A LOECL.S.I. CIRCUIT The present)lnventlon relates to a Igﬁﬁc\ﬁﬁfégféﬁﬁg
cig €Wt  technique and, nore particularly, to a technique which may
effectively be applled to the control 5 of the input and output of data
to and froma flip-flop in alogic LSl circait, for exanple, a technique
which may effectively be utilized for a method of divisionally diagnosing
logic LSI cgircuits such as' gate 2BrbQGICAL.S. IetCIRCWIT di agnosi ng
Iarge-scale i.ntegration 10 circuits (LSIs), one I1n which an LSI is
divided into a plurality of conmbination circuits and each of the
conbi nation circuits undergoes a diagnosis is known. For exanple, a
mast er-slave flip-flop wihenh DEesend: dnyenddenesedaesctedamdogae and sl ave
| at ches is 15 connect ed to each of .the input and output ,sides_of each of
the conbi nati oA"EEEH %6 techaigue, and. | pege; R TEACHLIRFSY - aftSt Re
data input sid d ut to the co t.l o rcuit,..and_ the, output of the
conbi nati on ci?@&ﬂpiqg &P&ﬁ@umsy F%%EF%FBe?VO eaappgge uFBu h?l § %581
Thi s oper ati on p t are t

&l 0N glgs tixg i%%%h%ﬁgsbg%g% %?gﬁa% kg a ﬁ Q8R2G ?%WP %139 in
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effectively be utilized for a method of divisionally

_diagnosing logic.LSi circuits such as gate arrays. .
_ As a method of diagnosing large-scale integration
.10._ circuits (iSIs), one in\which an LSI is divided into a
plurality of combination circuits and each of the
combination circuits undergoes a diagnosis is known.
For example, a master-slave flip-flop which
_consists of series-connected master and slave latches is
15 connected to each of the input and output Sides of each of
the combination circuits. Test.data is written into the
flip-flop at the data input side and input to the
combination circuit, and the output of the combination
o circuit is latched by the flip-flop at its output side.
‘20 This operation is repeated and the latched output is

compared -with an expected value



The above-descri bed naster- sl ave f||8 flop for 5 t he divi sional '

di agnosis is arranged such that data which is latched therein is output\Jfo,
t he correspondi ng conbination circuit through a master Jlatch. Further, alli
the master latches in the logic LSl are controlled by neans of in-phase
system cl ock signals so that they 10 can be accessed from external
termnals. After exhaustive study, we have found that the above-described
di agnostic method invol ves the fol |l owing probl ems. Nanely, there is a 15
possi bility of causing an undesirabl e phenonenon, known as "in-phase

transfer”, in which data which is output froma master |atch provided at
the input siwbigh &QﬁmﬁﬁQRHQQﬁP€¥¢%u¥¥ agvanpechoi shexghyied to t he

combi nation ¢ircuit ch d ed to |atch
data into a &ﬁéﬁ@? Ieatstt!'ﬂe S‘{‘%ﬁ ?ﬁ’ée%ugbﬁftgf’ﬂécﬁf rt ﬁé‘ i nati on

oper at i on moHECEAY- M@'e??"%ihﬁfi?éiﬁ? B3IB2: k. B “2&&2&3"2@ two
3 for testing is db rﬁf’%—%%??i%%%#?ﬁﬁ%{’-S%Fvghﬁef Zelom Ak et mode
for 1esting ngomiIA gl £1afHAes1 01§ LiranbEa" sBEn™ eRatlaal/ st om
which is latched therein is output to the corresponding
combination citcuit'through a master latch. Further,
all tho-masterulatohes in the Logio LSI are controlled ;)
by means of in-phase system clock signals so that they

10 can be accessed from external terminals.

After éxhaustiVe study, we have
found that the above-described diagnostic method
involves the following problems. Namelﬁ, thére-is a
15 poasibility of oausiné an undesirable phenoﬁenon,_
known as 1n-phase transfer“, in which data which
is output from a master latch provided at the input
side of a combination cfrcult and which is auppl;ed
to the-combination citcﬁit is changed by oeans of a
20 clock used to latch data into a master latch provided
at the output side of the combination circuit. | |
?urther, in the above-desc:ibod diagnostic method,
the normal operation mode and the test mode are set -
by alternately switching over two different clocks

25 from one to the other. Therefore, even when data



nor mal* operation node being erroneously supplied to the 5 flip-flop,

whi Gl causes undesirable data to be latched. For this reason, it has

prievi ousl y been necessary to design a logic LSl while taking into
consideration the |ogical restriction thatg once the test node is set, the
system clock for l'atching data in the nornmal operation node nust 10 be
hel d at the.|odr|teeting bl désieed td6 b6 Datehe@Cin€d & he1DHEEESD in

i nvention to reduce the restriction on the |logic design and facilitate the
di agnosi s of thé¢ogestimodgrfibedtestingta combisatiomdesicdDEM thet®Ui€ a
L.S.1. circuit 15 includes: (a)  a first external termnal; (b) a
second ext er nE@ax @fi patloakd( $yx§tem cohdchht fon batching Matksimnthea
plurality of flip-flops coupled to said conbination circuit blocks, 20

sai d plural i t§°%ha} | PPe¥2EiRn HaedR kelng rroneeysky supmkied st dtherst and
second ex erzgi,ter i nal s fo that test data is serial[%?inputted to the

flip-flop’co %El‘fgé%ai‘ﬂh ‘Flf‘s?a\é%%r‘ﬁ%‘}efgﬂﬁld%ﬁﬂi R FR¥REDy bei ng
wi tchi ng. oAl CBIT PTEe Pkt VRS RERTI e LY Peft SiRPetse rid deten
ecept o o & SRR EP LU Aok S ESTARIRE Lo e RO =T 0
restriction that, once the test mode is set, the system
| clock for 1atching data in the normal operation mode must
10“_ be_héld at the low level at all times. |
| It is an object of the present invention to
reduce the restriction on the 1ogic_design and.facilitate
the diagnosis of a logic integrated circuit.
In its broadest form, a 1ogic'L.S.I. dircuit
15 includes: | | o
o | (a) é fifst external terminal}
(b) a second external terminal; and
(c) combiﬁation circuit blocks and a plurality
_ 6f flip-flops coupled to said combination cifcuit blocks,
— 20i .éa;d plurality of flip-flops being coupled in series
between said first and second external termihals so that
.éést data is”serial;y inputtéd to the flip-flop coupled to
said first external terminél and frapsferred by being
shifted to the subsequent flip-flops, each flip—flop
25 .including switching means coupled to receive a control
signal and for_inhibiting reception of a normal mode clock

signal in response to said control signal during a period

when said test data is inputted thereto.



4 Each flip-flop may include a master latch circuit coupled in series w4h
a slave latch circuit. The master latch circuit may be coupled to receiyg
a first clock signal for controlling latching of said test .data. The slave /
| atch 5 may be coupled for receiving a second clock signal for
controlling latching of said test data %utput fromthe master {atch-
circuit. By virtue_ of the above-described neans,  the master latch is
provi ded with the EARH £ BriinR MaAY singlide @ qasker dateh grcubt t hat it
IS possible to set.ejther phe normal eratj on node or,the fest node in
accor dance \ﬁ‘?‘ﬁ’s]ﬁﬂa jr‘éﬁﬁriﬁs t"ﬁ’gﬂbp%r Fh ic%’fﬁl? SFEFHHG s{}b“pl'?%?it?‘ﬁeret 0.
Once the test e.ds. sel . oral . . ‘¢l oc | or | hi n a
in the nor a%%gr%ftf%‘hﬁmmaéj] fggié}%}%@‘ﬁ%%%%%if%%??ﬁ t ?g‘g@heﬁ%%ﬁe no
fear of any guydesl ' & DS 3 hﬂﬂﬁ" headd i peryl £

Accordingly, 1 te:%sr{%gs@i%fée%f 0 | gnoé ?{he' dog%a rHrjaeését'ri c‘lfll{%%lf%%% ]E?%Ch

normal npde (el wale difledUidr lad@ivid 4 'E‘ec’:«.ﬁ*l/lﬁé -I%k ]?ériéﬂ 1 tEges during

the test nmode’in order to prevent ‘any undesir al _ om bei ng 20 _
l'at ched i nt :drterdii ihg | ety £ SEdid |t tddth Wil pd©VeRsm daseri bed in

greater detail by way of exanples with references to the acconpanying
drawi ngs whefsgiter latdly.cilrdwit. bl ock di agram of one enbodi nent of the
By virtue of the aboﬁe-descriped means, the master
latch is prdviaed with thé 6befétion control signal input
10 terminal, so that'it is'pOSSible to set éither the normai ;‘j
operation mode or fhe tésé mddéiih_aécdrdéhce with the level
of the oéératibn'conttol'Signél-sdpﬁiiéd'thereto.' Once the
test mode is set,.the normal mOde.clodk signal for iatching.
data in the normal operéfibn mddé'is'invalidated, and there
15 is therefore no fear of any undesirable data being'latched
into the flip-flop. Accbféingly;'it is possible to ignore
the logical restriction that the normal mode clock signal
must be held at the low level ét.all times during the test
mode in order to prevéht.any undésirable data from being ~
20  latched into the f£lip-flop. Y
Thenbrééént iﬁventioh will how be deséfibed'in greater
detail by way of ékémﬁles with references to the |

accompanying drawings wherein.



present invention; 5 Fig. 2 i83a block diagram of one of the
flp- flops shown in Fig. 1; Fig. 3 is a circuit diagramof the flip-flop
showh in Fig. 2; Fig.. 4 is a block diagram of another enbodi nent of 10
the present invention; and Fig. 5 is a waveformchart show ng the operation
of the arrangenent shown in Fig. 4. Fig. 1 schematically shows the
arrangenent of a 15 logie LSI such as a gate array to which the
present invention mayFPbg.adplisea BWidak rdbygramrof. one embodimentiof the
surrounded with the two-dot chain line 10 are fabricated on a single
sem conduct or clpyesent asaverdlion; single crystal silicon substrate,
al tthough not necessarily Iimtative thereto. The diagnosis of a logic LS
is efficiently carriePigut 2bjisdiaibiogkidiagramacfl onel oify tife r&liprvel y
smal | -si zed conmbination circuits. and 25 di agnosi ng each conbi nati on
circuit. In thiflepsoshown imerRigihkrefore, flip-flops 1, 2 are connected
to the data input side of a conmbination circuit block 7, and flif-flo s 3,
4 are connected to thBigat 3 dig putcireritfdiagramook the flip-flop shown
in Fig. 2;
Fig. 4 is a block diagram of another embodiment of
10 . = the present invention; and
Fig. 5 is a waveform chart showing the operation

of the érrangement shown in Fig. 4.

Fig. 1 scheﬁatically shows the arrangement of a
15 ' iogic LSI such as a gate array to which the present
invention'may be applied.
_ Referfing to Fig. 1, circuits which are
sur:oﬁnded with the two-éot chain liné 10 are
- fabricated on a single semiconductor chip such as a
20 ‘single cfystal silicon substrate, although not
neéessarily limitative thereto.
The diégnbsis qf a-logic LSI is efficiently
carried out by dividing.it into a plurality of
) felati#ely small;sized combinafion circuits and

25 diagnosing each combination circuit. 1In this embodi-



5 Simlarly, the flip-flops 3, 4 are connected to the data i*nput
side of a conbination circuit block 86=and flip-flops-5, 6 are connect es/t g
t he data output side of the block 8. The term "conbination circuit” is used
to refer 10 to any logic circuit the output signal therefromis
primarily determ ned by the input signal at that tine. Exanples of such
logic circuits include an AND circuit, OR circuit, NOT circuit, NAND
circuit, NOR circuit, XOR circuit and circuits obtained by conbining these

| ogi c 15 circuits (e.g., a half-adder, full adder, sign converter,
encoder, decoder, etc.), together with wirings (on which input and out put
signals are the sane). The above-described flip-flops (denoted by the '

reference nugengl Sthereforesr €l ifgfRIFeTL e, 20a£8n066in@eted to theown in
Fig. 2. Referring to Fig. 2, each of the flip- flops illustrated in Fig. 1

i s a naster-datacihput- Slide ofha stombindtionnsieculitt bhoék Jnd ands! ave
latch 12. In the master latch 11, when an operation control signal SCAN is
at a | ow | evElip+iidopsr Pal ks c@tnectedstdt thesdsta Satput aideated in
such a manner t hat -7- normal node data D and a normal node .cl ock signal
CK are val i dafether bdgekt iAsel y. Al though not. necessarily limtative, in
this normal node, the normal node data '
5 Similarly, the flip-flops 3, 4 are connected to
the data input side of a combination circuit block 8,
and flip-flops 5, 6 are connected to the data output
side of the Slock 8.
. The term "combination circuit" is used to refer
10 - to any'logic circuit the output siénal thérefrom is
primarily determined b§ thé ihput éignal ét that timé.
Examples of such logic cifcuits include an AND circuit,
OR circuit, NOT circuit, NAND cifcuif, NOR circuit,
XOR circuit and éircuits obtained Dby coﬁbining these logié
15 circuits (e.g;, ﬁ half-adder, full adder, sign converter,
encoder, decoder, etc.),.together with wirings (on which _
input and output signals are the same). ~
The above-described flip-flops (denoted by the
reference numerals 1 to 6) are, for.éxamgle, arranged as
20 shown in Fig. 2. Referring to Fig. 2, each of the flip-
flops illustrated in Fig. 1 is a maéte:4slave £iip-lop
consisting of.a master latch 11 and a slave latch 12.
In the mastef latch 11, wheﬁ an coperation control
signal SCAN is at a low level (the normal mode),

25 switches S1, S2 are operated in such a manner that



D is-«supplied and, when the normal ' node cl ock signal 5 CKis raised to
a high. level, the data is latched by the.ymster latch circuit .11. Wen a
tiest node cl ock signal SCK2 is at a.low |level, the data latched by the
master latch 11 is held therein, whereas, when the test node clock si gnal
SCK2 is raised'to a high 10 | evel , the | atched data is output to the
correspondlng conbination cireuit through an output termnal Q of the slave
| atch 12. "On the other hand, when the operation control signal SCANis at a
‘high |l evel (the test node), the 15 switches S1 and S2 are operated in
such a manher that test node data SD and a test node clock signal SCKl1 are
val i dat ed, -respectively. Al though not necessarily IinitatiVe, In this test

mode, when the '£5indRfioda! Batl S sHeP 'x?dtzggfa e PRk i Pokxs! onal

SCKlI is 20 " rarsed to a hi.gh l'evel, test

combi nation circaié yg15ahcead Qﬁsb@%ﬁﬂ¥3 %%hééga\%yﬁ‘ éé@%é@filfgtch

clock signal SCK2 is at the low | evel, the data e mast er

11 is held thereiﬂmﬂ‘@@i@é& lwn%mfsh%otﬁﬁau HBEE, LHE S md@e data SCK2

is raised to the level', "the [atched test data I' S out put through t he

out put terninal :S&Qf sﬁBEl&béVtha}t Whel? tiHe %Wrmédénéﬁcﬁ OgigR41in the
case of the above-described nornmal node. In the test node,
'S CK is raised to a high level the data is latched by

the master latch circuit 11. When a test mode clock
signal SCK2 is at a low level, the data latched by the
mastcr iatch”ll is held therein, whereas, when the
test mode clock signal SCK2 is raised to a high
10 . level, the ;atched data is outéut to the corresponding
| combination circuit through an output terminal Q, of
the slave latch 1l2. N
On the other hand, when the operation control
signal SCAN is at a high level (the test mode), the
15 switches S1 and 52'§re operated in such a manner that
test mode datc SD and a test modc clock signal SCX1l
'+ are validated, respeciively; Although a0t neceséarily
limitative, in this test mode, when the test mode data
- 8D is supplied and the test modc clock signal SCK1 is
20 raised to a high level, test'data used <o test.the
combination circuit is latched by the naster iatch 11.
When, the test mode clock signal SCK2 is at the low
level, the data latched by the maste:“latch ilmis.
held therein, whereas, when the ﬁest-modé clock signal

25 SCK2 is raised to the high level, the latched test data
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the test mode clock signals SCK1 and SCK2-are 5 alternately raised.to
the high level, and desired testinggdata is thereby input to all the -,
mast er - sl ave fllp fl ops each of which is provided at the data input side of
t he correspondi ng conbination circuit block and which consists of
series-connected master and 10 sl ave | atches. A nethod of diagnosing a
logic LSI will be explained below. - Referring te Fig. 1, first, test data
for testing the conbination circuit block 7 is set in the fIip 15 -
flops 1 and 2. More specifically, the operation control signal SCAN
supplied to the flip-flops 1 and 2 is raised to the high level, and the
swtches SWL to SW are thereby controlled so that the test node data SD is

i nput to eagy féw?\f;toahrahgn th@Coltput’termindDdp, GOUhE g1abe SCKL and
SCK2 are alternately raised to the high |evel, "and t'he test data SD for

testing the koopdhnb2i dn ai mannerbsdmidaz sl Eha ein el seosessfvel y set in
the flip-flops 1, 2, 3 and 4. The test pattern set in each of the
flip-flops lghe, aBoQé—descrabdd4nosmadpMQdait(nnrthexxﬂstmn009,0|rcwt
bl ock 7 -9- or 8 through the associated slave latch. Then, the operation
control signetie SEA8Iti mode clock signals SCKl1l and SCX2. are
| S élterhately raised to the high level, and desired
igsting,data is theréby input to all the master-slave
flip-flops each of which is provided at the data
iﬁput side of_thejcor:esponding-combinaticn circuit
block'and.which“consists of series-connected master and
10 slave latchés.
| A method of diagnosing a logic LSI will be
explained below.
Referring ‘to Fig. 1, first, test data for testing
the combination.circnit block 7 is set in the flip-
15 flops 1 and 2. More specifically, the operation
control signal SCAN supplied to the fliiz-flops 1 and
| 2 is raised to the high level, and the switches SWl
- tq.SWG are thereby controlled sé that the test mode
data SD is input to each flip-flop. Thea, the test
20 mode clock signals SCX1 and SCK2 are al:arnately
raised to the high level, and the test Zata SD for
tésting.the combination circuit blocks T and 8 are
-thus successivgly set in the flip-flops 1, ¢, 3 and 4.
*he test pattern set in each of the fl‘§éflop$ 1, 2, 3

25 and 4 is supplied to the comblnatlon c;zcuit biock 7



shifted to the low level to control the switches SWL to SW so that the
normal node data Dis input 5 to eagdL flip-flop. Thereafter, the test
qndb*clock signal s, SCK1 and SCK2 are shifted to . the low level, and the
operation node is thus changed to the nornmal node. In the nornal node, the
nor mal node dat:a <l ock signal CK (not shown) supplied to the flip-flops 3
and 4 10 ~i's raised to the high level, and data which is delivered from
the conbination circuit blocks 7 and 8 is thereby |atched by the flip-flops
3, 4 and 5, 6, respectively. Then, the operation control signal SCAN
shifted 15 to the lowlevel is raised to the high | evel again and the
test node clock signals SCK1 and SCK2 are alternately raised to the high

llevel ,. and the dat ag | gl£8eghPEheNAslsbciaitled S 1Rvet 1A¥ER, 6 IS thus read
out. In this way, diagnosis$ of the conbination 20 circuit blocks 7 and

8 is effected. It shpybkd, beneo rakdlon bd&z@p%j@mi e 01 4li agnose the
conbination circuit bIocké 7 angeg separately fromeach other. In the
above-descri bed gbogédaeeb, thel Qguc leVel?®o contirvlditHeladyitdnesd plurality

of conbination circuits, -10- and a master-slave flip-flop which
consi sts of SW1 to SW6 so that the normal mode data D is input .
5 to each flip-flop. Thereafter, the test mode clock

- signals SCK1l and SCK2 are shifted to the low level, and
the operation mode is thus changed to the normal mode.
. In the hormal mode, the normal mode data clock signal
CK (not shown) supplied to the flip-flops 3 and 4
10 is raised to the high level, and data which is
| delivered from the combination circuit blocks 7 and 8
is thereby latched_by'the flip-flops 3,4 and 5, 6,
_respectively. |
Then, the operation control signal SCAN shifted
15 to the low level.is raised to the high level again
and the test mode clock signals SCKi anéd SCK2 are
alternately raised to the high level, and the data
latched by the f£lip-flops 3, 4 and 5, 6 is thus read
out. In this way, diagnosis of the combination
20 circuit blocks 7 and 8 is effected. t shouléd be
noted that.it is alsd=pOSSible-to diagnose the
combination circuit blocks 7 ahd 8 sepafatély from
:.each other. _
In the above-described émbodiment, a logiclLSI

25 ~is divided into a plurality of combination circuits,
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seri es-connected master and sl ave | atches*is connected to each of the data
i nput and out put sides of each conblp fion block. 5 Further; t#e.
mast er | atch which constitutes each of the naster-slave flip-flops is ~ < .}
provi ded with an operation control signal (SCAN) input term nal for settlng
ei ther the nornmal .operation node or the test node for testing the -
conbination circuit in accordance 10 with-the-level of the signal
supplied thereto. Accordingly, once the test node is set, the normal node
clock signal is invalidated, and there is therefore no fear of any -

undesi rabl e data being input to the flip-flops. Thus, it is advantageously
15 possible to elimnate the restriction on the logic design that it

I S necessary. é‘ﬂe oljngl_#gg ggsggl fgqg o%ceve aé w1 g@d€€|+ w | evel at all

tinmes durlrmf test nobde~In of any th ble data from

being input §orike-EbhRebteBSmadler and slavdWdtfes ({1 above-described
embodi ment is so arranged that data which is output fromeach flip-flop to

" the corresp%:wceea‘otaa&hen Oifr el dataleinpist aghd rowkphe shawe | atch
whi ch constitutes the flip-flop, and the Iatgﬁgi whi ch a?e respectively

provi ded at $peedén combiflatdonnBllockd out put sides of one conbination
circuit are controlled by neans of clocks having different
5 Further, the master latch which constitutes

each of the master-slave flip-flops is provided with
an 6peration control signal (SCAN) input terminal for
seﬁting'either the normal operation mode or the test
mode for testing the combination circuit .in accordance

10 with the level of the signal supplied taereto.
Accordingly, once the test mode is set, the normal
mode clock signal is invalidated, and there is
therefore no feér of any undesirable data being input
to the flip-flops. Thus, it is advantageously

15 -possible to eliminate the.rest#iction on the logic
design that it is necessary to hold the normal
mode clock signél'at the low level at all times
during the test mode in order to prevent any
undesirable data from being input to tie flip-flops.

20 ' Further, the above-described embodiment is so
arranged that data which is output from each £lip-flop
to the corresgchding combination circuit is delivered
from ﬁhe slave latch which constitutes the flig-flop,
and the latches which are :éspectiVely srovided at the

25 data input and output sides of one combination circuit



timngs. Accordingly, there is no fear of in-phase transfer occurring
dur-rng a di gnosis, advantageously. Al thowpb-the invention acconplished by
bhé‘ﬁresent 5 inventors has practically been described by way of one
enbodi ment, the present invention is not necessarily linmtative to the
above- descri bed enbodi ment and various changes and nodi ficati ons may, of
course, be inparted thereto without departing fromthe gist of the 10

i nvention.: For exanple, although in the described enbodinment a logic LSI is
divided into two conbination circuit blocks and a diagnosis is carried out
for each of the blocks, a logic LSI may be divided into any 15

appropriate nunber of conbination circuits according to the size of the

LSI. Fig. 3 shovgre @d&ﬁi@fbl}aédeb?mben@ dfh e 15d a8 GRlRi g Qixff@réﬂttCh
means S1, S2 and master- slave flip-flop shown in Fig. 2. The

master |atch M timingses Aacondéngdy. Nkhaqqﬂmsxhamféatrmfrmmﬁphasade dat a
D, an ihverter N6 supplied with the test node data So, an AND gate Al '

supplied with therapefexi oacusningl dvirgmgl a&@ﬂqnnsisJmadnnmmagaodslyLock
signal CK, inverters N2 and N3 25 series-connected so as to constitute
a latch, P-channel Al4lough the invention accomplished by the present
S inventors has_practically been-described by way of one
| embodiﬁent, the present invention is not necessarily
-limitative to the above-described embodiment and various
changes ‘and ‘modifications may, of course, be imparted
thereto without departing from the gist of the
10 invention.
| .For example, although in the described embodiment
a'logic LSI is divided into two combination circuit
blocks and a_diagnosis is carried out for each of
the blocks, a logic LSI may be divided into any
15 a§propriate_number of combination circuits accbrding-
| to the size of the LSI.
N __. Fig. 3 shows a practical example of the
| arrangement.of the switch means Sl, §2 and master-
slave flip-flop shown in Fig. 2.

20 - - The mastér latch ML comprises an inverter Nl
subplied.with the normal mode.data D, an inverter N6
sup§lied with the test mode data SD, an AND gate Al
éupplied with the operation control siénal SCAN and

the normal mode clock signal CX, inverters N2 ané N3

25 series-connected so as to constitute a latch, P-channel



type MOSFETs Q, @B, &, Q7, N-channel type MOSFETS 2, 4, B, B, etc:,
MOSFET pairs (@, 4) and (Q7, B) whpse sources and drains are nutuallx;
connected are series-connected between the input side of the 5
inverter N2 and the output side of the inverter N3. The output S|gnal from
the inverter Nl is supplied to the inverter N2 through a MOSFET pair (QL,
@), while the output signal fromthe inverter -N6 is supplied to the
i nverter N2 through a MOSFET pair 10 (@, Q) and through t he 'MOSFET
pair (@B, ). The switching operations of the MOSFET pairs (QL, @) and
(03, 04) are controlled by neans of the AND gate Al and an inverter N4
whi ch inverts the output signal fromthe AND gate Al. The switching 15

Toans of the (3 MRFETORLE AR o6 Q0T - hentiph, Fbe AT o
inverter N5 V\Aqizch Q(‘ a6 ; s[\%@e &gnaﬁo%@ aiess| e (?qt)cgng_ @g};ng@ es

I nverters N3 whi ch are seri S connect’ed” so “as t Itute

a |atch, NCSFEBd§¥r§bd£Eés Hid)drafls 2FQ) muthially Bndddbda Siahal from

the inverter N9 is fed back to the input side of the |nverter hr ough

the MOSFET paigeri@emcdditdcted seonéent tﬁbgﬁ.%'p\{tersrﬂde lgopre master. 25
latch is supplied to the inverter N8 through t

5 . inverter N2 and the output side of the inverter N3.
The output siénal from the ihvertér N1 is supplied
to the inverter N2 through a MOSFET pair (Ql, Q2),
while'the output signal from the inverter NG-is
supplied to the inverter N2 through a MOSFET péir

10 (Q5, QS) and through the MOSFET pair (Q3,IQ4). The -
switching operations of the MOSFET pairs (Ql, 0Q2)
and (Q3, Q4) are controlled by means of the AND
gate Al and an inverter N4 which inverts the
output signal from the AND gate Al. The switching
15 operations of the MOSPET pairs (QS, Q6) and (Q7, Q8)
are controlled by means of the test mode clo¢k'signal
SCK1 and the output signal from an inverter N5 which
inverts the signal SCK1l. |
‘The slave latch SL comprisieé'inve:ters'x8 and
20 '~ N9 which are series-connected so aé.to éénsﬁitute a
latch, MOSFET pairs -(Qll,"oiz'), (09, Qi2), etc. The
 output signal from the inverter NQ is fed back'to the
input side of the inverter N8=throu§h the aoSFET pair
(Ql1, Ql2). The output signal Q) fzom <ie master

25 latch is supplied to the inyerter'NS through the

2
R

~



-13 MOSFET pair (@, QLO). The switching operations of the MOSFET pairs

QL0) and (Q 1, Ql2) are controlled by3seans of the test node clock
sigﬁ§l SCX2 and the output signal froman inverter N7 5 whi ch inverts
t he signal SCK2. The function tables of the master latch M. and the slave
| atch SL are respectively shown in TABLEs 1 and 2 bel ow. TABLE 1 10

FUNCTI ON TABLE OF THE MASTER LATCH (M.) | NPUTS ~ QUTPUT CK
D SCAN® SCKI SD QV/ NORMAL - L X H L X
QOMDEH H L H15 H L

L X L X X L L X [err] SCAN X X

L H H HX X L H L L TABLE 2 20

'[:ngrC]T | SN TAB'—E[ ??Fﬁﬁﬁﬁ LegsH @5p) . | NehE sw%ﬁ%é%@rations%f
* the MOSFET pairs (Q%, Q10) and (Ql1l, Ql2) are
controlled by means of the test mode clock signal
SCK2 and the output signal ffom an inverter N7
5:' " which inverts the signal ScK2.
The function tables of.the.master latch ML and

the slave latch SL are respectively shown in TABLEs

o/ : :
1 and 2 below.
TABLE 1
1w FUNCTION TABLE OF THE MASTER LATCH (ML)
~ INPUTS . OUTPUT
¢k | D scan | sck1 | sp Qu-
rd
NORMAL L |x H L b x o} omo
MODE < _ -
H |=H B L X | = .
15 e o H L X L i
| o x L L X oMo
~ scan | "
MODE < X X H R- O H. H i
({1 x |x L i L L ;
TABLE 2
20 FUNCTION TABLE OF THE SLAVE LATCH (SL)
| INPUT | OUTPUT
SCK2 Q
L Qo
- H QM

25 .
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-14- In these tables, "H' represents a hi-gh 1evel, "L" a low |level, and-"X"
a-state wherein the output is not af¥&eted by the |evel ("don't care")k/ .
[err] represents the output signal fromthe naster.latch.in its previous 5
state, while [err] represents the output signal fromthe slave latch in its’
previous state. As will be clear from TABLE 1, in SCAN MODE, "t he nor nal

node cl ock signal CK and the normal node data D are in the "don't , care"
state. Accordingly, in TEST 10 MODE such as SCAN MODE, the nornal node
clock signal and the like can be invalidated. As a result, it is possible
to prevent any undesirable data fron1being input to the flip-flop in TEST
MODE. Further, the test node_.d SP can be invalidated in the normal 15

mode. As a resul’en F’Pe$§ BBQ&PSI' "Bo HPWE#% 3, hdah rlﬁﬂ%lda?fa from

b t t f. fl th | 4 sh | f

an arr anger@nda evehs a8 hu daRatE ERR Ray gk b ReFng 20
| it fl | hown ' A_nl, | FF1,

20! ra Y e ddd g b En g 28l (Fhlin ¥ Rl %@é&%@%ﬁ@? Wi th

- conbi nati on yHid GidSut neigﬁhgwl—omﬂahe &a@c@@wcim ithiied Spfwyéesd wi th

ext er nal
S state, whzle-'Qo" represents the output signal from the

slave latch in its previoﬁs'stete.
As will be clear from TABLE 1, in SCAN MODE, the -
" normal mode clock signal CK and the normal mode data D \2'
are in the "don't care” state.. Accordingly, in TEST
10 MODE such as SCAN MODE, the normal mode clock signal
and the like can be invalidated.' Ae a result, it is.
'possible to prevent any undesirable data from being
input to the flip-flbp in TEST MODE. Further, the
test mode data SD can be invalidated in the normei.
15 mode. As a result, it ie'possible to prevent any
undeslrable data from being lnput to the flip-flop
in the normal mode. _ _ _ ~
Fig. 4 showe an example of_an arrancement in |
which-test.mode data is scanned in and cut by using
20 a plurality of -flip-f’lo'ps shown in Fig. 3. |
A pluralify.of'flip-flops FFl, FF2, ..., FFn are
fabricated on'a'single semieonductcr chip together with
combination circuits (not shown).
This seﬁicondueto: chip is providec with external

25 terminals including an input terminal Tl for the test



25 _ ‘terminals including an input ternthS+ T1 for the test -15- i nput
dat-a SID, an input termnal T2 for a node select signal M an input
termfnal T3 for the clock signal SCl, an input termnal T4 for the slave
IYat ch cl ock signal” SCK2, and an output terminal T5 for test output data 5
SOD. A built-i.n.ogic circuit LC forns the operation control signal SCAN
and the test node clock signal SCK1 on the basis of the node sel ect signal
M and the-cl ock signal SCl. These signals are supplied to the naster

| atches ML1. to Mn in the flip-flops FF1 to FFn. 10 The sl ave | atch
clock signal SCK2 is supplied to the slave |latches SL1 to SLn. Fig. 5is a
wavef or m chart diia;pu#n&w $FDr hanodapat sersrinalcITHifamea cnedei sedestks

shown in Fig. 4. The operation,control signgl s raised to the high 15
| evel only when FAFRahMmpdB §BP8%t%§H$#%;1W£§i¥gqm¥hﬁ(iﬁ?%*gﬁ&9n3élg$4@-
at the high |evel (SQAN:NISCJ%E Tge te%? mode cl.ock sj n%% Clﬁ#s rai sed to
the high level orA% ipewt:herRinalsdide SOrsithe s have Lateh L1086k 8ignaing
the clock signal SClL is at the high 2 ,_l.e SCKl=[err],SCl). Ln the
scan-in state, tHEK&staRApAP 83?3%!'%%’?%11 \aL‘% yéQ’hp’tRJt( o°‘]l‘f18‘%‘l f’ﬂgﬁ! op
FFL and transferrgd, by peng) §US5eT8p4e s tiH e Ld Oeddite SHRECGYSPh kP

éontfol signal SCAN and the test mode clock signal
SCK1 on the basis of the mode select signal M and the -
clock signal SCl. These signals are supplied to the
ﬁaster.latches MLl to MLn in the flip-flops FFl to FFn.

10 . The slave latch clock signal SCK2 is supplied to the

| slave latches SBl to SLn. -

Fig. 5 is a waveform ehart diagram showing the operation
of each of the circuit blocks shown in Fig. 4. The
operation control signal SCAN is raised to the high

15 level only when both the mode select signal M and the
clock signal SCl are at the high level (SCAN=M-SCl).
The test mode clock signal SCl is raised to the high
level only when the mode Select-signal-x is at the
_low level and the clock signal SCl is at the high
20 level (SCKl=M-SCl).

In the scan-in state;-the test input data SID is
serially input to.the £lip-flop FFl ané ﬁransfe:red
by being successively shifted to the subsequent £lip-
fiops. |

25 In the normal state, the mode select signal M is



flops. 25 In the normal stage, the node select signal Mis .

-16- - raised to the high level, and reception of any test input data.is:;

thereby inhibited. Further, in the normal state, the test input data hetd-
in each flip- flop is supplied to the correspondi ng conbi nation 5
circuit (not shown). The resultant output signal fromthe conbination
circuit is supplied to the associated flip-flop as normal node‘data D and
| atched by the flip-flop in synchronismw th the normal node cl ock ‘signa
CK. 10 In the scan-out state, the output signals fromthe
conbi nation circuits which are held in the associated flip-flops are
successi vel yrahsedetot shehdighdeyedw 3nd preceptiandofhangbgesstansferred.
As a result, test qQutput data S is . serjally delivered 15 . fromthe
final fIip-f%BB?tAgﬁﬁéu&ﬁ F%§§§g§w?4ﬂﬁkﬁ?%€d eRuRphes, r dnethepecifical ly
to a logic LSl such as .a gate array jt shoyld be noted her that the present
i nvention i sPREMAMeSEALEy YR SRS AAPRT cBdtanheddyinenarh E¢ils applied
to logic LSI§ . . ' R} . . . -
lop is supplied to the corresponding combination
5 circuit (not shown). The resultant output signal
from the combination circuit is supplied to the
associated flip-flop as normal mode data D and
latched by the flip-flop in synchronism with the ;)
normal mode clock signal CK. |
10 - In the scan-out state, the output signals from
the combination circuits which are held in the
associated flip-flops are successi&ély‘shifted to the
subsequent flip-flops and thereby transferred. As a
result, test output data SOD is serially deli#ered

15 from the final flip-flop.

a“ry

Although the above described examples refer specifically

to a logic LSI such as a gate array it should be noted her
that the present invention is not necessarily limited thereto

and may generally be applied to logic LSIs.



17 CLAI M5 1. Alogic L.S. 1. circuit including: {a-—_a flrst
extarpnal termnal; (b) a second external termnal; and 5

conbi nation ci rcwt bl.ocks and a plurality of flip- rop I'ﬁmm
conbi nation circuit blocks, said pl urality;pf flip-flop mkﬂg
series between saidd first and second external terminals %o hat te a
S serlally | gppited to the flip-flop coupled to 10 said first external
terminal and Transferred by being shifted to the subsequent flip-flops,
each flip-flop including switching nmeans coupled to receive a control

signal and for inhibiting reception of a normal node clock signal in
response to said controR 3dpgihel LdStiIingcdrpaitodntiudingen said test data is

i nputted thereto. 2. A Ioglc L.S.1. circuit according to claim1
wherein each flip-flop Kﬁdludésf rﬁtsﬁ&teraaéhterméobﬂ,coupled in series
with a slave latch circuit. logic L.S. 1. circuit according to

claim2, 20 wherein s&Pd na§tEFCPQPCEXEPFBGFtt?§méBE$Fe§ngo recei ve a
LSt clogh stonal for yantr oL begob e 190l a3hdotesl B gl
:Zbgrgngfogafgf gigifl?gkgaﬁghgg%gnggg%ggg S|g§&ﬁ§tggéc SPnﬁtéF?ggglsed
to © said plurality of flip-flops being coupled in series
between said first and second external terminals so that
" test data is serially inputted to the flip-flop coupled to
10 said first external terminal and transferred by being
shifted to the subsequent flip-flops, each flip~flop
including switching means coupled to receive a control
signal and for inhibitihg reception of a normal mode clock

signal in response to said control signal during a period

15 when said test data is inputted thereto.

.2. | A logic L.S.I. circuit according to claim 1,
wherein each flip-flop includes a master latch circuit

N . coupled in series with a slave latch circuit.

3. : - A logic L.S.I. circuit according to claim 2,

20 wherein said master latch circuit is coupled to receive a
first clock signal for controlling latching of said test
data, said slave latch is cqupled for receiving a.sgcond
clock signal for controlling latching of said test data
-output from said master latch circﬁit, and levels of said

25 first and second clock signals are altefnately raised to



18 high levels. 4. Alogic L.S 1. ci rcui t i ncluding: (a) afirst_
external termnal; (b) a second external termnal; 5 (c) vt ,
conbination circuit blocks; and (d) a plurality of tatch—reans coupl ed to:

sai d combi nation circuit- blocks, said pguralit neans being . -
coupled in series between said first and seconﬁ! ,UHﬂ%ﬂuwﬂs so t hat
in a testnhigHeletells.i nput data 10 are seria . stoy®he |atch

means coupled to said first external terminal and transferred by being
shifted to the subsequent |atch neans and test output data held in said
| atch nmeans are shifted to the subsequent | atch: neans and transferred and
serially delivered # dogilee U.&.dh edaeuits incdaddings to sai d ext ernal
terminal; wherein said |atch nmeans includes an input terminal coupled to
receive an output si{@lal Fr FAiTEdd erprteFEnR p eFBE@M™iined conbination circuit
bl ock, except the firét | atch neaps i.n thi_seri S ,,.a clock signal input
terminal 20 suppl i‘®d wi &hS2Q R f ‘ol ling latching of said
out put signal theret an | ntrol. signal for
i nval [Isdati ng said _odl%p}ut %og;@%%%e}rﬁg)%gl?c\c(ﬁgc%l%cg%dl ad’t?ri ng the test node.
5 A logic L.(g.)l g :?G‘Mﬁﬁlq ¥ 1t qqéy,{%]z&o ed whersl 4y each of
si ncludés a atch an

said plurality of |latch nea mast er a slave latch.
combination circuit blocks, said plurality of latch means

being coupled in series between said. first and second

external terminals so that in a test mode, test input data
10 are serialiy inputted to the latch means 6oupled to said.

first external terminal and transferred by being shifted to

the subsequent latch ﬁeans and test oﬁtput data held in |

-said latch means are shifted to the subsequent latch means

and transferred and serially delivered from the latch means
15 coupled to said external terminal;

| whereinlsaid'latch means includes an input from

terminal coupled to receive an output signal provided fe=m:

a predetermined -combination circuit block, except the first

latch means in the series , a clock signal input terminal - /-
20 supplied with a clock signal for controlling latching bf |

said output signal thereto, and means responsive to a

control signal for invalidating said output signal and said

clock signal during the test mode.

5. A logic L.S.I. circuit accofding to claim 4,
25 wherein each of said plurality_of latch means includes a

master latch and a slave latch.



19 6., A logic L.S.1. cirecuit i mpl enented in a single seniconductor

chip,,said logic circuit including: (a) a first external term nal

a‘second external ternminal; 5 (c) first a g
combi nation circuit biocks! (d) a first {atch circuit”mmmlﬂs"m}lm
data input terntnal coupled to the output of said first tonbinatmonscl#cuit
"block, its test node data i nput 10 term nal coupled to said first

external termnal and its output terminal coupled to the input of said

second conbi ngti on circy bhddiec:, s3td (Brcuit I5HABhneEN 16 :CWihdiavi ng
its normal data input termnal coupled to output of said second 15

conbi nati on cCisemdicondheder idnip,egaiddegdel eireRdlt HacIuadnggoupl ed to
said output termnal of said first latch circuit and its output term na
coupled to said second &d)erna fiest exiternadr cermdaal ;of said first and
second latch 20 circuits further includes a clock signal input term nal
supplied with a clock si(dnal feosecomd exterpalatermigadfs an out put signal
provided to its normal data input terminal thereof, and neans responsive to
a node co®trol signal fdCknvdir omg Secondcembigation eimeaidut put

si gnal when blocks: _ : : '

(d) - a first latch circuit'having its normal
_ défalinput terminal coupled to the output of said first
combination_circuit block, its test mode data input
10 termihal céupled to said first external terminal and its
output terminal coupled to the input of said second
combination circuit block; and
(e) a second latch circuit.having its normal
data input terminal coupled to output of said second
15 combinafion circuit block, its test mode data inpuf
| terminal coupled to said outbut'terminal of said first
latch cirquit.and its output terminal coupled to said
second external terminal; |
— | | wherein each ofsaid first and second latch
.20 circuits further includes a clock signal'input terminal
Suppiiedjwith a‘ciock signal for contrblling latching of an
output signal provided to its normal data input terminal
theréof; and means responsive to a modé control signal for
invalidating'the clock signal.and the output signal when

25 said mode control signal indicates a test mode.

7. A logic L.S.I. circuit according to claim 6,



25 said node control signal indicates a t est-Tode. 7. -~ Alogic =,
L.S.I. circuit according to claims§é, |d first and;
“second latch circuits is conposed of a rrast E B Em j h circuit.—8: ;
Alogic L.S.I. circuit |nplenented |n2Q S|ngl cdor~ chip said
logic circuit including: 5. conmbi nation circuit bl ocks; -
(b) a Mheyteiéxmqiamﬁ @raﬁdwaﬁlrsoz:)and é%d@q@mcq@snml and (d)
a plurality of latch circuits coupled to said conbination circuit bl ocks,
sai d pl ucsmasFEest 9§ﬂ§ﬂ?§RFerTﬁ%qﬁﬁt?yqﬁu¥ﬁfQHnﬁﬂﬁﬁP%?rseries bet ween sai d
first and second term nals; wherein each latch circuit includes: (e) a
master flip-flop circuit (f) a slave flip-flop: circuit having its input -

15 coupjed to out,p %cf gﬁtéjdimzé’g:re%@i aﬁé@%&{ecd“ agg:a)in fé‘l I nput

t ermi nal for rece|V| ng Tom a pred ermA

conbi nat i &gF, al in ut term nal
é?éhi%&rfdﬂét&l yh%(%b%alﬁbéﬁ con rollin at chi P '

for receiving a first I ng 20 of said
outpy data to sai  dpst odbinatidd Girduit ,b_'(daks; a test data input
termnal for receiving test data; _

(b) a first external terminal;

(c) a second external terminal; and
(4a) a plurality of latch circuits coupled to

said combination circuit blocks, said plurality of latch

10 circuits being coupled.in series between said first and e
eecond terminals:;
- wherein each latch circuit includes:
(e) a master flip-flop circuit;
(£) a slave flip-flop circuit having its_input_
15 ceupled to output of said mester flip~flop c;rcqit;
(g) an input terminal for receiving output data
generated from a predetermined combination circuit block;
(h) a2 normal mode clock signal input terminal
for receiving a first clock_signal‘for controlling latching Y

20 of said output data to said master flip-flop circuit;
(1) a test data input terminal for receiving
.-test data; N
(i) a_test mode clock signal inpﬁt terminal
coupled to said master flip-flop circuit for controlling
25 latching of said test data to said master flip-flop
circuit; |

(k) switching means located between said master .



‘

(j) a~test node clock signal input -termnal coupled to said master
flip_flop circuit for controlling 25 | atching of s lﬂm sai d
master flip-flop circuit; (k) swi t chi ng neans | ocaﬁ Iuwmﬁﬂﬂﬂmﬂl mast er
21 flip=tlop circuit and said i nput term 2al and sai d* nornmal #ode ct ock
signal input term*nal; and (1) a node control signal input terninal for
recei ving a cothipoflepgnitrcabt asudtsaidiimpubectepeinal cendfs&did rermal
swi t chi ng means; wherein said switching neans is in the off state when said
control signdhodedeleckssignaktinpye terminal; and|ogic L.S.|. circuit
according to claim8, wherein said latch circuit further incl ggf gnother

clock 10  input terni nbl)coudl BeAe CBFECY| 312} | HRPY b teET: O A
logic L.S. 1. ci ' t t bst i all in_d I bed. wit
oference to Shuskeipd Acerabral; sloRel Thed dnol fife g Speratidh e

5 said switching means;

wherein said switching means is in the off state

when said control signal indicates a test mode.

9. A logic L.S.I. circuit according to claim 8,
"wherein said latch circuit further includes another clock

.10 input terminal coupled to said slave flip-flop.

iO. A logic L.S.I. circuit constructed substantially .
as herein described with reference to and as illustrated in

' the accompanying drawings.

S



