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(57) ABSTRACT 

The disclosure relates to measuring an undercut of a feature 
on a specimen using a scanning electron microscope (SEM). 
In accordance With one embodiment, a method for measur 
ing the undercut includes illuminating the feature With a 
primary electron beam at an incident angle, changing the 
incident angle of the primary electron beam over a set of 
angles, measuring an intensity of scattered electrons from 
the feature for each incident angle in the set of angles, and 
determining a discontinuity in the intensities as a function of 
the incident angle. 
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UNDERCUT MEASUREMENT USING SEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates generally to specimen 
inspection. More particularly, the present invention relates to 
e-beam inspection systems. 

[0003] 2. Description of the Background Art 

[0004] Semiconductor manufacturing processes include 
deposition and etching of various material layers on a 
semiconductor Wafer. During the processing, various micro 
scopic features (trenches, islands, and so on) are created on 
the Wafer. Often times, the cross-sectional pro?le of a 
microscopic feature may be of interest to the manufacturer. 
In particular, the angle of undercut of a sideWall of the 
feature may be of interest. 

[0005] Scanning electron microscopy (SEM) may be used 
to inspect a Wafer, and the rock angle of the incident beam 
may be varied in an attempt to vieW an undercut. Unfortu 
nately, SEM images tend to have signi?cant resolution 
degradation When taken at large rock angles. This blurring of 
the images makes impractical the determination of large 
undercut angles by vieWing SEM images at large rock 
angles. 
[0006] Another conventional technique for determining 
undercut angles is by Way of focus ion beam (FIB) sections. 
FIB systems impinge a focused beam on ions (for eXample, 
gallium ions) onto a specimen. The focused ion beam may 
act to precision mill the specimen at high beam currents or 
to image the specimen at loW beam currents (in Which case 
less material is sputtered). Hence, an FIB system may be 
used in preparing a cross-section specimen for transmission 
electron microscope (IEM) imaging. Recent FIB systems 
may be utiliZed for in-situ cross-section preparation and 
high-resolution imaging. HoWever, FIB techniques are dis 
advantageously destructive due to the sputtering or milling 
of material from the sample. 

[0007] FIG. 1A is a conventional image of a cross section 
of a feature 170 that is slightly undercut on both left and 
right sides. The image of the cross section Was obtained by 
the conventional focused ion beam (FIB) technique. As 
mentioned above, the FIB technique is disadvantageous in 
that it requires destruction of the specimen. This is because 
the FIB technique thins the sample by ion milling. 

[0008] FIG. 1B shoWs a conventional analysis of the 
cross-sectional FIB image of the feature 170 to determine 
the undercut angles. The analysis gives an outline of the 
feature 170. Using the outline of the feature 170, the 
undercut angle may be determined by comparing the actual 
left 172-L and right 172-R sideWalls to vertical reference 
lines 174-L and 174-R, respectively. (The slight asymmetry 
seen in the reference lines is thought to be due to the milling 
of the sample.) Analysis of this FIB image indicates a left 
undercut of about ?ve (5) degrees and a right undercut of 
about tWo (2) degrees. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1A is a conventional image of a cross section 
of a feature that is slightly undercut on both left and right 
sides. 
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[0010] FIG. 1B shoWs a conventional analysis of the 
cross-sectional FIB image of the feature to determine the 
undercut angles. 

[0011] FIG. 2 is a diagram providing an overvieW of the 
technique for measuring undercut angles in accordance With 
an embodiment of the invention. 

[0012] FIGS. 3A and 3B shoWn experimental electron 
scans of the undercut feature depicted in FIGS. 1A and 1B. 

[0013] FIG. 4A is a graph shoWing the analysis of data 
from a series of electron scans at different incidence angles 
to measure the left undercut in accordance With an embodi 
ment of the invention. 

[0014] FIG. 4B is a graph shoWing the analysis of data 
from a series of electron scans at different incidence angles 
to measure the right undercut in accordance With an embodi 
ment of the invention. 

[0015] FIGS. 5A through 5D depict simulated electron 
scans based on a hypothetical feature With ten-degree under 
cuts on each side. 

[0016] FIG. 6 is a graph shoWing the analysis of the 
simulated data from FIGS. 5A through 5D in accordance 
With an embodiment of the invention. 

[0017] FIG. 7 depicts one type of SEM system With Which 
the invention may be utiliZed. 

[0018] FIG. 8 depicts another type of SEM system With 
Which the invention may be utiliZed. 

SUMMARY 

[0019] Embodiments of the invention relates to methods 
for measuring an undercut of a feature on a specimen using 
a scanning electron microscope (SEM). One method 
includes illuminating the feature With a primary electron 
beam at an incident angle, changing the incident angle of the 
primary electron beam over a set of angles, measuring an 
intensity of scattered electrons from the feature for each 
incident angle in the set of angles, and determining a 
discontinuity in the intensities as a function of the incident 
angle. Another method includes illuminating the feature 
With primary electrons at an incident angle, measuring an 
intensity of scattered electrons from the feature by a plural 
ity of detectors at a set of scattering angles, and determining 
a discontinuity in the intensities as a function of the scat 
tering angle. 
[0020] Another embodiment of the invention relates to a 
scanning electron microscope (SEM) for measuring an 
undercut of a feature on a specimen. The SEM includes an 
electron illumination system for illuminating the feature 
With a primary electron beam at an incident angle, a mecha 
nism for changing the incident angle of the primary electron 
beam over a set of angles, a detector for measuring an 
intensity of scattered electrons from the feature for each 
incident angle in the set of angles, and a processor for 
determining a discontinuity in the intensities as a function of 
the incident angle. 

[0021] Another embodiment of the invention relates to an 
apparatus for measuring an undercut of a feature on a 
specimen. The apparatus includes means for illuminating the 
feature With a primary electron beam at an incident angle, 
means for changing the incident angle of the primary 
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electron beam over a set of angles, means for measuring an 
intensity of scattered electrons from the feature for each 
incident angle in the set of angles, and means for determin 
ing a discontinuity in the intensities as a function of the 
incident angle. 

DETAILED DESCRIPTION 

[0022] The present invention relates to a technique for 
measuring undercut angles in an advantageously non-de 
structive manner. The technique may be performed using a 
scanning electron microscope and may be applied to mea 
sure undercut angles of features on a semiconductor Wafer or 
other types of specimens. In accordance With one embodi 
ment, even if the images have substantial resolution degra 
dation (due to large rock angles), the technique may still be 
applied to measure undercut angles. 

[0023] FIG. 2 is a diagram providing an overvieW of the 
technique for measuring undercut angles for an undercut 
feature 202 in accordance With an embodiment of the 
invention. An electron beam 204 With an incident angle of 
less than the undercut angle (for example, Zero degrees) is 
illustrated on the left side (situation labeled “a”), and an 
electron beam 210 With an incident angle that is greater than 
the undercut angle is illustrated on the right side (situation 
labeled “b”). Corresponding electron intensity pro?les 206 
(for situation “a”) and 214 (for situation “b”) are depicted 
beloW. 

[0024] For situation “a”, the electron intensity pro?le 206 
for the feature 202 is seen to be relatively symmetrical. 
There is a peak 208-L on the left side of the pro?le 206 and 
a nearly equal siZed peak 208-R on the right side. These 
peaks in electron intensities are believed by the applicants to 
be due to emission and collection of scattered electrons from 
the sideWalls of the feature 202. 

[0025] For situation “b”, the electron intensity pro?le 214 
for the feature 202 is seen to be substantially asymmetrical. 
The right-side peak 216-R is noW substantially higher than 
the left-side peak 216-L. This asymmetry is believed by the 
applicants to be due to the electron beam 210 being incident 
from the right side at an angle exceeding the undercut angle 
of the right sideWall. As a result, it is believed that the 
incident beam 210 directly illuminates the right sideWall and 
so causes the emission of a greater number of scattered 
electrons 212. 

[0026] FIGS. 3A and 3B shoW experimental electron 
scans of the undercut feature 170 depicted in FIGS. 1A and 
1B. The beam tilt Was at Zero degrees for FIG. 3A and Was 
at 6.6 degrees for FIG. 3B. Both FIGS. 3A and 3B shoW 
electron intensity versus position in the region of the under 
cut feature 170. The electron scans of FIGS. 3A and 3B do 
not require destruction of the specimen and Were performed 
prior to the destructive FIB cross sectioning of FIGS. 1A 
and 1B. By using the present invention, undercut angles 
may be determined Without the use of destructive FIB 
sectioning. 

[0027] As can be seen from FIG. 3A, the electron inten 
sity pro?le 302 for the feature 170 is seen to be relatively 
symmetrical. There is a peak 304-L on the left side of the 
pro?le 302 and a nearly equal siZed peak 304-R on the right 
side. The symmetry shoWn is expected given the Zero degree 
incidence angle of the primary electron beam. 
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[0028] On the other hand, in FIG. 3B, the electron inten 
sity pro?le 312 for the feature 170 is seen to be asymmetri 
cal. The right-side peak 314-R is noW substantially higher 
than the left-side peak 314-L. This asymmetry is believed by 
the applicants to be due to the electron beam being incident 
from the right side at an angle (6.6 degrees) that exceeds the 
undercut angle of the right sideWall (approximately 4 
degrees). As a result, it is believed that the incident beam 
directly illuminates the right sideWall and so causes the 
emission of a greater number of scattered electrons. In 
accordance With an embodiment of the invention, it may be 
determined from FIGS. 3A and 3B that the undercut angle 
is someWhere betWeen Zero degrees and 6.6 degrees. 

[0029] Note that the peaks are Wider in FIG. 3B than the 
peaks in FIG. 3A. This broadening of the peaks corresponds 
to the blurring of the detected image that occurs When the 
incident beam is tilted in the SEM. It is believed that this 
blurring that makes the asymmetry betWeen right and left 
intensities dif?cult to detect visually from the scanned 
image. Hence, a preferred embodiment of the invention 
quantitatively analyZes the scanned data. 

[0030] FIG. 4A is a graph shoWing the analysis of data 
from a series of electron scans at different incidence angles 
to measure the left undercut in accordance With an embodi 
ment of the invention. The y-axis shoWs the ratio betWeen 
the left peak intensity l(left) and the right peak intensity 
l(right). The x-axis shoWs the incidence angle of the primary 
beam (the rock angle) in degrees. In a preferred embodi 
ment, the peak intensities are measured by the peak heights. 
HoWever, in other embodiments, it may be possible also to 
measure the peak intensities using integrated peak areas. In 
the graph of FIG. 4A, We see that there is a discontinuity in 
the slope of the data at an incident angle of about 4 degrees. 
This indicates that the left undercut is approximately 4 
degrees. This is in relatively close agreement With the FIB 
cross section measured left undercut of about 5 degrees. 

[0031] FIG. 4B is a graph shoWing the analysis of data 
from a series of electron scans at different incidence angles 
to measure the right undercut in accordance With an embodi 
ment of the invention. The y-axis shoWs the ratio betWeen 
the right peak intensity l(right) and the left peak intensity 
l(left). The x-axis shoWs the incidence angle of the primary 
beam (the rock angle) in degrees. In the graph of FIG. 4B, 
We see that there is a discontinuity in the slope of the data 
at an incident angle of about +3 degrees. This indicates that 
the right undercut is approximately 3 degrees. This is in 
relatively close agreement With the FIB cross section mea 
sured left undercut of about 2 degrees. 

[0032] FIGS. 5A through 5D depict simulated electron 
scans based on a hypothetical feature With ten-degree under 
cuts on each side. Each of these ?gures depicts electron 
intensity (in arbitrary units) on the y-axis as a function of 
position on the x-axis. FIG. 5A corresponds to loW incident 
angles of six degrees or less and shoWs a relatively sym 
metrical pro?le. FIG. 5B corresponds to an incident angle of 
eleven degrees and shoWs asymmetry in that the right peak 
is higher than the left peak. FIG. 5C corresponds to an 
incident angle of seventeen degrees and shoWs the asym 
metry increasing as the right peak becomes even higher. 
Finally, FIG. 5D corresponds to an incident angle of tWenty 
?ve degrees and shoWs that a reduction in asymmetry as the 
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right peak is lower than in FIG. 5C. Thus, FIG. 5D shows 
that the asymmetry does not continue to increase at very 
high angles. 
[0033] FIG. 6 is a graph showing the analysis of the 
simulated data from FIGS. 5A through 5D in accordance 
With an embodiment of the invention. Data points in FIG. 6 
are at Zero degrees (from FIG. 5A), siX degrees (from FIG. 
5A), eleven degrees (from FIG. 5B), seventeen degrees 
(from FIG. 5C), and tWenty-?ve degrees (from FIG. 5D). 
As indicated from FIG. 6, the undercut angle is betWeen siX 
degrees and eleven degrees. This is a good result because the 
simulations are based on an undercut angle of ten degrees. 
Of course, further simulations at closer angles may be 
performed to more precisely determine the undercut angle. 

[0034] Scanning electron microscope (SEM) systems are 
shoWn in FIGS. 7 and 8 as eXamples of SEM systems With 
Which the invention may be utiliZed. The present invention 
may be utiliZed in other types of SEM systems as Well. 

[0035] The SEM system 10 depicted in FIG. 7 is particu 
larly suitable for measurement of critical dimensions and is 
described in detail in US. Pat. No. 5,869,833, entitled 
“Electron Beam Dose Control for Scanning Electron 
Microscopy and Critical Dimension Measurement Instru 
ments,” issued to Richardson et al. and assigned to KLA 
Tencor Corporation of San Jose, Calif. The disclosure of 
US. Pat. No. 5,869,833 (the Richardson patent) is hereby 
incorporated by reference. 

[0036] The SEM 10 of FIG. 7 includes an electron beam 
source 12, a focusing column and lens assembly 14, and a 
scan controller 16. The scan controller 16 scans an electron 

beam across selected regions of the specimen 20. Also 
included is a detector subsystem 24 to detect secondary and 
backscattered electrons from the specimen 20. 

[0037] The electron beam source 12 at the top of the SEM 
system 10 produces an electron beam 34. One implementa 
tion that could be used includes an electron source 36 that 
consists of a thermal ?eld emitter With electrons accelerated 
by a surface ?eld generated by poWer supply 32. Alternative 
electron source embodiments may instead be employed. The 
electrons emitted by the electron source 36 are then, Within 
the beam source 12, directed through the electrodes 38 and 
the source lens 39 (each also controlled by the poWer supply 
32) to form the electron beam 34 that enters the focusing 
column and lens assembly 14 to be directed to the specimen 
20. 

[0038] In the focusing column and lens assembly 14, the 
electron beam 34 passes through an aperture 41, reducing 
the beam current. For eXample, the beam current may be 
reduced from approximately 300 pA (pico Amperes) to a 
range of 5 to 100 pA forming the electron beam that is 
labeled 34‘. The electron beam 34‘ then passes through an 
objective lens 42 that includes magnetic coils 43 and pole 
pieces 44 to generate a strong magnetic ?eld. That magnetic 
?eld is used to focus beam 34‘ into an electron beam 18 With 
a spot siZe that may be, for eXample, about 5 nm (nanom 
eters) When directed at the specimen 20. A bias may be 
applied by a poWer supply 52 to the specimen 20 to create 
a decelerating ?eld to sloW doWn the electrons in the beam 
18 as the electrons approach the specimen 20. 

[0039] In operation, the electron beam 18 may be raster 
scanned over the specimen 20 and the secondary and back 
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scattered electron signal 28 may be detected by the detector 
subsystem 24. The secondary and backscattered electrons 28 
are released as a result of the interaction of the electron beam 
18 With specimen 20 and are directed back toWard the 
objective lens 42. As electrons 28 are released, they may 
spiral through the objective lens 42 (as a result of the 
magnetic ?eld), and then travel toWard the detector sub 
system 24 as they leave the ?eld Within the lens 42. 
Typically, the specimen 20 may be comprised of a variety of 
materials that may be conductive, insulating, or semicon 
ducting. A sub-area Within the specimen 20 may be of 
particular interest for scanning to determine features of that 
sub-area. An image processor and display subsystem 26 may 
develop the image of the sub-area. For eXample, the speci 
men 20 may be a semiconductor Wafer and a sub-area of the 
Wafer may be a portion of a circuit die on the Wafer. 

[0040] The detector subsystem 24 may be selected to have 
a bandWidth that is at least adequate to detect the secondary 
and backscattered electrons that form the electron signal 28. 
For example, the detector subsystem 24 may include a 
micro-channel plate, micro-sphere plate, semiconductor 
diode, or a scintillator and photo-multiplier assembly. The 
detector subsystem 24 illustrated in FIG. 7 includes a 
detector 55 and collector plat 56. The secondary and back 
scattered electron signal 28 is received by the detector 55 
and then collected by the collector plate 56. The collector 
plate 56 generates a signal that is received by the image 
processor and dispay subsystem 26. The image processor 
and display subsystem 26 may amplify the signal by an 
ampli?er 58 before the signal is input into an image gen 
erator 59. 

[0041] The location of the electron beam 18 on the speci 
men 20 is controlled by the scan controller 16. The scan 
controller 16 illustrated in FIG. 7 includes scan plates 45 
that are located Within the magnetic ?eld created by coils 43 
and pole pieces 44. The scan plates 45 are poWered by a 
raster generator 48 (via signals on lines 46 and 47) to direct 
the electron beam 18 in both the X and y directions across the 
specimen 20. 

[0042] The SEM system depicted in FIG. 8 is described in 
US. Pat. No. 5,578,821, entitled “Electron Beam Inspection 
System and Method,” issued to Meisberger et al. and 
assigned to KLA-Tencor Corporation of San Jose, Calif. The 
disclosure of US. Pat. No. 5,578,821 (the Meisberger 
patent) is hereby incorporated by reference. 

[0043] FIG. 8 is a simpli?ed schematic representation of 
the paths of the primary, secondary, backscattered and 
transmitted electrons through the electron optical column 
and collection system for electron beam inspection. In brief, 
FIG. 8 shoWs a schematic diagram of the various electron 
beam paths Within the column and beloW substrate 57. 
Electrons are emitted radially from ?eld emission cathode 
81 and appear to originate from a very small bright point 
source. Under the combined action of the accelerating ?eld 
and condenser lens magnetic ?eld, the beam is collimated 
into a parallel beam. Gun anode aperture 87 masks off 
electrons emitted at unusable angles, While the remaining 
beam continues on to beam limiting aperture 99. An upper 
de?ector (not depicted) is used for stigmation and align 
ment, ensuring that the ?nal beam is round and that it passes 
through the center of the objective lens 104 comprising 
elements 105, 106 and 107. A condenser lens (not depicted) 
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is mechanically centered to the axis de?ned by cathode 81 
and beam limiting aperture 99. The de?ection follows the 
path shoWn, so that the scanned, focused probe (beam at 
point of impact With the substrate) emerges from the objec 
tive lens 104. 

[0044] In High Voltage mode operation, Wien ?lter de?ec 
tors 112 and 113 de?ect the secondary electron beam 167 
into detector 117. When partially transparent masks are 
imaged, the transmitted beam 108 passes through electrode 
system 123 and 124 that spreads the beam 108 before it hits 
the detector 129. In LoW Voltage mode operation, the 
secondary electron beam is directed by stronger Wien ?lter 
de?ections toWard the loW voltage secondary electron detec 
tor 160 that may be the same detector used for backscatter 
imaging at high voltage. Further detail on the system and its 
operation is described in the Meisberger patent. 

[0045] In accordance With one embodiment of the inven 
tion, the incidence angle of the primary electron beam may 
be varied by appropriate adjustment of the currents in the 
objective lenses that focus the beam onto the specimen. In 
accordance With another embodiment of the invention, the 
incidence angle of the primary electron beam may be varied 
by tilting the stage holding the specimen Advantageously, 
this embodiment may avoid the blurring of the scanned 
image that occurs When the incident beam is tilted. 

[0046] In accordance With an alternate embodiment, elec 
tron detection at a range of angles may be used to measure 
the undercut angle. Such an embodiment may include mul 
tiple electron detectors at different scattering angles and 
application of a non-uniform extracting ?eld to differentiate 
betWeen scattered electrons at the different scattering angles. 
The multiple detectors Would be oriented such that the 
sideWall of interest is Within direct line-of-sight of the 
detectors at higher detecting angles so that a discontinuity 
occurs betWeen a ?rst detector Without direct line-of-sight 
and a second detector With direct line-of-sight. In that case, 
the measured undercut angle may correspond to the detect 
ing angle at Which the discontinuity is determined to occur. 

[0047] In the above description, numerous speci?c details 
are given to provide a thorough understanding of embodi 
ments of the invention. HoWever, the above description of 
illustrated embodiments of the invention is not intended to 
be exhaustive or to limit the invention to the precise forms 
disclosed. One skilled in the relevant art Will recogniZe that 
the invention can be practiced Without one or more of the 

speci?c details, or With other methods, components, etc. In 
other instances, Well-knoWn structures or operations are not 
shoWn or described in detail to avoid obscuring aspects of 
the invention. While speci?c embodiments of, and examples 
for, the invention are described herein for illustrative pur 
poses, various equivalent modi?cations are possible Within 
the scope of the invention, as those skilled in the relevant art 
Will recogniZe. 

[0048] These modi?cations can be made to the invention 
in light of the above detailed description. The terms used in 
the folloWing claims should not be construed to limit the 
invention to the speci?c embodiments disclosed in the 
speci?cation and the claims. Rather, the scope of the inven 
tion is to be determined by the folloWing claims, Which are 
to be construed in accordance With established doctrines of 
claim interpretation. 
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What is claimed is: 
1. A method for measuring an undercut of a feature on a 

specimen using a scanning electron microscope (SEM), the 
method comprising: 

illuminating the feature With a primary electron beam at 
an incident angle; 

changing the incident angle of the primary electron beam 
over a set of angles; 

measuring an intensity of scattered electrons from the 
feature for each incident angle in the set of angles; and 

determining a discontinuity in the intensities as a function 
of the incident angle. 

2. The method of claim 1, Wherein the set of angles is 
oriented such that at higher incident angles the primary 
electron beam impinges directly upon a sideWall of the 
feature. 

3. The method of claim 2, Wherein the discontinuity 
occurs When the primary electron beam begins to impinge 
directly upon the sideWall. 

4. The method of claim 3, Wherein the measured undercut 
angle corresponds to the incident angle at Which the discon 
tinuity is determined to occur. 

5. The method of claim 1, Wherein the determining is 
performed using a computer-implemented process. 

6. The method of claim 1, Wherein the intensities are 
measured based on peak heights. 

7. The method of claim 1, Wherein the intensities are 
measured based on integrated peak areas. 

8. The method of claim 1, Wherein the incident angle is 
changed by tilting a primary electron beam. 

9. The method of claim 1, Wherein the incident angle is 
changed by tilting a specimen stage. 

10. The method of claim 1, Wherein the SEM comprises 
an electron beam (e-beam) inspection apparatus for inspec 
tion of semiconductor Wafers. 

11. The method of claim 10, Wherein the e-beam inspec 
tion apparatus comprises an SEM con?gured for measuring 
critical dimensions (CD-SEM). 

12. A method for measuring an undercut of a feature on 
a specimen using a scanning electron microscope (SEM), 
the method comprising: 

illuminating the feature With primary electrons at an 
incident angle; 

measuring an intensity of scattered electrons from the 
feature by a plurality of detectors at a set of scattering 
angles; and 

determining a discontinuity in the intensities as a function 
of the scattering angle. 

13. The method of claim 12, further comprising: 

applying a non-uniform extracting ?eld to differentiate 
betWeen scattered electrons at different scattering 
angles. 

14. The method of claim 13, Wherein the plurality of 
detectors are oriented such that a sideWall of the feature is 
Within direct line-of-sight of detectors at higher detecting 
angles. 

15. The method of claim 14, Wherein the discontinuity 
occurs betWeen a ?rst detector Without direct line-of-sight 
and a second detector With direct line-of-sight. 
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16. The method of claim 15, wherein the measured 
undercut angle corresponds to the detecting angle at Which 
the discontinuity is determined to occur. 

17. The method of claim 12, Wherein the determining is 
performed using a computer-implemented process. 

18. Ascanning electron microscope (SEM) for measuring 
an undercut of a feature on a specimen, the SEM compris 
mg: 

an electron illumination system for illuminating the fea 
ture With a primary electron beam at an incident angle; 

a mechanism for changing the incident angle of the 
primary electron beam over a set of angles; 

a detector for measuring an intensity of scattered electrons 
from the feature for each incident angle in the set of 
angles; and 

a processor for determining a discontinuity in the inten 
sities as a function of the incident angle. 

19. The SEM of claim 18, Wherein the mechanism for 
changing the incident angle comprises an adjustable elec 
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tromagnet lens system for tilting the primary electron beam 
With respect to the specimen. 

20. The SEM of claim 18, Wherein the mechanism for 
changing the incident angle comprises a tiltable stage for 
tilting the specimen With respect to the primary electron 
beam. 

21. An apparatus for measuring an undercut of a feature 
on a specimen, the apparatus comprising: 

means for illuminating the feature With a primary electron 
beam at an incident angle; 

means for changing the incident angle of the primary 
electron beam over a set of angles; 

means for measuring an intensity of scattered electrons 
from the feature for each incident angle in the set of 
angles; and 

means for determining a discontinuity in the intensities as 
a function of the incident angle. 

* * * * * 


