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Abstract

In this paper we will present first results of et printability study undertaken for the 70nmhieglogy.
Therefor 6% halftone, programmed defect test mdwkt, dcontain dense |/s structures were exposedfateatit
production illumination conditions and the outcomidata were compared to the related defect sizenamk,
AIMS and inspection data. As expected over and usiing of features are the most print and AIM&ical
structures. Dark and clear extensions show on veaf@n AIMS very similar behavior.

Additionally to the determination of the print acdl AIMS values the defect masks were used foretrauation
of a new defect inspection system. The performahtemdetection pixels P125 and P90 as also ofihgpec-
tion modes d2dT and d2dR was investigated on 90min7&nm dense I/s and CH areas respective to the pr
results. Over and under sizing of small dense &iras as also dark and clear defects centeredleaa or dark
structure are challenging for the new inspectiai.tb2dR mode shows a better performance for deastact
hole arrays than d2dT.
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1 I ntroduction Since print critical defects have not only to barete-
terized but also to be detected we describe hese fi

193nm optical lithography is being extended to thesensitivity results for a new mask inspection téair

70nm node and beyond. To realize feature sizes legsogrammed defects in 90nm and 70nm dense I/s and

than half of the exposure wavelength, halftone maskcontact arrays a sensitivity analysis was compé&red

with a variety of illumination settings are beintil-u the wafer prints. The inspection tool evaluation was

ized. As defect printability is very much dependent done for two different detection pixel sizes and tw

the exposure conditions defect printability studies modes.

essential for the production of lithographicallye*d

fect-free” masks. The pattern inspection needs to en )

sure that all critical defects are found. Nowadags 2 Experimental

rial imaging microscopy is widely used inside the

mask shops for dispositioning of defects according The work presented in this paper is based upon two

defect printability criteria. different MoSi-quartz patterns (see Fig. 1 and@&)-c

In this study wafer data of a 70nm dense I/s defedtining different types of defects, for each of ghi

array with programmed defects were collected andifferent defect sizes were programmed. The design

analized. We used for the 70nm array two differentf Fig. 1 is two times realized on the mask, fonm0

illumination settings. The assessment if a defeictpr and 90nm dense I/s. A second pattern die withoat pr

or not was done by wafer CD SEM measurements angrammed defects was placed onto the mask in order

review of the taken SEM pictures. For print criticalto perform die-to-die inspections.

defects the mask defect sizes were calculatedcdtor

lecting the AIMS data the same sigma settings were

used as for print studies.

Through the correlation of the three parametersexvaf

CD, AIMS value and defect size a so-called AIMS

criteria for print critical defects can be defined.



AIMS measurements were performed by using the
exposure tool or very similar conditions. AIMS vesu
were measured using the intensity profile for a lin
D C c orientated perpendicular to the pattern line whbes
A B defect was located. The intensity profiles were -opti
mized to achieve a maximum intensity deviation be-
tween the defective and defect-free areas. AIMS val
ues were determined by measuring the peak intensi-
B D ties of the defective and defect-free area and
calculating the percentile intensity deviation aftlp
D G intensities.

|

The 90 and 70nm dense I/s layouts and the 70nm
dense CH area on the programmed defect test masks

. for d q y (Fig.1 and 2) were used to investigate the mask in-
Fig.1 Layout for dense 90nm and 70nm /s arrayspection tool KLA TeraScan 52x. “Die-to-die” trans-

with programmed defects. Defect types: A: dark eXipitive (d2dT) and reflective (d2dR) algorithm in

tension (DEX), B: dark center (DCE), C: clear eXten-combination each with the detection pixels 90nm and

sion (CEX), D clegr_ center (CCE), G: over S12ING 1 25nm were evaluated referring to the print resilts
(OVER), H: under sizing (UNDER). die-to-die inspections defects were localized byn-co
parison of a defected die with a defect-free die.

The defect sensitivity of the algorithms was deter-
mined by inspecting the programmed defect area of a
certain test mask ten times. Sensitivity analysés w

o D IIIA performed using the exact coordinates of a pro-
© F grammed defect. A matching rage of 10um was used
emnnnnng 1 to ensure that only the programmed defects were con
Rl - sidered.
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F
D EE 3.1  Print Resultsvs. AIMS Values and
E Defect Sizes
A printability study of a dense 70nm |/s array fpa-
sar and disar exposure conditions was performed.
Mask SEM and AIMS images of the defects were
Fig.2 Layout for dense 70nm contact hole arrayanalyzed and correlated to the printed wafer CD SEM
with programmed defects. Defect types: A: dark exgata and images.
tension (DEX), B: dark center (DCE), C: clear exten-presented defect results are related to dark aat cl
sion (CEX), D: clear center (CCE), E: dark cornerextensions and over respectively under sizing dhma
(DCO), F: clear corner (CCO), G: over sizing dense line features. The extensions are the most com
(OVER), H: under sizing (UNDER). mon on mask and over and under sizing have the big-
gest impact on wafer.
The relation between the AIMS value and the defect

Both patterns (Fig.1 and Fig. 2) were printed using'Z€ 1S given for the extensions in Fig. 3 and 4e Th
the optimized scanner conditions to reach the teest WO charts present the AIMS values for defected
sults on wafer. The 70nm dense I/s area was expos€HUctures by using a quasar sigma setting. Veny- si
under disar and quasar sigma settings. CD changt¥ results were received for disar sigma stopper s
caused by the corresponding defects were measuriggs.- The slope of the linear fit in chart 4 isgbliy

out at a wafer CD SEM. Additionally the SEM imagesSteeper as that in Fig. 3. But the observed pgritie-
were reviewed. havior of dark and clear extensions is the same. Ac

tual AIMS values for the smallest printing defeofs

For the 70nm dense I/s array the mask defect sizd@ese two defect types are similar.
were determined by using the “square root area’The observed correlation between AIMS value and

(SRA) method. SRA method measures the square rog€fect size is not very precise. Reason is that the
of an estimated defect area. measuring failure for the defect size as also thé



intensity deviations lying in the range of the dbt® tures. Fig. 5 presents the AIMS intensity deviatidn
value. these defect types versus the defect size for quasa
and disar AIMS settings. The slope of the linearsfit
for quasar settings slightly stronger as for dishis
means the AIMS value of a print critical defectiwit

Critical Defect Size Dark Extension

N
o
o

S140 certain size is for quasar stopper higher thardiser
5120 ol A conditions. Different “print critical” AIMS crited
Z00 —a have to be defined for disar and quasar settings.
g °0 i Slopes for fits within the same AIMS exposure setti
z . ok are very identical.
§ 40 - o ‘ 4 dark extension
o 20 > = — - Linear (dark extension) . .

00 Since the AIMS/wafer CD correlation was very poor

IS
S

w dggctsizlezgnm;sll;g\) w0 w0 ;o the wafer SEM images of the defects were reviewed
and compared to the corresponding AIMS intensity.

. . _Non-printing defects were allocated to the figudg.
Fig.3 AIMS values for dark extension defects re Printing defects got the digit “1”. In Fig. 6 aficthe

ceived with quasar sigma settings were plotted with,. . : S :
respect to defect sizes measured by the SRA metho%'sar AIMS intensity deviation is plotted againket

The chart contain data of “quadratic” and “rectangu- gf_ect printability severity *0 and. L The_ pn_nt
N . : critical AIMS value for both extension types isusit
lar” (long) designed dark extensions.

ated between 9% and 10%. Similar results were re-
ceived for the quasar conditions.

Over and under sizing defects impact the waferltresu
much more than all other defect types (Fig. 8). &ind
Critical Defect Size Clear Extension guasar conditions the lowest print critical AIMSua
was received with ~5,5% for under sizing. In gehera

.
o
o

>
o

Suof - Y - S .
g;o, ; ; O quasar conditions show lower print critical AIMSlva
ERTY) S TR J,,:/in,L,‘,,L,,, ues than disar options and und&ing is more severe
g 50 | . j/“/‘ I than over sizing.
T
Bl A N L _
= / LT i stnen cearextension) 3.2 De_ffect Sensitivity Regarding
a0 o a0 100 120 140 160 180 200 Prlntablllty ReSUltS

defect size (nm; SRA)

Fig.4 AIMS values for clear extension defects re—In this part the performance of the KL.A.mspectlon
tool TeraScan 52x was compared to printing results

ceived with quasar sigma settings were plotted wit . : o .
respect to defect sizes measured by the SRA methohtlihe inspection modes die-to-die reflective (d2dRj an

The chart contained data of “quadratic” and “rectan-tr.a nsmittive (d2dT) each combined with detection
gular” (long) designed clear extensions pixel 125nm (P125) and 90nm (P90) were tested on

' dense 70nm and 90nm node I/s features (Fig. 1 pand
70nm contact hole array (Fig.2).

The inspection tool sensitivity settings for d2dTdan

Critical Defect Size Over and Under Sizing d2dR with P125 were kept at 100%. For P90 sensitiv-
N e 7 ity settings very near 100% were chosen such bt t
- . \’(\ ”””” j;’? ””””” A number of false and nuisance defects was reasonable
4 I e Eetl e Fig. 9, 10 and 11 present the results of the faur i
é 77777777777 ,,\ftjz, 7‘/: - _Ld(?ﬁiéigw) spection combinations (d2dT P125, d2dR P125, d2dT
< = Les dersze QUASAT P90 and d2dR P90) and the print results of the two
2"’: — - Linear (overize DISAR) dense I/s areas and the contact array referrirdifto
S o % 3 ferent defect types (Fig. 1, Fig. 2). The smalleks-*
defect size (nm; SRA) sign” defect size detected with 100% capture raté a

Fig.5 AIMS values for over and under sizing of the _smal!est design prlntlng“ dEf?Ct,, were pl9tted
. . against different defect types. “Design” defecesiz
dense line features were plotted with respect featle . .
. the size of which a defect was layouted and doés no
sizes measured by the SRA method. AIMS data for . o
: : correspond the actual size. On the x axis kind$eef
quasar and disar settings were compared. . .
fect types with their short cut name are shown (see
Fig. 1 and 2). The red curve present the printirggba
Over and under sizing of main features, in our caskne for each defect type. The four inspection mode

dense lines/spaces, are the most print criticaicstr combinations are expressed by 4 different marks.



Print Critical AIMS Value for Dark Extension
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Fig. 6 Dark extensionsAIMS values for print criti-
cal (“1*) and non-critical (“0“) defects at disaxpo- v
sure and AIMS settings; designed width to length re

lation of defects is 1:1 or 1:2 or 1:5.

Print Critical AIMS Value for Clear Extension
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Fig. 7 Clear extensionsAIMS values for print criti-
cal (“1*) and non-critical (“0“) defects at disakmo-
sure and AIMS settings; designed width to length re

lation of defects is 1:1 or 1:2 or 1:5.

Print Critical AIMS Value for Over and Under
Sizing
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Fig.8 Over and under sizingAIMS values for
print critical (“1*) and non-critical (“0“) defectat
disar and quasar exposure and AIMS settings.

A certain defect type was not sufficient detecfetié

red defect print line is plotted at an lower lettedn

the mark of the used inspection combination. Aee th
print line and the detection mark on the same l&wel
defect capturing is still critical, since for pradive
masks sensitivity settings have often to be lowered
and so the full capture rate of the smallest detkct
and printed defect is not given any more.

90nm Dense L/S Array
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Fig. 9 Sensitivity analysis for 90nm dense /s array:
Smallest printing and smallest detected defect cap-
tured by 100% for four inspection modes (P125 d2dT,
P125 d2dR, P90 d2dT and P90 d2dR) is plotted
against different types of defects (Fig 1).
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Fig. 10 Sensitivity analysis for 70nm dense /s array:
Smallest printing and smallest detected defect cap-
tured by 100% for four inspection modes (P125 d2dT,
P125 d2dR, P90 d2dT and P90 d2dR) is plotted
against different types of defects (Fig. 1).

Regarding the 90nm and 70nm dense I/s array none of
the four inspection mode combinations captures all
print critical defects. The new inspection tool fess
sensitivity towards dark (DCE) and clear center
(CCE) defects. A blindness for any size of squaeic d
signed clear center defects could be detected tin bo
dense |/s cases.



70nm Dense Contact Hole Array viations and the litho process variations have amsiv

sigma settings for an AIMS tool can drastically teWi
AIMS intensity values.

The most critical defects with impact on wafer ase a
expected the over and under sizing of structurese H

. I . we saw the smallest print critical AIMS intensitglv
Fig. 11 Sensitivity analysis for 70nm dense contact, .o

hole array (Fig. 2): Smallest printing and smalkiest

tected defect captured by 100% for four inspectior,zor sensitivity testing of the KLA TeraScan 52x the

modes_ (P125 dZdT’. P12.5 d2dR, P90 d2dT and IDgrg)rint results of three array features (70nm andn®0n

d2dR) is plotted against different types of defects dense I/s and 70nm dense contact hole arrays) were
compared with the defect detection capability af th

In contrary to center defects that are relative am ~ tool by using four inspection mode settings (d2dR

masks, over and under sizing of structures, is freP125, d2dT P125, d2dR P90 and d2dR P90).

quently and presents the most critical impact ofewa None of the four tested inspection mode combination

(refer to Fig. 8 and 5). All four inspection vaitats can deal with the whole printing variety of pro-

show a capture risk for over sizing and a leakuior ~ grammed defects on all three arrays. As expec®ed P

der sized structures. shows better sensitivity compared to P125.

The reflective modes show a slight advantage again§12dR shows improved sensitivity for the 70nm dense

the transmittive mode reagarding the under siziag d CH array defects whereas the benefit for the Yerka

tection. is not very strong formed except for better capiyri

In general the sensitivity within dense I/s struetu of undersized structues.

for so-called long defects, which have a width toThe sensitivity leak of the tool towards over sizing

length size relation of 1:5 is less than for squaries. and especially under sizing of structures for thes-

This effect is inverted at the investigated dense co tigated array types is very critical. Also the capt
tact areas. rate for defects within the contact array is lowen

for the dense I/s features.

OVER
UNDER

= 40

; 3 _\\ - P case the same range than the defect impact. Roefut

g - 0 1| e | more statistical measurements are necessary.

sl \ | | ol —eim [} The differences of clear and dark extensions inrthei
;15 =\ - L |- behaviour on wafer and AIMS intensity were negligi-
Egw . : \— - ble. Also the influence of the sigma conditionsthoé

j- Z D exposures on wafer prints was less but a chantfeof

E

DEX-long (1:5)
DEX-square
DCE-long (1:5)
DCE-square
CEX-long (1:5)
CEX-square
CCE-long (1:5)
CCE-square

Overall sensitivity of the tool for different pring

defects in a dense array of small contact holes is

poorer than for dense I/s features (Fig.11, 10@nd O Acknowledgements
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catched clear extensions a risk of no captureis-ex Thanks has to be brought to Annett Helm, from IFX
ing at the used sensitivity settings or at applyingPresden and Melanie Lewik, from IFX Dresden for
slightly desensed adjustments. For clear centexctief mask layout and Martin Verbeek, from IFX Munich
and over respectively under sized structures itccou for AIMS discussions.

spoken of a capture leak.

4 Summary

Using systematic programmed defect arrays the true
impact of defect types and sizes on the wafer @an b
measured and compared to the detection and assess-
ment methods used within the mask shops and wafer
fabs.

The printing results of a programmed 70nm dense |I/s
array were compared with the AIMS data and defect
sizes on masks. The determined correlation between
the three parameters, AIMS value, defect size dbd C
change on wafer was poorer than for former technol-
ogy hodes. Reason was that the intensity deviabbns
the AIMS tool, the inaccuracy at the determinatidén

the defect size on mask, the mask CD uniformity de-



