Met hod to nonitor critical dinmension of IC
i nterconnect Background of Invention 1) Field of the
Invention This invention relates generally to nethods
for the electrical neasurenent of critical dinensions
and nore particularly to electrical neasurenent of
line spacing of conductive structures in
sem conduct or devices. 2) Description of the Prior Art
An inportant driver for keeping Moore's Lawis the
I mprovenent in productivity of sem conductor
manuf acturing. This is acconplished by the constant
shrinking of device structures. The main burden of
this shrink roadmap is carried by the |I|ithography,
which is currently pushed to its physical limts. The
|'i t hogr glriYod 6 afsiitoradiitical RMREngidroef I imterdonheal
ever growi ng effort and support from nmetrol ogy and
i nspection. New procedures are needed here to
guar antee the requi S accurac
specifications as \/\%?&%@%‘H?’?Qagﬁﬁgﬂem S fo¥
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require a netrology tool, which is able to collect
| arge anmounts of data within a short tine frane to
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characterization |ithographic exposure tools based on
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of semiconductor manufacturing. This is accomplished by the constant shrinking of
device structures. The main burden of this shrink roadmap is carried by the
lithography, which is currently pushed to its physical limits. The lithography process
and exposure tools require an ever growing effort and support from metrology and
inspection. New procedures are needed here to guarantee the required precision and
accuracy specifications as well as the requirements for throughput and statistical
significance.

The low-voltage scanning electron microscope (SEM) is a main metrology tool
for critical dimension (CD) monitoring. Typically, the time required for CD-SEM
measurement limits the number of measurement sites to be collected per wafer.
However, some applications require a metrology tool, which is able to collect large
amounts of data within a short time frame to obtain statistically significant results on
the complete image fields. One example is the characterization lithographic
exposure tools based on an assessment of their actual printing performance by

measurement of line spacing.




measurenent of line spacing. 1 The inportance of
overcom ng the various deficiencies noted above is

evi denced by the extensive technol ogi cal devel oprment
directed to the subject, as docunented by the

rel evant patent and technical literature. The cl osest
and apparently nore relevant technical devel opnents
in the patent literature can be gl eaned by
considering the follow ng. Jason P. Cain and Costas J.
Spanos, Electrical linewdth netrology for systematic
CD variation characterization and causal anal ysis,
found 2005-07-18 on website
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measurenent with reference sanple feature critical
di mensi on I nventor: Rangaraj an, Bharath; et al.
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US6573498: Electric measurement of reference sample in a CD-SEM and
method for calibration - Scanning electron microscope calibrating method for
semiconductor device manufacture, involves correlating optical workpiece
measurement with reference sample feature critical dimension

Inventor: Rangarajan, Bharath; et al.

US20030155933A1: Dielectric test structure and test method -Dielectric layer
test structure for semiconductor device manufacture, has liner pads and conductive

layers formed inside dielectric layer - Inventor: Wang, Mu-Chun

US 6754593: Method and apparatus for measuring defects - Workpiece e.qg.
microprocessor defect measuring method, involves measuring defect characteristics
at each of measurement sites on workpiece responsive to measured defect
characteristics being greater than predetermined threshold inventor: Stewart,
Edward C.; Buda, TX




at each of neasurenent sites on workpi ece responsive
to neasured defect characteristics being greater than
predeterm ned threshold Inventor: Stewart, Edward C
Buda, TX 2 US6891627: Methods and systens for
determning a critical dinension and overlay of a
speci nen - Specinmen properties determ ning systemfor
sem conductor fabrication process, determ nes
critical dinmension and overlay m sregistration of

speci men based on out put signals generated by

measur enent device Inventor: Levy, Ady US6242757:
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determining system for semiconductor fabrication process, determines critical
dimension and overiay misregistration of specimen based on output signals

generated by measurement device Inventor: Wack, Dan; et al.

US20020102472A1: Electrical critical dimension measurements on
photomasks - Test structure for measuring critical distances on photomasks,
includes cross-resistor, bridge resistor and split-bridge structures connected to image
line, for performing sheet resistance and other measurements-

Inventor: Chan, David Y.; Austin, TX, United




Inventor: Chan, David Y.; Austin, TX, United 3
Summary of the Invention The enbodi nents of the
present invention provides a nethod for neasuring the
critical dinensions of a structure which is
characterized as follows. An exanpl e enbodi nent for a
nmet hod of nonitoring and neasuring the critica

di mensi ons of interconnects; conprises the steps of

1. A nethod of nonitoring and neasuring the line
spaci ng of interconnects; conprising the steps of:
measuring an I[N profile of a sanple interconnect
structure to obtain a sanple IN profile; the IN

profile is conpris e nmeasur enent s
at two or nore vol sgngi@argggfﬂ'ge @S{% gﬂl nt er connect
St Mt dmBodifeb®Gthe @ﬁbsﬁnt mﬁﬁdn brd‘v&&as dmsitingd for Ineesuring
paci ng; conpari pr of
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determine if sanple interconnect structure is not
defective; o If the sanple IN profile is simlar to
the reference IN profile, then | eakage currents for

S A LS GROAFEL Sh B A i e
cnhbﬂﬁjlh‘iehglo&@@cl mercnnkbe; samplised thieestemnofect structure
1 RSk e s ebraesting o e arhgof RESh FERts
comprising the steps of:
¢ measuring an |-V profile of a sample interconnect structure to obtain a
sample |-V profile; the I-V profile is comprised of leakage current
measurements at two or more voltages;
o the sample interconnect structure is comprised of spaced lines
having a line spacing;
» comparing the sample |-V profile with a reference 1-V profile at a reference
line spacing to determine if sample interconnect structure is not defective,
o If the sample 1-V profile is similar to the reference |-V profile, then
leakage currents for the sample interconnect structure are derived
from the I-V profiles at a selected voltage;
« calculating the line spacing of the sample interconnect structure using the

sample |-V profile.

An example embodiment for a method of monitoring and measuring the line

spacing of interconnects; comprises the steps of :




spaci ng of interconnects; conprises the steps of : 4
measuring a reference |-V profile of a reference

i nterconnect structure with a reference |line spacing
to obtain a reference IN profile; the reference

i nterconnect structure is at |least partially in a
reference insulation |ayer; o the sanple interconnect
structure is conprised of spaced lines having a |I|ine
spacing; o the I-V profile is conprised of |eakage
current neasurenents at two or nore voltages; o the
reference interconnect structure is conprised of a

£ O ANRREG a BESEhON; |-V PRAKIIOT Adefbhdckiimtercpactigriure with a
the reference interconnect structure by ? SEM aor TEM
t edBISrefIFe Inengnasing fRyORRIN Arefernced-\oprofile; afps eeference
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r ef erendlee sampledfiereoraechstredtorecia comprisae of ppateatylinas having a
determine if the sanple interconnect structure is not

def ecti \E}E? SPECNG: { he sanple IN profile is

si gni §i elnt-Wprefilbiceempriséios lebRaget@raneecddrements at two or
profile, then a process defect exists in the sanple
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currents the sanpl e Interconnect structure are

deri ved skcton;

¢+ measuring the line spacing of the reference interconnect structure by a SEM
or TEM technique;

» measuring an i-V profile of a sample interconnect structure to obtain a sample
I-V profile;

« comparing the sample |-V profile with the reference |-V profile at a reference
line spacing to determine if the sample interconnect structure is not defective;

o if the sample |-V profile is significantly different than the reference |-V
profile, then a process defect exists in the sample interconnect
structure;,

o f the sample |-V profile is similar to the reference -V profile, then
feakage currents for the sample interconnect structure are derived from
the |-V profiles at a selected voltage;

« calculating the line spacing of the sample interconnect structure using the

sample |-V profile.

An aspect comprises wherein the step of calculating the line spacing of the

sample interconnect structure using the sample |-V profile comprising using

equation 7 or equation 8:



the IN profiles at a selected voltage; calculating
the line spacing of the sanple interconnect structure
using the sanple IN profile. An aspect conprises
wherein the step of calculating the |ine spacing of
the sanple interconnect structure using the sanple IN
profile conprising using equation 7 or equation 8. 5
In(j) = 0.0 146 [i[[(DO 112 - 1~ Equation (7) Jo k;

or In(J) =1n( Do) + 0.0292 JK[(PQ 112 - 1J Equati on
(8). O Additional exanple enbodinments are descri bed
inthe clains and followi ng specification. The above
and; belqw,ad ages and features are of
hﬂp#pseﬁﬁ:ﬁgﬁque#ﬁ8d+E%nts onl yEquatidnd7 g not

exHaust | Hdvlor? excl usi ve. They are presented only
to assist in understanding the invention. It should be
understood that they are not representative of al

the inventions defined by the clains, to be considered
l[imtations _ on t [ 2nti on as, defined by the

Cbﬁl, )Qﬁ(ﬁﬁ@kﬁéﬁﬁédgﬁgbbeguLyalentsEQQamhﬁ(gﬁainB.
For i#dstance? som@?o hedk advant ages may be nutual ly
contradictory, in that they cannot be sinultaneously
present in a single enbodinent. Simlarly, sone

advant ages are applicable to one aspect of the

i n\aghilitional eamdplenappddicebtsearealasichibed in thEwldimsrarol fellowing
certain aspects of the clainmed invention have not been

spegificelidsed

The above and below advantages and features are of representative
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 o 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.




herei n. However, no inference should be drawn
regardi ng those discussed herein relative to those
not di scussed herein other than for purposes of space
and reducing repetition. Thus, this sumary of
features and advantages shoul d not be consi dered

di spositive in determ ning equival ence. Additiona
features and advantages of the invention will becone
apparent in the foll ow ng description, fromthe

draw ngs, and fromthe clains. 6 Brief Description of
the Drawi ngs The features and advant ages of a nethod
according to the present invention and further
details of the nmethod for measuring the CD of a device
in accordance wth the present invention will be nore
clearly underst ‘E%féf@é&@rﬁd?%rf@“l’fé‘@%in@%scri ption
taken in conjunction wth the acconpanying drawi ngs in
whiTdie featiiees ard edeardegeroba alathaetk sicgaesting ©i the Ipagsant invention
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according to an exanpl e enbodi nent of f{he presen
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structure according to an exanpl e enbodi ment of the
porfioressamt inivviemt i on. Figure 3 is a plot of (1-V)
Leakage current vs E (V/cm for a reference
i nterconnect structure and a sanple interconnect
ac ¢ogite Ngis taoplatofex-atpleakagatatdientnd Eql/criidona esfersince
i nvention. Figure is a table shows the |jinpe spaci

intemniegggggélgefqgcogﬁap%f%@réﬁé@@pie embodiment of the pr sentqgvention.

Figure 2 is a plot of (I-V) Leakage current vs E (V/cm) for a sample

interconnect structure according to an example embodiment of the present invention.

Figure 3 is a plot of (I-V) Leakage current vs E (V/cm) for a reference
interconnect structure and a sample interconnect according to an example
embodiment of the present invention.

Figure 4 is a table shows the line spacing and iLeakage for a references
(reference and sample).

Figure 5 is a top down view of an interconnect structure used to measure the
leakage current according to an example embodiment of the present invention.

Figure 6 is a cross sectional view for illustrating a interconnect test structure

(comb structure} according to an example embodiment of the present invention.

Figure 7 is a plot of {I-V) Leakage current vs E (V/cm) for a two interconnect
structures with line spaces of 0.227um and 0.237um according to an example

embodiment of the present invention.




(reference and sanple). Figure 5 is a top down view of
an i nterconnect structure used to neasure the | eakage
current according to an exanpl e enbodi nent of the
present invention. Figure 6 is a cross sectional view
for illustrating a interconnect test structure (conb
structure) according to an exanpl e enbodi nent of the
present invention. Figure 7 is a plot of (I1-V)
Leakage current vs E (V/cm for a two interconnect
structures with Iine spaces of 0.227um and 0.237m
according to an exanple emnbodinent of the present
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emRschReAt Mhb%r@é@r@%ﬂf@h’h@n enbodi ment of the present
I nventi on. Detail ed Description of the Exanple

Enbodi nents A. Introduction Exanpl e enbodi nents can
nmeasure and nonitor the interconnect/line spacing
(critical dinmensions of |ine spacing) on a sanple work
pi ece. The conductive line(s) are preferably
insulated by a dielectric. The |ine spacing is the

di stance between adjacent conductive |ine segnents.
The Iine spacing is the thickness of the dielectric
bet ween the adj acent |ine segnents.




Bel ow t he nmet hod and equations used to cal culate line
spacing are described. In the follow ng section, a
process is described to test sanple interconnect
structures for | eakage current at various voltages
(I-V profiles) and used the IN profiles to calcul ate
the line spacing for the sanple. B. Term nology CD -
critical dinmension - mninumdinensions allowabl e by
design rules. Line spacing - distance between two

adj acent (conductive) line segnents. - distance be
adj acent el enents. For exanple, the m ni nrum spaci ng
between adjacent netal |lines. C |eakage current

profile (L-V.profile) is v ensifiye to,.the

di el ectri @ewpemlmawﬁm rampieFmhgdimests; gur e
5 shows a top down view of a preferred test structure
that is used to neasure the |eakage current between
conductive lines. Figure 5 shows a conb shaped
structure where two conductive |ines have "conb

ext n3|%ﬂ " L@@& are interweaved. To neasure the
Iea age LPFERThet ween the two lines, a voltage is

pl pl@hMREaMEMS chMondidips aﬁﬂ%drht%r e Fn?é}%oﬁﬂ]éﬁﬁllme spacing
(lea age current) is neasured. In this enbodinment
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Below the method and equations used to calculate line spacing are described.
In the following section, a process is described to test sample interconnect
structures for leakage current at various voltages (I-V profiles) and used the |-V

profiles to calculate the line spacing for the sample.

B. Terminology

CD - critical dimension — minimum dimensions allowable by design rules.

Line spacing — distance between two adjacent (conductive) line segments. - distance
be adjacent elements. For example, the minimum spacing between adjacent

metal lines.

C. leakage current profile (I-V profile) is very sensitive to the

dielectric thickness between the metal lines




for two |ine spacing (0.227 and 0.237 mcron). Figure
8 shows a table showing the |eakage current for test
structures with two line spacings (e.g., dielectric

t hi ckness between two adj acent interconnects or
lines) at two different voltages. The percent change
columm show that the | eakage current is very sensitive
to changes in line spacing. The |line spacings
(dielectric thickness) between |ine segnents of the
two test structures were neasured with an optica
techni que. calculate |ine spacing from | eakage

_rreas%m@ MRsHcw4 top ddwern ereeolvabldigesd (dst Mrugtuad iHae ) uddd to
is thought that there are five conduction processes
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unnel I ng, space charge [Imted current, and ionic

inteoseealect | on. Anong t hem Schottky emission and
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emipodimepb ARE(CLPERE & ¥pHags) oirtans eflackd &es arBoR Qi XPitases to

obicn 2 EB T Rlhacs Glufpfotepation () where J
The leakage current profile is very sensitive o the thickness of the dielectric
between the metal lines (such as comb extensions). Figure 7 shows the |-V profiles
for two line spacing (0.227 and 0.237 micron). Figure 8 shows a table showing the
leakage current for test structures with two line spacings (e.g., dielectric thickness
between two adjacent interconnects or lines) at two different voltages. The percent
change column show that the leakage current is very sensitive to changes in line
spacing. The line spacings (dielectric thickness) between line segments of the two

test structures were measured with an optical technigue.

calculate line spacing from leakage measurements at difference voltages (I-V

profiles)

It is thought that there are five conduction processes were found in the
dielectrics. They are Schottky emission, Frenkel-Poole emission, Fowler-Nordheim
tunneling, space charge limited current, and ionic conduction. Among them Schottky
emission and Frenkel-Poole emission are 2 major conduction mechanisms in the
typical stressed electric field.

¢ Schottkey emission which can be described by the equation
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A is the R chardson constant, T is the absolute
tenperature, q is the electronic charge, 48 is the
potential barrier at the netal/dielectric interface,
Eis the electric field in the dielectric, s; is the
dielectric constant, k is the Boltzmann constant, and
is the electron nobility. It can be expressed that dJ
1 8 clE Equation (3) J 2] E for Schottkey emni ssion
and J = (t + ,/E) Equation (4) 11 -y qg/4/rso for
Frenkel - Pool e em ssion, where P=- {T can be cal cul ated
to be 0.0146 and ki is the dielectric constant. As
the voltage is stressed the netal lines, the
accur at 7 el £ dx| y di fficul tEquatibe (1)

cal cul ated. But [t can e estléLted using infinite

| arge plate approxi mati on and be expressed to be E— -

Equat ig0 ﬁ% I%%Eeeerglésﬁ)nt\nﬁcﬂ'f&lo%\g fheedBligkness.

can be er expres

£ .
J = gnyuE exp[—%@g “,/i_g] Equation (2)

J donates the current density,

where

A is the Richardson constant,

T is the absolute temperature,

q is the electronic charge,

¢ is the potential barrier at the metal/dielectric interface,
E is the electric field in the dielectric,

g is the dielectric constant,

k is the Boltzmann constant, and

i is the electron mobility.

It can be expressed that

Ej‘—]- LA J— Equation (3)

2

for Schottkey emission and

%{ \/—— ) £ Equation (4)

-
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dE dD Equation (6) E D So the rel ati onship between the
| eakage current and dielectric thickness can be
expressed to be In(J) 0.0146 g[()12 _ Equation (7) JD
for Schottkey em ssion nmechanism Follow ng the sane
procedure, it can be derived that In(f) =1n(Do) +
0.092 [(Do ),12 -1] Equation (8) a n 12 for
Frenkel - Pool e em ssion mechanism Jo is the current
density corresponding to the dielectric thickness of
Do, while J corresponding to D. The dom nated | eakage
current nmechani sm depends on the dielectric

materials, stress voltage and tgnpeipgafure. It has been
fcxnuiﬁténkéia?odieremislsiompn/vimaried;é’m{—z@he c3ohind tdajculated to be
em ssion is the doninant conducti 64 nechanismat the
electric field below 1 M/ cm while Frenkel -Pool e
efi146iand ki /iberticlepleicicenki@gt current at the electric
field between 1 M/ cmand 2 W/ cm at room tenperat ure.
In Fig. 3, we conpare |-V profiles between patterns
wth [ine spaces of 0.237 umand 0.227 um It can be

seg thBablthde By sifddsed hatwedv el raptdl 06€s, ies atdurbteeslectric field is
smal| _electric field region, but are clearly separated

vervidi@cylhioyee epleelarec BUT E1can hecgsitisated yeing igtiHataeaplate
EBrokinfRionPRFrE Bk YreCba@PSe 4%

4 :
E o= Equation (5
5 q (5)

where D is the dielectric thickness. It can be further expressed to be
dE  dD

Equation (6
g 5 q (6)

So the relationship between the leakage current and dielectric thickness can be

expressed to be

Equation (7}

(L) = 20146 V{D }
' e D,

() -l

for Schottkey emission mechanism. Foliowing the same procedure, it can be

derived that

J D 0.0292 (V| .D, .., )
In(-=) = In(—%) + ——[——"m "2—1} Equation (8
(Je) (D) \/E“DG(D) q (8)
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The | eakage current at the electric field of 1.6 MV/cm
and 2.0 MW/ cmof 2 patterns are obtained fromFig. 3
and listed in Table 1. It can be seen that the

| eakage current increases 33.57% and 55. 75% at the
electric field of 1.60 W/cm and 2.0 M/ cm
respectively as the line space reduces around 4%
Table 1. The | eakage current change vs |ine space
Pattern 2 Pattern 1 Change Line space (nm 0.237 0.227
-4.2% (Leakage (a) @1.4 E-10 1.87E-10 33.57% 1.6M
V/ Cm Leakage (a) @1.591 E-09 2.478 E-09 55.75%
2.0MW/ Cm 13 Table 2. The |ine space cal cul ated by

| eakage current neasurenent using Frenkel -Pool e

RINFTEMIRI- PRSI sSBrVRREHAREMDY, iSEh calren @dridt *@Mrrespondmg to
Vari ation Leakage Current Lea(i<age (A 0.2270 0.2287

ﬁ*%%ect[lcﬁm@k@ﬁ&@fé@ag‘é‘”@ﬁb00@6159229*‘09@0 60 -044 %
2.0 MV/CM The dielectric thickness (line spacing) of
paﬂff@r(i*omlﬂﬁ@ddaﬂkaﬂ%ﬁlﬁdefﬁﬁ@ﬂla@ﬁnﬁ Heperfisor the diglectric

%rg‘ ,esl(f%sg %h@?i@gaﬂid ?é}gpgr’atﬁg.d Itdr{a%l &etr{ foﬁn& méilf&'esciﬁ’con oxide

(Si02) the Schottky emission is the dominant conduction mechanism at the
glectric field below 1MV/cm, while Frenkel-Poole emission governs the leakage

current at the electric field between 1 MV/cm and 2 MV/em at room temperature.

In Fig. 3, we compare |-V profiles between patterns with line spaces of 0.237
um and 0.227 um. It can be seen that |-V profiles are overlap together in the
small electric field region, but are clearly separated in the large electric field

region, even though that the line space only changes 4%.

The leakage current at the electric field of 1.6 MV/cm and 2.0 MV/cm of 2
patterns are obtained from Fig. 3 and listed in Table 1. it can be seen that the
leakage current increases 33.57% and 55.75% at the electric field of 1.60 MV/cm

and 2.0 MV/cm respectively as the line space reduces around 4%.

Table 1. The leakage current change vs line space

Pattern 2 Pattern 1 Change
Line space (um) 0.237 0.227 -4.2%
ILeakage (a) @ 1.4 E-10 1.87E-10 33.57 %
1.6M V/Cm
ILeakage (a) @ 1.591 E-09 2.478 E-09 55.75%
2.0 M V/Cm
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Fr enkel

- Pool e em ssi on nmechani sm of Eq.

(8).

Her e,

we

briefly show an exanple of a |ine spacing cal cul ati on

usi ng above

exanpl e:

1.

In the reference structure,

the line spacing is neasured to be D0=0.237um by SEM

2. In the refer

ence structure,

the IN curve i

S

measured. 3. The conduction nechanismis found to be
electric field between
1 W/cmand 2MW/cm by fitting the IN curve to equation

Fr enkel

(2).

at

And | eakage current
E=1.6MV/cm 14 4.

-Pool e em ssion at the

is

t he

is found to be JO=1. 40E- 10A
In the sanple structure,
curve is neasured. The | eakage current
J=1.87E-1 QA at the sane E (=1.6MW/cn).

I'N

found to be
5. The val ue

of D can be found to be 0.227um from equation (8) by

usi ng the
table 2.
cal cul at ed

gooe Bl £ anevﬁgd&etd%ulﬁﬁé

clearly
FrenkahPbeleswaigsipn gmeahagisibove

cross-secti onal

wor ks very wel | .

val ue of JO, DO and J.
It can be seen that the dielectric thickness
fromthe | eakage current neasurenent

PYN&skagkr@ment méaasureér)lent using
q.

shovvs t hat

They are listed in

isin

di scussion_that the | eakage current profile (1-V
profile) betwearvesfuakdbyrfieisMiis &almilapaed by Variation
characteristic |of thelCintercgnn% ét m It is
very sensitive|to the dielectri °p g&ﬁg Ther ef or e,
the avarwﬂ a odi-mrent-s—of-+t i n\lanf| on—present—a

LAA" ] T T Pl “wIeTTU
nol/eakaget( ﬁ%@tc cont¢3i2 9nd noni t or0-€R8’ |ind CD o%ﬁlsé’
i nt gregnpest s Dased on | eakage current profile (I-
profile)

Leakage (A) @ 0.2270 0.2260 -044 %
2.0 M V/CM

The dielectric thickness (line spacing) of pattern 2 is calculated based on the

dielectric current of pattern 1 and 2, and dielectric thickness of pattern 1 using

Frenkel-Poole emission mechanism of Eq. (8).

Here, we briefly show an example of a line spacing calculation using above

example:

1.
SEM
2.

In the reference structure, the 1-V curve is measured.

In the reference structure, the line spacing is measured to be D0=0.237um by

3. The conduction mechanism is found to be Frenkel-Poole emission at the

electric field between 1MV/cm and 2MV/cm by fitting the 1-V curve o equation
(2). And leakage current is found to be J0=1.40E-10A at E=1.6MV/cm
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nmeasurenent. A software program can be used to
calculate the line spacing thickness from the sanple
IN profile so the techni que can be used as netrol ogy
tool in a production I|ine. Software Program To

Cal cul ate Line Spacing A software program coul d be
devel oped to derive the thickness fromthe IN profile
if it is used as a nmetrology tool. A software program
m ght address the following: 1. The electric field

di stribution between 2 lines is very conplicate. As of
yet, no sinple analytical equation can be derived to

@aﬂrﬁ?tﬂeﬁéa}npk stiuBtur8] wepal tena,is trieasumddi, Thi eealagegirrent is
ate a&)rom mation is used to derlve the equation. It

mefcwm, Re vl -B7EH Ofratdhe sapse (CTHENK@R) i f the
triped,dise ﬁﬁl’i%ﬁﬂ%%%gﬁd &?bwzﬁmﬁ?ﬁ%u anqggﬂg@g;halthe

softvvares opted to cal cul ate ric
f| ehtlie & JO, B0tdrsl $econd step, the Ieakage current

sh h|aeg Iazg‘f’ g@g %ag)f%g ﬁ%taﬁé)rg §nete % tngﬁﬁét %ﬁ‘ﬁ él% V\@'ﬁess calculated

@nﬁtﬂ@ﬂ@ﬁa@e@ﬂtﬂ@ht Md@@bbl@méz’ﬁes ﬁH @d@f zﬁ;n@@mbat wiBthat measured
measur ed rofile and ile basellnelsfrom

tro@ <ae$%é@@t'0@@* agi. tlfoclwéy @W%ﬁaaﬁﬂow) WOA'F%BQWH%Q bD
shoul d be cal cul ated from software measu

al Wegah b apen fiagedh aa?tbé?ve&ﬁﬁhdéﬁ'@ﬂé*ﬂatébfﬁ {%aae@umenb@roﬂle (-v
g@ﬁé& %%?\Heérpfir\ef’él llm@é‘gscé' hﬁ%@%@a@&&i’éﬂc% thd €interconnect

ienc be ve revie
system. It is very sensitive to the dielectric thickness. Therefore, the example
embodiments of the invention present a novel method to control and monitor the
line CD of IC interconnects based on leakage current profile (I-V profile)

measurement.

A software program can be used to calculate the line spacing thickness from

the sample |-V profile so the technique can be used as metrology tool in a production

line.

Software Program To Calculate Line Spacing

A software program could be developed to derive the thickness from the |-V

profile if it is used as a metrology tool. A software program might address the

following:

1. The electric field distribution between 2 lines is very complicate. As of yet, no
simple analytical equation can be derived to calculate it. In this pattern, the infinite
large plate approximation is used to derive the equation. It works very well in this
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It can be found from above di scussion that: The

| eakage current profile (I-V profile) between netal
lines is a unique characteristic of IC interconnect
system It is very sensitive to the space between
nmetal lines. The space between netal |ines can be
accurately derived fromthe | eakage current (I-V
profile). Therefore, this enbodi ment presents a useful
nmethod to control and nonitor the Iine CD of IC

i nterconnects based on the | eakage current profile
(I-V profile) neasurenent. Exanple Method To Measure

bagh. Muvidvasr, |£tHé&n5W@Gll@@e%lo§@(ﬂTm BS mtroRXANPbE a commercial

enbodi nent of is a nethod of monitoring the critical

selivarsi euld eppdepted ¢o Pﬁ'lcé%% Hireelestricditifescri be bel ow.
2. Hang- seﬁBﬁtﬂ’%tc—*T‘% (Hé’i\‘—i@k‘?g{é Clﬂfrerg%é s SHARE bERHemRed.
30 see figure

conpri se: est structure to
@eetaiurmflwaremhoﬂhdltm msedstpatn m I y desi gned * Conb

3. et o Solfus ARt s 10e tshios hetuge msasured

| KY ﬁrbﬁiesdmpihwp\'c)ﬂléi Bésegm@ds ﬁbw{l?iettiéfect§ oBalid em thaCer variation.
sel ected: - etch defect/CW residue -

asedhe ey ,s@pulpéwatculated from software

4. CD measurement always means huge data, commercial software must be

developed for all calculation. Otherwise, the efficiency will be very low.

B. review
it can be found from above discussion that:
The leakage current profile (I-V profile) between metal lines is a unique
characteristic of |C interconnect system.
It is very sensitive to the space between metal lines.
The space between metal lines can be accurately derived from the leakage

current (I-V profile).

Therefore, this embodiment presents a useful method to control and monitor
the line CD of IC interconnects based on the leakage current profile ([-V profile)

measurement.

Example Method To Measure And Monitor Line Spacing On Samples

An example embodiment of is a method of monitoring the critical dimension

(CD) of IC interconnects is describe below.
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* |-V profile nmeasurenent * Accurate CD neasurenent by
SEM or TEM 3) |-V profil e neasurenent of the
structures in any |locations /wafers 4) Conpare the
-V profile with I-V profile baseline * if profile is
totally different fromthe baseline, process defect s
exist * If the profile is simlar to baseline, Leakage
currents are calculated fromthe I- V profiles at
certain E 5) Line spacing for sanple is cal cul ated
using Eq. (7) or (8) based on the conducting
mechani sm This process is explained in nore detai
below. Figure 9 is a flow chart of a nethod to
measure |-V profiles and to calculate the |ine spacing
on sanple. 17 B. provide a reference interconnect
strict urté®®F rst, the conb structure (reference

i nt e ek =
pr&fﬂ?‘&&*n%géﬁ%%%&bwe BT AGM BRfiset o S5 folire o
shows a top down view of a references interconnect

' CLERER G SRRaPTE MR e s RE 2 hos®

di el eghid Srddieris %Qﬁcal '&!@E@heb 'fcﬁ}el V?@éf(l@ ﬁiﬁésﬁﬁénh@ﬁtur e),
barrier |ayer 50 ppi ng | ayer 510 and over!lyin

2) Eﬁj@ldrshﬁmrépébvrnr@ﬁ!ﬁéga@felfr@@ thgseerinle dedaned strogdrec an
be . cg&r%@\%qepg S@@etegoonduct ive material such as
coppe Ing a (reference) |-V profile of a
refer enceJmimrmr(Clnnect
- No etch defect/CMP residue
- Good barrier layer
* |-V profile measurement

* Accurate CD measurement by SEM or TEM
3) I-V profile measurement of the structures in any locations /wafers
4) Compare the |-V profile with |-V profile baseline
* if profile is totally different from the baseline, process defect s exist
* If the profile is similar to baseline, Leakage currents are calculated from the |-

V profiles at certain &

5} Line spacing for sample is calculated using Eq. (7) or (8) based on the conducting

mechanism.

This process is explained in more detail below. Figure 9 is a flow chart of a

method to measure |-V profiles and to calculate the line spacing on a sample.
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(baseline interconnect) to obtain a reference |-V
profile for a given reference |ine space W neasure a
IN profile of a reference interconnect (baseline
interconnect) to obtain a reference 1-V profile

(1 eakage current vs voltage) for a given reference
line space (e.g., 502). Figure 1 shows an exanple of
a reference IN profile. The reference interconnect is
preferably at |east partially in a reference

insul ation. The reference interconnect is preferably
nmetal line in a dielectric layer, such as an inter

net 8l dipebeikra cefelMhdesipéarcofhecestaaptiget he netal |ine
can be a copper damascened or dual danmascenes

i nthénst dheeomb sacturerefiesgndedniescansestisledctie) che be designed

f .
or Q04T BB R oA LA G L a T ooun viw
of oSefareherssintescentist srtictatd {confly steuatdret.hEigled 8chswsuctross

secfigna i PEGErSIgoEB e Sherse b OTHE s abt Yo netal e
5011&@?412!(5: ts,ﬂﬁ&n?e)t hatrick NeP8D8 | @lpphRYBYel 510 HRd bOEMiNg Lieer

_ . Preferably as shown infigure 5 the reference
dielentrigayemi®@dt 18 test structure preferably has a conb

2906 WO B B5PB SBUEpBag R e o

coppwaf.er or not can be checked by |-V profile itself or
detai |l ed SEM observation. The accurate CD (line space)

of is test reference interconpect, structure is
mealur odTBSUEHY SHEETErenREN - REHE o isferrireatstegnnect
|-V profgdseling kiterd@imicenae ditain & PeRYEREORViprofile for a
structure (referred to be |-V profile baseline) and

t he |i negven referengelinensipce

We measure a |-V profile of a reference interconnect (baseline interconnect)
to obtain a reference -V profite (leakage current vs voltage) for a given reference line

space (e.g., 502). Figure 1 shows an example of a reference |-V profile.

The reference interconnect is preferably at least partially in a reference
insulation. The reference interconnect is preferably metai line in a dielectric layer,
such as an inter metal dielectric IMD layer. The example the metal line can be a

copper damascened or dual damascenes interconnect.

The |-V profile is measured in the structure of a golden wafer (reference
wafer). The golden wafer means that the interconnect test structure is substantially
free of the defects such as etch defect, bridge, or Cu CMP residue, have a good
barrier layer and CD is uniform. The good barrier layer means that the barrier layer is

uniform without defect. Preferably as shown in figure 5, the reference interconnect
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Then the | eakage current nmechanismand the their
function range (electric field range) can be
deternmined fromthe neasured |-V profile by fitting
Eq. (1) or (2). For exanple, it has been found that
for the current silicon Cu/Si02 netallization system
the Schottky emi ssion is the dom nant conduction
mechanismat the electric field below 1M/ cm while
Frenkel - Pool e eni ssion governs the | eakage current at
the electric field between 1 M/ cm and 2MV/ cm at room
tenperature. W neasure the baseline IV profile of the
testhetaefiregreferay bas actontbsiodiieavhen hieweddfemdne topl. Figure 6
rofiles as.shown in figure 1. Measure the CD of the
sh %Fré’r?é@eﬁtb%{?gl‘qeﬁ‘é i nterconnect) by a SEM or TEM

t eolyRkee tHiewhicr Wea @@ﬁﬁaﬂr\ﬁafbh@r ﬁ%@ o@h H&@hécﬁ%@ §NOeprofile itself
basel i ne) i nterconnect optical techni

or anfieitpdaSE b chegrvating: Eh@@@ewﬁt%l@r(&@% éB@CE{)SéWSé?Si reference
intelGHIRE SEIAfe |$|rﬁ§ésru?é1d B%@Ecﬂﬁ %RBN) Eﬁ’b ThEsHali N gp between |-
I S an 1| magl ng

fansm Ssion el ectron roscop
V prafitd on ghe refbenebyest Erhtemumectaitwurenjsefesedi btz bs &y polie

a.specien . c ..ng .an.enl arged version to appear on a

basgfi g)r tl;n§a¢t2 g%tragll Ejﬂ%’r of photographic film (see
el emidrfe fd4Ka98GRPeht n@chﬁﬁa@rrb@icﬂﬂ?fe&ﬁéiwurﬁmoﬂ réﬁ@e (electric
canmera. 19 For exanple, the test structure sh

field rayiged cgnibe dﬁé%rgrun%frem thg raeastpd 4 Nd?fpﬂiet%f’tﬁ'&@\ﬁq ( 1) or (2).
t;

POl e L B bR UGB RBE CPkd sfEas RSl iRizaton

sysharh ihplSchptknesissiypisdhk Idpntinent tontuctian meehapsiviat¢he electric

vt Bk B el epRB RS b3y B3PS RTaR eS8 fent at e
eleléﬂai@ﬁulem?%étwebﬁ?ﬁwmm AME2MErNabTddri eerfpa@eiture. t hat
eaks € NnoS

We measure the baseline IV profile of the baseline interconnect to obtain the

reference |-V profiles as shown in figure 1.

Measure the CD of the reference (baseline interconnect} by a SEM or TEM

technique

Next, we measure the CD of the reference (baseline) interconnect by using an
optical technigue such as a scanning electron microscope (SEM) or Transmission
electron microscopy (TEM) technique. Transmission electron microscopy (TEM) is
an imaging technigue whereby a beam of electrons is focused onto a specimen
causing an enlarged version to appear on a fluorescent screen or layer of

photographic film (see electron microscope), or can be detected by a CCD camera.
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current at that point). The spacing on figure 5 shows
exanpl e |l ocations and neasurenents of the Iine
spaci ng 502. Figure 5 shows first |ine 501 and second
line 503. For exanple, figure 6 shows a cross
sectional view of the reference interconnect as
viewed by an SEM The wafer was cl eaved and poli shed
to get the cross sectional view D. neasure an |-V
profile of a sanple interconnect in an sanple
insulating layer to obtain a sanple |-V profile; Next,
we nmeasure an |-V profile of a sanple interconnect in

an Foagpp@plg, fqilast piigeties shownindistuse & ia maaspred ysigg a SEM
|| |
fronl?nt epcgﬁﬁgﬁe %éé;[%ngo%%ﬁH erdgg%/ e't[:nt% B%%r%érilmt-le- @ao@\g 'rc—?ferabiy
SEMundaasemeptsoatadbkenahaultige paimds.hiempiosty IthepnmmunEhne spacing
is tagg%guﬁmbg t‘wepﬁ%gtwggtlt%g%%gﬁjgl %gc%mgtﬁdgptgs?tcr el @ foethe ‘electrically
meémé&urr@apdcm\é @élafdd 8 the nfinfnien hh@fssé@ﬁ?ﬂqét |éé|&rmtn,lm@st

(baseline). For exanple, figure 3 shows the sanple IV
curignbt thet p‘(’@@e figure 2) on the same graph as the

retgle Q§§Cl+% n:)pn?lr O«ﬂrfe |5€st{c%s§§>%%rﬁ&é lo%a%gﬂé bing ‘m@é%ﬁrgﬂgnts of the

referen e€s are eren 0SSI
Einempacegsﬁ(lﬂefﬁgﬁ}re 5 shdvhe fiss fipé 604 tandcaored Inhé 508e sanpl e

! oF3F Sl Tghts e shoVh Auabs st liewial Tud Migence

mte?él‘m%’lle@t holisweamiest SERRTH waret Was deavied @negidlidhed Reget the
defect could be a line etch defect, abridge, barrier

crogfeseationgl viey. CVP r esi due.

D. measure an |-V profile of a sample interconnect in an sample

insulating layer to obtain a sample I-V profile;

Next, we measure an |-V profile of a sample interconnect in an sample
insulating layer to obtain a sample |-V profile (also call measured |-V profile). The
sample interconnect can be an interconnect on another wafer, such as a product

wafer or another work piece.

E. Compare the sample I-V profile with the reference I-V profile

The next step is to compare the sample (measured) |-V profile with the
reference |-V profile (baseline). For example, figure 3 shows the sample IV profile

(see figure 2) on the same graph as the reference |-V profile (baseline) .
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Certain criterion can be used to justify the neasured
IN profile is normal or abnormal. The criterion
shoul d be sel ected based on the netallization system
Since the | eakage current is very sensitive to the
defect, the | eakage current will increase
significantly if defects exist. For exanple, 10 tines
increase in the | eakage current at 1 MV/cm can set
for nost of metallization system For the |ow k
dielectrics, the criterion can be even |arger.
Fail ure anal ysis should be conducted to find the root
If sampbeandireference |-Vt refilel afeedifferenbthengquesgiblyf & pescéss defect
ariation. The | eakage currents at the

. fromthe
in tﬁ‘éﬁf‘é’?ﬂeeﬁ?&t‘%{}‘fec field of structures can be cal cul at ed

fr Mhbfs%wgﬁw W@ﬁoﬂt@@ didhifcaityl Bfferantfirdaspg i lrdéf@rence -V profile (
profile tting of INprofile to the equation o

basplingagslefest p@rihe FREWEINSeP e do ﬁtrUF‘Hée &r'@qﬁca@ The defect
couIcLﬁé LGk &an d?f_%\(}ﬂsagar #Jé’ tﬂ:el?ﬁérk &iBet % C;f @WF@S%%J,.W%”

neasur ed ile rom ects or
variation. If the work pleceINproflleis sirrilarto
t he.baseline.IN | ation

|1 eRES RS bl B iupia i NEMYIRE meslq 19 eftle hOMal o

abn@ﬂﬁ@l The dritddidi sHdulebe EBRBtdcEigdRgioon Wiermetizafion sydtem. Since
anpl e interconnect are calculated fromthe IN at

the mktasemuv&nt igesy sensitive todhe cigfeati the IearaoriGEregihud| ngrease
sigl‘ﬁficérﬁi& iPATRLE it SESUBR e U ﬁ‘rﬂ\t?é hﬁ:r?a?s%'iﬁltﬁe 'Ieha\i(arge current at
profife USI'ng equations /7 or 8. cal cul ate the TFine
1MY¥foat carg sél fon mcﬁpatrmﬂgalltza)ioofsysﬂem Famphesioinl dietenimess the
L USi ngatﬁe sanF e I-V profile using equations 7 or 8
Critg I RS BXE" [UHRage current

Failure analysis should be conducted to find the root cause. Otherwise, the
difference of both profiles is from the CD variation. The leakage currents at the
certain electric field of structures can be calculated from the new measured |-V profile

and baseline profile.
Fitting of |-V profile to the equation of leakage current mechanism (based on
the previous fitting) can be used to check the difference between the measured |-V

profile is from defects or CD variation.

If the work piece |-V profile is similar to the baseline |-V profile, then use |-V for

calculations

If the work piece I-V profile is similar to the baseline |-V profile, then leakage

currents for the sample interconnect are calculated from the I-V at certain Voltages.
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mechani sm This nethod can be devel oped to be an
effective in-line netrology tool or off- line E-test
tool to neasure and control the line CD. The baseline
IV profile (e.g., current value at an electrica
field) is used to calculate the |ine spacing for the
sanpl e work piece. The conpari son of the sanple
profile and the baseline | V profile can be used to
determne if there are defects in the sanple work

pi ece and can be used to determ ne the | eakage current
conducting nechanism The baseline IV profile can be
used to determ ne sone constants in equations 7 or 8.
For exanple, when we search for the conducting

5 Hhe. dirliatinh thB ik Shacing StpécsariplBilBitAndclising the
Act ual | y sairipfte i-Somdifité usthgregiationsvior &let er m ned

based on whether the value of Ki is consistent wth
that fromthe other neasurenent. (Note: Ki is easy to

caVBEatuldlE B 15 el A Btk srRtIeBEGDLf 8 seied Fiéreotfect
usirg the8EmRflcanpparofle dsiMybquatidd Mer Bhaised vatthe Rekahe ceasrent

we can calculate the CD Iline spacing for the sanple
MepRAMEMO. 227 nicrons. 22 G Sone non-limting benefits

of FRMRANGTRAST bgragggzbgsmé be ﬁ,ﬁ%ﬁyé heirABRb@gy tool or off-

enbodi nents can have sone o ow ng benefits:
lindl BNtgat ddillte rmemsioe angoniral thé tjinefGlzant |y different from
the one voltage point |eakage current neasurenent.

The baseline |V profile (e.g., current value at an electrical field) is used to
calculate the line spacing for the sample work piece. The comparison of the sample
profile and the baseline | V profile can be used to determine if there are defects in
the sample work piece and can be used to determine the leakage current conducting

mechanism.

The baseline IV profile can be used to determine some constants in equations
7 or 8. For example, when we search for the conducting mechanism by fitting the |-V
curve to equation 7 or 8, the dielectric constant Ki can be derived. Actually, the
conducting mechanism is determined based on whether the value of Ki is consistent
with that from the other measurement. (Note: Ki is easy {o be found the other
method).

Referring to figure 4, We can see that for the sample leakage current is
2.478E-09 amps at 2 MV/cm. Using the equations above, we can calculate the CD

line spacing for the sampie to be 0.227 microns.
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-V profile nethod provides nmuch nore information than
the one voltage point |eakage current neasurenent. |f
the | eakage current neasured at a small voltage, it is
totally inpossible to tell the difference between the
| eakage currents of the patterns with slightly
different spaces. Even the | eakage current is
nmeasured at around 2MV/ cm the difference in the

| eakage current around 55.8% shown in figure 7 is

al ways considered to be the neasurenent variation in
a typical one voltage point |eakage current

mea$ur erfiome nonNimtoig benefitssafr smpatexahyle embaignents
clear trend, and the resolution and credibility

i ncrasas ef thereyagngle espadimenls age hayedons a@hﬁ\f@"qvﬁ@g benefits:
line space The CD |line spacing found fromthe IN
profile is the mnimm CD of the region the test

ét\:‘ paifite measvrenezht issignifioattiyt difte@bt &bt the omeasltagepoint

nt usin IF\ﬂ o the nethod is nmuch nore

QQ?P%G%V“BQWS GWE a relative large structure.
Theoreile! hétfod previeds iRih @ndr@@nfomqarm tHa® the ohB&oltage point
el ectric di nension, not the physical dinension from

Eakegh/ruraiet fl’!@awfﬁ@"%‘bam ng found fromthe IN profile

{3y NE5PBL R b acnn v, B g epast o o

thendiffeeace hgtwesn t’ma Iaelmﬂ adreatts ahwesnatgsensavvﬁb slightly different
lines are fornmed. It can detect the |line defects such
g8%&ch defects, bridge, barrier |ayer issue, or Cu

EVEn tiasled8ge &drrent is measured at around 2MV/em, the difference in the
{eakage current around 55.8% shown in figure 7 is always considered to be the
measurement variation in a typical one voltage point leakage current
measurement.

[-V profile measurement shows a very clear trend, and the resolution and
credibility increase strongly. So it can be used to derive the line space

The CD line spacing found from the |-V profile is the minimum CD of the region

the test structure covered, not just the CD of the measurement point using CD-

SEM, so the method is much more effective by designing a relative large structure.

The CD line spacing found the |-V profile is the electric dimension, not the
physical dimension from CD-SEM.

The CD line spacing found from the |-V profile is the final CD. In Cu process, the

Cu line space will be slightly changed in the Cu CMP stage.

The CD line spacing can be measured at any stage after Cu lines are formed.

it can detect the line defects such as etch defects, bridge, barrier layer issue, or
Cu CMP residue.
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H. ot her possible applications The enbodi nents be use
on any other devices, in addition to horizontally
spaced netal lines in dielectric layers. For exanple,
t he enbodi nents be used to cal cul ate/ neasure

di el ectric thickness between adjacent netal |evels or
be a contact and an adjacent netal |ine. The
appl i cation depends on the cal cul ation of electric
field. Theoretically, as long as the electric field
can be cal cul ated, then the | eakage current nechani sm
can be found by fitting, then the space can be
calculated. So it is very easy to be used in adjacent
netal |evels. However, the capacitance neasurenent

I I h i .
Uhe oo ST 58S R w”%%iosﬁaﬂ”az‘j e e,
Ca”rr% %HB@%R;Q bé 858 bﬁfdn%tﬁeéq@cat egﬁa&a {661 d ﬁor.onta;fy

fiel Ion 1s very conpli Act ua
spaced sneteliizes i Hiddutok yses. bEDmexeafmph@etm ennbnézmants thleeused to

oo SRR e el SR 5 B BT PR o = conc

andeXRB8aBeRTROE! Rt $h@fapf)1h%tlbﬂ\d%ﬁbh@§oh itied Uéieulah@ebf electric
method to nonitor the |ine CD and defect of IC

field. ntheortivabls tasang @sdhe elestricdiald gan bgraaiaviatad dhen éhe leakage
cur%n?melfcﬁcan il gfaeur o ﬁ’t't:ﬁ%;hecﬁ{eﬁ kRS spadie cdiPHe H&lwq%d Soitis

S gni he one voltage poi nt
very eakptpebe usedint adjeed mestehievelshidofvevere theveaeoitance
rovi des . much re informat.ion ,than the,. Ia [, 0ne.
meBterent IS TR stsi et FRhORR 4R ArAiOE FBL LR Gisp'dr a
corit&cttaatialn Ajhsat ssathl ihd, @ daglte tdeel, BUf bafiftibaie sineé Weedectric
t he | eakage currents of the patterns with different

field gigtruitiopyereryromnliariade Acivat erine imeasyperaapieef tackness between
metaar ﬁHé‘sdln%W gfﬂ\ﬁaé Rsefisld Sé&e'b‘é@? 'éé‘g tﬂhé RkRGE current

ound ys-consi der e neasur enment
varlatlon in a typical |eakage current

I contrast with single point leakage measurement

The example embodiments of the invention include a new method to monitor
the line CD and defect of IC interconnect based on the leakage current profile (I-V
profile) measurement of dielectrics. The new method is significantly different from
the one voltage point leakage current measurement. The former method provides
much more information than the later one. If the leakage current measured at a
small voltage, it is totally impossible to tell the difference between the leakage
currents of the patterns with different spaces. Even the leakage current is
measured at around 2MV/cm, the difference in the leakage current around is
always considered to be the measurement variation in a typical leakage current
measurement. However, -V profile measurement shows a very clear trend, and

resolution and credibility increase strongly.
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nmeasur enent. However, |-V profile neasurenent shows a
very clear trend, and resolution and credibility

i ncrease strongly. 24 Fg J. conpare with SEM

measur enents Sonme exanpl e enbodi nents' net hods can
have several advantages over the current CD-SEM The
CD found fromthe IN profile is the m nimum CD of the
region covered by the test structure, not just the CD
of the nmeasurenent point obtained from CD SEM so the
method is much nore effective by designing a relative
| arge structure. The CD found the IN profile is the
el ectric dinmension, not the physical dinension from
CD-SEM  The CD found fromthe I-V profile is the

final CD. The line etch defect, bridge, barrier |ayer
i ssdie, opmparevith SEM reasavementslet ect ed. K
non-limting exanpl e enbodi nents G ven the variety of
enfPemarexaradlgrenbrdimeatse methofse gaN Have @@Yerabg@faws over the

the above description and illustrations show not be
¢kt Gis-SBMyi ti ng t he scope of the present invention
defined by the clainms. Wiile the invention has been

P8 EFAER! IR O PGSt Wb BE8% ron covrea
undertst ardtday strbasiee, Skitl jisidthienCDhsf taetmeasurement point obtained
from CD-SEM, so the method is much more effective by designing a
relative large structure.
e The CD found the 1-V profile is the electric dimension, not the physical
dimension from CD-SEM.
e The CD found from the |-V profile is the final CD.
» The line etch defect, bridge, barrier layer issue, or Cu CMP residue can be

detected.

K. non-limiting example embodiments

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

While the invention has been particularly shown and described with reference
to the preferred 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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that various changes in formand details nmay be nade
W t hout departing fromthe spirit and scope of the
invention. It is intended to cover various

nodi fications and simlar arrangenents and
procedures, and the scope of the appended clains
therefore should be accorded the broadest
interpretation so as to enconpass all such

nodi fications and simlar arrangenents and procedures.
25 What is clained is: 1. A nmethod of nonitoring and
nmeasuring the line spacing of interconnects;
conprising the steps of: a) measuring an IN profile of
a sanple interconnect structure to obtain a sanple IN
profile; said INprofile is conprised of |eakage

Whatus cRiifhnedn®@asur enents at two or nore voltages; (1)

said sanple interconnect structure is conprised of
spaced lines having a |ine spacing; b) conmparing the
sanple IN profile with a reference IN profile at a
reference line spacing to determne if sanple

: uﬂnmetmmmfemonmrmgcanqirmeawm thediet spating of (ntprachneets;

SF0BHFb NhERP oBaicage currents for the sample

i nterconnect structure are derived fromthe I-V

P sthod T e Bl b 6l Dbk el obtin

usi ng GheplS BII&iIENsBIALY bfofile is comprised of leakage current
measurements at two or more voltages;

{1) said sample interconnect structure is comprised of spaced lines
having a line spacing;

b} comparing the sample |-V profile with a reference |-V profile at a reference
line spacing {o determine if sample interconnect structure is not
defective,

(1) if the sample |-V profile is similar to the reference 1-V profile, then
leakage currents for the sample interconnect structure are derived
from the |-V profiles at a selected voltage;

¢) calculating the line spacing of the sample interconnect structure using the
sample |-V profile.

. The method of claim 1 which further comprises:

measuring a reference 1-V profile of a reference interconnect structure with a
reference line spacing to obtain a reference I-V profile; said reference
interconnect structure is at least partially in a reference insulation layer;
measuring the line spacing of the reference interconnect.

. The method of claim 1 which further comprises:
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2. The nmethod of claim21 which further conprises:
nmeasuring a reference IN profile of a reference
i nterconnect structure with a reference |line spacing
to obtain a reference 1-V profile; said reference
i nterconnect structure is at |least partially in a
reference insulation |ayer; neasuring the |line
spaci ng of the reference interconnect. 3. The nethod
of claim1l which further conprises: 26 neasuring a
reference IN profile of a reference interconnect
structure with a reference line spacing to obtain a
measafriexgawtﬁenemprle\f/ ipraile ohi defeefrmednisecorinetestomturec with a
structure lS at artla

el agaeree i PPl & Pt e pRSReaa roference

st rmt@tddfnaebﬁstﬂm@ is aticabt partianpinsd aferenes iristifition layer;
nmeasuring the |line spacing of the reference

i nt Salof @ﬂC%W%FCSEﬂMrSWEMeﬂSe%%P&%‘I Of@ cornk shap gction;
m%sgﬁb@'tﬁ‘@ ﬂné"@;’)&ﬁ?g; Hf HhBSEfS ink&eon efct bhe sEgRrergi

e 1s significantly different t he reference
| - Veg@midiid.e, then a process defect eX| sts in the

| e interconnect. strycture whereby the sanple
4. TAT oo BEDAEY e Wit Kf5PSa and sampl &
if thielda@isloNg ehofiie s signifisantijeliftsrehn edatitay ecfaredebelY . préofile, then a
The method of claim 1l which further includes.

medSeFsssglefestepétie Hb@emng%mte@oaﬂe%t strepkire wdereby the sample
' ”W%Fr%’ﬁ%&é Stﬁ%(ﬁéﬂ%tlé’ﬁﬁ) ?ncf 5&6@ Qt‘e?cdrir{é%t §OAEL Y
0 pro

tain a reference I reference
i ntdeterorined hage aulefente is at |east partially in a
reference insul ation | ayer;
5. The method of claim 1 which further includes.
measuring a reference |-V profile of a reference interconnect structure with a
reference line spacing to obtain a reference |-V profile; said reference
interconnect structure is at least partially in a reference insulation layer;
said reference interconnect structure is comprised of a comb shape section;
measuring the line spacing (CD) of the reference interconnect by a SEM or TEM
technique.

6. The method of claim 1 wherein the step of calculating the line spacing of the

sample interconnect structure using the sample |-V profile comprising equation 7
or equation 8.

J. 00146 |V | D, .
In(—) = — ——O—I'zm—lji Equation (7
=0 quation (7)
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said reference interconnect structure is conprised of
a conb shape section; neasuring the |line spacing (CD
of the reference interconnect by a SEM or TEM
technique. 6. The nmethod of claim 1l wherein the step
of calculating the line spacing of the sanple

i nterconnect structure using the sanple I-V profile
conprising equation 7 or equation 8: In(-) = 0.0146 ]
V [(12Qu I~ Equation (7) Jo ci VI Do 27 for

Schott key em ssion nechanism or in(J) _ In(Do ) +
0.0292 WO (Do )V2 1 Equation (8) Jo Dk. [ D] for
for &rkottkpeméssén methanigwcdani sm 28 7. A net hod of
noni toring and neasuring the line spacing of

i nt rconpect 5009 plsgﬁg the steps of : | a)
°phFMﬁ rg?er- )proﬂlleE@ﬂa@OWéBbrence
rcon ku reference |ine spacing

to obtain a reference |I-V profile; said reference
i nterconnect structure is at |east partially in a
reference insulation |layer; (1) said sanple
for FAREBEPOAIBEmBSIoH thétianisin cOMPr | sed of spaced | ines
having a line spacing; (2) said IN profile is
conprised of | eakage current neasurenents at two
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or nore voltages; (3) said reference interconnect
structure is conprised of a conb shape section; b)
nmeasuring the line spacing of the reference

i nterconnect structure by a SEM or TEM techni que; c)
measuring an IN profile of a sanple interconnect
structure to obtain a sanple IN profile; d) conparing
the sanple IN profile with the reference IN profile at
a reference line spacing to determine if the sanple

i nterconnect structure is not defective; (1) if the
sanple IN profile is significantly different than the
reference |- V profile, then a process defect exists

R AP EPRRRSb RSy P, pipoct

pombrikieg thdetepslofakage currents for the sanple
i nterconnect structure are derived fromthe IN
profiles at a selected voltage; 29 e) calculating the

LT ney) shauReg %fre¥é?§n§@w Srdﬁ[& @F & Fé’f@;%heﬁrﬁtékt%hﬁé@c structure
using the sanple IN profil . The nmethod of claim?7

wher ei MIMr@e@ﬁcgﬂlngﬂp@gmgt iOer)t@[ﬁ@ wqfﬁr@ng@éﬁ/ prgfile  said
Lhe SR EIREIEHHIEE usblheh U fodE pRgiel I 5Bl co

|-V pr e co
8: insulation layer

(1) said sample interconnect structure is comprised of spaced lines
having a line spacing;

(2) said [-V profile is comprised of leakage current measurements at two
or more voltages;

(3) said reference interconnect structure is comprised of a comb shape
section,;

b) measuring the line spacing of the reference interconnect structure by a
SEM or TEM technique;

¢) measuring an 1-V profile of a sample interconnect structure to obtain a
sample I-V profile;

d) comparing the sample |-V profile with the reference |-V profile at a
reference line spacing to determine if the sample interconnect structure
is not defective;

(1) if the sample [-V profile is significantly different than the reference |-
V profile, then a process defect exists in the sample interconnect
structure;

(2) If the sample 1-V profile is similar to the reference |-V profile, then
leakage currents for the sampie interconnect structure are derived

from the [-V profiles at a selected voltage;
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|n(J) _0.0146 F V Do )12 1J Equation (7) Jo k; 1Vi
D.OD[(DO or in(J) =1In(Do) + 0.0292 FV, )12
Equatlon (8. Jo D/ D30

e) calculating the line spacing of the sample interconnect structure using the

sample |-V profile.

8. The method of claim 7 wherein the step of calculating the line spacing of the
sample interconnect structure using the sample I-V profile comprising using

equation 7 or equation &:

J 00146 |V | D .
In{—) = —_— (=2 i"zml} Equation (7
(JG) 7 JDO{(D) q (7)

J D 0.0202 [V | .0 . .
cor In(—) = In(=2) + W[J— "’2—1} Equation (8).
(Jo) (D) \/E,,/DO(D) q (8)
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