6 January 2004 5 DESCRI PTION | NTEGRATED Cl RCUI T | NTERNAL SI GNAL MONI TORI NG
APPARATUS TECHNI CAL FI ELD The present invention relates to an integrated
circuit internal signal nonitoring apparatus, in particular, an apparatus
characterized by a read operation of a plurality 10 of internal states

W t hout increasing the nunber of input/autput pins providngLﬂmﬁ 4

| arge-scale integrated circuit (hereinafter, referred to as an §P9
system BACKGROUND ART 15 Conventionally, an integrated circuit interna
signal nonitoring apparatus as described in Japanese Patent No. 2580558 is
known. 20 A conventional integrated 3#%%§§; i nternal signal nonitoring
apparatus will be described with r eft % NFigure 3. In order to
nonitor fromoutside an internal operation of a circuit block 12 provided

or'i g nal 1 uncERBRCRAREDCErEh Ralba, LG afdh Snd B ApeRRrbea

anong signals inside the circuit block 12 as inputs, and al so receives a

sel ectiofn signal 31 from outside ﬁégﬁﬂfﬂAﬂJngﬂﬁmgh an input pin, thus to
designate the _ -

The present invention relates to an integrated
circuitinternalsignalnmnitoringapparatus,inparticuiar,
an apparatus characterized by a read operation of a plurality

10 of internal states without increasing the number of
input/output pins provided in a large scale integrated

circuit (hereinafter, referred to as an LSI) system.

BACKGROUND ART
15
Conventionally, an integrated circuit internal
signal monitoring apparatus as described in Japanese Patent
No. 2580558 is Known.

20 A conventlonal integrated circuit internal signal
monitoring apparatus will be described with reference to
Figure 3. In order to monitor from outside an internal
operation of a circuit block 12 provided in an LSI 11, a
selector 19 is provided. The circuit block 12 has its

25 original function. The selector 19 receives signals 21 to
be monitored among signals inside the circuit block 12 as
inputs, and also receives a selection signal 31 from outside
the LSI 11 through an input pin, thus to designate the
specific signal to be monitored. Based on the value of the

30 selection signal 31, the selector 19 selects a plurality
of signals 32 from the input signals 21 and outputs the
signals 32 to outside the LSI 11 through an output pin, so
that the signals can be monitored.



specific signa

signal 31, the selector 19 selects a plurality of signals 32 fromthe
i nput signals 21 and outputs the signals 32 to outside the LSI 11 through
an output pin, so that the signals can be nonitored. - 2 - 6 January 2004

However, the

conventional structure descrjbed above has thg déout5|3ﬂg

probl em Wen signals driven inside the LSI 11 are nonitore
through the LSI output pins, 5 a |large nunber of output pins for nonitoring

and the selection signal input pins are required, as the nunber of the
signals to be sinultaneously nonitored increases. Therefore, the nunber
pins in the entire LSl 11 increases. 10 Furthernore, when nonitoring the
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Furthermore, when monitoring the LSI internal
signals from outside the LSI 11 with a logic analyzer or
the 1ike, a signal analysis performed with the internal
states of the LSI as event conditions requires even the
internal signals relating to the event conditions to be
output externally. This causes a problem of a further

increase in the number of the input/output pins.
DISCLOSURE OF THE INVENTION

An integrated circuit internal signal monitoring
apparatus according to the present invention includes: an
integrated circuit, including: signal change information
generating means for detecting changes in a plurality of
internal signals to be monitored in a circuit block, and
for, when a level of at least one of the plurality of internal
signals 1is changed, sequentially generating flags
indicating the internal signal whose level has been changed,
the post-change level, and that the l=vels of other internal
signals have not been changed, storage means for
sequentially storing the flags generated by the signal
change information generating means, and trigger generating
means for generatingawrite stop trigger signal for stopping

a write operation of the flags to the storage means: and



internal signals to be nonitored in a circuit block, and 25 for, when a

| evel of at |east one of the plurality of internal signals is changed,
sequentially generating flags indicating the internal signal whose |evel
has been changed, the post-change |evel, and that the | evels of other
internal signals have not been changed, 3st-orage neans for %qaﬁﬁﬂygﬂgially
storing the flags generated by the signal change information generating
means, and trigger generating neans for generating a wite stop trigger
signal for stopping a wite operation of the flags to the storage neans;
and - 3 6 J&numméﬂ@4ghaﬂewméfemrraipmmmmm meam&dﬂﬁtiﬁhdlﬁagls:hfeor
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stored in th t1 M seri es. rirgger gen
means ney ger@?@l@r@%e‘iwm@l‘f%@op trigger signal when a value of one of
the plurality of internal signals and an expected val ue of a signal input

fromoutside the integrated circuit match each ot her
e storage means includes a ring buffer, and the

flags may be sequentially stored in the ring buffer in a
time series.
10

The trigger generating means may generate the write
stop trigger signal when a value of one of the plurality
of internal signals and an expected value of a signal input
from outside the integrated c¢ircuit match each other.

15

According to one aspect of the present invention,
L5T internal signals around a required point can be monitored
with a significantly smaller number of input/output pins
compared to the prior art, and debug can easily be performed

20 based on a signal state around a generation time of external

events and internal events.

According to another aspect of the present invention,

onliy a signal change point value is stored to a storage device,

25 and information of the storage device is read from outside
to form waveforms as necessary. Thus, the number of LSI
input/output pins can be reduced, and, in a system
incorporating an LSI, the system can easily be debugged by
monitering an internal signal state with the time to moniter

30 being specified.

According to still ancother aspect of the present

invention, the capacity of storage means can be reduced,



15 According to one aspect of the present invention, LSI internal signals
around a required point can be nonitored with a significantly smaller
nunber of input/output pins conpared to the prior art, and debug can
easily be perfornmed 20 based on a signal state around a generation tinme of
external events and internal events. Acaording to another asp&el, Mbst he
present invention, only a signal change point value is stored to a storage
device, 25 and information of the storage device is read fromoutside to
formwaveforns as necessary. Thus, the nunber of LSI input/output pins can

be reduced, aifill ahnirftesfd LBY ghBQOEROF &bifNeh BRIl stdheasyisd BEhGRB LRSI Y
be debugged by. . .nonitorin an |£hernal signal state with the tinme to
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pr esent |nve:nua)rsystthsenamepmgtysoéasmyagerfraamadcan be reduced, - 4 - 6
January 2004 and an internal signal state of an LSI system can be nonitored
W t hout increasing the nunber of LSI input/output pins, and thus system
debug i s> easily perfor me8RIEFBRESERIPSTRNG DIFOIHEF DRMW RN NGS Figure 1 is
a bl ock diagramof an integrated circuit internal signal nonitoring

apparatus according to an enbodi nent of the present invention.
Figure 1 is a block diagram of an integrated circuit

internal signal monitoring apparatus according to an
embodiment of the present invention.
10
Figure 2 shows a waveform diagram of signals to be
monitored by the integrated circuit internal signal
monitoring apparatus according to the embodiment of the
present invention and a diagram for schematically
15 1llustrating a recording state of a ring buffer.

Figure 3 is a block diagram of a conventional

integrated circuit internal signal monitoring apparatus.

20 BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, an embodiment according to the present
invention will be described with reference to Figues 1 and
2.
25
Figure 1 illustrates a block structure of an LST
internal signal monitoring apparatus 100 according to the
present invention. Figure 2 illustrates a waveform diagram
and storage contents for illustrating an operation of
30 recording signal change information of internal signals to

be monitored of an LSI 11 to a storage device.

In order to moniter from outside an internal



10 Figure 2 shows a waveform di agram of signals to be nonitored by the
integrated circuit internal signal nonitoring apparatus according to the
enbodi ment of the present invention and a diagramfor schematically 15
il'lustrating a recording state of a ring buffer. Figure 3 is a block

di agram of a conventional integrated cirguit internal signg ARAliesi ng
apparatus. 20 BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Fbrelnafterz an
enbodi ment according to the present invention will be described with
reference to Figues 1 and 2. 25 Figure 1 illustrates a block structure of
an LSI intervpéraigoml ofinai cdricng tafparcat U2 Ifvacded dingthe Wsg 1wr.esent

I nvention. Fi i4iu at vef or ' am___and st.orage .contents
for illust rat?ﬁ%ﬁaa%s o%)ierz%él; on"ﬁ%}f%%s@lrrg orﬁtﬁ[%ea%l grr%mc%ean&g)ei nfortatiton of
i nternal si gnalack ol2 pareopreeeededf wath 8| strurguzes desags bael ibed.ow.n

order to monitgs Lue@aut shScRN 1N £a8ali s Sor1 811891 v A004, OPeRAL] on of
a circuit block 12 provided in the LSI 11, signals 21 as nonitoring
targets ?Pnsi dBlIRRLE| 2L @StMopl beking targetsrEQ daPul t aas banatamge
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signal, among all the signals 21 as monitoring targets,

changes, flags 28 indicating the signal level immediately

after the change, and that the other signals have not been

10 changed, are generated, and are sequentially stored in a

ring buffer 14. The timing to stop a write operation to the

ring buffer 14 depends on a write stop trigger signal 27,

which is output from an event trigger generating section 15.

15 Next, a process of an event trigger generation will
be described. There are two types of trigger events: one
is based on a change in a signal 24 from outside the LST 11,
and the other is based on a change in an internal signal 22
of the circuit block 12. In the former case, the write stop
20 trigger signal 27 is generated based on the change in the
signal 24 from outside. 1In the latter case, the write stop
trigger signal 27 is generated based on the change in the
internal signal 22. In more detail, a signal used for a
trigger event is selected from the internal signals 22 by
25 using a selector 18 based on an event designation signal 23
set from ocutside the LSI 11 and stored in an internal state
latching section 16. An expected value of the signal
selected by the event designation signal 23 is written to
an event designation section 17. A signal value 25 which
30 is to be a trigger factor and an expected signal value 26
written to the event designation section are continuously
compared by the event trigger generating section 15, and
when the signal values 25 and 26 match, the trigger signal 27



5 signals 21 as nonitoring targets are input to a signal change

i nformati on generating section 13. When an arbitrary signal, anong all the
signals 21 as nonitoring targets, changes, flags 28 indicating the signa

| evel imrediately after the change, and that the other signals have not
been 10 changed, are generated, and are sgquentially storedﬁuau? (b?
buffer 14. The timng to stop a wite operation to the ring Pe 4
depends on a wite stop trigger signal 27, which is output froman event
trigger generating section 15. 15 Next, a process of an event trigger
generation wisd owepaescri bed. There are two types of trigger events; one
I's based on a change in a signal 24 fromoutside the LSI 11, and the other
is based on a change in an internal signal 22 of the circuit block 12. In
the former case, the The waridteoptan tniit_:g;ﬁr ssggnal 2Z7outspgehgr ehe@vieased on
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factor and ant EXPRERad SPERAD TRP U EAFIaL Bighal waverorn reprodaction

10 section 30. The internal signal waveform reproduction
section 30 provided outside the LSI 11 reads out read
information 29 from the ring buffer 14. The read operation
can also be performed by using a single serial pin. The
internal signal waveform reproduction section 30

15 reproduces an internal signal waveform based on the read
information 29.

Next, a write operation of the flag 28 will be

described with reference to Figure 2. The flag 28 is write

20 information to be written to the ring buffer 14 (having 8
locations) for storing the signal change information of the
internal signals of the LSI 11 to be monitored. It is
assumed that 4 types of signals are input to the signal change
information generating section 13. First, at point [1]

25 where signal A changes from “L" to "H", other signals B,
C, and D do not change. Therefore, the flag 28, which is

the write information to be written to the ring buffer 14,

is "1" for signal A immediately after a rise, indicating

"H", and "2" for the other signals, indicating that the level

30 has not been changed. Next, at point [2] where signal B
changes from "H" to "L", the flag 28 as the write information

to be written to the ring buffer 14 is "0" for signal B

immediately after a fall, indicating "L", and "2" for the



witten to the event designation section are continuously conpared by the
event trigger generating section 15, and when the signal values 25 and 26
match, the trigger signal 27 - 6 is output. 6 January 2004 The wite stop
trigger signal 27 output by the event trigger generating section 15 stops

the wite operation of 5 the flag inforngtion 28 to the ri”%]@ﬁ{f\%éf‘io 14. The
wite stop trigger signal 27 is output to an internal signal vePorm
reproduction section 30, and thus, the information that the wite
operation to the ring buffer 14 has been stopped is sent to the internal

si gnal wavef arrhaerpigdadsi,amdlcaetn g dhal3Othd levierlt ka8 alo tShe@alchaeeiar m

repr oducti on ' 0 i ' e LSl 11 reads out read

i nformation 2 ?e%)ém %% r?%gbg‘??‘é? %ﬁ.ﬁg&héprgig Spera igﬁanggnpéﬂ%%e
performed by ard sganesitigllelweridltep ho e riing bufifersilgnah avadefidram
reproduction ggetdon 30 15 reproduces an internal signal waveform based on
the read. information 29. Next, a wite operation of the flag 28 wll be

describe® with reference to Figure 2. The flag 28 is wite 20 i nformation

to be witten to the gf & bthd ef1dd (hamiingh ﬂ&caéﬂ&%dclorpoﬁtnoc”[r!% the
e

signal change jnformation of the_.internal signals of the LS 11 t
moni t or ed. |to§3the ring buffer 14, at

the neXt change point [9], the
flag information at point {9] ("1" for signal B, and "2"
for the other signals) is written over the leading

10 information of the ring buffer 14. In this example, an
address pointer of the ring buffer 14 points to the pointer
position in the figure in the state where the flag
information up to the state at change point [10] has been
written to the ring buffer 14. 1In the case where the event

15 trigger generating section 15 outputs the write stop
trigger signal 27 at this point, the write operation of the
flag information 28 to the ring buffer 14 stops. Then, for
reading the information of the ring buffer 14 from cutside,
the output flag information 29 is read in the order of [3],

20 (41, 51, [6}, {71, i8], [9], and [10], starting from the
pointer. Thus, waveforms of signals A, B, C, and D can he
reproduced.

INDUSTRIAL APPLICABILITY

25
As described above, according to the present
invention, it is possible to reduce the number of
input/output pins used, regardless of the number of internal
contrel signals to be monitored, and thus te provide an
30 integrated circuit internal signal monitoring apparatus

which is capable of simultanecusly monitoring a large number
of signals. Compared to the prior art, a chip size of the

LSI can be smaller. When a system including the LSI is



assuned that 4 types of signals are input to the signal change information
generating section 13. First, at point [1] 25 where signal A changes from
"L" to "H', other signals B, C, and » do not change. Therefore, the flag
28, which is the wite information to be witten to the ring buffer 14,

is "I" for signal Aimmediately after a.rgse, indicating "H' 04 for
the other signals, indicating that the |level 30 has not beenldjg%%ﬂgzggg Next ,
at point [2] where signal B changes from"H' to "L" , the flag 28 as the
wite information to be witten to the ring buffer 14 is "0" for signal B
i medi atel y af¢muggedal triggercadnagation @nd s2GndDraddBysid ubid@imary

2004 ot her si indicating that the |evel has not .been,K changed.

Thereaf ter, f%ggélérrll j(')rfqr% t&n B IRS s Grial n%taﬁﬁgub&eﬁt's qﬂﬁll‘eé:eg%(fﬁentar ally
witten to thehasageluftfiom ¢4 e dngian cantrohmigrnals Afrfoemd beefdwagt S
witten for the; final i : . af e Ll ffer at the next
change poi nt %}éé‘?ﬁegg?%gét#ﬁﬁo%%g% gtﬁﬁafeagglgﬁf%[%]%n(a]j%z?%r signal B, and
"2" for the other signals) is witten over the |leading 10 i nformati on of
the ring buffer 14. In this exanple, an address pointer of the ring buffer
14 points to the pointer position in the figure in the state where the
flag



information up to the state at change point [10] has been witten to the
ring buffer 14. In the case where the event 15 trigger generating section
15 outputs the wite stop trigger signal 27 at this point, the wite
operation of the flag information 28 to the ring buffer 14 stops. Then,
for reading the information of the rihg buffer 14 from outgj, dohe
output f lag information 29 is read i the order of [ 3] , 20 4?, [ 5],
[6], [7], [8], [9], and [10], starting fromthe pointer. Thus, waveforns
of signals A, B. C, and D can beMENEIpGLa®MS | NDUSTRI AL APPLI CABI LI TY 25
As descri bed above, according to the present invention, it is possible to
reduce the nunber of input/output pins used, regardl ess of the nunber of
internal corit r din isiegraddscitcnitbhstemmahsipoul echnitaritg bppisattiq cprpyviside: an 30
integrated circuit internal aignal nonitoring apparatus which is capable
of sinultaneously noff {HFEAGESTPHEGEMRLMNB8T of signals. Conpared to the

prior art, a chip size ofihhe ch CRABRE; Liino g steMigludi ng
the LSI is 8 - 6 January : 004Cd§%lfgged, t1r0|§lg gllrlé%gén era‘?‘llngn?%ng SI g]ﬁag

anal ysi s usi ngther adecbofiat|lodsbonecolahaplyrality af mterod] sigqisitodd motierefiare, a
phase ol at gn.of e Per conty ol stanal s around (e every, L] ager,
the plurality of internal signals has changed, sequentially generating flags indicating
a direction along which the level of at least one of the plurality of internal signals
has changed and indicating that the levels of other internal signals have not been
changed,
storage means for sequentially storing the flags generated by the
signal change information generating means, and
trigger generating means for generating a write stop trigger signal
for stopping a write operation of the flags to the storage means; and
internal signal waveform reproduction means for 25 reading the

flags from the storage means after the generation of the write stop trigger signal, and

reproducing waveforms of the plurality of internal signals.

2. An integrated circuit internal signal monitoring apparatus according to claim 1,
wherein the storage means includes a ring buffer, and the flags are sequentially stored

in the ring buffer in a time series.

3. An integrated circuit internal signal monitoring apparatus according to claim 1,

wherein the trigger generating means generates the write stop trigger signal



6 January 2004 AMENDED CLAIMS 1. An integrated circuit internal signa

noni toring apparatus, conprising: an integrated circuit, conprising:
signal change information generating neans for determ ning whether a |evel
of at least one of the plurality of internal signals to be nonitored in a
circuit block has changed, and when it-isppdeterm ned that {he,Lgvwebsof at

| east one of the plurality of internal signals has changed, sequentially
generating flags indicating a direction along which the |level of at |east
one of the plurality of internal signals has changed and indicating that

the level s olyheichey vdihR! o SINs¢ Sth@vie1 wed 2 bP@fnof CD@E‘SEHaﬁEQgﬁQESWa”S

for sequentially storing the fI S generate si gnal

i nformati on A3y i SPGrEA, v 1% g@eﬁlﬁ%%%r%@P%b Feansonbrigenshating a
wite stop tringgeratiegghalirdit shoph ngadh Wwiheroperation of the flags to
the storage neans; and internal signal waveformreproduction neans for 25
reading the flags fromthe storage neans after the generation of the wite
stop trigger signal, and reproducing waveforns of the plurality of

internal signals. 2. An integrated circuit internal signal nonitoring
apparatus according to claim1l, wherein the storage neans includes a ring
buffer, and the flags are sequentially stored in the ring buffer in a tine
series. 3. Anintegrated circuit internal signal nonitoring apparatus
according to claim1l1l, wherein the trigger generating neans generates the
wite stop trigger signal 10 - 6 January 2004 when a val ue of one of the
plurality of internal signals



and an expected value of a signal input fromoutside the integrated
circuit match each other. ABSTRACT TITLE : "I NTEGRATED Cl RCU T | NTERNAL

SI GNAL MONI TORI NG APPARATUS" An integrated circuit internal signal

noni toring apparatus conprises an integrated circuit. The integrated
circuit conprises signal change information generating negqs for tecting
changes in a plurality of internal signals to be nonitored iR €I'f cuit

bl ock, and for, when a level of at Jigast one of the plurality of internal
signals is changed, sequentially generating flags indicating the internal

si gnal whose | evel has been changegstiRhgpost - -change | evel, and that the
| evel s of other internal signals have not been changed; storage neans for

sequent i aft1y E : shorpca tie cit@os aneial egdaRa it engreRalc GpBRY] riyh or mat i on
generating means; and trigger generating nmeans for generating a wite stop

trigger signal for stopping a wite operation of the flags to the storage
means. The integratedn mﬂﬂﬂgﬂat&ﬂeﬂxmﬂufmgmmteﬁnﬁltQﬁgﬂglam@@wyd#iﬁd”ther

i ags £rom  RePers LeblhnkUE Lol | FREGERELA ASTREPE, | g ifdeapdyat gger
si gnal , %and Fégmmmnn¢@mmawe¢@rm§gnﬁlthbapgarmnﬁqrmﬂtimﬂe@eabﬁaﬂyﬁgs
means for detecting changes in a plurality of internal
signals to be monitored in a circuit block, and for, when
a level of at least one of the plurality of internal signals
is changed, sequentially generating flags indicating the
10 internal signal whose level has been changed, the post-
change level, and that the levels of other internal signals
have not been changed; storage means for sequentially
storingtheflagsgeneratmﬂbythesignalchangeiﬂformation
generating means: and trigger generating means for
15 generating a write stop trigger signal for stopping a write
operation of the flags to the storage means. The integrated
circuit internal signal monitoring apparatus further
comprises internal signal waveform reproduction means for
reading the flags from the storage means after the generation
20 of the write stop trigger signal, and reproducing waveforms

of the plurality of internal signals.



