having a gate dielectric to ground and gate / one side isolation
region leakage to ground test structure;

7) a seventh test structure having an oversized gate dielectric through AA / P-N junction

to ground leakage test structure; or

34



A UUvilUl bd WAL TV A VTiJd v vl iIiviIiv Vvl vl il lvivil iJdiul v UPUII vuu.u.ld\, W1 I CAJ L

(VC) scanning when any test structure that exhibits the discernable defect
aracteristic has at least one predetgriained structural defect, 2. The
L S R S g N B R e e
further comprise specific structures designed to permit an observer of any
SUREiYiscernable defect characteristic to exclude one or more possible
said structural defects. 3. The testing structure of claim 1 wherein the at
least two different test structures are selected from the following
structures: 1) a first test structure having an Active Area (AA) / P-N
4. jéniesBpgctRayectesnBtitrt et PRy eeebnstistattatey thee leasinpedast structure
isolation region to ground test structure; 3) a third test structure having an
exhibitaA diRdipe iofecntidsuiationorapiory tdisgsteantiast ( VA es foumthgedten any test
structure having a gate dielectric leakage and gate to isolation region to
structugsohin@biistthedisesrnjta ikt destisraoctuice hhang laagadadpeddeteienined
leakage through AA / P-N junction to ground leakage test structure; 6) a
structusXdetest structure having a gate dielectric to ground and gate / one side
isolation region leakage to ground test structure; 7) a seventh test

SHUGHIESNBNING R AVRTRIZS SRR IBIRIRAHICIIAVER AR RINIHRESAR o

ground leakage test structure; or 34

test

structures:

1) a first test structure having an Active Area (AA) / P-N junction leakage test structure;

2) a second test structure having an isolation region to ground test structure;

3) a third test structure having an AA / P-N junction and isolation region test structure;

4) a fourth test structure having a gate dielectric leakage and gate to isolation region to
ground test structure;

5) a fifth test structure having a gate dielectric leakage through AA / P-N junction to
ground leakage test structure;

6) a sixth test structure having a gate dielectric to ground and gate / one side isolation
region leakage to ground test structure;

7) a seventh test structure having an oversized gate dielectric through AA / P-N junction
to ground leakage test structure; and

8) an eighth test structure having an AA / P-N junction leakage gate dielectric leakage

test structure.
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discernable defect characteristic upon voltage contrast (VC) scanning

e te tructur its the discernable defect characteris
V&lﬂleq t%uc%ure 03" El cfﬂla tests c W E“Ils C(ﬁlé)astg fact ?eas% {:WO

asa one pre etermlne ruc ural efect, one est

truct lected f th t through tht t struct
o AR . o

test structure; 2) a second test structure having an isolation region to
ground test structure; 3) a third test structure having an AA / P-N junction
and isolation region test structure; 4) a fourth test structure having a gate
didrtasin sregaranticlute 40MBekiflon region to ground test structure; 5)
a fifth test structure having a gate dielectric leakage through AA / P-N
junction to ground leakage test structure; 6) a sixth test structure having a
gate dielectric to ground and gate / one side isolation region leakage to
grptheditesiestysaicnes 79 eosgvdadotest structure having an oversized gate
dielectric through AA / P-N junction to ground leakage test structure; and

DHrRHEIBHO RSt &I deluces RayingarbMirkHsdl dHbgiesl deakagei gatstrate, each of
dielectric leakage test structure. 35 5. The testing structure of claim 4

the ond ¥ 'HERS BriERLBHE B fRERMPrised of at least two different test

structures selected from the first through eighth test structures.

a first well region in the substrate within a first Active Area, the first well region
having a first-type-impurity;

a first doped region over and contacting the first well region, the first doped
region having a second-type-impurity; and

a first contact plug over and contacting the first doped region;

2) the second test structure is comprised of:

one or more second test devices over the substrate, each of the one or more second test

devices comprising:

a second well region contacting the substrate within a second Active Area, the
second well region having the first-type-impurity;

a second doped region over and contacting the second well region, the second
doped region having the second-type-impurity, the second well region and the second
doped region of each of the one or more second test devices being separated by second
isolation regions; and

a second contact plug over and contacting the second isolation regions;
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comprising: a first well region in the substrate within a first Active Area, the

first well region having a first-type-impurity; a first doped region over and

contacting the first well region, the first doped region having a

d% % dPé e-impurity; and aflrst tact plug over and contacting the first
peg! éf(’i‘??t %“ﬁ{ rg&%‘?{ﬁ%@% icture is comprised of: one or more

second test devices over the substrate, each of the one or more second

{88 YaVRedhishiidmdces Sueiha WBtHEiSACAHEIERRS emars dhisddest

within a second Active Area, the second well region having the

devicesiegmppsiigipurity; a second doped region over and contacting the second

well region, the second doped region having the second-type-impurity,

the secaithl/ettlegignnac it se dondibdopie dvidgion third dctiiod e tlee dhird
more second test devices being separated by second isolation regions;
anellaggonhavbanthetiplugy pedimpadtgontacting the second isolation

regions; 36 3) the third test structure is comprised of: one or more third

test devigrgysiche: siasstatangachaéing eeerrdneItiish es (HeYigssed

comprising: a third well region contacting the substrate within a third

Aetig RSl RUGhd-type-impurity; the third well region and the third doped region
of each of the one or more third test devices being separated by third isolation regions;
and

a third contact over and contacting at least a portion of both of the respective third

isolation regions and the adjacent third doped region;

4) the fourth test structure is comprised of;

one or more fourth test devices isolated by fourth isolation regions over the substrate,

each of the one or more fourth test devices comprising:

a fourth well region contacting the substrate within a fourth Active Area, the
fourth well region having the first-type-impurity;

a fourth doped region over and contacting the fourth well region, the fourth doped
region having the second-type-impurity;

a fourth gate dielectric over and in contact with the fourth doped region and the
fourth isolation regions;

a fourth gate structure over and in contact with the fourth gate dielectric and over

adjacent fourth isolation regions; and
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each of the one or more third test devices being separated by third

isolation regigns: _and a third, con acEt over and.con aclgpll% at least a
fs el t

. a cgntactover and confacting the tourth gate s I .
portion 0 oqntthe respecﬂve ird " tsolation regions and tre adjacent

third doped region; 4) the fourth test structure is comprised of; one or
more fourth test devices isolated by fourth isolation regions over the
substrate, each of the one or more fourth test devices comprising: a
fourks {Hdh syt argRrAsed Mstrate within a fourth Active Area, the
fourth well region having the first-type-impurity; a fourth doped region over
2N epAeEinthRs fdeirtrehaaprediter st tholspliatirpTe BLoRSHIRE IHaR/MIgsthwe, each
second-type-impurity; a fourth gate dielectric over and in contact with the

of the éoathrdodifttegisniandshmnipusingsolation regions; a fourth gate
structure over and in contact with the fourth gate dielectric and over
adjacent fidth thei$ adatimncregiotisg acsBosadfeurithtomtéfch dveivardea, the fifth
contacting the fourth gate structure; 5) the fifth test structure is comprised

afietinemhaieniifthetaisétdopicaapweitarated by fifth isolation regions over
the substrate, each of the one or more fifth test devices comprising: a fifth
well regiqrRQIIRLIRG iesLPsiaLe mithin-aHifthrdative Aissh, the fifth doped
region having the second-type-impurity;
a fifth gate dielectric over and in contact with the fifth doped region and not over
the fifth isolation regions;
a fifth gate structure over and in contact with the fifth gate dielectric and not over

the fifth isolation regions; and

a fifth contact over and contacting the fifth gate structure;

6) the sixth test structure is comprised of:
one or more sixth test devices over the substrate, each of the one or more sixth test
devices comprising:
a sixth well region contacting the substrate within a sixth Active Area, the sixth
well region having the first-type-impurity;
a sixth doped region over and contacting the sixth well region, the sixth doped
region having the second-type-impurity, the sixth well region and the sixth doped region

of each of the one or more sixth test devices being separated by sixth isolation regions;
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fifth doped region and not over the fifth isolation regions; a fifth gate

structure over and.in,contact with the fifth.gate dielectric. and ppt over th
fith o A A A O A B2 1 R B RO RRE

%c%re;. gthcg EiXt test stru turel is comprised of: one or more sixth test
Rebatth e UhASHPARAT ¥AEN B HNEbITE 8P more sixth test devices
comprising: a sixth well region contacting the substrate within a sixth

Active ArdXthHBRISHERCHYE ONsGidH ARG &V PG e st scieeand over the
doped region over and contacting the sixth well region, the sixth doped

radjrss i aViHYy shls s Brgdetysadmpurity, the sixth well region and the sixth
doped region of each of the one or more sixth test devices being

separatesitiy sprtadsolationdregitarsinStha sitthegatetigiectric over and
contacting at least a portion of both the sixth doped region and the

adjacent sixth isolation region; a sixth gate structure over and in contact
with the sixth gate dielectric and over the adjacent sixth isolation region;

andir séxehgoriack-aMaraRdsiapireting: the sixth gate structure; 7) the
seventh test structure is comprised of: one or more seventh test devices

SERASAIRGHOYSEMRNIR I OIRIQNEFHABS RVES IR isolation regions over the

substrate, each of the one or more seventh test devices comprising:

a seventh well region contacting the substrate within a seventh Active Area, the
seventh well region having the first-type-impurity;

a seventh doped region over and contacting the seventh well region, the seventh
doped region having the second-type-impurity;

a seventh gate dielectric over and in contact with the seventh doped region and
not extending to adjacent seventh isolation regions;

a seventh gate structure over and in contact with the seventh gate dielectric; and

a seventh contact over and contacting the seventh gate structure; wherein a
surface area of the seventh doped region is at least about 10% greater than a surface area
of the fifth doped region;

and

8) the eighth test structure is comprised of:
two or more eighth test devices over the substrate, each of the two or more eighth test

devices comprising:
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region over and contacting the seventh well region, the seventh doped

region g SRR BRIR T ASEYR ARt SEIGRE verand e

in contaélt ope gion-and no ex
nth | olation re éﬁ?lonfﬂs seventh ate. structure over and in contact

t‘w &ev G RETPYEEnth contact over and

contactlng the seventh gate structure; wherein a surface area of the
seventtRIB|SaH e e2ianoxst anbeRniawAng-hseteihn el binginte tredclh
the fifth doped region; and 8) the eighth test structure is comprised of: two

cloprsrEcaightinYEs deviRendvEpahBRbStrie cighhvetltieciaand theighth
eighth test devices comprising: 39 an eighth well region contacting the
slipsttatginithirearh eigihthoActivensreaigtiib teipthivee hemgisephmdd yheghth
first-type-impurity; an eighth doped region over and contacting the eighth
vielldgiangithseighth doped region having the second-type-impurity, the
eighth well region and the eighth doped region of each of the one or more

eighth testriavicesdtaieaapavataddosighths iwatalion gegionst e eighith doped
gate dielectric over and contacting at least a portion of the eighth doped

"RERR:
an eighth gate structure over and in contact with the eighth gate dielectric; and
a) at least one of the eighth test devices having an eighth contact over and
contacting at least a portion of both the eighth gate structure and the eighth doped
region; and
b) at least one of the eighth test devices having an eighth contact over and

contacting the eighth doped region but not contacting either the eighth gate

dielectric or the eighth gate structure.

The testing structure of claim 6 includes a test site which is comprised of at least two

different test structures selected from the first through eighth test structures.

The testing structure of claim 6 includes a test site which is comprised of at least three or

more different test structures selected from the first through eighth test structures.

The testing structure of claim 4 wherein at least one of the first through eighth test

structures include a first level metal (M1).
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and the eighth doped region' and b) at least one of the eighth test devices

T e L T

|ng e e el e dleflecf)nc e el ruc ure.

7. The testin structure of claim 6.includes a test site which is comprised
structufgs f&%t%%?%’%ﬁ?ﬁe?&‘i?‘f&gc 4FiiHos selected from the first through

eighth test structures. 8. The testing structure of claim 6 includes a test
site which is comprised of at least three or more different test structures
selected from the first through eighth test structures. 9. The testing
11 shhscerienasangg efistrairdayhetesn direl B thmmEbtiyoa dhbeiperandshe second-
structures include a first level metal (Ml). 40 10. The testing structure of
impuritydiypedsifréyem at least one of the first through eighth test structures
further comprises a grounding device. 11. The testing structure of claim 6
wherein the first-impurity-type is P-type and the second- impurity-type is
N-type. 12. The testing structure of claim 6 wherein the at least one of the

12.  fraktiRsaugRiaiohit iFlasiechiasifiiibar kAN RHESS Mt NRIbGHRYEE test
and a first metal layer. 13. A test method comprised of: providing at least

structuRREIRRESIHAHIR OV S MRS iR ha#L I8RFhRAE I8RL Structure being

selected from the following first through eighth test structures: 1) a first
test structure having an Active Area (AA) / P-N junction leakage test
structure;

13. A test method comprised of:

providing at least one test structure over a substrate, the at least one test structure being
selected from the following first through eighth test structures:

1) a first test structure having an Active Area (AA) / P-N junction leakage test structure;

2) a second test structure having an isolation region to ground test structure;

3) a third test structure having an AA / P-N junction and isolation region test structure;

4) a fourth test structure having a gate dielectric leakage and gate to isolation region to
ground test structure;

5) a fifth test structure having a gate dielectric leakage through AA / P-N junction to
ground leakage test structure;

6) a sixth test structure having a gate dielectric to ground and gate / one side isolation
region leakage to ground test structure;

7) a seventh test structure having an oversized gate dielectric through AA / P-N junction

to ground leakage test structure; and
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leakage and gate to isolation region to ground test structure; 5) a fifth test
uctur |electr|c e thro h / P-N ju
o R RS R T R S R TR P reakeee
dlelectrlc to ground and gate / one side isolation region Ieakage to ground
SURElStructure; 7) a seventh test structure having an oversized gate
dielectric through AA / P-N junction to ground leakage test structure; and
and 41 g8) an eighth test structure having an AA / P-N junction leakage gate
dielectric leakage test structure; and scanning the at least one test
steaenie oAt Aenstleaerinalc becimiery Wericelaetonis heanetadasastefpesénthe at
structure. 14. The method of claim 13 wherein: 1) the first test structure is
least ogpteprisadtafe.one or more first test devices separated by first isolation
regions over the substrate, each of the one or more first test devices
comprising: a first well region in the substrate within a first Active Area, the
first well region having a first-type-impurity; a first doped region over and
14. cpidasdtnedibe Jsshwelvegion, the first doped region having a
second-type-impurity; and
1) the first test structure is comprised of:

test

one or more first test devices separated by first isolation regions over the substrate, each
of the one or more first test devices comprising:
a first well region in the substrate within a first Active Area, the first well region
having a first-type-impurity;
a first doped region over and contacting the first well region, the first doped
region having a second-type-impurity; and

a first contact plug over and contacting the first doped region;

2) the second test structure is comprised of:
one or more second test devices over the substrate, each of the one or more second test
devices comprising:
a second well region contacting the substrate within a second Active Area, the
second well region having the first-type-impurity;
a second doped region over and contacting the second well region, the second

doped region having the second-type-impurity, the second well region and the second
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comprising: a second well region contacting the substrate within a second

e &%giegn the sesend %vr?él(ére%'gr% g‘e?c\(l)lr? e d%(/si&gygeefﬁg S rz't%t?a by second
second doped region over and contacting thé second wellFedion, the
seCfnd dogﬁd _regaon having the second-type-impurity, the second well
rBGIBHCAH65R8%880nd 42 doped region of each of the one or more

second test devices being separated by second isolation regions; and a
second&BieAt PGP EAE EBMLORTT g diecRandsiaibReerints: 3)
the third test structure is comprised of: one or more third test devices over
the substrate, each of the one or more third test devices comprising: a
third well region contacting the substrate within a third Active Area, the
tRirthevtialdregictrivavingstbenfimssaypé-impurity; a third doped region over
and contacting the third well region, the third doped region having the
saecondyratimpiestyiethesthird el iegioneapacthef thirdwtopadoegiand @bt
each of the one or more third test devices being separated by third
devicets@afignrim@gions; and a third contact over and contacting at least a
portion of both of the respective third isolation regions and the adjacent

third dopgg QP vedidnoiauEith sk SUHGIHEUSRRMRAREABfive Area, the third
well region having the first-type-impurity;

a third doped region over and contacting the third well region, the third doped
region having the second-type-impurity; the third well region and the third doped region
of each of the one or more third test devices being separated by third isolation regions;
and

a third contact over and contacting at least a portion of both of the respective third

isolation regions and the adjacent third doped region;

4) the fourth test structure is comprised of;
one or more fourth test devices isolated by fourth isolation regions over the substrate,
each of the one or more fourth test devices comprising:
a fourth well region contacting the substrate within a fourth Active Area, the
fourth well region having the first-type-impurity;
a fourth doped region over and contacting the fourth well region, the fourth doped

region having the second-type-impurity;
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fourth well region having the first-type-impurity; a fourth doped region over

and contacting the f rtc‘g well reqi the[gl) rth ed region having the
econ I AL R Lol o R R R PRI e

the {gﬁrtrﬁ(gt)cg)ed r.e%i(_)n and the fourth isolation regions; a fourth gate
HELFL BYEP Ad S contact with the fourth gate dielectric and over
adjacent fourth isolation regions; and a fourth contact over and contactin

] C g
the fourtYAtR &t e pYRE A Sopkicvitpdhs (b saedlistegisic ghd over

more fifth test devices separated by fifth isolation regions over the
sulbateatdoerie isbitipe ISAW®Y, Bidre fifth test devices comprising: a fifth
well region contacting the substrate within a fifth Active Area, the fifth well
region hdvimthtbenfistetygresnh poriaetiadiftie Gopddgeegvindver; and
contacting the fifth well region, the fifth doped region having the
second-type-impurity; a fifth gate dielectric over and in contact with the
fifth doped region and not over the fifth isolation regions; a fifth gate

SHURLEEIONRE andiiredasipaikitee fifth gate dielectric and not over the
fifth isolation regions; and a fifth contact over and contacting the fifth gate
SIHeIH HRore fifth test devices separated by fifth isolation regions over the substrate, each
of the one or more fifth test devices comprising:
a fifth well region contacting the substrate within a fifth Active Area, the fifth
well region having the first-type-impurity;
a fifth doped region over and contacting the fifth well region, the fifth doped
region having the second-type-impurity;
a fifth gate dielectric over and in contact with the fifth doped region and not over
the fifth isolation regions;
a fifth gate structure over and in contact with the fifth gate dielectric and not over

the fifth isolation regions; and

a fifth contact over and contacting the fifth gate structure;

6) the sixth test structure is comprised of:
one or more sixth test devices over the substrate, each of the one or more sixth test
devices comprising:
a sixth well region contacting the substrate within a sixth Active Area, the sixth

well region having the first-type-impurity;
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sixth well region having the first-type-impurity; 44 a sixth doped region

over andsoptacting e shd el region, (he s doRAd. LR NaYIRGopeq
the second-typeimputity, the sixth well region and the sixth doped region

of each of the one or more sixth test devices bejng separated by sixth :
TG 5 S e SO A Ity o s ped region
portion of both the sixth doped region and the adjacent sixth isolation
rebfanh AIdRRIOTARE BRlTE Sob AR PEBR AR LR gixiihigplpsion regions;
dielectric and over the adjacent sixth isolation region; and a sixth contact

over andlscohtaeiriiclhetipaencyatd seuieaiies ar)ané spouith ebBpttibetsirdh

is comprised of: one or more seventh test devices separated by seventh
iSoltiongegiond thved fheens shxshrmtdaeactegidvthe one or more seventh test
devices comprising: a seventh well region contacting the substrate within

a seventhitthtpegeArertiheowae\wdtin weltdegiath avinglilwate dielectric and over the
first-type-impurity; a seventh doped region over and contacting the

SR welh iegiatoithesisivanth doped region having the
second-type-impurity; a seventh gate dielectric over and in contact with

the sevgnitidleprddesianandonatsriendinanqadiarsitseventh isolation
regions; a seventh gate structure over and in contact with the seventh

gate dielectric; and

7) the seventh test structure is comprised of:

one or more seventh test devices separated by seventh isolation regions over the

substrate, each of the one or more seventh test devices comprising:

and

a seventh well region contacting the substrate within a seventh Active Area, the
seventh well region having the first-type-impurity;

a seventh doped region over and contacting the seventh well region, the seventh
doped region having the second-type-impurity;

a seventh gate dielectric over and in contact with the seventh doped region and
not extending to adjacent seventh isolation regions;

a seventh gate structure over and in contact with the seventh gate dielectric; and

a seventh contact over and contacting the seventh gate structure; wherein a
surface area of the seventh doped region is at least about 10% greater than a surface area

of the fifth doped region;
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structure is comprised of: two or more eighth test devices over the

trat ch of the two or mare eighth test devices comprising: an
el tﬁﬁ elemﬁr%%go%r%%tﬁl ac |rC18r?I1?(ral Sselﬁfi)ogtrate within an eighth Active Area,

the eighth W%hr ion having the first-type-impurity;.an eighth doped

BER DY B EOBUEHEED 2 6 gH e HEoIBY T Oh OB el
. having the second-type-impurity, the eighth well region and the eighth

deviceq;65BAIRB%HN of each of the one or more eighth test devices being

separated by eighth isolation regions; an eighth gate dielectric over and

contactigeihidaelh isaiein aoptadiengitietrubg e wishiioAn siglety Hetigarrea, the

structure over and in contact with the eighth gate dielectric; and a) at least

anghdf vedl etgivoh besigahic Esshypegnapusighth contact over and

contacting at least a portion of both the eighth gate structure and the

eighth dapeghtrednped aspibh)oatieadtonedaitpeheigithliesi heygioasthavinhth

an eighth contact over and contacting the eighth doped region but not

cpartngonitheidbeneighith@aipe dinfRelyc @E hishenokhdn eate s tHERidith
The method of claim 13 further comprises providing and scanning at least
WMiHEBSEgion of each of the one or more eighth test devices being separated by eighth
isolation regions;
an eighth gate dielectric over and contacting at least a portion of the eighth doped
region;
an eighth gate structure over and in contact with the eighth gate dielectric; and
a) at least one of the eighth test devices having an eighth contact over and
contacting at least a portion of both the eighth gate structure and the eighth doped
region; and
b) at least one of the eighth test devices having an eighth contact over and

contacting the eighth doped region but not contacting either the eighth gate

dielectric or the eighth gate structure.

15.  The method of claim 13 further comprises providing and scanning at least two test

structures.
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electrically testing said at least one test structure to obtain electrical test
16. (rj%eﬁglts R(r)]&i EgLrelai@guﬂ&%electncal test results and the VC test results to

met al T T1S€S: .
ermine whic gllemen S OF%%pats?east one test structure are defective,

wherein the at least one test structuge includes a g oun(%iln (i?e ice. ]FY.
PHRBEHDE BAEHRN A7 S R U AR Sk A I AP E{ R s fevel
Structure after contacts are formed and after a first level metal (Ml) is

metal iffoRBad18. The method of claim 13 further comprises: scanning and
visually testing the at least one test structure after contacts are formed but
Heforag ditiss i éspstl metel ey ts spRidcfagsmeg whiatisevel metal layer
contacting said contacts; electrically testing said at least one test structure
tol axiptimial g strigad delsttrieg sl tm) catast toweiatiogthe eteatiical testnssliksand
and VC test results to determine which elements of the at least one test
stoucliutm @ rheddtecivad (k9 rekhrsramthbel WE elaime didtyioaterittircat béestlements
one test structure is comprised of at least: said first test structure; said

of the REAERNDieSESEHEHMIIR Avdesaigveeventh test structure; 47

wherein the at least one test structure includes a grounding device.

17.  The method of claim 13 further comprises scanning the at least one test structure after

contacts are formed and after a first level metal (M1) is formed.

18.  The method of claim 13 further comprises:
scanning and visually testing the at least one test structure after contacts are formed but
before a first level metal is formed;
forming a first level metal layer contacting said contacts;
electrically testing said at least one test structure to obtain electrical test results; and
correlating the electrical test results and VC test results to determine which elements of

the at least one test structure are defective.

19.  The method of claim 13 wherein the at least one test structure is comprised of at least:
said first test structure;
said second test structure; and

said seventh test structure;
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contact Active Area; and a grounding doped region over a grounding well

re ie(%gf' ssaailxig?rscg%pdicrtlgrgo rg% (;Fﬁeilotnof@g%%ﬁing to a surface of said
groundtllng ctive Area; the grou cﬁng 8ope region having a same

impurity type as said grqundin Wellgre ion. 21. A methad of forming ICs
20, R S Ry BT G DAEH GeiobAE G L datppuncing
. leakage defects, the test structure capable of quantifying magnitude of
deviceigoipageetQed on grey scale; differentiating killer leakage defects:
determining a solution for the killer defects; and fabricating ICs
incBAYOfatn J ¢HECsOIaton. 48
a grounding well region in a contact Active Area; and
a grounding doped region over a grounding well region; said grounding doped region

extending to a surface of said grounding Active Area; the grounding doped region having a same

impurity type as said grounding well region.

21. A method of forming ICs comprising:

providing a test structure which detects various types of leakage defects, the test structure
capable of quantifying magnitude of leakage based on grey scale;

differentiating killer leakage defects;

determining a solution for the killer defects; and

fabricating ICs incorporating the solution.
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