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

contragt LHERMPNSIEUPIOR S TREFTOIRFOR PRRABENENA L YSIS

semiconductor integrated circuit (IC) industry, there is a continuing demand

for higher circuit packing qgpsites This pemanpioNincreased packing

densities has led the semiconductor industry to develop new materials and
[00p1gCcesTas ta aakiieve st -ganeranyde s dimenseams. ivaudfaatdefiagt Keeaton in

such minute dimensions adds more complexity to circuits and the demand for
a s¢mpprovedienetiiodsctanthspecpimteglate dociresitgin vagioubnstdgdS @fdéfeat

manufacture is ever present. [0003]Although inspection of such products at
detgeiusamyRe st eratitfdétre is very important and can significantly improve

production yield and product reliability, the increased complexity of ICs

increases the cost of éﬁ@ﬁ%}s&% Fl'arcﬁﬁ FM@%?expense and time.
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ect can' b& deteimined and correcte ore a sYgﬁl icant' num

pose ctive ICs, IC manufacturers sometimes fabricate
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dedicated to defect analysis. The defect test structures are fabricated such
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that the presence of defects is more readily ascertained. Such defect test
thesteneiut és arpoftehmahstiucted pent tihe sarné Seniicdndudtos supstidtaes the

IC products. [0005]Defect detecting systems frequently utilize charged
mapgfititiechearaspiessich systems, a charged particle beam, such as an

electron beam, is irradiated on defect test structures. The interaction of the
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varying intensities, such as secondary electrons, back-scattered electrons,
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co%%%%'s o dhe, volagds, contyast (G t%&?or}{%%rto{ngtgﬁﬁét defect deteqtion:
t]sﬁf)owever, ereis a neeos or |mBrovedg metnoas ancf)de ICes.
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present invention provide a structure and a method of employing a testing

detStRMaMArEWhicR iR g haracte izadiasioliongs: IhetestiRaciretvmis.cameprised
of at least one test structure. Each of the test structures exhibit(s) a

[oodigcernaliridatest cbarraterisiielupe posel dgeldonitaIuyy (€) seamatigahen

the test structure(s) that exhibits the discernable defect characteristic has at
sortedistesfighprecietenmimddcesirdetucatedefaotiiibe Subbabifaneteststructure is

selected from the following first through eighth exemplary test structures:
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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1) afirst 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

int@Adi0R1R IR ISRIGHALEGRI N HOrGHAHIGHBRE SHUGINTE )R LR I BSEHGHARS in

having a gate dielectric leakage through AA / P-N junction to ground leakage
varlgst SiTLGHAER; AR SIXHIIRSISELCIHR AN A g Rle dislrGlli 1agreundrapidally,
gate / one side isolation region leakage to ground test structure; 7) a seventh
elet@shsitnctviaodyvinigpisy Qversizedegateodis aalt CoihteuyblAde b iunclion to
ground leakage test structure; and 8) an eighth test structure having an AA
techb8pM fonctiontldelkaigiegatierdielectric 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 more, 7 or
[008dre oHBvsIVAiOhSWiffet Bptddat Whrietarfoaahagstadasplesfed. Additionally,
more than one of the same test structure maPé also be employed, for example

a first, fifth and two sixtfi feRE L ERHGBYed. [0009]In yet

39 the ﬁlSQeCt Olf the invention, a method of forming ICs ig disclosed. The
[00 (f e exemplary emb 1mentts of thf) Bretsent n enHo é%row e astructu[re an afmethod
metho comprises-providaing a est structure whnic ects various YPEsS O

efe t tyr le of [fyi i :
o S el s
coxﬁﬂlﬁfe!ﬁ@fﬁl@g&gmt g&{%fﬁ?éﬂ'ﬁgcﬁ W'Q@t @fumﬁrclﬂ I&B%@c@fssdﬁ@grnable defect
fabricating ICs incorporating the solution. [0010]The above and below
chasta@iagesoandfeatunsaie vl repiasepiabiMeRXMPIaEeRast Bx@HSEs the
only, and are not exhaustive and/or exclusive. They are presented only to
disassigti¢niefadenstandingitiedny &atiome pshiouanbe dindensiabd:that thieyaateast one
not representative of all the inventions defined by the claims, to be
tesicensider edstileteditng dhe thedlomuaa fiov Geodelinadithy thamhaintst orlighitations
on equivalents to the claims. For instance, some of these advantages may be
mutualll) coffFAdRsSFCEHRNV AR Y CARKG HEESINMRARSI N v kakgn st
single embodiment. Similarly, some advantages are applicable to one aspect
of the inveHttsH"&nd inapplicable to others. Furthermore, certain aspects of
the clai£r)1ed inver(];tiortl rtlav? nat been discp%sed hereitn. How ver,no. ..
inference Should gsd?a{l\}\/cnufggg‘rla}ﬁﬁntﬁsé)s%18?5{:6&%%%3 Rerein relative 0those
not disqisgegl HRLGIn ARG NAMPLPNPPEES B SRACE AN IERNGNSon test
repetition. Thus, this summary of features and advantages should not be
consideredgispasitive in determining equivalence. Additional features and
advantages of the invention will become apparent in the following description,
from the) disvingseandicain Heisainse BRIENDRAGEH Ul QN ©fsdition region
DRAWINGS [0011]The features and advantages of a semiconductor device
according toghartéashimngstofethe present invention and further details of a
process of fabricating such a semiconductor device in accordance with the
teachinys ofifHetpitesantuirpaviichagiiodiakeiic diakale dndegbtddd ffdiythetion to
following description taken in conjunction with the accompanying drawings in
which like $ET&RE MR 8GTar sI e gnate similar or corresponding elements,
regions and portions and in which: [0012]Figures IA through IE are cros
sectiond adrBUEN SR PSP HEES iﬁ%f&t%‘é‘ﬂﬁ“é%? R8P hEaIU AR S the

frst test Suctiie ASROIUARIR R RERRA Staggiment of the present

7) aseventh test structure having an oversized gate dielectric through AA / P-N

junction to ground leakage test structure; and
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[0013]Figures 2A through 2C are cross sectional and overhead plan views
illustrating a second test structure according to another exemplary
embodiment of the present invention; [0014]Figures 3A and 3B are cross
sectional and overhead plan views illustrating a third test structure according

to anotherexemmlaty SREIMENk oL e LFesRNLIRYERteN[ROLRI TR AA

and 4B are cross sectional and overhead plan views illustrating a fourth test

structure gegaidingtomaprtRer exemplary embodiment of the present

invention; [0016]Figures 5A and 5B are cross sectional and overhead plan
[000&3ws iliuisthatagiafiftbr iestsRucthikeasaaralisng, t amnaiie s exeampatyr more, 7 or

embodiment of the present invention; [0017]Figures 6A and 6B are cross
mosgctid rahamel diferdte ach tplavc swsiljulstratiply @ sixthldesinsttyctune deoording the

to another exemplary embodiment of the present invention; [0018]Figures 7A
sangR el TCsraBr 856 Se stinayhePoverhalic plsh Uidhandseratiffestsevie s

test structure according to another exemplary embodiment of the present
may e rBItYRY19]Figures 8A through 8C are cross sectlonal and overhead

O B e oy RxeRlary
bodithEnt0F the Presel |nvent|on TO?)QB\]%IQUYGS @é are overhead

I
meﬁﬂgﬂcﬁism%?H%“”%e%%ﬁ%vﬁé‘éﬁﬁm e SR I DS aREE e
tes{OPRARIGUER OB [ anBiNRLTiRELATASS SERURNA vieW JIHSEAIRR BRlmeihod

structure according to an exemplary embodiment of the present invention.
furlR& oIl DERERIBEIYNIOH chkiz L AME becEMBRDIMENINSor the killer

defects and fabricating ICs incorporating the solution.

[0010] The above 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



[0023]Reference will now be made in detail to example embodiments of the
invention. Examples of these embodiments are illustrated in the
accompanying drawings. While the invention will be described in conjunction
with these nonlimiting example embodiments, it will be understood that it is

(009} INtengad i mih e aYERIOL PG SEERRPUVRP R i HIG FAR TN iNelSor

intended to cover alternatives, modifications, and equivalents as may be
thelpitgiechveithith thRs skt Andascepe plothesioveptionias drfined Rikdhuctor device
appended claims. In the following description, numerous specific details are
in &ebidatodvondae tenpiitigidel shthateughnyetiesstantegmotdleptesatérstood from
invention. The exemplary embodiments may be practiced without some or all
the §b Hoeseesppecifiticetalils) imotendnstanite s)emetiokmauwyinrdeess pe rabiohdike
have not been described in detail in order not to unnecessarily obscure the
refesease RupRraktisalgEOA e encaripiecamboeliehishts sTaRassskeetitisentdon
will be described in detail with reference to the accompanying drawings. The
%mple embodiments provide a test structure for voltage contrast (VC) and,
ionally, electric testing and a method of forming_ a testing structure for a
00 oo SR oA B ARD e LR R e iy e
firsty jective, for. i ISt e "
e R A e A
pregg@%qgﬁtﬁglgessarily mean that there are a total of eight (8) poly regions.
These element names do not necessarily mean that they are the number of,
[0083). eighthRoyA agtuEniadt thecralyseeginalimntheyeiBhil JRELSEMEIStrating a
[0026]Note that the devices can be P type or N type and are not limited to the
secdapant typesshovandinghe digtias: leopixampbediinenP e Nréype cevites;
shown in the exemplary Figures may be reversed, i.e., P type devices may
(001N tybPeuwtes/fdesralnd Nreypessevdtiesahvay bechaypplatevicesillustrating a third test
[0027]Overview [0028]The present invention relates to test structures for
strygldffhc RIS e e creraRk Y P i sTeths RrEYEEIBYRNIAN transistors.
For example, the structures test for front end of line (PLOL) leakage issues
[0043hteq i Eifiton BB AL R AbP RSHhRlenj b ItYH g2 fourth
shallow trenc .Lsolation or STE dlefects agg Fé%ate totigide defects {]e.gﬁl pin

test structurs ccordl to anothere cmplal cm t € prese mvenf .
oles .er es]iru ures can also erﬁsec})?o slf, or example, acf( end of line

[ooﬁ%FOL)Elgé\‘é@@% ISRHES ! :
also useful. In one embodiment, a plurality of test structures are provided.

strutlRdESt ety gSotast é%rﬁg;ﬂﬂ%’m%%ﬁhﬁgn@ sfert preudtiplgvames of defects or
a combination thereof. [0029]The test structures may be tested using a

[00uGltageroantaeh MC pBestancat apiianal eirethicateshn Gakagau defecis itkh
manifest as VC defects. Using the test structures, leakage defects can be

tesquiauatifie dconmtieg solpadtiritexmnspbiryraginiticeno piieypscale levsltonthe VC
test. Killer defects can be easily differentiated from non-killer defects by, for

[00d&hmple gecs dlatirgueitd ETrqslestriesieastjpercdicad il et Watdupting a
effectively and efficiently identifying killer defects, solutions can be

SeVRILD B rERE A triBatiersasme e RoAiEt Yed g Pisapidayention;

nufacturing costs. [0030]Figure 9A shows an overall testing structure 4 in
00 S DGR R OF TG VE R S SPBNHE e ISt oo

eigﬁgﬁ‘{‘é&‘éﬁuc?ﬁp [1385 0 J%%‘éﬁzg[?K%'Bglﬁ)- Abc%é"":k 2 (ﬁéis?ese% lsast.one of
t eexemp(ﬂary fest strictures (116, 216, 316 ?ngyas ederibed in igures

[ooghbjo 824 B QPSR ORI e Bl RS P %*é%s%m%’éﬁg e 3N SUH LS ot Rrcture

2 and BK10 comprises test structure 216, BK3 and BK11 comprises test
acORHEILERR L Ge B4 ROE B AR GTHISRS tRBlSUMEiHre 416, BKS and BK13
comprises test structure 516, BK6 and BK14 comprises test structure 616,
BK7 and BK15 comprises test structurg 716, and BK8 and BK16 comprises
test structure 816. Other arrangements of test structures are also useful. For
example, it is understood that the test structures (116, 216,...816) need not
be located at or within a single testing structure 4 on a chip but may be
dispersed about the chip. [0031]The exemplary test structures may be tested

wh
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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

[oogiffmpﬁ@ﬁ!@%bﬁt!{%%ﬁ%éi%?89‘&935&&@8%&%&'}1&&%&9%&?Qt\}@vt%&tiﬁ'tlé@é’&ing
|

erent connections between the respective contact plugs and the Active
(+Veeas ttapely-padsand/omgTIs, for example. The test structures may be
tested using a voltage contrast (VC) test thru an automatic E-beam
[oozxpectivgyrandmis aptinpldiel eaisicalcastal 0340 vesal dasting situatsecdrding
may be located in the kerf between chips, for example. Overall testing
to strxctupng mmaljodangsed dr arproductevader or on a monitor wafer, for
example. The test structures are preferably made during the same
manufactdFihg BB RIS MaReYrddiie EaeVidBESUdR QB ETS) 9n the
chips. £035]Figute 9B is a schematic view representing the test structures
[0073thin RefeeRoTHE BLY Hrdetdrds i HavaRRTA PeGRtERIS) BT iR is™
test site conne%teie bé{]a metal line 'XI%{ The test structures can
[
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be (RALAQGSIHAY NG IS {EX A TRlG HOHAQR RANB ARLINSRESHAAPLER he
inspections, basic particle size distribution, grounded electrical testing and

coft@fygiiaundedialestisat tesingivEhersuamalany, st sjiucivesdiselpsethcluded
herein may be modified, as necessary, according to the test method

witeimeyeiri {803 ]épe ekdm plarytiestiefihed cprhprigesdhé dailaving riediiiingng
at least one (1) test structure on a substrate. The test structure may be

descoptioriseenuireunspicilie fottolving exérplaryrtisstemectdeesthoyoisly underfarfding
example) a first exemplary test structure 116 for testing Active Area (AA) /

of the\RspRL TN gEPARTER BBV RIMbeJiRfitid AigdrajacBegdanidhery seamgeignll of
silicon) defect induced leakage) (AA / P-N Junction Leakage Structure); 2) |

thege-fgra 15 ACBl e XARTPIE S REESnHEREIABIRPEEST SRRIRHGRS BAYS ROf heghdgscribed

in E0IRtIon (STh edionleakage (solatign (ST Regian o Ground Test
LIPS “IFigUre SR %0 exampefg‘ third exemplary test structure 316 for

[00£51NY ﬁl%tiéé&%?eae{n'ﬁa'é‘i%?&iQHKWHQJ%&QWIRﬁA%ﬁ?il?é”%lses@%ﬁ)ﬁ‘&ﬁk? G im

crystal (e.g. silicon) defect induced leakage) and isolation (STI) leakage, and

ref&@%@@ﬁﬁ@@&@ﬁa@%gi GF%]CI%%@. ang divatdrakagasiifhéhis Bf!)\l/'rgl'é RGHAN@RGure for

Isolation (STI) Region Test Structure); 4) (Figure 4A, for example) a fourth
volexeryany: teat siichpeoddiy ferdast ng whetivel Aa AL firNnk Gk structure
leakage, gate dielectric leakage and gate to isolation (STD region leakage
for (Gateidoielaatnictbeakage and Gate to Isolation Region to Ground Test
Structure); 5) (Figure 5A, for example) a fifth exemplary test structure 516 for
[00@ting line epaed dietistatemsthaametivea ArsidiZePINsjliaetio adisakag o Sameents in
Dielectric Leakage Through AA/ P-N Junction to Ground Leakage Test
the i SfrelyyritERapd e BRI s et AdiergFe e, cderaeitiridy te) el resentudyre. The
. example) a sixth exemplary test structure 616 for testing the gate dielectric to
el R AP TR A RS b L AREEHAG LR B HD
region to the Active Area leakage (Gate Dielectric Leakage to Ground.an
T e S IR G BB i
regfgﬁ’qg@mglﬁgﬁrgg%%qm% atggttgﬁ}&ﬁ;ggture 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
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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

[00S6TP1Y NOEIMBAREAeAbeMn B (§pd-000 AFUUGAEAN Hrieieh %Qﬂead?zﬁam%pes

the P-N junction. That is, for examiple, the Active Area may include a
shdWAGH®R: (SHGRsa FH R HIEE thd P An8NOWPIAdvioty endhn fareXamBRifam &eures
include the junction of P 118 and N 126). Active Area leakage may include
magnystal defect de@kage enitdsanih&PNNyjpindiiace tealdag ey JOAS38{ W enayalye Foape
the test structures with, for example, an electron beam to detect defects in
devtivestest structures and to obtain VC test results. [0040]Optionally, after the
VC test, we may e-test the test structure. We may use the e-test results to
help us to correlate the BVC (Bright Voltage Contrast) defect that was
[0042te ctA¥6TY6E, for example, EBI (Electron Beam Inspection) tool. [0041]By
testing the selected test structures we are able to identify and isolate
lﬂﬂéﬁécmcgbffégﬁ%?@éw%gw&lf@atfbt@wa@féa%f%&%g]m{&ﬂ&dw&?é&ée%%%én
oxide defects, etc. One advantage, of the ef< rgg %/test stru?tures of the
6 SeIdees

OrﬁFé‘E‘é’ binRHAE RSP R IR L i ARBIR rr TR L e

blle% one to decp ég@ '[I def (ft ctlv gtlon defects, q
ca e 1SSues, rela 0. 81 ICOH cIcC ca or unc OH olation
efects, c and makes it easier to v f)g Iea age iIssues a each Tﬁwe test

(e. ggtréfﬁi%@%rﬁ?%ﬁ’m&ﬂtl}f hihese {eah RINES A% Oe. (@ﬁﬂﬁ%@s DM The

commercially available E-beam inspection systems (IBS) (e.g., eScan300/

s8R QeSS BLuselad Q04318 Exameplatk FasbSiniqires JhardLxemplary

test structures / sites will now be described in detail. All tables herein are at
Strieastpattiel lisiifigr ofeldments shawnaréar dhesegsipdatone tigbodanfdQ43firgity of
Exemplary Test Structure 116 - Figures 1A and 1B (AA / P-N Junction
tesi wakages TespSrdeiurB)dNestrrenThecActivdrremglPupd ahdtioe: Leelkatye hes of
Structure. Figure IA shows a cross sectional view of an exemplary first test
defegi efireomgnFigureeBishows a top down view of a portion of the first test

structure. Below is a table of elements. 1st test structure - element chart -
[0 OQ?duresT E%teitétﬁﬁ&lﬁ_eé 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



number Name 116 first test structure (site) 116R first test structure region
112 first test devices 117 a first Active Area 111 substrate 120 first isolation
region 118 first well region 126 first doped region

BK10 comprises test structure 216, BK3 and BK11 comprises test structure 316, BK4 and BK12
comprises test structure 416, BKS and BK13 comprises test structure 516, BK6 and BK14
comprises test structure 616, BK7 and BK15 comprises test structure 716, and BK8 and BK16
comprises test structure 816. Other arrangements of test structures are also useful. For example,
it is understood that the test structures (116, 216,...816) need not be located at or within a single
testing structure 4 on a chip but may be dispersed about the chip.

[0031] The exemplary test structures may be tested using a VC (voltage contrast) test and an
optional electric test. The testing of at least one of the test structures or with the testing of two or
more of the test structures allowing us to correlate / isolate and determine the device part (e.g.,
Active Area (AA), isolation (iso), gate dielectric, etc.) of the test structure(s) that is defective.
We can also more accurately determine which VC (voltage contrast) defects are “killer” defects,
that are defects that will unacceptably degrade / affect the performance of the relevant structures.
The VC testing is preferably performed after the contact plugs (e.g. contact plugs 134 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.



130 dielectric layer (ILD layer) 134 a first contact (plug) 136 first conductive
line 138 Ft inter metal dielectric (IMD) layer 136G first conductive line
(contacting the grounding contact (plug) 134G) 114 first grounding device
119 a first grounding Active Area 118G first grounding well region 122 first

[00853un dtﬁ’&ﬁﬁ&@éi‘lﬁgglﬁﬁtﬁ?bdfﬁﬁﬁﬂ)g [QJ:HE&HQQ @ @@PB&%QQ chips, for example.

Overall testing structure 4 may be used on a product wafer or on a monitor wafer, for example.
The test structures are preferably made during the same manufacturing steps used to make
product devices (such as FETS) in the chips.
[0035] Figure 9B is a schematic view representing the test structures within a block. The
test structures can have N x CA (Contacts) per row (of test sites connected by a metal line M1).
The test structures can have N times row (connected individual test sides connected by metal
lines (e.g., M1) per bonding pad. Some of the bonding pads (BP) are connected to the p+ ohmic
contact, e.g., 134G thru 834G structures (Figure 1A to 8A).
[0036] Test methods may include, for example, voltage contrast inspection, optical
inspections, basic particle size distribution, grounded electrical testing and non-grounded
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 (STT) 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

8



[0044]As illustrated in Figure 1A, for example, the first exemplary test
structure (site) 116 is comprised of: a plurality of first test devices 112
(e.g. including Active Area 117, contact 134, STI 120), in a first test structure
region 116R on a substrate 111; and (Optional) at least a first conductive line

136 (MI) apgh{QRrignahl @ easiena ArshJaHRAIBE ARMISSafidd (S99 R Test

noted that first grounding device 114 may not be needed for the automatic
VC. Duringthe@dtomatic EBI inspection, plug 134G of grounding device 114
lands upon Pb Active Area 122 so that grounding device 114 will show as

bright wltaBecenisasi BMGplben taiiticatngil pigke sip @nydeakagerdefecisAifive
there are any). A leakage defect can only be observed on a plug 134 that is
landed on AredNA ActileNAreetid beukagee gaindelarormiaikage ad(igetedefieckation
free) conditions, such a leakage defect will show as a dark VC (voltage

contrast). [0baEat Frekiovpte BieleqtHe kedkass trblite sorlsolagien &ggipn to

comprised of: a first Active Area 117 in a substrate 111 preferably
surroundeSBY™ it HBISHBR region 120; a first well region 118 in the first

Active Areg 117; 2)a first do region 126 over the first wel ion 118; the
v )§L aﬁ?gélire g%zé rﬁ%ﬁ@?ga%giﬁ exemPIaV %Efshsltel I'[uVE\)I M?grl'&estmii’h)e; gate

. T cXa
first do on exte e’surfac rst Active Area

the first doged 1&g i%ﬂl{ezﬁcﬁ‘?é“&rgi }@h?ﬁ%?é&%{?rg%%@e%ﬂ@%%?eéﬂ?c.fﬂéé%’ gl

region 118 (for example, in Figure 1A, an N+ region 126 is over a

first P-welkiegiph A18)padquncidnliGrUNAELRIMOIL IS e HIENEINA IR fikst
Active Area 117 formed within a (n interlevel) dielectric layer 130. [0047]The

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



[0048]The first doped region 126 may have a dopant concentration of, for
example, between 1E13 and 1E20 atoms/cc. The first doped region 126 may
be formed simultaneously in the same implant step as the product S/D
(source/drain) regions. [0049]The first contact plug 134 may be formed using,

shdQh SXPIDRE: R JNIRSEENE RIOGRSad e fﬂﬁéﬁﬂrﬁ?ﬁtll@@&&%lﬁﬁle&f&E med

of, for example, tungsten (W) or any other suitable metallic material.
leakd0S Rl IRat dRMeeac1d? 1BiRpEGIRI 2B e Ie Gudeadhe.game steps in
which the product device(s) are formed. For example, the well regions 118,
[0039BG imihede st sirthetizse staik ol fdeviaemplke forrRedoandeghihe karmadefects
well implant process. For example, the doped regions 126 can be formed
in thtolg witlettires pradoch&ID Yéions;setts. [0051]We preferably VC test the test
devices 112 after the contact plugs 134, 134G are formed. However VC
[00¢KYting Bptiansstadiistdheorin st (8 gmRM SNER) fRedett poacibie Wiehnaliyhte the e-test
modification of the metal routing pattern. [0052]First Conductive Line 136
resyfiprtp TR Hrdp CORBERRS Mne-1 88 gk lBRtcta e et cras tslrdrdy the.
" test devi s{ Ziﬁlz.tTherirst rounginegtdevice 114 contacts the substrate 111.
OF K MEer metal diefeCtricy f‘f?fclé?/nr 3%18 may be formed before or after the

[ooﬁ?i‘d“C%ﬁeg{i‘l‘?%%ﬁ’%Jf%@t%ﬁltmesé?%ﬁ%st%v%%%%‘1‘3 (B5HYS: Sﬁ?i}(;thea%?ectrical

prefera Yy arranged in rows an umns. The conductive line runs along

leaRIRGLRLOMI QL AW FOG CRRAVCT Y Lish L3R GRTaRNAIGEL BREH. BIO ®ne
rows of contacts 134. [0054]First Grounding Device 114. Still referring to

advalge slthepehBlafpraxamplgcths fitspareundnadavicedld4neanhbination of
comprised of: a first grounding Active Area 119; 1) a first grounding well

sel¢egiblsl B tinethardigdtscontdet Activeldreald 59T EYa &irstainautjding clafeéetts,
region 122 over the first grounding well region 118G. The first grounding
Gagopedt edion. PR2. exdandingitoaher surfade shkaecfisstggroimading Aetioss freciures

119; the first ?rounding doped region 122 having the same impurity
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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type as the first grounding well region 118G. For example, in Figure 1A, the

P+

first grounding doped region 122 is over the first grounding P-well

region 118G. A first conductive grounding line 136G contacts the first
grounding contact (plug) 134G. In the first, or other, test structure 116, the

firstdevices 112
for example. [005

carn beafigned-inrows and-cotumns as| shown in Figure 1B,

5|Figure 1C is a top down view showi

i

g an exemplary

nkkapgement of te
and columns. [00

S(ggvices (for example test devices 1T
56]In a test structure 116, the first devi

12) lined up in rows
ces 112 may be

11@ligned in rows al
structure 116, bet

ngh coleknaimasshawn, for example. In
ween 4100 and 5500 test devices 112

an example test
are in a row

1 le@nnected by the
[0057]The first co

fhist: consuative: tagich36 (see Figure 14
nductive line 136 (e.g., MD connects tt

A, for example).
1e rows and columns.

11Between 200 and
Between about 2

300 ronde(igts= 238 rows per pad) ma
to 6000 total first test devices 112 may

y be interconnected.
be connected

l1tbgether by the fir
sectional view of

st GomettiveMiere 136. [0058]Figure 11

D shows a cross

11134G) formation.

for m(nmplp, usin

he first exemplary test structure 116 a
At Soint, the wafer can be examing

0 a \VV/C technigue_lt is preferable to tes

post contact (134,
>d using an EBI tool,
t the wafer after

120 rmation of contz

cubcseaauant meta
SeguenRtheta

;éié“lié(lia(ti%‘égi%d before the M1 (13

lavare are formed [OO0501Eimire |E e
1 S-aretormnea—|voos=iguretE=1s

6, 136G) and
n incomplete top

TTOTY
11§own view of the

HoHEe

el desions 112 (where CA = cont

AN N | 1]

act). [0060]Referring

gyurc

to-Fi
126

e QA (ch
S ISy

vamnlansoverall tactina—ctr
f\ec"” rary-overairtesurgy sty

o g‘(ﬁo C, for example), the dif

5

cture (test site) 4)
ference between test

and 9B (and Figures rou
piocks BRI and BKEAFGUES AL S Ritaply how many ¢
the test structure jare %:Ca?rllg 1§4e g)nne?te% together. The

)wS and columns of
oretically 1 pair of

1330ond pads car g
them. It is importa

VEN (N L) (HgpeT of single teststr
int to know that BK1 & BK9, for examp

ctures in between
le, are each an array

130f test structures
[0061]EBI inspect

TERWhith@re Mrde up of repeating Si
ion (e.g., VC testing) usually is being @

ngle test devices 112.
arried out after the

1380lishing back of

thé eentacts] Hadeteig.(B¥en theeWCMP

EBI inspection can help to determine any leakage thru e

layer stage). This
ach of the

W-contacts 134.
E-testing. Hence
136Gmber of single
requirements an

Sénecaliyuanve Bhinspaationgiswery sen
the E-test current signal can be increas
tesowtdirg it s@lies. [H862]Dependir

needs, different numbers of test struc

sitive compared to
sed by cascading N
ng on specific

ures

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:
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116 can be cascaded in arrays to be tested electrically by E-testing after the
M1 layer (136, 136G) is formed. This E-testing result may then be used for
EBI leakage detection correlation. [0063]First Exemplary Test Structure 116 -
Figures 1A to 1E Name: AA (Active Area) / P-N Junction Leakage Structure

This fisgEeXEBPHLY (&PhSHULYTE ée]ﬁ6 (U LR R HRIETARIY 4384 19465hy
the leakage (using BVC and optionally electrical tests after M1 136, 136G

1269 atiRQ) it QR RiAatiyesRIaRaklibsand 1 of; Ralt junction leakage only. If
there is any Si defect or P-N junction leakage current between 5 pA and 1
NA, {Opabnap pitkadardy dheuliveaiacsd 84 pamdected to the Active Area
117 with the Si defect or the P-N 118, 126 junction leakage defect which
mar(iPpstsnal & BwCofright dvoltalyes Gontrabt} defect. [0064]The first test
structure 116 is preferably designed using minimum dimensions based on a

[004aHicufaiscesegrihai|Eref sicerding Hsgico B edietet fsatardedgethraplemmsic VC.

tissues are more pronounced at smaller dimensions. [0065]The E-beam

DujignBePRAEcES) HyascHap RMe kg SEAoHIUaSARIhE fatiarcRn faydrdve

136, 136G f Fi 1A). The E- i ti .

A e T 08, B B R e e
| / | 0066]Fi . sh

oGRS LI BUGIS 4RO, 1306, 5 (RSCICIAN 08 oL SEaTRIS SRR o

(o]
a si 0ss sectional drawing with a test str aving MI, M2 to Mx

a play 8 IRIME KRS A GRANRA RO ARQWEY LIS SilPASSIRIG IRIBSPEIAL: free)
E-beam (VC test) structure at the M1 CMP (or any metal layer) if the contact

corfdlidig(s) isdanaraappaectad wpwank that gmal ceclangslasingi@l blocks Ml, M2
to Mx as shown in Figure 10B, for example. This structure can be E-tested
[ooduECtribatht Tstdoyvadterithe M1 layer formation. That is, metal blocks MI, M2
to Mx are not substantially elongated in any direction. [0067]For all the test
Thetrctasedefias 1d Bae choh egapipie] ofe can either test the leakage at the
WCMP contact 134 layer (highly recommended), e.g., the fabrication stage
= shoWHTH f5liee 3, [dr Weacahsueisnl it larratsyahie tarrayedenypy b kihyiyigregion
metal layers Ml, M2 to Mx as shown in Figure 10B, for example, as
12Qélectrically they are connected in series. [0068]However for E-test correlation,
itisi 1Ps?rtaeﬂt toijé)rmEB{'CO Q%ct several sinqlﬁtest structures 116, 216, 316 ...

8163togetWer f6r'an érétt o] rﬁséé\sclﬁlr\éet e eakage that them. [0069]VC

2) (Voliage GHUISHA" BY & PAE LY ARGR SFOnasthd f) Hb%%g}% %&n‘ﬁ%""ge

contrast tests may involve radiating the test structures 116, 6...816

extMith@ imany-fieant of leetens. 2aLsiNg SecoRdIOpEadRLIAN 26 Ring of the
secondary radiation is measured and a voltage contrast image is formed.

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.
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[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.

[003$CONAAY RIEGERNFIAM 118 ARFUNISIUSIE BRERRIRG L AG LAl 8Bveen

the surface by the external positive field. Hence the signal increases as more

1E elegans makasitto 1he delfessprd Ihsse idefraistoalsdarkinlPRhthiolagene same

contrast (VC) physics under Retarding mode (-Ve Mode) can have the
impoliowipchcharpeidistcd: (hedataindingiiakd repels low energy secondary
electrons. The grounded structure remains neutral, as the excess repelled
[00dBhrgedHtofirshnayato phe didund; Hhiorfiaatimgnstrieckrerids dauiliosmpradtss.
negative charges, boosting the energy of escaping secondary electrons.
Therfiess eopefe gt gobl¢ BrgHedethed@fafaneevanite HirgHS T EXOIhi Hehge faEade
compared to the grounded structure(s). [0072]Figure 10A is a table with
meRHICRBISIS of the test conditions for the VC test in Extracting (+Ve) and

tarding (-Ve) modes. Here "RB" ias and "FB"
0 varc Do (007 IREANE Lt AT CeP GO et sy AP e
oI DSOS IS, AU IS M Y 130, P08

ormed. The electrical tests may be conventional tests such as lea age an

prodtealdaun tesisinQLHOne ke %ﬂﬁ;ﬁlﬁ%b@;&@@éﬁ&@ﬁ%@%@%ﬂ& regions
E-test technique to help us in correlating the BVC (Bright Voltage Contrast)

126lefeet($oriRAAMEeneRalY pRdBl SNspestiay will generate a very high count
of BVC defect density. While we had believed that most of the BVC defects

[008Hre havmpestsrhiy ACepiahtetenetbrackinl iRexfrarkettatsapdnatel 2draali@nre
killer, BVC defect from a non-killer BVC defect is currently not available.

forfagl7 dfivhe eraiit dacvmgtag e of thismBiodefect S dvirbIMibnsistithaowidlearith slight
easily identify

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) afirst grounding well region 118G in the first contact Active Area 119;
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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. [0077]EBI (VC)
data may be measured using Grey Level Value (GLV), i.e., from O (Darkest)

to 255 @VEHIQZ%OJJ&Q&S{)WS’& IS PRRPHONAL BINCMAARIYES R M8G. The

leakage. For leakage analysis, we are expecting the GLV number to be in a
range of fram aRAMiHE0IIPeAFSyither Pioher e Gb-Wdhe marer iRakitt itrisuranck
thus, the more possible it is a killer leakage defect. On top of this GLV value
from the EBdttoolifar Examplgswednayirgodoplatectiis datehwvithe Frteshdatapatity
the M1 E-Test as we will know exactly where, and how many, BVC defects

are on partypalay $trdictu peosuodizg wafere JOO 78 xahvplex algde nmimigg that tethe P+
have 2 BVC defects with respective GLVs of 120 and 180. If M1 E-Test (ET)
data showSrtharcerdngdeped T800tHZ BY 0V ee st sivEdingFratsilgagion 118G.
spec, while for a GLV = 120, the BVC results in an ET current within spec.

A HER FONBTHMh R R P agd el d8H comfsin Bsdirsirgresnding qanaet Pligel e In the

. defect. [0079]Second Exe ary Test Strycture 216 - Figures 2A and 2B
oA T (BB e et B e ESand R oy

sh O%d?;gl (gng\#é%rs&%%qegxemplary test structure 216. Corresponding
ogous elements ar

analog shown as described above for first test structure

[0053P- Th@gﬁ%r’f@&%@ﬁ‘gﬂﬁ@1@&%@5@1&@%E?é?e%gpfé}’y]a@%n'lgénlﬁttbﬁtgs@gevices (for

series. The corresponding elements are also changed from "first" to "second"

exaSpROBIOMFIates HovnacBijs arprttialaveihead view of Figure 2A. [0080]In
the second test structure 216, contact 234 contacts just the isolation (shallow
[008ehch isclationt(ETd)y 2RO .(hedBd|ddwcsetihohigdiestligatdra 2d6sisndsethbons as
test for leakage of the isolation (STE 220. The leakage tested is between the
shayonhtiet280pn dis ab stratwI2 1dst [OO8RIEIHLIrebe® shiotl 8wt hapikeindplagss 112
partial top down view of Figure 2A. number Name 216 second test structure

are(iélifé5021gpgr§ém f@%#@fﬂ‘f@%%@ﬂ(‘ﬁ? 136 (see Figure 1A, for example).

[0057] The first conductive line 136 (e.g., M 1) 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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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) 1st inter metal dielectric (IMD) layer

connected together. Theoretically 1 pair of bond pads can have N (N > 1) number of single test
structures in between them. It is important to know that BK1 & BKO9, for example, are each an
array of test structures 116 which are made up of repeating single test devices 112.

[0061] EBI inspection (e.g., VC testing) usually is being carried out after the polishing back
of the contacts 134 (e.g. after the WCMP layer stage). This EBI inspection can help to
determine any leakage thru each of the W-contacts 134. Generally an EBI inspection is very
sensitive compared to E-testing. Hence the E-test current signal can be increased by cascading
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 M1 layer (136,
136G) is formed. This E-testing result may then be used for EBI leakage detection correlation.
[0063] First Exemplary Test Structure 116 — Figures 1A to 1E

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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236G second conductive line (contacting the grounding contact (plug) 234G)
214 second grounding device 219 a second grounding Active Area 218G
second grounding well region 222 second grounding doped region 234G a
second conductive grounding contact (plug) [0083]Third Exemplary Test

00§3ﬁUCt E)hjeel OIE'W% @QHO%@ 1f-|e-:|a%1A§ éeP tl'éhxl}l&}%%ﬁ%%% a test
Isolation {STI) Region Test Structure. Figures 3A and 3B show the third

stRXQRRIANYSSE JVESWR &%@s@&&@&%@ﬂ%ﬁ@@'@ﬂ@%{@l@@&ﬂﬁﬁﬁﬁﬂﬁ%e to
as described above for first test structure 116. The corresponding elements

inspee increasad DY) seuthee3DthsavieSMhecairespanting ) afamenigarelug(s)
also changed from "first" to "third" as appropriate. Figure 3B is a partial

is (anee dooachiedwpoh b guresBAll [©084¢ir ahinetibbloskubtlir&13 16 Momtalko 884n Figure
contacts both third doped region 326 and isolation (STI) 320. [0085]Third test

10B¢fgeaxeenBles feussiyetusicanbobtiteeh @reintaliatspdfecs hadiléyeea

formation. That is, metal blocks M1, 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
1D, or we can scan it at any metal layer by stacking up the metal layers M1, M2 to Mx as shown
in Figure 10B, for example, as electrically they are connected in series.

[0068] However for E-test correlation, it is important to join or connect several single test
structures 116, 216, 316 ... 816 together for an E-test to measure the leakage thru them.

[0069] VC (Voltage Contrast) or BYC (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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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

[0091] diVQisiaLRIS Hiind: I@féﬁg{&@% G-PRE SR 'rﬁ%é“(ﬁ/@%ﬁ@é%@ﬁﬂﬂa@é diest

structure - element chart - Figures 3A and 3B "number Name 316 third test
fol ERUEtWIR L8ite) s3LER third test structure region 312 third test devices 317 a
third Active Area 311 substrate 320 third isolation region
The Retarding field repels low energy secondary electrons.

The grounded structure remains neutral, as the excess repelled charges flow away to the ground.
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. Here “RB” means reverse bias and “FB” means
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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318 third well region 326 third doped region 330 dielectric layer (ILD layer)
334 a third contact (plug) 336 third conductive line (Not shown) Ft inter metal
dielectric (IMD) layer 336G third conductive line (contacting the grounding
(plug) 334G) 314 third grounding device 319 a third grounding Active Area

[00%‘?6 EBI (VC) data may be measured using Grey Level Value (GLV), i.e., from 0
(Darkest) to 255 (Brightest). The GLV number is proportional to the magnitude of the leakage.
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 M1 E-Test as we will know exactly where, and how many, BVC defects
are on particular structures on a wafer.

[0078] Example: Assuming that we have 2 BVC defects with respective GLVs of 120 and
180. If M1 E-Test (ET) data shows that for a GLV = 180, the BVC results in an ET current 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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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
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[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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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 (fourth)
gate 434 a fourth contact (plug)

Figures 3A and 3B show the third exemplary test structure 316. Corresponding analogous
elements are shown as described above for first test structure 116. The corresponding elements
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 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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436 fourth conductive line (Not shown) 1st inter metal dielectric (IMD) layer
436G fourth conductive line (contacting the grounding contact (plug) 434G)
414 fourth grounding device 419 a fourth grounding Active Area 418G fourth
groundlng well reglon 422 fourth groundlng doped reglon 434G a fourth
ﬁfUUIIUIHg contac "H‘ngl) &ﬁ%[l@ﬁglllbo” UXIUE or DII\I or any hlgh k
dielectric material. [0090]F|fth Exemplary Test Structure|516 - Figures 5A and

33gB Name: The Gatg;[dielgaticiLeakage through AA7P-N Junction to Ground
Test Structure. Figures 5A and 5B show the fifth exemplary test structure

(N\eleadw@nresponding'analogausialRuignisnvrs Bhewn as described above for
the first test structure. The corresponding elements are increased by 400, i.e.

to the 500 series.| Tielcon@speading aemenishee also changed from "first"
to "fifth" as appropriate.

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)

[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
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[0091]Figure 5B is a partial overhead view of Figure 5A. [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 / that AA 517 to ground

teakage using the
test structure - elé

EBT, forexampte: Fifthrgate 5327sno
xment chart - Figures 5A and 5B num

over STI 520. 5th
ber Name 516 fifth

nieBEsStructure 516
Active Area 511 <

R\f{ffla test structure region 512 fifth tes
ubstrate 520 fifth isolation region

t devices 517 a fifth

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 (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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518 fifth well region 526 fifth doped region 530 dielectric layer (ILD layer)
531 (fifth) gate dielectric layer (gate oxide) 532 (fifth) gate 534 a fifth contact
(plug) 536 fifth conductive line (not shown) 1st inter metal dielectric (IMD)
layer 536G fifth conductive line (contacting the grounding contact (plug)

[00§§]46) $iié gate dielectric layer 431 (or in any analogous structure) may be comprised of, for

example, silicon oxide or SiN or any high-k dielectric material.

[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 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 SA 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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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)
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[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 Tes

t 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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[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

[OIM?a 6%%g§fé@%t}&az§ﬁd6é§) s‘ﬁ%f@%&p&éﬁﬂiﬁ%’qgﬁ structure 616 with Figure 6B being

a partial overhead view of Figure 6A. Corresponding analogous elements are shown as
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.,
poly pad) is over gate dielectric 631 that is over 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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sixth well region 626 sixth doped region 630 dielectric layer (ILD layer) 631
(sixth) gate dielectric layer (gate oxide) 632 (sixth) gate 634 a sixth contact
(plug) 636 sixth conductive line (Not shown) Ft inter metal dielectric (IMD)
layer 636G sixth conductive line (contacting the grounding contact (plug)

63954G) 614 SXUTgraUndiNg HEYTR D tayer)

631 (sixth) gate dielectric layer (gate oxide)
632 (sixth) gate

634 a sixth contact (plug)

636 sixth conductive line

(Not shown) 1*" 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 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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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
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top down view of Figure 7A. 7th test structure - element|chart - Figures 7A

nuantet/ B 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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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

736 seventh conductive line

(Not shown) 1* 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 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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730 dielectric layer (ILD layer) 731 (seventh) gate dielectric (gate oxide) 732
(seventh) gate 734 a seventh contact (plug) 736 seventh conductive line
(Not shown) Et inter metal dielectric (IMD) layer 736G seventh conductive
line (contacting the grounding contact (plug) 734G) 714 seventh grounding

[OIQS}/ ice Eﬂgﬁtﬁ‘ g‘ﬁé/@ggb (QVQ‘;'BQW gaéé:)tk}fg é%gﬁ%géquective gate dielectrics 831 that are

each over a portion of eighth Active Areas (AA) 817. Eighth test structure 816 tests gate
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 on the left in Figure 8 A) includes contact 834M that is partially on gate (e.g.
poly pad) 832M and partially directly on silicon (for example, N* as shown in Figure 8 A) within
Active Area 817M. Gate 832M is over gate dielectric 831M that in turn is on silicon (for
example, N* as shown in Figure 8A) within Active Area 817M. Any eighth misaligned 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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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
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8386d SB 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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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)
811 substrate 820

[0117] A preferred E-beam inspection is the voltage contrast defect detection.

[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
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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eighth isolation region 818 eighth well region 826 eighth doped region 830
dielectric layer (ILD layer) 831 (eighth) gate dielectric (gate oxide) 831M
optional (eighth) gate dielectric (gate oxide) (under misaligned gate 832M)
832 (eighth) gate 832M optional (eighth) misaligned gate 834 an eighth

1s0ﬁ9@%%®%%%%0?@%£ @@QH&&}@%HQ %@Q SQH@&&%QMQE& example, and

make it easier to verify leakage issues at each of the test structures 116, 216, 316 ... 816
independently. All these test structures 116, 216, 316 ... 816 can be inspected on E-beam
inspection systems (IBS) (e.g., an eScan300/ 380 or an eS31/ 32...etc).

[0125] We can decouple and isolate each of the defects by inspecting more or all of the
different test structures 116, 216, 316 ... 816, for example, on the same wafer.

[0126] Example:

Test structure #1 (116) can detect both Si and STI defects because contact plug 134 is dropped
on (contacting) active region 117.

[0127] Test structure #2 (216) can detect STI defects only because contact plug 324 is only
dropped on (contacting) STI region 220.

[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 STT 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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836 eighth conductive line (Not shown) Et inter metal dielectric (IMD) layer
836G eighth conductive line (contacting the 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

=> RGRIB YA BNG AP SAG (U Gk [ L BER BIRLANG & -RAAMANSRAGHON EARISe and

and E-beam Inspection Types Exemplary E-beam inspection systems may

testRnfQlR%¥ANPI6) thRaSEanRIAR (38Adxddermes Microvision, Inc. (HMI), CA,
USA, or the eS3x EBI by KLA-Tencor, CA, USA.

[0132] If both test structures #1 (116) and #2 (216) have high counts of BVC it is reasonable

to suspect we have both Si and STI leakage issues. However 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 potential problem.

[0133] Non-limiting Exemplary Embodiments

The exemplary embodiment test structures 116, 216, 316 ... 816, for example, can be used on a

product wafer or on a monitor wafer. The test structures 116, 216, 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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[0117]A preferred E-beam inspection is the voltage contrast defect detection.
[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 techniques, they
magyagrfurther tested using electrical tests. Preferably, we first form a first
level metal layer (M1) contacting said contacts before conducting any
electricay ieatfod 01 2kMitg; maw riseoalpatiigally test (ET) all of the test
structures (116, 216, 316 ... 816) present to obtain electrical test results
concurrgniydwih the dechmquettesiagvhitiedeleat ical destypgspeimitsge defects,
failure sites to be found that may not have been detected during the EBI

(Hle ttpbriBearg drxbhicobaamsdiing. [OERRINeSE lnak egsrhakgtboherefeehlial test
(ET) results and the voltage contrast (VC) test results to determine which
elementiffrentaiing kgt tIEECH1BIPIBINE816) are defective. For
example, if both the electric test and VC test for a test site is bad, then that
element (e.g., gate d%ﬂé‘?%%%ﬁ & ELRKIAN SAPESHP P51 eI ko the test
structures 1168,t %%t% 316 ... 816, for example, may be located anywhere on
the wafer inclucﬂng %ﬁ’e kerf. The reason is because since each of the test

structure are small ingize, R 1834 GHUEIHIES: QE%’} @&JB?“&@E&H%&%F%{%mre to

or repeat the similar structure in array form. [0 Example Test Methods By
testing the tesgisiiiGInrescldR sl Gvidtén th8 MG (ol RXpmBIg W Brfe@RIEIRg the

help identify and isolate electrical leakage issues related to isolation region

(STI) defects, istivedhreaatiefects, gate oxide defects, etc. One main

advantage of the eight exemplary test structures disclosed herein are that the
test structures 116, 2t80831i6g .aBdléstfarakicanoplteeerbieicisrtoidetauple thetrical
isolation region (STI) defects, Active Area defects, and gate oxide defects, for
example, and esarsuttafisideraiparihe laskisyel iwstabsied each of the test
structures 116, 216, 316 ... 816 independently. All these test structures 116,
216, 316 ... 816 can BEHRBEHSEERECHASHTRYSEEIbY Syeteind s Syqergine
an eScan300/ 380 or an €531/ 32.. .etc "gLOlZSfJW can decouple and isolate
each of the de‘%‘é‘f% BYNSEB LR FIPEUSIR &egeaw&ent test structures

116, Zlgéigi}ﬁ%l)g%go%q{o%%ﬁ%q%@% rt%?ggﬁ;r%% ?/vafer. [0126]Example: Test

structure can aetect bot efects because contact plug

134 is qra%?ig%g%QCMQQ%Hgﬂeagb\é?ra{l%gff&&ﬂm]ratmg the solution.

2. The method of claim 1 wherein the test structure comprises of at least two different
structures, wherein the test structures exhibit a discernable defect characteristic upon being

scanned by the VC test.

3. The method of claim 2 wherein the at least two different test structures further
comprise specific structures designed to permit exclusion of one or more possible structural

defects from the discernable defect characteristic.
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[0127]Test structure #2 (216) can detect STI defects only because contact
plug 324 is only dropped on (contacting) STI region 220. [0128]One key point
may be that we can isolate each module (e.qg., 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

Structuren# nblid) of g covmtre BéG Tast Stbusite #24dkehcthRwcountatd
BVC leakage must be due to Si defect, as test structure #2 (216)

(senmsiipaifditS i 223G deakage) 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 => leakage could be from STI as test structure #2 (216) is

more sensitive to STI 220 leakage and test structure #1(116) is more
sensitivEosithedieigéritn 23 pbihaetlestiivio dbderanates)siHefures @ aylected
have high counts of BVC it is reasonable to suspect we have both Si and STI

ISR LR Il EWETive can draw better conclusions by looking at the
rest of the test structures #3 (316),....#8(816 i te each of the regions,
B R T
Embodimenif'hg Sxe TPl SRR AImenh Rl ISR Tk stk Bard L6 ---

816, for example, can be used on a product wafer of on a monitor wafer. The

test stryctiraseldGnabe Bine SLO MR IRIMESHIN tBRKSTT SR RetwRR re:
chips on a wafer, for example. [0134]lt is noted that 1 or more, 2 or more, 3
Or morey fheitNMESHa@IBIRENS DsdRAlR]eétAt leakage and gate to isolation region to
ground test structure;
a fifth test structure having a gate dielectric leakage through AA / P-N junction to
ground leakage test structure;
a sixth test structure having a gate dielectric to ground and gate / one side isolation
region leakage to ground test structure;
a seventh test structure having an oversized gate dielectric through AA / P-N junction
to ground leakage test structure; or

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

test structure.

6. The method of claim 1 wherein the test structure is provided in a test site which

includes at least two different test structures selected from a plurality of test structures.
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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 {hglnvertian h%&@ﬁﬂ&%@?&%@%&@%@ﬁ@ degerlpetWikh
reference to the example embodiments thereof, it will be understood by those
skilrddn dheasrtthatifferiaue shangas indur afent elals ey Hamades:
without departing from the spirit and scope of the invention. It is intended to
cover vafiostisencdificatidnsiapdmsinilas ArcangemePs andtprotetuges;sasichcture;
the scope of the appended claims therefore should be accorded the broadest
interpretatiornddesisstyemedmpag saibashnrsaificatorisnd e tsimitaie;
arrangements and procedures. CLAIMS 1. A method of forming a device
compristiird troviytY et Adretol Budiivatratbiniipndegatdeyaripgiire:
types o;ag%aka e defects, the test structure capable of quantifa/in,g magnitude

of loakelbi ALkt SHSH) BRI AR SHRISEHG KTk JRISRRIon region to

com résineg, forming a first level metal contacting contacts coupled to the
T test structure . .
t&St Struc ure; performing a voltage contrast (VC) test by scanning the

test struche QAR A MG et éa?_é R RIDNE MIEFWA PRIRSTEHon to

prior to forming the first level me performing an eléctrical test’on the

teshaituctitie de:ahi@iniar;electrical test result after forming the first level
metal, and correlating the electrical test results and VC test results to

determineinhich eletentBofife iest Etluaiireoaie drfect vaedains Biddinglation
solution for the killer defects; and fabricating the device on the substrate
inegixpdkating ttoezsoindiont s@ndithe;method of claim 1 wherein the test

structure comprises of at least two different structures, wherein the test
structurdseasiiibiest HivebrigaBlangate oy ehpdatedstielegtin o SeAnRelf byction
the VC test. 3. The method of claim 2 wherein the at least two different test

stk fakasereH P EEs SEcific structures designed to permit exclusion of
one or more possible structura) defects f the discernable defec )

Char ot B GBI ) BTl A Eor Rk e i i gkaee
V\{h&l‘s iﬂcmree at least two different test structures are selected from the
foTIowmg structures:

8. The method of claim 7 wherein at least one of the test structures includes a first level

metal test structure.

9. The method of claim 7 wherein at least one of the test structures comprises a

grounding device.

10. The method of claim 1 comprises scanning the test structures to determine the grey

scale.
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a first test structure having an Active Area (AA) / P-N junction leakage test
structure; a second test structure having an isolation region to ground test
structure; a third test structure having an AA / P-N junction and isolation
region test structure; a fourth test structure having a gate dielectric leakage
and gate to isolation region to ground test structure; a fifth test structure
having a gate dielectric leakage through AA / P-N junction to ground leakage
test structure; a sixth test structure having a gate dielectric to ground and
gate / one side isolation region leakage to ground test structure; a
seventhrigsinsthd@tor elfiaving R RMBESIZE ¢ gate eliplesd t o flor auahi ixAnk Rotacts
junction to ground leakage test structure; or an eighth test structure
handrnehariAfkd sisjunctiomidakagezgateltigl&otiie. leakage test structure. 6.
The method of claim 1 wherein the test structure is provided in a test site
which includes at least two different test structures selected from a plurality of
test structures. 7. The method of claim 1 wherein the test structure is
ptévidedhn Baded stslaimdniheriadecal (elsst s énard i doatinetieeontacts.
selected from the following structures: a first test structure having an Active
Area (AA) / P-N junction leakage test structure; a second test structure

h@/@ng gn is&l%i:}%ﬁrerz ipn todg;l()und test structure; a third test structure

having an Y (j)unc%gh and elscgfgﬁgﬁmr%gion test structure; a fourth test

structurg having 2921 ARIRSHS Gakade ARAPAIRIR RIAOD JEUPRIRage defects,

ground test structure; a fifth test structure having a gate dielectric leakage

threwgh e lurs %‘aﬂdﬁfé’fm{ﬁrﬁ@mﬁ@ﬁﬂ% IR AEHCBIR on ReSixtiudest
structure having a gate dielectric to ground and gate / one side isolation
region leakageiiogreund Rshgéragtstecompasigyenth test structure having
an oversized gate dielectric through AA / P-N junction to ground leakage test
structure; or an dightingedfistriectlirechd vimgaannAAohaeN funpledridelakege
gate dielectric leakage test structure. 8. The method of claim 7 wherein at
least one of théreestrstructures includes a first level metal test structure. 9.

The method of claim 7 wherein at least one of the test structures comprises a
grounding device. performing a voltage contrast (VC) test by scanning the test structure to

obtain VC test results, wherein the VC test is performed prior to forming the
first level metal,
performing an electrical test on the test structures to obtain electrical
test results after forming the first level metal, and
correlating the electrical test results and VC test results to determine
which elements of the test structure are defective;
determining a solution for the killer defects; and
fabricating the device incorporating the solution, wherein the device is fabricated on a

wafer comprising a plurality of devices.
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10. The method of claim 1 comprises scanning the test structures to

determine the grey scale. and wherein the test structure includes a

grounding device. 12. The method of claim 1 wherein the VC test is

performed after forming the contacts. 13. A method of forming a device
comprising: providing a test structure on a substrate which detects various
types of leakage defects, the test structure capable of quantifying magnitude

of leakage hasechon Gi8Y sealfs dilfareptiatingiller ek H8f@SES two different
comprising, forming a first level metal contacting contacts coupled to the
tesd StrueiltEs; wherbRréaEmiigha ieliagr GRRERBIHINK @ Hiasiib BCRINGIRR teristic
test structure to obtain VC test results, wherein the VC test is performed prior
toifonmirig gé echirstsle Wl metaling whertoymengsancelectiicaixtebitothdhiestestable
structures to obtain electrical test results after forming the first level metal,
agidect chaspredaitiig hienelesstrivigl neesieiersu edapti ot elsfaeisults to determine
which elements of the test structure are defective; determining a solution for
the killer defects; and fabricating the device incorporating the solution,
wherein the device is fabricated on a wafer comprising a plurality of devices.

1 The o L HEFEI e SOOI E B rB Fse edey

two different t?sts§tructureqs Whg{?ln eactr of the test structures eésgigigss . ctural

A ADIR Hetel! Eharacteristic Lpdh Voltage contradl (VC) Seahning whan

a&‘é%%tfﬁ}ﬁ‘[‘ﬁ}é’Eﬁs@ﬂaﬁi@&@i‘é’%ﬁ@ﬁdfﬁ&%ﬁEﬂéble defect characteristic has at

least one predetermined structural defect. 15. The method of claim 14
wherein the at least two different test structures further comprise specific
structures designed to permit exclusion of one or more possible structural

dgfects fjom e discamanie defect characleristic. 16, Themetiod ol dlaim oy
13 comprises scanning the 1SSt Sttt reL {0 determine the grey scale. 17.
Themethod of claim 13 wherein performing the VC test is performed after
forming the contacts. 18. A method of forming a device comprising:

providing a test structure on a substrate which detects various types of

leakage defects, the test structure capable of quantifying magnitude of
leakagerhasedhon grepiscabewdiargperibeiagtbirvciyea tappsises afteasiming
two test structures selected from a plurality of test structures; differentiating
kiherctesdeage defects comprising,

18. A method of forming a device comprising:
providing a test structure on a substrate which detects various types of leakage defects,
the test structure capable of quantifying magnitude of leakage based on grey scale, wherein
the test structure comprises at least two test structures selected from a plurality of test
structures;
differentiating killer leakage defects comprising,
forming a first level metal contacting contacts coupled to the test

structure;
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forming a first level metal contacting contacts coupled to the test structure;
performing a voltage contrast (VC) test by scanning the test structure to
obtain a VC test result, wherein the VC test is performed prior to forming a
first level metal, performing an electrical test on the test structures to
obtain a second test result after forming the first level metal, and

correlating the VC and electrical test results to determine which elements of

the test structure ar g@&%ﬂ\@a qgﬁ%@@&%&ﬂﬂiﬁ satytien f)?rsgﬁﬁnlflillée(ﬁggﬁg%cture to

and fabricating the device incorporating the solution, wherein the device

is fabricated osbaiwaferaesnpising Reply aldyw of davicastokthed padnetifgichdlg a
claim 2 wherein the at least two different test structures comprise: an Active

Area (AA) / PAityuieetiondebkage test structure; an isolation region to ground
test structure; or a combination thereof 20. The method of claim 1 wherein
the test structure comrfsfizesnaanctapacalreat (NANY PsNtupdtiondeditzige sesend

structure; an isolation region to ground test structure; or a combination
thereof test result after forming the first level metal, and

correlating the VC and electrical test results to determine which
elements of the test structure are defective;
determining a solution for the killer defects; and
fabricating the device incorporating the solution, wherein the device is fabricated on a

wafer comprising a plurality of devices.

19. The method of claim 2 wherein the at least two different test structures comprise:
an Active Area (AA) / P-N junction leakage test structure;
an isolation region to ground test structure; or

a combination thereof.

20. The method of claim 1 wherein the test structure comprises:
an Active Area (AA) / P-N junction leakage test structure;
an isolation region to ground test structure; or

a combination thereof.
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