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Field of the Invention _

This invention relates to an IC fault location tracing
apparatus and method for eval@gting an IC device under test,
and more particularly, to an IC fault location tracing
apparatus and method using layout data produced in a CAD
stage of the IC device to locate a defective portion of the
IC device under test which is actually produced based on the
CAD. The IC fault 1ocation tracing apparatus of the present
invention 1is, in essence, based a combination of a
semiconductor test system and a charged particle beam test
system. i
‘Background of the Invention

In testing an IC device, it is known an apparatus and
method of finding errors and tracing the physical positions
of such errors in the IC device by a combination of a
semiconductor -IC tester and an electron beam tester. This
invention is to improve the test efficiency and performance
in the fault location tracing of the IC device using the
combination of the semiconductor testexr and the electron beam
tester. Since the recent IC devices are designed through a
computer aided design (CAD) process, the testing technology
by the semiconductor tester and the electron beam tester
tends to make full use of the CAD data produced in the design
stage of the IC devices.

As is well known in the art, a semiconductor IC tester
provides a test signal to corresponding pins of the IC device
under test and compares the resulting output signal from the
IC device with an expected value waveform. When the output
signal does not agree with the expected wvalue, the
semiconductor test system determines that there is a fail in
the IC device.

‘ An electron beam tester (or a charged particle beam
tester) emits an electron beam which scans a predetermined

area of the IC device under test. The electron beam causes
\_ H .
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semi conductor test systemand a charged particle beamtest system

Background of the Invention In testing an IC deV| ce, it is
Known an apparatus and 15 nmet hod of finding errpFrs—emd=tractngth
physi cal positions of such errors in the IC deW&@HEﬁTaimEEm i on
of a sem conductor IC tester and an el ectronf{beamRERUAGED Thi
~invention is to inprove the test efficiency and per or marce et he

- fault location tracing of the |C deyice usin conbi nation of the
' semiconduct or PEStEHLSHPR HRE FREPRLREY 8ESAS ¢ ?’é%‘E‘theSFﬁcéef’Hé’eré@éﬁtr

| C devi ces are uiasd gntk tduiciigh of the secﬁﬁdﬁhﬁrEEm&s@Gﬁnd&%I dapebdent upon
process, e {S3d I AEENS! Sienciqn Bl ECSRTLORAN ofo PRl cont e
in the design 2®ceivisiggehef elketirGnddeiages. The amount o tlsewslelcohda\my
in the agt, a Y c&q?ﬂ'}% %éﬁ%\é\ﬁ%@rln the fcgttn?vc%fie§n e%&é&ribgggb{x%& for
corresponding pins o evl est an ar es
resul ting out p@vesyrAdradighigie point of| theldlf deviaa. aﬁ'@&pe@ﬂl@de\lalcﬂéon
waveform When gehign OEBHEXr3Qan r&p988hcede®sS vHPtagRIWRR&¥ddm ke the 1C
expected val u%ev:.tcr}a based on the secondary electrons measured by the above
process. The images reproduced through this process by the

10 electron beam test'er or other equivalent system is called a
scanning electron microscope image (SEM image) . "

) When a fault is found by the semiconductor IC tester as
above, the IC tester repeatedly generates the same test
pattern signal to the IC device. The electron beam tester

15 then, with use of net data and layout data of the IC device
produced in the CAD stage of the IC device, compares the
voltage waveform of each location of the IC dev:Lce under
test, with the expected value waveform to find out the exact
location of the fault in the IC device.

20 In the conventional techﬁology, once a fault is found at
an output terminal of the IC device by the semiconductor IC
tester, a small portion of wiring pattern on the IC device is
selected one by one.by tracing the wiring pattern (sometimes
called a net or a pattern/net) to an upper stream of a signal

25 flow, toward a physical location of failure source by the
electron beam tester. -

For example, the following is a situation where an
output level of an output pad A of the IC device is different
from an expected value when a test pattern N is specified by

30 the semiconductor IC tester. In the fault tracing operation,
it is determined 'whether a wiring net waveform at the input
of a gate which outputs the signal at the output pad A is
normal or not. This determination is made by applying the
test pattern N to the IC device and by comparing an expected

35 value waveform with a waveform measured by the electron beam
tester by actually driving the IC device. The expected value -
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seri conductor test systemdeternines that there is a fail in the IC
devi ce. An el ectron beamtester (or a charged particle beam
tester) emts an el ectron beam which scans a predet grned ! area of

R0

the I C device under test. The electron beam causes| THIS SHEET yag g
- 2- an em ssion of secondary el ectrons fronjthe Iﬁkp@w@éﬁeﬁﬁm
test, the anobunt of the secondary em ssion is depende Sjsacis

electric pot entdae}:la Ogora ecal.c_flguv!u{r r?c_zlj nr&et‘?,f t:.tl'pee J'!n%u CVIEE of the gate in this

case, is obtained through simulation of the IC device layout
data produced in the CAD design of the IC device.

If the two waveforms do not match, a wiring net waveform

5 - at the input of another gate which outputs the signal at the
previous wiring net, i.e., one step ﬁpper stream of the
signal flow, is evaluated to determine whether the waveform
at the wiring net matches with a corresponding expected value
waveform produced by the CAD data.

10 Upon repetition of the above operation, each wiring net
in the signal flow is traced back toward the upstream to
focus the fault location of the IC device. ' If there is a
coincidence between the waveforms in the above process, the
further comparison of the two waveforms may be performed for

15 a test pattern N-1 which is one pattern before the test
pattern N. As a consequence, by tracing back the wiring nets
and the test patterns toward the fault source (upper stream
of_thé siénal‘flow), the exact fault source in the circuit
pattern of the IC device can be identified when the expected

20 value by the CAD simulation matches the measured waveform by
the electron beam tester.

There is another method of tracing the fault source by
the electron. beam tester. In this method, the electron beam
tester measures an electric potential difference image

25 shdwing potential differences between a good-conditioned
state and a defected state of the IC device under test. In
this case, in reference to the wiring pattern layout diagram
based on the CAD layout data, the wiring patterns and the
test patterns are further traced from the downstream of the

30 output pad wherein an error is detected toward the upstream
wherein the fault source is located, until the electric
potential differences disappear in the image. If the
electric potential difference images are completely
disappeared, the fault source can be identified.

35 In the above-described conventional fault tracing method
by using the measured waveforms, each waveform of the wiring
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receiving the el ectron beam The amount of the secondary 5 el ectrons

I's nmeasured in the formof an electric signal for every irradiation

poi nt of the I1C device. Thus, the el ectron cam t ester can reproduce
an voltage waveformin the IC devi ce basvdnﬁgsh@g

el ectrons neasured by the above process. uuced

t hrough this process by the 10 el ectron bes .qU|vaIent
systemis caIIed canni_ng _el.ectron mcr SCQn T

Then a fault | SHDRREIRF AE DEREASRACRS, BY 1% do iac 1D EHe RIgUas fist s

| C tester repedtredthegdferde eisce hérsmmthteesiownstrearpatbeltrhemxgpatréamt Hr

1€ device, | Thebattiah beoih LecuSbelbes valEhltd bt Lo 6L 10355, 20

| ayout data of t
devi ce, conpar éd& HEAD Slmul%bk@&ge ﬂ@véfoﬁmuﬁ anﬁﬁntxgnabnteéhnhéogy is

devi ce ugder dlsadwﬁéﬁﬁag{é’&ﬁi‘ e fdected f‘féicé'g V\@ggf Ofcméo d1 Qq.n@t %@f‘t

exact | gcation of The fault in the |IC device.

conventional teYRTANSy, SETEF3L PAYIS OF SSEHRFRL dfeeks t° Sé’t‘?—‘—‘dtf&b&thet énamlﬁan

of the I C devi eouncd him 618 coneiei©rpdtern of tlstee, d@vsgall portion of

Wiring pattern on t | C device is selected o by.one by tracin
the wiring pattern. orequer, ~in the other conveng on%l %au%t tracing
technology measuring the electric potential difference

10 images, the wiring patterns to be traced are selected on a
trial-and-error basis in reference to the wiring pattern
1ayout diagram produced through the CAD data. Thus, this
method is again disadvantageous because even if a person who
is very skilled in the field of IC design and testing:

15 participates this operation, it takes a long time, for

| instance, several ten hours to several days to specify the
faulty source.
Summary of the Invention

It is an objective of the present invention to provide

20 an IC fault location tracing apparatus and method in which a
tracing and identification of failures of IC can be easily
performed in a short period of time without requiring an
user’s knowledge of a net pattern layout of the IC device to
be tested.

25 It is another object of the present invention to provide
an IC fault location tracing apparatus and method which
utilizing a combination of a semiconductor IC tester and a
charged particle beam tester, such as an electron beam
tester, and further utilizing CAD data produced in the design

30 stage of the IC device under test to promote a high
efficiency evaluation of the IC device.

It is a further object of the present invention to
provide an IC fault location tracing apparatus and method
which is capable of tracing back the net layout of the IC

35 device under test by a unit of largg block of net layout
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called a net or a pattern/net) to an upper stream of a signal 25 flow,

toward a physical |ocation of failure source by the ‘el ectron peam

t'ester. For exanple, the following is [ESTTUACT A@Qﬁ@ﬁ 1N

out put | evel of an output pad A of the IC device iip H‘ﬁ%&:&g‘ ED from
t v

- an expected val ue when a test pattern Nis specifijgd by &
: sem conductor |Ctester. |In the fault tracing operation, it is

- determ ned whether a.w_ [ing net vef orm.at, t he,i nput ._of a gate |
whi ch out put's t'ﬁ%“’%’Fﬁ\r’n\H‘eagPPﬁé %FSEP‘ BAdCtRe; §19n§Eﬂ £1Ryr AR tdhe J8 deviee
determ nati on isondebeppiappkhenfaube locatiohest pattern N tg t he le
devi ce and by conparifg ct 35 . va| wavef orm w t V. r
nmeasured by the el ec%frlo(r# gg)r(rﬁ% aecciu 5’éasttehre %‘f%grcet u kf:l ?/CEIH'%! nt'F\kll\gqeéoaurEt
devi ce. The expk@¢@g193|g§acing apparatus in the present invention has the

5 following structure.
Namely, the IC fault location tracing apparatus
includes: | )

a semiconductor tester applying test patterns to
terminals of IC device under test, generating an

10 interruption in the charged particle beam tester as soon
-as a terminal showing an output signal different from
the expected value is found while monitoring the outputs
of the IC device, and sending a. file log to the charged
particle ray tester so as to notify a name of the faulty

15 outside terminal; )

a chargeégparticle ray tester irradiating a charged
particle beam originated from a trigger transmitted by
the éemiconductor tester to the IC device under test,
measuring the amount of secondary electron generated

20 from each radiation point per each radiation point,
displaying an electron distribution in the IC device as
potential contrast images by taking in said measured
amount as electric signals, displaying electric

_ potential difference images between a good-conditioned

25 state and defected state of the IC device, and notifying
the completion of image capturing and requesting changes
in test patterns generation to the semiconductor tester
for the next test; and

a control device for instructing visual field data

30 " to the charged particle beam tester and extracting a
potential difference image of the electric potential
contrast images from the charged particle beam tester,
wherein the control device stores net 1list data

indicating input and output information of each circuit

35 component of the IC device and mask .layout data
indicating pattern layout information of said IC device,
— trndicatd )
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-3-F data for each wiring net, the input net of the gate in this
case, is obtained through sinulation of the |IC device |ayout dat a
produced in the CAD design of the IC device. | f the t wo
wavefornms do not match, a wiring net waveform [T e-TF

gate which outputs the signal at the i.e., one
- step upper stream of the signal flow, s el ‘ Prm ned

whet her the vvaveform e_W.r net nat ches (via espondi ng
expect ed val ue %Gg?oFﬁ’PﬁFﬁ’&uéSng? ﬁﬁ‘étéﬂﬁt&at%he 1@harged Pa@ﬁéﬁ’le

repetition of the abosamopesatsronto eabbamerlt:ﬂ@ neault pOShiﬁhféﬂﬂelﬁ: Oté¢ IC
flowis traced back f ocus e fault .l ocation
of the I C devi ce. I# ?E&Q g‘fh tygg{ﬁg% C}%)Itnl%:el fe%%ub%t%%eﬁh?thV\/Q?é’flSF Y

in the above process® Yhsual fleldmam conparison of the two waveforns

{rﬁy :)e {)grfor med forrdSche fudtGRlr PRLSSED Bl MY cBrbSefpe 1%&%%1?61‘ eh&
€ tes control device in the IC fault location tracing apparatus is

ocmprised of:
" a fault-suspected layout pattern/net
recognition means;
10 an output gate recognition means for a fault-
suspected layout pattern;

an input net - polygon recognition means
recognizing wiring patterns corresponding to input
net of said output gate of said fault-suspected

15, layout pattern;

a visual - field determination means
_determining next visual field data for tracing
fault lécation;

a layout (visual field) display ' means
20 . instructing next layout (visual field) data to the

charged particlé ray tester;

a memory device storing net list data for
executing the foregoing processes, net layout
corresponding information, device-layout

25 " éorresponding information, and léyout data.
Further, it is also possible to provide a faulty outside
terminal recognition means to which fail logs are inputted in
the control device so that SEM (scanning electron microscope)
images including failed pads in the IC device are
30 automatically observed by using fail logs outputted from the
semiconductor test system.
Furthermoré, it is also possible to utilize a LSI tester -
as the semiconductor test system, as well as an EB tester as
the charged particle beam tester. In addition, an electronic

35 beam can be used as the charged particle ray.
e
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pattern N. As a consequence, by tracing back the wiring nets and the

test patterns toward the fault source (upper stream of the signal
f1ow), the exact fault source in the circuit| termeaest he | C
device can be identified when the expected 20 e, BN QAD

“sinmul ation matches the nmeasured wavef orm by onf beam

" tester. There i s anot her nethod of traC|ng A€ T aott source by
the el ectron beantt lnt the tr
measures an el ectri gﬁéﬁ?% .aﬁa‘? fEﬁ; ‘ﬁjenﬁ‘n‘& 18 u§ﬁ§v\ﬂaﬁgt5‘&t &t f‘tél
di fferences betlweent bogobdacibngi meoned. state and a defect ﬁd state of
the I C device under I ng C t.he, wi
pattern | ayout di agrlgm ély' lnbathe% %%u?%eaéiBtll e%f%@?ﬁ& th?ethvﬁdf

patterns and tHeresent inventien: &tiih ase Pfr ther n?rtaée@tf davtat helcludlng a
downst regm of tder3Qit c&ttt@élt1mdaﬂ@eiz?¢&t,ﬁ6u@;5ﬁ@rréfag§&ﬁ§h§5 ﬁ?&!&&@ the

upstream ere the fault source is | pcated, until ectric
potential di ff%%mgavggﬁpiayouﬁporr%quw infqymation including thiec
potential diffmseihcioninpgeslat fseshigo etthel Yhask layclitS aFeaEeehidd@uch

fault source c e ntf 35 he above-descr.i bed
conventi onal zaaé% & tdrg% tr'—flg drrgtq'%l a location'bf T SR TP Hhe’Tlde of the

fault source which outputs an aimed failure wire pattern is
10 automatically specified on the layout, and, in reference to
this location, the fault is traced toward the fault source.
. Moreover, in another method, with use of the net-layout
corresponding information including the positioning
relationship of the net included in the net list data on the
-15 mask layout, a net of the specified device at the input side
is automatically specified on the layout, and, in reference

to this net, the fault is traced toward the fault source.

Furthermore, layouts and SEM image vision fields are
determined so as to include the specified device and nets.

20 ‘The extermal shape of the specified device is superdisplayed
on the SEM images. .

In the above-described IC fault location tracing
apparatus and method, the specification of failure originated
in the failed IC pads can be achieved efficiently in a short

25 period of time. Furthermore, the fault locations of IC can
be easily traced by a user without knowledge of the ' DUT
design.

Brief'Description of the Drawings

Figure 1 is a block diagram showing the structure of the

30 present invention.

Figure 2 is.a_schematic showing a layout diagram of the
present invention. .

Detailed Description of the Preferred Embodiment

Figure 1 is a block diagram showing the structure of the

35 present invention. The IC fault tracing apparatus includes
a semiconductor IC (LSI) tester 100. The LSI tester 100

. '
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by:usi ng the measured waveforns, each waveform of the wring

net pattern is nmeasured one by one by tracing the wiring nets in the
I C device fromthe downstreamto the upstream far conparing with an
expect ed val ue wavef orm obt ai ned t hrough !‘ 3§ AD ST TToat =gn. Thus,
this conventional technology is 5 di sadvan ¥ tif t akes

too long a tine, for I nst ance, sever al.—da LAGRR al eks to

specify the faully), oo oM SRddLAe 6 clbtopatle oL
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ad pinsqevg%e'a
semiconductor device under test (DUT) and monitors outputs of
the DUT by comparing the outputs with expected value signals.
If the LSI testér finds a terminal which is different Ffrom
the expected value, it generates an interruption (trigger)
signal to an electron beam (EB) tester. The LSI tester 100
further sends out fail logs (fail information)' in order to

notify the EB tester an identity of the faulty terminal of

the DUT.

The IC fault tracing apparatus further includes the EB
testexr 200 which irradiates an scanning electron beam on the
DUT- initiated by the trigger signal transmitted by the LSI
tester. The EB tester measures the amount of secondary
electrons generated from each radiation point in response to
the electron beam. The amount of secondary electrons is
proportional to the voltage level of the radiation point of
the circuit of the DUT. )

Then the EB tester displays an electron distribution in
the DUT as a potential contrast image by processing the
measured secondary electrons as electric signals. The EB
tester further displays an electric potential difference
image which shows a potential difference between a good-
conditioned state and defected state of the DUT. As is known
in the art, these images are called SEM (scanning electron
microscope) images. After obtaining the above images, the EB
tester notifies the completion of the images and requests the
LSI tester 100 to advance the test pattern.

The IC fault tracing apparatus further includes a
control device 300 which defines visual field (monitor area)
data and instructs the EB tester 200 to scan and display the
visual field. The control device 300 receives the electric
potential difference images which produced by the EB tester
200. . .

In the preferred embodiment, the .control device 300
includes é fault-suspected layout pattern/net fecognition

means 310 which recognizes a pattern/net that is deemed to be

H
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Mor'eover, in the other conventional fault tracing t echnol ogy
nmeasuring the electric potential difference |nages the wiring
patterns to be traced are selected on a basis in

reference to the wiring pattern | ayou hr ough t he

CAD data. Thus, this nmet hod is agai u HADEE bgcause even
~1f a person who Is very skilled in the FTETT“ | lasi gn an?

testing 15 participates this. operation, it _takes a ong time, or

i nst ance, sever&94¥¥i¥E%ﬁ§e@ot§e9g?afaﬂh9s 2pd spRcPRyPURegate recpg@utyon

sour ce. means 311 which 5&§@@fﬂ1ﬁéstﬁﬁ QaténtgéHEratlng an ol

h t - | C fault |ocafi on
ract hg. appar At Saitb oo St Eneb8pBEBEd FaiRnr pake tuentie £ortan]
of failures of de¥icza I dawmither includesr har dagutnnatspoligpar rédogﬁlth.@?i
Wi t hout Kequirifg,an 31, wh:.cﬂ?%éeﬁm%\@seq 19§n§n§?%5§%t Lj%gg{egﬁg?%lé%fg E—_oe

| C device to be 0
present |nvenu%ﬂ1¥qp$#ovﬁﬁe°f the gﬂﬁﬂ(thﬂhtouQRRHSOMheréauhg sppaeates

and nethod whi afayout patiddn ZidGrieAN#iRAW 8B8tREMAnSRToROREUGLOR 15Cwhich

tester and a determines data for the next visual field for tracing the

fault location, and a layout (visual field) display means 314

10 which instruhts the next layout (visual field) data to the EB
tester 200.

For 'executing the above-described processes, a memory
device 320 is provided in the control device 300. The memory
devide 320- stores net list data 321, net layout corresponding

15 information 322, device-layout corresponding information 323,
and layout data 324 therein.

Furthermore, it is also possible to provide a faulty
outside éerminal recognition means to which fail logs -
received from the LSI tester 100 are inputted in the control

20 device 300 so that the SEM images including a fail pad (an
internal circuit pad of the DUT which is closest to the fault
terminal of the DUT) is automatically observed by using the
fail logs. ) |

Figure 2 shows an example of the layout diagram of the

25 DUT in which the electric potential difference images are
measured. In the contrast image of Figure 2, the dark
pattern indicates that there is 'a potential difference
between the expected data (good-condition state) obtained
from the CAD data and the measured data (defective state)

30 obtained by the EB tester. The overall layout dlagram is
formed based on the CAD data while the particular part of the
layout diagram is monitored by the EB tester as will be
described later. The operation of the fault location tracing
apparatus of the present invention is explaiﬁed in the

35 following with reference to Figures 1 and 2.
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charged particle beamtester, such as an el ectron beam tester, and

further utilizing CAD data produced in the deS|o!
devi ce under

| C devi ce.

0 stage of the IC

test to pronote a high efff rGige eV ao gy of the
It is a further object of] the R ion to
provide an IC fault |ocation tracing apparatus &st—petl 1o et ch is
‘deviceTunder test by

i capabl e of tracing back the net |ayout of the IC 35

~a unit of large bloclg;efsenet ykayoulse of navigation CAD (Computer Aided

10

15

20

25

30

35

Design) link software program (not shown) provided in the
control device 300, the design data produced by CAD process
is converted to the internal data base and stored in the
memory device 320. The design data includes net list data
showing the list of names and functions of all component in
the circuit of the DUT and mask layout data‘' showing the
layout of circuit pattern in the DUT and LVS  (layout versus
schematic) data showing the relationship between the layout
and circuit diagram of the DdT. Hereinafter, a "device"
designates a cell or gate in the DUT.

) After the above-described prior processes are done, the
DUT is monitored by the EB tester 200. When monitoring the
DUT by the EB tester, the SEM visual field of the EB tester
200 is set up so that SEM (Scanning Electron Microscope)
images including pads (fault pads) inside chip connected to’
the fault-determined outside output terminals of the DUT
based on the.fail log rebort from the LSI tester 100 are
observed. In this first stage, a positional adjustment for
the SEM images at the side of the EB tester 200 and the
layout diagram displayed by the layout display means is
preferably performed.

Next, the EB tester 200 measures the potential
difference image by measuring the potential difference of the
net pattern of the SEM images between a good-conditioned
state and defective condition of the DUT. In the example of

"Figure 2, defective wiring patterns such as metallic wiring

patterns connected to the fault pad'is illustrated by the
black lines. _

Based on the metallic wiring patterns connected to the
measured fault pad, the fault-suspected layout pattern/net
recognition means 310 specifies the corresponding layout

‘pattern and its net name by wusing the net-layout.

corresponding information 322. .
Then, the output gate recognition means 311 utilizes the
net name specified by the fault-suspected layout pattern/net

-10- is Sheet Has Been Rep laced
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toward the upper streamof the signal flowin the |IC device to

determ ne the fault |ocation. In order to achieve the above
objective, -the IC fault | ocation trag Ln_the present

i nvention has the 5 fol I owi ng structur§. THIS SHEET HAS B y, the IC
fault location tracing apparatus | ncljudes: REPLACED a

sem conduct or tester applying test patterns TO tedmnals of IC
devi ce under test, generating an 10 interruption in the charged

particl e beam te8¢egniasigpofneans 310 to deexming heldeshove mprm alitpgate

signal differendrfeeM in the uppbhe s@XRAf &F Vahdecisclaend,mhije P_UT by
noni.toring the outputs .of the IC device, -and sending a. file

log to the char{eddying the net  1ist| daragy 3Rdst orTRE APDEF refFedm aOfarkde
of the faulty Ibircuit is aeséidetedntoalbe a direction towaThehge&ault

b1 gi nat &4 1rordaSEes ot BT, (UGS case, tne agfBeeenBaREH g the
tester to the |psiewean ocadebet pdural. nmeasuring the anmount of
secondary electron geneLdt8fl the specified device name, the device-layout
correspondiné information 323 is investigated so as to
speéify the corresponding device layout. Further, based on
10 the specified device name, the net list data 321 is searched
so as to determine the input net name connected to the
spécified device as an input pattern.
If DUT is designed in a multi-layer structure, the
device names can be specified in accordance with the multi-
15 layer structure. In the example of Figures 1 and 2, such a
purpose is accomplished by storing the layer information in
the net l;st data 321.
Furthermore, the input net polygon recognition means 312
. specifies a polygon near the device of the input layout
20 pattern corresponding to the input net by searching the net-
layout corresponding infofmation 322 based on the input net
name. Here, the "polygon" is a smallest unit for forming a
layout pattern used in the CAD process. The polygon is
usually a rectangular shaped unit indicating a part of layout
25 pattern of the DUT circuit. Instead of using the polygon of
the smallest segment of the pattern, a polygon showing an
entire input layout pattern can also be adapted.
Based on the ébove-described result, the visual field
determination means 313 determines the position and
30 magnification os a visual field (monitor area) of the layout
pattern so that the specified device and input layout pattern
are included within the visual field. A layout diagram VF1
specified by the visual field is shown in the right side of
Figure 2. | ;
35 The layout (visual field) display means 314 displays the
layout diagram VF1l based on the data obtained by the visual

-11-~
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20- - fromeach radi ati on point per each radiation point,
di splaying an electron distribution in the_|C deV|ce as
potential contrast inages by taking in sai i
el ectric signals, di splaying electric
| mages between a good-conditioned -25 grted state of
the 1 C device, and notifying the conpfe yjmage capturing
and requesting changes in test patterns generatlon to the
sem conduct or tfdstlat- determination opeana ﬁéthHQNHO%h%Y the next tracing
control dev'CeﬂayeﬂﬂgﬁﬂﬂFQh@&l&bﬁﬁéhgftﬁedsﬁé&§f§gd device ah@ pBEygBar gad
particle beamtester and’extractin potential difference
i mage of the elt8@ riay Pt gam 1. contrast inmages fromthe
charged particle begudtes:er,the layout (wisaadi rfitélhi)codﬁ.sp[lagievﬁeam§tml&s
net list_data . | ndi cating dJ.n nfor e
circuit 35 trans“b]tﬁf‘poﬁféﬁt Vlgf“ari Hd'eleq;% Hév?%dilé@an e an%/oﬁ?Slgé?g
i ndi cating patbaurdxnanﬁsﬂnthenuﬁgmnfotaSapdIdicmwsnel field to the EB
tester 200. The information sent to the EB tester 200 may

anount as
al difference

further includes position coordinates of the specified device
such as each vertex coordinate of a rectangle of the device.

10 The EB tester 200 for example superdisplays the
rectangle of the specified device so as to change the
position of the SEM image corresponding to the visual field
data and display the position of the specified device on the
SEM image. Further, it is possible to superdisplay not only

15 the outer shape of the device, but also the outer shape of
the layout pattern of the specified input net corresponding
to the device and lines, on the SEM image. In this
arrangement, it is easy for a user to xrecognize the
relationship between the two layout diagrams.

20 By the similar procedure above, it is possible to know
the fault-suspected wiring pattern in the more upper stream
location of the circuit pattern by observing the different
images in the new visual field. 1In this example, the next
layout'diagram VF2 which is defined by the wvisual field

25 determination means 313 and provided to the EB tester 200
through the layout (visual field) display means 314 is shown
in the left side of Figure 2 which is an upper stream of the
signal flow in the DUT. -

The above procedures are repeated until the wiring

30 patterns of the different potential images do not appear in
the EB tester 200. As has been foregoing, this method does
not require to trace the wiring patterns one by one toward

the upstream. In this method, it is possible to trace at

once to the wiring pattérn’ located in' the most upstream

35 position within the wvisual field. In other words, the
___,______~———-—“‘
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-6- - and the control device instructs the charged particle

beam tester to locate the fault position in the IC devi ce by
stracing back the circuit of the |IC device - [ field
basis. 5 In the further aspect t-he
control device in the IC fault |ocation trjg

ocnprised of :, a fau

patt ern/ net , recognition ngans;.lo £ a . aT
output gate r&EBGHAT RFNEEFR FRr B § apfitention 15 performed g 3 cyigua
| ayout pattertffield by visual filed basis.

If it is still necessary to trace the test patterns

again when the wiring patterns as the different images do not

5 - éppear, one or more test cycles of the test patterns by the
LSI tester are.traced so as to detect the different image.

Then, following the above-described procedure, the same
procedures are repeated until the wiring patterns as ‘the
different images do not appear in the visual field. When

10 tracing the wire nets and further test patterns toward the
fault source and finding no wiring pattern as the different
imége, the fault source can be specified.

~ As in the foregoing, in the present invention, the
tracing and location of the physical fault position in the

15 DUT starting the fault pad within the DUT can be achieved in
a short period of time since it is not necessary to advance
in the upper stream by net by net basis. Furthermore, it
does not require any knowledge for the user about the details
of the DUT design to easily trace the fault location.

20 _ Although the present invention adapts the EB tester as
the charged particle beam tester and LSI tester as the
semiconductor tester, obviously, numerous variation and
modification can be made without departing from the spirit of
the present invention. Therefore, it is possible to utilize

25 an ion beam tester as the charged particle beam tester in
combination with a tester pattern generator as the
semiconductor tester.

According to the present invention, it is possible to
specify the exact fault location in the DUT in a very short

30 period of time. It is very advantageous because a user
without any knowledge about the DUT design can easily trace
the fault location of the DUT.

e
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an - i-nput N recognition neans recogni zi ng
W-ring patterns cor “mmo I nput ' net of said output

.
gate of sai dfm\ “ma | ayout pattern; o
a visual fl ydewmer m nati on nmeans » det erm ni ng

_ next visual tield data for tracing on;
~a layout (viisual field) di splay neans

next layout (visual field) data to the : particle
ray tester; WHAT IS CLAIMED IS: a3 nenory device storing mee=+l st data for
executing the foregaing ﬂﬁrﬂqesﬁﬂﬁlat rIL_Qicaltf!B&ithrazcg.ng apparatus, comprising:

. correspondi ng I nformation, . vi ce-| ayout ,
correspondi ng i nfor mati ot %ﬂﬂlq%@f&fft%t %gster applyingr figfferpatterasafeo

possi bl e to provi de tedwials oft andeC device Ladernakstecsghiit éﬁmiagﬁa&ct:er
which fagl 1ogs arednputted | . th ntrol. device so.that SEM

(scanni ng el ectron nq crqs%.ogné%ﬂt?rmg i n%la:@g&lsn.cloyfdi nsga} i |g‘a’ pgﬁglf"ﬁ t.ﬁBd
| C device are 30 Prawishmd ¢l Ihntshsawtderhysigialy f@ia ¢bgsgedt partiédle

fromthe : sempyeniyel@er! 88l s8¥81£4MNa terminal of the IC device whose
~ output aisagrees with an expected value is found, said
semiconductor tester sending file logs to said charged
10 particle beam tester so as to notify an identity of said
terminal which indicates said disagreement;
said charged particle beam tester scanning charged
particle beam on said IC device when receiving said
interruption signal from said semiconductor tester, said
15 charged particle beam tester measuring an amount of
secondary electrons generated from each point of said IC
device which is radiated by said beam and displaying an
electron ‘distribution in said IC device as a potential
contrast image by processing said amount of said
20 secondary electrons, said charged particle beam tester
displaying an electric potential difference image which
indicates potential differences between a good-state and
defected state of said IC device; and _
a control device for instructing visual field data
25 to said charged particle beam tester and extracting a
potential difference image of said electric potential
contrast images from said charged particle beam tester,
said control device storing net list data indicating
input and output information of each circuit component
30 of said IC device and mask layout data indicating
pattern layout information of said IC device, said
control device instruéting said charged particle beam
tester to locate the fault position in said IC device by
tracing back the circuit of said IC device by visual
35 field basis.
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Furthernore, it is also possible to utilize a LSI tester as the
i r~sy§T§ﬁT'§§'ﬁETT_gg an EB tester as t he charged

sem conductor tes

particle beamteste
t he charged part|¢

Mor eover,
tracing nethod.

t he

10

15

20

25

30

35

the fol

pr ésent

beam can be used as

%’M“\ “‘m\ \mn electrof TS SHEET HAg T,
s Gsed as the || C fankp acry CCoMoOffat i on
Nanely, in the fauFscaitg aci ng net hod of
i nvention, with use of the net I|ist dZFE‘Tﬁ‘ ding a

2. An IC fault location tracing apparatus as defined

in Claim 1, said control device comprising:

a fault-suspected layout pattern/net recognition
means which for determining a léyout pattern/net that is
highly likely connected to a source of the fault of said
IC device;

an output gate recognition means for éetermining a

gate which is outputting a signal to said layout

pattern/net suspected by said fault-suspect layout
recognition means; .

an input net polygon recognition means for
recognizing wiring patterns corresponding to an input
net which is an input layout pattern to said gate
defined by said output gate recognition means;

a visual field determination means for determining
a monitoring area by said charged particle beam tester
for Fracing the fault location in said IC device; and

a visual field display means for instructing the
next visual field data of an upper stream of_Signal'flow
in said IC device to said charged particle beam tester.
3. An IC fault location tracing apparatus as defined

in Claim 2, said control device further includes:

a memory device storing said net list data
indicating input and output information of each circuit
componént of said IC device and said mask layout data
indicating pattern layout information of said IC device
and device-layout corresponding data, all of said data
are derived through a computer aided design (CAD) stage
of said IC device.

4, An IC fault location tracing apparatus as defined

in Claim 1, said charge particle beam tester notifies said

semiconductor tester when said images have been obtained in

said beam tester and requests said semiconductor tester to

generate the next test pattérn to be supplied to said IC

device.
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5- . circuitm't/output rel ati onship inside the

DUT and devi ce- Iayout E |ng |nfornat|0n i ncl udi ng rhp
MM

posi tioning reI mask | ayolfgr— gg as a
ofs a *device at t %{%Hgﬁﬁ - faul t
Datf i

gate and cel |,
source which outputs an ainmed failure wr utomatically

specified on the layout, and, in reference to this | ocation, the.
fault is traced toward the fault sour ce. . . Moreover, in another
method, with use of $he nke-I@Qyfault locatiosr kygsdngi agraratysnelti fAaim 1,
i ncl udi ng thefurtpt‘i’éi'té&ﬂgfﬂsa.ng a, FaLathONSE 1 @6 Hemislall nﬂaéggﬁit@on

the net list data on the | ayout; _.a net, of the_sp lelteld evi ce

at the input sitRARS Prov%@%b&’brﬁﬁdcmrgﬂeéﬁfﬁlé’& &R {”Héc af8it, 19A8, arR
r ef eLence I 1n§@tt§é\:ﬂ3 sbet thhbe daid t imagesacefclodang tiei Xeadl tpaﬁﬁall’ age
Furt her e,. layouts_an e Vv ie gryine

e Lo ndl ude (HETRETT LR TR Bih GelS, 6347 Soge ourpPRERAlEASR Ffe
t he specified dsmmnmoméusuwﬁrdesplgwsnhm. on the SEM i nages.

In the above-descri tyi [gF-Ted t

met hod, the specifi ébezt Il on of %ﬂﬁg lc??{&gi;:flr?glt lg%gcmg app%%%bgf gl% %?iqncn L

pads can be acHhSxRLRA LATEH Fyaiﬁ #nkpgrated circuit (LSI) testexr is used
as the semiconductor test system, and an electron beam tester

10 is used as the charged particle beam tester.

7. An IC fault location tracing apparatus of Claim 1,
further characterized in that: with use of said net list data
including a circuit connection and input/output felationship
inside the DUT and device-layout correéponding‘data including

15 the positioning relationship on the mask layout of a device
such as a gate and cell, a location of a device at the side
of the fault source which outputs an aimed failure wire
pattern is automatically specified on the layout and, in
reference to this location, the fault is traced toward the

20 fault source.

8. An IC fault 1océtion tracing apparatus of Claim 7,
further characterized in that: with use of said net-layout
corresponding data including the positioning relationship of
the net included in said net list data on the mask layout, a

25 net of the specified device at the input side is
automatically specified on the layout, and, in reference to
this net, the fault is traced toward the fault source.

9. An IC fault location tracing apparatué of Claim 7,
wherein layouts and image visual fields are determined so as

30 to include the specified device and nets in said visual
field. |

10. An IC fault location tracing apparatus of Claim 7,
wheréin the external shape of the specified device is
superdisplayed on the images. '

35
—_—
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25 . period of tine. Furthernore, the fault |ocations of |IC can be
easily traced by a user wi thout know edgg.of the DUT desi gn.

Brief Description of the Draw ngs ' bl ock di agram
showi ng the structure of the 30 pr eselft : Figure 2
Is a schematic showi ng a | ayout di agram : : t invention.
Detail ed Description of the Preferred Enbodi nent Figure 1 is a

bl ock di agram showi ng the structure of the 35 present invention. The IC
fault traci ng appar at b iBILTHdOCATION FTRAGHENGO ARPNRHTUSC ANIBINETHER er 100.
The LSI tester 100 Abstract of the Disclosure

The present invention is to provide an IC fault location

tracing apparal;_'tis with which a user having any knowledge of

5 the DUT design is easily able to identify the IC fault

location in a short period of time. The IC fault location

tracing apparatus of the present invention inclddes a control

device instr'ucting visual field data to the charged particle

ray tester and capturing different images of said electric:

10 potential contrast images from the charged particle ray

tester, wherein said control device further includes: a

fault-suspected layout pattern/net recognition means; a n

output gate recognition means for- fault-suspected layout

patterns;’ an input. net polygon fecognition means

15 corresponding to input net of the output gate of the fault-

suspected layout pattern; a visual field determination means

determining next visual field data for tracing fault

location; a layout (visual field) display means instructing

next layout (visual field) data to the-charged particle ray

20 tester; a memory device storing net laydut corresponding
information and device-layout corresponding information.

25 O
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-8+ - supplies test patterns to termnals (lead pins) of a

sem conduct or devi ce under test (DUT) d-ponit £ of t he
DUT by conparing the outputs wth exped| i/ gHEET S BRER- If the LSI
tester finds a termnal which is differfent f REM.ABED thg expected val ue,
It generates an interruption (trigger) S el ectron beam
(EB) tester. The LSI tester 100 further sends out fail |logs (fail
information) in order to notify the EB tester an identity of the
faulty term nal of the DUT. 10 The 1 C fault tracing
apparatus further includes the EB tester 200 which irradi ates an
- scanni ng el ectron be At ' h gnal
transmtted by the |St——tester—The-EB-tester—measures the afount of
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the circuit of the DUT. Then the EB tester displays an electron
distribution in the DUT as a potential contrast imge by processing
the 20 nmeasured secondary el ectrons as electric signals. The EB
tester further displays an electric potential diff n i mage which
shows a potential difference between a BoQMs qgﬂg,tloned state and
defected state of the DUT. As is known S?ﬁﬁ; 2 t hese i mages are
call ed SEM (scanning el ectron 25 m '"°""“"\ tampges——Af t er obt ai ni ng

t he above i mages, the EB tester notifies the conpletlon of the

| mages and requests the - LSI tester 100 to advance the test pattern.
The [ICfault tracing apparatus further includes a control device
300 whi ch defines V|sua4 dat & and instructs the

EB tester 200 to scan &nd dISp| visual fiel@ The coftrol
devi ce 300 receivepgjt dlfference I mages whi ch
produced by the EB | e$ In theSpreferred
enbodi ment, the copnfr ( s a faukt-suspect ed | ayout
pattern/net recognjti d cognlzegga pattern/ net
that 1s deened to pge 4
o
= T e
=12 o %:
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-9- highly related to the fault, and an output gate recognition

means 311 which determines a gate generating an out put connect ed

to the fault-suspected | ayout pattern. The control devi ce 300

further includes an input net polygon recognitidg 2= ich

defernmines a wiring pattern corresponding to : tre
sua

gate which outputs the fault-suspected;._ | 8
field. determ nati on neans 313 which —

IC FAULT LOCATION TRACING APPARATUS AND METHOD
Field of the Invention
This invention relates to an IC fault location tracing
apparatus and method for evaluating an IC device under test,
5 and more particularly, to an IC fault location tracing’
. apparatus and method using layout data produced in a CaD
stage of the IC device to locate a defective portion of the
IC device under test which is actually produced based on the
CAD. The IC fault location tracing apparatus of the present
10 ' invention is, 1in essence, based a combination of a
semiconductor test system and a charged particle beam teést
system. _ .
h Background of the Invention
In testing an IC device, it is known an apparatus and
15 method of finding errors and tracing the physical positions
of such errors in the IC device by a combination of a
semiconductor -IC tester and an electron beam tester. This
invention is to improve the test efficiency and performance
in the fault location tracing of the IC device using the
20 combination of the semiconductor tester and the electron beam
tester. Since the recent IC devices are designed through a
computer aided design (CAD) process, the testing technology
by the semiconductor tester and the electron beam tester
tends to make full use of the CAD data produced in the design
25 stage of the IC devices.
As is well known in the art, a semiconductor IC tester
provides'a test signal to corresponding pins of the IC device

. under test and compares the resulting output signal from the
IC device with an expected value waveform. When the output
30 signal does not agree. with the expected value, the

semiconductor test system determines that there is a fail ;F
the IC device.
An electron beam tester (or a charged particle beam
tester) emits an electron beam which scans a predetermined
35 area of the IC device under test. The electron beam causes



deternmines data for the next visual field for tracing the faul t

| ocati on, and a | ayout (visual field) display nmeans 314 10 whi ch
i'nstructs the next layout (visual field) data to the EB tester 200.
For executing the above-described processes, a ne _ = 320 is
prévided in the control device 300. The nenory N2 g PHES net
list data.321, net |ayout corresponding_15 I n it i 7.
devi ce- Iayout correspondlng I nf or mat i~oT—323, 110" t-ay-OlUL T 2 ;24

t herei n. Furthernore, it -is_also pOSSIb|e to ovde—afhul ty

outsi de termi rRit SReRRHIN Tn seeoRdary ahRERTPRS| fregsthe IC dewies verder om

the LSI testercddl, aR Iaﬂ@uhfceaflﬁhé he ity eR@ssiofeYEC8eBORASR: thiddn t he

SEM i mages i ncl,udi a fail internal circuit pad_of . the DUT
Shich 208 poce AR pRE A of A it Bass Bt S T aeTes 1y

observed by ustewpithing the eledtrdmdseam. The amouﬁtgmfe tz'xesrmemo:aiary

exanpl e of th leaé@gnsdll%grn@@sﬁfrehhfnzéhe fmdé@ %M' %’E é@fl éx{éf for

potentia dlfference I mages e co
Figure 2, thevfank lrradlatparttqu i éb‘?-e’éctdﬁi{lqeher @hpg.atlp@t%kﬂqtanon

difference . peam tester can reproduce an voltage waveform in the IC
device based on the secondary electrons measured by the above
procéss. ‘The images reproduced through this process by the

10 . electron beam test'er or other equivalent system is called a
scanning electron microscope image (SEM image).

" When a fault is found by the semiconductor IC tester as
above, the IC tester repeatedly generates the same test
pattern signal to the IC device. The electron beam tester

15 then, with use of net data and layout data of the IC device

: produced in the CAD stage of the IC device, compares the
voltage waveform of each location of the IC device under
test, with the expected value waveform to find out the exact
location of the fault in the IC device.’

20 - In the conventional techhology, once a fault is found at
an output terminal of the IC device by the semiconductor IC
tester, a small portion of wiring pattern on the IC device is
selected one by one.by tracing the wiring pattern (sometimes
called a net or a pattern/net) to an upper stream of a signal

25 flow, toward a physical location of failure source by the
electron beam tester.

For example, the following is a situation whers an
output level of an output pad A of the IC device is different
from an expected value when a test pattern N is spec:".fied by

30 the semiconductor IC tester. In the fault tracing operation,
it is determined 'whether a wiring net waveform at the input
of a gate which outputs the signal at the output pad A is
normal or not. This determination is made by applying the
test pattern N to the IC device and by comparing an expected

35 value waveform with a waveform measured by the electron beam
tester by actually driving the IC device. The expected value



bet ween the expected data (good-condition state) obtained
CAD data and the measured data (defective state) 30

The overall |ayout diagramis f or med
whi'le the particular part of the | ayout di agr
as wll be described | ater. The op

| ocation tracing apparatus of tlye present in
following with reference to Figures 1 an-

tester.
EB tester

t he 35
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data for each wiring net, the input net of the gate in this
case, is obtained through simulation of the IC device layout
data produced in the CAD design of the IC device.

If the two waveforms do not'match, a wiring net waveform
at the input of another gate which outputs the signal at the
previous wiring net, i.e., one step upper stream of the
signal flow, is evaluated to determine whether the waveform
at the wiring net matches with a corresponding expected value
waveform produced by the CAD data. )

Upon repetition of the above operafion, each wiring net
in the signal flow is traced back toward the upstream to
focus the fault location of the IC device. If there is a
coincidence between the waveforms in the above process, the
further comparison of the two waveforms may be performed for
a test pattern N-1 which is one pattern before the test

fromthe
obtalned by the EB
h

pattern N. As a consequence, by tracing back the wiring nets

and the test patterns toward the fault source (upper stream
of the siénal'flow), the exact fault source in the circuit
pattern of the IC device can be identified when the expected
value by the CAD simulation matches the measured waveform by
the electron beam tester.

There is another method of tracing the fault source by
the electron. beam tester. 1In this method, the electron beam
tester measures an electric potential difference image
showing potential differences between a good-conditioned

. state and a defected state of the IC device under test. 1In

this case, in reference to the wiring pattern layout diagram
based on the CAD layout data, the wiring patterns and the
test patterns are further traced from the downstream of the
output pad wherein an error is detected toward the upstream
wherein the fault source is located, until the electric
potential differences disappear in the image. If the
electric potential difference images are completely
disappeared, the fault source can be identified.

In the above-described conventional fault tracing method
by using the measured waveforms, each waveform of the wiring



First, wth use of navigation CAD (Conputer A ded Design) link

sofst ware program (not shown) provided in the control devi ce 300, the
desi gn data produced by CAD process s co et - nal
data base and stored in the 5 menory device 3 @Lﬁﬁéi\ﬂmslsg@gqla a

i nCludes net list data showi ng the |ist of 4 Offs of

al I- conponent in the circuit ofgthe DUT a Ld_Trask--4-ay.00L... el show ng

t he | ayout of circuit patternSmthe DUT an

h d h th | at hi bet
i Tout di agr ARCoPAEREZBUS PRIt aPPoPY o B r@&m% the'd wh&ﬁ’%rf%ﬁte% .

cell or gate iim tdie OT. device from thfeteiommet@est)el g tpeaor for
st goBRrihEy e, an, Bt MSSARCe LA, CRAGE, diytten
tester 15  5b8 F@Dsﬁln\h‘ﬂ-aé'—d-%at ToEg), ( ShdfniceavEnddoned Mechasdosy) 1s
i mages bncl uddigapedatbbavhb m@bauSensude €8kPs CaveClithgt Oa time, t r
[ ult st aedohtal e AL o 1 gl ISR o s 88
first stage, &opusetivnbheadiusuherpatftar®@f thehad SEGvVimeges at the side
of the EB tester 2(38ra88¢efl® in the other conventional fault tracing
techhology measuring the electric potential difference
10 images, the wiring patterns to be traced are selected on a
" trial-and-error basis in reference to the wiring pattern
layout diagram produced through the CAD data. Thus, this
method is again disadvantageous because even if a person who
is wvery skilled in the field of IC design and testing-
15 participates this operation, it takes a long time, for
instance, several ten hours to several days to specify the
faulty source.
. Summary of the Invention

It is an objective of the present invention to provide

20 an IC fault location tracing apparatus and method in which a
tracing and identification of failures of IC can be easily
performed in a short period of time without requiring an
user'’s knowledge of a net pattern layout of the IC device to
be tested.

25 It is another object of the present invention to provide
an IC fault location tracing apparatus and method which
utilizing a combination of a semiconductor IC tester and a
charged particle beam tester, such as an electron beam
tester, and further utilizing CAD data produced in the design

30 stage of the IC device under test to promote a high
efficiency evaluation of the IC device.

It is a further object of the present invention to
provide an IC fault location tracing apparatus and method
which is capable of tracing back the net layout of the IC

35- device under test by a unit of large block of net layout



| ayout di agram di spl ayed by the |ayout display neans is preferably
perf or med. Next, the EB tester 200 neasures the potenti al

di f.f erence i nage by neasuring the potential difference of the 25 net
pattern of the SEM i mges between a good-conditio %PLACE St at e—oA
def'ective condition of the DUT. In the exanple 0

def-ective wiring patterns such as netaklic wirin Date 04 c996 c nnect ed
to the fault pad is illustrated by the — bl flnés T80 Based
on the metalli'c wiring patterns connected to the nmeasur ed fauft pad,

t he fault - suspbowendl dheuuppart skngaretof the sigmadnifiliosn imedie I device

specifies the Egraggggﬁghggthgyggﬁlt 10cagﬁ§§ern and |ts net nane by using
t he net-1| ayout correspond |ng&|n ormation 322, hen,_ the

out put gate recogni FPoﬁrﬁ@En§°3fE BV the eheve ObJeﬁEﬂ-Vﬁanﬁhgpé& frudtny
the fault-suspketagdibaybvacpayt &ppdrius in the present invention has the

5 - follow1ng structure.
Namely, the IC fault location tracing apparatus
includes:

a semiconductor tester applying test patterns to
. terminals of IC device under test, generating an
10 | interruétion in the charged particle beam tester as soon
.as a terminal showing an output signal different from
the expected value is found while monitoring the outputs
of the IC device, and sending a.file log to the charged
particle ray tester so as to notify a name of the faulty

15 outside terminal; .
a.chargeé_particle ray tester irradiating a charged
particle beam originated from a trigger transmitted by
the éemiconductor tester to the IC device under test,
measuring the amount of secondary electron generated
20 from each radiation point per each radiation point,
displaying an electron distribution in the IC device as
potential contrast images by taking in said measured
amount as electric signals, displaying electric
potential difference images between a good-conditioned
25 state and defected state of the IC device, and notifying
the completion of image capturing and requesting changes
in test patterns generation to the semiconductor tester

for the next test; and

a control device for instructing visual field data
30 : to the charged particle beam tester and extracting a
potential difference image of the electric potential
" contrast images from the charged particle beam tester,
wherein the control device stores net 1list data
indicating input and output information of each circuit
35 component of the IC device and mask layout data
indicating pattern layout information of said IC device,



-11- recogni tion means 310 to deternine the device nane of a gate
or-=sell in the upper streamof the circuit of the st udyi ng
the net |ist data 321. The upper stream of the Fo==

considered to be a direction toward the fault 5

thrs case, the devices located in the upstres

Based 'on the specified device nanme, thegdevice-|ayol li ng
information 323 is investigated so as to— specify the cor ng

devi ce |l ayout. Further, based on 10 t he specified device nanme, the net

list data 321 is sesR@ebhe contrel device deishiuates tihe | PRpaxgedtPaREcle
connected to the beamSRestbireddeMdcat east e FARUE FHL®Ibn in the IC

device by tracing back the circuit of the IC device by
a visual field basis. .

5 . In the further aspect of the present invention, the
control device in the IC fault location tracing apparatus is
ocmprised of: |

" a fault-suspected layout pattern/net
recognition means; '
10 an output gate recognition means for a fault-
suspected layout pattern; '
an input net - polygon recognition means
recognizing wiring patterns corresponding to input
net of said output gate of said fault-suspected
15 : layout pattefn;

a visual field determination means
_determining next visual field data for tracing
fault location;

a layout (visual field) display means

20 . instructing next layout (visual field) data to the
charged particlé ray tester;

a memory device storing net list data for
executing the foregoing processes, net layout
corresponding information, device-layout

25 ) corresponding information, and layout data.
Further, it is also possible to provide a faulty outside
terminal recognition means to which fail logs are inputted in
the control device so that SEM (scanning electron microscope)
images. including failed pads in the IC defice are
30 automatically observed by using fail logs outputted from the
semiconductor test system. |
Furthermore, it is also possible to utilize a LSI tester
as the semiconductor test system, as well as an EB tester as
the charged particle beam tester. In addition, an electronic
35 beam can be used as the charged particle ray.



If DUT is designed in a nmulti-layer structure, the devi ce nanes can

be-specified in accordance with the nulti- 15 | ayer structure. In the
exanple of Figures 1 and 2, such a pur pose is_acconplished by
storing the layer information in the net Ii hE%%k RIEN
Furthernore, the input net polygon recognition nedps ee TS

6 ciifies a
polygon near the device of the input |ayout 20 pahice é ygyr ﬁonding to

the input net by searching the net- | ayout learyresPORdI NG 1™ ofimat i on
322 based on the input net nane., Here, the "polygon" is a snallest
unit for forming a BIoreoveFayEG? fokkuting, sed hod ﬂﬁ%‘%ﬁ%ﬁﬁ%bé@@s;c fapdt

pol ygon is locauiual kyaaingohettgpd ar shaped unit indicating a part of

. ' ' f ' I f
{he smal Test Sogront®BP-¥he et rEs ok YRR Rralihe” netha P7Pp8

“

i nput | ayout pREEEERtciRventIOhe widdpued. of the net lilyethten imeduding a
above'qegcribegik@ﬁﬁttcoﬁﬂébﬁiéﬂﬁﬁndiﬁﬂpﬁt/ou;putd%EQQ%EB%%EQP,Hﬁ§@3é3&ﬁe
determ nes the osu&i%pvagd_io tnagg]flcatLgn ps_a V|§ualn |%Q%anon|tor
area) of the | BjaAnd devicgslayont GohuespoRiing bar PFRe ben (ARe Ia it bhe
| ayout patter npositioningirelawieshsliiphon the wasiudlayded cof A ldeydwe guagram
VF1 as a gate and cell, a location of a device at the side of the
- fault source which outputs an aimed failure wire pattern is
10 automatically specified on the layout, and, in reference to
this location, the fault is traced toward the fault source.
- Moreover, in another method, with use of the net-layout
corresponding information including the positioning
relationship of the net included in the net list data on the
15 mask layout, a net of the specified device at the input side
is automatically specified on the layout, and, in reference
to this net, the fault is traced toward the fault source.
Furthermore, layouts and SEM image vision fields are
determined so as to include the specified device and nets.
20 The external shape of the specified device is superdisplayed
on the SEM images.
_ In the above-described IC fault location tracing
-apparatus and method, the specification of failure originated
in the failed IC pads can be achieved efficiently in a short
25 period of time. Furthermore, the fault locations of IC can
be easily traced by a user without knowledge of the DUT

-

design.

Brief Description of the Drawings

Figure 1 is a block diagram showing the structure of the
30 present invention.
Figure 2 is a schematic showing a layout diagram of the

present invention.

Detailed Description of the Preferred Embodiment

Figure 1 is a block diagram showing the structure of the
35 present invention. The IC fault tracing apparatus includes
a semiconductor IC (LSI) tester 100. The LSI tester 100



specified by the visual field is shown in the right side of Flgure 2
35 The layout (visual field) display neans 314 dlsplays t he

| ayout di agram VF1 based on the data obtai ned by tge
REPLACENMENT SHEET

determ nation nmeans 313 and notify the next traci
hi ghl i ghting the specified device and pglygon in

VF1. Further, the layout tvisoal fie

Ul -
transmts the visual,fleld i nf or mati on |nclud|q91? |t|8P
supplies test patterns to termi ead pins) of

semiconductor device under test (DUT) and monitors outputs of
the DUT by comparing the outputs with expected value signals.
If the LSI testér finds a terminal which is different from
5 the expected value, it generates an interruption (trigger)
signal to an electron beam (EB) tester. The LSI tester 100
further sends out fail logs (fail information) in order to
notify the EB tester an identity of the faulty terminal of
the DUT.
"10 " The IC fault tracing apparatus further includes the EB
| . tester 200 which irradiates an scanning electron beam on the
DUT initiated by the trigger signal transmitted by the LSI
tester. The EB tester measures the amount of secondary
electrons generated from each radiation point in response to
15 the electron beam. The amount of secondary electrons is
proportional to the voltage level of the radlatlon p01nt of
the c1rcu1t of the DUT.
Then the'EB tester displays an electron distribution in
the DUT as a pétential contrast image by processing the
20 . measured secondary electrons as electric signals. The EB
tester further displays an electric potential difference
image which shows a potential difference between a good-
conditioned state and defected state of the DUT. As is known
in the art, these images are called SEM (scanning electron
25 miéroscope) images. After obtaining the above images, the EB
testexr notifies the completion of the images and requests the
LSI tester 100 to advance the test pattern. -
The IC fault tracing apparatus further includes a

a

control device 300 which defines visual field (monitor area)
30 data and instructs the EB tester 200 to scan and display the
visual field. The control device 300 receives the electric
potential difference images which produced by the EB tester

200.
In the preferred embodiment, the .control device 300
35 includes a fault-suspected layout pattern/net recognition
means 310 which recognizes a pattern/net that is deemed to be



coordi nates, the magnification of visual field to the EB tester
200. ~ The information sent to the EB tester 200 may, further

i ncl udes position coordinates of the specified d -such as each
vertex coordinate of a rectangle of the device. tester

200 for exanple superdi-splays the rec % ifff i ed
device so as to change the positgon of t gﬁ@M_ es ondi ng
to the visual field data and disptay the aeakLL&ﬁlﬁr“th spglci fi ed
device on the -’ - SEMimage. Further, it is possible to superdisplay not

only 15 t hdighler reRgsedotor FBedEante, A M PMEPRE AR %Q?eﬁiﬁucﬁlon

the layout pattpRighs0f 3ie viiea f dedermiPads nat éefg\%.@ﬁilaﬂﬁng an 5&;;&16
arra ment I S

d d | t he M, i :

casy Tor a useroperReduEp /e a1t Susppgl & Thiaw', BRRERRE (HeE (RIS

di agrans. 20 - device Bpotﬁersharlzncluda$ednrenabbvnet|polxg¢nm§addgnHU1ohnow
the faul ty suspeg g@ 45! 085 PRI SEL LS | £§ngnp§£téfﬁe@&res§mnd¥g?g%t 4 on

of the circuit tern by o erV|ng t ere new

visual field. aF‘n’-FlE’lué’r Sednife thengatexiwhich outpyis,thf
defined by theldysual phtebén?25 viglelleFriendt determanat 343 raéuh@rn\a dmiclrp

the EB tester % %ermlnes data for the next visual field for tracing the
_ fault location, and a layout (visual field) display means 314
10  which instruEts the next layout (visual field) data to the EB

tester 200. |

For executing the above-described processes, a memory
device 320 is provided in the control device 300. The memory
device 320-stores net list data 321, net layout corresponding

15 information 322, device-layout corresponding information 323,
and layout data 324 therein.

Furthermore, it is also possible to provide a faulty
outside terminal recognition means to which fail logs -
received from the LSI tester 100 are inputted in the control

20 device 300 so that the SEM images including a fail pad (an
internal circuit pad of the DUT which is closest to the fault
terminal of the DUT) is automatically observed by using the
fail logs. . .

Figure 2 shows an example of the layout diagram of the

25 | 'DUT in which the electric potential difference images are
measured. In the contrast image of Figure 2, the dark
pattern indicates that there is a potential difference
between the expected data (good-condition state) obtained
from the CAD data and the measured data (defective state)

30 obtained by the EB tester. The overall layout diagram is
formed based on the CAD data while the particular part of the
layout diagram is monitored by the EB tester as will be
described later. The operation of the fault location tracing
apparatus of the present invention is explaiﬁed in the

35 following with reference to Figures 1 and 2.



through the layout (visual field) display nmeans 314 i s shown in the
| eft side of Figure 2 which is an upper stream of the S|gnal flom/in
t he DUT. The above procedures are repedfFs i
patterns of the different potential inages do not 3
tester 200. As has been foregoing, this method doéd
trace the wiring patterns one by one ta@ard
method, it is possible to trace at ~ once to al
|ocated in the nost wpsiy eagh us@osftlmwaadhtmw %eaﬂnpﬁtsfd Aiddd
other words, t6E51gn) link software program (not shown) provided in the
control device 300, the design data produced by CAD process
is converted to the internal data base and stored in the
5 - memory device 320. The design data includes net list data
showihg-the list of names and functions of all component in
the circuit of the DUT and mask layout data showing the
layout of circuit pattern in the DUT and LVS (layout versus
schematic) data showing the relationship between the layout
10 and circuit diagram of the Ddf. Hereinafter, a "device"
" designates a cell or gate in the DUT. ' '
. After the above-described prior processes are done, the
DUT is monitored by the EB tester 200. When monitoring the
DUT by the EB tester, the SEM visual field of the EB tester
15 200 is set up so that SEM (Scanning Electron Microscope)
images including pads (fault pads) inside chip connected to
the fault-determined outside output terminals of the DUT
based on the.fail log rebort from the LSI tester 100 are
observed. In this first stage, a positional adjustment for
20 the SEM images at the side of the EB tester 200 and the
layout diagram displayed by the layout display means is
preferably performed.
Next, the EB tester 200 measures the potential
difference image'by'measuring the potential difference of the
25 net. pattern of the SEM images between a good-conditioned
state and defective condition 6f the DUT. 1In the example of
Figure 2, defective wiring patterns such as metallic wiring
patterns connected to the fault pad is illustrated by the

black lines. .
30 : Based on the metallic wiring patterns connected to the

measured fault pad, the fault-suspected layout pattern/net
recognition means 310 specifies the corresponding layout
pattern and its net name by using the net-layout’
corresponding information 322. .

35 Then, the output gate recognition means 311 utilizes the
net name specified by the fault-suspected layout pattern/net



tracing process in this invention is perforned by a visual field by
visual filed basis. If it is still necessary to trace the test

pat t er ns again when the wiring patterns as i mages do
not, 5 appear, one or nore test cycles of the Y
LSl tester are traced so as to detect the different
. foltow ng the above-descri bed procedus®l- the sane
repeated until the vviring patterns as the ditifef e ot
: --:--- er

appear in the visual, field tracin r
tggt pat t er ns TEWEY HipR means ggguﬁ"? ghﬁ ﬁ&vﬁﬁe BaWr‘?%ga FA%%r n
as the differem sell inj trhgeupples E&mbamsoﬁrmmaxnutmusmeoffthd DUT by

As in the for e n n, t g _a&nh

| ocati on of t%g;%ﬁ&& cg:fﬁ%] {' %gg{:t%%gl %b? @% u?fﬁr EL) %ﬁg t%hg'bfeault
pad within thé’lﬂgPlé%\rﬂ%ecﬁEﬁ-’f-@‘%%ﬁlﬁO be a %l%emmorpetowr@f thengasilice

it is na necegv@iy bE @HYAPUP. In thilsNchbe, UPRETdstisad Mycdtela by nele
basis. Furthernpre, oef not reqU| re any know edge for the user

about the det &Ff "Sanl kan be plu
: . Based on the specified device name, the device-layout

correspondiné information 323 1is investigated so as to
speéify the corresponding device layout. Further, based on
10 . the specifiéd device name, the net list data 321 is searched
so as to determine the input net name connected to the

spécified device as an input pattern.
If DUT is designed in a multi-layer structure, the
device names can be specified in accordance with the multi-
15 layer structure. In the example of Figures 1 and 2, such a
purpose is accomplished by storing the layer information in
the net l;st data 321.
Furthermore, the input net polygon recognition means 312
specifies a polygon near the device o6f the input layout
20 pattern corresponding to the input net by searching the net-
layout corresponding information 322 based on the input net
name. Here, the "polygon" is a smallest unit for forming a
layout -pattern used in the CAD process. The polygon is
usually a rectangular shaped unit indicating a part of layout
25 pattern of the DUT circuit. Instead of using the polygon of
the smallest segment of the pattern, a polygon showing an
entire input layout pattern can also be adapted. -
Based on the above-described result, the visual field
determination means 313 determines the position and
30 magnification os a visual field (monitor area) of the layout
pattern so that the specified device and input layout pattern
are included within the visual field. A layout diagram VF1
- specified by the visual field is shown in the right side of
Flgure 2. '
35 The layout (visual field) display means 314 displays the
layout diagram VF1 based on the data obtained by the visual



of the DUT design to easily trace the fault |ocation. 20 Al t hough

the present invention adapts the EB tester as the charged particle

beamtester and LSI tester as the sem conduct gt e _

nunerous variation and nodi fication can be naferppitAtRMEEBREET N

fromthe spirit of the present invention. The efo_re,gl,‘tNgﬁn @SI

to utilize 25 an ion beamtester asi2-he charged :ameQLg"pg _________________ 1'|n

~conbination with a tester pattern generator as the = :

tester. . According to the present invention, it is possible to
speci fy the exatie}QuALtPERARRBICR MRS DU | And Boty-fyndihe Jwext pracbug of
tinme. It is vesyaelyaByagaehd igheangecle WiRicified d&\ﬂi'&@uhnanﬁok?ﬁgb%%%e

' ' It | ocation of
about the DUT d{__egé gfalg_:guq: edalsa{gllyan;[ LAqe the fau
Further, the layout (visual field) display means 314
5 ° transmits the visual field information including position

coordinates, the magnification of wvisual field to the EB
tester 200. The information sent to the EB tester 200 may
further includes position coordinates of the specified device
sucﬁ as each vertex coordinate of a rectangle of the device.
10. . The EB tester 200 for example superdisplays the
rectangle of the specified device so as to change the
position of the SEM image corresponding to the visual field
data and display the position of the specified device on the
SEM image. Further, it is possible to superdisplay not only

15 the outer shape of the device, but also the outer shape of
the layout pattern of the specified input net corresponding
to the device and lines, on the SEM image. In this

arrangement, it is easy for a user to recognize the
relationship between the two layout diadgrams.

20 - By the similar procedure above, it is possible to know
the fault-suspected wiring pattern in the more upper stream
location of the circuit pattern by observing the different
images in the new visual field. In this example, the next
layout diagram VF2 which is defined by the wvisual field

25 determination means 313 and provided to the EB tester 200
through the layout (visual field) display means 314 is shown
in the left side of Figure 2 which is an upper stream of the
signal flow in the DUT.

The above procedures are repeated until the wiring

30 patterns of the different potential images do not appear in
the EB tester 200. As has been foregoing, this method does
not require to trace the wiring patterns one by one toward
the upstream. 1In this method, it is'possible to trace at
once to the wiring pattern located in' the most upstream

35 position within .the wvisual field. In other woxrds, the



- 14- VWHAT IS CLAI MED | S: 1. An IC fault location

traci ng apparatus, conprising: a sem conductor_tester
applying test patterns to termnals of an je e—Jnger test
sai d sem conductor 5 tester nonitoring al IC -
device and ' providing an interruptigp® har&ed
particle beam tester as sogg-as a tefm na¥ “of .t >-davi ce
whose out put dlsagrees wi fh an expecl &y arl , said

semi conductor tester sending file |pgs.to sajd charged_ 10 particle
beam t est er sotEICIBINBEPFGSENIR BT t {1 RRELATY 18 égrf°rmedt%¥n?n&+s“hlch

i ndi cat es sai dfgésagbgevbatal filed basis. sai'd charged particle beam
tester scanning Chafge(_j'_t is still n@@éééa@ye P@a&%es@h‘l lt%&evﬁgt?terns

recei ving said
.agaln when the wiring patterns as the different images do not

5 - appear, one or more test cycles of the test patterns by the
LSI tester are traced so as to detect the different image.
Then, following the above-described procedure, the same
procedures are repeated until the wiring patterns as the
different images do not appear in the wvisual field. When

10 tracing the wire nets and further test patterns toward the

. fault source and finding no wiring pattern as the different
imége, the fault source can be specified.

As in the foregoing, in the present invention, the

tracing and location of the physical fault position in the

15 DUT starting the fault pad within the DUT can be achieved in
a short period of time since it is not necessary to advance
in the upper stream by net by net basis. _Furﬁhermore, it
does not require any knowledge for the user about the details
of the DUT design to easily trace the fault location.

20 . Although the present invention adapts the EB tester as
the 'charged particle beam tester and LSI tester as the
semiconductor tester, obviously, numerous variation and
modification can be made without departing from the spirit of
the present invention. Therefore, it is possible to utilize

25 an ion beam tester as the charged particle beam tester in
combination with a tester pattern generator as the

semiconductor tester.
According to the present invention, it is possible to
specify the exact fault location in the DUT in a very short
30 period of time. It is very advantageous because a user
without any knowledge about the DUT design can easily trace
the fault location of the DUT.



interruption signal fromsaid sem conductor tester, said 15 char ged
particle beam teWunt of ' secondary el ectrons
generated from ea of said I devi Whl ch i S radl ated

oo ee e and W’” ﬂ’l’ contrast ?Lrgg]terg;

device as a potenti*al ¢
of =said 20 secondary éIeCtronsl4sa|d char ged Qlﬁape m t est
di spl aying an. el ectric potenti al di fference i mge whiteh_—MXLAed)

i ndi cates pot gptiA lxgiégf@%er% between a good-state and =/

defected state Of and . a control device for
instructing visual ¥iel Rriacafaelt locationd-mafing RRPGE@ tyen t FelRr babhg :
tester and extracting aga semlcondud@@&ertfels&brdIafﬁgﬂrﬁr}rge t SBRISp é)é.ftéﬁiéj to

| masa

-

el ectric potenti al sfromsaldcar ticle
beamtester, | termlr?&isd°éo?ﬂr1(r9 38}5&?&3*%4?&? 955 TSP ‘Bh‘f‘g"é“tor
i ndi catisg tesﬂa:puunowidomungutounputsratof)n sdidachCcideul¢e and

pattern | ayout | nf GEaAGHES ke A0k EanRttn TR a VO 2 OBharb08 gt {60
. dévice instructing bseandt@ﬁaregeﬂs p%ﬁqn gSeapeeFminal of the dgsdeviee whree e

the fault p05|t|(”1ddtﬁﬁﬁ dikGge¥kCRibY an expected value is found, said
semiconductor tester sending file logs to said charged
10 particle beam tester so as to notify an identity of said
- terminal which indicates said disagreement;
said charged particle beam tester scanning charged
particle beam on said IC device when receiving said
interruption signal from said semiconductor tester, said
15 charged particle beam tester measuring an amount of
secondary electrons generated from each point of said IC
device which is radiated by said beam and displaying an
electron ‘distribution in said IC device as a potential
contrast image by processing said amount of said
20 secondaxry electrons, said charged particle beam tester
displaying an electric potential difference image which
indicates potential differences between a good-state and
defected state of said IC device; and
a control device for instructing visual field data
25 to said charged particle beam tester and extracting a
potential difference image of said electric potential
contrast images from said charged particle beam tester,
said control device storing net list data indicating
input and output information of each circuit component
30 . of said IC device and mask layout data indicating
pattern layout information of said IC device, said
control device instructing said charged particle beam
tester to locate the fault position in said IC device by
tracing back the circuit of said IC device by visual

35 field basis.



traci ng back the_ciredit—of said I C device by visual 35 field

basi s.

fault |ocation traﬁ““‘“m;‘“\m“m“\s defined

devi ce conpri si ng:
recognltlon

that is

5

| C devi ce;

10

15

20

25

30

35

* a fault-suspec eRJET?LakaMENmsﬂgEﬁ/
means which for determning a | ajo rn/
highly likely coniettied to a so Qﬁ@np{]mm :

2. An IC fault location tracing apparatus as defined

in Claim 1, said control device comprising:

a fault-suspected layout pattern/net'recognitioh
means which for determining a layout pattern/net that is
highly likely connected to a source of the fault of said
IC device; .

an output gate recognition means for determining a

~ gate which is outputting a signal to said layout
pattern/net suspected by said fault-sﬁspect layout
recognition means; .

an input net polygon recognition means for
recognizing wiring patterns corresponding to an input
net which is an input layout pattern to said gate
defimed by said output gate recognition means;

a visual field determination means for determiping

a monitoring area by said charged particle beam tester

for tracing the fault location in said IC device; and

a visual field display means for instructing the
next visual field data of an upper stream of signal f£low
in said IC device to said charged particle beam tester.
3. An IC fault location tracing apparatus as defined

in Claim 2, said control device further includes:

a memory device storing said net 1list data
indicating input and output information of each circuit
component of said IC device and said mask layout data
indicating pattern layout information of said IC device
and devicteayout corresponding data, all of said data
are derived through a computer aided design (CAD) stage
of said IC device.

4, An IC fault location tracing apparatus as defined
in Claim 1, said charge particle. beam tester notifies said
semiconductor tester when said images have been obtained in

said beam tester and requests said setriiconductor tester to

generate the next test pattérn to be supplied to said IC

device.
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| ygon redogﬂl 19
responding to an input nef]| REFLACEMENT Hﬁﬁﬁ I'ayout
aid gate . detidfed by said qut put 0 Ngvewnl 1]i on

a vi sual fleld det er ni nat i dhP#€ans - or-determ|ni ng
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QPR L6 Har spid igagesd indilidind Gl ka0 LA LERCI NG

sai contr
automatically olaswémﬁ PYISFLRg Rl Jaagga?\btm&tqd frogathe

I&léuxtlcaaaueub&UI—.esﬁf eyswémon of each circuit 25

said_IC d I d_mask Qut data

at tor | ay B LE o DPHR OGSO s i HOL 08 gRbpaERtuS Of Claim 1,
wherein a large scale integrated circuit (LSI) tester is used
as the semiconductor test system, and an electron beam tester
is used as the charged particle beam tester.

7. An IC fault location tracing apparatus of Claim 1,
further characterized in that: with use of said net list data
including a circuit connection and input/output relationship
inside the'DUT and device-layout correéponding'data including
the positioning relationship on the mask layout of a device
such as a gate and cell, a location of a device at the side
of the fault source which outputs an aimed failure wire
pattern is automatically specified on the layout and, in
reference to this location, the fault is traced toward the
fault source.

8. An IC fault location tracing apparatus of Claim 7,
further characterized in that: with use of said net-layout
corresponding data including the positioning relationship of
the net included in said net list data on the mask layout, a
net of the specified’ device at the input side is
automatically specified on the layout, and, in reference to
this net, the fault is traced toward the fault source.

9. An IC fault location tracing apparatus of Claim 7,
wherein layouts and image visual fields are determined so as

‘to include the specified device and nets in said visual

field.
10. An IC fault location tracing apparatus of Claim 7,

wheréin the external shape of the specified device is:

superdisplayed on the images.



and device-layout corresponding data, all of said data are

detived through a conputer aided design (CAD) st ag _ ==pf said IC
devi ce. 30 4. An I C fault | ocation 0@&& cAREY ShEST defi ned
in,Caim1, said charge particle beamtester s sald

sem conductor tester when said images have bef n obt 3996 said
beam tester and requests said semicgopductor t SPRP - 5 rate the
next test pattern to be supplied tgidaid 1C 3 deV| ce. - 16-

IC FAULT LOCATION TRACING APPARATUS AND METHOD

Abétract of the Disclosure

The present invention is to provide an IC fault location
tracing apparatus with which a user having any knowledge of
5 the DUT design is easily able to identify the IC fault
location in a short period of time. The IC fault location
tracing apparatus of the present invention includes a control
device instrﬁcting visual field data to the charged particle
ray tester and capturing different images of said electric:
10 ° potential contrast images from the cha?ged. particle ray
tester, wherein said cghtrol device further includes: a
fault-suspected layout pattern/net recognition means; a n’
output gate recognition means for fault-suspected layout
patterns;" an input net polygon fecognition means
15 corresponding to input net of the outpuﬁ gate of the fault-
suspected layout pattern; a visual field determination means
determining next visual field data for tracing fault
location; a layout (visual field) display means instructing
next layout (visual field) data to the charged particle .ray
20 tester; a memory device storing net layout corresponding
information and device-layout corresponding information.
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5. An ICfault location tracing apparatus of Caima1l, " further

conprising: a faulty outside term nal recognition - means provided in
sgi d control device to which fail logs are i nputted so_that said

i mages including failed pads are 5 auto gﬁ v y using fail
|'bgs outputted fromthe _ seni contimt o 85‘3‘6“% W

I n alarge

IDgtlelnl’ N9¥ %gagher I conduct or

s used as the charged

An | C fault location tracing apparatus of d
scale integrated circuit (LSI) tester is us
test system and an el ectron beamtester 10 -

particle beamtester. 7. An ICfault |location tracing
apparatus of C ai mfT, further characterized 1n that: wth uge of
said net |ist dataf i I ncl udi ng_a ci rCU|t connect,lqpn and i nput/{out put
rel ationship i nsi dgat he DUTand devi ce*l ayout gorresgondi ng (dat a
i ncl udi ng 15 the i Iasnout of fa device
such as a gate and{cj | O O dei C \de’ of the
fault source which g 3 Vs atftern is
~automatical |y speci Feq SBe rence to tjhis
| ocation, the faubt VREE 2% 8 ricée.
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8. An
cnarac
data i
sadn
devi ce

| ayout ,

~faul t
Claim
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10. An
extern

I mages.

IC fault location tracing apparatus of Claim?7, further

terized in that: with use of said net-I|ayout correspondi ng
ncl udi ng the positioning rel ationship of |ncluded in
et list data on the mask | ayout, a 25 net
at the input side is ~&f-omat i cal
and, in reference to this net, the f 3¢ Sfld Owand t he
sour ce. 9. An ICfault location t ; P RS-
7, wherein | ayouts and i mage visual fields are dé?E?ﬁT’T?'so as
to include the specified device and nets in said visual [
IC fault location tracing apparatus of Caim?7, wherei n
al shape of thg: supegﬂlsplayed on the
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