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M CRCELECTRONI C FEATURE QUALITY 5 BACKGROUND COF THE | NVENTI ON The present
invention relates to the fabrication of sem conductor integrated circuits
(ICs). Mre particularly, the present invention relates to nethods and
‘appar at UgRsoi1f28871t he characteri zati on of mcroel ectroni cedreadomedsziual ity on
ICs. 10 The fabrication of an integrated circuit requires the various
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20 complex interaction of the etching chemistry, the plasma physics, and the etch system design and

maintenance.

The function of semiconductor equipment manufactures is to develop hardware,
processes, and control systems capable of reliably and reproducibly creating the specific set of
conditions required to produce the desired etched feature characteristics. The ability to develop

25 and optimize the etch process and hardware is critically dependent upon the availability of
sensors and instruments capable of measuring these important characteristics. What can not be

measured, can not be optimized or reliably reproduced.

Furthermore, the time delay between when the etch takes place and when the etch

characteristics are measured is of great importance. Measurements that are made while the etch

30 is being performed (e.g., etch rate via endpoint detection) are generally used to provide
immediate process feedback, and thus maintain optimal results. Measurements that are
performed immediately after the etch process, are typically used for fault detection and to

provide “run-to-run” compensation for process drift or hardware aging. Measurements which
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time delays or human interaction and interpretation are generally used for
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I n addition, the nethods shoul'd nof require special test structures on the
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These sensors typically utilize monochromatic laser light reflected from specially designed
periodic, diffraction grating like structures to monitor the characteristics of the features. The

20 requirement for a special test structure on the wafer severely limits and complicates the use of
these instruments for process control and/or real time fault detection. Moreover, different and

specific configurations are required for the measurement of different feature attributes.

In view of the above, what is needed are methods and systems for providing an indication

of wafer quality that are not time consuming, damaging to the wafer, or that require substantial

25 human evaluation and interpretation. In addition, the methods should not require special test
structures on the wafer, and should be economically viable.



SUMMARY CF | NVENTI ON The present invention addresses these needs by
providing a system and nethod for characterizing the quality of

m croel ectronic featurés utilizing broadband white fight. In one 5

enbodi ment, a highly collimated |ight :source illum nates an area of a first
waf er usSwkgonessi spectral |ight. Preferably, t he hi ghl ypazsisooneszd | i ght
source has an angul ar spread of less than 1, and nore preferably, |ess
than -+0.5. The angul ar di SuMMARYOF INVENTBON ght scattered from the first
wafer is then neasured. Generalrly, € anglre of the |ight source, detector,
or both is altered and an angul ar distribution neasurenent taken at each
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circuit structure having monitored feature characteristics is disclosed. The method begins by
illuminating an area of a first wafer using a highly collimated light source, wherein the light
source produces broadband muiti-spectral light. Preferably, the highly collimated light source
has an angular spread of less than +1°, and more preferably, less than +£0.5°. The angular

25 distribution of the light scattered from the first wafer is then measured. Generally, the angle of
the light source, detector, or both is altered and an angular distribution measurement taken at
each angle, producing a scatter signature for the first wafer. The scatter signature of the first
wafer is then compared with a known scatter signature of a second wafer of good quality to
determine the quality of the first wafer. Finally, the wafer is processed through a series of

30 semiconductor processes to form the integrated circuit.

Advantageously, the present invention provides an indication of the wafer quality in a
timely manner. In addition, the present invention does not require substantial human evaluation

and interpretation since the scatter signatures may be readily analyzed on a computer system.
3



3 WD 01/23871 PCT/ US00/ 26942 Finally, since the present invention provides
wafer quality data wi thout the need of conplex equipnent, the cost of the
systemremains relatively low. 4 WO 01/23871 PCTI US00/ 26942 BRI EF

DESCRI PTI ON_CF " THE-DRAW-NCS—The—+nAventt+on—together-w th further advantages

t her eof , rnwgobessts be understood by reference to the fol|lrovmspodesszri ption -

taken in conjunction with the acconpanying drawings in 5 which: Figure |
i's an Fihdllys kihed therprasbmvihvigtion provideswiager qadlity datkavithouthetrided 6ft'édmplex Of

nlcroelectrog %H%S%g¥res usin .b&ﬁgﬁbﬁg&ﬁmhlte light, in accordance with an-

enbodi FEMD & S WeWEP¥ure 2 is a graph of a scatter
signature of light scattered fromthe surface of a wafer, in to accordance
wi t h anot her enbodi nent of the present invention; Figure 3 is a graph of a
scatter signature with related quality bounds, in accordance with vyet

anot her enbodi ment of the present invention; Figure 4 is a graph show ng

the scatter signature of a "white" |ight source and a nonochromatic |ight
source, in accordance with an enbodi nent of the present invention; 15
Figure 5Ais an illustration showing a fixed Iight configuration, in

accordance with one aspect of the present invention; Figure 5B is an
illustration showng a fixed detector configuration, in accordance with
anot her aspect of the present invention; Figure 5Cis an illustration
showi ng a variabl e configuration, in accordance with another 20 aspect of
the present invention; Figure 5Dis an illustration showi ng a

fi xed-variabl e configuration, in accordance with another aspect of the
present invention; Figure 6 is an illustration di agram showi ng system

di agram for characterizing:the quality of nicroelectronic features using
br oadband white |light, in accordance with one enbodi mrent of 25 the present
invention; Figure 7 is an illustration show ng a coaxial configuration, in
accordance with another enbodi ment of the present invention;



5 WO 01/ 23871 PCTI USO0/ 26942 Figure 8 is a flowhart showi ng a nethod for
nonitoring the feature characteristics of etched wafers, in accordance with
an enbodi nent of the present invention; Figure 9 is a flowhart show ng a
met hod for nonitoring the feature characteristics of etched wafers, in
accor danggy pinkgnanot her enbodi nent of the present inventperusdo2bosgure 10 is
a flowchart showing a method for nmonitoring the feature characteristics of
etched wafers, in accppdas | Qgst he present invention;
and Figure i | isaf 0 rmnltorlngthefeature
characteristics of etched waf ers, in accor dance wi th an enbodi nent of the
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g e o N
rri cr ogbfer=neamtoi the foﬂatvmgei;somphmgtakangmmwdnyumﬂi the actympauying drawfirigs én | i ght .
eY |OWI ng description, nunerous specific 5 details are set forth in
order 0 pI’OVI de a thorough understandi ng of the present invention. It wll

be apparent, however, to one skilled in the art, that the present invention
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one enbodi w@ﬁe 2fs 4 fph daQeaRt sxhﬁﬁ(ﬁ@bfﬁ% t sddfBred Yiohlie dfdco of ydafr,an | | ght
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akqui smmcaw&gee%hc&s P@mE%‘lﬂfFlEﬂpr?Sm‘F’feéF%abl y, the light source 12 is
well collimated so as to produce a narrow range of incident angles, as
descri bed img.des E graptuMmeantsigyxatuéEthkelasﬂ,qumhg bowmids, immddnbghhh source
12 |IIuang% gn ar ea él 3. va fer 20 wwth a light beam 22. Preferably,
t he Ilﬁgﬁf‘“ ‘21“8?’1586 &If"ﬁ%}’ frﬁ'gqunght source 12 is spectrally broad. As
descri bed before, conventional scatteronetery neasurenents are generally
per f or ned LFSMQ"’ isonariph showing the ghatter tsgqnmml ofya f“wehite’s lights squrceTand pr esent
i nvent I e, wthin a
range !(')lg& (?u aﬁé%%{tﬁ?%éfgl%‘éogﬁﬁﬁ%%ga}‘m e %Hggﬂ: #’%‘ﬁ%{é e{ril% 20 of the
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Ci rcui hspBatof @& Presenit ventidRl €ssed in the

Figure 5B is an illustration showing a fixed detector configuration, in accordance with
another aspect of the present invention;

Figure 5C is an illustration showing a variable configuration, in accordance with another
20 aspect of the present invention;

Figure 5D is an illustration showing a fixed-variable configuration, in accordance with
another aspect of the present invention;

Figure 6 is an illustration diagram showing system diagram for characterizing the quality
of microelectronic features using broadband white light, in accordance with one embodiment of
25 the present invention;

Figure 7 is an illustration showing a coaxial configuration, in accordance with another
embodiment of the present invention;



scattering profile. Next, the light detector 14 is used to neasure the
intensity of |ight scattered fromthe surface of the wafer 20. In one
enmbodi ment, notors 16 are used to sweep the incident angle 24 25 and
scattering angle 26 about the wafer 20. By noving the light source 12, the
i nci dent 23 g9# between the |ight beam 22 and the surf 3g¢@nRboicoe waf er 20
can be change Simlarly, by noving the light detector 14, the scattering
angl e 26 beryRfs ¢ AoGaldishoWiigd Sbthod ¢6 heftonRgl tHe Ratire! haaeridtibs bire waf er
20 can éhanged The nntprs 18 are controlled by the conputer controlled-
dat a a&f’g‘f’ VedeEninaseerdanse Wih gt embogiment of thg present invEntionyi t i on, the conput er
control |l ed data acquisition and scan angle control 18 is used to analyze
l'i ght int enﬂguye 9lad a flowbhattshowingad methed fdrrmonifoting &e&bﬁmimm@uts by the

| i ght t r 1l4. 7. .This. hegt E‘Epen ?ﬁglac . [ 111 WO 01/23871
PCT/ US 'ﬁgwsrﬁtﬁa grpaner 0 “§EN?§ preferably wel |

col I'i mat ed to ensure the scatterrng angle 26 fromone side of the

i 1 $um nat ed Figuenl®is a Sovechawt shavang § method Sammozitring ¢hesfeatineashanacterstigs of 26
fromt rakly, the highly

col li rrge([?&g&P’? eﬁ%ing%ﬁ%?gpﬁgh%%%ﬁgu rglser%%néhg&ﬁ{oﬁ’lje@s than 1 , and nore
preferably, |less than 0.5. The rays of the 5 |ight beam 22 are preferably
par al | el as Figwes /11 isa/Bowehag shavwieg a method fer menitoping the feature; charaetenigticeef ar ea
21 1N Gl whitrd, bl ddBhrie wAN &8 dmbithith S O plcbéh Wobftont N samre. Simi larly,
the rays of scattered [ight 28 which w | be detected are preferably
parallel as they travel fromthe illum nated area 21 to the |light detector
14 in order to neasure light at a single angle fromeach feature. The
result is a nmeasurenent of the distribution of how each feature interacts
with the light. 10 In addition, the |ight beam produced by |ight source 12
is preferably spectrally broad. As described previously, conventional
scatteronetery neasurenents are generally performed using nonochronmatic
light, typically froma laser. The present invention preferably uses a
spectrally broadband |ight source to ensure the coherence |length of the
incident illumnation is short. In this manner, spatial information on the
waf er, which corresponds to | arge-scale structure (such as 15 details of
the circuit pattern), is suppressed in the scatter signature. Furthernore,
the illumnation area 21 is preferably large in order to render the |ight
intensity neasurenents insensitive to relative die position wthin the
wafer 20. In addition, a l|arge spot size greatly sinplifies the practical
and cost effective integration of the present

e



i nvention as a production tool. Small illum nation areas 21 result in the
scattered |ight becom ng 20 very sensitive to which particular features are
illuminated in a particular illumination area 21. In addition, changes in
the feature sizes are not averaged out. It is desirable to have a

r easonabiv® aizss7ee of spatial averaging on the wafer 20. POT/S00/24942
illumnation area 21 is preferably on the order of the average die size
present on the waf e DEXAILED DESGRIPTION OF THEAINVENTIONes wi t hin t he

illum nation area 21 do not change as the illumnation area 25 21 is noved
over the wafer 20. Preferably, the illum nation area 21 is no I ess than 50%
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Ircurt,

actual c remai ni ng constant throughout the neasuring process. Thus,
the use of _a large iJlum pnation area 21 reduces the accuracy. needed in
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broadband light source, within a rahge of about 200 nm to 900 nm, to make the coherence length

20 of the incident illumination short. In this manner, spatial information on the wafer, which
corresponds to large-scale structures (such as details of the circuit pattern), is suppressed in the
scattering profile.

Next, the light detector 14 is used to measure the intensity of light scattered from the
surface of the wafer 20. In one embodiment, motors 16 are used to sweep the incident angle 24
25 and scattering angle 26 about the wafer 20. By moving the light source 12, the incident angle 24
between the light beam 22 and the surface of the wafer 20 can be changed. Similarly, by moving
the light detector 14, the scattering angle 26 between the scattering light beam 28 and the surface
of the wafer 20 can be changed.

The motors 16 are controlled by the computer controlled data acquisition and scan angle

30 control 18. In addition, the computer controlled data acquisition and scan angle control 18 is

used to analyze light intensity data, which is gathered from the scattering light by the light
detector 14.
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The scatter signature 52 is the anplitude of the scattered light as a
function of the scattering 1s angle. The intensity shown is the log of the
intensity of light scattered fromthe surface of the wafer. Furthernore, a
scattering angle of O is parallel to the surface of the wafer, while a
scatteringanghe,of 90 is normal to the surface of the valcgfusedssofddi tion,
the scatter S|gnature 52 of Figure 2 was created by keeping the incident
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char act @ivestion@s @ protitition tool. Small illumination areas 21 result in the scattered light becoming

20 very sensitive to which partiéular features are illuminated in a particular illumination area 21. In

addition, changes in the feature sizes are not averaged out.

It is desirable to have a reasonable degree of spatial averaging on the wafer 20. Thus, the
illumination area 21 is preferably on the order of the average die size present on the wafer 20. In
this manner, the features w:thm the illumination area 21 do not change as the illumination area

25 21 is moved over the wafer 20. Preferably, the illumination area 21 is no less than 50% of a

repeating unit size on the wafer.

In addition, it is desirable to average in the scribe lines between the dies on the wafer 20,
otherwise the process is sensitive to the exact placement of the illumination area 21. If the
illumination area 21 were required to be placed within a die area without encompassing any

30 scribe lines, the process would be limited for use only with dies of a predetermined size. In such

a process, any smaller die would incorporate scribe lines, and therefore, since the scribe lines are

e ———
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etch quality neasurenment. The use of nonochromatic light results in very
| arge signal oscillations inposed upon the background signal caused by the
features on the wafer. "These 15 signal oscillations make the interpretation
of the scatter data and the determ nation of whether the signature falls
‘Wi thin tRe, bhty bounds very difficult. Therefore, thep@f/pssnsosrnvention
uses broadband incident |ight to suppress the spatial information caused

by |ang ‘%\%ch"mf wBil'c Eﬁ*u;&’%hé fEasudBER TH lx% tg{%\’i'bg hﬁ%o éx‘%ﬁuct mc?age& hat the

-presen ntion gathers nmeasurenents o
Conv erin psingithe present inventioner y uses special test wafers and patterns so as to
sinplify the interpretation of the neasurenent in terns of analytical

di ffracti ofroriecglphish HAE ab&R rmL, a1 by e filllhi@atie 4r84 DB isOftnera®Pblacdd b at ed

circuits renders th| s approach inpractical. In the present invention,

cl assifsl ﬁlwfvlﬁmqtb?rM@cefsthaflblmﬁlemﬂesﬂalwlagwpw%g@ dig. i ti%r at i ng

Oy €I Smaringf H8riBé fifle 14ShEIHACA i ADABAuwleet T Whith 9B reldtiveRiniall por@siomaat of
this invention is the discovery 25 that neasurenments made |n accor dance

wi t h t9veralljseattersignel racerded by the lighbdgtartass Iy additiorn: psing a dargs illumingtion area and
r epr odUClQlIf ibfe fitiol T thepdtARbn 6RO SG@Rer's r%ﬁ{ gﬁ: is BeHR AR foshd portic ofthact i cal

I nportance., Referring next to Figures D, illustrations are presented
showi ngastes sigaal shag afrﬁcwghwmtmawgtqqestﬂt geyghontfhe measyring Progiss-c THYR, i s an

|11 ust atyse brsd) Qe Gihinihheidd ateh B! redﬁ&gftha%wné&% ih "poBfiGRIhE AREE Wi th
one asgect of the present inventjon. The_ fixed [ 30 configuration 100

ithel u gpationgrea Zld@!a&'f tr a digepnheywafer, japd theeedire & ugefzor eliminaics theinegd| | i ght

conf i Ofaf adstt ﬂnajgggeco%ﬂ'i o dySteins SR iMlinSnakiba pbsitiddinged at a constant inci dent
angle 114 t roughou the detection process. e light detector 110 is then

swept thou a series_of cat te |l es 116 to I S,.Sheet
ol noed 1 cung Sext 5 Figtue % & taph 5B PF ¢ Fartp e 17 S5 ush Sbri s Bho. 2
c gpt ur surfabe oS ahferisastiown, qhtacdﬁﬂﬁc«? Ritlﬁ fafidthd| enbolifeentlef de ipeusenit Sn\emf f [1 om
about -.70 t +70 scattere L ght nea ment i.n e for. eac
Soatt o SigpnRf2 i B8 wiabliBle it B scAlreR, I SC A SRIHE af T CEUeting oot or
asnf i ganghd. i me ifteasity ishovat tsahelmgcrﬁ‘ thﬂM"ltChSl‘@ﬂﬂTligﬂf scamneztfromfthd hmfacrr mhe]t
i nventio fixed detector gurat i 102 i
ot oot BRtsh ) SUhemare's SFAeEhg e ok b7 sikailre (ot sufbies iR Meted whR R ot 1 on
102, t Batérirghahgle of 90° is normal to the surface of the wafer. In addition, the scatter signature 52

of Figure 2 was created by keeping the incident angle fixed at about 90° while varying the

scattering angle.

20 Preferably, the scatter signature 52 is first created for a known sample wafer of good
quality. The quality of the known sample wafer should be independently verified by some
independent verification means, such as SEM. Thereafter, the scatter signatures of future wafers
may be compared to the scatter signature 52 of the known sample wafer.

Figure 3 is a graph 60 of a scatter signature 62 with related quality bounds 64, in
25 accordance with another embodiment of the present invention. The bounds 64 may be
statistically established by observing variations in known acceptable wafer samples. The result
is a set of quality bounds 64, above and below, the scatter signature 62 of the known sample
wafer of good quality.

Thereafter, scatter signatures of future wafers may be compared to the scatter signature
30 62 of the known sample wafer. If a future wafer’s scatter signature falls within the quality
bounds 64, there is a good indication that the wafer is of good quality. In addition, using a



detector 110 is fixed at a constant scatter angle 116 throughout the
detection process. The light source 112 is then swept though a series of
i ncident angles 114 to vary the incident angle. Preferably, the |ight
source is swept fromabout 70 to near O (normal to the surface of the

waf er), owpeigsgriered |light nmeasurenent being nade for egefussmesiant angl e’
114. to Figure SCis an illustration showing a variable configuration 104,

in accasmaﬁeh tddurce 1@ e khed iREntldRS nRikeS RN inubt YRR 119 nterphi? &' 1 abl e
conflguratlon 4 i ncl udes a i ght detector 110 and a light Source 112. In

t he vafRy *guration 104, both the light detector 110 and the |ight
source 112 are smept t hough a series of angles, varying both the incident
angl e 114 dighré hés a gruph BOshawigg che kdsfiter Ellgﬁitmee&flay‘wﬂitefthgmhﬁxnte gmn@a)ur ce and

t he detect t frgm.about, 0 .15 nor urfac one
Seat i PBtPoRion S HRR Rt o 08 s HEPHRS oL i hiulel g Souig &2 4 £k |

amot gemoﬁcn:hmdiaﬁe fight mesi::?ist fhe ﬁﬂlphluﬂdﬂ'fof rmasmeﬁ& rlight as mﬂ&ﬁbﬂ ronBéi h

i nci dent _an as, we eac ter, angle .116 t

enbodi TfafiE™ c?ﬂ%le lé{et‘@?egﬂtyl shgwp 1 ?@’32‘& ﬁ"t 9’“ Elggﬂd% Egh&?’ﬂ Yent
angl e ilﬂrﬁc@diﬂtls{e wiise fdddition,a@htiering Sngheb e E8 phaﬂellt@med@mceanaieavﬁM and
scatter_angle 116 may be:varied. 20 Figure 5D is an illustration showng a

fixed- WEA“?%ﬁ?@"&%ﬁ?ﬂlﬁﬁﬁgﬁfﬂ%ﬂ?@@@thPﬁ“"ﬁ?éEBf@&H’é@' wi t h anot her aspect of the
present invention. The fixed-variable configuration 106 includes a |ight
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| nci defehmg@@&@te%i:ﬂﬁﬁ?daf&he&ﬁmhé% and bttont b6 theFesines @lel, yhe dichi depiblpes 25 Idl ght
sour ce,and .t 1 are s Qut -7Q to +7 one. scattere
Coht e vk i EapRtah e ohf e o oraf il iR Al i ke
t he vaeucmhiuelnszmﬁasxgemam ofl'hémée of hm:mclirémaic ligyl eslint inceny tlhgelsi@wlent

angl e 11 nd scat er a l.e 116 |s nst } u IS an
1P st PR o oo S Hheetchet Biht Ramipd 1 360 Feffes Bndbo e | STHRRS ¢ o
ageal it yige osmltanmsl maitertba interpreation mhelscaugr Hntoanlbﬂmalemmmohlog Iwhgthe:n
accordance t Lhe. p ventlon The system

di agra eﬁ’@ﬁa ?ﬂ‘l natgf 8%3@?%?/\“/“%0 l%él%g gFﬁ’ YOI of ¢ he
‘syste nbroacihalnchm(:xdm ﬂlghn tesnpdOSs the spakial mi}ommim ci'xkaed by k!tgm:alcn Glatchson the el |

col li | i ght source 210 attached to a source arm 212, and a |ight
detector 214 attached 11 This Sheet Has Been | ‘Replaced II1I1Il f [I111

It should be bomne in mind that the present invention gathers measurements on actual

20 product wafers. Conventional scatterometery uses .special test wafers and patterns so as to
simplify the interpretation of the measurement.in terms of analytical diffraction models. The
complexity of the patterns on “real” integrated circuits renders this approach impractical. In the

present invention, classical dif&action effects are intentionally suppressed by integrating over a

large area using broadband illumination. A central component of this invention is the discovery

25 that measurements made in accordance with the disclosed method and apparatus are sufficiently

sensitive and reproducible so as to reveal changes in etch characteristics of practical importance.

Referring next to Flgures 5A-5D, illustrations are presented showing various
configurations of the present iﬁvention. Figure 5A is an illustration showing a fixed light
configuration 100, in accordance with one aspect of the present invention. The fixed light

30 configuration 100 includes a light ‘detector 110 and a light source 112. In the fixed light
configuration 100, the light source 112 is fixed at a constant incident angle 114 throughout the
detection process. The hght detector 110 is then swept though a series of scatter angles 116 to
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01 e 11 1l WO 01/23871 PCTIUSO0/ 26942 to a detector arm 216.
Furthernore, both the source arm 212 and the detector arm 216 are novable
about a wafer 220. In USe, the source arm212 is used to nove the |ight
source 210 about the wafer 220. Simlarly, the detector arm 216 is used to
nove t he wodlikasdet ect or 214 about the wafer 220. 5 Advapcameissbias t he
appar atus shown in systemdiagram 200 i s capable of noving the light source
210 abgiprurt R s‘é#tfefeﬂ(l%ht)aati hereradigy, @2&5@{\4}'1& ewgﬁ%w&obb% $ {OPfoedGteCt O
214 at flxed angle to the surface of the wafer 220 an Vi ce versa.
FurtheF‘ﬁBP‘E I‘Q@W%W gmadafor each ssatierameleild6r am 200 i s capabl e of
novi ng both the light source 210 and the |light detector 214 sinultaneously
about the sFigireGB ﬁfantlhﬁsn‘aﬁérﬁﬁho&% a ixed) @étectbr ébnhgéﬁﬁﬁbtpf(fzsﬁi aiBfllafice®” @
vari abl ¢, 10 of f set Thus, the apparatus of Figure_ 6 provides gr eat
togr co b B RRcH AL e Fiehrrtavention: bt Bued fejmior copHTHions faclede . ¢ b

waf er Bgt deaefoenm afd Bdight Eamﬁs gy_r eIn7the Fixe Wbietlor COMHuAHERT 0D rlh@%ght' S
shown, .in ac]iclg gﬁﬁe w th an i ment. of the present invention.

coaxi afletEgieH Gh 2 SeRrstany, Eqaﬁﬂ'e%‘glé 16 &HP“@GH?@% dejection pepeessg The é!shtect or

304, asdee Rpisithéneswept Chough @OdelibdTBE RicideMBangfes 194 ab Aahye thlihdifn and a
notor 15 3 attached@?o t%% r ot at abl el m rrg?:s310 The coaxﬁa t%ﬂﬁe

conf i gtFeieally, the bishtsource ds §veng Stomeabout 29° tornear 8t fotmalrtoithesusface of theof a

waf er  Jhfbr)bohd RatterddtiRhREAulemeiibbfgiide ffrlehd ink 4c€ 302 or the
| i ght det éctor 304. f%ﬁ oper ati on, FI ghte trave sh%lilgmrﬁi Elre | i ght source 302

rough the bea litter 306 to the caqollimtor 308, which collinmtes the
|‘P’ght The B stea& Instyation shayipg 3 yaneble gonfiguratign 4P4naccordange wityr 310,

whi ch an&theak;&cttdfgxleloprgﬂﬁht ﬁnibngdlid ﬁ}m%mme c&iﬂ’gfuéh@ign @{))4 inbRd&a 1t &éém?rThe

rotata m r.t apl e o rotated abgut an axis utillzing

t he m)?i)(f"gle g?‘gﬁ%f% ﬁreﬁ‘r"g‘f M‘eé’m‘?eﬁ“ﬁ%ﬁil 184, bothythe light detecter 110 gnditheng about

an axi $ighttsherceri rzm svaehD thongh!s seliet Of dhigled,GlaryikEbdth tHelindd@aAngRONASAd e
manner, the |light source 302 and the

rf ace f t h t
ﬂjght 3{ ‘Fé?b]ryehﬁ?‘ﬁg%f‘&tltlsﬁ‘ﬁﬁ? gnd; Hie| dstegtor pre sweptfiorasbeuti® gat her

asatteh&ﬁml togth& \SHab@10310° Vote st di@redizhOR eﬂtf&gﬁ%u té,f;@ ngl es.
This i iugem rabfe si nge thg | i ght gg!aurgig %%2 an %%‘Zéea'?;e%:‘ﬁ) have

power p/ip geothez sEbpdinentoonf scaltased Light measurment lsswieéwseaclhmdmmngleu ncrease
the comphswll dhcidicakdtanslé 316 Ml Yer kdd@iér BhBodiBeHt] ot Lodeferel SN BB Ement

is made for each incident angie 114 only. The offset angle 118 between the incident angle 114
and scatter angle 116 may be varied.

20 Figure 5D is an illustration showing a fixed-variable configuration 106, in accordance
with another aspect of the present invention. The fixed-variable configuration 106 includes a
light detector 110, a light source 112, and a beam splitter 115. In the fixed-variable
configuration 106, both the light detector 110 and the light source 112 are swept though a series
of angles, varying both the incident angle 114 and the scatter angle 116. Preferably, both the

25 light source and the detector are swept from about -70° to +70°, one scattered light measurement
being made for each incident angle 116. However, unlike the variable configuration 104, the
offset angle between the incident angle 114 and scatter angle 116 is kept constant at a 0°.

Figure 6 is an illustration diagram showing system diagram 200 for characterizing the

quality of microelectronic features using broadband white light, in accordance with one

30 embodiment of the present invention. The system diagram 200 includes a top view 202 of the
system, a side view 204 of the system, and a front view 206 of the system. The system includes

a well collimated light source 210 attached to a source arm 212, and a light detector 214 attached

° . e
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In addition, the coaxial configuration 300 allows the use of one collimator
308. Both the 1light beam and the scatter signal travel over the sane
optics, using the sane optics twice. First 30 as a beaim fornmer for the
light traveling to the wafer 314, and second as a telescopic optic for the

scatter siwdgingfavel ing fromthe wafer 314 to the |ight gmeigwbedee304. | n
this manner, the two divergences are automatically matched. 12 ~~I WO

01/238%4 P&J&Hﬁ@ﬂﬁ %@6’4 uﬁﬁ&m@ﬁd%&q{h stifcePdrl S1%Carill Jﬂh%.to?hrﬂ{‘ - noi se
ratio and cancel out currénts and ot her noise, 'S pref er abl y-
choppedn%blaaw{*%fﬂaofrequency. The detection is then synchronl zed to
that frequency to make use of the equival ent of a phase-|ocked |oop. Figure

8 is a flowkhide] thekewed @m 202 ised 40 ol the Tiahi §ddide 10t dbButl B wdfef 220.
characterjsilcs 5 of etched wafers, in a corg éggvl\n‘t%p an. enbodi nent of

the pr SUBHE mFe‘?FFWﬁa"Pﬁl s “?ﬁdttpavoveéb% ol the waker 82k at i on
arse per, @;ﬁﬁﬁ&s%@ﬁvﬂtm @smem f&ﬁbﬁdﬁzw epapama oft moviRp Ghe figit
et chi n an etchl the ed an eration_404, wel |
col |1 nidbwge PIghout e itk D while Fooping therflght 4otspir Ak £ Pt

SOU][ Ce a8 blli:g@%ghﬁﬂﬂéee%f; the Ma)fachzet altﬁih%@d&*s@r Fﬁx&@ﬁx&@,@hﬂ apbdritud E}ﬁmﬁﬁe{ "
surf ace. e gl rce i s en use o i €.an . area _on e
sur f ac &YHm diagragy d:or's °@g§ @éﬁ%@&i’%%i{sﬂﬁ?wi%ﬁﬁng%@ Adsrtetidtdce | y
1T um naingtahéRslyabait the urfa6€ of BE Wdiesilzzocaihyr atld gxedneifset adife orvibbaeiable ur f ace
u5| ng Z’Sﬁ‘p rror. 'lJ,h ddition, e li Beam roduced E%%i‘?ﬂ ght source is
pl%f er SfisSt augler Thus. apPatys ohkigurs E"PY' &3t slegree of, 15 fafesuring
scattersmnrghﬁmsme&&faaéefgemfeauw performed using 15 nonochromatic
light, typically from a I aser The present invention preferably uses a

spectral ly a QUL t LENGE, e L t he

I nci dent il %e%‘%%%[ | on s %#cmﬁ%gﬁ?]og:ﬁospgt Par 59 %r?%’a |W§Iﬁ Bn the
waf er, entbpdlknentnfrtlumncsmtsmtenudmr'@mcsvadleoxﬁgumbmmfbméladnsh light souwe 302,s of the
circwt a0 S | re, the.
11 i 1348 car o o BUBPLRREPSbe, B chidt 30, rodlaa a1 hd SELIRE" ©,
mfasur érlﬂlatt@hﬁmwethﬁ;mtatabb mim‘orél(at Theesoakial configurdtion 308 ishised tofgathgpfcatter | n

addi ti gf, | rﬁ@é?&‘r{a@%fa L{eﬁsl resen?:e%ké&%hfo'v@ﬁxea@ﬁaﬁp@?%du?&'soi‘&dﬁo“

effectlve ron o i nvention as uction tool. Small
i |1 umi dightdstectord®k result in the scattered |ight becom ng very sensitive to
particular features illumnated in a particular illumnation area, with the

changes in heaﬁautﬁmaigaeeaven%nbmengh%%ageﬂuﬂﬂgh the beath $#Bdr38P e O have a
' easonajgl l?na?oerg.irog ewl?x]::h ?:glﬁ}nlat%ls tlﬁsvl?grh?.g IT?leg cglhmatgci light then travels to the rotatable
20 mirror 310, which reflects the light to and from the surface of the wafer 314. The rotatable
mirror 310 is capable of being rotated about an axis utilizing the motor 312. Since the rotatable
mirror 310 is capable of rotating about an axis, the mirror 310 is used to direct the light beam
across the surface of the wafer 314. In this manner, the light source 302 and the light detector
304 may remain stationary while still being able to gather scattered light data at varying incident
25 angles and scattering angles. This is desirable since the light source 302 and light detector 304
have power supplies, cooling requirements, and other systems that would increase the

complexity of the system if they are required to be movable.

In addition, the coaxial configuration 300 allows the use of one collimator 308. Both the

light beam and the scatter signal travel over the same optics, using the same optics twice. First

30 as a beam former for the light traveling to the wafer 314, and second as a telescopic optic for the

scatter signal traveling from the wafer 314 to the light detector 304. In this manner, the two
divergénces are automatically matched.
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25 wafer. Thus, the illumnation area is preferably on the order of the
average die size present on the wafer so the distribution of features
within the illum nation area does not change as the illumnation area is
moved over the wafer. In addition, it is desirable to average in the scribe
I'i nes bewwearsgie dies on the wafer, otherw se the procrcBHUS®/26@RSI tive tO
the exact placenent of the illumnation area. If the 30 illumnnation area
wer ebr eﬂw mleﬂdiﬂanm arehmed mguehsigna-tdgels?ma aﬁgtdamﬂ oenaarmaﬁmm@aiany f
scribe,lines, e li to u ies of a
cor t aptetpoiEe, theGehe ih prefakiy SRopped b a periplit afeney ' The et Tl 13 °7,5
1111 smoﬁih&dtoMh&&nmomw&mwa&%e-mmam.a process woul d

incorporate scribe lines in the measurenment, and thus corrupt. the

e ST s s aBE B SRl B SR o S e,

I5S genﬁe’ahé@/wpfemcadmnrdano‘el with adlemboduﬁmi of theepreseiteinveion) dn aofinitible

|IIumnatLon rea is Iac on_a eco Inthl scribe 5
line PRETFHA %el’e?mc °per su"% |Pdc§+?"i°ess S ?sveugé g%ﬁiﬂngportlon of
t he omfalfdrmhatg;mdemhglgahewﬂ‘enrded by the |ight det ector. Using a large
illumnation area results in the ratio of the portion of the scatter

Sanal Ny § i GhpSphbf 40405 W BREANA sohllf oBEAI bt AlRI TNt |5

actual circult, ning constant t e neas process. Thus,
the uselliofated light sparce; dpticatiangle iio Axed ¥ pve@hmwedheglacvoﬂr@ew sudate] n

ROSI t gRiHg, %&k&e de&éH‘ 9éio°i'ilu§i§ &h&lem{h%{%tﬁrﬁcel&ﬂh%va&é} WO Qisak&r - and

therefore reduces or |mnates the need for I mage recognition systens for

i | | uniahexs; &e lmemmmmg direqalytilluminatg theywater |sw§ace,p@r indirestly 4thgninate Itllleg ht

det eCtyrer 4Rt uSink b Hirorscat tered fromthe surface of the wafer.

Preferably, the ITght is well collinated such that the scattered light rays
of the illum nated area par al | el tothe

t I d
Sgg;/te elr 23 &h?@xgqr;:g%:qgﬁ beam produyced by light source is pre?era%ly spectrally broad.

described before, conventional scatterometery measures are generally performed using

15 monochromatic light, typically from a laser. The present invention preferably uses a spectrally

- broadband light source to make the coherence length of the incident illumination short. In this
manner, spatial information on the wafer, which corresponds to large-scale structures (such as
details of the circuit pattern), is suppressed in the scatter signature.

Furthermore, the illumination area is preferably large to render the light intensity

20 measurements insensitive to relative die position within the wafer. In addition, a large spot size

greatly simplifies the practical and cost effective integration of the present invention as a

production tool. Small illumination areas result in the scattered light becoming very sensitive to

particular features illuminated in a particular illumination area, with the changes in feature sizes

not being averaged out. It is desirable to have a reasonable degree of spatial averaging on the

25 wafer. Thus, the illumination area is preferably on the order of the average die size present on

the wafer so the distribution of features within the illumination area does not change as the
illumination area is moved over the wafer.

In addition, it is desirable to average in the scribe lines between the dies on the wafer,
otherwise the process is sensitive to the exact placement of the illumination area. If the
30 illumination area were required to be placed within a die area without encompassing any scribe

lines, then the process would be limited to use only with dies of a certain size. Any smaller die
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15 other side of the illumnated area. As with the light source, the light
detector may detect the scattered light fromthe wafer surface directly,
or indirectly using a mrror. A decision is then nade as to whet her enough
scatter data has been gathered to create a good scatter signature of the
waf er, i Ny ddRsdei on operation 408. |If enough scatter daraThses/seen
gathered to create a good scatter signature of the wafer, the nethod 400
cont Ib N§E Suchl % prakEss2Wowild ahcdioride eagfeal&neerinzmé)mehs‘urmugh?amﬁt éd@fu]?d&iea Eas
not been gathered to creat ood_scatter nature of the wafer, the -
net hod ﬂ&'é's E‘“ Pgep"'ﬁfﬁ@g tqvarﬁgqgig%s BRGSO WEMH®er data has
not been gathered to create good scatter signature of the wafer, the
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arei o1 g 5l aBlBbA AR BIES) s OB Bl ing' 0

siggnat tine isoinchilial inathe measirerhant, sihich ist maalaiarbhrmﬂ pogtiopvefshe pyavail sdattert - 70 to

ot or HSPHRERE Py RS K dkibBor. s &S lnplafoR s O, BEKRG ot °

cor r el poition olﬁdimaxerlsigaaldhatus stiibel éine,do |thmpomgi @f ﬂlasnattemrabthaais agmalect i on

angle. Af .er t he. det ec S % ne | wth
t he gather 5&848@@5%”%3%&3%? Bi°g opera Ton gi gi:‘;ah[ell'%at her ed
scatte rllhdmhamnsnrarmﬂgcze the a¢¢uracyowededrin gasitioning the slbmmpon h@apelem a

Il nvent i n t t f%]i

sF(bnat 0 @ﬁﬁ’a‘gg’ %‘sieaé &gduf%iog:gg"'uarﬁﬁg@ensew tgg r?cﬁgﬁ]{s@na%{;%{rn Sl gnature
may be ilhsmidation pasitieniagipl e of the 14 |i WO 01/ 23871 PCT/ USO0/ 26942 scatter
signature of a known good quality wafer. Preferably, the known good quality

wafer is 'm &de gh&ﬂa‘mg%ger&ﬁ&mm aaﬂg{:f&fec{oe%mxgq@m Sébebred Sronkide Second,

the scatter l(:i;natu used to Ccreate quality bounds tg create an

envel opuragsioff maﬂqasl’ml)qm lighy IWF%F"IQE‘&W &hch t&?‘éh%f‘iﬂ‘%‘gd lightia® ¢t he

scat t ey sbitHatdt Snc'Bié oF theRTRRAE arbPark Braliél 6 the Scafiéredysiravelthg Rorg@ed S
quality waféer to determ ne the qualltygg’f{j the curr nt waf er Prefgﬁably,

th§ s conthsasids of thesillypminated segan, ith the| light, sopee. hedight detegforpay feteat
anal yslsiatﬁiedg&ﬁdﬁ&ﬁda{d&xer\&&ff&eamdﬂ& driimdifeiy &siig a him@nlat ure of the current

wafer is wthin the quality bounds, the current wafer may be considered to

be of d lity.. Finall th I t

f 5r ?he?ogr o] @ | lﬁfﬂefq%@déﬁﬁ reti?ﬁ'na Sléﬁé“sa%eﬁu%hotﬁ% %H‘e%%iagﬁeﬁé? fsur!t Eer
pr oces sgdaq staityr sigiatudélof the wafyr, i@ depisidr dperatinh 08elf emugh scatterdatadus bedne

et chi ng B 0G%3 Sireats a'sabd datth Sietin@E BF She WaRlf hOMlH3E 9 fittief Yith an

20 analyzing operation 410. If enough scatter data has not been gathered to create a good scatter

Ji

signature of the wafer, the method 400 continues with a step operation 412.

If enough scatter data has not been gathered to create good scatter signature of the wafer,
the detector angle is stepped to the next detection angle, in a step operation 412. The light
detector is preferably swept though a series of scatter angles to capture the scattered light data for

25 creating the scatter signature of the wafer. Preferably, the detector is swept from about -70° to
+70°. As described above, the light detector is preferably moved with a motor attached to a
computer control system to provide an accurate correlation between the desired detection angle
and the actual detection angle. After the detector angle is stepped, the method 400 continues
with the gathering operation 406.

30 In an analysis operation 410, the gathered scatter data is analyzed. The scatter data is
used by the present invention to create a scatter signature for the wafer. This scatter signature

can be used for muitiple purposes. First, the scatter signature may be used as an example of the
14



Figure 9 is a flowhart showing a nethod 500 for nonitoring the feature
characteristics of etched wafers, in accordance with another enbodi nent of
the present invention. In an initial operation 502, preprocess operations
are perforned. Preprocess operations i'nclude preparing a is wafer for

et chi ng, wgeaeahi ng the wafer. In a fixed angl e oper atipor/Sesbrésuz! | ght

detector optical angle is fixed. Preferably, detected I|ight is well

col I rr&herds@aaheshaqm&mgsm; ewaféxl OPdeferably; the BoWnl god f Qgergs de of
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det ect@m@mr&&d&&m&% &ﬂx%f'tﬁé)&i&reﬂﬁvﬁfer Tif&efe%w tHiPdoRshatibH s el Ce

optical,k angle begins at a predeterm ned angle with the wafer surface. The

| i ght usigg quality sbqupds, created byt gatistical, analysie of rgogd cmaliy waferss yHy the scater { he
vaf er .siohdnfll TIMSERRnERAUESs wtuh&. thé GiHlitPBtnGE thPhrrért WhfErSRAY de ddnkidiedat € t he

waf er surface, or indirectly illumnate the wafer surface using a mrror.
Pr efer‘&B??fBWﬁS“‘?-‘%%ht is well collinmted such that the scattered |ight rays
traveling from one side of the illumnated area are parallel to the

scath ter edl Fﬁiﬁﬂy,tthalﬁljrs‘i@refsulh omih be geddherasﬁktohﬁ ﬁa:ghertpmeésidgwﬂ tnawaferaa,r-lea hAs
with the light source, t i ght det ect or, etect t scattered |ight
8 orm (916 i5:pheraci 415 ot Rber Biocesiing Fisy incibde, e i ey S Gimaion 9

addi t i cdfrect tHecetdhiirgy Prodess] 6t WEHGEHHE Pdcedy id pepfoiming us dsireds preferably spectrally
broad. As described before, conventional scatteronetery neasures are

1 3un1 11 TP P PR sty Snsaloo B ook T AREE chmmmprerisir

t ypi catfletchéd wadess, incaseordarith avith masthertembodiament oirthppeﬁ@t mivéntions &s arama@ct rall y

br oad r n

11 i g S, pRHScES: dpBrallh it ptoRRRE” BIGocsl BBl el oRipR) .

Whi ch wafer fosgiching andetthingthe wafer.e structures (such as details of the
circuit pattern), is suppressed in the scatter signature. 5 Furthernore,

the illum nghinQes Alghfopess u&!ﬁfdﬁi traede@%ﬂs‘pdca ahgre@seﬁxeahﬁrelfér% d'eﬂEt@&‘s' Ly

nmeasur enent s |nsenS|t|veto relative position wth

addi t i Bght is well, enllimgpted sychy that greeemtsre%msbr irays ctzaveling ﬁ’P@c?‘PQ:allde aﬂfd%ost

ef f et fiumirafeh At dbd RARalR toldiescRERSERYs rriveﬁgg rreﬂteéotﬁer sraeeql&etmeﬂmaeal Smal |
illumnation areas result _in the scattere becom n very sensitive to

whi ch P8t thscdiscussed abavay the light detpqterungyi fietestithe ﬁcastpr&fl light fromcthe wafer syrfaee nat i on
ahea, Hivdelly, ob M€ty uSing a mirror.

Next, in a gathering operation 506, a well collimated light source illuminates the surface
of the wafer and the light detector gathers the scattered light data. The collimated light source
optical angle begins at a predetermined angle with the wafer surface. The light source is then
used to illuminate an area on the surface of the wafer. As discussed above, the light source may

25 directly illuminate the wafer surface, or indirectly illuminate the wafer surface using a mirror.

Preferably, the light is well collimated such that the scattered light rays traveling from
one side of the illuminated area are parallel to the scattered rays traveling from the other side of
the illuminated area. As with the light source, the light detector may detect the scattered light
from the wafer surface directly, or inriirectly using a mirror.

30 In addition, the light beam produced by light source is preferably spectraily broad. As
described before, conventional scatterometery measures are generally performed usmg
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10 feature sizes not being averaged out. It is desirable to have a
reasonabl e degree of spatial averaging on the wafer. Thus, the
illumnation area is preferably on the order of the average die size
present on the wafer so the distribution of features within the

I 11 um nat iyeposasga does not change as the illum nation armsrsso/zeyed over
the wafer. In addition, it is desirable to average in the scribe |ines

bet weenndrddchrékh e mt,&mcmfm a laddr. qmbwenﬁehﬁowreeﬁs@ usés & §esirdliyve to
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certain, si.ze. Any S r.die ch a pr.ocess woul d i ncorporate scribe

li nes A‘?‘#‘ﬁ%ﬂh‘bﬂé‘ﬂ-}’ ?F » i SURPp SPASt SigHlire.easur ement . Thus, the

scribe lines are preferably averaged I n using the present invention. 20 To
acconpl i sh Fhtlermabotite ilknidination tarea is| preferabiyt ilage mamdéxsﬂgehgmarhteysxgl aced on

a first_die |Ie eot r portion a | 1.l u tion reals | aced on
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port | orwhiéh pdmcxﬂma‘eam'es anegiiazhxmiadun itheat pattiowihr m'ﬁnmanmunnea,rmﬂabhﬂngg monst ant
B 010 Rl s BECSUA MlcR 558 1 ik WhSapld ' MRS a0feadbrdel SEred bt WAL T OO

area reduces € acc i oni'ng area
rel ati \mexlagmglon theavafer. Thuas, Mflmnmnatmi ardads preferably avthe eslemf thé a\magaﬂxes t he

need f qy [ [ N

deci si osrlrzel ?ﬁeoﬁe&ng%asg%éﬁ&? rnogn%uruﬁé sca taﬁe%ﬂca'm&ﬁ apegeen gat her ed
to creadhmgas@ilgmmmnaxeh@rmsvegnwlﬂmwzf&rthe wafer, in a decision
operation 508. |If enough scatter data has been gathered to create a good
scatter si ghbdiionOit ié BEIYEIE % aveldpe 1%@%5%5%@%&@%%1&@ dnth@Wafed6 O
01/ 23871 PGTI/ USOO/26942 anal yzi ng operation 510. Lf enough scatter data
has notothfEwise e PROFEE 18 @e!er*eratte the g¥ast placement (of the dlipmipationArea ndf Wgf er . t he

met hod {ifinGGnl drédUiete %qﬁﬁe@to%%c%tﬁh'a%e Bre2 withbut @roMPRassiizany eérivéat a has
not been gathered to create a scatter signature of the waf er t he

i || umi rinehdhenithrcpracsst wayld be hrr%te% EOe‘rfﬁeawBtthe of @,certain gizeie ARy sRfleadie n o
step OpPRrsaki @processOwduld THcrpdrate lscritfRUlineS ih Shd hrthitahithl) abdaRIs étRPOthed Series

of incident angles with a scattered |ight nmeasurenent nmade at,k each incident
angl e tBeasyrgment- This, he seribs lines apeprefgrablyveraaed ipysing the pregsnt pyeption. ¢ he | j ght

source is swept fromabout 70 to near O (normal to the surface of the
wad er). As Tﬁesmﬂpﬂlddttmmt hilhef the Jininimation aea issgeperellyepiadedyonranfirstdioy t h a

motor af ltu?(;tpe &her po jort o lFuEnination area is placed on a second die. In this manner a scribe

line is included in the measurement, which is a relatively small portion of the overall scatter
signal recorded by the light detector. Using a large illumination area 1 results in the ratio of the
portion of the scatter signal that is scribe line to the portion of the scatter signal that is actual
25 circuit remaining constant throughout the measuring process. Thus, the use of a large
illumination area reduces the accuracy needed in positioning the illumination area relative to a
die on the wafer, and therefore reduces or eliminates the need for image recognition systems for

illumination positioning.

A decision is then made as to whether enough scatter data has been gathered to create a
30 good scatter signature of the wafer, in a decision operation 508. If enough scatter data has been
gathered to create a good scatter signature of the wafer, the method 500 continues with an
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control systemto provide an accurate correl ation between the desired
i1lumnation angle and the 10 actual illum nation angle. After the
illumnation angle is stepped, the nethod 500 continues with another

gat hering operation 506. In an anal ysi's operation: 510, the gathered scatter
data is @%Miﬁﬂ- The scatter data is used by the presaigrnsoygediss on to
create a scatter signature for the wafer. This scatter signature can be

used id%fyzﬁ'é'ok&ﬁﬂi&x%%%ﬁ&zgh%&tﬁidat&hﬁ‘s i Ve brf Batfidr 8 & dbfle FRYodRaktged as an
-exanpl e "of "'the 15 scatter signature of a known good quality wafer.
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CUrr efe 1yt Sdurd¥HY sWeptRINS aBilt 70° td Aeab0° GlonBRIOG the Slkrkdd of Henadfery., Ashe

anal ysis result may be used to assist in further processing of the wafer or
di es, deseribadeabays. dhe Light soyresis prsferlly movisd owth A gnoter attaghed @c2 GITPIEr: he

qual i tyntéol bydtelPtb pRIvideOan adBuret@ 'ch@liticnbRtvbs fet@siRidAf@fAMatidd anyRahd the! hat the
process I s performng as desired. Figure 10 is a flowhart show ng a net hod

K00 f @stughiliymination gngle cAfterthe Hismingtion@nsis is stepred, the method {0Qcaptinuss vith;
accormgmmgwﬁ&psbgjent of the present invention. In an initial
02

operation , preprocess operation are perforned. Preprocess operations
I nclude pregparing .a wafer_for. etching, and etchin he, waf er. .1 n, addi tion,
initial pr @Pﬁﬁ’ﬁé’ﬁ“ﬁ Yol g@ élfeeg"‘g}?fer&fgsfﬁt%é%% i%, raLy4eet S.Be F‘fagffﬁd%ﬁr ce and a
| i ght -usedictiyethé presenf\invemtiohilte Tedteadurter sighatutel o the auférc eThivdatier gighatuet ect or
may directly. i.llumnate and gather data.fromthe wafer surface, .qr do so
" ¢ gg b for IS SRS, BRI bRl B R T B eR ot fegine beam
pr oducesttebysigianre bf g khovero goaiequalitypwafére rRrbesablp et inaivh \gobd quedity waferlizscr i bed
before, . conventio scal,tefaonet ery e res._ar eneral | erfornmed using
ronoc HAGRRERTD eRB by FPe Py it & Sl Becbpd e R s s,
pr ef eruaddl tp areats qualigpbamdald preite @aadbeelgpel witiéhi bowsds gosi qualityawafei foatteroher ence
| ength. of the. ncident .jllum nation,short. hi s nner,. spatial, 5
i nf or PSR~ on eg\ﬁ/aff%dre,r T e R P%S?{S?f&%d {‘]’o&‘f’aff r Slengtire rauﬁ‘fo&r es (such
as detquality wafer toxeterminedie guatiat dfabequrentovaferp [Rreferably, this cotmparison st reade
2 gnatugirng'quality bounds created by statistical analysis of good quality wafers. If the scatter

signature of the current wafer is within the quality bounds, the current wafer may be considered

to be of good quality.

Finally, the analysis result may be used to assist in further processing of the wafer or
dies, in operation 514, This further processing may include using the quality information to
25 correct the etching process, or verify that the process is performing as desired.

Figure 10 is a flowchart showing a method 600 for monitoring the feature characteristics
of etched wafers, in accordance with an embodiment of the present invention. In an initial
operation 602, preprocess operation are performed. Preprocess operations include preparing a
wafer for etching, and etching the wafer. In addition, initial predetermined angles are set for a

30 collimated light source and a light: detector. As discussed above, the light source and light
detector may directly illuminate and gather data from the wafer surface, or do so indirectly using
a mirror.
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Furthernore, the illumnation area is preferably large to render the |ight
i ntensity neasurenents insensitive to relative die position within the
wafer. In addition, a |large spot size greatly sinplifies the practical and
cost effective integration of the present invention as a 10 production
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woul d i ncorporate scribe lines in the pepasurenent d thys corrupt the
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si g na: atising én he Walef THulthe lRwdififioR Bi is(;iiler:]fen‘abltyhﬁ tiscatiérax tiwiagerage dibat |T s
actual _circuit, remajning cgnstant roughout. the..measurin CESS. us,
e us eizb et ah b WY b ALERIAER of SaDiTd wite v wRuRd S BdGRTT TS
PESi t | QRinge ad theiliutinaffbared BMmovedover dleatafire to a die on the wafer, and
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11 umi nat oo RREPEC Iy S to ficgh Bl F il 1BRELARLATP Aty oh R WARY SDuTCE
gat her otHeiwjis¢ tiecprotess éxdsdnsitive thdhe braghplacement of dhe illominatipnorep. Kpie 18 This
Sheet lgﬁ‘usmiﬁaetﬁ)rﬁ 8 \nlre%cx%q“éd't& be Elaged Yidlih a die dréalwitout bidompadsing any scribe
lines, then the process would be limited to use only with dies of a certain size. Any smaller die
20 in such a process would incorporate scribe lines in the measurement, and thus corrupt the

measurement. Thus, the scribe '_lines are preferably averaged in using the present invention.

To accomplish this, aﬁout half of the illumination area is generally placed on a first die,
while the other poriton of the illumination area is placed on a second die. In this manner a scribe
line is included in the measurement, which is a relatively smail portion of the overall scatter

25 signal recorded by the light dqt_éctor. Using a large illumination area results in the ratio of the
portion of the scatter signal thé,t is scribe line, to the portion of the scatter signal that is actual
circuit, remaining constant throughout the measuring process. Thus, the use of a lérge
illumination area reduces the accuracy needed in positioning the illumination area relative to a
die on the wafer, and therefore reduces or eliminates the need for image recognition systems for

30 illumination positioning.

In a gathering operation 604, the light source illuminates an area on the surface of the
wafer and the light detector gathers light scattered from the illuminated area. Preferably, the
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WD 01123871 PCTI USOQ.26942 1light is well collimted such that the
scattered light rays tra' J ing fromone side of the illumnated area are
parallel to the scattered rays traveling fromthe other side of the
illumnated area. A decision is then made as to whether enough scatter
‘data hasyhffiRs@ft hered to create a 5 good scatter signatowesentesshe wafer,
I n a decision operation 606. |If enough scatter data has been gathered to
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the desired.detect, on.angle and the.actua tectjaon Le. .After.the
det ect%ﬁcnebﬁ‘fllgas%ver i“"s{‘]%‘gﬁgﬁt,“ thire oB’°§ff{)w& rft Wtoésmgﬁq’t%%%%ﬁo" Pt%at heri ng
aper at controlcsystem2S piomide ian acvataysscasretation hetween t66€ 8esired dlugundtion enplsaslther dat a
i's anal ¥é?l[ﬁ Thaﬁgr?c Jer data is wused by the present invention to create a
scatter signatu ‘the wafer. This scatter signature can be used for

mul ti pl e purposes. First, the scatter signature may be used as an exanple
of the sca¥exbrin gistgpdetester aperation AE2theytstegtor argle isysteppddcto thepext dategipy  t he

suoh oS Pl UlbBiobls drétrab §ISREEBR Y sttt of oEfpPndliOb MmN 1%
boundsseetiered Behtdlatanfor arpatingtbe eattensieatre of hsoUalgr aPrefopablifthe defectartier
Spgnat M@? g?ﬂi%sﬂ’.ado*}s +562 11 oS bt HARTe befveBRthe HEnt QURE afid tHe Qight HotetfoRt L €F

S| gnat ur a goo
may be varied to create the wafer scatter signature. As with the light source, the light detector is

preferably moved with a motor attached to a computer control system to provide an accurate
correlation between the desired detection angle and the actual detection angle. After the detector
angle is stepped, the method 600 continues with another gathering operation 604.

25 In an analysis operation 608, the gathered scatter data is analyzed. The scatter data is
used by the present invention to create a scatter signature for the wafer. This scatter signature
can be used for multiple purposes. First, the scatter signature may be used as an example of the
scatter signature of a known good quality wafer. Preferably, the known good quality wafer is
independently verified by another technique, such as SEM. Second, the scatter signature may be

30 used to create quality bounds to create an envelope which bounds good quality wafer scatter
signatures. Third, the scatter signature may be compared to the scatter signature of a good
quality wafer to determine the quality of the current wafer. Preferably, this comparison is made
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quality wafer to determne the quality of the current wafer. Preferably,
this conparison is made 19 WD 01/23871 PCT/ US00/ 26942 using quality
bounds created by statistical analysis of good quality wafers. If the
scatter signature of the current wafer is within the quality bounds, the
current Webheindgsy be considered to be of good quality. PCTrESdos26942 he
analysis result may be used to assist in further processing of the wafer or

5 d: © Ssinf; YuaR§' tiuh@ crédéd b'yrmttﬁlsﬁéh?] Tahﬂ&&ﬁlbﬂ(geﬁﬁhﬁ@tﬁmferﬂdmm? saiterg t he
quality Tnformation to correct the etchin ce Qr_veri process’
el B A g i 1s e el Soand BRAHEFE oA Y e s Mt 700 1 or
noNi t Q4 bk god& qhlidy.Ur € characteristics of etched wafers, in accordance

wi th an enbodi rrent of the present invention. In an initial operation 702,

pr eprocess_0 ion.are perfor dhhs reparing
a 10 waferFf“gﬁ gb%ﬁ?%‘s '5%2‘ @?%Eeﬁﬁe swqfc"grm“% E{o esrrrg i ni |ar}o

01 edet@a&smmqstrmglﬁe&l Shisefartherr pracessing hlayrmMelusggtthes qnd@elréfmmlamﬂ tOght
detector. Prefera the c I mated. | i 0 nd light detector are
set atOTeqtihe éciﬂﬁfpsé ssa?fg‘fegg?*‘?)m"ggéﬁpeﬁh%?ﬁg% ition, the offset angle
Is preferably set at 01 in order to use the sarre optics for both the Iight
sour ce and Figugght 1 :aettbmm showingi asmethed 700 fahmouitoring the| fegiure chpqtenistiing | i ght

det €0t erdHY yhiie th alcdrdahtk it 'l AfHbaRAdal BF nQaQFﬁseﬁtrﬂ%Bﬁ V¥R o Minitidi>

sur f ack G rectly using mrror ht beam produced by
i ght cpematiome70% ppspedcessanpbrpngpmmestbmedb rmcemom@gm ipelyde prepying 2

nveng,
18 hocrrasipr efify, o SEThEINe oHRa° Hfferiiofs, RAPR PeteRiie gl WD
pr ef er@ﬂin}attdsbﬂltaoupeemg allight Mbawﬂmhlng ithe coflimated light senree apg diskloner ence
| enOt Myealycl B2 bt R ofiel 4421 YRIch BRNDMRE. L n sl STRBNIBle i prdfetably 20

i nf or net1on: on ch corresponds to Iarg‘ scal e structures (such
t

as detsat #t9° ixi ondérgo uss the me qms for hyth theslight paurce sud light deteptar- dsdiseussed
si gnat %ﬁf’ | netLi e%ttl;p&[u%raﬁd héﬁl}%eiektk Bﬁécﬂg ilfnfifed &d&raﬁrfeﬁﬁ&bhxm@ef Wited 0 render

the |i renen nsen Itiveto ative die position
Wb t hi nsurfaee, weslceqomdxncwmacmma | arge spot size greatly sinplifies the
practical: and cost effective integration of the present invention as a 25.

product i on jaRAight B prothided Bl Nighi mrle@&f&aﬂybﬁewmytma&cawmnw i ght
becom ng very sensrtlve to which particul a g&%ure&:s are |IIumr@ted in
t hat phelerp cEH"é(P“WFﬂﬁ??‘FF&?WW&P@é‘“WhgeEﬂ&ﬁb fUSUE JPOROERIYmANG, o yoi ng

aver agfght Qyically! frin® 2 B8 "THe|pPeskif? iR SorPpreRABHNRH espda@m@&mﬂbmndightal
averaging on the wafer. Thus t‘he i1 ].um pation bb‘hfr ef era a¥%Ion t he
or der %omrcerie make fhe soberpnce length.of the ngident § “’F‘ﬂ%""%éi‘ SR £¥3 But i on of
fagat ur @foriiafidti Hn tHaewatkd, whidhadonespoadsLR EipeScdMbtructures (such as details of the

circuit pattern), is suppressed in the scatter signature.

Furthermore, the illumination area is preferably large to render the light intensity

measurements insensitive to relative die position within the wafer. In addition, a large spot size

greatly simplifies the practical: and cost effective integration of the present invention as a

25 production tool. Small illumination areas result in the scattered light becoming very sensitive to
which particular features are ifluminated in that particular illumination area, with changes in

feature sizes not being averaged out. It is desirable to have a reasonable degree of spatial
averaging on the wafer. Thus,;it_he illumination area is preferably on the order of the average die

size present on the wafer so thr: distribution of features within the illumination area does not

30 change as the illumination area is moved over the wafer.

In addition, it is desirabl_é to average in the scribe lines between the dies on the wafer,

otherwise the process is sensitive to the exact placement of the illumination area. If the
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30 change as the illumnation area is moved over the wafer. In addition, it
is desirable to average in the scribe |'ines.between the dies on the wafer,
ot herwi se the process is sensitive to the exact placenment of the

illumnation area. If the 20 This Sheet Has 1 Bee II! | n Replaced 1111
1t lTiwooisadskd 111 1l ~:a .. SWYAH RS}...i R :.P PCA/US00/26942
"JIUT Mo 30~ 1., WD 01/ 23871 PCT/USOO 26942 il lum nation area were

r equi illathitation bea plerecrequivadttoibe place witkin aalievares withéilt eaconpassisgsanygedbey scri be

1ines, then he proces wld be lLinited.to use gnly wit i f..a certain
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are pr I r ' si.n .| [ .acconplish
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die, while the other portion of the illumnnation area is placed on a
gecond di eTo pecomplish thisnshont kalfsefithe)dlumination jarea iig\generaliy plaged orva fistidier ement |
whi ch r ' fubir Lan. ieS Gl | Algge 1 ecorded
by thgl fg}?t‘ﬂcfiei%{g\cé?%#tﬁﬁl ng g& %@ggﬁl%%‘ggi&:ﬁ@l&gﬁ ea resu ?‘Js |nethe ratio
of t hdine jroincluded inf the measirement rwhithy isad reldtivelyi smallportion of the overall s¢atepor t i on

¢ the . ) . | B o
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ar ea perignof thetreatter signaldhat ieenibe ling todkd partien phthe eatter sigmal that iscastual ea

i atickuit, Oreﬁxainﬂfgecd?&aﬁth &l th@’}ﬂ%JrsE%IE%e}:R{cé‘ss! CHHEE O usé dfd WheS the

need for Irmage ré&cognition systens um nation positioning. 1n a

gat herillyminatinarasea rgdnceg the ac¢nracyingededdn pesitioning theiiliumination-ateavelative toea sur f ace
of { NedGH GE wai?, A hedifrelrl ififilaflls bk GBE bR irhibs Yecofitioh SYsdns O™ t he
iIIum'_rllat_e .5"?12%__ I?(rale eralg+y?‘Lstcﬂ%‘l'%lﬁ{g?ﬁ;tE I's we‘?l1 col 1} mat eg such that the
scat t dleraingtiopposiigRing.t r avel i ng from one side of the illuninated area are
parallel to the scattered rays traveling fromthe other side of the

ihl I ugi nat egq agaﬁaéinéosasﬁ&i 700, thé gt SSurb@iliemastes end\hred e surtieoufihie waRs t er data
as bee ered to create a

15 ang d?ealtignt detector gathers ltlg'lt scattered from the illuminated area. Preferably, the light is

well collimated such that the scattered light rays traveling from one side of the illuminated area

are parallel to the scattered rays traveling from the other side of the illuminated area.

A decision is then made as to whether enough scatter data has been gathered to create a

good scatter signature of the wafer, in a decision operation 706. If enough scatter data has been

20 gathered to create a good scatter signature of the wafer, the method 700 continues with an

analyzing operation 708. If enough scatter data has not been gathered to create a good scatter
signature of the wafer, the method 700 continues with a step source operation 710.

If enough scatter data has not been gathered to create a good scatter signature of the

wafer, the illumination incident angie and the detection angle are stepped to the next angle, in a

25 step source operation 710. It should be bome in mind that the offset angle between the light
source and the light detector remains constant in method 700.

Moreover, the light source and light detector are preferably swept though a series of
angles with a scattered light measurement made at each incident angle to create the scatter
signature of the wafer. Preferably, the light source and light detector are swept from about -70°

30 to +70°. As described above, the light source and light detector are preferably moved with

motors attached to a computer control system to provide an accurate correlation between the
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good scatter signature of the wafer, in a decision operation 706. |If enough
scatter data has been 20 gathered to create a good scatter signature of
the wafer, the nethod 700 continues with an anal yzi ng operation 708. If

enough scatter data has not been gathered to create a go [
si gnat ur e W@ O¥B87lwaf er, the net hod 700 continues with a 3"*&2‘@%‘?&’
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t he detmp@meWﬁWOQoﬁmmammmhemMngoMM7Mn a 25 step source '
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known ggggﬂﬁéj%hlqt‘ fer is independently verified by another technique,
such as ecC the scatter signature may be wused to create quality
bounds to create an envel ope, which bounds go ual it tter
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the following appended claims be interpreted as including all such alterations, permutations, and

equivalents as fall within the true spirit and scope of the present invention.
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enbodi nents, there are nmany alterations, pernutations, and equival ents
which may fall within the scope of this invention. It should al so be noted
that there are many alternative ways of 20 inplenenting the nethods and
apparatuses of the present invention. It is therefore intended that the
fol | owi ng wppessd cl ains be interpreted as including alBCTAH8M26842t er at i ons,
permutations, and equivalents as fall within the true spirit and scope of
t he pres'é’hmsmm%n 22 WD 01/23871 PCT/ 11S00126942 What is clainmed is:
CLAIMS 5 1. A nethod for rmnitorlzg feature characteristics of etched

waf ers, conprising the operations | lum nating an area of a first

wafer utilizing a highly coIIimated Ilght source, wherein the [light source
i's broadband .nmulti-specgtral ur an angul ar, di stri butjon of
D Rt e A e o onttofl feuivs CRAiE et tcA G SRIRL bt SOPRANE BF grat ur o

of the fépgemdtiowafier with a known scatter signature of a second wafer. 2. A
nmethod as recited in claiml, wherein the |ight source is broadband |ight

within a rapgge.of . "Eﬂ!ﬂ claim1l,
wherein a di arret er g?'%}% g%qﬂ@rﬁa%é?e%ﬂg elggl}lgc%n&gl@gsgg&tgha tg}eof a

r epeat i nlightpaurce d breadbsndimailtiwperet light, A nethod as recited in claim 1,
wherein the light source is at a fixed angle in the range of about 00
normal to theneasikihgarariglar distributioMofight wastteded fFdde the Gfit wafeChid M 4, wherein a
measur enent of scattering intensity Is gat hered at rrulti pI e angles in the

ranﬁe of abo%kmg&&?%gcaﬁzpm%ég{eh m wﬁﬁa ?é Jpajse erein

the light sourc um nat rommJtlpe es in e range

of about wafer.o +70. 7. A method as reC|ted in claimé, vvherel n a rreasurerrent
of scattering intensity is gathered at a fixed angle in the range of about
0 normal to t2he S Amhelifod a8 Reditoin cBim B wheielinite Aght s@edetitoadbarell lizhtWwithin Wher ei n
a measuremené §rz‘&)tmer| Intensity is 25 gathered at multiple angles in
t he ranga b0l o'ﬂ’t ‘98 9. Anethod as recited in claim6, wherein a
measur enent of scattering intensity is gathered at a variable angle having

a fixed of fset frériethd asirepited inplaiad, whereia a diameter of the illuminated area is no

15 less than 50% of a repeating unit size on the wafer.

4, A method as recited in claim 1, wherein the light source is at a fixed angle in the
range of about 0° normal to the surface to 70°.

5. A method as recited in claim 4, wherein 2 measurement of scattering intensity is

gathered at multiple angles in the range of about -70° to +70°.

20 6. A method as recited in claim 1, wherein the light source illuminates the wafer

from multiple angles in the range of about 0° to +70°.

7. A method as recited in claim 6, wherein a measurement of scattering intensity is

gathered at a fixed angle in the range of about 0° normal to the surface and 70°.

8. A method as recited in claim 6, wherein a measurement of scattering intensity is
25 gathered at multiple angles in the range of about -70° to +70°.

9. A method as recited in claim 6, wherein a measurement of scattering intensity is
gathered at a variable angle having a fixed offset from the light source angle.

10. A method as recited in claim 9, wherein the fixed offset is 0°.
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10. A method as recited in claim9, wherein the fixed offset is 0. 23
This Sheet Has Been- -- | I~ 111" Replaced !~ ~~[1"1IL1I~l LIl ~ . . 1l
L, e 11 W 01123871 PCT/ US00/ 26942 sing: 11. An apparatus for
nmonitoring feature characteristics of etched wafers, conpri a broadband
col | i mat ewolowg3srt source suitable for illumnating a surfBEHUSMR26%42; [ ¢

wafer wth a light beam a |light detector suitable for sensing |ight
scattered filom Anapparstushionmonitpring feature cheractegistiqsiof gichedwafgs. spmpriging: o
conputer for conparing a scatter signature of the first wafer wwth a known"

scatter sigpdidshil &liated GRRhourE SuitableFor Alniliktiag At suffaceSofraCfisst @afer N Cl ai M
11, further. conprising a notor for controlling an incident angle at which

the li 2 MMt er sects the surface of the wafer. 10 13. An apparatus as
recited in claim1l, further conprising a notor for controlling a
scattering light detextor wiitable forwendinglight ssandredfrem the itinminated surfagerofthe ot sur f ace
of the fer.is sensed. 14. An apparatus as recited in claim12, further
cBnpr i ¥ ﬁaﬁdcont rol system capable of controlling and nonitoring the

angul ar orientation of the incident angle. 15. An apparatus as recited in
clai m 14 f s témputer dorpednaparing @ scatter signatysesofothe dags wafer withs admown seatlsr | i ng and

nodul a&ib%’uég?aéel:%rwﬁ&urce' 16. An apparatus as recited in claim15
further=conprising a control system capable of converting and storing a

signal fromthe light detector. 17. A method for, makin fan i nt egrat ed
circuit strifeturs BpparamEgaswssiteddn elging bla figther compprisingadpqten fpr.con #sing: 20

i1 um GRideROngle atiféh AE lightibedr intdete® the utthdeZdf it varérl ghl y col | i mated |i ght
source, wherelrn the :

10 13.  An apparatus as recited in claim 11, further comprising a motor for controlling a

scattering angle at which the light scattered from the illuminated surface of the wafer is sensed.

14.  An apparatus as recited in claim 12, further comprising a control system capable

of controlling and monitoring the angular orientation of the incident angle.

15.  An apparatus as recited in claim 14 further comprising a control system capable
15 of controlling and modulating the light source.

16.  An apparatus as recited in claim 15 further comprising a control system capable
of converting and storing a signal from the light detector.

17. A method for making an integrated circuit structure having monitored feature
characteristics, comprising:

20 illuminating an area of a first wafer utilizing a highly collimated light source, wherein the
light source is capable of producing broadband multi-spectral light;

measuring an angular distribution of light scattered from the first wafer; and

comparing a scatter signature of the first wafer with a known scatter signature of a second

wafer.

25 processing the wafer through’ a series of semiconductor processes to form an integrated

circuit.
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| i ght source is capable of producing broadband nmulti-spectral |ight;
measuring an angular. distribution of light scattered fromthe first wafer;
and conparing a scatter signature of the first wafer with a known scatter
signature of a second wafer. 25 processing the wafer through a series of
sem condW® 8¥23gHocesses to forman integrated circuit. BEIUSHREME Has Been
Replaced 24 1 (1t et "rrr rerer 11 *CcL M™Ms HEE Lrrrrrrrrrrnd
LELEE LT B WOAGettRE 8% techaTinidtioy Do 9hereintle light seuremid bospdband lightawitln ¢l ai m

17, wWhgs 'Qe'égggmg;ggmurce is broadband Iight with the range of 200nmto

900nm  19. S recited in claim17, wherein a dianmeter of the
illumnated area is no |ess than 50% of a repeating unit size on the

wafer. 5 209- A frerqthnd aggecited in e 1y, Mhsreim adiametprfdhe,illuminated e i$BUr ce i s

at a flesehn30Y oF airépehtitt unitaRddn e vigt@it O normal to the surface and 701. to
Thi s Sheet Has Been Replaced Iti U I~ 1Lt riefrr il CL ™M 25

5 20. A method as recited in claim 17, wherein the light source is at a fixed angle in the

range of about 0° normal to the surface and 70°,
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