. ; e3e3<s0ppq, r Br pr 6r T<s#& | MAGE COVPENSATI ON DEVI CE FOR A SCANNI NG
ELECTRON M CROSG@RE:: BACKGROUND OF THE INVENTION ( 1 ) Technical Field This
invention relates to scanning electron mcroscopy and nore particularly to
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BACKGROUND OF THE INVENTION

(1) Technical Field

This invention relates to scanning electron microscopy and more particularly to
producing image exactness during the measurement of critical dimensions pertaining to

semiconductor structures.
(2) Description of the Prior Art

The following documents describes external shielding for an scanning electron

microscope (hereinafter referred to as SEM)

U.S. Patent No. 6,043,491 issued March 28, 2000 to Yoichi Ose et al., uses

external shielding for clearer SEM images by suppressing interference’s.

U.S. Patent No. 5,591,971 issued January 7 1997 to Shahar et al., and U.S. Patent
No. 5,229,607 issued July 20, 1993 to Matsui et al., show related patents describing an

interposing mesh structure for preventing electrical field leakage during SEM imaging.

U.S. Patent No. 4,907,287 issued March 6, 1990 to Homma et al., describe a SEM



t.hat doesn't need extra shielding A scanning el ectron mcroscope (SEM is
w dely used in the sem conductor industry for neasurenent at very high
magni fi cation, providing indisputable data for optim zing, for exanple,
correctness of critical dinensions of structures being fornmed on

sem conductor devices. In a SEM a specinen is irradiated with a focused
beam of electrons directed to scan a plane of the specinen. The analysis is
done by noving the focused beam of electrons in a sweeping (raster) action
over the plane of the specinen. Electrons are scattered fromthe sanple as
t he beam thatdespwtreedextrasijeldi@ss known as proxinity effect, or back
scattering. X-rays are also emitted as the electrons are precipitately
stopped after hitting the sanple. These interactions are well|l understood by
t hose know edg‘gabl €. W ih t he .si t uat k%@ﬁ‘ The.ds att re aend. en(LtC%oed el ectrons
are collective ﬁcaﬁ’%ee G FPERORT )el%l‘glg tBrE I TRE %lﬁ?rbut of whi ch,
are conbi j I : oG t scanned
sanpl e. Tﬁ?%téﬁgﬁgﬂgy%ug&%%ﬁéﬂe‘%%ﬁgﬁﬁg %?ﬁ&?or?t ﬁ’gl} t @ %ﬁﬁ@g?lg atltﬁlr?%ut into a
CRT for disphidkg, fobbtanglé, RoRtbdifesd oSE&RMAPE meARaR dfSEM LB Yehg @rmicA®nspeci nen
for analysis. Oher nethods for image correction which appear as superposed
di st ur bangesiconduetoSidviidennirea SBM, e spusihaen it iveadinéd with a doauked/bdanadfi on i s
reduced by averaging the inmage data over a plurality of inmage franmes, and
further cdeetenos dinectedimepeanda plane of thesprcivehne ddie andwsis sclonehy sfovingghet i ¢
fields generated by power sources_enployed in perjpheral equipnent

descr i bedfocpsedpgarnof glegirnsdn p svesping (astss) ahion uer the plane ofghe spgsiksier |
conpetiti ressures in.the sem gonductor industry require manufacturers
Lo Bchi evEl AR AT ERETER GREUS FPRIS S (e PRA Ry SR de e PXCTSINGYT She SEM | <
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appl i cat i &@cipitﬁtel:y%tcfp%g&'ﬁﬂi&qﬁitﬁﬂgﬁhefsﬁkﬁplﬁE%@Je'i%a@ﬁ&?s%@@@l‘l‘hn&é?st@@d ppde with
a <10 nmof resolution. Mreover, the SEMcritical nmeasurenent nust be

aut omat edthogClaionaédyeatdd trithalsd situskaie el syatheddmdrenbitaidectons areget | ocations
on each sem conductor wafer are neasured in this way. Measurenent nust be
done at raillestivekcpedéssel 26mwaitablsdgietorhahe owputhd wirhnare2bmbmed & t ar get s
per hour, permtting 14 to 28 seconds per target. This includes wafer

handl i ng arﬁdldmaismngdﬁmwmaﬂy.tomaq@wﬁ&ﬂscaw smee dbksEnakisan i mage
enhancenent devjce whi ch can advant ageo y. used faor redugin

di st ort i offQVEHRSEAIS FynichsIy @E‘Sﬁﬁ%‘gmp%}ﬁga é’ﬂ% for (f‘?p(dﬁ)‘b ﬁB‘ﬁé’g'éFéng %f | uenced by
an externgl| ener el ect re-nmagneti g _em;ssion signal froma conponent
of ol t or niemes EHEY B 580 B e TREREH or 8B np T shed. wi thout & need T or
averagi ng i mage data over a plurality of imge franes. SUWARY OF THE
INVENTION It is therefore an object of the present invention to climnate
the drawbacks Othef Rfethas R idide BYBERIA WIS ippR@thsalperfoscd Aibupbali¢esla aan | mage
enhancenment device for a scanning electron m croscope (SEM that produces
an out put SENbigege iwhdx anden étssinfinshce nfivibtayionishduced by evagging thermmgge diad a over
a plurality of inmage frames. It is another object of the present invention
t o i npr ovevesa plurelity oé ifpags framesyandtfurteds gomensing dmnags digfortion psedicefhender

uncertainty in the SEMinage (line) neasurenment results. In view of the
above obj 8o of magnaticielis seasratsd by PAV RGOt et fariyekigmeriphsral farpethat

distortion a ri,n n the i.m i b S uenced by an .externally
gener at eqlesp Ry ticksBncT prfFoR Rl NG, 4 Pon 26 | RS Rlere oSt Adaed
filtering i j. . i ol nqg]gce wth the
present i R%%a%ﬁsé{l] EHEBSF Igﬁcﬁo%?"gﬁﬂllﬁ@f“gg%ﬁét gga?l Pfam@?%% %t c}éféivﬁaﬁfég{ quality are
acconpl i sheshighyut TRl i heir pRrdusRmgine@npensati on device to the col um housing
of a scanning electron m croscope, for exanple, an SEM which is used
exclusively for nmeasuring critical dinmensions of a specinen. The inmage
conpensati on device introduces a known el ectro-nmagnetic, 50 Hz.

A. C. conponent Whe BEM is hilizedifed ahi dbgervatidn ayfmaabwrei8eM|of aisubreicron el | i fyi ng t he
effects of the externally generated el ectro nmagnetic em ssion, hence,
producing a distortion free inmge qualjty. DESCRI PTION OF THE DRAW NGS

FIG 1 schematically illustrates a cross section of a prior art scanning
el ectron mcroscope. FIG 2 illustrates a schematic of the el ectro-em ssion
driver of the invention. FIG 3 shows the apparatus of the invention as
installed on a scanning el ectron mcroscope. FIG 4 is an illustration on a

distorted image due to an el ectro-magnetic interference.



4. FIG 5 is anillustration on a corrected imge resulting fromthe use
of a controlled electro-magnetic signal. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBODI MENT FIG 1 illustrates a schematic drawing of a prior-art
scanni ng el ectron mcroscope. A scanned anal og i mage signal obtained froma
SEM 10 is converted to a digital signal by an A/D converter 11 and is
subsequent|ly processed via i rage enhancenent algorithns 12 and converted
back to an anal og signal 13 thereon form ng an image display 14 of a
corrected image. The invention is concerned with inprovenents to inages
produced Igature &rmed ity wefes spacinemfor a sueisprducer devieral In shacanmapplicptioni it

em ssions, prol.i feéaati né;%{dr?m near by equi %ment, wi thin a manufacturing

envi r onmeftreagissddhat e iMialigameaguiemspidg be made pathia <10 e ef Kaelheeasur ed,
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correctly. FIG strates circul I'ne | nage caused by
the ext er pothisah BC IVOsTRARAE bistHEISHE ANdtes BRESTiAE POWIRN fR hELG@P 2 and 3.
FIG 2 illustrates a schematic of the variable voltage divider 30 which

i nt r oducebetweernr12f o 23tageqier Rourpgptditting e41ios28 s2tondks pbi targat, COiginm encl osur e
41 of the SEM shown in FIG 3. The variable voltage divider is nounted to

t he col umincludes waler bantlling oind légnBEM Uesand f eeds an ext ernal shiel ding coi
42. The variable voltage divider 30, in FIG 2, is an electro-em ssion
driver which includes a transforner 31 with a variable resistor 32 to

adjust the AAC.wvoltage.33 to an 5 A/ C out put voltage 36. The adjusted
anpl i tude of t MBS B‘ieFFgl?Wé(G‘é“%rCOP?Fé“Soﬂtlm?ﬁe Slﬁﬁa?f‘dn%d%“ef‘d‘ghlﬁhéa@?ﬁ el di ng coi
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cont ai ned oy - t N : ne FIG 3,
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produci ngfram #dodffonen of@Rethating carrbht! Tthe dRRMAGeréht iPaceSaPhedRUEutd/, and a
third anode 48 for accelerating the beam of electrons, a first condensing
| ens 49 f oeeddonaseraginggntape deth eedrraqrharalityiof hmagecftanmkes an upper al i gnnent
coil, referred to as a stigna coil. The lens 49 is followed with a second
condensing lens 51. An objective aperture 52 with a plurality of aperture
shapes 53 for reducing the beams dianeter is followed by a bl anking
aperture 54 to reduce scattered electrons, a faraday cup 55 for probing
el ectron flow, a deflection,i i ignnment coil 56 foll owed by
a low deflection | ow i mge%wgﬁg%é?&ﬁﬁﬁgbg |l ens 58 is used to
direct a secondary electron beam 59 from coll ector 60 through an objective
61 A | aser source 62 and | aser detector 63 are nounted to the objective 61.
FIG 5 is a conpahbRfie b bbjedtoRtieqesert iV datiof to SRRNARShd BEwh&RYbEEY | MBge
correction 21 of the distorted circuit line 20, as illustrated in FIG 5.,
when t he gifiddlartssytenh deycribed abévephddgstoaideat inmagerahaictaetttiesise &t adr i ver t hat
suppresses the external noise generated by nei ghboring equi pnent . Wile
t he i nvensdapming alsctieemicpescopec(SEM)| that phasivessmcbuties onadead ewaditess edder ence to
the preferred enbodi ments thereof, it wll be understood by those skilled
in the ar ﬂ“aﬁlﬁa‘fﬂtw AYTSiEs HRte SataPvebt Phueakidy efdmaees Samasy be nade wit hout
departing fromthe spirit and scope of the invention. 6 What is clained
is: 1. An apparatus for preventing el ectro-magnetic interference from
glorsr;J ?Ir ts: 28 | B ESanbo e P B8 b f theSERY iRFenBbf & nfflove & #2 ?rggg%’qu%ﬁtlyd apparat us
thereby ameliorating the 3-sigma uncertainty in the SEM image (line) measurement

results.



means for producing a scanning el ectron beam and scanning a 5 critical

di mensi on of a sem conductor structure, said electron mcroscope is housed
in a columm; an external shielding coil nounted to said columm; nounting a
control electro-em ssion driver to said external shielding coil; 10 said
control electro-emssion driver is adjusted with a variable voltage divider
to vary the anplitude of a sine wave of an alternating current.. 2. The
apparatus of Claim1l wherein a distorted inmage is caused by a three signa
component fromsaid alternating current. 15 3. The apparatus of Caim2
wher e sai d t hr beview ghtheqbaysootierts, itds propesed dedording traﬁhgpmmjnmwgtlmthet

equi pnent og erated within neighboring proximty of a

appar at usdistorégnappearing amy the Hn@&“d“@klﬁ @%ﬂﬁlsnce@my(@mww&w@men?@teéﬁleafmjed

shi el di ng barr:er .affixed,to .the o osur um. 5.
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I nput 25 a er na curren eren I'ng current.
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adj usted anplitude of the sine wave is fed into said external shielding
coi |. 30 dolurhh&oaginpsfd stantihg Eleéton hicvdsespel for eRdralel anfSHM REhichLit DsEd

alternating current has a frequency of 50 Hz.
exclusively for measuring critical dimensions of a specimen. The image compensation
device introduces a known electro-magnetic, 50 Hz. A.C.component within the shielding
coil of the SEM, therein, nullifying the effects of the externally generated electro

magnetic emission, hence, producing a distortion free image quality.

DESCRIPTION OF THE DRAWINGS

FIG.1 schematically illustrates a cross section of a prior art scanning electron

microscope.
FIG. 2 illustrates a schematic of the electro-emission driver of the invention.

FIG. 3 shows the apparatus of the invention as installed on a scanning electron

microscope.

FIG. 4 is an illustration on a distorted image due to an electro-magnetic

interference.



8. The apparatus of Claim6 wherein feeding said external shielding coi
with a known A/ C conponent corrects imge distortions caused by said
external 35 electro-magnetic em ssions. 9. A nethod for preventing

el ectro-magnetic interference fromdistorting i mages fornmed by a scanning
el ectron m croscope, conprising the steps o: 40 providing neans for
produci ng a scanning el ectron beam for scanning critical dinmensions
contained in a sem conductor structure; providing a sem conduct or
structure; providing an external shielding coil to be nmounted to a colum
housi ng of sai HlG &dnan Hiseatioatongreoniceted snagsaesulingdrasn thei usg ofa eertolled

el ectro-emg ssion drjver and nounting to said external shielding coil;
provi di ng®l5CHesMRgIRtS SEek age divi der to adjust said control

el ectro-em ssion driver to vary the anplitude of the sine wave of an
alternating current.. 8 50 10. The nmethod of Caim9 wherein a distorted
I mge i s caused by a three signa conponent fromsaid alternating current.
11. The method of Caim 10 where said three sigma conponent is emtted from

nei ghbori ng MmNy IWEDOESOREFTIONUO P THE PREEFER EDEMBODIMBNDXI m ty of

FIG. 1 illustrates a schematic drawing of a prior-art scanning electron microscope.
A scanned analog image signal obtained from a SEM 10 is converted to a digital signal
by an A/D converter 11 and is subsequently processed via image enhancement algorithms
12 and converted back to an analog signal 13 thereon forming an image display 14 of a

corrected image.

The invention is concerned with improvements to images produced by a scanning
electron microscope. External electo-magnetic emissions proliferating from nearby
equipment, within a manufacturing environment, cause distortions to images of circuit
lines being measured, the results of which produce the resolution needed to verify its
critical dimensions. These images of critical dimensions must have explicitness so that
devices made from these structures will be ensured to operate correctly. FIG. 4 illustrates

a distorted circuit line image 20 caused by the external electro-magnetic emissions.

Referring now to FIGs. 2 and 3. FIG. 2 illustrates a schematic of the variable
voltage divider 30 which introduces a controlled electro-magnetic emission within a
column enclosure 41 of the SEM shown in FIG. 3. The variable voltage divider is
mounted to the column enclosure 41 of the SEM 40 and feeds an external shielding coil
42. The variable voltage divider 30, in FIG. 2, is an electro-emission driver which

includes a transformer 31 with a variable resistor 32 to adjust the A/C voltage 33 to an



55 said SEM. 12. The nethod of Claim9 wherein said external shielding
coil is an added shielding barrier affixed to the outside of the SEM

encl osure colum. 60 13. The nethod of Claim9 wherein said control

el ectro-em ssion driver further conprising a transformer with a vari able
resistor for adjusting an input alternating current to an adjusted out put
alternating current. 14. The nethod of C aim 13 wherein said output
alternating current 65 having an adjusted anplitude of the sine wave is fed
into said external shielding coil. 15. The nethod of Claim 13 wherein said
adj ust ed 4t putputyaliegn 3. iThg adivsted amphitde af the siga svayg obthe sotpMy 34 7181 35%6. The
met hod of O aim 14 wherein feeding sajd external shielding coil wth a
known A/ cleedmibs ﬁélﬁkdlwle"@t 51%%3@“@{3% yeragiot the jaentioy as stilled panal

el ectro- mac%net icoemssions. 9 ALyl .A?. Ar. A A .AAAA>?[gLIR aQv
scanning électron microscope.

A brief description of the SEM optical components contained within the column
enclosure 41, starting at the top of FIG. 3, will be identified. The SEM optical
components include a cathode 64 for producing an electron beam 45, a first anode 46, a
second anode 47, and a third anode 48 for accelerating the beam of electrons, a first
condensing lens 49 for converging the electrons which includes an upper alignment coil,
referred to as a stigma coil. The lens 49 is followed with a second condensing lens 51.
An objective aperture 52 with a plurality of aperture shapes 53 for reducing the beam’s
diameter is followed by a blanking aperture 54 to reduce scattered electrons, a faraday
cup 55 for probing electron flow, a deflection image shift lower alignment coil 56
followed by a low deflection low image shift coil 57. An E x B lens 58 is used to direct
a secondary electron beam 59 from collector 60 through an objective 61 A laser source

62 and laser detector 63 are mounted to the objective 61.

FIG. § is a comparison illustration to FIG. 4, showing the resulting image
correction 21 of the distorted circuit line 20, as illustrated in FIG. 5., when the SEM is
fed by a controlled electro-magnetic emission driver that suppresses the external noise

generated by neighboring equipment .

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.
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apparatus comprising:

means for producing a scanning electron beam and scanning a

5 critical dimension of a semiconductor structure, said electron microscope
is housed in a column;
an external shielding coil mounted to said column;
mounting a control electro-emission driver to said external shielding
coil;

10 said control electro-emission driver is adjusted with a variable voltage

divider to vary the amplitude of a sine wave of an alternating current..

2. The apparatus of Claim 1 wherein a distorted image is caused by a

three sigma component from said alternating current.

15
3. The apparatus of Claim 2 where said three sigma component is emitted
from manufacturing power equipment operated within neighboring proximity of a
SEM..
20 4. The apparatus of Claim 1 wherein said external shielding coil is an

added shielding barrier affixed to the outside of the SEM enclosure column.

5. The apparatus of Claim 1 wherein said control electro-emission driver

7
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further comprising a transformer with a variable resistor for adjusting an input 25

alternating current to a different output alternating current.

6. The apparatus of Claim 5 wherein said output alternating current having

an adjusted amplitude of the sine wave is fed into said external shielding coil.

30 7. The apparatus of Claim 5 wherein said different output alternating

current has a frequency of 50 Hz.

8. The apparatus of Claim 6 wherein feeding said external shielding coil
with a known A/C component corrects image distortions caused by said external

35 electro-magnetic emissions.

9. A method for preventing electro-magnetic interference from
distorting images formed by a scanning electron microscope, comprising the steps
ofi:
40 providing means for producing a scanning electron beam for scanning
critical dimensions contained in a semiconductor structure;
providing a semiconductor structure;
providing an external shielding coil to be mounted to a column housing of
said scanning electron microscope;
45 providing a control electro-emission driver and mounting to said external
shielding coil;
providing a variable voltage divider to adjust said control electro-emission

driver to vary the amplitude of the sine wave of an alternating current..



10-u

10-u9s10% u&' ()- 610% u& ()-!>110%uu& ()-!)10% u-u& ()-Z6*u**+Z+| ++dEg\ =
10-u! "Fy1l0% u&' ()-:10% u& ()-10% u& ()-3m0% u& ()- S 10% u& ()-

s10% u& ()-+,2,p,,,-dEg\ = 10-u! &310% u& ()-9%$310% u& ()-1"10% u& ()-"

10% u& ()-10% u& ()-&z10% u& ()--m-'.7...dEg\=

10-u! 410% u& ()-"2"10% u& ()-1@0% u& ()-,/f

10% u& ()- " 'L10% u& ()- "'L10% & ()-"..... IN//bC

10-u! 310%& () -sf10%& ()- mMO%& ()-s10%& ()- 10-u 10-u

10- u, 8t 1090 u&' () - / / BbObe pedmdof Cieim 9 wherein(a) distogasitiniage &1@vesd by)a 109%& () - S
10%& ()-10%& ()-[1111=2 2b2dEbC )

10- u! s- 10%& ($hrée sigopeerenoney o said piferpatingsrrrent. | ¢

10%& ()-s"10%& ()-b22233dEbC 10-u! s-10%& () -+ 10%& ()-, 9t 10%&' () - 24
10%& ()-1z10%& ()- @ z10%& ()- Normal " "Heading 13]c" "Heading 23]c"
"Headi ng 33]c" "Heag} T a ' ]{\:gﬂsq ot ig 73] c"
"Headi ng 83]c" " Heagfl'%e t@dﬁf" Q]?{a%f?%%?%% ap it—rg%% éﬁé&wnt ISt

e4" &+0468: <>CBRppm3ttiHbeit ﬁﬁufaotﬁlﬁr%m'ré Uipment/dpérAAS TN pFeSniNg Wf
RomanAri al Courier New'h Root EntryVr dDoc%Jrrgnt <s09 fig

" #3U&' () 5%, - . 440d SBNH6789

12. The method of Claim 9 wherein said external shielding coil is an

added shielding barrier affixed to the outside of the SEM enclosure column.

60 13. The method of Claim 9 wherein said control electro-emission driver
further comprising a transformer with a variable resistor for adjusting an input

alternating current to an adjusted output alternating current.

14. The method of Claim 13 wherein said output alternating current
65 having an adjusted amplitude of the sine wave is fed into said external shielding

coil.

15. The method of Claim 13 wherein said adjusted output alternating
current has a frequency of 50 Hz.
70
16. The method of Claim 14 wherein feeding said external shielding coil
with a known A/C component corrects image distortions caused by said external

electro-magnetic emissions.



