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 provide

| arge-scale integrated circuit (herelnagf referred to angﬂmﬁéwy
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¥%ﬁggg nternal signal nonitoring
apparatus will be described with r eft Flgure 3. In order to
monitor fromoutside an internal operation of a circuit block 12 provided
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anong signals inside the circuit bIock 12 as i nputs, and al so receives a
sel ectiofn signal 31 from outside C}Hﬁgugh an input pin, thus to
designate the specific signal.to be nnnﬁ}ore ased on the value of the-
30 selection signal 31, the selector 19 selects a plurality of signals 32

fromthe input signalmlyaRdeflt Bt ®n relates to an integrated

circuitinternalsignalnmnitoringapparatus,inparticular,
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.



signals 32 to outside the LSI 11 through an output pin, so that the
signals can be nonitored. - 2 - 6 January 2004 However, the conventi onal
structure described above has the follow ng problem Wen signals driven
inside the LSI 11 are nonitored outside through the LSI output pins, 5 a

| ar ge nunber of output pins for nonitord ng .and the selectiqnaﬁb%pgh4lnput
pins are required, as the nunber of the signals to be sinultanecdusl
nonitored i ncreases. Therefore, the nunber of pins in the entire LSI 11

i ncreases. 10 Furthernore, when nonitoring the LSl internal signals from
outside the LSI 11 with a logic analyzer or the like, a signal analysis
performed with the internal states of the LSI as event conditions requires

even the internal si'dFeT el difihg O QRN Sdrdiativm desseibsdut put
external ly. Tdheve aasesha fpnaeiemgprabiamt hathen Ba@A9e ARiVER 1Ry of

the input/out ut . pi-n Dl SCL OSURE THE 0 An |nte rated circuit
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i ncl udes® an ai Apegeateaner Cc Wit omnn:thtjdpags sﬁ@namomhmmngﬂf@ﬁaatﬁw
generating means. e I| y of I nter nals
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changed, the post-change 1evel, and at the le Nt ernd
si gnal s have not been changed, storage means for

10 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

15 output externally. This causes a problem of a further

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

20 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

25 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

30 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



30 sequentially storing the flags generated by the signal change

i nformati on generating neans, and trigger generating mneans for generating
a wite stop trigger signal f or stopping a wite operation of the flags to
the storage neans; and - 3 6 January 2004 internal signal waveform
reproduction neans for reading the flags f+omthe storage %QQqﬁgeghgr t he
generation of the wite stop trigger signal, and reproduci ng waveforns of
the plurality of internal signals. Thus, the above-described 5 problens
are solved. The storage neans includes a ring buffer, and the flags nay be
sequentially jsttrermrh]i Bitghalrv':aﬂgeﬁui-rhe:re];in‘bcmcttidsmm%amiseﬁorl&éﬁﬁxé fih@ger

generati ng e ate the wite tr er when a, val ue
of one of the ﬁqf ré%rk ¥ m%?%%a ggﬁﬁdkg% %?B%gFg&OQaPSetBP a

si gnal i nput WﬁW@@DstﬁnghE sm;tr@l aEed ceprudhcnratgcxhaveaﬁdarmhhm thkb
According to ?ﬁgsﬁ e ve | .inter aI si.gnal s
around a req&ﬂ?e point can Sﬂﬁ%5?f¥§D%¥§ %g’sFégl |8g§t gﬁﬁt

nunber of i nfAYWARRItaEE ndoleedpared to the prior art, and debug can
easily be perfornmed 20 based on a signal state around a generation tinme of

external events and |nternal events. According to another aspect of the
present invention, GRS SFGaffaMeHEhdaPsIdRs Bald@ g dudiferod ang &hst or age

devi ce, 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,



25 and information of the storage device is read fromoutside to form

wavefornms as necessary. Thus, the nunber of LSI input/output pins can be

reduced, and, in a system incorporating an LSI, the systemcan easily be

debugged by nonitoring an internal signal state with the tine to nonitor

30 being specified. According to still -amother aspect of theg L&

i nvention, the capacity of storage neans can be reduced, - 4 - 6 January

2004 and an internal signal state of an LSI system can be nonitored

wi t hout increasing the number of LS| input/output pins, and thus system

debug i s easidna parfiimsh 1 §18RAER CERCRE R O GRy SHEn DBAWARSITGuGe 1 i s
a

a bl ock diagram of an |nteg;ated circuit intern ?nal noni toring

appar at us acOrdiHy £8CEF A IR GRAERERET Hel Bl SRR { AYERET GHinsL0 apdgur e 2
shows a waveftdnm diyegrerm ddbsg ghal sas0lPependoirhaged by the integrated
circuit internal signal nonitoring apparatus according to the enbodi nent

of the present invention and a diagramfor schematically 15 illustrating
a recording state of a r BRGEBFUDESCRIPTH®ONe OF iTdEa OR2CKNGE agr am of a
conventional integrated circuit internal signal nonitoring apparatus. 20

BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON Herei nafter, an enbodi ment
according to the pred&fure dvbatd bhoukldidnrate ofr abhdnh wdiatresf edenad tt 0

Figues 1 and irkernal 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



25 Figure 1 illustrates a block structure of an LSI internal signal

noni toring apparatus 100 according to the present invention. Figure 2
illustrates a waveform di agram and storage contents for illustrating an
operation of 30 recording signal change information of internal signals to
be nonitored of an LSI 11 to a storage deyice. In order to noRhLAr2dosom
outside an internal - 5 - 6 January 2004 operation of a circuit block 12
provided in the LSI 11, signals 21 as nonitoring targets inside the
circuit block 12 are processed with a structure described below. The
circuit bl ockegeragtontefoai gimgiftundidadn.1Therdvidgdals 2heas. 0L, Ori Ng

targets are i signal .1 nf ion generating section 13.
When an ar bi térlg%aigighalglann{)ng aH ?%e %&géat}% Salséem)r;[‘l or i THriget s,
changes, flagdloekihdieaei pgoehessiignarhl avekrimnticatielsy riafedebelsy .
change, and tfgé hecefiherpsbaRali NaYs nals bSEJgngﬁihaﬂﬂ?@tic?rE).e g&Her ated,

and are sequentially stored in a ring buffer 147 The tim ng stop a
write operatiBhIRRlT hel & TN bLP¥ ERY FATES ehase 4 PatuE ¢ Fes benpl hiagger
signal 27, whigbrhst ook PYerddrer Ay exertibhi 438’ gRAGRAtiNg a}%&éﬂﬁhﬁ- 15
Next, a process of_an_event tri 9 ereggieneratlon wi |l be descri bed. ere
are two typesSbHIEti gfBPEy Bits: maknel ¥h HOBhERGEDHN targiedmal 24
from out si de ¢hengsSs, Ifllaganegs thednddveindg su?t%q@m ae@aﬂgﬁuﬂe@i@%%ﬁt er2861|
signal 22 of clr cujt bl ock ) e ner case, the wite stodp
trigger si gna#g‘%ri%ﬁ%e%r?earn “d aﬁlgtdgécaagnkgﬁeogfﬁﬁﬁg%l?rha:['?lehave 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



signal 24 fromoutside. In the latter case, the wite stop trigger signa
27 is generated based on the change in the internal signal 22. In nore
detail, a signal used for a trigger event is selected fromthe interna
signals 22 by 25 using a selector 18 based on an event designation signal
23 set fromoutside the LSI 11 and stored in an internal state..Jgpghing
section 16. An expected value of the signal selected by the event
designation signal 23 is witten to an event designation section 17. A
signal value 25 which 30 is to be a trigger factor and an expected signal
value 26 wiisemtpathe event designation section are continuously
conpared by the event trigger generating section 15 and when the signal
val ues 25 and 26 match, the trigger signal 27 - 6 is output. 6 January
2004 The wite stop tThegerits ghab 274 quampetigbhyalt BF @viemit byr tiggervent

generating s | éggﬁ |41+ i f | ,nf or I on
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i nt er nal @ si gnete @@ f o Fepy beict B obe sEig ivmBdRuiiel thlis, THee write

information &heh thegweit &iQpRIAtiON: & ochbguki RY b&ﬁffﬁtééng%gsﬂ
S

! 41
stopped is sent to the internal, signal waveform regroductlon ction 30.

The internal SFHHEPIREAFITIMTERHAGELLER 30eANdENYS . plew laderodtsicte t he
LSl 11 reads et rend wiciter oplerernti2h ftoniderih@ooheiber 134nakhedegnd

operation can_also_he perfaqr by .using a,single serial pin. The
internal si gratCRRERIS ngﬁpggﬁ&%b‘}??é%[ PoAN3H wavelorm reproduction
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



15 reproduces an internal signal waveform based on the read information
29. Next, a wite operation of the flag 28 will be described with
reference to Figure 2. The flag 28 is wite 20 information to be witten to
the ring buffer 14 (having 8 |l|ocations) for storing the signal change
information of the internal signals of-thhe LSI 11 to be ”D%ijﬁrﬂ{aﬁﬂzrooht IS
assuned that 4 types of signals are input to the signal change I'nformation
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 otther wighalisnfiorditabhng ahiad e tilear 1t Da Ime)trlbé\@n lamlfafnﬁyecﬂA

is "1" for si | dj I | nd| catli "H', and "2" for
the other si g’%g%s?#% |'(:a'Jf=|iaEtr11€ ¥Iﬁ %hﬁétﬁ?év% haslgrl?(f)1 Sgg‘ﬁg@héjﬁd&}s Next ,
at point [2] awesex®iegrdlally sandes feome H':Lrtg)bulﬁ‘fer fldeif|agidf las t he
wite informgie,-t0 be witten to the ring buffer 14 is "0" for signal B
I mredi ately after a fall, indicating "L", and "2" for the - 7 5 January
2004 ot her signals, indi cati ng that the | evel has not been changed.

Thereafter, flag Inquﬁ@éf%h@tfizrgefgmwéﬁrmﬁr F{Qié“f‘.maelr% ?—ﬁJ%t]' ally
witten tothe ring buffer 14 mlar nmanner. 5 After

witten for tPle ¥ aq?llb%l‘ﬁ't‘ffe’é }4'o‘FttﬁBerPﬁﬁtbGFPé‘HelE°1&'tt t[ﬁ’d né
change point £84g imeormhBgohnberpaihenial pennt £b@ sG'ghalfl @ Sgnaly«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



for the other signals) is witten over the | eading 10 information 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 geneqﬁ%ﬁi%&ﬁﬁgtion
15 outputs the wite stop trigger signal 27 at this point, Ite
operation of the flag information 28 to the ring buffer 14 stops. Then,
for reading the information of the ring buffer 14 fromoutside, the
output f |ag deboggedi o P9gés gemeratidheand deigmil [amalysi@QdAlg db]

[6], [7], [8] n 10] starting fromthe oi nter. maveforns
of signal s A,eyB{.g%iaf g cannglyzregp?% uce%lE éfﬁfiAL Egﬁfleéﬁﬁlel_l TY 25
As descri bed pibdve rededdradi a§ thoe timaepr eeehtolmrwgamlsm,mdnd shpassimd e to
reduce the Nuibeygol obRorhtedhPYink! eénuml& YR sy g Lhe nuber of
internal controf™signals noni t or ed hus rOV|de an 30
integrated circuit internal signal nonitoring apparatus which is capable
of sinmultaneously nonitoring a | arge nunber of signals. Conpared to the
prior art, a chip size of the LSI can be smaller. Wen a systemincluding
the LSI is 8 - 6 January 2004 debugged, trigger generation and signal

anal ysis using an external logic analyzer are not required. Therefore, a
phase relation of the inner control signals around the event



trigger generation tinme can easily be analyzed. 6 January 2004 AMENDED
CLAIMS 1. An integrated circuit internal signal nonitoring apparatus,
conprising: an integrated circuit, conprising: signal change infornmation
generating neans for determning whether a |evel of at |east one of the
plurality of internal signals to be mypitored in a circuitggflocksdaas
changed, and when it is determined that the | evel of at |east one of the
plurality of internal signals has changed, sequentially generating flags
indicating a direction al ong WiMENDEIECLAYES of at | east one of the
plurality of internal signals has changed and indicating that the |evels
of other internal signals have not been changed, storage neans for
sequenti al | y Ist dmiinggtahel ditcagsntgmaksigiad chdaytotihg apiirgnalcosiai@e: i nf or mati on
generating means, and trigger Penerating,neans for generating a wite stop
trigger signal for §?8Bﬁ%% TGP CeMPPERNEt i on of the flags to the storage
means; and internal sign ; (o3 M : r 25 i t he
Sl LA BREQRNC OB BA MHcdO £ dEt%n?'lg]lB[}%

flags fromthe storage neans after e generation e wite s i gger
signal, and whepheoalwichof Mdeast oraef thé plukaditp bfimtdrialysigralsi tnthe maaditosddginal s. 2.

An integrated.Gi. if.lnt.ernal signal .monitorin paratus according to
claim 1, V\/.nglrrg';“‘rz] téﬁ% has %1}335% r?‘Bg%" thtc’F@&f%?'H‘eait% tﬁ%&f"g]r?taaéﬁ?ﬁsf e ‘?1{ ags
are sequenti ald plusilioy 6Cintdrital (si@alsiHag cRAHE@ selferfialll BBn Ml LlagsIndiBing
integrated cirguit internal signal nonitoring ;fparatus according to claim
1, wherein Rrireehonyalons yarieh i lave! il ah deaglepns off dis nlwelity of intesnal signalsgger
signal 10 - @,J LY an804; V. £t the plurality of interna
signals and an ex ecteg égp%g@&?mg%éﬂgﬁ%{Ofﬁ%ﬁfnp%gﬁl%ﬁygfégvgﬂgtbea1
i nt egrated cichanged, mat ch each ot her.
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
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An integrated circuit internal signal nonitoring apparatus conprises an

integrated circuit. The integrated circuit conprises signal change

i nformation generating mneans for detecting changes in a plurality of

internal signals to be nonitored in a.cigcuit block, and fa5,,,4e04 a

| evel of at |east one of the plurality of internal signals 1s ¢hanged,

sequentially generating flags indicating the internal signal whose |evel

has been changed, the post- change |evel, and that the | evels of other

nternal sigaslen dhaxeLolopess cenagd: p B A0S, MBANSE 0L S0IUEBRLAL! ¥
ge

storing the flags generated Qy t he signal change i nformation erating
means; and trﬁ‘i“éj’gé"rn FERGTThG M LE of JRFRR bt IRRNE fEPmeogtspder khger
signal for stioppigigtedvdircuiopaiatdone@ihtbenétags to the storage neans.
The integrated «circuit internal signal nonitoring apparatus further
conprises internal signal waveformreproduction neans for reading the
flags fromthe storage neans after the generation of the wite stop trigger
signal, and reproducing waveforns of the plurality of internal signals.





