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IC ANALYSIS SYSTEM HAVING CHARGED PARTICLE BEAM APPARATUS

This invention relates to an IC analysis system having
a charged particle beam apparatus such as an electron beam
tester and an ion beam tester and, more particularly, to a
charged particle beam apparatus that irradiates a charged
particle beam on an IC under test, measures the quantity of
secondary electrons emanating from each irradiated point on
the IC and displays the potential distribution of the IC as
a potential contrast image for evaluating the IC under test

such as locating a faulty position.

Heretofore, there has been an IC analysis system of the
type that scans and irradiates an IC chip a charged particle
beam, measures the quantity of secondary electrons emitted
from the IC chip at each irradiated point in terms of an
electric signal, and processes the electrical signal to
display the potential distribution in the IC chip as a
potential contrast image that is available for analyzing a
fault in the IC chip.

The applicant disclosed the related technologies in the
Japanese Patent Application No. 5-190440 entitled “"Electron
Beam Tester and IC Analysis System Incorporating Thereof",
and in the Japanese Patent Application No. 5-257625 entitled
"Method for Locating Faulty Part cof. IC" -#' Moreover, the
appllcant disclosed the related technolog}z..‘.ln the Japanese
Patent Application No. 6> 101938 entltled "Method for Locating -
Faulty Part of IC UtlllZlng Ion Beam Testel -and IC Analysis
System Incorporating Ion Beam Tester" o :

The present invention is applicable to all klnds of_
charged particle beam apparatus including an electron beam
tester and an ion beam tester.  In the present inQention, the_
term "charged particle beam apparatus" includes both an ion

beam tester and an electron beam tester. Moreover, in the
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context of this invention, the term "charged particle beam*
includes both an ion beam and an electron beam. '

Figure 18 shows a general construction of the
conventional type IC analysis system. Reference numeral 100
denotes the general view of an IC analysis system, which is
made up of a test pattern generator 200 and a charged
particle beam apparatus 300. The test pattern generator 200
provides a test pattern signal to an IC under test (which
will hereinafter be referred to also as a device under test
DUT) placed in the charged particle beam apparatus 300.

The conventional test pattern generator 200 includes; a
start switch 201 for starting the generation of the test
pattern; a stop switch 202 for stopping the generation of the
test pattern at an arbitrary point of time; stop pattern
setting means 203 for stopping the updating of the test
pattern when a specified test pattern is generated; pattern
holding means 204 for stopping the updating of the test
pattern by detecting the test pattern set to the sEop pattern
.setting means 203; and stop signal generating means 205 for
generating a signal indicating the stop of the updating of
the test pattern. Because of this arrangement, the test
pattern generator 200 can control a start and stop of the
test pattern signal and a stop of the updating of a specific
test pattern. '

The charged partidle beam apparatus 300 is made up of;
a column part 301 which irradiates a device under test DUT a
charged particle beam; a chamber 302 which is provided just
under the column part 301 to hold the device under test DUT
in a vacuum; a stage 303 which is provided in the chamber 302
to shift the position of the device under test DUT in the X-Y
direction; a sensor 304 for measuring the quantity of
secondary electrons from the device under test DUT as an
electrical signal; an image data acquiring apparatus 305
which fetches therein, as image data, the electrical signal
detected by the sensor 304; a monitor 305 which displays, as
a potential contrast image, the image data processed by the
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image data acquiring apparatus 305; and a column controller
307 which controls the emission of the charged particle beam,
the quantity of its emission (an electric current value), an
acceleration voltage, a scanning speed, a scanning area, and
etc.

When detecting that the test pattern generator 200 has
generated a test pattern set in the stop pattern setting
means 203, the pattern holding means 204 suspends its test
pattern updating operation and maintains the test pattern
output at that time. AT the same time, the stop signal
generating means 205 supplies the image data acquiring
apparatus 305 and the column controller 307 a stop signal
representing that the test pattern updating operation has
stopped. Upon receiving the stop signal, the column
controller 307 effects control to emit the charged particle
beam and image data acquiring apparatus 305 begins to fetch
therein image data.

The method to specify an IC fault is accohplished by

.setting a test pattern that causes failure in the device

under test DUT in the stop pattern setting means 203. It has
already been checked in an IC tester that the test pattern
causes failure in the DUT (but not a specific location in the
DUT). On detecting that the test pattern generator 200 has
generated the test pattern that was set in the stop pattern
setting means 203 and that also causes failure, the test
pattern generator 200 suspends the test pattern updating
operation and maintains the test pattern set in the stop
pattern'setting means 203. Upon receiving the stop signal,
the column controller 307 effects control to emit the charged
particle beam and image data acquiring apparatus 305 begins
to fetch therein image data. The above procedures up to the
fetching the image data in the image data acquiring apparatus
305 are performed for both the normal state and the faulty
state of the device under test DUT. The image data acquiring
apparatus 305 compares the image data, and then the
difference between both image data is identified as a fault.

IR N
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Conventionally, the time for suspension of the test
pattern is set slightly longer than the time for writing the
image data in the image data acquiring apparatus 305. ag 3
consequence, a change in the conditions for writing the image
data in the image data acquiring apparatus requires the
change in the test pattern suspension time as well.
Therefore, the prior art IC analysis system has 3
disadvantage in its operability. _

That is, a charged particle beam acceleration voltage,
a scanning speed, a scanning area, a scanning time, etc. must
be set for capturing image data, and if these conditions are
changed or modified, the time for acquiring image data will
change. Consequently, when the conditions for capturing
image data are changed, the test pattern suspension time also
needs to be changed accordingly. This involves operating
both of the test pattern generator 200 and the charged
particle beam apparatus 300, and hence is troublesome.

On the other hand, the conditions for writing the image
data in the image data acquiring apparatus 305 needs to be
changed in accordance with the .purpose of each test. In
particular, in the case where the device under test DUT is an
IC chip which is covered all over with an insulating film as
a protective layer, it is necessary to observe or measure
potentials corresponding to those of wiring conductors
underlying the insulating film. It is difficult, however, to
detect, as a potential contrast image, the potential
distributions of the wiring conductors of the IC chip which
is covered with the insulating film.

That is, when the surface of the insulating film is
irradiated with a charged particle beam, the potential
distfibution ultimately disappears owing to the storage of
charges on the insulating film in pProportion to the charged
particle beam emanating time, and as a result, it is
impossible to detect a desired potential contrast image.
Figure 19 shows such a situation where the potential
distribution of the IC chip surface disappears.
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In Figure 197, the potential contrast image is
illustrated wherein conductors L1, L2, L3 and L4 that are
underlying the insulating film and that have been supplied
with L-logic, H-logic, L-logic and H-logic potentials,
respectively. As shown, the application of the L-logic
potential (a voltage close to zero volt or negative
potential) provides a white potential'contrast image (which
means that the quantity of secondary electrons reaching a
sensor 304 1is lafge). The application of the H-logic
potential (a positive voltage exceeding zero volt) provides
a black potential contrast image (which means that the
quantity of secondary electrons reaching the sensor 304 is
small). In this instance, an insulating substrate PB has an
intermediate potential between .the L-logic and H-logic
potentials and is displayed in gray.

Figures 19B and 19C show potential contrast images
appearing (in 0.1 to 0.3 seconds) after the scanning
irradiation with the charged particle beam. As #ill be seen
. from these drawings, when the charged particle beam is
applied, the potential contrast rapidly lowers as in Figure
19B and finally disappears as in Figure 19C. Thus, necessary
image data can be obtained only when the potential contrast
is in such a state as shown in Figure 19A. In other woxds,
it is difficult to obtain a clear image by only a single
fetch of image data because the potential contrast can not be
held for a long time. H

Owing to the presence of such a pdtential contrast
reductibn phenomenon, the conditions for acquiring the image
data, i.e., the area to be scanned with the charged particle
beam, the current value of the charged particle beam, etc.,
must be changed frequently. However, each time the
conditions for acquiring the image data are changed, the time
interval for which the updating of the test. pattern is
suspended must also be reset, which is time consuming and

impairs the operability of the system.
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In the IC analysis system having the charged particle
beam apparatus, the potential contrast image is obtained
through the steps of scanning and irradiating one area of the
device under test DUT with a charged particle beam, applying
thereto a desired test pattern and acquiring the quantity of
secondary electrons as image data. In the case of an IC chip
of which the surface is covered with an insulating film,
however, as noted above, there is the phenomenon that the
potential distribution formed on the insulating £film
disappears in proportion to the quantity of the charged
particle beam irradiation as described previously. On this
account, only image data acquired under one scanning
jrradiation with the charged particle beam becomes effective.
Moreover, such small quantity of the image data as acquired
under one scanning ‘irradiation with the charged particle
beam, stored into an image memory, etc. and read out
repeatedly, causes a defect that the potential .contrast image
can not be finely and clearly displayed in a monitor 306.

One possible solution to this problem is to update test
patterns one after another and <continue the scanning
irradiation with the charged particle beam until the specific
test pattern n is generated. In this method, since the IC
chip is jrradiated with the charged particle beam while the
test patterns are updated at high speed, the potential of the
1nsu1at1ng film covering the surface of the IC chip becomes
a mean value of potential variations of the w1r1ng
conductors, that is, an intermediate wvalue between the H-
logic and the L-logic. When the pattern updating operation
stops upon generation of the specified test pattern n, the
potential distribution dependent on the test pattern can be
captured as a potential contrast image.

After acquiring the image data, by resuming the pattern
updating operation and further contlnulng the scanning
jrradiation with the charged partlcle beam, the potential of
the insulating film takes again the intermediate value
between the H-logic and the L-logic. By repeating this



-7-
process, the potential contrast image corresponding to the
desired test pattern being supplied can be obtained. This
increases the quantity of image data, and the picture quality
of the voltage contrast image can be enhanced.

However, this method still has disadvantages as
mentioned below. That is, according to the potential
immediately prior to the suspension of the pattern updating
operation upon generation of a desired test pattern, some
wiring conductors may be displayed as potential contrast
images but other wiring conductors may not, which is not
desirable for the fault analysis.

Preferably the present invention enhances
the operability of such an IC analysis system having a
charged particle beam apparatus which retains potential
contrast image unchanged even in the presence of the
potential contrast reduction phenomenon.
Preferably the present invention provideés
.an IC analysis system which uses such a charged particle beam
apparatus and method for specifying IC’ faults in a non-
contact manner.
Preferably the present invention improves

the picture quality of the potential contrast image which
represents the potential distribution of wiring conductors in
an IC chip to which a desired test pattern is being applied
and of which the surface is covered with an insulating film.

The first aspect of the present invention is embodied in
an improved IC analysis system having a charged particle beam
apparétus which is capable of reducing the test time and
enhancing operability. The IC analysis system includes: a
charged particle beam apparatus which scans and irradiates a
éharged particle beam on the surface of a device under test,
measures the quantity of the secondary electrons from each
irradiated point and displays the surface potential

distribution of the device under test as an image; and a test
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pattern generator which supplies test patterns to the device
under test.

The test patter generator comprises stop pattern setting
means for setting a test pattern to stop the updating of the
said test patterns in a test pattetn generator; pattern
holding means for suspending a test pattern updating
operation and for holding the test pattern set by the stop
pattern setting means; stop signal generating means for
outputting a pattern stop signal to represeﬁt that the test
pattern updating operation has stopped; and release means for
releasing a pattern holding state on receiving an acquisition
completion signal that represents the completion of the
acquisition of image data provided by the charged particle
beam.

Furthermore, the said charged particle beam apparatus
comprises image data acquisition means which responds to the
pattern stop signal output from the stop signal generating
means to start the acquisition of image data; and acquisition
completion signal generating means which generates the said
acquisition completion signal representing that the image
data acquisition means has taken therein required image data.

According to the first aspect of the present invention,
once the image data acquisition means captures desired image
data, the acquisition completion signal generating means
output an acquisition compleéion signal that represents the
completion of the acquisition of image data. The pattern
generator starts the test pattern updating operation with
this acquisition completion signal. Therefore, it is not
necessary to set a test pattern stop or suspension time in
the test pattern generator, and the acquisition of the image
data and the start and stop of the test pattern can
automatically be repeated. .

The second aspect of the present invention is embodied
"in an improved IC analysis system having a charged particle
beam apparatus which is capable of improving picture quality

by compensating a potential reduction phenomenon. In this
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invention, at least two test patterns can be set in the stop
pattern setting means established in the test pattern
generator. Moreover, every time the first and second test
pattern are supplied, respectively, the test pattern updating
operation is suspended. In addition to this, image data is
not captured but only the irradiation of the charged particle
beam is performed during the generation of the first test
pattern. Moreover, the irradiation of the charged particle
beam and the acquisition of the image data are performed
during the generation of the second test pattern. The
irradiation with the charged particle beam is not performed
except for these periods. As a result, the image of the
poxrtions where the potential has changed can be more
definitely detected under the second test pattern than under
the first test pattern.

Therefore, by performing only the irradiation of the
charged particle beam at the time when the first test pattexrn
is generated, a potential distribution on the surface of the

.device under test DUT can be displayed as a potential

contrast image in a subsequently period when generating the
second test pattern. According this procedure, the potential
contrast image can always be obtained in a portion where the
potentials corresponding to the first and second test
patterns are reverse in polarity.

There are several methods for locating a fault in the
device under test by utilizing the IC analysis systeﬁ of the
present invention. In one example, the same test pattern is
used as the first and second test pattern and operating
conditions of a device under test DUT is altered at the time
when each test pattern are applied. 1In the other method,
different patterns are respectively used as the first and
second test patterns, and the image data is captured at thé
time when each test pattern is applied and the. difference
between the image data is displayed. in another method, the
image data is captured only once at the time when the first

and second test patterns are applied, and the surface
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potential of a device under test DUT is maintained in
equilibrium through plural times of irradiation for the same

portion.

Figure 1 is a block diagram showing an embodiment of the
first aspect of the present invention.

Figure 2 is a waveform diagram for explaining the
operation of the embodiment of Figure 1.

Figure 3 is a waveform diagram for explaining the
operation of the embodiment of Figure 1.

Figure 4 is a waveform diagram for explaining the
operation of the embodiment of Figure 1.

Figure 5 is a block diagram showing an embodiment of the
second aspect of the present invention.

Figure 6 is a waveform diagram for explaining the
operation of the embodiment of Figure 5.

Figure 7 is a waveform diagram for explaining the
operation of the embodiment of Figure 5.

Figure 8 is a plan view of the device under test for
explaining the potential of wiring in a device under test to
which the test pattern r has been aﬁplied.

Figure 9 is a plan view of the device under test for
explaining the potential of wiring in a device under test to
which the test pattern n has been applied.

Figure 10 is a graphic display on a monitor screen
showing a potential contrast image under applying the test
pattern r after the alternate application of the test
patterns r and n.

Figure 11 is a graphic display on the monitor screen
showing a potential contrast image in a state of applying the
test pattern n after the alternate applications of the test
patterns r and n. o

Figure 12 is a graphic display on the monitor screen
showing a reversed potential contrast image of Figure 10.
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Figure 13 is a graphic display on the monitor screen
showing the computed result of the embodiment as a potential
contrast.

Figure 14 is a waveform diagram for explaining the
reason for disappearance of the potential contrast of a
portion at which the same polarity is given when the test
patterns r and n are alternately applied.

Figure 15 is a waveform diagram for explaining the
operation of the measurement method in the embodiment.

Figure 16 is a waveform diagram for explaining the
operation of the measurement method in the embodiment.

Figure 17 is a waveform diagram for explaining the
reason for disappearance of the potential contrast of a
portion at which the same polarity is given when the test
patterns r and n are alternately applied.'

Figure 18 is a block diagram showing a structure of the
conventional IC analysis system.

Figure 19 is a graphic view of the potential ‘contrast in
.the conventional IC analysis system of Figure 18.

Figure 1 shows a block diagram of an embodiment of the
first aspect of the present invention. In Figure 1, the
parts corresponding to those in Figure 18 are designated by
the same reference numerals. One of the inventive features
of this IC analysis system is that an acquisition completion
signal generating 308 is provided in the charged particle
beam apparatus 300. This acquisition completion signal
generatiﬂg means 308 generates an acquisition completion
signal when detecting that the image data acquiring apparatus
305 has completed the acquisition of image data. The
acquisition completion signal is input into the pattern hold
means 204 of the test pattern generator 200. .

When supplied with the acquisition signal, the pattern
holding means 204 provides a command to the test pattern
generator 200 to cancel the suspension of its test pattern
updating operation. Then, the test pattern generator 200 is
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released from the stopped state and resumes the test pattern
updating operation. That is, according to the present
invention, assuming that a stop pattern n, for example, is
set. in the stop pattern setting means 203, the pattern
holding means 204 responds to each generation of the stop
pattern n to stop the test pattern updating operation of the
test pattern generator 200 and hold it in the state of
outputting the test pattern n.

Figure 2 is a waveform chart showing an operational
procedure. A start signal in Figure 2Aa initiates the test
pattern shown in Figure 2B. When the test pattern reaches
data n (which indicates an address generally representing the
order of pattern generation), the pattern holding means 204
causes the test pattern generator 200 to stop its .pattern
updating operation and hold it in the state of outputting the
pattern data n, while at the same time the stop signal
generating means 205 outputs the stop signal (Figure 2C).
The stop signal is applied to the image data acquiring
apparatus 305 to cause it to start the acquisition of the
image data for a predetermined period (Figure 2D).

The completion of the acquisition of image data can be
known. For example, by detecting a vertical blanking signal
representing that the scanning irradiation with the charged
particle beam has been executed for one frame. By generating
the acquisition completion signal when detecting one or
desired number of vertical blanking signals, it is possible
to generate the acquisition completion signal when the
charged particle beam has scanned one or desired numbers of
frames. Figure 2E shows the acquisition completion signal
which is triggered by the end of the acquisition.

When the acquisition completion signal is applied to the
pattern holding means 204, the test pattern signal generator
200 is released from the stopped state and generates test
patterns n+l, n+2, ... and outputs a last pattern LST as
shown in Figure 2B. 1In such a setting as a series of test



-13-

patterns is generated at a single time, the test pattern
generator 200 stops after generating the last pattern LST.

In the case where the test pattern generator 200 is set
to repeat the generation of a series of test patterns, it
automatically stops upon each generation of the test pattern
n, restarts after the completion of the last pattern LST,
thereafter repeating the generation of the patterns, as shown
in Figure 3. Alternatively, after acquiring the image data,
it is also possible to go back to the first pattern as shown
in Figure 4. At any rate, the image data in the state of the
specified test pattern n being applied can be automatically
acquired a plurality of times. The pattern generator 200 can
be stopped by the stop switch 202.

As mentioned above, the start and stop operations of the
test pattern generator 200 are associated with the image data
acquiring operation of the charged particle beam apparatus
300 by the stop pattern setting means 203 whereby a test
pattern is set. Hence, even if the conditions for acquiring
the image data are changed, the setting of the test pattern
generator 200 does not have to be changed. Accordingly, the
overall operation can be simplified, less time consuming and
the operability can be enhanced.

The second aspect of the present invention is to enhance
an ability for acquiring the image data through the use of
the IC analysis system proposed in the first invention.
Figure 5 shows a block diagram of the preferred embodiment of
the second invention. In the second invention, the stop
pattern setting means 203 where the first test pattern r and
the second test pattern n can be set is adapted and mode
select means 309 is provided in the charged particle beam
apparatus 300. The mode select means 309 effects control of
switching between the first operation mode which causes the
column controller 307 to perform the scanning irradiation
with the charged particle beam and the image data acquiring
apparatus 305 not to capture image data, when the test
pattern generator 200 stops the test pattern updating



-14-

operation according to the generation of the first test
pattern 4, and the second mode which starts both the column
controller 307 and image data acquiring apparatus 305, when
the test pattern generator 200 stops the test pattern
updating operation according to the generation of the second
test pattern n. '

Figures 6 and 7 show the states of the first and second
operation modes as above. Figure 6 shows the case of
generating the test pattern continuously from the leading
address to the last address LST. Figure 7 shows the case of
returning the operation to the leading address upon -each
execution of the first and second operation modes. By
acquiring the image data in the second operation mode after
the first operation mode, it is possible to eliminate the
influence of potential contrast reduction on the surface (the
insulating film) of the device under test DUT.

“That is, by irradiating the charged particle beam on the
device under test DUT in the first operation mode, the
surface potential of the device under test DUT has a
potential contrast determined by the test pattern applied
thereto. By generating the test pattern n while applying
this potential contrast, a potential contrast image is
repeatedly formed only in a portion where there is a wiring
conductor which is supplied with a potential of a different
polarity when the test patterns r and n are applied,
respectively. Thus, the potential contrast image are
accumulated, and hence a clear potential contrast image can
be obtained.

This effect is described in more detail with reference
to the examples in Figures 8, 9, 11 and 14 below. Figure 8
shows potential differences that are applied to the
conductors L1, L2, L3 and L4 when the first test pattern r is
applied. The example of Figure 8 shows the state of applying
L-logic to the conductor L1, H-logic to the conductor L2, L-
logic to the conductor L3, H-logic to the conductor L4.
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Figure 9 shows potential differences that are applied to
the conductors L1 through L4 when the second test pattern n
is applied. The example of Figure 9 shows the state of
applying L-logic to the conductors L1 and L2 and H-logic to
the conductors L3 and L4.

By the following steps of scanning and irradiating the
charged particle beam on the area containing the conductor L1
through L4 under the state of Figure 8, and also scanning and
irradiating the charged particle beam on the same area under
the state of Figure 9, and then acquiring the image data at
that time, it is possible to obtain such a potential contrast
image as shown in Figure 11. As will be seen from the
potential contrast image shown in Figure 11, only conductors
supplied with potentials which are reversed in the polarity
alternately by the application of the first and second test
patterns r and n appear as potential contrast images. 1In
this example, the conductors L2 and L3 are displayed as
potential contrast images, whereas the conductors Ll and L4
.are each supplied with the same potential, and hence are not
displayed as potential contrast images.

The reason for the above effect will be given with
reference to Figure 14. Since the first test pattern r
supplies the conductors L1 and L3 the L-logic potential, the
potentials of insulating film covering these conductors Ll
and L3 are biased negatively in excess of an equilibrium
potential Vs (equivalent to the potential of the surrounding
insulator) indicated by the broken lines. Furthermore, since
the conductors L2 and L4 are supplied with the H-logic
potential, the potential of the insuléting film covering
these conductor L2 and L4 are biased positively in excess of
the equilibrium potential Vs (Figures 14B-14E).

' When scanning and irradiating the charged particle beam
on device under test DUT in this state, the potentials of the
insulating film gradually vary toward the equilibrium
potential Vs. During the irradiation of the charged particle
beam, the potential of the insulating film. undergoes a
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change, but when the irradiation is stopped, the potential
change will also be stopped. Although several test patterns
are applied in the interval between the first and second test
patterns r and n, the potentials Va, Vb, Vc and vd (Figures
14B-14E) changed through the scanning irradiation with the
charged particle beam are held during the period when the
irradiation is stopped.

Only when the conductors L1l through 14 are applied with
the reverse polarity of the potentials during the step where
the second test pattern n is applied and the irradiation of
the charged particle beam is resumed, the potentials of those
conductors start to vary from the potentials Ve and Vf far
from the equilibrium potential Vs as shown in Figures 14C and
14D. The potentials of the conductors supplied with the same
polarity as the previous step, however, start to vary from
the potential Va and Vd closer to the equilibrium potential
Vs as in Figures 14B and 14E.

Hence, in this example where the test pattern n is
applied and where the potentials of the same polarity as
before are provided, the potentials of the insulating f£ilm of
the conductors Ll and L4 start to vary from the value close
to the equilibrium potential Vs. Consequently, since the
potentials close to the equilibrium potential Vs shift to the
state of equilibrium in a short period of time, the potential
contrast image can hardly be obtained. On the contrary,
since the potentials of the conductors L2 and L3 are supplied
with the reverse logic potential, the conductor potentials
start to vary from the potentials Ve and Vf far from the
equilibrium potential Vs. Therefore, the clear potential
image can be obtained.

As described above, according to the second aspect of
the present invention, by applying the second test pattern n
after the first test pattern r, it is possible to obtain, at
all times, a potential contrast image of the conductor which
is supplied with the second test pattern n having the
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opposite polarity of potential to the potential in the first
test pattern r.

Hence, by acquiring this potential contrast image as
image data, the image data can be accumulated. Moreover, a
clear potential contrast image of improved S/N (signal to
noise) ratio can be obtained by averaging the image data. By
changing the first test pattern r to new ones in a sequential
order, the conductor of the device under test DUT whose logic
is reversed at the time of applying the test pattern n can be
produced one after another. This enables observation of the
conditions of almost all the conductors in the device under
test DUT. "

In the following, the fault locating method in the
present invention will be described. According to the first
locating method, faults are discovered through steps of using
the same pattern n as the first and second patterns in the
apparatus of the present invention and using the different
operating condition of the device under test DUT in applying
.each test pattern. That is, the first test pattern is n and
the second test pattern is also n. In applying the first
test pattern n, an operating voltage, for example 3V, which
is substantially different from the prescribed voltage range
of 4.5 V to 5.0 V is applied. Then, in applying the second
test pattern n, the prescribed voltage 5 V is applied.

In this situation, if the operation of the device under
test DUT is normal on the application of the first and second
test patterns n, the potential contrast image can not be
obtained. On the contrary, if an unusual operation occurs on
the application of either the first test pattern n or the
second test pattern n, conductors to which the applied
voltage polarity is reversed will appear and the potential
contrast image for that conductors can be obtained.
Accordingly, the potential contrast image indicates the
portions where the unusual operation occurs in the DUT. This
is effective for the rapid failure analysis of semiconductor

devices, for example, margin failure analysis.
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there is also a method for measuring failure

Moreover,
location by changing the clock rate of the test pattern with
the constant voltage. In this second method, for example,

the first test pattern is set to the standard frequency 10
MHz and the second test pattern is set to 15 MHz. If failure
occurs at either of the frequencies, the potential contrast
can be obtained and the failure analysis of, for example, the
margin failure is rapidly accomplished. This procedure
includes the steps of storing the reverse logic of image data
acquired on application of the test pattern r, adding image
data acquired on application of the test pattern n to the
image data obtain in the first test pattern, and displaying
the added result as a poetential image on a monitor 300. This
second method can also produce a clear potential contrast
image.

The reason for this clear potential contrast image in
the second method will be described with reference to.Figures
g8-14. Figure 8 shows potential differences produced in the
wiring conductors L1, L2, L3 and L4 of the device under test
DUT in the case where the test pattern r is supplied. In
other words, Figure 8 shows the state of applying L-logic to
the conductor L1, H-logic to the conductor L2, L-logic to the
conductor L3 and H-logic to the conductor Ld4. Figure 9 shows
potentials produced in the corresponding wiring conductors L1l
through L4 in the case where the test pattern n is supplied.
In other words, Figure 9 shows the state of applying L-logic
to the conductors Ll and L2 and H-logic to the conductors L3
and L4.

Figures 10 and 11 show these potential.contrast images
corresponding to Figures 8 and 9. Figure 10 shows the
potential contrast image in the case where the test pattern
r is supplied and Figure 11 shows the potential contrast
image in the case where the test pattern n is supplied. In
Figure 10, the potential contrast of the conductors L1 and L4
is faded away and the potential contrast of only conductors

L2 and L3 remains. In Figure 11, the'potential contrast of
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the conductors L1 and L4 is faded away and the potential
contrast of the conductors of L2 and L3 remains. This is
because each of the potentials in the conductors L1 and L4 on
application of the test pattern r is the same as that on
application of the test pattern n.

Figure 14 shows the state where the potential contrast
is fading. Figure 14A shows a period when the test patterns
r and n are supplied and when the charged particle beam is
emitted. Figﬁre 14B shows the potential contrast of the
insulting film covering the surface of the conductor Li.
Figure 14C shows the potential contrast of the insulating
film covering the surface of the conductor L2. Figure 14D
shows the potential contrast of the insulating film covering
the surface of the conductor L3, - Figure 14E shows the
potential contrast of the insulating film covering the
surface of the conductor 1L.4.

As shown in Figures 14B and 14E, the potential contrast
is produced at the time when the test pattern r is supplied.
.The potential contrast, however, fades when the charged
particle beam is given because the same polarity of potential
is applied during the application of the second test pattern
n, and then it finally converges on the equilibrium potential
Vs. Thereafter, even if the test patterns r and n are
supplied alternately, the potential contrast of the
insuléting film covering the conductors L1 and L4 will not be
produced.

On the contrary, each time when the test patterns r and
n are supplied, the potentials of opposite polarity are
produced in the insulating film covering the conductors L2
and L3. Therefore, the reversed potential contrasts are
produced, respectively at each time when the test patterns r
and n are supplied. |

Figure 12 shows image data obtained by reversing the
polarity of the image data (the potential contrast) of Figure
10 acquired when the first test pattern is supplied. Image
data shown in Figure 13 can be obtained by adding the image



-20-

data shown in Figure 12 to the image data shown in Figure 11.
The potential contrast of the conductors L2 and L3 is added
and emphasized in the image data shown in Figure 13. As the
result, picture quality is enhanced and the potential
contrast can be obtained with high resolution.

As described above, if the reverse polarity potential is
provided at each time of supplying the test pattexns r and n,
the reverse potential contrast appears for the surface of the
insulating film. Furthermore, in this embodiment, adding the
reverse logic data under one test pattern to the image data
under another test pattern causes the potential contrast to
be emphasized and the picture quality to be enhanced, which
makes the potential contrast image clearer, higher contrast
and with high resolution.

The third method for locating the fault position in the
device under test DUT invention includes the steps of
acquiring the first image data on application of each of the
first and second test patterns r and n, and then scanning and
irradiating the same surface the charged particle beam at
plural times. Figures 15 and 16 show such procedures of this
method. ’

Figure 17 shows the state where the potential contrast
fades away in this embodiment. As shown in Figures 17B and
17E, the potential contrast appears first on supplying the
first test pattern, and then converges on the equilibrium
potential Vs through plural scanning and irradiations of the
charged particle beam. Even if the first and second test
patterns r and n are supplied alternately after that, the
potential contrast will not be produced for the insulating
film existing on the surface of the conductors L1 and L4
because the same polarity voltage is applied to the
conductors L1 and L4.

On the contrary, the potential contrast and the reverse
polarity potential contrast appears alternately for the
insulating film covering the conductors L2 and L3 even when

the first and second test pattern r and n are supplied.
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In this method, the potential of each portion reaches
the state of equilibrium potential because the scanning
irradiation of the charged particle beam is executed for the
same surface at plural times. 1In the conductors L2 and L3
where the potential wvariation occurs, large displacement
relative to the equilibrium potential occurs. As a result,
the potential contrast is emphasized and the potential
contrast image with high resolution can be obtained. Aas
described above, in this invention, when compared with the
conventional apparatus, the establishment of the acquisition
completion signal generating means causes the operability to
be enhanced very much and enables an automatic opérat_:ion of
the system. Next, the establishment of the mode select mears
enables to choose wvarious manners of the charged particle
beam irradiation method and image data acquiring method in
which plural test patterns are applied.

Moreover, new measuring methods make the potential
contrast clear and enable to display an abnormal operation
.state of the device under test as the potential contrast.
Accordingly, the methods o'f the present invention have
advantages 1in specifying failure portions rapidly and
directly and strengthen the failure analysis of the device
under test such as margin failure analysis.
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WHAT IS CLAIMED IS:

1. An IC analysis system composed of an ion bean
tester which irradiates and scans an ion beam on the
surface of a device under test, measures the amount of
secondary electrons at each irradiated point, and displays
the surface potential distribution of said device under test

as an 1image, and a test pattern generator which
sequentially updates and applies test patterns to said device
under test, and has stop pattern setting means for
setting a stop pattern to suspend test pattern updating
operations of said test pattern generator ; said IC
analysis system comprising:
pattern holding means for suspending test
pattern updating operations while keeping said test
pattern generator generating said stop pattern set
by said stop pattern setting means, and resuming
test pattern updating operations when receiving rom said
ion beam tester an acquisition completion signal
representing the completion of acquisition of image
data;
stop signal generating means for generating

a stop signal representing the suspension of test
pattern updating operations;

image data acquisition means in said ion beam
tester for responding said stop signal from said
stop signal generating means to resume acquisition

of image data;
acquisition completion signal generating means

in said ion beam tester for generating said
acquisition completion signal.

2. An IC analysis system composed of an ion beam

tester which irradiates and scans an ion beam on the

surface of a device under test, measures the amount of
secondary electrons at each irradiated point, and displays
the surface potential distribution of said device under test

as an image, and a test pattern generator which

* c L L} - *
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sequentially updates and applies test patterns to said device
under test and has stop pattern setting means for
setting at least two stop patterns of a first test pattern
and a second test pattern to suspend test pattern updating
operations of said test pattern generator; said IC
analysis system comprising:
pattern holding means for suspending test
pattern updating operations while keeping said test
pattern generator generating said first or second
test pattern set by said stop pattern setting means
, and resuming test pattern updating operations
when receiving from said ion beam tester an
acquisition completion  signal representing the
completion of acquisition of image data;
stop signal generating means for generating
a stop signal representing the suspension of test
pattern updating operations}
image data acquisition means in s&id ion beam
tester for responding said stop signal from said
stop signal generating means to resume acquisition
of image date;
mode select means in said ion beam tester
for executing either a first mode operation in
which, when said first test pattern is generated and
test pattern updating operations is suspended, said
device under test is irradiated with a ion beam
scanning, but acquisition of image data is prohibited,
or a second mode operation in which, when said second
test pattern is generated and test pattern updating
operations is suspended, said device under test is
irradiated with a ion beam scanning, and acquisition of

image data is performed.

3. An IC analysis system according to Claim 2,
wherein said ion beam tester includes acquisition
completion signal generating means which generates said

acquisition completion signal representing that said image

T
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data acquisition means has completed acquisition of
image data, and wherein said pattern holding means
controls said test pattern generator to resume test

pattern updating operations responding said acquisition
completion signal from said ion beam tester.

4. An ion beam tester which irradiates the
surface of a device under test an ion beam scanning, said
device under test being applied with sequentially updated and
generated test patterns from a test pattern generator ,
measures the amount of secondary electrons at each 1rrad1ated
point, and displays the surface potential distribution of
said device under test as an image, comprising:

image data acquisition means in said ion beam
tester for responding said stop signal from said
test pattern generator to resume acquisition of
image data;

acquisition completion signal génerating means -

in said ion beam tester for generating said
acquisition completion signal to said test pattern
generator.

5. An ion beam tester which irradiates the
surface of a device under test an ion beam scanning, said
device under test being applied with sequentially updated and
generated test patterns from a test pattern generator,
measures the amount of secondary electrons at each irradiated
point, and displays the surface potential distribution of
said device under test as an image, comprising:

image data acquisition means in said ion beam
tester for responding said stop signal from said
test pattern generator to resume acquisition of
image data; )
mode select means in said ion beam tester
for executing either a first mode operation in
which, when said first test pattern is generated and
test pattern updating operations is suspended, said

device under test is irradiated with an ion beam

RN D AR e
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scanning, but acquisition of image data is prohibited,
or a second mode operation in which, when said second
test pattern is generated and test pattern updating
operations is suspended, said device under test is
irradiated with an ion beam scanning, and acquisition of
image data performed.

6. An ion beam tester according to Claim 5,
said ion beam tester further includes acquisition completion
signal generating means which generates an acquisition
completion signal representing that said image data
acquisition means has completed acquisition of image
data, and provides said acquisition completion signal to said
test pattern generator.

7. A fault isolation method used in an IC analysis
system composed of a charged particle beam apparatus
which irradiates a charge particle beam scanning on the
surface of a device under test, measures the amount of
secondary electrons at each irradiated point, amd displays
the surface potential distribution of said device under test

as an image, a test pattern generator which
sequentially updates and applies test patterns to said device
under test, and has stop pattern setting means in which

stop patterns of a first test pattern and a second test
pattern can be set, said method comprising the steps of: ‘

_ ~ setting the same pattern n as said first and second
test patterns, and setting different operation
conditions on said device under test each other when
applying said first and second test patterns thereto;

performing irradiation with a charged particle beam
scanning without performing acquisition of image data
when said first test pattern n .is generated;

performing both irradiation with' a charged particle
beam scanning and acquisition of image data when said
second test pattern n is generated;

displaying said surface potential contrast image of

said device under test.

* < L M S %
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8. A fault isolation method used in an IC analysis
system composed of a charged particle beam apparatus
which irradiates the surface of a device under test ga
charge particle beam scanning, measures the amount of
secondary electrons at each irradiated point, and displays
the surface potential distribution of said device under test

as an image, a test pattern generator which
sequentially updates and applies test patterns to said device
under test, and has stop pattern setting means in which

two stop patterns of a first test pattern and a second test
pattern can be set, said method comprising the steps of:
setting pattern r as said first test pattern and
pattern n as said second test pattern;
performing both irradiation with a charged particle
beam scanning and acquisition of image data when said
first test pattern r is generated;
performing both irradiation with a charged particle
beam scanning and acquisition of image data when said
second test pattern n is generated;
calculating the difference between the image data
acquired when said first test pattern r and said second
test pattern n;
displaying said surface potential contrast image of
said device under test.
9. A fault isolation method used in an IC analysis
system composed of a charged particle beam apparatus
"which irradiates the surface of a device under test a
charge particle beam scanning, measures. the amount of.
secondary electrons at each irradiated point, and displays
the surface potential distribution of said device under test
as an image, a test pattern generator which
sequentially updates and applieé test patterns to said device
under test, and has stop pattern setting means in which
two stop patterns of a first test pattern and a second test
pattern can be set, comprising the steps of:

L
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setting pattern r as said first test pattern and
pattern n as said second test pattern;

making the surface potential of said device under
test to equilibrium potential by irradiating the area
displayed in a monitor many times with a charged
particle beam scanning when said first test pattern r is
generated;

making the surface potential of said device under
test to equilibrium potential by irradiating the area
displayed in the monitor many times with a charged
particle beam scanning when said second test pattern n
is generated;

acquiring an image data when irradiation with a
charged particle beam scanning is performed in the case
or either said first test pattern r or said second test
pattern n; and

displaying said surface potential contrast image of
said device under test. ’
10. A fault isolation method according to Claims 7, 9,

and 9, wherein said charged particle beam © is an ion

bea

m tester.
11. A fault isolation method according to Claims 7, 8,

and 9, wherein said charged particle beam apparatus is

an

electron beam tester.

12. An IC analysis system substantially as any one

embodiment herein described with reference to Figures 1-

17

of the accompanying drawings.

13. An ion beam tester substantially as any one

embodiment herein described with reference to Figures 1-

17

of the accompanying drawings.

14. A fault isolation method substantially as any

one embodiment herein described with reference to Figures

1-17 of the accompanying drawings.
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