29 January 2007 |1 MAGE COVPENSATI ON DEVI CE FOR A SCANNI NG ELECTRON

M CROSCOPE BACKGROUND OF THE I NVENTION (1) Technical Field This invention
relates to scanning electron mcroscopy and nore particularly to producing
i mge exactness during the neasurenment of critical dinensions pertaining to
sem conductor structures. (2) Description of the Prior Art The foll ow ng
docunents describes external shielding for an scanni ng el e¢t!rary 2¢fcr oscope
(hereinafter referred to as SEM. U S. Patent No. 6,043,491 issued March

28, 2000 to Yoichi e et al [ ' for clearer SEM

i mages by suppressHﬁ@“ﬁﬁﬁgﬁﬂgﬁ§§§§§9Nﬁﬁ%fﬁggé%gp\ﬁtgkggggl,971 i ssued
January 7 1997 to Shahar et No. 5,229,607 issued July
20, 1993 to Matsui et al., sﬁg%pggﬁg{ggé%ggen S describing an interposing
mesh structure for preventing electrical field | eakage during SEM i magi ng.
U S. Patent No. 4,907,287 issued March 6, 1990 to Honma et al., describe a
SEM that doesn't need extra shielding. 29 January 2007 A scanning el ectron
m croscope (SEM is widely used in the sem conductor industry for

measur enent at very hi gh BragaGROCRD OF, THE oNVENTHONNdI sput abl e data for

optim zing, for exanple, correctness of critical dinmensions of structures
bei ng formed on

(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 interferences.

[J.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.

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

that doesn’t need extra shielding.




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 anal ysis
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 the beamtraverses it, a process known as proximty effect, or
back scattering. X-rays are also emtted as the el ectrons #rlawary 2007
precipitately stopped after hitting the sanple. These interactions are well
understood by those know edgeable with the situation. The scattered and
emtted electrons are collectively processed fromsuitable detectors, the
out put of which, are conbined to de a.signal. depicti e topograph
of the scanneg‘%QWBP%?e?ﬁ?@“?ﬂgﬁgpqﬁgmhﬁgﬁggi gﬁ%ﬂ%ﬂgﬂgﬁﬂﬁﬁ é%%ity pograpy
nodul at ed_ | i k , ' /65 b Al Bl 4 d i mage
(M | gy By torpn A LY MR e B i uRp cRRREC 0
correcti QRiMiYig) (GRROAPIcASrRMPRERIS A A dsheHsRAR 6 LErictrd bePNbintggs whi l e
under the influence of vibration is reduced by averagi ng the i nage data
over a plsanbhdost@fdevioegdn hrSivgs, spatithen Usritrhdinted ovithecorumgd beaagef di st orti on
produced under action of magnetic fields generated by power sources

enpl oyed clatrperdipherd & swgaiptanenf thedpsimebethd anatylsis iy édrebymeedogptheor art .
Patent No. 4, 907,287. However, conpetitive pressures in the sem conductor
i ndust ry fpayed PamelrplfcHeRUNer IVeERing BB aCHAIBQYSL HE PlaRe SLEKBtCIPE es i n
their praogduction |lines. The SENIi% utilized for an observation or

|
measur emgnCips de sttt i diesamplegs fif s amdrayedes iy AP ORF RS eti men for a

e o STk, AT RS P bl SRR Pt e S
precipitately stopped after hitting the sample. These interactions are well understood by
those knowledgeable with the situation. The scattered and emitted electrons are
collectively processed from suitable detectors, the output of which, are combined to
provide a signal depicting the topography of the scanned sample. This signal is

converted into an intensity modulated input into a CRT for display, thus obtaining a

scanned image (SEM image) of the specimen for analysis.

Other methods for image correction which appear as superposed disturbances in a
SEM image while under the influence of vibration is reduced by averaging the image data
over a plurality of image frames, and further correcting image distortion produced under
action of magnetic fields generated by power sources employed in peripheral equipment
described in the referenced prior art.Patent No. 4,907,287. However, competitive
pressures in the semiconductor industry require manufacturers to achieve maximum

throughput rates in their production lines.

The SEM is utilized for an observation or measurement of a submicron size
feature formed in a wafer specimen for a semiconductor device. In such an application, it
is required that the SEM allow measurement to be made with a <10 nm of resolution.
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29 January 2007 Moreover, the SEMcritical neasurenent nust be aut omated,
accurate, and fast. Generally between 5 and 10 target | ocations on each

sem conductor wafer are nmeasured in this way. Measurenent nust be done at
rates exceeding 25 wafers per hour or between 125 to 250 targets per hour,
permtting 14 to 28 seconds per target. This includes wafer handling and
alignment times. The present invention concerns an i mage efhaANEEAAt device
whi ch can be advantageously used for reducing distortions appearing in a

scanned inasic: e e LR ONSALR HIRbUENASA Y R RALE ARLl v generated

el ectro- SS|on si-gnal nating current.

The enha e data
over a pﬁﬁggﬁnggbgfé?ﬁgggk?rg%e(%h&&RQ%e%jggﬁﬂﬁghgﬁggﬁﬁ&ﬁﬁﬁP?mﬁga?herefore

an obj ecti, afis {he PeasRMent MG BRRe hidraRk EXdcBd@he2$ hafds pMpaeks of the prior
art system described above, and provide an i mage enhancenent device for a

scanni ng betvaeh r i@ (o 60 nseoper (Sklpertdidihg pé adifcesomts peutapet. Tiege of
exactness and quality without averaging i mage data over a plurality of

i mage fr amgwedes mafirdagdioghed abgjreet tiofest he present invention to inprove on
the image quality thereby aneliorating the 3-sigma uncertainty in the SEM
i mage (line) measurenent results. In view of the above objects, it is

d to.th t t t hat = di.st
Phe' i mage. whi e P sm‘imv&ﬁ&a@eﬁosnggr}ﬂa'ﬁr?ﬁéﬁ”&glﬂﬁ@ﬁnﬁﬁa@ﬁisiﬂéff°h BRRBr o Tmanet i

lelrnkZSI on a%v%@a?};leogs?y Sseld %Iq%&&gﬂg\,\élgtgg%hs %%gl%’lg 'nl s%ér{n%g llﬁg&oﬁlh%hrm or the

distortions are influenced by an externally generated electro-magnetic emission signal
from a component of alternating current. The enhancement is accomplished without a

need for averaging image data over a plurality of image frames.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to eliminate the drawbacks of the
prior art systemn described above, and provide an image enhancement device for a
scanning electron microscope (SEM) that produces an output image of exactness and

quality without averaging image data over a plurality of image frames.

It is another object of the present invention to improve on the image quality
thereby ameliorating the 3-sigma uncertainty in the SEM image (line) measurement

results.

In view of the above objects, it is proposed according to the present invention that
distortion appearing on the image which is influenced by an externally generated electro
magnetic emission signal be eliminated without added filtering algorithms or the like.
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3 29 January 2007 Mre specifically, in accordance with the present
invention, predictability and stability of the inage quality are
acconpl i shed by nounting an i mage conpensati on device to the colum
housi ng of a scanning electron m croscope, for exanple, an SEM which is
used exclusively for measuring critical dinmensions of a specinen, The

i mage conpensation device introduces a known el ectro- magnet’ Pt 567 Hz.

A. C. conponent within the shielding coil of the SEM therein, nullifying

th ff f th . I | | | J ;. i i h ,
o odons e She U SO ORI B NP SRR 27
| Schemfth&iﬁu% gheh t&'ﬁﬁe??%ﬁn%pl%h&fﬁ?n&%ﬁg ANind e%lﬁﬁérgati&ﬁ[c%gfcew%ng

electron mc cope. 2 illustrates a schematic of

el ect r o- eBlusf IusHElE bY 86cadhink RRcirflY 8idrbRBpe, it deamplesioSBMIAEcRBRAERAL US Of
the invention as installed on a scanning electron mcroscope. FIG 4 is an
i |1 ust r atekanpsiogly dordhstsaitpaditicalpt@etiienstod aapecgher t Tle-imagnedmpensativner f er ence.
FIG 5 is an illustration on a corrected inmage resulting fromthe use of a
cont r ol | egviceindotiness pagnen ie?@ctw-gwanetiw@ﬁzw-%umqpozmmt AsDiEding
DESCRI PTI ON OF THE PREFERRED_ENMBCDI NENT

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 eleciro-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.

FIG. § is an illustration on a corrected image resulting from the use of a controlled

electro-magnetic signal.




FIG 1 illustrates a schematic drawing of a prior-art scanning el ectron
m croscope. 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 subsequently
processed via i mage enhancenent algorithns 12 and converted back to an
anal og signal 13 thereon formng an inmage display 14 of a _corre gd i mge.
The invention is concerned with inprovenents to images pro%ﬂ@@ﬁy%& a
scanning electron mcroscope. External el ecto-nagnetic em ssions
prol i ferating fiiofAfqas BYs RIHIBAPAFTHE PREPERREBINIBOIMANT envi ronment,
cause distortionsS to inages of circuit I nes belng neasured, the results
of which produce the resolution needed to verify its «critical dinensions.
These i mages of critical dinmensions nmust have explicitness so that devices
made from t he$as st NiuskdidsesSscérhdtichRaeing Wf @ Priboadpanfih g cotseaidryscofd. G 4
illustrates a distorted circuit line inmge 20 caused by the external
el ect r o- ragaetddanelvi $sbprmsgnaRefteined frgmroWENd OF @aiveredand dBgitabkignal 2
illustrates a schematic of the variable voltage divider 30 which
i nt r oducéy an AdBrpnetrtesd! andistrbreatgHEPracsl sBiBAZIFIhARGSMEN YEerEh#P ng
colum 42 of the SEM shown in FIG 3. The variable voltage divider is
ext er nal Ily aﬁ%&‘?ﬁ"éﬁe‘é)hacﬂ%‘éa%ﬁ?aé%ﬁ‘gﬁ‘?&%mﬁﬁ?n ‘me“ﬁ?éa‘S'ERﬂgﬁg%ﬁl‘?éf If0lds the
colum encl osure. The shielding colum 42 is made froma nickel-iron alloy
whi ch ha§°”%§%¥@ﬁ@?y hi gh magnetic perneability at low field strengths. The
shielding colum 42 not only protects the charged particle beamfrom
anbi ent di sturbances but al so provides external shielding to its internal
volume with aﬂh@YﬁJeﬁ§ér¢i§%J)nd&ﬁﬁﬂ‘%&iihﬁlﬂp&&zleﬁeﬁ@s){@h&%leé roll8&8 bytah@ining
m | ligaus). The variable voltage divider 30, in Fl 2, is an
el ect r 0- eMEcE6Hh Acrodopd EExtebicdiediRalapaes omitsian ptddiferatingfomineirba vari abl e
resistor 32 to adjust the A/C

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
shielding column 42 of the SEM shown in FIG. 3. The variable voltage divider is
externally mounted on the shielding column of the SEM 40 and feeds the column
enclosure. The shielding column 42 is made from a nickel-iron alloy which has
extremely high magnetic permeability at low field strengths. The shielding column 42
not only protects the charged particle beam from ambient disturbances but also provides
external shielding to its internal volume with a low residual magnetic field (typically less
than 5 milligaus). 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 A/C output voltage 36. The adjusted amplitude of the sine wave of the
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voltage 33 to an A/ C out put voltage 36. The adjusted anplitude of the sine
wave of the 5 29 January 2007 output 34 and 35 feeds the shielding coi

42. FIG 3 shows the apparatus of the invention as installed on a scanning
el ectron mcroscope. A brief description of the SEM optical conponents
contained within the shielding colum 42, starting at the top of FIG 3,
will be identified. The SEM optical conponents include a CdtHBae%64 for
produci ng an el ectron beam 45, a first anode 46, a second anode 47, and a

1 o0 | S6Esl 1 G LIELoA S efe i ot L Sheffonsi g

lens 49 °'&M" cotiVeryg| t'Fons an upper al i gnment

coi |, refeprfed Q§ca§nin%?eiegﬁ‘&ﬁﬁﬂr$scoﬂ_@e 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 dianeter is followed by a bl anking
aperture 54 to reduce scattered electrons, a faraday cup 55 for probing

el ectron fl owA @icddtdceiptioront tharfifiel gttichitcohpaeentaddntpargntitlooile ss@ldind | owed by
a low deflection owimage shift coil 57. An E x B lens 58 is used to

di rect. EbiGmn3t2;, staging ehibaiomsaiFIGH B.usitlibgtidentificd FheaSEM op§pid womgondmes
resulting image correction 21 of the distorted circ i# l'ine 50,(Ps

i || ust r atiesdnderq qathede 84 forjgreiicingan SEerirpis beampdp. 3y irgt a{:‘%ﬁfﬁ o R SEEPnd anode

Gener at o P g BT G TR REHEE FoRRT Tt RarTAVENE] SROREL ey
ticularly sh j i . q
embodi menysRar B¢ e Ry B s b Sh R p R oL g PR e art ¢t

var| ous %ﬂgﬂg@oﬁ;.i Thd 12 AR GIHRIRIM ifh TRYoREIFBEARIN EROUL MdeRREdkiveg from the
spirit an

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.

FIG. 5 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.




scope of the invention. 6 29 JAN "157 Wat is claimed is: 1. An apparatus
for preventing el ectro-magnetic interference from distorting..mges fornmed
by a scanning el ectron m croscope, said apparatus conpri igggﬁhééﬁé for
produci ng a scanni ng el ectron beam and scanning a critical dinension
inmprinted on a sem conductor structure, said electron mcroscope is housed
in a shielding colum; nounting a control electro-em ssion driver to said
shielding colum; said control electro-em ssion driver is adjusted with a
vari abl e voltage divider to vary the anplitude of a sine wave of an

al t er nat i WHLAUFIRERE IS 2. The apparatus of Claim 1 wherein a distorted i mage
is caused by SEM sensitivity to external magnetic fields. 3. The apparatus
of Claim2 where said external magnetic fields are produced by A/ C powered

equi pment oper ati ng Rfé %ﬁ%ﬁ%bs ﬁ)?%%v%Mg ef'ectrgnﬁag?l@@@{n?etrféﬁen% i@ M 1 wherein

said control electro- ston driver “further "conprising a transfornmer wth
a variable re%‘is@érﬂﬁ% fidgea sl b4 s@RninBRUctroRbli@bQdbé, REdGPFirant to a

different output alternating current.
comprising:
means for producing a scanning ¢lectron beam and scanning a

critical dimension imprinted on a semiconductor structure, said electron

microscope is housed in a shielding column;

mounting a control electro-emission driver to said shielding

column;
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

SEM sensitivity to external magnetic fields.

3. The apparatus of Claim 2 where said external magnetic f{ields are

produced by A/C powered equipment operating proximal said SEM.

4. The apparatus of Claim | wherein said control electro-emission driver
further comprising a transformer with a variable resistor for adjusting an input

alternating current to a different output alternating current.




2J:t'; ,. "~ ~ 'Y b5 The apparatus of Caim4 wherein said output
alternating current having an adjusted anplitude of the sine wave is fed
into said external shielding colum. 6. The apparatus of Gﬂélhﬁ& Mher ein
said different output alternating current has a frequency of 50 Fz. 7. The
apparatus of Claimb5 wherein feeding said shielding colum wth a known
Al C conponent corrects imge distortions caused by said externa

el ectro-magnetic em ssions. 8. The apparatus of Caim1l wherein said

shielding colum is a shield barrier conposed of a nickel-iron alloy
materi al whi ch hasSeXicrapRapips ff &Fﬁlmrﬂa\@hf‘éw said gpipEBHICrIA)E SYT%bw i el d

strengths. 9. met hoq. for pr el ectro- net| i,nt nce from
dlstortlng |nd§é?g@8ﬂgﬁﬁfﬁﬁgﬁﬁgﬁ hhﬁémQW@ﬁ?quE T 888@3 %55 P§ sing the
st eps ?rOV|d|ng means for producing a scanning el ectron beam for
scannlng i cal di mensi ons inprinted on a sem conductor structure,said

scanni ng el ectron beam housed in a shielding colum; providing a
sem conductor structure; providing a control electro-em ssion driver and

mounting to said ghrie) fhbagos el amin 4 wherein said different output alternating

current has a frequency of 50 Hz.

7. The apparatus of Claim 5 wherein feeding said shielding column with a
known A/C component corrects image distortions caused by said

external electro-magnetic emissions.

8. The apparatus of Claim | wherein said shielding column is a shield
barrier composed of a nickel-iron alloy material which has extremely high

magnetic permeability at low field strengths.

9. A method for preventing electro-magnetic interference from
distorting images formed by a scanning electron microscope, comprising the steps
of:
providing means for producing a scanning electron beam for scanning
critical dimensions imprinted on a semiconductor
structure,said scanning electron beam housed in a shielding column;
providing a semiconductor structure;
providing a control electro-emission driver and mounting to said
shielding column;
providing a variable voltage divider to adjust said control electro-emission

driver to vary the amplitude of the sine wave of an alternating curtent.
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providing a variable voltage divider to adjust said control

el ectro-em ssion driver to vary the anplitude of the sine ve of an
alternating current. 8 10. The nethod of O aim 9 wherein a diistiaiit &7 mage
is caused by SEM sensitivity to external nagnetic fields. 11. The nethod
of Claim 10 wherein external magnetic fields are produced by A/ C powered
equi pnent operating proxinmal said SEM 12. The nethod of Caim9 wherein
said control electro-em ssion driver further conprising a transforner with
a variable resistor for adjusting an input alternating current to an
adjusted output alternating current. 13. The nethod of Caim 12 wherein

said output alternati current.. .hayi an justed anplitude of the sine
wave is fed into sgé'ﬁgm%?odiiOﬁéjlalgbaqfwﬁ%?mﬂfﬁ%%&%53%38?3% Yai m 12 wherein
sai d adjusted calter I SGUEr has a frequency of 50 Hz. 15. The
met hod of C als%%%%l lglrt%?)n&?eté[lézg?%%%s{%if?l&sshi el ding colum with a known A/C
conponent corrects inmage distortions caused by said external

el ectro-magnetic em ssions. 16. The apparatus of claim9 wherein said

shi el di ng col um i $1.artshidhdd ofltdsini BY wh@BResRehadhmagndlicdietls-ake on al | oy
material which has extrenely high nagnetic perneability at low field
st r engt hgroddced by A/C powered equipment operating proximal said SEM.

12. 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.

13. The method of Claim 12 wherein said output alternating current
having an adjusted amplitude of the sine wave is fed into said shielding
column.
14. The method of Claim 12 wherein said adjusted output alternating

current has a frequency of 50 Hz.

15. The method of Claim 13 wherein feeding said shielding
column with a known A/C component corrects image distortions caused by

said external electro-magnetic emissions.

16. The apparatus of claim 9 wherein said shielding column is a shield
barrier composed of a nickel-iron alloy material which has extremely high

magnetic permeability at low field strengths.




