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invention relates to an I C anal ysis system having a charged particle beam
appar atus such as an electron beamtester and an.ion beamtester and, nore
particularly, to a charged particle beam apparatus that irradi ates a

charged particle beamon an | C under test, neasures the quantity of

secondary el ectrons emanating fromeachjirradiated point on the |IC and

di splays the potential distribution of the IC as a potential contrast inage
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Her et of or e, there has been an | C anal ysis system of the type that scans and
irradiates an I C chip a charged particle beam neasures the quantity of
secondary electrons emtted fromthe I1C chip at each irradiated point in

Re ot SFAf44ft8elon 8 o fe alarysisabystaniating! ol
a charged particle beam apparagus 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 technology..‘.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 @on

beam tester and an electron beam tester. Moreover, in the



potential contrast image that is available for analyzing a fault in the IC
chi p. The applicant disclosed the related technologies in the Japanese
Pat ent Application No. 5-190440 entitled "El ectron Beam Tester and IC

Anal ysis System I ncorporating Thereof”, and in the Japanese Patent
Application No. 5-257625 entitled "Methag for Locating Faulty Part of IC'.
Moreover, the applicant disclosed the related technol ogy in the Japanese
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prov1des a test pattern SLQnal 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



denotes the general view of an I C analysis system which is nade 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 | C under
test (which will hereinafter be referred to al so as a device under test
DUT) placed in the charged particle beankapparatus 300. The
conventional test pattern generator 200 Tncludes; a start swtch 201 for
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which fetchggrtBeheing %ﬁatm%kéfﬁéét paeterrcupdatling @piiration 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.



contrast inmage, the inmage data processed by the
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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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The nethod to specify an IC fault is acconplished by setting a test pattern
that causes failure in the device under test DUT in the stop pattern
setting neans 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 pa?tern setting neans 203 and t hat
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Convent i ongldans thieat | BBe§ GhafitsEgnSifoBetordaayt astectrons 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

Ow:Lng to the presence of such a potent:.al contrast
reduction 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.



pattern is set slightly longer than the time for witing the | mage data
in the i mage data acquiring apparatus 305. As a consequence, a change in
the conditions for witing the inage data in the i mage data acquiring
apparatus requires the change in the test pattern suspension tinme as
well. - Therefore, the prior art |1C analysis systemhas a disadvantage in
Lgftgggrablllty. That is, a charged particle beam accel eration
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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



charges on the insulating filmin proportion to the charged particle beam
emanating tine, and as a result, it is inpossible to detect a desired
potential contrast inmge. Figure 19 shows such a situation where the
potential distribution of the IC chip sujface disappears.
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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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potentials and is displayed in gray. Fi gures 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 will be seen from
these draw ngs, when the charged particle beamis applied, the potential
contrast rapidly lowers as in Figure 19Bsand finally disappears as in
FI?ur?'lﬁc' T?us, necessary inmage data can be obtained only when the
potential contras ughl s anSs SO o | r
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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



- 6- - In the 1 C anal ysis system having the charged particle beam
apparatus, the potential contrast image is obtained through the steps of
seanning 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 equgLons as image data. In the case of
an | C chip of which the surface is coveréd with an insulating film
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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



stops upon generation of the specified test pattern n, the potenti al

di stribution dependent on the test pattern can be captured as a potenti al
contrast i nage. After acquiring the inage data, by resum ng the
pattern updating operation and further continuing the scanning irradiation
with the charged particle beam the poteptial of the insulating fil mtakes
again the internediate val ue between the | ogi ¢ and the L-1ogic. By
repeating tpbgential of a device under test DUT7-iproeegsiaimed in
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t he picturepguifieny of the voltage contrast inmage can be enhanced.

However, this nmethod still has disadvantages as nentioned below.  That
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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.



Preferably the present invention enhances the operability of such an IC
anal ysis system having a charged particle beam apparatus which retains
potential contrast imge unchanged even in the presence of the potential
contrast reduction phenonenon. Preferably the present invention
provides an | C anal ysis system whi ch usegg_such a charged particle beam
apparatus and nethod for specifying IC faults in a non- contact manner.

Preferably the p{?&f&t 15N4eNty %éﬁM&V&%th‘@ypbﬁt e cmhéa& 0éc+86n
potential contras b

| mage %41 rese E’BOt ential distribution o
Wi ring condRvtRe the a‘?P‘TR? ]\ﬁhlo htgeds PQEI‘“FEEtaﬁa?t%‘P'he‘i‘%lﬁbl ng
appl i ed ancowtxabtch the surface is covered with an insulating film
The first aspecf, he ,pr esent e od ed in ov
anal ysis system ?é%léngq‘él C %r %e par |z3€ dﬂ'ggmgg'ppéar at usp;aL 1&1%?15 ‘glg?)abl e
of reduci easent £or tdhsapprreaneacofy Uper aoktentialTheontasgtal pfi sasyst em
i ncl udes: gorbasgese Pahlicsl Q:hlée%&@%?éfﬁymwhg%éﬁswﬁ'&ﬁ igHadigles a

charged particle beamon the surface of device Under test, neasures the
quantity cRa'fW%%cBrﬁ&‘?yne?’é%t@oti%r%‘Qﬁﬁléaﬁﬂ’P]rW%dl ated point and displ ays
the surface poteiguse disstisbut ivivefordeddagrar URSIEr ekPihifsngn tH&JE;
and a test

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



-8- pattern generator which supplies test patterns to the device under

t est. The test patter generator conprises stop pattern setting nmeans

for setting a test pattern to stop the updating of the said test patterns

i'n a test pattern generator; pattern holding means for suspending a test

pattern updating operation and for hol dirzg the test pattern set by the stop
stop si generating neans for outputting a

ttern setti mean
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acqui siti omets!mppattenanrajteﬁf €360t bhd (Heldt he | {mgendat g-aeguisy tion
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aspect of the prese nventio 8 fine | mage data acqui sition neans
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i on of the acquisitiaon o
conpl et éﬁ wn 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



generator starts the test pattern updating operation with this acquisition-
conpl etion signal. Therefore, it is not necessary to set a test pattern
stop or suspension tine in the test pattern generator, and the acquisition
of the imuge data and the start and stop of the test pattern can
automatical ly be repeated. The secopd aspect of the present invention
I's enbodied in an inproved I C anal ysis system having a charged particle
beam apparatus which is capable of inproving picture quality by

conpensat i ngahtpsnentisal gereXrR¥$dn2phén > tipegphtge test pattern
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data are pegf@¢-8R€ter 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 iinage 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



during the generation of the second test pattern. The irradiation with
the charged particle beamis not perfornmed except for these periods. As a
result, the inage of the portions where the potential has changed can be
nore definitely detected under the second test pattern than under the first
test pattern. Therefore, by perfonm%ug only the irradiation of the
charged particle beamat the tinme when the first test pattern is generated,

a potential, @&%ttfi'obuutA&Fwaiwetsurmeceg_ehe&asisﬁw&@ whdereipst RdGcan be
di spl ayed 3% a potential conttast ina 5 in a ﬁubse%uentl peri od en

gener at i ngPRk&eTBc dnd aes thgapEEPRY Rg &r yhaght AFe E?o?@gﬂré,etﬁﬁﬂgﬂantial
contrast ijg&gereauea }a@yrs and ghhg'enddthnaeqnmrihgnapbarathhe3p6t,emnieai S
correspon tp the first_and seg testapatierns gre reverse_in

ol ar 1 Ly R bl pat et R Or s 2O T S, A PR E ey ce
under test updagting gpeyathon &eoruding ste e genleratdqn efetrthel seaonidon. | n
one exanplgeskh atdEEt gst pattern is used as the first and second test

pattern and opefating conditions of a device under test DUT is altered at
the time when eKdguEes: Spandel show Wppistares of the fixst apgdhsgcond

different pakkatisndlRodesPee! | ¥Bbye Isedraguile § i hbwandtEECUikd eolf
patterns, and the.image data is_captured at.the tine en each.test _pattern
e appl | edSSREEPRAT T8 creet DRREEBHR: AREHENEU ALY S0y COf ajeRairl |
anot her neatidedessheoi thgelaat caddresptL8®d @Figprende shbwishehei casehed t he
first and ggegpfliheStePt b6EPS 855 8BPIRA. 18061 A€ 28U L3%® 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.



-10- potenti al

of a device under test DUT is maintained in equilibrium

through plural tines of irradiation for the sanme portion. Figure 1

is a bl ock diagram showi ng an enbodi ment of the first aspect of the present
Figure 2 is a waveform di agram for explaining the operation
of the enbodi nent of Figure 1. Figuge 3 is a waveform di agram for ’
expl ai ni ng the operation of the enbodi nent of Figure 1. Figure 4

i nventi on.
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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



expl aining the potential of wiring in a device under test to which the test
pattern n has been appli ed. Figure 10 is a graphic display on a
monitor screen showi ng a potential contrast imge 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 gt or screen showi ng a potenti al

contrast inmage in a state of appl % the test pattern n after the
al ternate afPnGSi GWE drhemheties r d1afienrigngtapped, thegmoasential a

graphi c di sahayxg@wwtlha BQ80t be scasppedshm&tgo@gﬂ w&%ﬁhw a&ﬂteCfoEfﬁSt
r aphi on the

f Fi 13 d
Irmrrﬁig'?o? sclrg(%rﬁegﬁg\;vllﬁs f’ﬂet%%r%prhrtexa' re?gl e Fh’é ghg%tdl tS ?ﬁé)’%{?&ﬁsé:nt i al
contrast. pattergs ¢ ahg 9.3 ohawmcdaa@r ¥, f §b,eVgl andi Vg (e gueason
for disappeanangaeyl difihdil Altddllar Wi asdasdh dy PREELAY aéio%hkﬁﬁapgl Same

polarltylsglven when t est p terns_r n-are erna
charged part:.cle 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 ana 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



Figure 15 is a waveform di agram for explaining the operation of the

nmeasur enent nethod in the enbodi nent. Figure 16 is a waveform di agram
for explaining the operation of the measurenent nethod in the enbodi nent.
Figure 17 is a waveform di agram for explaining the reason for di sappearance
of the potential contrast of a portion at7-which the sane polarity is given
when the test patterns r and n are alternately appli ed. Figure 18 is a
bl ock di agr wppximm@oaa&tutmbﬁrpobénthel Ctoo el ipptadnd iGJarial yheS FI¥gEem
Figure 19 i g8 |Iew of the potential contrast in the conventional™

| C anal ysi s syst Mot gure 18. Figure 1 shows a bl ock diagram of
an enbodi nent of I‘IteFi’é:efrl kY ag@etrirg thésppesentimdveronturast imagegase 1,
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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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u_pdat! ng operation. That is, according to the presen'?Sti gsg;ﬂgn
assuming that a stop pattern n, for exanple, is set in the stop pa"[tern
setting nmeans 203, the pattern holding neans 204 responds to each
generation of the stop pattern n to stop,the test pattern updating

operation of the test pattern generator&ioo and hold it in the state of
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2D) . margin failure is rapidly accomplished. This Fl)arocedurc-:-I gure
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



T%e conpl etion of the acquisition of inage data can be known. For exanple, -

by detecting a vertical blanking signal representing that the scanning
irradiation with the charged particle beam has been executed for one frane.

By generating the acquisition conpletion signal when detecting one or

desired nunber of vertical blanking sigH%Ls, it is possible to generate the
acquisition conpletion signal when the charged particle beam has scanned
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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



automatically stops upon each generation of the test pattern n

after the conpletion of the last pattern LST, thereafPer repeaiiagstﬁ;ts
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 rabg. the image data in the state of
the specified test pattern n being applied can be automatically acquired a
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Thventi on I BESELERACE UGl fie of PapBEEER BREAe e e th the
urs]e of the thearevesss myrmnhad Gp@fré’ésﬂ:naPﬁﬁaFgr’Ls ritrﬁfe%"ir%%.cqu’gjgg%
Isnorﬁeaslejlcgﬁ sﬁ%gg%tﬂg‘ £1 14 he rRrehainestes Nba di i terddodine rms,c addingy Ehei on.

tost patermevennd LAgicctsha LBRPEpaRECFReh BARBENoRy Fhe HS5E uafe' oL
iﬁge% dgeggﬁggteg hgﬁsﬁhgrgde?;ﬂ patbernhaagsespthei ppebbial apph 5868 390_
operation ﬁeemgﬁéﬁléﬁ sg§dtﬁggi $§§%£§Lﬁ§%% FZFEgbggtgﬁﬁéﬁggehrﬁﬁgtht
scanni ng i rmakest the wotknthelchangraspainrgprecheartindhiaBeF nEgB daLtk
acquiring  gphg 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.



apparatus 305 not to capture inmage data, when the test pattern generator
200 stops the test pattern updating

-44- operation according to the generation of the first test pattern 4,
and the second node which starts both the colum controller 307 and i nage
data acquiring apparatus 305, when the Hest 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 oper ati on IMDARH. ASmedldE, thd i Hok enthi S oYs éaehcpsetméngeaaeﬁbgng

the test pattern ti nuou the | ea address to the | ast _addr ess
LST. Fi guret':‘t91 shog/ésjg?he%o é.gX i‘i urnlpr?gtetq’r?l%&peggf?gﬁe FH5 e SFERBARY
addr ess upoﬁré‘adha@-ﬂ@@uplfohhafChhégﬂirmrtaxmlls;émam i@pemmuedmﬁde'sthe By

acqui ring t BembMBYe-rdle? dth ﬁlh?raslecmcwperﬁ;'&% @t EEg LD Lh&SLF

operation node, it Is possible to eljmpate the 1ntluence of potentia
contrast reWhereonths Pﬁé%ﬂﬁéee"??ﬁ’b‘:’r%uPﬁFPﬁﬁ flllafﬁgfbf d{‘-ﬁﬁlﬂﬁﬂ“@etunder

test DUT. relath#e it® the eguddibiriog pbeeabaaledcparsi cl Asbaamesiithe
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 opération 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 of 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.



device under test DUT in the first operation node, the surface potential of
the device under test DUT has a potential contrast determ ned by the test
pattern applied thereto. By generating the test pattern n while applying
this potential contrast, a potential contrast inmage is repeatedly forned
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
appl i ed, respectively. Thus, the potential contrast imge are

accunul ated, and hence a clear potential contrast inmage can be obtai ned.

This effect aagessrcbgdmep HBLe detail with reference to the exanples in
Figures 8, 9, 11 and 14 below. Figure 8 shows potential . differences that

are applied to lt he éﬂnaﬁcﬁ’@r]syq_lf SYystefs and LZOWPRTEE IRE AR 401 beam
pattern r istappered. Thewdishplieradibitgdr and Shews tdie idtleeadt aapkheng

Conao ¢ o 0 36 ERBLUL LT ol e HALOLfL (NS EOHALAT L che e OoE"
- 15- seggnéams BRdectponenataleadhf figmadiad echqoisrte appd i dilspdays
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] H *




t he conductors L1 through L4 when the second test pattern n is applied.
The exanple of Figure 9 shows the state of applying L-logic to the
conductors L1 and L2 and Hlogic to the conductors L3 and L4. By the
foll owi ng steps of scanning and irradi ating the charged particle beam on
the area containing the conductor L1 thrpugh L4 under the state of Figure
8, and al so scanning and irradiating the charged particle beamon_the sane
area under tseqaeateadlyFipiated anshdpphéasatest matgeis tengaidatavacet hat
time, it is j.bl ai su,ac&? _ hal Shehafn®ge as sh in
Figure 11. Bﬁéé%’vi Itlees[btg %ﬁ%nh rsomt ﬁé ggfgﬁ%?alse%gﬁﬁl?st I mage showngeiéﬁ

Figure 11, oReytébedatt d£3sSuSHP B4R PRYSEEES: P4 & IHTaF HT8h RRFEeHRI n
the pol arityaa4t ar gaehs kestheateirntaid Gusyeridhadst gia ek ecpdat Lpgt

patterns r and n ear of eng | rast In this I t he
conduct or s L?pﬁﬁﬁgggnﬁr S%Zi’g%*fgyéﬁggs%%%%g% |a"Jf contrast i mages, v?ﬁ;rggs
t he conduct casal¢saadsydtemecemphisimyti ed with the sane potential, and

hence are not displ ayegaggegﬁt ﬁgﬁ?ﬁhﬁc%@aﬁﬁst | magegor suspmﬁirr@st@@%{:eor

the above effect will Dbe grven w eference to Figure 14. Since t
first test patterRabteupplurdating coPeRREIPRS | YNiAG Lseemidng - B test

potential, the popgptbshSgéhetdisdtating gendraviay bgithesestooduséosndl 1
(oqui val ent to t NESBE: BAEEAETLrSEhebE AR AT | FEOFSFBr Fatndicht BB ¢ he
broken |ines. Furthernprandsiresnihey coestticpacter? apdating copepptieunswith
the H 1 ogic pot en{:’hgh, }%@eﬂ&éﬁgt B‘.Q'L)mc’f?éﬂ? 308Ul BLdR9 dddemcovering ghese
conductor L2 and are bl ase oSitively 1 n excess of the equilibrium
potential Vs (FigacguigipionF) 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



When scanning and irradiating the charged particle beamon device under
test DUT in this state, the potentials of the insulating filmgradually
vary toward the equilibriumpotential Vs. During the irradiation of the
charged particle beam the potential of the insulating filmundergoes a
-16- change, but when the irradiation i_gsstopped, the potential change wll
al so 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 Vvd (Figures 14B-14E) changed through the scanning irradiation with
the charged particle beamare held during the period when the irradiation

i s stopped. d@tlay avhpni ¢isigonestsrs L1 t MesudgiPmRlefed apper8iiPR ©fe

reverse polarity Q&adw,e BAkeWHeAl e iU d 1 ?BEtéEﬁp HYlRTitd hgesgsond t est
pattern n i§ applied and the irradiation of the charged @grticle b%gnkis
es

resuned, theopsreds HaiditesosBaEERIBCHEISTEERIt to vary 1 FBiit'The
potential s Mataedn\Vf upaatingm bperggiohs briespqrationy | slaids asquieuit ion

L LAy Ron SRR R a3, 405, SABLEBER PRl 20 L e
potential Va and4aVd clamseiono ke egestesri um pot €hiFhl 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;
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

Lo




Vs as in Figures 14B and 14E. Hence, in this exanple where the test
pattern n is applied and where the potentials of the sane polarity as
before are provided, the potentials of the insulating filmof the
conductors L1 and L4 start to vary fromthe value close to the equilibrium
potential Vs. Consequently, since the g28-entials close to the equilibrium
potential Vs shift to the state of equilibriumin a short period of tine,
the potential contrast image can hardly be obtained. On the contrary,
since the pot ent isalasindhgt, hdutondguisisipp afidingdgar dasappki paoitii tenh
reverse | ogic poLgnty Aecddi® "D a RPN AhRich ArbnbA ¥ahY WeriBdde
potentials Ve and Vf far fromthe equilibrjiumpotential Vs. Therefaore, the
clear potential ites§e RAFCHEN ohEaigpnerated dEEEFI HRAL B8R e UPSRALENE ng
tot t he seCO][lfl ast%%@rfaftfio{n@f D& e SRi¥pelndednt | atid bsaearmag?/i agdkke sesondd est
pattern n after the fjirs est, patt.ern . r, it isS possi t o_aqbt.ai.n,_ at. al
times, a potenti 2FTEGHAELS WiHRAR JPM REARFTRR gWﬁ%cﬁ aicguéfﬁ%l]ldéﬂ Qi th

t he second test [akger datahperfigrmed.

-17- 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 irfadiation.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.
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opposite polarity of potential to the potential in the first test pattern
r. Hence, by acquiring this potential contrast inage as inage data,
the i mage data can be accunul ated. Mreover, a clear potential contrast

i mage of inproved S/IN (signal to noise) ratio can be obtai ned by averagi ng
the i mage 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. Thig enajl S e td O P f opdLki qns Il _the
conductors in the gévi c§ (E% glr% ?Leé's?ldDUT. mé&‘??cg l?%%&]‘ gﬁl C?\(I}VII ng({:ntgﬁ%l?gﬁﬁ
| ocating met h8¥SFAMt he pr eSORPOSAPe Rl dh hargest rREEY¢RdPeaR cBPRANgLUS

the first locating wrRiBRdirkadkiheear ehdi §GO¥LEEUcE NE 0g8hist epsaet Hakpy it he
sane pattern %as the first,and second patterns in the apg%at us of the
n

present inventroRS&ndPRETHGEE hP i £ &F Wiser afMSRFIES T BMOBRE defice
under test DiFecondppyyehgcezohst ast epatt dmradileaated poirte, fandtdisplays

attern is n 4 |\ S- 4 s |sn [ e firpst
Pest “pattorn e SREESEEAEAAS At MISM FurDe" go 1t dBORLY, BakRCeost
subst anti al | ya8li f ABr edM3Geom the pedScr PBEEeydl t ggaexratgxr of 4.5 V wbishO V

is applied. Tieueh®idPPyhigdhddle t t ; CHe
voltage 5 Vis $18_9| iJédm ﬁﬁhlné?ﬁ??cglﬁgagtglgo%@%fﬁ;ﬁﬁeéb glﬁc’te:&g)t P%E?o?é?ﬁge

devi ce under % FEG < G R3S SROPHRALESFR SRYYMDMeARS first ARdwhdehnd
test patternstwo s$tep ppdtteins 6Dnarfbtst NBESt Opdt thatn kendbd aseeshd Qe be

o ! R o OHET B0 RREL Rl DSBS BBl BT e
applied 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



voltage polarity is reversed wll appear and the potential contrast inmage
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 anal ysis of

sem conductor devices, for exanple, margi-a failure analysis.

- 18- Moreover, there is also a nethod for neasuring failure |ocation
by changing the clock rate of the test pattern with the constant voltage.
In this second nethod, for exanple, the first test pattern is set to the

standard frequency 10 MHz and the second test pgttern s set to 15 MHz. |If
failure occurs at ei tHErt 9 (RREFFEY BT 831 RhELESE e REF PRSHETEsAhn be
obt ai ned and t hepd&tidtn en atrl 36 sEcorfdbtemapateerdhe nargin failure is

rapi dly acconpl i shed. Thi [ re ipgl t f .storing the
reverse |logic of i rrag“éakdlﬁbaﬁ:a}geq%ﬁlre C%’n P%g‘ﬁq‘flga } rc‘li’(r?'lE c%)f%&t%ﬁe Vel?te 616{}(% rnr,
addi ng i mage dattestcdie redqubhibpiin ceetent v1lthg irsadpatingnthet @anese

i mage data obtaigydgndys fiinst at afdn A4 edinyand i k8P| @¥ERY 4 heraddr

result as a potential . e on a npnitor 300., This
P paré%cle 2am scang?ng when said ?irst 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
beam 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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second nmethod can al so produce a clear potential contrast imge. The
reason for this clear potential contrast inage in the second nethod wll be
described with reference to Figures 8- 1_/58_Fi gure 8 shows potenti al
di fferences produced in the wiring conductors L1, L2, L3 and L4 of the
devi ce under test DUT i &CiANADE B¥SEEMhEA CBARGED r is supplied. In
ot her words, Figure 8 shows tg¥g&icaise ﬁM&QP%ﬂ@' gic to the conductor
L1, Hlogic to the conductor , L-1T0QgliC 10 € conductor L3 and Hlogic to
the conductor L4. Figure 9 shows potentials produced in the correspondi ng
Wi ring conductors L1 throughps¥raoTt b tAScpIECrGsHie test pattern n is
supplied. In other words, Figure 9 shows the state of applying L-logic to
the conductors L1 and L2 and Hlogic to the conductors L3 and L4.
Figures 10 and 11 show these potential contrast imges corresponding to
Figures 8 and 9. ' : S he; tial .contr ' e_in e case
where the test pagﬁggh&?‘j%% sgg\gﬁhtgdelarﬁgé‘g&g%r?elﬁlQéhﬂo*lﬁg@?e#al
contrast Pnagdalysife 8¥8kenhdrdO) hdrawing pat charged spaxpptledbeam Fi gure
10, the pot egppah-ateR! r esdo Pl ihhasersiuehar %ﬁe}ﬁgi 'én&aﬁ‘i;étﬁg%y and

n Fi

the potential cqontrast of_ only conductors_ L2 an r émal ns. ure 11,
the potenti afu@ Y, baves been” enhanced and the measurement method o

~

&

RS
s

a device under test. 1In the IC analysis system, stop
signal generating means (205) in which the stop signal
10 stimulates the acquisition of image data is added to a
test pattern generator (200) and acquisition completion
signal generating means (308) which releases the stopping
state on completing the acquisition of image data and
which resumes the test pattern updating operation is
15 added to the charged particle beam apparatus.
Furthermore, by adding mode select means (309) to the
charged particle beam apparatus, a clearer potential
contrast image can be obtained. The methods for locating
fault positions can be realized in the IC‘analysis system
20 having the charged particle beam ‘apparatus wherein the
image data can be obtained by alternate test patterns, or
by adding one image data to the reverse potential of
another image data, or by scanning and irradiating the
charged particle beam onto the same surface of the device
25 at a plurality of times.

Figure 1 to accompany



-19- 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 sanme as that on application of the test pattern n. Fi gure

14 shows the state where the potential cppigast is fading. Figure 14A
shows a period when the test patterns r and n are supplied and when the
charged particle beamis emtted. Figure 14B shows the potential contrast
of the insulting filmcovering the surface of the conductor L1. Figure

14C shows the potentiz?lﬂfntr st of the insulating filmcovering the
surface of the conducfo 2. 4Figure 14D shows the potential contrast of

the insulating filmcovering the surface of the conductor L3. Fi gure 14E
shows the potential contrast of the insulating filmcovering the surface
of the conductor LA4. As shown in Figures 14B and 14E, the potenti al

contrast is produced at the tinme when the test pattern r is supplied. The
potential contrast, however, fades when the charged particle beamis given
because the sane polarity ofwmpotential.is applied during the application of
the.-second test pattern n, a@d then it finally convergés on the equilibrium
potential Vs. Thereafter, evgn if tdq D&t r and n are supplied
alternately, the potential cgitrastadf . f|qul ating til mcovering the
conductors L1 and L4 will notlibe prdduced 4 On tffescontrary, eactrjti nme
when the test patterns r and
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n are supplied, the potentials of opposite polarity are produced in the
insulating filmcovering the conductors L2 and L3. Therefore, the reversed
potential contrasts are produced, respectively at each tinme when the test
patterns r and n are suppli ed. Figure 12 shows i mage data obtai ned by
reversing the polarity of the inmage datazyijhe potential contrast) of Figure
10 acquired when the first test pattern is supplied. Inage data shown in
Figure 13 can be obtained by adding the inmage

-20- data shown in glfE, to the image data shown in Figure 11. The
potential contrast of the conductors L2 and L3 is added and enphasized in
the image data shown in Figure 13. As the result, picture quality is
enhanced and the potential contrast can be obtained with high resol ution.
As descri bed above, if the reverse polarity potential is provided at each
time of supplying the test patterns r and n, the reverse potential contrast
appears for the surface of the insulating film Furthernore, in this

enbodi ment, adding the reverse | ogic data under one test pattern to the

i mage dat a : '
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under another test pattern causes the potential contrast to be enphasized
and the picture quality to be enhanced, which nakes the potential contrast
ivage clearer, higher contrast and with high resol ution. The third

met hod for locating the fault position in the device under test DUT

i nvention includes the steps of acquiring/the first inmage .data on
application of each of the first and second test patterns r and n, and then
scanni ng and irradiag??%gthgysane surface the charged particle beam at
plural tines. Figure &n® 16 show such procedures of this nethod.

Figure 17 shows the state where the potential contrast fades away in this
enbodi nent. As shown in Figures 17B and 17E, the potential contrast appears
first on supplying the first test pattern, and then converges on the

equi librium potential Vs through plural scanning and irradiations of the
charged particle beam Even if thHe first and second test patterns r and n
are supplied alternately after that, the potential contrast wll not be
produced for the insulating filmexisting on the surface of the conductors
L1 and L4 because the sane polarity voltage is applied to the conductors L1

and L4. On the contrary, the potent aI contrast, and the reverse
polarity potential contras pears alt the insulating film
covering the conductors L2 L3 even- wen the firdt and second test

pattern r and n are suppl
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-21- In this nethod, the potential of each portion reaches the state
of equilibriumpotential because the scanning irradiation of the charged
particle beamis executed for the sane surface at plural tines. In the
conductors L2 and L3 where the potential variation occurs, |arge
di spl acement relative to the equilibriugypetential occurs. As a result, the
potential contrast is enphasized and the potential contrast inage with high
resol ution can be ob l;ﬁd n[ As described above, in this invention, when
conpared with the co%@ leOoWal - apparatus, the establishnment of the
acqui sition conpletion signal generating neans causes the operability to be
enhanced very nuch and enabl es an automatic operation of the system Next,
t he establishnment of the node sel ect means enables to choose various
manners of the charged particle beamirradi ati on nethod and i mage data
acquiring nethod in which plural test patterns are applied. Mor eover ,
new nmeasuring nmet hods make the potential contrast clear and enable to
di spl ay an abnornal operation state jof the devicg under test ,as the
potential contrast. Accordingly, t met hods of khﬁ”ﬁ?@?éﬁt{.invention
have advantages in specifying failup R&QL;LSQE/Lﬂpidly and difrectly and
strengthen the failure anal ysis of g e device-
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under test such as margin failure analysis.

-22-- WHAT IS CLAIMED I S: 1. An IC analysis system conposed of

an ion beamtester whi ch irradi ates and scans an i on beam on the
nmeasures the anmount of secondary el ectrons

surface of a device under test,
at each irradiated point, and displays t®&Surface potential distribution
of said device under test as_an inmage, and a test pattern generator

d applies test patterns to said device under

whi ch sequentially ugﬂé&iﬁ‘
test, and has stop pdtt setting neans for setting a stop

pattern to suspend test pattern updating operations of said test pattern
pattern

said | C anal ysis system conpri si ng:
pattern updating operations

generating said 'stop
and resum ng

generator ;
hol di ng nmeans for suspending test

whi | e keeping said test pattern generator
pattern set by said stop pattern setting neans,
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t est pattern updating operations when receiving romsaid i on beam

tester an acquisition conpletion signal representing the

conpl eti on of acquisition of inmge dat a; stop signal
generati ng neans for generating a stop signal representing the
suspensi on of test pattern updating fpger ati ons; i mage data
acqui sition neans aid ion beam tester for responding
said stop signal frodpgg65.6$ stop signal generating neans to resune
acqui sition i mage dat a; acqui sition conpletion signa
generati ng neans in said ion beamtester for generating said
acquisition conpletion signal. - 2. An IC anal ysis system conposed

of an ion beamtester whi ch irradi ates and scans an i on beam on the
surface of a device under test, neasures the anmount of secondary el ectrons
at each irradi ated point, and displays the surface potential distribution
of said device under test as gn inmage, and a test patterny generator
whi ch o-ﬁgi - 23-
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Sequentially updates and applies test patterns to said device under test

and has stop pattern setting neans for setting at |east two stop
patterns of a first test pattern and a second test pattern to suspend test
pattern updating operations of said test ?g tern generator; said IC
anal ysi s system conpri si ng: n hol di ng neans for
suspendi ng test ?atdgvn pdati ng operatlons whi | e keeping said test
pattern generator g} erdting said first or second test pattern
set by said stop pattern setting neans , and resum ng test
pattern updating operations when receiving fromsaid i on beamtester
an “acquisition conpletion si gnal representing t he

conpl etion of acquisition of imge data; stop signal generating
means for generating a stop signal representing the suspension of
t est pattern updating operations; i mage data acquisition
nmeans in said ion beam tester for responding said stop signal

fromsaid stop sig generating mean
of image date; sel ect neans
for executing either a ffiilrst nodée
test pattern is generated and t est p
suspended, said deeijce under test’
scanni ng, but acquisiti of i mage data
node operation inwhic en said secq

and test pattern upgdati

Ll ]

ester

d first
ijng operations is
ith a ion bgam

or a decond

i s gerjerated
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dBerations I s suspended, said device under test is irradiated with a

I on beam scanni ng, and acqui sition of I mge data is perforned. 3.
An |1 C anal ysis system according to Claim?2, wherein said ion beam
tester i ncl udes acqui sition conpletion signal generating nmeans
whi ch generates sai d acquisition conpl eBifad signal representing that said
| mage ) - 24- data acqui sition neans
has conpl eted acqui siti oFrszn' nye data, and wherein said pattern hol di ng
means controls said test/patderd generat or to resune test pattern
updati ng operations respondi ng said acquisition conpletion signal fromsaid
ion beamtester. 4. An ion beamtester which irradiates the
surface of a device under test an ion beamjscanning, said devj ce under test
bei ng applied with sequentially updated, ard-generatgd test patterns froma
test pattern generator, .
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measures the amount of secondary el ectrons at each irradi ated point, and
di splays the surface potential distribution of said device under test as an

i rage, conprising: i mage data acqui sition nmeans in said ion
beam tester for responding said stop signal fromsaid t est
pattern generator to resunme acqui sigAien of | mage dat a;
acquisition conpletion signal generating neans in said ion beam
tester for generating said acqui sition conpletion signal to said

test pattern gener r 5. An ion beamtester whi ch
irradi ates the surface Z??g?aejlée under test an ion beam scanning, said
devi ce under test being applied with sequentially updated and generated
test patterns froma test pattern generator, neasures the amount of

secondary el ectrons at each irradi ated p0|‘w nwrr' 2 ‘e surface
potential distribution of said device End /// ’j;: %“23;3; conpri si ng:

I mge data acqui sition neans in sard ie /azwmm””“eyf for
respondi ng said stop signal from said %% i, 7 at or to
resume acqui sition of i mge data;Lz f&iiééz¢</§;a‘zg¢'nﬁgﬁs in
said ion beam tester for executlggé /3%Z¢j24( 4%/ pddNbPeRat i on
in whi ch, when said first test pdib-.ékzé L // . test
pattern updating operations is suspended, zﬁ1?07'447 ( der test is
irradiated With an i on beam L. A/ﬁ;%;“%:;;?i;/%/y
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-25- scanni ng, but acquisition of imge data is prohibited, or

a second node operation in which, when said second test pattern is
generated and test pattern updating operations is suspended, said
devi ce under test is irradiated with an i on beam scanni ng, and

acqui sition of i mge data perforned. 6. An ion beamtester
according to Claim5, said ion beamtester further includes acquisition
conpl eti on signal generating nmeans mhich generates an acquisition
conpletion signal representing that QJ i mmge data acquisition nmeans
has conpl eted acquisition of image data,l%d® provi des said acquisition
conpletion signal to sa attern generator. 7. A fault

i sol ati on nmet hod used |ﬁﬂ mgp al ysis system conposed of a charged
particle beam apparat us ch irradiates a charge particle beam

scanning on the surface of a device under test, neasures the amount of
secondary el ectrons at each irradi ated point, and displays the surface
potential distribution of sai@Hgﬁ EﬁQ’ i test as imge, a test
pattern generator Iﬁﬁ%ﬁ % Elly updates and applies test
patterns to said device




under test, and has stop pattern setting neans in which stop patterns
of "a first test pattern and a second test pattern can be set, said nethod
cenprising the steps of: setting the sane pattern n as said first

and second test patterns, and setting different operation
conditions on said device under test eaadl/ather when appl ying said

first and second test patterns thereto; performng irradiation
scanni ng without perform ng acquisition

with a charged parti cl m
of irmage data whéﬁyggﬁdlaﬁ;st test pattern n is generated,
beam scanni ng and

performng both irradiation wwth a charged particle
acquisition of inmage data when said second test pattern nis

gener at ed,; di spl aying said surface potential contrast image of
. -26- 8

sai d device under test. : .
A fault isolation nethod used in an I C analysis system conposed of a

charged particl e beam apparat us which irradi ates the surface of a
devi ce under test a
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charge particle beam scanni ng, nmeasures the anmount of secondary el ectrons
at each irradiated point, and displays the surface potential distribution
of said device under test as an inmge, a test pattern generator
whi ch sequentially updates and applies test patterns to said device under
test, and has stop pattern setting mean32/15 in which two stop patterns of
a first test pattern and a second test pattern can be set, said nethod
conprising the steps gfzqz S!é? setting pattern r as said first test
pattern and patteéer ‘ag ai d second test pattern;

beam scanni ng and

performng both irradiation wwth a charged particle s
acquisition of inmage data when said first test pattern r is generated,

perform ng both irradiatio
acqui sition of image data

gener at ed,; cal cp
acqui red when said f.irst fgpst patter i = an ‘sai d s¢cond t g
; di spl aying sai d surfacegpeten ial confrast inmge

ge data
st pattern
b f sai d

n,
devi ce under test. Qv A fault esod atjon pethpd used in ap | Clanal ysis
[ .
system conposed of charged pas B cl § beam appar at us whi ch
argticl p bepm

devi ce ulmg t

irradi ates the surface ofﬂa
scanni ng, neasures the anoy
poi nt, and displays the g
test as an 1inmage, a

sequentially updates and
and has stop pattern setf

ch iyrad] at ed
sai dl devj ce under

unddgr test,
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t o stop patterns of a first test pattern and a second test pattern can be
sét, conprising the steps of: -27-
setting pattern r as said first test pattern and pattern n as said
second test pattern; maki ng the surface potential of said device
under test to equilibrium potentiall3#ysirradi ating the area

di splayed in a nonitor ti with a charged particle beam

scanni ng when said fi rﬁ/{]é.t tternr is gener at ed,; maki ng
the surface potential of said device under test to equilibrium
potential by irradiating the area di splayed in the nonitor many tines
with a charged particle beam scanni ng Wnen sai d second test pattern n
i s gener at ed; acqwrlqg,zm when irradiation with a
charged particle beam scanni ng L@& erggéﬁ'gﬁr t he case or either said

first test pattern r or sai dfe TEST PATTERN n TEST PATTERN

B EQUILIBRIUM POTENTIAL
: POTENTIAL CONTRAST OF LI

r\(f—-.POTEﬁTIAL CONTRAST OF L2.

C Vs : —
EQUILIBRIUM POTENTIAL.V -

D Ve EQUILIBRIUH POTENTIALK

K POTENTIAL CONTRAST OF L3

,b<:f—.POTENTIAL CONTRAST OF L4
E Vs

" EQUILIBRIUK POTENTIAL



di spl ayi ng said surface potential contrast inmage
i solation method according

pattern n, and

of sald devi ce under test. 10. A fault

te Claims 7, 9, and 9, wherein said charged particle beam is an ion

beam tester. 11. A fault isolation nethod according to Clains 7, 8,
is an electron

and 9, wherein said charged particl e bea#&yapparat us
beam tester. 12. An I C analysis system substantially as any one

enbodi nent herein deicﬁlzngjyﬁl1 reference to Figures 1- 17 of the
acconpanyi ng draw ngs. ‘ 13. An ion beamtester substantially as any
one enbodi ment herein described with reference to Figures 1- 17 of the
acconpanyi ng draw ngs. 14. A fault isolation nmethod substantially as
any one enbodi nent herein descrlbed with reference to Figures 1-17 of the

acconpanyi ng draw ngs.
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