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ELECTRON BEAM APPARATUS WITH HIGH RESOLUTIONS

{6001} This disclosure relates to an electron beam apparatus.

BACKGROUND OF THE DISCLOSURE

.............

{0004] Wafers can be inspected using a scanning electron microscope (SEM). FIG. 1 shows

a conventional electron beam apparatus 100 in an SEM with an electron source 101, an electron
beam optical column 102 (shown with dotted line), and a sample 103. The electron source 101 may
be a thermal field enmssion (TFE) source. The sample 103 may be a semiconductor wafer. The
multiple apertures. The performance of an electron beam apparatus 100 is best characterized by the
electron beam spot size at the sample (d) versus the beam current delivered to the sample because

or d=i{beam current)) is determined both by the electron source 101 and by the electron beam

opticat column 102,

{06085] To cover wide applications for SEM review and inspection, the beam current is
varied from pico Amperes (pA) to hundreds of nano Amperes (nA). For each beam current, the
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reasons, i FIG. 1 a beam limiting aperture 104 is used to give a raw beam current (e.g., highest

current from the raw beam current by changing the gun lens strength to move the first crossover 109

(XO1) position. The beam current is defined or characterized by the emission angle of the source, «,

with which the source 1s optically related to the column. Given a selected beam current, a condenser

lens 107 1s used to select an optimal numeric aperture (NA) through the objective lens 108 focusing

the beam to the sample 103. With an optimal NA (or the p m FIG. 1), the column lens aberrations
and Coulomb interactions between electrons are balanced, and the total spot size is minumized. The

electron beam profile in between the condenser lens 107 and objective lens 108 may be either with a

crossover 110 (XO2) or with no crossovers.

{0006} An electrostatic gun for emitting and focusing an electron beam may consist of an

electron source 101 {e.g., emission tip, suppressort, and extractor) and an electrostatic gun tens 105.

The electrostatic gun lens 105 can mclude the ground electrodes and the focusing electrode 1n

{8007} From an application standpoint, an electron beam apparatus can be used as an SEM

plattorm with low beam currents below sub-nano Amperes, a review platform with medium beam

or other techniques.

{0008} The disadvantage of a conventional electron beam apparatus is that the optical

performance 1s optimized or limited 1n one of applications with narrow beam cwrent ranges. For

instance, an SEM review tool may provide acceptable performance with high resolutions in low

beam current or medium beam current, but poor performance with high beam currents. In another

example, an mspection tool 1s may provide acceptable performance with high beam currents, but

FIG. 1 are used in the stimulation for FIG. 2. A low beam current electron beam platform bike an
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SEM may have good performance with the electron beam apparatus 100 of FIG. 1, but a high beam

current electron beam platform like inspection may have poor performance.

0009} With different electron beam currents from pico Amperes to hundreds of nano

Arperes, an electron beam apparatus may be widely used for semiconductor wafer critical

developers have been seeking to combine all these applications into one machine with high

resolution for each use. However, this 1s challenging because electron beam resolutions vary with

electron beam currents. Therefore, an improved electron beam apparatus is needed.

BRIEF SUMMARY OF THE DISCLOSURE

{0010} In a first mstance, an electron beam apparatus 1s provided. The electron beam

aperture from the first electrostatic anode, and a second electrostatic anode. The electron source

includes a tip configured to emit electrons, a suppressor, and an extractor. The first electrostatic
anode 1s grounded. The magnetic gun lens 18 disposed on either side of the electron source, first
clectrostatic anode, and beam limiting aperture. The second electrostatic anode 1s grounded and 18

disposed on an opposite side of the electrostatic gun lens from the first electrostatic anode. A

scanning electron microscope can include this electron beam apparatus.

10011} The electron beam apparatus can further include a chuck configured to hold a watfer,

a condenser lens, an objective lens disposed between the chuck and the condenser lens, and a

column aperture disposed between the second electrostatic anode and the condenser lens. The
electron beam apparatus can be configured to shape the electron beam to have a first cross-over

between the electrostatic gun lens and the column aperture and a second cross-over between the

condenser lens and the objective lens.

[o012} The electron source may be a cold field emission source or a thermal field emission

SOUICE.
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{0013} In a second embodiment, a method is provided. In the method, an electron beam is
generated with an electron source. The electron beam s extracted with an extractor. The electron

beam is directed at a wafer through a beam limuting aperture using a magnetic gun fens that includes

a plurality of pole pieces and coils and that is disposed on either side of the beam himiting aperture.
The electron beam passes through an electrostatic gun lens after the electron beam passes through

the beam hinuting aperture.

{0014} The electron beam can be used to generate an image of the water.

{6015} In an mstance, the magnetic guns lens 1s activated and the electrostatic gun lens 1s not

activated.

{0016} The magnetic gun lens can be configured to select a beam current with a beam

current switching speed.

{06017} The electron beam can pass through a column aperture, a condenser lens, and an

have a first cross-over between the beam limiting aperture and the column aperture and a second

cross-over between the condenser lens and the objective lens.

{6018} The electrostatic gun lens can be configured to select a beam current with a beam

current switching speed.

be configured to select a

emission source.

0020} A beam current of the electron beam may be from 0.001 nA to 500 nA and a

resolution of the electron beam may be from 20 nm to 80 nm. Switching beam current can occur in

one second or less.
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DESCRIPTION OF THE DRAWINGS

{06021} For a fuller understanding of the nature and objects of the disclosure, reference

should be made to the following detailed description taken in conjunction with the accompanying

drawings, in which:

FIG. 1 1s a diagram of optics m an electron beam apparatus;
FIG. 2 is a chart of the spot size versus beam current in an electron beam apparatus with a thermal

freld emitter electron source and electron gun of F1G. 1;

electrostatic anode (ground electrode), and a magnetic gun lens in accordance with the present

disclosure;

FIG. 4 is a block diagram of an embodiment of an electron beam apparatus with the magnetic gun of
FIG. 3, wherein the magnetic gun lens 1s configured to select the beam current;

FIG. 5 is a chart of spot size versus beam current for separately using an electrostatic gun lens and a

magnetic gun lens in an electron beam optical column;

FIG. 6 is a chart of optical performance of the embodiment of the electron beam apparatus of FIG. 4

in which a cold field emission source with higher brightness is used with a magnetic gun lens;

FIG. 9 is a block diagram of an embodiment of an electron beam apparatus with the cold field

emission source-equipped mixed gun of FIG. 8;

FIG. 10 is a chart showing spot size versus beam current performance and comparison of the
embodiment of FIGs. 8 and 9;

FIG. 11 is a chart showing spot size versus beam current performance and comparison of the
embodiment of F1Gs. 8 and ¢ with mixed optical operation;

FIG. 12 15 Hlowchart of an embodiment of a method n accordance with the present disclosure; and

disclosure.
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{8022} Although claimed subject matter will be described in terms of certain embodiments,

other embodiments, including embodiments that do not provide all of the benefits and features set

Accordingly, the scope of the disclosure is defined only by reference to the appended claims.

10023} Embodiments disclosed herein can achieve high resolutions for all usable beam

herem provide advantages over the previous designs.

{0024} The spot size (d} at the sample of an electron beam apparatus typically includes five

described later within this disclosure.
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{6026} In Equations 5 and 6, Ccor-sp {Csor-sp) and CCoun-sp {Cseun-sp) are chromatic (spherical)

from the gun lens aberration imformation (Cogun-obit and Csgun-objt) to the final tmage {sample) side 1s

related by the column optical magnitication, M, in Equations 7 and 8.

(¢
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{0028} In Equations 7-9, the optical magnification, M, varies with the beam current, BC,

given an electron source with a fixed angular intensity of Ja {(or a fixed source brightness of Br).
Note that the beam current can be selected by requirements of electron beam applications. As
demonstrated using Equations 7-9, the cost of raising the beam current (or raising the machine

throughput) 1s to magnify the gun lens aberrations to the final image (or to lose the machine

10029} In a TFE based electron source, the angular intensity Ja in Equation 9 may be from
approximately 0.3 to 0.6 mA/sr. The optical magnification in the column with a TFE source, such
as in FIG. 1, may be divided into M<<0.05 for the SEM use with the beam currents below sub-nano

Amperes, 0.01<M<0.2 for the review use with the beam currents from sub-nano Amperes to nano

Amperes, and the 0.1<M<1.0 for the inspection use with the beam currents from nano Amperes to

hundreds of nano Amperes.
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{6030} In an electron beam optical column, the contribution of each spot size component

including the Coulomb interactions between electrons, the total spot size d may be defined in

d=\d} +d?+d?+d’}" Eq. 10

{0031} In low beam current regime (LBC) in FIG. 2, the diffraction blur dx and chromatic

blur de are dominant over others, so the munimized total spot size m low beam current regime, drp, 1S

Eq. 11

(sample) may be negligible, and the total chromatic aberration coefficient Ce in Equations 5 and 11

may be governed by the objective lens {(1.e., Ce~Ceot.sp).

regime, dvs, may be given by Equation 12.

| \12

-

{0035} Accordingly, the optimal spot size in the medium beam current regime can increase
simultaneously with the beam current and the source ratio of energy spread to brightness (AE\EBI‘) :
The total chromatic aberration coefficient Cc can include both the gun and objective lens

contrivutions. With increasing beam current (or the optical magnification in Equation 9), the gun

8
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chromatic aberration Cegun-obit Inay or may not be magnified sufficiently to impact and/or weigh the

total Cc negligibly. It may be dependent on the gun design and the gun lens aberration Ccgun-obit.

{0036} In high beam current regime (HBC) in FIG. 2, the source image d; and spherical blur

ds may be dommant over others, so the minimized total spot size in high beam current regimue, dus,

is given by Equation 13,

T o .': . ::_ _ ; '7 ;2 =y 1,’ v, I- - v 1,-‘.:2 '
4. AN é 5 le‘ 3 8

Eg. 13

{6037} Accordingly, the optimal spot size in the high beam current regime may increase with

beam current and decreases with the brightness simultaneously. The total spherical aberration

coetficient Cs may include both the gun and objective lens contributions. With increased beam

{0038} As shown in FIG. 3, a magnetic gun 200 for emitting and focusing electron beam

may include a magnetic gun lens {MGL) 207 and an electron source 201 (shown with dotted hine)

coils 209. The tip 202 may be negatively biased for a given beam energy with respect to the ground
electrodes 206. The suppressor 203 may be more negatively biased than the fip 202 for shaping the

electron emitting beam 210. The extractor 204 may be less negatively biased than the tip 202 for

{6039} The pole pieces 208 may be designed to narrow a magnetic flux distribution along an

optical axis and form a magnetic lens in between the extractor 204 and beam limiting aperture 203,

as shown later in FIG. 4. The virtual magnetic gun lens position in between the extractor 204 and

3
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is too close to the extractor 204 and to minimize the gun lens aberration coefficients Ccgun-obyt and

5  may be sealed i air to avoid the contamunation of gh vacuum. For maximizing the use eiﬁ(:}emy
of the magnetic flux in focusing the beam, the average diameter of the coil ring may be mimimized

to accommodate the vacuum sealing system.

10040} FI1G. 4 shows an optical image-forming relation in an electron beam apparatus 211

with a magnetic gun 200 shown in FIG. 3, in which the magnetic gun lens 207 1s used to select the
10 beam currents. The electron beam apparatus 211 can include a sample 103, which may be a

211 also can include a condenser lens 213, an objective lens 214 disposed between the chuck 221

with the sample 103 and the condenser lens 213, and a column aperture 212 disposed between

electron source 201 and the condenser lens 213, The electron beam can be shaped to have a first

{0641} The optical performance of an electron gun can be characterized by the chromatic

and spherical aberration coefficients of the gun lens (i.e., Ccgun-obit and Csgun-obi, respectively). The

L™

chromatic and spherical aberration coefficients of the gun lens can be calculated at the object side

20 (source side) of the gun lens.

10042} A magnetic gun performance i1s generally better than an electrostatic gun
performance. The chromatic aberration coetficient Ceeum-obie and spherical aberration coefficient

Cseun-objt in @ magnetic gun shown in FIG. 3 are approximately 10X to 30X and approximately 50X

25  performance differences may be caused by one or more of the following two mechamsms, though

other mechanisms are possible.

{0043} First, the object distance 1 a magnetic gun lens m FIG. 3 and FIG. 4 1s shorter than

10
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formed m the acceleration regiﬁ(}n between the extractor and anode in FIG. 3 and the electrostatic

focusing tield in an electrostatic lens 1s tormed after the anode. Thus, the magnetic focusing field

can be overlapped over the acceleration region, but the electrostatic focusing field cannot be

overlapped over another electrostatic field (1.e., the acceleration field). According to electron optics

theory, the longer the object distance, the larger the aberrations will be.

[9044] Second, 'i'he bm'e SME in %3 magneuc gun lﬂﬂ_s 1S m{}ch ]argerthm [hat in an

geometric aberrations in the former are much smaller than those in the latter according to electron

optics theory.

total Cc and Cs (resolution) different.

Table 1

s

| Coomatse | Coamoti _te — . —
| | LBC MBC | HBC | LBC MBC HBC
MGL columnm FIG. | 1O 1.0 ~Clorg | Loy | ~Clorsp | ~Csorsp | ~CSorgp | ~Clorsp
4.

EGL columm in FIG. | 10X to | 50X to ~CCor.sp >Ceorsy | 22Coar | ~Csory | >Csorg | >>Csor
i | 30X | 300X . &

0046} In Table 1 with a magnetic gun lens (MGL) 10 the column in FIG. 4, the total Cc and

Cs increases with the beam current negligibly. The objective lens aberrations (Ccor-p and Csor-sp)

may be dominant over the gun lens gherrations {Ccogun-sp and CSgun-sp) Tor all beam currents {or for all

optical magnification M) because the gun lens aberrations {Ccgun-obit and  Csgun-obit) with a magnetic

11
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10047} In Table 1 with an electrostatic gun lens (EGL) in the column in FIG. 1, if at low
beam currents (LBC), a small magnification {M<<0.05) results in Cegun-sp << Ceotsp and Cseun-sp <<
(Csot-sp, such that the spot size in FIG. S has no signiﬁcam difference between using an electrostatic

5 equal to the objective lens Ceor-sp and Csor-p, respectively.

{0048} In Table 1 with an electrostatic gun lens (EGL) i the column in FIG. 1, if at medium
beam currents (MBC), an increasing magnification (M=0.02~0.2) results in Ccpun-sp ~ Coorsp and
Csgunsp ~ Csor-sp, or the total Ce > Ceor-sp and Cs > Csot-sp, such that the spot size in FIG. 5 shows
an increasing difference between using an electrostatic gun lens (EGL) and magnetic gun lens

16049} In Table 1 with an electrostatic gun lens (EGL) in the column in FIG. 1, if at high

beam currents, a large magnification (M=0.1 to 1.0) results in Ccgun-sp >> Ceor-sp and Csgun-sp >>
Csot-sp, ot the total Cc >> Ceor-p and Cs >> Csor-yp, such that the spot size in FIG. 5 shows a large

difference between using an electrostatic gun lens (EGL) and magnetic gun lens (MGL).

15 [0050] Using a magnetic gun lens (MGL) 1in the TFE-source-based electron beam apparatus

may not be able to 1improve resolution 1n low beam currents, although it improves the resotution in

covering all uses of SEM, review, and inspections {e.g., physical defect inspect

on, hot spot

inspection, and voltage contrast mspection), a new electron source with higher brightness can be

20 used with the magnetic gun lens-based optical column in FIG. 4. The electron source may be a cold

field emission (CFE) source.

{0051} A TFE source m FIG. 3 is a so-called Schottky emission source. The Schottky
The work function can be lowered by the ZrO coating on the W, which can allow the electrons to
25  overcome the work function at a temperature of 1800K. When the extractor voltage increases to

reach an electrostatic field strength in an order of 1.0E+7 V/mm on the tip, electrons are emitted
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in Equation 1 and/or the source angular intensity in Equation 9 can be modulated by the extractor

voltage.

10052} A CFE source is based on a wave-mechanical tunneling effect. Without needing the
ZrO coating on W, the electrons can be emitted from a sharp tungsten tip with a radius of
to be greater than 1.0E+8 V/mm. Such high fields decrease the width of the potential wall in front

of the cathode to a few nanemeters so that the electrons from the Fermi level can penetrate the

' e : - ¥ - . 1 . . . R " . 1 ll. . F -
The ratio of source energy spread to the brightness with a CFE source, AE/VBr, 1s also ¥2/8X

smaller

Table 2

| Source AE Br Ja AEABr | M @ same BC
' TFE source 0 | 10 | 1.0 1.0 10
CFE X | 20X | 02X | v2/8X | ¥5 X (Eguation

e

sgurce _ 9)

100654} Due to a lower angular intensity Ja with a CFE in the first embodiment, the optical

magnification in the optical column in FIG. 4 can be approximately V5X larger, meaning that the

magnetic gun lens aberrations Ceor-objt and Csor-shjt may be more magnified to the sample side, as

can be summarized in Table 3.
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Source | Ce | Cs

LBC | MBC | HBC LBC | MBC HBC
TEE “CCOL—SP MCCQL—%}J "“‘CCG‘Lap “‘CSGLsp ""‘CSOLSQ "“CSGLsp

.........

SOUICE

CFE ~Ceorsp | Negligibly |  Shightly ~Csorp | Shightly (105X | Greater (1.15X

Source (10Xt 1O5X) | (103X to to 1.15X) greater | to HX) than

greater than L1SX) than Csorp Csot-s

{60655} For the TFE source in a magnetic gun lens-based electron beam apparatus, the total

Cc and Cs can increase with the beam current negligibly. Thus, the objective lens aberrations (Ccor-

currents {or for all optical mag M), as summarized in the Table 1.

{6036} For the CFE source in a magnetic gun lens-based electron beam apparatus, if at low

v5X larger, respectively.

{0057} Forthe CFE source 1n a magnetic gun lens-based electron beam apparatus, if at

column. However, these may still be smaller than the Coor-sp and Csor-o, because the Cegup-onir and

14
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Cseun-objt in @ magnetic gun lens-based column are already reduced. This can lead to the total Cc and

Cs significantly greater than approximately 1.15X to 1.5X the Ccor-sp and Csor-, respectively.

10059} With a CFE source and magnetic gun lens (MGL) in the first embodiment optical

column in FIG. 4, the resolution in a full beam current range 1s improved, as can be seen in FIG. 6.

source may be approximately 0.25X lower than that with a TFE source. The total Cc with a CFE

......

source may be the same as that with a TFE source, being approximately equal o the objective lens

Ccor-sp in the Table 3. Accordingly, the resolution with a CFE source may be better than that with a

the resolution with a CFE source may be better than that with a TFE source.

{0062} In high beam currents (HBC), the spot size given in Equation 13, dus, is governed

by the total spherical aberration coefficient in Cs"* and the source brightness in 1/Br'®. According

to Table 2 and Table 3, the Br with a CFE source may be approximately 2X greater than that with a

TFE source, although the Cs with a CFE source may be maximum 1.5X larger than that with TFE
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the CFE (oc) can be larger than that with the TFE (ar) because the angular intensity in former is

10064} In the first embodiment of F1Gs. 3 and 4, the optical performance with a CFE-based
magnetic gun lens is improved over the TFE-based magnetic gun lens column both in current
density {given the same spot size, beam current difference) and in resolution {given the same beam
current, spot size difference). However, fast-switching to select and/or change the beam current can

be mmproved.

10063} For mstance, in the detect review applications from high resolution mode to high
throughput mode, or in the electron beam inspection applications from physical defect inspection to

voitage contrast inspection, the beam cwrrent needs to be fast changed and/or selected differently.

The magnetic gun lens in the first embodiment in FIG. 3 and FIG. 4 may be difficult to use as a fast-

10066} FIG. § shows the second embodiment, 1 which a mixed gun 217 with magnetic and

electrostatic lenses with a CFE-source 1s illustrated. The image-forming optics for the CFE-

16
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disposed on either side of the electron source 201, first electrostatic anode 206, and beam limiting

aperture 205. The electrostatic gun lens 218 can be disposed on an opposite side of the beam
limiting apertore 205 from the first electrostatic anode 206. The second electrostatic anode 219 may
be is grounded and can be disposed on an opposite side of the electrostatic gun lens 218 from the

first electrostatic anode 206,

[9059] The electrostatic gun fens 218 may be an Einzel lens (}runip(}teﬂma} lens as shown in

FIG. 8, or an acceleration lens or deceleration lens {two-potential lens). The electrostatic gun lens

be a part of the first electrostatic anode 206 in grounding. The beam limiting aperture 205 may be

disposed suthiciently far away from the extractor 204 to allow for use of high beam energies.

Except for the pole preces 208 and cotls 209, all the electrostatic components from the tip 202 to the

second electrostatic anode 219 m FIG. 8 may be sealed in high vacuum.

{0070} The electron beam apparatus 220 can further include a chuck 221 configured to hold

a sample 103, such as a semiconductor wafer; a condenser lens 213; an objective lens 214 disposed

between the chuck 221 holding the sample 103 and the condenser lens 213; and a column aperture

216 (XO2) between the condenser lens 213 and the objective lens 214,

{6071} A scanning electron microscope can mclude an embodiment of the electron beam

apparatus disclosed herein, such as that in FIGs. 8 and 9.

{08072} While illustrated as a magnetic gun lens (MGL) and electrostatic guns lens (EGL)

17
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the desired pair of lenses. Each dual-lens mixed gun embodiment can be configured to provide

acceptable performance for one or more applications.

10073} FIG. 10 shows the spot size versus beam current performance and comparison in the

second embodiment optics in F1G. 8 and FIG. 9. With a CFE-source in the magnetic gun
lens/electrostatic gun lens mixed gun, the optical performance in a large beam current ranges (from

SEM in low beam currents, review in medium beam currents to hot spot/physical defect inspections

in low-end of high beam currents) is improved together with fast beam current-switching

capabilities. In very high beam current regimes for voltage contrast inspection normally, the

according to the application requirements. In the relatively low beam current range, the beam

current fast-switching may be required, and in the relatively high beam cuorrent range, the beam

current fast-switching may not be required. Accordingly, the magnetic gun lens/electrostatic gun

lens mixed operation in the second embodiment can be used in the relatively low beam current,

only operation (turning the electrostatic gun lens off) can be used in the relatively high beam

currents, taking the advantage of high resolution with high beam currents.

10075} Comparing FIG. 11 to FIG. 10, the third embodiment improves the resolutions in

beam currents without losing the fast beam current-switching capabilities 1n a large relatively low

beam cwrrent ranges.

10076} FIG. 12 1s flowchart of an embodiment of a method 300, At 301, an electron beam 1s

generated with an electron source. At 302, the electron beam is extracted with an extractor. The
electron beam is directed at a water through a beam himiting aperture using a magnetic gun lens at
303. The magnetic gun lens includes a plarality of pole pieces and coils and is disposed on either

side of the beam limiting aperture. At 304, the electron beam passes through an electrostatic gun

18
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lens after the electron beam passes through the beam limiting aperture. The electron beam can be

used to generate an image of the wafer.

and a second cross-over between the condenser lens and the objective lens.

{6078} While the magnetic gun lens and electrostatic gun lens can both be activated during

operation, the electrostatic gun lens also may not be activated during operation (1.e., only the

magnetic guns iens may be activated durmg operation).

10079} The magnetic gun lens can be configured to select a beam current with a beam

current switching speed. The electrostatic gun lens also can be configured to select a beam current

with a beam current switching speed. The magnetic gun lens and the electrostatic gun lens can be

configured to select a beam current with a beam current switching speed. Regardless of whether the

magﬂetiﬁc gun lens and/or the electrostatic gun lens is ecmﬁgured. to select a beam current with a

beam current switching speed, the electron source may be a cold field emission source.

{0081} A beam current of the electron beam can be from 0.001 nA to 500 nA. A spot size

for SEM applications may be from 35 nm to 65 nm. Using embodiments disclosed herein, a

resolution of the electron beam is from approximately 20 nm to 80 nm.

10082} In an exemplary review application, the high resolution mode may use beam currents

of from approxmmately 0.05 nA to 0.2 nA, and the high throughput mode may use beam currents

from approximately 0.5 nA to 5 nA. In an exemplary wafer inspection apphcation, the hot spot or
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;p:hysi cal defect inspections may use beam currents from approximately 1 nA to 20 nA, and the

{06083} The blur induced by the Coulomb interactions between electrons may be directly
related to the size of the volume of the electron beam carrying a given beam current. Assuming r(z)
to be the radius of the electron beam along the optical axis z, the electron volume density, n(z), is

given by Egquation 14.

H{z) ot Eq. 14

{0084} The average separation distance of the electrons, d(z), is given by Equation 15.

d(z)=n(z)y " =22 Eq. 15

{6085} The larger the electron separation distance d(z), the weaker the Coulomb force

.............

versus beam current plots, the Coulomb interactions between electrons are mcluded.

10086} The embodiments described herein may include or be performed in a system, such as
the system 400 of FIG. 13. The system 400 mcludes an output acquisition subsystem that mcludes

at least an energy source and a detector. The output acquisition subsystem may be an electron

beam-based output acquisition subsystem:. For example, in one embodiment, the energy directed to

the wafer 404 includes electrons, and the energy detected from the wafer 404 includes electrons. In

coupled to control unit 407. The control unit 407 can mclude one or more processors 408 and one

26
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or more memory 409. Each processor 408 may be in electronic communication with one or more of
the memory 409. In an embodiment, the one or more processors 408 are communicatively coupled.
In this regard, the one or more processors 408 may recetve the image of the wafer 404 and store the
image in the memory 409 of the control unit 407. The control unit 407 also may include a

5 commumcation port 410 1n electronic communication with at least one processor 408.

{08087} As also shown in FIG. 13, the electron optical column 401 includes electron beam

source 402 configured to generate electrons that are focused to the water 404 by one or more
403 may include, for example, a gun lens {e.g., a magnetic gun lens and/or an electrostatic gun lens),
10 ananode, a beam limiting aperture, a gate valve, a beam current selection aperture, an objective
lens, and/or a scanning subsystem. The electron column 401 may include any other suitable
elements known 1n the art. While only one electron beam source 402 1s illustrated, the system 400

may include multiple electron beam sources 402.

06088} The electron beam source 402 and elements 403 can be or can include the

15 components of the embodiments illustrated in F1Gs. 3 and 4 or in FIGs. 8 and 9.

{0089} Electrons returned from the water 404 (e.g., secondary electrons) may be focused by
one or more elements 405 to the detector 406. One or more elements 405 mav imclude, for example,
a scanning subsystem, which may be the same scanning subsystemn included in element(s) 403. The

electron column 401 may winclude any other suitable elements known i the art.

acquisition subsystem may be configured to use multiple modes to generate images of the wafer 404
25  (e.g., with different illumination angles, collection angles, etc.). The multiple modes of the electron
beam-based output acquisition subsystem may be different in any image generation parameters of

the output acquisition subsystem.
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{0091} The control unit 407 may be in electronic communication with the detector 406 or

other components of the system 400. The detector 406 may detect electrons returned from the

surface of the wafer 404 thereby forming electron beam images of the wafer 404. The electron

beam images may include any suitable electron beam mmages. The control unit 407 may be

configured according to any of the embodiments described heremn. The control unit 407 also may be

configured to perform other functions or additional steps using the output of the detector 406 and/or

the electron beam 1mages.

10092} It is to be appreciated that the control unit 407 may be implemented in practice by

any combination of hardware, software, and firmware. Also, its functions as described herein may
implemented 1n turn by any combination of hardware, software, and firmware. Program code or

instructions for the control umt 407 to implement various methods and functions may be stored

controller readable storage media, such as a memory 409, within the control unit 407, external to the

control unit 407, or combinations thereof.

{6693} 1t is noted that FIG. 13 is provided herein to generally illustrate a configuration of an

subsystem configuration described herein may be altered to optimize the performance of the output
acquisition subsystem as is normally performed when designing a commercial output acquisition

system. In addition, the system described herein or components thereof may be implemented using

10094} While disclosed as part of a defect review system, the control unit 407 or methods

described herein may be configured for use with inspection systems. In another embodiment, the

control unit 407 or methods described herein may be contigured for use with a metrology system.

1)
IJ
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{0095} In particular, the embodiments described herein may be installed on a computer node
or computer cluster that 1s a component of or coupled to the detector 406 or another component of a
defect review tool, a mask inspector, a virtual inspector, or other devices. In this manner, the

embodiments described herein may generate output that can be used for a variety of applications that

include, but are not limited to, wafer inspection, mask inspection, electran beam inspection and

10096} The control unit 407, other system(s), or other subsystem({s) described herein may

take various forms, including a personal computer system, workstation, image computer, mainframe

addition, the subsystem(s) or system(s) may include a platform with high speed processing and

software, etther as a standalone or a networked tool.

{6097} [f the system includes more than one subsystem, then the different subsystems may

be coupled to each other such that images, data, information, mstructions, etc. can be sent between

shared computer-readable storage medium {not shown).

{0698} In another embeodiment, the control unit 407 may be communicatively coupied to any

of the various components or sub-systems of system 400 in any manner known in the art. Moreover,

systems (e.g., inspection results from an mspection system such as a broad band plasma (BBP) tool,
wireline and/or wireless portions. In this manner, the transmisston medium may serve as a data link
between the control unit 407 and other subsystems of the system 400 or systems external to system

400,

2
)
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10099} The control unit 407 may be coupled to the components of the system 400 in any
suttable manner (e.g., via one or more transmission media, which may include “wired” and/or
“wireless” transmission media) such that the control unit 407 can receive the output generated by the
output. In another example, the control unit 407 may be configured to send the output to a memory
409 or another storage medium without performing defect review on the output. The control unit

407 may be turther configured as described herein.

{0100} An additional embodiment relates to a non-transitory computet-readable medium
storing program instructions executable on a controller for performing a computer-implemented

method. In particular, as shown in FIG. 13, the control unit 407 can include a memory 409 or other

electronic data storage medium with non-transitory computer-readable medium that includes
program mstructions executable on the control unit 407. The computer-implemented method may
include any step(s) of any method(s) described herein. The memory 409 or other electronic data
storage medium may be a storage medium such as a magnetic or optical disk, a magnetic tape, or

any other suitable non-transitory computer-readable medium known m the art.

[6101] The program instructions may be implemented in any of various ways, including

procedure-based techniques, component-based techniques, and/or object-oriented techniques, among
others. For example, the program instructions may be implemented using ActiveX controls, C++

objects, JavaBeans, Microsoft Foundation Classes (MFC), SSE (Streaming SIMD Extension), or

the methods disclosed herein are carried out by one or more of the following: electronic circuits,

out by a

24
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single control unit 407 (or computer system) or, alternatively, multiple control units 407 {or mulitiple

computing or logic systems. Therefore, the above description should not be interpreted as a

limitation on the present invention but merely an tllustration.

described herein.

10104} Although the present disclosure has been described with respect to one or more

be made without departing from the scope of the present disclosure. Hence, the present disclosure is

deemed himited only by the appended claims and the reasonable interpretation thereof.
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an electron souree, w huem the glectron source mchudes:
A SUPPressor; ﬁﬂd_
A utimﬂr

a hﬁ:mn ._ilim?ifiiﬂ% ﬂhriurt : dﬁﬁﬂmihumm ihmlmrmtmf.mf‘sda, aﬂsfﬁi' ihs, «.,iuﬁ‘ﬁmamm

a magnetic gun lens that includes a plurality of pole pieces and colls, wherein the magnetic gun

fens is disposed on gither side of the eleetron source, first electrostatic anode, and beam

. dmnmidm anmdm mfi

a second electrostatic anode, wherein the sccond electrostatic anode 18 grounded and is disposed

& ;E-ﬁhmm aperture dtbi‘ﬂmdhamanihwamnd gh,s_nmm,m. --iiilii}dﬁ aﬂdihu condenser fens.

The electron beam apparatus of claim 2, wherein the electron beam apparatas is configured to

electron beam fo have a first cross-over hetween the electrostatic gun fens and the

shape the

cohumn aperture and a second cross-over between the condenser lens and the objsctive lens.

The electron beam source of claim 1, wherein the electron source is a cold field emission source.

The electron heam source of elaim 1. wherein the electron sowrce is a thermal field emission

16
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7.A ,-;mimimmpmm

RXi ml%ﬂ‘mﬂmmﬂ’f be;m w%m an extractor

dimﬂhngﬁu_ﬁhumn beam at a wafer through a beam himiting apcr{“ur:; using a magnete frun-;

8. The method of claim 7, further comprising using the electron beam (0 generate an image of the

wafer,

9. The method of claim ? wherein the a agnetio LUns Hons it activated and the electrostatic aun lens

is not activated.

1), The method of claam. ? W herein the mcmwm gun fens is. umhacumd o seleet i beam current

1 i The method of s:imm ", furthey Lﬂmpzmnw p&‘ﬁi‘ﬂL tfm, a,ia.aimn beam thmmh a {,n}umn aperture,

15. The method of claim 14, wherein the electron souree 15 a cold hield enussion source.

16, The method of claim 7, wherein a beam ctrvent of the electron beam is from 0.001 pA to 500

1A%
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ctron beam is from 20 nm to 80 nm.



