27 Novenber 2006 1 DESCRI PTI ON SEM CONDUCTOR MEMORY DEVI CE W TH
TEST MODE TO MONI TOR | NTERNAL TI M NG CONTROL S| GNALS AT idé&@mber I@shni cal
Field The present invention relates to a sem conductor nenory device. More
specifically, the invention relates to a sem conductor nenory chip capable
of 10 easily analyzing an internal operatjon thereof. Background Art
Conventionally, a probing nmethod and a nmethod wusing an el ectron beam have
been used to analyze an internal operation of a sem conductor chip. 15 The
probing nethod is to directly bﬁ dsthEP%:%fifﬁﬂkﬁ@ﬁal signal s and
variations in voltage by apply'n% a probe to a node in a sem conduct or
chip. In this nmethod, the probe needs to be directly applied to the node.

Therefore, a sanple chip for A E;%E@} WitkeTRar ApeEatroon of the
0

—

at
chip has to be fofftid §§ O? R, arERmegakhTofl /@n oxide film
from above a w r MR .q Rt ng requitres a lot of time to evaluate

t he intgrnal operation. Since, noreover, the probe is brought into direct
contactwith the node in 25 the chip, the sanple chip is easily destroyed
at the time of the evaluation. |mddlisicaberialdanple chip is "often

‘formed fromthe beginning, thus, it is difficult )

The present invention relates to a semiconductor
mémory device. More specifipally, the invention.
relateé to a semiconductor memory chip capable of

10 ~ easily analyzing an internal operation thereof.
Background Art

Conventionally, a probing method and a method
using an electron beam have been used to analyze
an'internal operation of a semiconductor chip.

15.- ' The probing method is to_directly read timing of
internal signals and variations in voltage by applying
a p?obe £0 § no&e inla.sémiconduétor chip. In this
method, the probe needs tque directly applied to the
ﬁdde. Tﬁerefore, a‘sample_chip'for evaluating an
.‘20* internal oﬁeration of the chip has to be formed through
Va process such as a removalrof an oxide film from above
a wiring layer. This method requires a lot of timg to
evaluate the internal operation. ‘Since, moreovér,-the
.probe is;broughtfinto direct contact with the node in
25 the'chip, the sample chip is easily destroyed at . the
| "i time'df'thé evaluation. In this case, a sample-ghip is
-iféftén formed erm.thé:beginning; thus, it is difficult

 to~evé1uate_the-intérnal o?eration of the.chip_wi;h,;




to evaluate the internal operation of the chip with 27 Novenber 2006 2
efficiency. The nmethod using an electron beamis to evelN&ebel btoeng of
‘internal signals and variations in voltage by emtting an electron beamto
a node in a sem conductor 5 chip and two-di nensionally reading variations
in the potential of the node. This nethod necessitates a very expensive,

| arge-si zed apparatus and a sanple chip fgr the evaluations. This nethod
therefore requires a lot of tinme to nake the eval uations and i ncrease the
costs 10 therefor. As in the above probing nethod, it is difficult to nake
the evaluatio f&%ﬁbﬁgfjciency. Since the above conventional nethods
require a sanple chip é%d alot of tine, efficient evaluations cannot be

performed for a targel §biRoq THEIHE! RIS e1brBhoBLRAKL! £0deRERLEL - PUT POSE

apparatus and thus efficient evaluations are difticul make 1n terns of

costs. Moreovefimim§ SONMerd ARl s IPiAI08ISaR8 v Pl at fathd aDh Syd DFa@E WY Ti Ng a
| arge anmobunt of data in order to nmake evaluations in view of variations in

lots and 20 veiEtsind'sam dBSEELIOTbeRBOLYI AMdHE BHOY st Db RiBet G
- sem conductor nenory device that is easy to verify and evaluate its

char act éri st i cshimsane cend+dinemeni o ppsesad th g crasedt idhs foi €xanpl e,
Jpn. Pat. Appln. 25 KOKAlI Publication No. 2001-52498 corresponding to U S
_ , - potential of the node. This method necessitates a very
 expensive, large-sized apparatus and a sample chip for
 the evaluations. This method therefore requirés‘a lot
of time to make the evaluations and increase the costs
10 therefor. As in the above probing method, it is
difficult to make the evaluations with efficiency.
Since the above conventional methods require
a sample chip and a lot of time, efficient evaluations
cannot be performed for a target chip. The methods
15 -:also require a special-purpose apparatus and-thﬁs |
efficient evaluétions are difficult to make in terms
of costs. Moreover,.thé cohventiénal methods are not
suitable for acquiring a large.amount of data in order -
to make evaluations in vieﬁ of variétions in lots and
20 waférs. |
u.As.a method of resolving the ébove problems,
a semiconductor memory device that is easy to verify
‘and evaluate its charaétéristicé has recently béen
propésed (disclosed,in( for example, Jpn. Pat. Appln.
25 KOKAT Publication No. 2001-52498 corresponding to U.s.
g ,Pat.e'nt' No. 6,252,820). According to the proposed

~ semiconductor memory device, an SRAM ‘{static random - -




Pat ent No. 6, 252,820); According to the proposed sem conductor nenory
device, an SRAM (static random 3 27 Noyenber 2006 accessnyRIEdeY 20060T
reading/witing data to/froma nmenory cell array by generating an internal
control signal froma control signal generation circuit in response to a
clock signal includes a nonitor control signal input termnal, an out put
buf fer for amrdstsomengrvanfon nemiiny/vouttpoug deérntnafroBue memaonfi gurati on
allows the timng and pulse widths of internal control signals that are
gener at ed (%t llegFaazeby ogeneekt Wigmal snterbalnepiterledignalt feom a

sem conductor nenory device, however, sonme of the internal control signals
are out put 9FEHRLhETERRLI SRS TBs € IFshit ol Note FRANT R A FalcloFke nonitor
output termnal i,s covered with an envel ope when the SRAM i, s _packaged.
Thus, the A APELEFES DG Yo ook oanRo8NA bel R (1o i6R Leval uat ed

after the packaging pf .the SRAM descri bed above, the prior art
sem conductor O%n%%rgygugé%{ cgorcarfrllon'r?%ﬁ)lrtlg?"t ﬁggt?rﬁl%bita% e widths of

internal qanthial,isi 98aly. o HOMEYEL NG devh ge hag. a prabl emghat - its
e verifie téd afte

characteristics canno or eval ua [~ ‘packagl ng.

Di scl osure Eﬁhstenwgakhgnofnimaqa%%%&hﬁgﬁéiytﬁp%% of the present

invention, there is provided a sem conductor menory device conprising: a
nmenory cel lgedicirayedaipl #edbdise afo d1oRuUt £oyhRYL {£1Hd RRS theelinput cel |

data witten to the nenory cell array and output cell data read from
In the semiconductor memory device, however, some of
the internal control signals are output from the special-
purpose monitor output terminal. The monitor output
terminal is covered with an envelope when the SRAM is
packaged. Thus, the characteristics of the device cannot
be verified or evaluated after the packaging of the SRAM.
As described above, the prior art semiconductor memory
device can monitor the timing and pulse widths of internal
control signals. However, the device has a problem that
its characteristics cannot be verified or evaluated after
packaging.
| Disclosure of Invention
In accordance with a first aspect of the present
invention, there is provided a semiconductor memory
dévice comprising: a memory cell array; a plurality of
input/output terminals to input celi data written to
the mehory cell array and output cell data read from
the memory cell array; a test mode setting circuit which
_Sets a test mode to monitor a plurality of timing -

signals which control inpﬁt/output operation timing of




the nenory cell array; a test node setting circuit which sets a test node
to nonitor a plurality of timng siggals which control27 NpriteHLIUG
operation timng of 3a 27 Novenber 2006 the cell data; and switch circuits
whi ch sinmul taneously output the plurality of timng signals fromthe
plurality of input/output termnals in the test node. 27 Novenber 2006 4
Bri ef Descrtihst icenloflaDrawengssH Gh el el etk cdi agmamtshemiingy an exanpl e
of a configuration of a sem conductor nenory device (sem conductor nenory
chi p) accorditipgtt §hg pleseléhbhoelf nekingf siljpapeesoan thevehiadtwI G 2 is
a circuit diagram showi ng an exanple of arrangenent of an internal control
si gnal gen&fatPBHUEPHERE tednined ssém EBAdJERSBMIASOry chip shown in FIG

1. FIG 3 is a circuit diagramshowi ng an exanple of arrangenment of an
operation control circuit in the sem conductor nenory chip showm in FIG

1. FIG 4 is a circuit diagramshow ng an exanple of arrangenent of
decoder circuits in the sem conductor nenory chip shown in FIG 1. FIG 5
is a circuit diagram show ng an exanple of arrangenent of colum sel ect
circuits in the sem conductor nenory chip shown in FIG 1. FIG 6 is a
circuit diagram show ng an exanpl e of arrangenent of data input/output
buffer circuits in the




sem conductor menory chip shown in FIG 1. 27 Novenber 2006 5 FIG 7 is a
circuit diagramshow ng an exanple of arrangenent of sw fighnferstids in
the sem conductor nenory chip shown in FIG 1. FIG 8 is a circuit diagram
showi ng an exanple 5 of arrangenent of a test control circuit in the

sem conductor nmenory chip shown in Fl4G 1. FIGS. 9A and 9B are circuit

di agrans each showi ng another exanple of arrangenent of the test control
circuit. 10 FIGS. 10A and 1OB are circuit diagrams each show ng still

anot her exanpl e of arrangenment of the test control circuit. FIG 11 is a
bl ock di agram show ng an exanple of a configuration of a sem conductor

menory device 15 (sem cogglyg:%etslr%ggrcé?%h&ﬁ?&g&%ﬁg! ng to a second

enbodi ment of the presen nven is acircuit diagram show ng

an exanpl e  pf; ary aRIENBNLCRfaid Gk ast sk lanCksMbie idk khe semi conduct or
menory. chip shown in FIG 11. 20 FIG 13 1s a circuit diagram show ng an

exanpl e ebnraghiaingesferis af sanitoi@idlr aenbigl dskighal (sganesadu®ior Circuit
in the sem conductor nmenory chip shown in FIG 11. FIG 14 is a circuit
di agr am skowrpgclaip lexamplrd ingStofa drinatgenbodindntdatfathapudsutput buf f er
circuits in -
' invention.
FIG. 2 is a circuit diagram showing an example.of
arrangement of an internal control signal generation circuit
in the semiconductor memory chip shown in FIG. 1.
FIG. 3 is a circuit diagram showing an example of
arrangement of an operation control circuit in the
semicenductor memory chip shown in FIG. 1.
FIG. 4 is a circuit diagram showing an example of
arrangement of decoder circuits in the semiconductor memory
chip shown in FIG. 1.
FIG. 5 is a circuit diagram showing an example of
arrangement of column select circuilts in the semiconductor
memory chip shown in FIG. 1.
FIG. 6 is a Circuit'diagfam shéwing an example
of arrangement of data input/output buffer circuits in the

semiconductor memory chip shown in FIG. 1.




R according to a fourth enbodi-nent of the .present invention

the sem conductor nenory chip shown in FIG 11. FIG 15 is a circuit

di agram showi ng an -exanpl e 27 Novenber 2006 6 of arrangeq@rinyef 2@ tch
circuits in the sem conductor nenory chip shown in FIG 11. FIG 16 is a
signal waveformchart explaining a read operating nonitor test node in the
sem conductor 5 nenory chip shown in FIG 11. FIG 17 is a block diagram
showi ng an exanple of a configuration of5a sem conduct or nenory device
(sem conduct or nmenory chip) according to a third enbodi nent of the present
invention. 10 FIG 18 is a circuit diagranlshomjng an exanple of

, t of - T de th ' duct
hi p Shown in Fra 130 F a1 FEraSiTH Pﬁkﬁwaaﬁawiﬁﬁbéﬁﬂagéﬂﬁi;”E

t of I 15, duct
menory chi p ih%ﬁﬁgﬁﬁé%%%ﬁ (ST o TRERIES, R Easarariater ”éxglaining
a  read operath&go FPNELDPH SRS "Pdept@ . t he sem conduct or nenDry chip shown

in FIG 17. FIG 217is a block diagram showi ng an exanple of 20 a

confi guration of a sewiCoNgich Ok FBADEYQIRYLGR shoGTHGOBILEL ghpYEMOrY Chi p)
1S a

circuit & agr apf shpnangeneneXefh et Oft B6HhAPEENENECR{t ah i fhernal control
S|gnal generation :
semiconductor memory.chipfshown‘in FIG. 1.
FIGS. 9A and 9B are circuit diagrams each showing
another example of arrangement of the test control
~circuit.
10 . | FIGS. 10A and-lOB are eircuit diagrams each
showing still another example of arrangement of the
- test control circuit.
| FIG. 11 is a block diagram showing an example of
a cbnfiguration of e eemiccnductor memory device
15 (semiconductor memory chlp) accordlng to a second
embodlment of the present invention.
| FIG. 12 is a circuit diagram showing an example
of arrangement of altest centrol_circuit in the
semiconductor memory chip shown in FIG. 11.

e 20 ' . - FIG. 13 is‘a circuit_diagram showing -an example of
arrangement of an internai control signal generation .
circuit in the seﬁicqﬁductor memery chip shown in
FIG. 11. | |

FIG 14 is a 01rcu1t dlagram show1ng an example
e” 25e5 of arrangement of data 1nput/output buffer clrcults in

the semlconductor memory chlp-shown in FIG. 11.

- FIG. 15 is-a circuit diagram'Shdwing an'example:;'e




25 circuit in the sem conductor nenory chip shown in FIG 21. FIG 23 is a
~circuit diagramshow ng an exanple 27 Novenber 2006 7 ffngydnfRpssmnt of a
test control circuit in the sem conductor nenory chip shown In FIG 21.
FIG 24 is a block diagram show ng an exanple of a configuration of a

sem conductor nenory device 5 (sem conductor nenory chip) according to a
fifth enbodinent of the present invention. FIG 25 is a block diagram
showi ng an exanple of a configuration of a sem conductor nenory device
(sem conduct or menory chip) according to a sixth 10 enbodi nent of the

present inventjien LS I ceujt _di agram show ng_an, exanpl of
arr angenent ofbg ?gg%g%%ﬁnglogig%ﬁ%#hiﬁlfﬁ lgﬁeﬁ?c 8u8?%icﬁ%§ﬁ? oIéhip
shown in FIG R8noFhGondd LRofinCLhCHLE diggram showing an exarple 15 of .
arrangenment of swttTh citcuits in'the Sem conductor nenory chip shown in

FlG 25 FIG 28 | srachl akidi a06ahanouhod-aenekatpLectbladuengl A0ural i on

of a sem conductor nmenory device enm conduct or nenory . cording to
a seventh 20 epbgdi opataingNBoRi £68NtekBVRAEEOMN FhE séfibdndubtdeuit

di agram show ng an exanple - of arrangenent of a test control circuit in the
sem condict or menory chip shownh in Fi& 28.
FIG. 17 is a block diagram showing an example of
a2 configuration of a semiconductor memory device
(semiconductor memory chip) according to a third
-embodiment of the present invention.

10 FIG. 18 is a circuit diagram showing an example
of arrangement of a quasi-row decoder circuit in the
_Semiconductor memory chip shown in FIG. 17. -

FIG. 19 is .a circuit diagram_showing an ‘example
-of arrangement of a quasi-column select circuit in the
15 semiconductor memory chip shown in FIG. 17.
- FIG. 20 is a signal waveform chart-explaining a
' read operating monitor test mode in the semicondﬁctor-
memory chip shown in FIG. 17.
FIGT 21 is a block diagram shoﬁing an example of

20 a configuration of a semiconductor memory device
(semiconductor memory chip) according to a fourth
embodiment of the present invention. |
| FIG. 22 is a circuit diagrém showing an exémple of
arraﬁgement of an iﬁternal_control signal'genération :

25  circuit in the:semicqnductor memory chip-shown.in.
FIG. 21. | |

FIG. .23 is.a circuit diagram showing an exémplé




Detai | ed Description of the Invention 25 Enbodi nents of the present

i nvention willnow be described with reference to the agGesRaby Nde

drawi ngs. 27 Novenber 2006 8 (First Enbodinent) FIG 1 shows an exanpl e of
a configuration of a sem conductor nenory device (sem conductor nenory
chip) according to a. first enbodi nent of the present 5 invention. In the
first enbodi ment, switch circuits and a test control circuit serving as a
test node setting circuit are added to the existing sem conductor nenory
chip to allow a plurality of timng control signals, which controls the
operation timng in the 10 chip, to be nonitored at {he, sane tine. In FIG
1, a menmory cef %Jf‘?%&gﬁlie?ﬁc?gd%st%ﬂpq:?ﬁ‘%?ci’]()FHC%’&D?? §1s (not shown)
that are arran ] rix to read/wite cel] . e nmenory cel

array 11 al so igeﬁg*%éfg%@% JPEFPTY %{lu%ﬁlbmln? n’e‘%dgi@ 1 {la plurality of bit
lines that intersec ach,ot he [ I T | 5 are

| ocated-at their r%ggéc ?V%Qi%tgigggtggégg%? %ﬁ%wﬁﬁgdg§g§£%$§f%fﬁ%s.

Col um sel ect gié%{@lg&%q ggcgdgémfé I?%{%é%%%?ﬁ%aéé@{@@d adj acent to

the menory cell array 11. Sense anpli 4 are arranged cl ose

to the STemDIy(&ahicoHd@tdl n&¥s L) NahipPRbcd AIMAHS 2ledsr?l 2 and 21_3
are connected to an internal control signal generation
embodiment of the present invention.

FIG. 25 is a block diagram showing an example of
a configuration of a semiconductor memory device
(Semiconductor memory chip) according to a sixth

10 embodiment of the présent invention.
FIG. 26 is a circuit diagram showing an example
'df arrangement of a test control circuit in the
semiconductor memory chip shown in FIG. 25.
FIG. 27 is a circuit diaqram'showingran example
15 of arrangement of switch circuits in the semiconductor
memoiy chip shown in FIG. 25.
- FIG. 28 is a block diégram showing an example.of
a configuration of a Semiconductor memory device
(semi¢onductor'memory'chip) according to a seventh
20 embodiment of the pfésent invention.

VFIG. 29 is a circuit diagram showing an example
of arrangémént-ofia teét control circuit in the
semiconductor memory chip shown in FIG. 28. |

‘_ Detailed Description of the Invention

25 _ Embodiments of the present invention wiliuhéw be

described with‘referenée to the accompanying drawings.




circuit 21. An operation control circuit.22, data 25 input/out put buffer
circuits 23, and a data wite/read control circuit 24 gr@,ahiR: squgnect ed

to the circuit ~21. 27 Novenber 2006 9 The internal control signa
“generation circuit 21 is supplied with external control signals fromthe
external input termnals 21 1, 21 2 and 21_3. O the external control
signals, a chip enable signal CEBis 5 squIied fromthe termnal 21 1, an
out put- enable signal CEB is supplied fromthe termnal 21 2, and a wite
enabl e signal WEB is supplied fromthe termnal 21 3. The circuit 21

generates an ipternal_control ignal RINT based on the external control
signal s and 10P§%5%€?E$§0$%F?ﬁ&ﬁ the operation control circuit 22 and the

dat a i nput/ out put bg{éer%cgﬂﬁwét§n2§¥a%$f%g%%?%:é%?g%%ﬁ%gggﬁgﬂg ates an

internal control sighal (r€ad ~opératl g nd sends it

to the data ié‘%lﬁ%’f@%c frﬁémc‘}%}F Cc?é;l\}tflf?ge?’(sél;ﬁ'fccﬂcilf&ér %ﬁer#érsf‘l S0

generates an internal confrol sign operation contro gnal )

VENBL and sendsnif) tachotdling Neo G2t A L OPULHOU Atn DU £ o8 &1, dist 23 and

f
the data wite/read control circuit 24. The |ntern§% control signa

generati®n ci rowrdnilon 20 IRl £ efudlR wdA€ Ui dvei 2dR, cxlduay 21c, two
NAND circuits 21d and 2l1le, one delay circuit 21f, and ten inverter (NOI)
circuits 21g, &id,a  testd Gdptr@b circuit serving as a test mode
setting circuit are added to. the existing semiconductor
memory.chip to allow a plurality of timing control
signals, which controls the operatioh timing in the
10 .chip; to be monitored at the same time.

In FIG. 1, a memory cell array 1l includes a
plurality of memorf éelis (not shown) that are arranged
in matrix to read/write cell data. The memory-céll
arfay-ll also includes a plurality of word: lines and

15 a plurality of bit lines that intersect each other at
| right angles. The memory cells are located at their
respective intersections of the word and bit lines.

Columh select circuits 12 and decoder circuits 13
are arranged adjacent to the memory cell array 11.:

20 .Sensé amplifiér'circqits 14 afe arranged close to the
| memofy cell array il.- |

External inﬁﬁt terminals 21_37, 21-5 and 21_3 are
connected to an internél controi.signal generationrl
_circﬁit 21. An operétion_control circuit 22, data

25 - input/ocutput buffe:icirquits 23, and a data write/read
control circuit'24 aréfalso.conneéted tO'thé- 

Ccircuit 21.




illustrated in FIG 2. The chip enable signal CEB is supplied to one input
termnal of the NOR circuit 2la. 25 The other input tersfgaentter 2 NOR
circuit 2la is grounded (GND). An output of the NOR circuit 2la is
produced as a signal RINT through the inverter circuits 27 Novenber 2006
10 21g and 21h. An output (signal RINT) of the inverter <circuit 21h is
supplied to a first input termnal of thegNAND circuit 21d via the del ay
circuit 21f. The output (signal RINT) of the inverter circuit 21his 5

al so supplied to one input termnal of the NAND circuit 2le and supplied

to one input term ngl 0 ggf@apf?éﬁo:l\lg&s@iﬁ% Pg@(?%gﬁh%pg Jﬁrguﬂaz he

I nverter circuit 211. e sigha I hpu

termnal of the £i&S Uit t the NAR ¢ i 0 21b is
supplied to a second I nput lter rﬁ]&nta{f}é%tﬁ%ﬁm_% rcul tCﬁIrZC% 1%I}Frlough t he
inverter circulttedddl alkbidl kermiitatd 9l VBB i5 sippli ed t f hgyot her

I nput termnal of the circuit 2lc.. Ah output of the NOR circuit ~ 21c
i s supplied tettermdhefontrilt diefiang) Hfciiie HdNANR GHUidER kg via the

inverter circuits 211 and 21m An output of the NAND circuit 2le is
produced® as a sipmial ed\BNRIm tireougirniiieal el erarciouput Zhekdnd  supplied
to'a third input termnal of the NAND circuit 21d through the inverter
circuit 2lo. AignabREBfig karg( IMANEmom cthe 2dohiirs Ipraddycedhras aa si gnal
RENBL through the inverter circuit 21p. :
_ write enable signal WEB is supplied from the terminal
~21.3. The circuit 21 generates an internal control
signal RINT based on the external control signals and
10 . sends it to both the operation control circuit 22 and
the data input/output buffer circuits 23. The circuit
21 also genefates,an internal control signal (read -
operation control_sighal).RENBL and sends it to the
data input/output buffer circuits 23. The circuit 21
15 also generates an internal control signal (write
operation control signal) WENBL and sends it to both
the data input/oﬁtput buffer circuits 23 and the data
write/read control circuit-24.r o '
The internél control signal genefation circuit 21 -
: 20 includes-three NOR circﬁits 21a, 21b and 21c, two NAND
: circﬁits 21d and 21e;7one delay circuit 21f%, and ten
ihverter (NOT) cifcuits 21g, 21h, -, and 21p, és
illustrated in FIG. 2.  The chip-enable signal CEB is
suppiied to one input terminal of_the NOR circuit 2la.
_25. 'The other input tgfminal of the NOR circuit Zia is
grouﬁded (GND),-_An:output of the NOR circuit 2la is_;;'

produced as a signal RINT through the inverter circuits




In a standby state, the level of signal CEB input to the internal control
signal generation circuit 21 is high (H. In contrast,>tRgvdnieebsosf
signals RINT, 25 RENBL and VWENBL output fromthe circuit 21 are all |ow
(L), irrespective of the levels of input signals CEB and WEB. In an active
state, e.g., a normal cell data 27 Novenber 2006 11 read node, the |levels
.of signals CEB and OEB input to the circpyyt 21 is |low and the | evel of
signal WEB input thereto is high. In contrast, the levels of signals RINT
and RENBL output fromthe circuit 21 are high 5 and the | evel of signal

V\ENBL t Tt t i | Tal t i te, d th
evers ot PV oEheahibuR, | b ouloBe MOLTBLa RNl 8¢ VAL LHPEE RSl 1P

| evel of si e ==0 i s high. Le , . |'s of
ol o RN SeiFERLLIPYG ABBEG01 8aNkOa kR EOMAAR. chpmupBY S
of signal RENBE gHEPNANDNEL&EELM b5al 9% éﬁ@?&giag %)r&@ftf byt

enbodi nent, if the signal CEB input to the circul Is set at a | ow
level and therségpatpuEEBs aqea VERIIPPUb £t BREC, BvaFeSetiRtudt NP oR 15 | evel
in a test node other than the normal read and wite nodes, a read nonitor.
test node can dksexsappeiled to eideinpotdserkibaleyf cendé SNERD &dréhert est
node and - then goes into an active state (the level of signal CEB is |ow)
and a di sabl e 2tat andt deppiied stofose ghapst CE&rRInahd s e eofii thg i n

- which cell data is inhibited from
: o NOR circuits 21b and 21c¢ via the inverter circuit 21i.

The signal OEB is supplied to the other input terminal
of the NOR circuit 21ib. BAn output of the NOR.circuit.
10 2lb is supplied to a second input terminal of the NAND
| circuit 21d through the inverter circuits 21j and 21k.
The signal WEB is supplied to the other input terminal
of the NOR circuit 21c¢.. An output of the NOR circuit
21c is supplied to the 6ther input terminal of the
15 ~ NAND circuit 2le via the inverter circuits 211 and 21lm.
An output of the NAND circuit 2le is produced as
a Signal WENBL through the inverter circuit 21n and
supplied to a.third input terminal of the NAND circuit
.'21d-through the inverter'circuit 210,.‘An output of the
20 NAND circuit 21d is produced as a signal RENBL through
| - the invertef circuit 21p.

In a standby'state, the level of signal CEB input
to the internal control signal éeneﬁation circuit 21 is
.high:(H). In contrast, the levels_of signals RINT,

25 RENBL and WENBL output from the circuit 21 are all low
| : H(L);:irrespective'offthe 1evéls dfiinputhigﬁals OEB

aﬁdﬂWEB-._In an‘actiVelstate; e.gﬁ;_a hprmal.celladata_u




being read or witten. It is thus possible to start a read nonitor test

node in which a plurality of timng control signals C@WI@x%HEkﬁﬂﬁ§US|y be
nmonitored in an internal circuit in the nornal read state. 25 T ecoder

circuits 13, sense anplifier circuits 14, internal control signal
generation circuit 21, data wite/read control circuit 24, row predecoder
circuits 27 Novenber 2006 12 25, addresitfuffer circuits 26, data buffer
circuits 27, and columm predecoder circuits 28 are connected to the
operation control circuit 22, As shown in FIG 3, the operation control

t 5 22 |, ud f ts 22 d 22_5,
?gquNCR C|rcu#$%j%?§ e,'%ﬁ% gé hsggnﬁis ?ﬁ% a%@ﬂ§§§c+?%%tha22 10,
22-11, 22-12, -1 e
22-16, and 22€ §b9¢€ oper%? ﬁ%egP c%u?ré éﬁé%#
signal s RINT, con%P F@\Qd gnﬁgﬁthor I«?x {hetﬁé @\lrel I(Eg éf% QI [ ed from

the internal st gha genera |on CIrCUI e Si XVLD is

supplied fromibp Lo ﬂﬁl@ﬁ'ﬁ%ﬁ‘@éu@'ff&&htéhgf’mf&u@sﬂ?néfetﬂl p these
signals, the operation control circuit gener ates signals BRAPWS BRAT

and. RAE sind transnhks 1éHhemép éf%@ﬂdﬂﬁlﬁQL%ﬁﬁﬁﬁt CithEHb Fpombis Thew circuit
22 generates a signal RAS2 and supplies it to the row predecoder circuits
25. The circuiitn2? genedhtesll data write mode, the levels of
signals CEB and WEB input to the circuit 21 is low
and the level of signal OEB input thereto is high.
In contrast, the levels of signals RINT and WENBL
10 output from the circuit 21 are high and the level of
signal RENBL output therefrom is low. -
" According to the first embodiment, if the signal
CEB input to the circuit 21 is set at a low level and
the signals OEB and WEB input thereto are set at a high
15 level in a test mode other than the normal read and
| write modes, a read monitor test mode can be executed.
In other words, the device is set in the test mode and
then-goes into an active state (the level of signal CEB
is iow) and a diéable state (the levels of signals OEB -
20 and WEB are high).in'which cell data is inhibited from
| belng read or wrltten It is thus possible to start
‘a read monitor test mode in whlch a plurality of timing
‘control slgnals can simultaneously be monitored in
an iﬁternal circuit in the normal read state.
25 ' The decodei circuits 13, sense amplifier circuits
14, internal contfol signal generation cirCuit 21,,data 

' write/read control circuit 24, row predecoder circuits




20 a plate line enable signal PLEBL and sends it to both the decoder
circuits 13 and the data wite/read control circuit 24;\Rhenfkffitet 22
generates a block select 1line enable signal ESEBL and transmts it to the
decoder circuits 13. The circuit 22 generates a sense 25 anplification
enabl e signal SAEBL and outputs it to the sense anplifier circuits 14. The
circuit 22 generates a signal BCEQO andliypplies it to the data

i nput/out put 27 Novenber 2006 13 buffer Circuits 23, data wite/read
control circuit 24, and data buffer circuit 27. The circuit 22 generates

[ | CENB d outputs if.to th I decod [ its 28. 5 A
ol U a1 1ty of st ROt PRt PYEF FF ri CCODBES (265 B R DR ) oF e LR ed 1o the
urality of afitr 8 . SRt
oredecoder of 1t 1219550 5P AP EARCRIShEhHET e rat phE et iitnct ca 1o

t he address buffer, éf%ygﬁﬁ ggntgng@ @%ﬁge%?‘buffer.circuits 26 are

supplied with externa ress signals =0toi) fromthe address

i nput term nals 26apanghsiAnahSrBRAPYG  BRAJpaPde ROE Eoper-biecppehat i on
control circuit 22." In response to these signals, the address buffer 15

circuitss 26 gemerai€@ladss oNave ABANBNEL SEPDEY 2*2_#,0— phe, | oxp pg edexoder
circuits 25. The circuits 26 also generate a columm address signal ACk and
supply it to die ZnlgmipuedeoRdelreeitdi2® 28.22_+, 22.g, and 22_g,
| five delay circuits 22_7p, 22.71, 22.12, 22_.73 and
22_14, and seventeen inverter circuits 22_15, 2216
-+, and 22.37.
10 The operation control.circuit 22 is supplied with
signals RINT, XVLD and BPOR. For example, the signal
RiNT‘is supplied from the internal control signal .
generation circuit 21 and the signal XVLD is supplied
from the row predecoder circuits 25. 1In response to-
15 these signals, the operétion control circuit 22
génerates signals BRAPWG, BRAT and RAE and transmits
.them to the address buffer circuits 26. The circuit 22
_generates a signal §A52 and supplies it to the row .
‘predecoder circuits 25. The circuit 22 generates
':20 a plate line enable signal PLEBL and sends it to both
the decoder circuits 13 and the data write/réad control
circuit 24. The éircuit 22 generates a block select
line enable signal BSEBL -and transmits it to thé
decoder circuits 13. The circuit 22 generates a sense
25 amplification enable signal SAEBL and outputs it to the
senée amplifier_circuits 14. .The ciréﬁit“22 generates ‘

a,signal_BCEQO and supplies itlto the data input/output




The decoder circuits 13, operation control circuit 20 22, and address
buffer circuits 26 are connected to the row predecoderyCissdides2@ds The
signal RAS2 is supplied to the row predecoder <circuits 25 fromthe
operation control circuit 22 and the signal AR is supplied to the
circuits 25 fromthe 25 address buffer circuits 26. In response to these
signals, the row predecoder circuits 25 erate a signal XVLD and supply
it to the operation control 27 Novenber 6 14 circuit 22. The circuits
25 al so generate row address signals XA, XB and XC and send themto the

decod 13. .Th

Ciroutt 22 anthEN o7 EHeRbS e e 58tefreadiftebieh SHTREE Rfoder
13. T | d to th d

crents 2 ey P A AR SR S TR N R (SR

and XC are suppld g, %] P ¢hgndly xﬁ&r&&‘#&t&?’lér?és" »‘1138 %?F CQAEL &l reul ts

25. I n response to these signals Clrcui an  operating
vol tage accor difdp-amp@perati ng node. The decoder circuits 13 include a
plurality of row decoders 13 1. FIG 4 shows an exanple of one of the 15

‘row decaglers 13_1. ﬂ@llﬁ\i@lﬂbﬁty%fr@&\dﬁé§9dfﬁ§uﬁ3térmfﬁéi§SPQQd§atQ @hat of
word lines Wi (e.g., i = 0 to 1023). Each of the row decoders 13_
-|nCIudes one  to i) are connected to the address buffer circuits 26.

The operation control circuit 22, row predecoder

circuits 25, and column predecoder cireuits 28 are

connected to the address buffer circuits 26.

10 The address buffer circuits 26 are supplied with
external address signals ARi (i = 0 to i) from the
address input terminals 26a and signals BRAPWG,

BRAT and RAE from the operation control circuit 22.
In response to these signals, the addfess buffer.

.15 circuits 26 generate a signal ARj and supply it to
the fow predecoder circﬁits 25. The circuits 26 also
generate a column address signal ACk and supply it to
the columh predecoderrcircuits 28.

The decoder circuite 13, operation control circuit

20 22, and address buffer circuits 26 are-connected‘to the

| - row predecoder circuits 25.

The signal RAS2 is supplled to the row predecoder
c1rcu1ts 25 from the operatlon control circuit 22 and
the 51gna1 'ARj is supplied to the circuits 25 from the

25 address buffer circuits'zé. In response to these
signals,_the rOowW predeeeder.eircuits'zs.generate

a signal XVLD and supp1y it to'the,operation'controi




NAND circuit 13a, two inverter circuits 13b and 13c, two p-channel MOS
transistors 13d and 13e, and two 20 n-channel MOS transiStefesabtaboggnd 139.
The row decoders 13 1 generate word |ine voltages (operating voltages) in
response to the signals XA, XB and XC to selectively drive the word |ines
Wi in the menory cell array 11. 25 The decoder circuits 13 also include a
circuit (not shown) for selectively drivipg the plate lines (PL) in the
‘menory cell array 11 in response to the 27 Novenber 2006 15 signal PLEBL
and a circuit (not shown) for selectively driving the block select |ines
(BS) in the megpry,gelby arfay Al lp;respensesio Liie sianal, BORRL, (The
colum select circurts 12, opératron contro P EER S 22U na 3 aT 2ss
buffer circuits; 0 c o] e u rege e j its 28. The
si gnal CENB2 iélgﬁ%p ?%%’?%ﬁt %gc% uﬁ%g B%g eggﬁﬁrﬁgigg%i§§8§§8¥r0n1the
operation contg&ol~uctscust 22 and the signal ACk is supplied to the 10
circuits 28 fromthe address buffer circuits 26. In response to these
signals, the circui ftEe28cg6ngrabel &ekHyN130drgs8a8igAaLsn¥ o1 YB and YC and
supply themto the colum select circuits 12. The nenory cell array 11 and
“col um predecodercuild 22 camdisr@8 predeondect eliréwithezsohuan sel ect
circuits 12.

connected to the decoder circuits 13.
The signals PLEBL and BSEBL are supplied to the
decoder circuits 13 from the operation control circuit
22 and the signals XA, XB and XC are supplied to the
10 circuits 13 from the row predecoder circuits 25.
In response to these signals, the circuits 13 generate
an oberating voltage according to an operating mode.
The decoder circuits 13 include a plurality of row
decoders 13.3. FIG. 4 shows an example of one of the
15 row decoders 13_7. The number of row decoders 13_;
corresponds to that of word lines WLi (e.g., 1 =0 to
.1023) . "Each of the row decoders 13._; includes one
NAND ciréuit 13a, twd inverter circuits 13b and 13c,
| two p-channel MOS transistors 13d and 13e, and two
120_ . n-channel MOS transistors 13f and 13g. ' The row
decoders 13_1 generate ﬁord line véltages (o?erating
voltages) in response to the signals XA, XB and XC to
| selectively drive the word lineé WLi in the memory cell
array 11. | |
"25: | Thé_decodér ciréuits 13 also include a circuit
(not'shown)'for selectively'driving'thé'pléte lines_.

(PL)fiﬁlthe memory cell array 11;ih:response to thé




The columm select circuits 12 generate columm select signals in response
to the signals YA "YB and YC fromthe colum predecodey; Ghveatbet 20068 t O

selectively 20 drive the colum select lines CSLi in the nmenory cell array
11. The columm select circuits 12 include a plurality of colum selectors
|2 1 as illustrated in FIG 5. The nunber of colum selectors 12 1
corresponds to 25 that of columm select ljnhes CSLi (e.g., i =0 to 511).

Each of the colum selectors 12 1 includes one NAND circuit 12a and one
inverter circuit 12b. 27 Novenber 2006 16 The nenory cell array 11,
operation contro i i+ 22, and.data wite/read control circuit. 24 are
connected to t%%&%%ﬁgéﬁ%%%l%?qe? et siqat %ﬁ&ﬁ%ﬁgﬂﬁﬁ %ﬁé&ﬁﬁ*%@%&pplied
to the sense | fd i i 4 f h perati.on control ircuit
25 Thuse the & TEhd LAY LK S LA NP Chf R BRREE G | hes
(BL) in the Mgy geldn aidegodde dhepensenaplida circuits 14 sense
ines BL ffom1he ’

cell data supplied to the bit Iine nenory 10 cell array 11 in

for exanple, the norw@lcdBash B&Eect TREACUIPS £3 [ Cobd SadfosORYSEL1 Ne cell
data into data DQ and BDQ-and se%%l themltlo t he da?% vvarl%t%/read'c%ntrol

Scircuit 24, | reiteuinoramlant | ddireske, bl fife 5 sty Pl 1 4 | B e Chdib disedl4
receive the data DQ and BDQ 15 fromthe circuit 24 and output themto the
menory cel | to the column predecoder circuits 28.

The signal CENB2 is supplied to the column
predecoder circuits 28 from the opération control
circuit 22 and the signal ACk is supplied to the

10 circuits 28 from the address buffer circuits 26.
In response to these signals, the circuits 28 generate
column address signals YA, YB and YC and supply them to
the column select circuits 12.
The memory cell array 11 and column predecoder
- 15 circuits 28 are connected to the column select
circuits 12.

The column select cirduits 12 generate column
select signals in response to the signais YA, ¥YB and YC
from the column predecodér circuits 28 to selectively

20 drive the column select lines CSLi in the memory cell
array.ll. |
.The'column select circuits 12 iﬁclude a plurality
of column selectors 12_1 as illustrated in FIG. 5.
| The number of column selectors 12.7 corresponds to.
fl,25 that.of'column seléct lines CSLi (e.g., i = 0 to 511).
l. Each of the column,Seléctors 12;1'inc1ude$;one'NAND

circuit'l2a and one invertér cifcuit"lzb{: '




array 11. The sense anplifier circuits 14, internal control signa
generation circuit 21, operation control circuit 22, | t put
buffer circuits 23, and data 20 buffer circuit 27 are g%?&ﬁé%ﬁ#%??ﬂhe dat a
wite/read control circuit 24. The signal VWENBL is supplied to the data
wite/read control circuit 24 fromthe internal control signal generation
circuit 21. The signals PLEBL and 25 BCESS are supplied to the circuit 24
fromthe operation control circuit 22. §a DQ and BDQ are transferred
between the circuit 24 and the sense anplifier circuit 27 Novenber 2006 17
14. Data RW and BRWD are transferred between the circuit 24 and the data
input/out put buff er TRPrBEMPEY 28llFarrhyr 11t heperrtipn @dnsupplies data DQ
and BDQ to the datg ggffer circuit 27. 5 The data wite/read contro

d

circuit 24 recetVes tdata *B GRS BRAD ¢/ SRR hecuhral | ekt it buffer
Cloults 23 1Ol BRaIPLE, Ly Q0L 0, pode, L Thel oL, ol roult 24
he cirouit 24 Toceribs HAFA PERN BBOPPLIARRECCERECSRRRFI 11 er circui Lo
Hor o o | RSO IR R 00 R 3L 00L8 egp P00 one
‘ circuit 22. Thus, the circuits 14 amplify the
potential of each of the bit lines (BL) in the memory
cell array ll. The sense amplifier circuits 14 sense
cell data supplied to the bit lines BL from the memory
10 gell array 11 in, for example, the normal read mode.
‘Then, the circuits 14 convert the cell data  into data
Do and BDQ and send them to the data write/read control
circuit 24. 1In the normal write mode, the sense
amplifierjcircuits 14 receive the data DQ and BDQ
15 from the circuit 24 and output them to the memory cell
array 11l.
| The sense-amplifier circuits 14, internal control
signal generation éiréuit 21, operation control circuit
22, data input/output buffer circuits 23, and data .
20 buffe;“circuit 27 aré connected to the data write/read
control circuit 24. |
Thé sighal WENBL is supplied to the data
writg/read control circuit 24 from the internal control
_ | signal generation circuit 21. The éignals,PLEBL and |
.25 BCEQO are supplied to the circuit 24'ffom the operation
cht:ol circuit 22;' Déta_DQ and BDQ'aré:transferred. E

between the circuit 24 and the serse émplifierrcircuit




15 The operation control circuit 22, data input/ output buffer circuits
23, and data wite/read control «circuit 24 are connect%qq(;‘gg{b@fz@%ta
buffer circuit 27. The signal BCEQD is supplied to the data buffer circuit
27 fromthe operation control circuit 22. 20 The data buffer circuit 27
receives data DQ and BDQ fromthe data wite/read control circuit 24 in,
for exanple, the normal read node. Then, the circuit 27 converts the data
DQ and BDQ into data RAD and BRWD andzghpplies themto the data

i nput/output buffer 25 circuits 23. A plurality of data input/output
termnals 1/Q_ (e.g., i_=0 to%ﬁSﬁ are connected to the data 27 Novenber
2006 18 i nput¥dut pﬁ?t%ﬁwgra@?r I 223 tgpsiereeddretann dihe si gnal
generation circuit 21, ¢0operation control circuit 22, data wite/read
control ci rcui?lﬁ?lgn%‘&)o%?‘i g 1Rt FRRYF£OBEPRF PG GigFHid S he data

i nput/ out put uf f | rcuit,s 23. The a_input/output buffer circuits 23
are suppli edszvm?’t h @‘rgf%ﬁ%’ (%‘he: (E)nf%ujl%;j? ss%@? N (RQLH e (C]%H%I
i nput/ out put t inhal i j i 3 are also supplied with
signal s RINT, %E%B{Qaéﬁadéé\%\‘lﬁg% Cfcir]{)"f#'lt%ztht ernal control signal
| si gnal

generatigon circuit @le dé%ﬁt$¥%t?}fﬁé&ié§ﬁg 31%%1?&&&@%? g&%ﬂ MWdd

BCEQO fromthe operation control circui e Clrcul convert the
data D into dnit RND anth BIRMND avbrS itk data input/output buffer

[

cifcuits 23 in, for example, the normal write mode.
- Then, the circuit 24 converts the data RWD and BRWD
into data DQ and BDQ and supplies them to the sense
10 amplifier circuits 14. 1In, for example, the normal
read mode, the circuit 24 receives data DQ and BDQ
from the sense amplifier circuits 14. The circuit 24
converts data DQ.and BDQ into data DQI and BDQI and
stores them in the data buffer éircuit 27.
15 - The operation control circuit 22, data input/
output buffer circuits 23, and data write/read control
circuit 24 are connected to the data buffer circuit 27;
The‘signaerCEQOVis.supplied to the data buffer
| circuit 27 from the operation control circuit 22. |
20 The data buffer circuit 27 receives data DQI and BDQI
from the data write/reéd control circuit 24 in, fox
example, the normal read mode. Then, the circuit 27
converts the data DOI and BDOT into data RWD and BRWD
and supplies them to the data input/output buffer
" 25 circuits 23. o - L
A.plﬁral;ty of'dafa.inpﬁt/QUfput térmiﬁals I/Oiﬂr

(e.g.; i=0 to 15) are connected to thé_data




themto the data wite/read control circuit 24 (in the 15 normal wite
mode). The circuits 23 also convert the data RAD and BfWB,vdaier S@jea D and
output it fromthe data input/output termnals I/G (in the nornmal read
node). The data input/output buffer circuits 23 include 20 a plurality of
data input/output buffer circuits 23'. FIG 6 shows an exanple of one of
the data input/output buffer circuits 23;. Each of the circuits 23
includes a first circuit 23a and a secomtcircuit 23b. The first circuit
23a serves to acquire data RWD 25 and BRW fromdata Di in response to

[ | s RINT NB i.pel ud [ it.23a 1, th ND
Ci foui s 23a 2 ipaby QNERRC ey PR R R BT R 8 i oS B maaberosooe 10
ts 238 et 23 1€ 200
ransi stors 23adarAnaeids eI R il 2h: RlRrl e eRhHer 6 b e D5a 15,

23219, 232 20, anga 232k &/ T024 SEGA0M, 61 LEULLL Py SeLygsL o, acappLe data

DI fromdata RWD an I'n response to Sig

i ncl udes one. dek A¥uEkr $Yil & @3Bordne i Lr Ui & S; 230 20805,23b_3, three
NAND circuits 23b 4, 23b 5 and 2%%_6, D £t Gt d SirPe fodtll 3b_ 7. 23b_8,

10, ands 23b_I¥urfévecprehppnsnerl3s MOS transistors 23b_12, 23b_13, and
23b_16, and five n-channel MOS transistors 23b-17, 23b_18, and 23b_21
= The data input/output buffer circuits 23 are
supplied with data Di (i = 0 to 15) as cell data from
the data input/output terminals I/0i. The circuits 23
are also supplied with signals RINT, RENBL and WENBL
10 from the internal control signal generation circuit 21.
Further, the circuits 23 are supplied with signal BCEQO
from the operation control circuit 22. The circuits 23
convert the data Di into data RWD and BRWb and send
them to the data write/read control circuit 24 (in the
15 normal write mode). The circuits 23 also convert the
data RWD and BRWD into.data Di"and output it from the
data input/output terminals I/0i (in the normal read
mode). | | |
| ‘The data input/output buffer circuits 23 include
20 a plurality of data input/output buffer circuits 23'.
- | FIG. 6 shows an example of one of the data input/output
buffer circuits 23'. Each of the circuits 23" includes
a first circuit 23a'éhd'a'second circuit 23b.
The first circuit 23a serves to acquire data RWD
-3: 25 and BRWD from data Di in response to signals RINT and
l'WENBL'and includes oné NOR'circuit 23a_1,‘three NAND ‘

. circuits 23a;2, 23af3-ahd 23a;4, one transfer gate |




Actual ly, these data input/output buffer circuits 23 are provided for
their respective data input/output 15 termnals I/Q. Syt sgusi ts 31
are connected to the data input/output buffer circuits 23. In other words,
the circuits 23 receive data DO fromthe switch circuits 31 and then
output it fromthe data input/output termnals 20 1/G (e.g., in the read
noni tor test node). The internal controI]§Lgnal generation circuit 21
operation control circuit 22, data input/output buffer <circuits 23, data
wite/read control circuit 24, row predecoder circuits 25, data buffer
circuit 27, ang,25 test contro] circuit,(te node_setting circuit) 32 are
connected to t%%asﬁﬁt et PEGF §r3ﬁ?rq%%é§w§%%h6cigin7¢s"31aP§Eeive an

tput test 27 nmb 006 .. 20 sj RWEST f t est trol
Cirouit 32 i n. 2 ForSonapl b coRm P N 407 1 Lt ot RS "t

rouit 32 _ a1 " roder S, th
Cuppl i ed as | ot L1grad bR TS iR ARG Pannny it 1o

the data "inputiputputopyffer gigcstts, 23. The timng control signals are
output fromthe da % input%@htput terﬂ@ﬁals I/G as data Di. The switch

circuitss 31 includerBe pkeEahit ¥1 Pbui d02 Wi §£PyELT €Y1 4Sqdlre dAG i Shows an
exanple of one of the switch circuits 31'. The swwtch circuits 31’
: from data RWD and BRWD in response to signals BCEQO and
RENBL and includes one delay circuit 23b_q, two NOR
- circuits 23b_y and 23b_3, three NAND circuits 23b_4,
23b_g5 and 23b_g, five inverter circuits 23b_7, 23b.g,
10 v, and 23b_37, five p-channel MOS transistors 23b_po,
23b-13, ** and 23b_j4, and five n-channel MOS
transistors 23b_y7, 23b_jg, * ana 23b.o1 .-
Actually, these data input/output buffer circuits
23' are provided for their respective daté input/output
15 terminals I/Oi.
Switch circuits 31 are connected to the data
~input/output buffer circuits 23. 1In other words, the
circuits 23 receive data Di from the switch circuits 31
and then output it from the data input/output terminélS'
20 I/0i (e.g., in the read monitor test mode).
The'internal controlVsignal'generation circuit 21,
.operation control circuit 22, data input/oﬁtput buffer
circuits 23, data write/read control circuit 24, row
rprédecher circuits 25, data buffer circuit 27, and
25 test control circuit‘(tesfrmode setting circuit) 32 are
~ connected to the sWitéhfcircuits 31.

The switch circuits 31 receive an output test




- 25 31g throughsfﬁ%a%

are provided for their respective data input/output termnals I/G . Each
of the switch circuits 31" includes two NAND circuits SAR,aashed2oe four
inverter 15 circuits 31c, 31d, 3l1le and 31f, one p-channel MOS transistor
31g, and one n-channel MOS transistor 31h . (first tristate circuit). An
input signal Si is supplied to one input termnal of the NAND circuit 3la
and al so supplied to 20 one input terniqgh of the NAND circuit 31b via the
inverter circuit 31lc. A signal RWMEST is pplied to the other input
termnals of the NAND circuits 31la and. 31b. The output term nal of the

NAND circuit 3la is ted to, fhe_gate of the p-channel MOS transistor
n@@?gg& %FP@UF%@ §%Etaﬁﬂn§I@l CTREU3BuPéelRf the

t i st 319} d t | ly VDD. Th t put
term nal 27 Nov@aberaaBse:  5480F CEGNRAREREi FEaF S4B, | {TE8ANCEREA 1ot he

guie ol he nechanel YScLignsisLon, i {Brough the Lruerlery o foui!

31f. The source o e transrs

both the {1 ans 0k e 310ncRnd: 310uB6 21 CQNECT £, 0PN QL ber y CBIA DY 5

output fromthe common drain o transi stor

" The normal - ead Mo anaor val ar s ve Hhdet (FRecPevarZr signal |RATEST
is 10 low in hopttdetpotasyifdhusiréherslat, DitRet Phing control
signals are output from the data input/output terminals
1/0i as data Di.
The switch circuits 31 include a plurality of
10 switch circuits 31'. FIG. 7 shows an example of one
of the switch circuits 31'. The switch circuits 31°
are provided for their réspective data input/output
terminals I/0i. Each of the switch circuits 31°
includes two NAND circuitsVBIa and 31b, four inverter
.15 circuits 3lc, 31d, 3le and 31f, one p~channel MOS
transistor 31g, and one n-channel MOS transistor 31h .
(first tristate circuit).
- An input signal Si is supplied to one input
| terminal of the_NAND circuit 3la and also supplied'té
20 one input terminal of the NAND circuit.31b via the
inverter circuit 31c. A signal RWTEST is supplied to
the other input terminals of the NAND circuits 3la and.
31b.. The output terminal of the NAND circuit 3la is
connected to_the gate of the p-channel MOS transistor
25 31g through'the inverter'éircuits 31id and 3le.
,The.sourqe'qf the-transistor 31g is-ConneCted to

an external power supply VDD;. The output terminal -




fromthe switch circuits 31' is brought into a hi gh- i npedance state (D =

H - 2z).

t est node
i nput si gnal

The data Di depends upon the input signal Si £3, nitor
(the level of signal RWMEST is high). If theiﬁNBQﬁmi o(ﬁ?he
Si is high (H, that of data Di beconmes high. If the |evel of

the input signal Si is low (L), that of data DI becones |ow According to
the first enbodinment, signals RINT, RAS2,_ XVLD, BSEBL, PLEBL, SAEBL,

CENB2, and BCEQO 20 and data DQ(0), BDQA L1 RWX O, and BRMD(O) can
si mul t aneously be nonitored as timng control S|gnals in, for exanple, the

nor mal read nndﬁ tCI th
circuits 31 e

25 3(8),

BSEBL, PLEBL,

nals Si(i = to 15) of the switch
Dngﬁaﬁlét ?!ﬂy 1gy Qynn@feé?d 5?4%1165@51;@ &f6), S(7),

Gieet lcraﬁ&é%i 38 £ ooy 65 “SE oy Surhrebs Lnehkep( o)

I 20 I | s,
:ﬁ:pggfived;tag£E%€ rgf#ead9§%t§°?§%% Oﬁeﬁﬁ?y£E%P?lg}?gy§€€t%gn ngnguprt

fromthe data |
shown), the s'

JFEERRAGY R 7L rhe ef“‘%;%f\c%ﬁﬁféc?ﬂ% VebhEdant "2l Cth o

circuit $2. Flghg838R048e aBo£XERPLE £5 é‘ééﬁ‘ Obame%Rf
~circuit 32 described above. The circult 1 nc udes t wo circ |ts 32a
and .32b. from the common drain of the transistors 31g and 31lh.

10

15

20

© 25

The p-channel MOS transistor 31g and n-channel MOS
transistor 31h both turn off in the normal read mode
and normal write mode (the level of signal RWTEST is
low in both the modes). Thus, the data Di output
from the switch circuits 31' is brought into a high-
impedance state (Di = Hi - z). The data Di depeﬁds
upon the input signal Si in the read monitor test mode
(the level of signal RWTEST is high). If the level
of the'input'signal Si is high (H), that of data Di
becomes high. If the level of the input signal Si is
low (L), that of data Di becomes low. |

Accbrding to=the.first embodiment, signals RINT,

RASZ,. XVLD, BSEBL, PLEBL, SAEBL, CENB2, and BCEQO

and data DQ{0), BDQ(0), RWD(0), and BRWD(0) can

simultaneously be monitored as timing control signals

in, for example, the normal read mode. Of the input

signals Si(i = 1 to 15) of the switch circuits 31", the

~ input signals S(1), s(2), s(3), s(4), S(5), S(6), s(7),

S(8), 5(9}, S{10), $(11) and S(12) correspond to RINT,

RAS2, XVLD, BSEBL, PLEBL, SAEBL, CENB2, BCEQO, DQ(0),

BDQ(0), RWD(0) and BRWD(0), respectively.




10 A signal TEST is supplied to one inpuf termnal of the NOR circuit 32a.

A signal RESET is supplied to one input termnal of the; NORQeF ot 32b.
An output of the NOR circuit 32a is supplied to the other 1 nput term nal
of the NOR circuit 32b.. An output. of the NOR 15 circuit 32b is supplied
to the other input termnal of the NOR circuit 32a and produced as a
signal RWMEST. The test control circuit 32 receives a test signal (e.g.
pul se signal) TEST fromthe test entry ci9<uit in the read nmonitor test
node. In response to the 20 signal, the circuit 32 generates a signa
RWEST (high IeveL% and gutputs it to the switch circuits 31. On the
other hand, the testStontiePmcihreufiningseeptrol helgnahar HFESFLIrom bei ng

it L e T A e
(chip) 27 Noverbertadtio Tt (HiF ouer b L HE AHHIDS e A L | Hmode. The
semconduct or erory £ SR EPTLISUED EA0: BEGEL o' Shypxarml e, (he
2t The same 11 U hhon Ydea a6 reare e 1 e el ebnrrol o
circuit 32. perdAries sptest entry operation and thus outputs

FIG. 8 shows an example of arrangement of the test
control circuit 32 described above. The circuit 32
includes two NOR circuits 32a and 32b.
i0 A signal TEST is supplied to one input terminal of
| the NOR circuit 32a. A signal RESET is supplied to one
input terminal of the NOR circuit 32b. An output of
the NOR circuit 32a is suﬁplied to the other.input
terminal of the NOR circuit 32b. An output of the NOR
15 - circuit 32b is supplied to the other input terminal of
the NOR circuit 32a. and produced as a signal RWTEST.
The test control circuit 32 receives a test signal -
(e.g., pulse signal) TEST from ﬁhe test entry circuit
in the read monitor test mode. 1In response to the )
20 signal, the circuit 32 generates a signal RWTEST
(high level) and outputs'it to the switch circuits 31.
On the other hand, the test control ciréuit 32 stops
the signal RWTEST from being output to the switch
circuits 31 (the level of RWTEST is low) when the
ir 25‘_ test mode is reset or wheﬁ the circuit 32 receives
a reset signél-RESET ffbm the test entry'¢ircuit.

Consequently, the semi¢6ndu¢th memory device (chip)




a signal RWEST (H to the switch circuits 31. 10 An output path of the

timng control signals is therefore connected to the dgiRoidpel 2GUE put
terminals [/G. In other words, the switch circuits 31 are connected to

the data input/output termnals 1/QG through the data input/output buffer
circuits 23. 15 Then, the device is brought into an output disable state.
For exanple, when the device is in an actjve state (the level of CEB is
|l ow), the output and input of cell data“ate inhibited (the |evels of CEB
and WEB are high). Thus, data Di corresponding to each of the 20 input
signals Si is supplied.to the.data input/output buffer circuits 23 from

the switch cir® ?Déaesrfte AThsBfueMINAL LRETAEINY YA ti mi ng cont r ol

i s t b i L, mul t | . out put f t he dat
Chut] out put ter m it SoEe SR EHRLY b resr ELahERR) SO
RAS2, XVLD, RLEB N d d dat O, B O,
RADO) and BRIDEST aFE Ao IR RS S PR e SRRy
i nput/ out put  tyey FHIA %eytowd%’llaof‘/?%"(ﬁ%ﬂ‘g)n"df ]14)8[}% CC;II,{QI(OSJ} , 1/0(6),

- 1/0(7), 1/0(8), 1/0(9), 1/0(10), : respectively, on a
priority basisigneilshaut tgeNfildtdhng Whdrdihereld dal %oﬁnaﬁh%édd“ ng .
control signals can thus be output fromthe data input/output termnals
170, with theodesaeh beamortit®rdt eithalhoOpekRl itmeo!  thifors 8 GRS or
menory chip

a test signal TEST; the test control circuit 32

- performs a test entry operation and thus outputs

a signal RWTEST (H) to the switch circuits 31.

10 An output path of the timing control signals is
therefore connected to the data input/output terminals
I/0i. In other words, the switch circuits 31 are
connected to the data input/output terminals I/0i
through the data input/output-buffer circuits 23.

15 Then, the device is brodght into an output disable
state. For example, when the device is in an active
state (the level of CEB is low), the outpuﬁ and input
of cell data are inhibited (the levels of OEB and WEB

_ are high). Thus, data Di corresponding to each of the
20 input signals Si is supplied to the data input/output
buffer circuits 23 from_the switch circuits 31.
-Consequently, a pluralify of timing control signals to
be mopitored can simuitanéously be output from the data
_input/output terminals I/0i.

25 . In the first embodimént, signals RINT, RAS2, XVLD,

| BSEBL, PLEBL, SAEBL, CENB2, and BCEQO and data DQ(0),

'BDQ(0), RWD(0), and BRWD(0) are output from the data




can efficiently be analyzed (the charactéristics can be verified and

evaluated) after the chip is packaged. 10 As descri bed Y6ombeP8ogy ural ity
of timng control signals in the chip can be nonitored at the sane tine

even after the chip is packaged. In other words, the timng control
signals in the chip can efficiently be output fromthe plurality of data
15 input/output termnals used for input ggd output of cell data. It is

t hus possible to easily and accurately eValuate the timng of an internal
operation, a delay in signal, etc. even after the chip is packaged.

Co t1y, the. pnt tion of 20 th i conduct hi p,
coeh aeThn el APRRISSERRE FEERENADE DhalThealdBiR) ni BrOGebei 7 0RAL: T ow
cost | h ke it hout i ipf | uat i

Cotng Any- expoblOUE LEOTBH LRBIID 2P BRUPZoThl o R 1 8E S ek T he
lurality of tip |- si . t at_the. time,
el ai onohip | o OIELEOMAE TRORTAL D FBloa R RHI 0l of armrASEERY be anal yzed.
27 Novenber 2098si25 »Es?fh@ef@f@éx?fli@@iﬁ?%f?ﬂﬁ#ﬂﬁ%ﬁ%’%ﬁ”&ﬂaChi p of the

present -invention is favorable for acqufring anount of -data in

ANy ey i R e
circuits 31 amtbt@sinpwiiswtpwt reathidel & €/0i, with the result that
thé internal operation of the semiconductor memory chip
can efficiently be analyzed (the characteristics can be
- verified and evaluated) after the chip is packaged.

10 As described above, the plurality of fiming
control signals in the chip can be monitored at the
same time even after the chip is packaged. In other
words, the timing control signals in the chip can
efficiently be output from the plurality of data

15 input/output terminals used for input and output
of cell data. It is thus possible to easily and
accurately evaluate the timing of an internal

:operatioh, a delay in signal, etc. even after the chip
is packagéd.‘.Consequently, the internal operation of

20" the semiconductor memory chip, such as an opefating
margin, can be analyzed with high precision ét'low cost
.in a short time without.forming any sample chip for
évaluation Oor using any expensive apparétus exclusively
for evaluation.

...25 . : Since the plurality of timing control signals can
be'output_gt the sémeftime;-a relatibnship in timing_l

\betWeenfthe'timing cont£ol SighalS'can bé'analyzedu




sinply added and the existing sem conductor nenory chip need not be

nodi fied extensively. Consequently, the chip area and £oSbvéiger BG6
prevented fromincreasing, 10 which is advantageous. The switch circuits 31
are not limted to the foregoing arrangenent. The switch circuits 31' can
be replaced with a switch circuit 31A shown in FIG 9A. The switch
circuit 31A enploys a power supply voltagg 15 vDDQ exclusively for the

out put buffer circuits, which differs fr ™ t he external power supply
voltage VDD. In this case, a level shift circuit (level shifter) 31i is
inserted as a goétage sgﬁtcghcircult between the output termnal (a) of
the NAND circuf PF353%TRUSt he"9 S GAL eCPBYChPT aBleREnFRIP S ERANSi stor 31g'
that fornmse a tristate circupt b series connpection with the

n- channel NCS"??%%%ﬁEt%?é%ﬁa%oﬁn;%th%Voéﬁség,f?ﬁeacgﬁ}¥%%gc?r%ﬁF9631A

i ncludes the | L.shift ;circuit .. Ln place of .the, inverter circuits 31d
and 3le of the @uggﬁ%%hd%#%ciﬁtogéérsk8mﬁa?ﬁ BY&IUSTigng $Rvel shift
circuit 31i iscesedadPasit chr . upply _voltage VDD and
VDDQ and, as shown in %IC&-QB,bf%%f% %é §7Eﬁggéﬁge$£ dﬁ%yeﬁ%'one i nverter

circuit s1_1, threeA@c@P@ﬂE@lté’%etfﬁﬂgkséfﬂ%ﬁg%?ﬁs.?%r%gg'giﬁ%ﬁé’ and

- three n-channel MOS transistors 31-5, 31_ _ ofss an
~arrangenent oftle ssWitth ciirstiits BBIE @St aset Kokt £XA £-pf+ thHe smitch

circuits 31'.
simply added. and the existing semiconductor memory chip
need not be modified extemnsively. Consequently, the
chip area and cost can be prevented from increasing,
10 which is advantageous.

The switch circuits 31 are not limited to the
foregoing arrangement. The switch circuits 31°' can be
feplaced with a switch circhit 31A shown in FIG. 9A.
The switch circuit 31A employs alpower supply voltage

15 VDDQ exclusively for the output buffer circuits, which
differs from the external power supply voltage VDD.
In this caée, a level shift circuit (level shifter) 31i
is inserted’as a voltége.switch circuit between the
| output terminal (a) of the NAND circuit 3lé and thé.-
20 gate {b) of a p-channel MOS transistor 31g' that forms
| a second tristate circuit by a series connection with
the n—chénnei MOSVtransistor 3lh. 1In other words, the
switqh circuit 31A includes the level shift circuit 31i
in place of the inverter circuits 31d and 3le of the
25 . switch circuit 31° showﬁ in FIG. 7. The level shift
o circuit 3li is used to‘switch betWeeh the'pbwer supply

VOltagé'VDD and VDDQ.and; aé.shown in'FIG;'9B, includés";-




There is a sem conductor menory chip in which an internal circuit voltage

Vin and a power supply voltage VDDQ exclusively for th??ﬁH&ﬂ&k batef er
circuits are selectively used in order to increase the spee % 10 the

internal operation and stabilize the operation. It is feared that
transistors used in this type of sem conductor nmenory chip will decrease

i n breakdown voltage in accordance with %%e hi gh performance such as | ow
vol tage and high speed. In the switch cirtuit 31B 15 adopting such a
transi stor, an n-channel MOS transistor (protecting transistor) 31j is

connected in series_to . an n: nge% MOS &éan5|stor 31h, as shown in FIG
10A. A positi¥8°pbtert F&f %bEﬁuh felpo FeéquFbaOB?%a%@S VDDQ i s

lied to th h Simlarly,
P anmel vos FPahEi Srob oo Srnanes MR Ak ciBie; t8ied haghethel 5T 1
are connecteqﬂgg €f£ﬁ§§s£grgh$irére§£ectéﬂg glchanne! MOS tran5|§tors
ev

31 5, 31 6 and even In a citcuft 310" , as shown in FIG

10B. The power SUDDL“YG251MR| Eﬁ@@sVQ?Qa(:PQﬁgE{ﬁﬁEpBEGQt bﬁﬁéchscif%ui d to

the ogates of the n-channel- MOS transi stor 9 an hus,

the breakdown yDhtageanbtide é\x&rh@ﬂé\%th?hé\'OyﬁfP&E 2DPByi2d DS transistors
31lh, 31 5, 31 6 and 317 are inproved, h the result that the breakdown

vol tage i's i npTivaee i$1afﬁhmiw@ﬁdﬁwt§frm§m@fﬁ chegdigsshiensay, the sane
advantage as that in
internal circuit voltage Vln and a power supply voltage
VDDQ exclusively for the output buffer circuits are
selectively used in order to increase the speed of
10 the internal operation and stabilize the operation.
It is feared that transistors used in this type of
semiconductor memory chip will decrease in breakdown
voltage in accordance with the high performance such as
low voltage and high speed. In the switch circuit 31B
15 adopting such a transistor, an n-channel MOS transistor
| (protecting transistor) 31j is connected in series to
ah n-channel MOS. transistor 31h, as shown in FIG. 10A.
A positive potential épch as the power supply voltage
| - VDDQ is applied to the gate of the n-channel MOS |
20 transistor 31j. Similarly, n-channel MOS transistors
(protecting transistors) 31.g, 31l_¢g and 31_19 are
connected in series to their respective n-channel MOS
transistors 31_s, 31_g and 31_7 even in a level shift
circﬁit 31i', as shown ih-FIG. IQB. " The power supply
.25 © voltage VDbQ‘(positive poféntial) is applied to the
“gates of the n—channeliMdS transistors 31.g, 31_9_and

'31.7¢0. Thus, the.breakdeﬁ'voltage of the n-channel




5 the case of the swtch circuit 31' can be obtained if one of the switch
circuits 31A and 31B'is used. In the first enbodi nent, -ﬁﬁ %ﬁﬁ&sgmﬁpntrol
signals in the normal read node can be nonitored. Nat ur F e timng
control signals in the normal 10 wite node can easily be nDnltored
(Second Enbodinent) FIG 11 shows an exanple of a configuration of a

sem conductor nenory device (semn conduct % menory chip) according to a
second enbodi nent of the present 15 inven ? In the sem conduct or nenory
device shown in FIG 11, timng control S|gnals in both the normal read

node and nor an t or b ngi n the device into a
specific sta?ghaﬁgtkg g%S% 3&% ngieét ﬁgdéya?ﬂe geﬁgaESnﬁEHE%%% a; t hose
f the first f I d
their detal eﬁﬁdﬁiﬁ?ﬂ%{*?gﬁgi“gﬁﬂ%‘%%ﬁ P ae RpifeFrafager i FHETaEe. & ¢ ost

control circuiin €h&sinRdeeselii-ngrgiLcuit) 32A outputs an output test
signal RWMEST to an internal controF signal generation 25 circuit 21A, data

i nput/out put buf f er NekHGBiskS +338ayvanfheSWhLEh G LEYLES 31C e, j est
control circuit 32A includes a sfate gontrola0|rc3|P%fo% gﬁ%gly%ng test 27

Novenber5 2006 tR28 shgsabs RAESIwaneh WEESTute ﬁ*ﬂe &:Qh%aabbﬁé?ﬁﬁé@' Sl gna'
~generation circuit 21A. FIG 12 shows an exanpl e of arrangenent #
one of the switch circuits 31A and 31B 1is used.

In the first embodiment, the timing control
signals in the normal read mode can be monitored.
Naturally, the timing control signals in the normal

10 write mode can easily be monitored.
(Second Embodiment)
| - FIG. 11 shows an example of a configuration of
a semiconductor memory device (semicenductor memory
chip} according to a second embodiment of the present
15 invention. In the semiconductor memory device shown in
FIG. 11, timing control signals in both the normal read'
mode and normal write mode can be monitored by bringing.
the device into a speeific state when it is set in
| a.test mode. The‘eame components as those of the first
20 embodlment are denoted by the same reference numerals
and thelr detailed descrlptlons are omitted.

As illustrated in FIG. 11, a test control'circuit

(test mode setting citcuit) 322 outputs.an output.test
| signal RWTEST to an intefnal control signal generation
“'.25 _ circuit 21A, data 1nput/output buffer c1rcu1ts 23A, and
| ”sw1tch c1rcu1ts 31C. The test control c1rcu1t 32A |

'.1ncludes a state control c1rcu1t for supplylng test




test control circuit 32A. The test control circuit 5 32A includes two NAND
circuits 32a and 32b, five NOR circuits 32c, 32d, , andyBrgvenditd 286yen
inverter circuits 32h, 32i, , and 32n. More speC|f|caIIy, a signal BAR(I)
is supplied to one input termnal of the NAND circuit 32a via the 10
inverter circuits 32h and 32i. A signal TEST is supplied to the other

input termnal of the NAND circuit 32a one input term nal of the NAND
circuit 32b. A signal AR(1) is supplied the other input termnal of
the NAND circuit 32b via the inverter 15 circuits 32j and 32k. An output of

he NAND N | of the NOR [
32¢ via the | WRRRRTScRTERTt 2ao Tmhdr oS HRECint ERgakirotrehi plam (s

supplied to o r (o) he NOR circuit 32d. An output of the
NOR circuit 235?5%P#é %ﬁo ucgg gsi%éslgnal RTEST and supplied to the other

i nput termnal of tnghKﬁgcghgwkw&ﬁnggﬂ gngﬁbagggﬁ %gén %09%%the NOR

circuit 32g. An output of e i nput
terminal of thestNQRSEFSYI &13261 11 gohhe maefégft&éﬁ%)} SRy fo AN out pu

of the NOR circuit 32e is supplied to one Tnpu ermna circuit

32f. A & gnal RESHRclsd&spRlo oty éb@c@wg@wp&&?t?ﬂm nal e Qlod he NOR 27
Novenber 2006 29 circuits 32d and 32f. An out put NOR circuit 32f

i's produced ascirsignal33TEST2a@NdG-SURRId 83,0 dre s inverter

.circuits 32h, 32i, -, and 32n.
More specifically, a signal BAR(1l) is supplied to
one input terminal of the NAND circuit 32a via the
10 inverter circuits 32h and 32i. A signal TEST is
supplied to the other input terminal of the NAND
circuit 32a and one input terminal of the NAND circuit
32b. A.sighal AR (1) is supplied to the other input
.-terminal of the NAND circuit 32b via the inverter
15 circuits 323 and 32k. An output of the NAND circuit
32a is supplied to one input terminal of the NOR
circuit 32¢-via the inverter circuit 321. BAn output of
.the NOR circuit 32¢ ie supplied to one input terminal
| - of the NOR circuit 32d. An output of the NOR circuit
20 32d ie produced as a signal RTEST and supplied_to the
- other input terminal of the NOR circuit 32c and one
input terminal of the NOR circuit 32g. An'outpuf_of
- the NAND circuit 32b is supplied to one input terminal
- of the NOR circuit 32e via the inverter circuit 32m.
25 An output of the NOR circuit 32e is supplied to one
: ‘1nput termlnal of the NOR c1rcult 32f. A 51gnal RESET

is supplled to the other 1nput termlnals of the NOR .




input termnal of the NOR circuit 32e and the other input termnal of the
NOR circuit 32g. An output of 5 the NOR circuit 329 is PrQeusfid: 860 Signa
RWEST through the inverter circuit 32n. Wen signal TEST is input, the

| evel of signal RTEST becones high (read nonitor test node) if the |evel
of signal AR(1l) is low and that of signal BAR(1) 10 is high. Wen signal
TEST is input, the level of signal WIEST_becones high (wite nonitor test
node) if the level of signal AR(1l) is hi%% and that of signal BAR(1) is
| ow. The | evel of signal RWEST becomes high if the |level of one of

signals RTEST and WIEST_i s hig{\r}ar 15 Wien signal RESET is input, the |levels
of signals RTESTCURFESTZAnanRWIEST aPr putbub PHWLhe|NOR1G1ch0ME 3Rf

exanpl e of arrggggne t of the inter control signal generation circuit

21A. A signal CEBPTSUYGHPI ?%datﬁlaﬂ@T?| ptib Tt @pdi HapPbied REREhoookherui t
o R A L
circuit 21h is s%%%l?%%ﬂ'?%g% ?ufrgﬁe(z)’gbﬁn’ﬁﬁc‘?%‘?n?ﬁ% ozfnao‘i\gmb{c‘? cuit 21d
P1h s ol oo suopl 1o rorbent rioed Ferbr Safted 9 Rovistint WERST 30 cach of
NAND circuits 2heowdtd 2He . idvsieaal c RAEST 45, |

When signal TEST is input, the level of signal

'RTEST becomes high (read monitor test mode) if the
level of signal BR(1) is low and that of signal BAR({1)
10 is high. Wheh signal TEST is input, the level of
signal WTEST becomes high (write monitor test mode) if
the level of sighal AR({l) is high and that of signal
BAR(1) is low. The level of signal RWTEST becomes high
if the level of one of signals RTEST and WTEST is high.
15 When signal RESET is input, the levels of signals
'RTEST, WTEST and RWTEST all become low.
FIG. 13 shows an example of arrangement of
- the internal control Signal generation circuit 21A.
A signal CEB is supplied to one input terminal of a NOR
20 circuit 2la. The other input terminal df'the NOR
| ‘circuit Zlé is'grounded (GND). An output of the NOR
circuit 2la is produced as a signal RINT through
inve;ter circuits 21g and 21h. The outpu£ signal RINT
| ~ ©f the inverter circuit 21h is supplied tb.a;first
'_ 25 | input.términal of_a-NANﬁ circuit 21d via a délay
é?féuit_21f, The ouféut'signai RINT'of'ﬁhefinverter

- circuit 2ih is also Supp;ied'to one_input-terminal of




supplied to the other input termnal of the NAND circuit 21r through an
inverter circuit 21g. An output of the NAND circuit 2137 NSvessHePbogd to one
input 5 termnal of each of NOR circuits 21b and 21c. A signal OEB is
supplied to the other input termnal of the NOR circuit 21b. An output of
the NOR circuit 21b is supplied to one input termnal of a NAND circuit
21s through an inverter circuit 21j. A ;&gnal RTEST is 10 supplied to the
other input termnal of the NAND circuit®21s through an inverter circuit

21t. An output of the NAND circuit 21s is supplied to a second i nput
VEEB is ied to the other

t inal of th ND. G| it.21d, A si I I

i ﬁLth n?er% nal g%‘f’l%t%’éWL‘HEﬁ’i‘%t?LSE%gggn%\nz%t ptﬁsgfglﬁ% REFEST ruit 21c

[ lied t A i pal _of ND cj it 2lu t h

e ter o rur Tt i O el gt o (vt R it

t inal of theg; ' ' i n | it 21v. A

out put of t he RED 3 €17 curtosty +4 S0 i CHAOHEY T il na

of the NAND chfctid Nrhen A-OYEPUS1 P L Elgflg\@ll\i[%cgi%g%ﬁe p{}s produced as

a signal VENBL through an i'nverter circ n an SO's ied to a

third irput tefsimadal Af tR-INAND 160K CoH £ ol tnpughy agh d nved tefrg Ly cui t
.25 210. An output of the NAND circuit 21d is produced as a S|gn§1 NBL
t hrough an i nveER eis Gupplife?fn Merother laurlt demsional FTESE orhi gh,
the 27 November 2006 31 |
' ‘circult 21b. An output of the NOR circuit 21b is
supplied to one input terminal.of a NAND circuit 21s
through an inverter circuit 21j. A signal RTEST is
10 supplied to the other input terminal of the NAND
circuit 21s through an inverter circuit 21t. An output
of the NAND circuit 21s is supplied to a second input
terminal of the NAND circuit 21d. A signal WEB is
supplied.to the oﬁher input terminal of the NOR circuit
15 2lc. An output of the NOR circuit 21ic is supplied
to one input terminal of a NAND circuit 21u through
~an inverter circuit 211. A signal WTEST is supplied
to the other input'terminal of thé NAND circuit 21u
through an inverter circuit 21v. An output of the NAND
20 circuit 21u is supplied to the other input terminal of
| the NAND circuit 2le. An output of the NAND circuit
2le is produéed as a signal'WENBL thfough an inverter
circgit 21n and élsoVSuppiied,to a third input terminal |
“of the NAND circuit 21d through an invertef circuit
25  2lo. An Output of the NAﬁD'circuit 21d is prodﬁced as
ia signal.RENBL-thrOUgh an_invertér-circﬁiﬁ 21p.

' When Ehe_leVel of'Sighal RTEST is high, the




!

internal control signal generation circuit 21A receives a |owlevel signal
CEB and outputs a high-level signal RENBL. Thus, the W?ﬁﬁé%ﬁﬁﬂigmﬁiarts to
performa normal read operation as an internal operation. e ot her
hand, when the | evel of signal WIEST is high, the circuit 21A receives a

| ow-1 evel signal CEB and outputs a high-level signal WENBL. Thus, the
menory chip starts to performa normal wjte operation as an internal
operation. In the second enbodi nent, 10 t i nternal operation (read or
wite operation) is controlled only by setting of a test node and tim ng
of signal CEB, jrrespective of signals OEB and WEB. The data i nput/ out put
buf fer circuit$"5SER? CF%Emi ﬁmgai-ig?n%m*aa% Fhpovibut ptit TeGeiEeS

i its 23A'. 5 FIG 14 sh I f t of ope of the
Gat a1 nput | out PulSBUPERT cFE RN sCBR Ak na LRRROBE St AaDLEhT LEYEL b

d ' d ' buf t ' it 23 _sh in FIG 6.
Tn cach oirou P oubel ks BRifber YA€ afrFER o PrrECting Second 20

of NAND circuit recerves an ou e rnverter circuit
23a-22 and 2 GhoPRk YENBL. hhSaSUWRRkS etht 03 Lhe1 NONDs L gt ifp@Ba;3  and
23a-4 and the gates of n-phanne1 MOS trans%spors.ZS Z%a-%g and 23a-21
through. an i nviei gigy €hé celitcwde 27n fPadhveyi & chbwg1&vELusidnafusider, an
out put of NAND circuit 23b_23, which receives an output of the 27 Novenber
2006 and outputs a high-level signal WENBL. Thus, the

cireuils 233 angopibi ¥baol SNEFLEloRl LOULL S 238,72 a0d 280,22 An out put

memory chip starts to perform a normal write operation
as an internal operation. 1In thelsecond embodiment,
;0 the internal operation (read or write operation) is
controlled only by setting of a test mode and timing of
-signal CEB, irrespective of signals OEB and WEB.
The data input/output buffer circuits 23A include
a plurality of data input/output buffer circuits 23A'.
15 FIG. 14 shows an example of arrangement of one of the
data input/oﬁtput buffer circuits 23A'. Each of the
~circuits 23A" corresponds_tb the data input/output
buffer circuit 23' shbwn in FIG. 6. 1In each circuit
. 23AT, a.signal RWTEST is supplied to first and second
20 circuits 23a’ and 23b' via inverter circuits 23a_ps and
| 23b_25. An output of NAND circuit 23a-23, which
receives an output of the inverter circuit 23a_z5 and
a.signal WENBL, is supplied to the NAND circuits 23a.3
| and 23a_4 and the gates 6f.n—channel MOS_tfansistors
25 23a_19 and 23a_-p3 through an inverter circuit 23a_py
' (path switching circuit);_ Further, . an cﬁtput of NAND

circuit 23b-33, which receives an'output of the




32 inverter circuit 23b_22 and a signal RENBL, is supplied to the NAND
circuits 23b_5 and 23b_6 through an inverter circuit 2gonZ2d{iRabE0s
switching circuit). The above arrangenent allows a path for 5
i nputting/outputting cell data from being disconnected fromthe data
input/output termnals I/G in the test node. Data DI fromthe sw tching
circuits 31C can thus be prevented frowg&pnflicting with the cell data in
the test node wi thout bringing the devicé into a disable 10 state. The
data input/output buffer circuit (first buffer circuit) 23 shown in FIG
6 is connected to the data .n Joutput . termnal. I /Q__(i .= 0.inthis case)
R BRI

t o/ from whi ch 8§+t L4 H A AR vihi HehHe s ity

buf f [ it ff. i j 15 23A ..sh in FlG_ 14 i

e o o i S e S AR BRSO B 1t 1S, |
t hi fry i it t tim it . S] : t put .
Thlu:, C??}S) nor :rlaqw%%]d%ra&g?v%eﬁle%%l {1}162&1 fsﬂ\rnsi{négllc n'?:rrl%:alsllatr ﬁ'al gucgg be

monitored in the teple AGADAS et o Ch&W 131 Gdncl ude a plurality,
of switch circuits 31C. FIG 15 shows an exanple of arrangenment of one

of the gwitch igigoid {rsy AT put tBagh @11t hes sV tedh Jditld (8 standaerts an
input 25 signal Si into data Di in the test node (the 1evel of signal
RWEST is hi glfrandheutdutizs inputy dutgutatite rminpilld autgiuti dbufeert ety cui t's
23A and includes three
‘ mode. Data Di from the switching circuits 31C can thus
'be prevented from conflicting with the cell data in the
‘test mode without bringing the device into a disable
10 state. The data input/output buffer circuit (first
‘buffer circuit) 23' shown in FIG. 6 is connected to the
data input/output termihal I/0i (i = 0 in this case)
to/from which cell data is input/output, while the data
input/output buffer circuit (second buffer circuit)
15 23A' shown in FIG. 14 is connected to the other data
input/output terminals I/0i (i = 1 to 14 in this éase)
from which at least the timing control signals are
_output. Thus, the normai'cell data as well as the
| timing control.signals can be monitored in the test
20 mode. .
| The switch circuits 31C include a plurality of
switch circuits 31C'. FIG. 15 shows an examplé of
arrangement of one of thé‘switch circuifs 31C'.
' Eachrof_the switchléircuits 31cC’ converts an input
.25 signal Si into data.Di in the test mode (the level of
sighal'RWTEST'is'high)}and outputs it to ﬁhe data,

“.-input/outpﬁt_bufﬁer ciicuits 23A ahd.ingludes three_




27 Novenber 2006 33 inverter circuits 31C 1, 31C 2 and 31C 3 and one
transfer gate 31C 4. The semni conductor nenory chip so cenfhguiRd ¢ be
set in both the read nmonitor test node and wite 5 nonitor test node. A
plurality of timng control signals, which are generated in the chip in the
normal read node, can sinultaneously be nonitored in the read nonitor

test node. Upon receiving a test signal T, the test control circuit 32A
perfornms a test entry 10 operation. Wen e level of signal AR(1l) is |ow
(L), the circuit 32A outputs a high-level signal RTEST to the interna

control signal; rati on cir.cui 21A d als puts hi gh- 1| evel

si gnal RWEST Jtrg‘ﬁ:tnﬁ%aéaﬂii n]trecrq“}ﬁfls c%ﬁcf‘rjdl .%%T%Ialbcgn u(én?r oéf'f“gi(?%%it 21A, data
15 input/outp i jts 23A, and switch circuits 31C. Thus, an
out put path o;%rt%egft%m%{eg;%(?'ﬁ' signals is connected to the data

i nput/output term nghs sdfQondil-©O4PeheNOF SCH%%@(I)@%I&?% 'g{]é;gi Ls,31C are

connected to the data input/output termnals the data

i nput / out put e fert Gid BEHS @A redd8fbnifier deVd€6ndde biRYght; §0t 0 an
active state (the level of signal CEBis low). Therefore, data D(I) to

D(12) c6rrespandiitgpd acddte ot A galSa(1E 0 tiGoHd Yot )l s in the
normal read node) S(1) to S(12) 25 are supplied to the data input/output
buf fer circuitssigriz@f, Ginsdguerd lgendietethtin He dni D(EER ) teg en@tiigiut
read mode, can simultaneously be monitored in the read
monitor test mode. Upon receiving a test signal TEST,
the test control circult 32A performs a test entry
10 operation. When the level of signal AR(1) is low (L),
the circuit 32A outputs a high-level signal RTEST to
the internal control signal generation circuits 21A
and also outputs a hiéh—level signal RWTEST to the
internal control signal generation circuit 21A, data
15. input/output buffer circuits 2337, and switch circuits
31C. Thus, an output path of the timing_control-.
lsignals is connected to the'data'input/output terminals
I/0i. In other words, the switch circuits 31C are
| connected to the data input/output terminals I/0i
20 through the data input/output buffer circuits 23A.
N Then; the device is brought into an active sfate (the
level of signal CEB is_low). Therefore;;data D(1) to
D(12) corresponding.to the input signals (timing
.contfol‘signals in the normal read mode) S{1}) to S(12)
'25 are supplied to the_data input/output'buffer ci£cuitsr
| 23A;' Consequently,'thé data Dfi) to'D(lZi-are'output

,from'the data input/output terminals I/0(1) to I/O(12}




fromthe data input/output termnals I/0(1) to 1/0(12) 27 Novenber 2006 34

irrespective of signals OEB and WEB. FIG 16 shows an exaRpldénif 2@esi gnal
waveformin the read nonitor test node. In the second enbodi nent, the
signals RINT (S(1)), RAS2 (S(2)), XVLD (S(3)), 5 BSEBL (S(4)), PLEBL
(S(5)), SAEBL (S(6)), CENB2 (S(7)), and BCEQO (S(8)) and data DQO (S(9)),
BDQO (5(10)), RWO (S(11)),.and BRV\DO(SJ(412)) are output fromthe data

i nput/output termnals 1/0(1), 1/0(2), 1/0(3), 1/0(4), 1/0(5), 1/0(6),
1/0(7), 1/0(8), 1/0(9), 10 1/0(10), 1/0(11), and 1/0(12), respectively, as

timng contral . e N I d Simlarly, when the |evel
of signal AR( Ica)mlsés |gt?11‘}(l(1l—i§£,] ?@%@%téﬁnﬁﬁﬁlﬁ cuit 32A outputs a
hi gh-1evel signal WEST o inte n{ kol sl ion 15
circuit 21A in the test ent?@%%e%t%%%p%eéﬁi%Ctéjli(gxqngB‘g\gg%s%}%u puts a

hi gh-1evel signal RESHADdhaedNtRiqal capt Lan apneralday ol rouit
21A, data input/output buffere%?rcuﬁ?%Aﬁpaﬁ%sﬁ%tc mrcwjﬁ{Ehtéé 1C

Thus, the swi tafe Gaguils @A supply JausD(§9 (20 | ocRE2)s (9 oh
correspond to their respective Iinput signals (timng control signals in

the noral wiBSEBINOWR)4) )t,0 REEBIdats( 5 )nputdzmruputs baxf f erceNsxuid §7)33A.
Data D(1) to D(12) are therefore output fromthe data input/output
termnals |/0@nNd BEEQ®(U2)8) Ir espkciateeIDQO 26 (9) )t hesmsr ofsl( s¥hadi nent, the
normal cell data is
RWDO (S(11)}, and BRWDO (S(12)) are output from the
data input/output terminals I/0(1), I/0(2), I/0(3),
1/0(4), I/0(5), I/0(6), I/0(7}, I/0(8), I/0(9),
10 ~ I/0(10), I/0(11), and I/0(12), respectively, as timing
control signals in the normal read mode.
Similarly, when the level of signal AR(1l) is high
(H), the test control circuit 32A outputs a high-level
signal WTEST to the internal control signal generation
15 circuit 21A in the test entry operation. The circuit
_23A also outputs a high-level signal RWTEST to the
internal control signal genération circuit 21A, data
_ ipput/output buffer circuits 234, and switch circuits
31C. Thus, the switch circuits 31C supply data D(l)'
20 to D(12), which correspond to their respective input
signéls (timing control signals in the normal write
| mode), to the data input/output buffer circuits 23A.
Data D{1) to D{12) are therefore output.from the data
| inpuf/output terminals I/O(l) to I/0(12), respectively.
25 ~In the seccnd.embodiment, the normal cell data is
’ input/outpuﬁ to/from the data input/output terminal

1/0(0). It is thus possible to easily_confirm whether




i nput/output to/fromthe data input/output termnal 1/0(0). It is thus
possi bl e to easily confirmwhether 27 Novenber 2006 354N&vcdHeEr0R
operation in the test node is perforned by the timng of the nornal
operating node. Upon receiving a reset signal RESET froma test entry
circuit (not shown) in the read nonitor test 5 node or the wite nonitor
test node, the test control <circuit 32A carries out a release operation
(the levels of signals RTEST, WIEST and EST are all low). Thus, the
devi ce can be operated in the normal operating node. 10 As descri bed

above, substaqglala% t he agvant es. as those of the first enbodlnent
can be expectetf ft T TR s%%%ﬂ% ﬁﬁm? tﬂﬁ?emgﬁ%c?$lpe¥§ﬂqWﬁ

I lit ftd s t t | t ly b
Ut put 1 om a Bt ey 16 of Bare M b SE pURS CEPIF nal s used ?2?°i"ﬁpﬁt ’
and out put of ceIIU @ﬁarelél?fn%hgs ggél?&gaé?agﬁg sFﬁ%ﬁ? agﬁ%{ately

evaluate timng of an intern pera using an

established t&stef Cﬂ}@hf%LWﬁ%ﬁt 5wnf|{gr%hgdp m53£¥845§%|cthe 20

normal wite nDde as well .as In e normal  rea can ‘su iently be

out put @ t houtnnfd i CERIGrmd £ m&rﬁlﬂoﬂ%@st %@éﬁquﬁ% | Yo s & i nal
operation of the sem conductor nenory chip, such as an operating margin,
can be anal yzedmiit [B2fh quecied Qutita WL EHSE dPeration (the levels

of signals RTEST, WTEST and RWTEST are all low).

Thus, the device can be operated in the normal

operating mode.

10 As described above, substantially the same
advantages as those of the first embodiment can be
expected from the second embodiment. More specifi-
cally, a plurality of timing control signals to be
monitored can Simultaneously be output from a plurality’

15 . of data input/output terminals used for input and

| output of cell data. It is thus possible to easily
and accurately evaluate timing of an internal
operation, a delay in signél, etc. using an estéblished
tester. The plurality of timing contfol signals in the

20 . normal write mode as well as in the normal read mode
can sufficiently be outpﬁt without conflicting with
cell data. .Consequently, the internal operation of the
semiconductor memory éhip, such as an operating margin,

~ can be analyzed with high precision at low cost in
25 a short time withoutrfo?ming any sample chip for
~evaluation or uslﬁg ahj‘expeQSiVe-apparatﬁs ekélusively:

for evaluation, and-a-lardé amount of data can be




25 a short time without form ng any sanple chip for evaluation or using

any expensive apparatus exclusively for evaluation Rovaiie 2eagount  of
data can be 27 Novenber 2006 36 acquired. (Third Enbn%7 v %% FIG 17

shows an exanple of a configuration of a sem conductor nenory device

(sem conductor nmenory 5 chip) according to a third enbodi nent of the
present invention. The third enbodi nent gi%oms a word line driving signa
and a colum select line driving signal be nonitored in the

sem conductor nenory chip illustrated in FIG 11. The sane conponents as
those 10 of the second enbodi nent are denoted by the sane reference
nuneral s and tHeH et ail ed descriptions are onitted. In. order to nonitor

a word |ine dr q%%%% n%% an a colum select line driving signal in the
sem con 15 duc or onIy one word line or colum select lineis

|1 I df 1024 d |
ustally Sefected ! O ATPG Rl Ul Lidnglo AENSSLS ey 00, vBEd | s
i I d 0. b t d. If
2 Speci 11 ¢ vord THH A vy g WerLen?! %erf@aﬁ"&ﬁ’%ugt AT | i1 e

fromthat of Ml ® d el @SS B Siedd M NO O

signal s cannot be eval uated
invention. The third embodiment allows a word line

driving signal and a column select line driving signal
to be monitored in the semiconductor memory chip
illustrated in FIG. 11. The same components as those
10 of the second embodiment are denoted by the same
- reference numerals and their detailed descriptions are
~omitted.
In order to monitor a word line driving signal and
a column select line driving signal in the semicon-
15 ductor memory chip, only one word line or column select
‘line is usually selected from among a plurality of
lines (e.g., 1024 word lines and 512 column select
lines). 'In<other wordé,.ail the word line driving
signals and column select line driving signals'cannoﬁ
20 . be monitored. If a specific word line driving signal
is monitored, its capaéity will differ from that of
another word line. If.an address is changed, the
timing'of signals canhot be evaluated.
In the third embodiment, as shown in FIG. 17, a
.25‘. quasi-row decoder circuit (Quasi—dec.) 13A iS'provided
to monitor a quasi~word iine_driving7signal-wﬁmon and

a quasi—golumn'select,difcuit (Quasi-col.) 12A is




In the third embodinent, as shown in FIG 17, a 25 quasi-row decoder

circuit (Quasi-dec.) 13Ais provided to nmonitor a quasjy ek B60edr 1 Vi ng
signal W.non and a quasi-colum select circuit (Quasi- $@X 12A 1s 27

Novenber 2006 37 provided to nonitor a quasi-col um sel ect line driving
signal CSLnon. FIG 18 shows an exanple of arrangenent of the quasi-row
decoder circuit 13A. The quasi-row decoder. 5 circuit 13A is equivalent to
the decoder circuits 13 described above. Jhe circuit 13A generates a quasi -
word line drivi ng signal W.non based on all addresses XB<0> to XB<3> and

i ncl udes one it 13A 1, two inverter circuits 13A-2 and 13A 3, two
p- channel 10 I\R%"flr‘{a‘?fglts‘? JRITHEQT 43 o 9 B7C ! uninos il ediankite MbS ving

transi stors 13A— n A /7, two capacitors 13A 8 and 13A 10, and one
resistor 13A_g gf‘f‘f‘gl 'tors 13A 8 and 13A 10 and resistor 13A 9 are

arranged to make t of the circuit_13A correspond to that of 15
a normal word I|ne %Gai)@ l%%?ﬁvs aJnsR ?eo%fa]alf?%%%‘%‘ﬁ’gﬁtogf thée

Saurvalent 1o The ot el T R bR Sl e ou
S e v s L A S e
. three NOR cireldderibe® bbokRA 2 B circuit 13A generates a quasi-
word line driving ssignal WLmon based on all addresses
XB<0> to XB<3> and includes one NOR circuit 13A_g,
two inverter circuits 13A.; and 13A_3, two p-channel
10 MOS transistors 13A_4 and 13A_5, two n-channel MOS
transistors 13A.g and 13A_-, two capacitors 13A_g and
13A_19, and one resistor 13A_9. The capacitors 13A_g
and 13A.19 and resistor 13A_g are arranged to make‘
. the capacity of the circuit 13A correspond to. that of
15 a normal word line.l
FIG. 19 shows an example of arrangement of the
quasi-column select circuit 12A. The quasi-column
select circuit 1ZA§is equivalent to the column select
circuits 12 descriéed above. The circuit 12A generates
20 a quasi—column select line driving signal CSLmon based
on all addresses YA<0> to <3>, YB<O> to <3>, and YC<0>
to <3> and 1ncludes three NOR c1rcu1ts 12A_1, 12A_5 and
12A_3,'one NAND circuit 12Am4, and one capacitor 12A_g.
The capacitor 12A_g has parasitic capacitance.
25]__' . FIG. 20 shows an example of a 51gnal waveform in a

read monltor test mode in the: semlconductor memory chip

accordlng to the thlrd embodlment -In thls embodlment, '




12A 3, one NAND circuit 12A-4, and one capacitor 12A 5. The capacitor
12A' 5 has parasitic capacitance. 25 FIG 20 shows an exghRb&nter 8ogd gnal
waveformin a read nonitor test node in the sem conductor nenory chip
according to the third enbodinment. In this enbodi nent, 27 Novenber 2006 38
a quasi-word line driving signal Wenon (Si-1) and a quasi-colum sel ect
line driving signal CSLnon (Si) are out fromthe data input/output
terminals 1/O (13) and (14), respectivel’y as timng control signals 5 as
wel |l as twelve different tining control signals shown in FIG 16. The

d | I d d
i nal oSLron Sai bt ReRRrhrie SERRLER BT OB whe b1 =Ahe word |1 ne
10 dri ving Si gnals, anckal b hee POLIM 51 861,10, Jg%r'éﬂ ng% Lonals are

‘difficult to nonitor, ey can ot tored " T & e present
i nvention is netel bt @@l £ Lok Nen @bg fﬁ@&%ﬁ line
driving signal Vﬁnnn %nd 15 quasi - gﬁ? sel eczﬁ?lne r|V|ng §ﬁbnal CSLnon
are moni tored. (Foy exanple), V\f@%ééti%ﬂffzﬁé C&ﬂxﬁlﬂ& SRRSO ﬁ}ﬂal‘g a

plurality of signals in different select circuits for . se ecting a specific
one frorh anbngas twel i gnatwe 1l vdeyi Epsr &RS|# Mngy R 5 ek yhpgenerating 20

a quasi-signal fromtheir equivalent circuit. (Fourth Enbodi nent)
shown in FIG. 16.
The quasi-word line driving signal WLmon and
- quasi-column select line driving signal CSLmon can be
monitored. Consequently, even when all the word line
10 driving signals and all the column select line driving
signals are difficult to monitor, they can be monitored
in a quasi-manner.
The present invention is not limited to the above
case where the quasi-word line driving signal WLﬁon and
15 quasi-column select line driving‘signal CSLmon are
monitored. For example, when it is difficult to
monitor all of a plurality of signals in different
select circuits for sélecting a specific one from among
the signals, they can easily be monitored by generating
20 - a quasi-signal from their equivalent circuit.
(Fourfh Embodiment) | |
FIG. 21 shows an example of a configuration of
a semiconductor memorf deVice (semiconducto? meﬁory
chip) according to a_fourth embodiment of the present
. 25 invention. The foﬁrﬁh embodiment allows a test mode
| and a normal operating mode.to be switched iﬁ‘response

to external control signals CEB, OEB and WEB. The same




FIG 21 shows an exanple of a configuration of a sem conductor nenory

devi ce (sem conductor nmenory chip) according to a fouriAwgand; swpt of the
present 25 invention. The fourth enbodi nent allows a test node and a

normal operating node to be switched in response to external control
signals CEB, OEB and WEB. The sane 27 Novenber 2006 39 conponents as those
of the second enmbodi ment are denoted by 4he sanme reference nunerals and
their detailed descriptions are omtted.”1n the fourth enbodi nent, an
internal control 5 signal generation circuit 21B supplies an output test

i I i buf f i i . d i h
ol Dot to arc, oefibies MSTORELN BHIL oSS adien kA 1 558
generat es oni Yadgstodiapalise FIEST. 2k WIEST (fial. AL 8.0p e ut put to the

internal 10 control signal generation Circui ows an

exanpl e of arr@agentid ®fscifisridieraal £Q4 signal generation circuit
21B. The circuit 21B generates signals RWMESTD, RTESTD and WESTD as wel |

as signals RINT, RENBLtiaadfAENEL a@fsbdbnaht OWsn & d€StndPde,s¥eh por mal read

and wite nodes for reading/witing cell data to be switched in response
to sigrfals OER qml Weherkhe @i gniatciGRB 418 stipidiiieds o Gg gupUledter mi nal
~of a NOR circuit 21la. The other input termnal of the 20 NOR circuit 2la
i's grounded (GNRmaARWIEIRR tof ddte input/output buffer circuits 23A
and switch circuits 31C, as illustrated in FIG. 21.
A test control circuit 32B generates only test signals
RTEST and WTIEST that are to be output to the intermnal
10 control signal generation circuit 21B.
FIG. 22 shows an example of arrangement of
the internal control signal generétion circuit 21B.
The circuit 21B generates signals RWTESTD, RTESTD and
WTESTD as well as signals RINT, RENBL and WENBL and
15 allows a test mode and normal read and write modes for
reading/writing cell data to be switched in response to
signals OEB and WEB.
The-signal CEB is supplied to one input terminal
| of a NOR cifcuit 2la. The other input terminél of the
20 NOR circuit 2la is grounded (GND). An output of the
| NOR circuit 2la is producéd as the signal RINT through
inverter circuits 21g.aﬁd.21h. The output (signal
- RINT) of the-inverter:cirCuit 21h is supplied té a
firsf input terminal of a.NAND cifcuit 21d via a delay .
25 circuit 21f. The Qutput.(signal RINT) of the inverter
circuit Zlh.is-élso‘Suppliéd'to bne input'terﬁinal of

~each of NAND cirquits-Zle and 21r. The signal RWTESTD




NOR circuit 2la is produced as the signaf RINT through inverter circuits

21g and 21h. The output (signal RINT) of the inverter 4 Iibef3dhg S
supplied to a first input termnal of a NAND circuit é%gﬁgﬁg § el ay 25

circuit 21f. The output (signal RINT) of the inverter <circuit 21h is also
supplied to one input termnal of each of NAND circuits 21le and 21r. The
signal RWESTD 27 Novenber 2006 40 is sqgflied to the other input term nal
of the NAND circuit 21r via an inverter rcuit 21g. An output of the
NAND circuit 21r is supplied to one input termnal of each of NOR circuits

21b d 21c. T i \ B 5 lied to th th ' tt i nal of

the NCR oi roul 15 SIEETARTONR pLRS of CERE NCRIE] FELFBhirt cBtgbBd To one

i t ot i nal . ' ' t h_ i ' it i, 21 11

and ' S5 T She RRE . SRR Sl bl o
e ci [ Se4 uit, i u i

a second input£§grﬁ$ﬁglc%$@%ﬁg %ﬁ&D?%i%@§P§¥$%ﬂéﬁ #ﬂ% St %%Iéﬁﬁﬁéééﬁ

Ui ed . : : i it i put of
suppl i ed to therother bPpgr Ler@nal #fptheg NOR ci ra o?@%@% dut o

the NOR circuit 21c is supplied to one Input termn circuit
21u via Ghe i nyerpBle@i tEUWKS AHer 2ndidr afdhnZlaild s The Si@wali VAESTD is
supplied to the other input term nal of the NAND circuit 21u. An output of
the NAND circu2ib 21uAn sowtppt il tioe theR atheFuithmits tersipsdied the NAND
‘circuit 2le. An output of the

: : to one input terminal of a NAND circuit 21s through

inverter circuits 21j, 21_j7 and 21.73. The signal
RTESTD is supplied to the other input terminal of the
10 NAND circuit 21s. An output of the NAND circuit 21s is
supplied to a second input terminal of the NAND circuit
- 21d. The signal WEB is supplied to the other input
terminal of the NOR circuit 21c. An output of the NOR
circuit 21c is supplied to one input terminal of a NAND
15 éircuit 2lu via the inverter circuits 211, 21_4¢ and
21-74. The signal WTESTD is supplied to the other
input terminal of the NAND circuit 21lu. An output of
‘the NAND circuit 21u is Supplied to the other input
‘terminal of the NAND circuit 2le. An output of the
20 - NAND circuit 2le is produced as a signal WENBL through
- an inﬁerter circuit 21n and supplied to a third input
terminal of the NAND circuit 214 thrdugh_an inverter
circuit 2lo. An output of the ﬁAND ciréuit.21d is
prodﬁced as the signal RENBL through an inﬁerter
25 ‘circuit 21p. - | |
A Thelsignal QEB'is supplied to one,input terminal

~~ of a NOR circuit 21.715 via an inverter circuit 21.,g.




20 NAND circuit 21e is produced as a signal VENBL through an inverter

circuit 21n and supplied to a third input termnal of Mﬁﬂg"d uit 21d
through an inverter <circuit 21o. An output of the NAN 'ﬂﬁ?%U|trgqéﬁis

produced as the signal RENBL through an inverter 25 circuit 21p. The signal
OCEB is supplied to one input termnal of a NORcircuit 21 _12 via an
inverter circuit 21_20. 27 Novenber 2006 ,41 The signal WEB is supplied to
the other input terminal of the NOR circuit 21 12 via an inverter circuit
21 21. An output of the NOR circuit 21 12 is supplied to one input

termnal of e 0 [g\g.yp lrcuits 21, 15 and ,.5 21 .16. The signal. RTEST is
supplied to tﬁgﬁ]%t%% i np‘jﬁ"%ﬂi Jijéér%n’ll:)nE(;;l}r_'l%(fl %etkf\ﬁ\m% c%ﬁffu%@ﬁ%‘?“ﬁ]e si gnal

WIEST is sup %eﬁﬁ$E§5§ec££t Ei%%?&%téiéﬁ Iiﬁg%éﬁé%ﬁgyﬂ%Ul'r it 21 16.

An out put of t Circul pr oduced e signa and

suppl i ed to ong, ipgud bt oh PR &i MWD L1T UL Aot utput of the
NAND circuit 21 16 iéuproduced as tﬁb si gnal V&%Sf% &tgﬁggﬁ?ed to the

ot her input tejmd Ndp@f tdenNAND ofidLet to2uidD Ar@utiuts of grhﬁucNAND
‘circuit 21 _17 is produced as a signal RWMESTD. 15 In the |nf% nal control

signal deneratilmn €i rcThd s24) tHEESBVES Ss\fpSiahals HRESand MIEST are
all Tow in the normal read node for reading cell data and the nornal
wite node fortesminalg aielthelN/AND Tierdemel 81 0f 5.  The signal WTEST
' is supplied to the other input terminal of the NAND
circuit 21.q¢g. Anroutput of the NAND circuit 21_.q15 is
produced as the signal RTESTD and supplied to one input
10 terminal of a NAND circuit 21.17. BAn output of the
NAND circuit 21.74 is produced as the signal WTESTD
énd supplied to the other input terminal of the NAND
circuit 21.77. BAn output of the NAND circuit 21l.17 is
produced as a signal_RWTESTD.
.15. | In the internal control signal generation circuit
21B, the levels of signals RTEST and WTEST are all low
- in the normal reéd mode for reading cell data and the
.normal write mode for writing cell data. The levels of
signéls RTESTD énd WTESTD are high,‘and the‘level of
20 signal RWTESTD is low. The signals RINT, RENBL and
WENBL depend upon signalé CEB, OEB and WEB. 1In a
standby staté, the level of signal CEB is high and
‘the levels of signals RINT, RENBL and WENBL are low.
In the read mode, the levels of signals CEB and OEB1are
25. f low,.the'level_éf signal WEB is'high, and the . levels
' of signals RINT and RENBL are high, andzthe level of

hSignal-WENBL is'low._ In the write mode, the levels of




signal s RTESTD and WIESTD are high, and the | evel of 20 signal RWESTD i s
|l ow. The signals R'NT, RENBL and WENBL depend upon si ghpak; %ﬁﬁ%g&ﬁB and
VWEB. In a standby state, the |level of signal CEB is hlgh an evel s
of signals RINT, RENBL and VENBL are |ow. In the read node, the |evels of
signals CEB and OEB are 25 low, the level of signal VB is high, and the
| evel s of signals RINT and RENBL are hi and the level of signal VENBL
islow In the wite node, the |evels of Novenber 2006 42 signals CEB
and VB are low, the level of signal OEB is high, the |evels of signals

I th
normal | mode, VT AL IR HAESTD | ©F ol PO F@{‘gﬁﬁ of
Lorminal 110 A O e e AR IR ad 3R 8 ieana 1 ne

level s of si gnals QRB ARk VER alie i Ohkeydt, the ; Jpad Ort t ode,  the
| evel of.- signal RTEST is 10 hlgh%%nd t hat ofﬂilgndl Q?Egﬂﬁ OM/ The

level of signddFRNS lavm1 it diata 0fRi¥NIrD Sidighy, And L rfbﬁlg)z%o.nd

enbodi ment, the level of signal RENBL is high and the internal ration
‘i's brought i ntpath refdhepEhdnd ¢ ot dd18s alNefotharhnddtddiegwite 15
noni tor test ‘node, the level of signal WIEST is high and that of signal
“VENBL i s hi ghthendiattee dinpar/maltpuapeareatriionl S Awiqught into a wite
operating state.

In the test mode, the level of signal CEB is low
and the levels of signals OEB and WEB are high. 1In the
- read monitor test mode, the lewvel of signal RTEST 1is
10 high and that of signal RTESTD is low. The lével of
signal CEB is low, but that of RINT is high. As in the
second embodiment, the level of signal RENBL is high
and the internal operation is brought into a read
operating state. On the other hand, in the write
15 monitor test mode, the level of signal WTEST is high
and that of signal WENBL is high, and the internal
operation is brought into a write operating state.
In both the-test modes, the level of‘signal RWTESTD
becomes high. Thus, an internal circuit (output bath
20 of cell data) separates from the internal control
signai generation circuit 21B. . In other words, the
switch circuits 31C and data 1nput/output termlnals
VI/Ol are connected to each other in order to output
data (timing control_signal) Di from the switch
25 Vcircuits 31C. |
| If‘signalAOEB or'WEB is set at a ldw-levéliat

the same time when signal:CEB is set at a low level,




In both the-test nodes, the |level of signal RMESTD becones high. Thus, an
internal circuit (output path 20 of cell data) separatQ§7§6Qghk§§0%pterna
control signal generation circuit 21B. In other words sSWwtc

circuits 31C and data input/output termnals 1/QO are connected to each
other in order to output data (timng control signal) D fromthe swtch
25 circuits 31C. |If signal OEB or VEB is s at a low level at the sane
time when signal CEB is set at a |low | evel, 27 Novenber 2006 43 the |evels
of signals RTESTD and MWESTD becone hi gh. Cbnsequently, signal s RENBL and

. f.th I I
?FNE.LQXZ{VOVE“S%%‘% at EOT R PR TR R e i o

signal WEB is &Qﬁi ﬁgﬁ@g T V. f signa
RWESTD i s |OC\I:N The stat es o% at a mpu@/@%}\tq%%??%%ff@r k?m rcuits 23A
and switch ci r@x&é@éﬂ@&{&&ﬂt@idgﬁﬂéw dis they nprgel pp eﬁ?é' on mode.

“Therefore, the device 10 can read and wite cell data. Even though the
signal s 'RTESTLeawnsel WESTH @£l B ais a1 dw ghehsyvelr i 4% dhe tresipr, nogdes

descri bed above, they can be switched to the nornal™ operation node by '
setting & he | évigdls. of I8ignal levdER finghi JNED. lwap {15 Fg Bdxishoms an exanpl e
- of arrangenent of the test control .circuit 32B. As in the test control
signal WENBL is high. The level of signal RWTESTD is

low. The states of the data input/output buffer
circuits 23A and switch circuits 31C are equal to those
in the normal operation mode. Therefore, the device

10 can read and write cell data. Even though the signals
RTEST and WTEST are set at a high level in the test
modes described above, they can be switched to the
normal operation mode by setting the levels of signals
OEB and WEB low. |

15 | FIG. 23 shows an example of arrangement of the
test contrel circuit 32B. As in the test control
circult 32A shown in FIG. 12, an output of the NOR
circuit 32d is produced as a signal RTEST and that of
the NOR circuit.32f is produced as a signal WIEST.

'20 _ However, the .circuit 32B includes neither the NOR
circuit 32g nor inverter circuit 32n which generates
the signal RWTEST.

- The switch circuits 31C cofresponds to the switch
circﬁit 31C' shown in FIG. 15 to which the internal

_25 control signal generatlon circuit 21B supplles a 51gnal

. RWTESTD in place of-the-51gnal RWTEST.

In the fourth embodiment described_aboﬁe, when the




circuit 32A shown in FIG 12, an output of the NOR circuit 32d is produced
as a signal RTEST and that of the NOR circuit 32f is Hessh si gna
WIEST. 20 However, the circuit 32B includes neither the ?ﬁg? cﬁ?gﬂﬁ% 329
nor inverter circuit 32n which generates the signal RMEST. The switch
circuits 31C corresponds to the swtch <circuit 31C shown in FIG 15 to
which the internal 25 control signal gengration circuit 21B supplies a
signal RWESTD in place of the signal EST. In the fourth enbodi nent
descri bed above, when the 27 Novenber 2006 44 | evel s of signals CEB and

VEB are hi gh angd, dhe J@Vselqrﬁglss(%a |nput és Iov¥{ t.he d Vil_l‘?ee& ezlﬁ n t he

t est node. In thl's case

timng controlgighgnaleg:g |fs the, | ausl d)etv %[%riag sBetCth dé%d&%f tcpat of

signal CEB is |ow, the deV| ce I's set € normnal Tea Fhis
case, not the 1d iHHiRY U ! GIhsi BN S K%:HI ig/Qutput  from
t he data input/out put terminal 1/0. en the (%% #Eg?%nal Bis |ow

‘the device is agiputh tiei kP aeitmll Widmpde 14 nidi fev@S & r dat@ s
witten to the nenory cell- fromthe data input/output termnals I/G.

- Accordi ng to BB fisurlidw énfodinentof tdieyar AR iQPErad, Nehddsyiakd jishe test
‘modes for nonitoring 15 an internal operation can easily be sw tched by
: _set in the normal read mode. In this case, not the

timing control signals but normal cell data is output
from the data input/output terminal I/0i. When the
level of signal WEB is low, the device is set in the
10 normal write mode. In this case, data Di is written
to the memory cell from the data ihput/output
terminals I/Qi.
According to the fourth embodiment, the normal
operating mode andlthe test modes for monitoring
15 an internal operation can easily be switched by
a combination of external control signals. For this
reeson, the device of the pfesent invention efficiently
ope;ates particularly when the internal operation is
monitored while comparing fwo‘states of the nofmel |
20 operating mode and test modes and while rewrltlng data.
(Flfth Embodiment}
FIG. 24‘shows an e#ample of a configuration of
.a semicenductor memory device (semiconductor memory
chip).according to a fifth embodiment of the present
25 | 'invention. In_ﬁhis embodiment,-the test modes and
normal operatlng mode c¢an be switched in response to

an external control 51gnal (fourth embodlment) and the =~




a conbi nation of external control signals. For this reason, the device of
the present invention efficiently operates partlcuIarIy7N@&ﬁﬁkp?o&pterna
operation is* nonitored while conparing two. states of the norma

operating node and test nodes and while rewiting data. (Fifth Enbodi nent)
FIG 24 shows an exanple of a configuration of a sem conductor nenory

devi ce (sem conductor nmenory chip) accorging to a fifth enbodi ment of the
present 25 invention. In this enbodinent, the test nodes and normal
operating node can be switched in response to an external control signal

(fourth enbodiy@rd)i and &hey 2 NovenD raggogoléén eﬁeétnfﬁgédafﬁg%%égnal

and colum select line driving™ signal can be nDnl ore ment) .

The sane con&mmmﬁj;éﬁhtm@Sﬁbﬂitéf@afFf@ﬂ?&“@hﬁ@@iﬂ?ﬁﬂp Fopird hoame

enbodi ments are denoted by the sane reference nunera 5 and therr

det ai | ed descréquip@ientas ca®ntlidesl. offhend i féhegobogi FBNEG COLY espRRES tO the
sem conduct or nenory chip shown in FIG 21 to which the quasi-colum

sel ect circui tenfi@Al(smet | Ge 13nained the tigelasimé OMe EEEOEEE Gidiarhls 13A
(see FIG 18) are added. 10 The configuration of the fifth enbodi nent

all ows % semawhdidetior demrled higsdipnipbotdrd uncttoss. of the third and
fourth enbodinents to be achieved. More specifically, not only the test
nodes and normal  oPk® afi fgh nerdeodbmeve cokresieonds tespomse to an

semiconductor memory chip shown in FIG. 21 to which the
quasi-column select circuit 12A (see FIG. 19) and the
quasi-row decoder circuit 13A (see FIG. 18) are‘edded.
10 The configuration of the fifth embodiment allows
a semlconductor memory chip having both functlons
of the third and fourth embodiments to be achieved.
More specifically, not only the test modes and normal
operating mode can be switched in response to an
15 ‘external control signal but also the quasi-word line
.driving signal WLmon and quasi-column select line |
driving signal CSLmon can be monitored.
(Sixth Embodiment)
FIG. 25 shows an example of a configuration of
20 a semiconductor memory device (semiconductor memery
chip) according to a eixth embodiment of the‘present
invention. The semiconductor memory device has
.-an external control mode for aliowing timing control
' signels'to receive ffom outside as.welL as a monitor
25 - test mode for outputting timing control signals-from _
| "data 1nput/output termlnals I/0i. ‘The'Same oomponents

as those of the second embodlment are denoted by the




15 external control signal but also the quasi-word Iine drivi ng si gnal
WLnon and quasi -columm select line driving signal § a&pltored
(Sixth Enbodi ment) FIG 25 shows an exanple of a conflgura Ion o? a
sem conductor nenory device (sem conductor nenory chip) according to a

si xth enbodi nent of the present invention. The sem conductor nenory device
has an external control node for allowi ng,timng control signals to
receive fromoutside as well as a nonitor 25 test node for outputting
timng control signals fromdata input/output termnals I/G . The sane

conponent s S SEGO t.are de t he 27
Novenber 2006 %;Egsg%%’é¥% cgef enceg%‘ﬁﬁer aﬁqgngﬁ%lfh Jgjg?cg ?%%CB&E%‘?% ons
are omtted. Agg@rgmfg%é@ the sixth enbodi ment, as illustrated in FIG 25,
the device is set In e test node or 5 external control node in response

to signals MON and ntdRreupp!i&dhe §M§:ﬁheﬁb{>]ﬁﬁ'ﬁé§t & T1omactestgcontrol

circuit 32C. Wien the | evel  of signal he deV|ce I's ' set in the

test node. Wemthesl ev®) wfe sdgned {NPsis f&hgfhetﬁ@s@%é&@ &8 set in the
external 10 control node. -The signals MON and INP are controlled by a

combi nati on ofestemedls AR{inol BAR{d)in ARESPomssl +BAR(Aa SNt eghd rom the
address input termnals 26a of address buffer circuits 26.
INP supplied to switch circuits 31D from a test control
circuit 32C. When the level of signal MON is high,
the device is set in the test mode. When the level of
signal INP is high, the device is set in the external
10 control mode. The signals MON and INP are controlled
by a cbmbination of signals AR(1), BAR(l), AR(2}) and
BAR(2) supplied from the address input terminals 26a of
address buffer circuits 26. |
FIG. 26 shows an example of arrangement of the
15 test control circuit 32C. The signal BAR(1l) is
supplied to one input términal of a NAND circuit 323
and. one input terminal of a NAND circﬁit 32_5. The
signal BAR(2) is supplied to the other input terminal
of the NAND ciréuit 324 and one input terminal of
20 a NAND circuit 32_3. The signal AR(2) is supplied to
the other input terminal of the NAND circuit'32_2 and
one input terminal of a NAND circuit 32_4. The signal
:'AR(l)'is supplied to the other input terminal of the
NAND'circuit 32.3 and the other input terminal of the
25 NAND circuit‘32;4.. An output of the NAND ciréuit 321
| 'is supplied:to_one'inpﬁt terminal of a NAND_circuit_

32_¢g via an invérter_circuit”32_5; An'outpﬁt:of the .




FIG 26 shows an exanpl e of arrangenent of the 15 test control circuit

32C. The signal BAR(l) is supplied to one input term 8¢mﬁ%e circuit
32.1 and. one input termnal of a NAND circuit 32_2. e signal BAR(2) is
supplied to the other input termnal of the NAND circuit 32_1 and one
input termnal of 20 a NAND circuit 32_3. The signal AR(2) is supplied to
the other input term nal of the NAND circg%t 32_2 and one input term nal

of a NAND circuit 32_4. The signal AR(1)°is supplied to the other input
termnal of the NAND circuit 32_3 and the other input termnal of the 25

NAND circuit . ut,of the NAND.ci,rcuit 32,1 is supplied to one
i nput terninaﬁé%gbaé%ﬁﬁﬁﬁgi%%U?tls3§E€p F59 OiHQ@rFEPuEiFEEEEHQQJ%f An
out put of the 27 e 0 47 ircuit 32,2 is.su i to one
.iant terninal§6¥&ﬁ% ﬁgfﬁP%?rgﬁr Eg?g%%ﬁrSHgﬁnXﬁrFﬁ§eF%EF8€Lrggf?‘32_7.
An out put of t I Leul I Sa i to,Qne.in termnal of a
NAND c?rcuit é%flo t rgugﬁ t%egﬁAﬁﬁvé%?g?Etisgﬂﬁtl§2§ﬁbpgﬁg%u %ut of the

NAND circuit SfedihsusUpplhefalOofng WARHL L fLIL pak-of a NAND.gircuit
32_12 through an inQ%rter circ%it032_11. AF%?S%%F #%S;ng supplied to the

other irfput tem navértof ¢NecNAND3LifCUIAS Sdtfut 33£8rna2uaAfp and 32_12.
10 An output of the NAND circuit 32 67is supplied to one input termnal of

a NOR circuit SRrduit h3adughis asuppVesd etoCorieéUihipd3?_d3rmMaDubput of the
NARD a NAND circuit 32_7p through an inverter circuit 32_77.

A signal TEST is supplied to the other input terminals

of the NAND circuits 32.g, 32_g, 32_79, and 32_75.

10 An output of the NAND circuit 32_.¢ is supplied to
one input terminal of a NOR circuit 32_74 through
an inverter circuit 32.93. An output of the NAND
circuit 32_g is supplied to one input terminal of a NOR
circuit 32.j¢ via an inverter circuit 32_jy5. An output

15 of the NAND circuit 32_.7¢0 is supplied to one input
terminal of a NOR circuit 32_1g through an inverter
circuit 32,17.  An output of the NAND circuit 32_79 is
supplied to one input terminal.of a NOR circuit 32_5g
through an invefter circuit 32_1g.

20 - An output of the NOR gircuit 32_14 is supplied to
cne input terminal of a NOR circuit 32_04. An output
of the NOR ciréuit 32.1¢ is supplied to one input
‘terminal.of a NOR circuit 32H22; An output of the NOR‘
circﬁit 32,18 is supplied‘to one input terminal of

25 a NOR circuit 32;23,_ An output of the NOR circuit
32_5¢ is supplied to one input terminal of a NOR |

qircuit 32;24.'-A signal_RESETzis‘suppiied to the other




circuit 32.8 is supplied to one input termnal of a NOR circuit 32_16 via

an inverter circuit 32 _15. An output 15 of the NAND CI?PHb&mﬁ%¥ d s
supplied to one input termnal of a NOR circuit 32_18 through an 1 nverter

circuit 32_17. An output of the NAND circuit 32_12 is supplied to one
input termnal of a NOR circuit 32-20 through an inverter circuit 32_19.
20 An output of the NOR circuit 32_14 |ité#pplied to one input termnal of
a NOR circuit 32 21. An output of the circuit 32 16 is supplied to one
input termnal of a NOR circuit 32_22. An output of the NOR circuit 32_18

lied t i nal t 32 A t put of
;ﬁeSKEE L?rcu?%ﬂﬂgglg %ﬂ§£%L fe59%0§§%2C}ﬁ%%% ?e i Add %? thfigfrcﬁlt
32 24. A 6 48 t
S2 24 L anAnEET, fcﬁff‘&??’ﬁ‘%&%ﬁ %@’ezif“% HoRUEREEL 2505 mﬁ'pﬂi’”
(RM of the NQRuspILad ted21rd é‘@lme:?uﬂ%lh@dté 105ﬁeﬁ?é ,\%gcg]
eac t'he CIrCUItS

the NOR circuit 32 _14 and one i nput ternln

32_25 and 32_282_4An and psiie (Fhpuef tdhridNOR oﬁlé%t B2 12 & supplied to
the other input termnal of the NORcircuit 32 16 and t he ot her i nput

termnals of ¢iecNaR 32044 tand@2325, @and BR_Afepdn ot pus s (MY Mz the NOR
circuit 32 23 is supplied to the other input 10 termnal of the NOR circuit

32_18 and to tHe@stHer32inputs tauppidd dfo titee NGFher riouhit 32A6 mnd one
' nput of the NOR circuit 32_34 and the other input terminals
of the NOR circuits 32_55 and 32_57. BAn output (WM) of
. the NOR circuit 32_53 is supplied to the other input
10 terminal of the NOR circuit 32.jg and to the other
input terminal of the NOR circuit 32_s¢ and one input
terminal of the NOR circuit 32_pg. An output (WI) of
~the NOR circuit 32.5,4 is supplied to the other input
terminal of the NOR circuit 32.,3 and the other input
15 terminals of the NOR circuits 32_57 and 32_»g.
An output of the NOR circuit 32_,g5 is produced as
a signal RTEST through an inverter circuit 32_59 and
supplied to.one input terminal of a NOR circuit 32_30.
An output of thé_NOR circuit 32—26 is produced as
20 a signal MON through an inverter circuit 32_37 (mode
select circuit). BAn output of the NOR circuit 32_97 1is
produced as a sigﬁal INP through an inverter circuit
 -32_32 (mode select circuit). An output of the NOR
circuit 32_5g is produced as a signal WTEST through
25 an invertgr circuit 32_33‘and supplied to the other
‘ipput terminal_of'the]NOR circuit'32;30. -An butput of

the NOR circuit 32_3g is produced as a signal RWTEST




termnal of the NOR circuit 32_28. An output (W) of the NOR circuit 32_24

is supplied to the other input termnal of the NOR cirgu d the
other input 15 termnals of the NOR circuits 32 27 an&ﬁggﬁgéﬁmﬁgm%ﬂtput of

the NOR circuit 32_25 is produced as a signal RTEST through an inverter
circuit 32_29 and supplied toone input termnal of a NOR circuit 32_30 An
output of the NOR circuit 32 26 is produc g as 20 a signal MON through an
inverter circuit 32 31 (node select circuit). An output of the NOR circuit
32 27 is produced as a signal INP through an inverter circuit 32_32 (node

select circuit ut put he NOR cirgyit 32 28 is produced as a
si gnal WIEST tE?gégﬁﬂzéga%n?%gé?feFlEFP&Ei§E3§ﬂ33 and supplied to the other

i nput termnal of t LLECU] 0. t Cj it
32330 i s produced aggawgggggFeﬁbéﬁg%eg7cﬁ%&&%@egggogé a%gg?ﬁggzgkﬂgﬁ
inverter circuthe3 N~ ¥ hg« c | Clrgxli by 3 S reg when
;h; Ievelslofugﬁangfgéiéxff gﬁ%§%%52§ﬂg?g Fggl%%¥?)t%%é F%@efﬁg?eg?%nal MON

becones high (tvandogosdges] tMaly BebmssIAREH RTESTand Nsd hiSe§a8Rat t he
circuit is brought into a read nonitor test node for nonitoring timng .

control Signalsfisithel nRTE®E. r end oRde. c¥bep the clemelt ofssh htAR( 1) is
low (L) and that of signal AR(2) is high (H), the level of signal |NP
- becones hi gh 10ntndaspeddesontiadr ofest gnatie RFES Tmon it d i 1sg cateing he
control signals in the normal read mode. When the
level of signal AR(1l) is low (L) and that of signal
AR(2) is high (H), the level of signal INP becomes high
10 and so does that of signal RTEST. In this case, the
circuit is brought into a read and external control
mode for allowing timing control signals to receive in
the normal read mode. When the level of signal AR(1)
is high (H) and that of signal AR(2) is low (L), tﬁe
15 level of signal MON becomes high (H) and so does that
of signal WTEST. In this case, the circuit is brought
‘into a write monitor test mode for monitoring timing
" control signals in the normél write mode. When the
levels of signéls AR (1) and AR (2) are high (Hf, the
20 level of signal INP becomes high and so does that of
| signél WTEST. 1In this case, the circuit is brought.
into a write and éxternal control mode for allowing
timing control signals to receiﬁe in the normal write
mode;
25 o o The switch circqits 31D include a plurality of
o switch circuits BIDP. EIG._Q?_shbﬁs an examble of

one of the switch circuits 31D'. - Each of the switch '




circuit is brought into a read and external control node for al | owi ng

timng control signals to receive in the normal read me?ﬁ?26@f | evel
of signal AR(1) is high (H and that of signal AR(2) iS 1ow : e 15

| evel of signal MON becones high (H) and so does that of signal WIEST. In
this case, the circuit is brought into a wite nonitor test node for
monitoring timng control signals in the gornal write node. Wen the

| evel s of signals AR(1) and AR(2) are hig% (H, the 20 I evel of signal INP
becomes high and so does that of signal WIEST. In this case, the circuit
is brought in Lt nd.external control de for alloywing timng
control signalégfguﬁgge?%g i iRERBARS, Faf ﬁPV?EggﬁnﬁéchBt?h Ruoitch
circuits 31D igg¢hude a. pl | 4 of witch circuits 3 FI G , 27 shows an
exanpl e of oneﬁaf fhe 'svﬁ%hﬁclly‘r%’uﬁ‘éo '%ﬁﬁs%arctgaotfest @Ds'vﬁ €K 27 Novenber
2006 50 circugip_glDyhngludes,shXubav . G [ 31D D2, , and
31D 6, two transfe? ga?e2§3§€L§n§%deglﬁféﬁg%ﬁggggcﬁggﬁ%Ia%ﬁf? Fah%i stors

31D 9 and 31D 3 dnt I LS s. 31 1 d 31D-12 5
) A0 +ROUnt ¥RaAnENaANBE t%/%@f.i%%gfg ﬁ%_%f hd 3RO,

Wien the | evel of signal INP is high swtchcircurt recei ves

a pluralsty of timwgenCentr okvelgpal §ig8adatrRpDisf hognt ) datge o
i nput/output termnals I/G through the data input/output buffer circuits
23A. Then, theswitchitiBdiitsBppliescéhecdataplurality of timing
control signals as data Di from the data input/output
terminals.I/Oi through the data input/oﬁtput buffer
circuits 23A. Then, the circuit 31D supplies the data
‘10 Di to the respective components as data SiD. On the
other hand, when the level of signal MON is.high, the
circuit 31D' receives a plurality of timing control
signals as input signals Si. Then, the circuit 31D’
converts the input signal Si into data Di and outputs
15 - it to the data input/output buffer circuits 23A from
‘the data input/output terminals I/Oi.

Of the timing control signals, for example,
signals SAEBL(SI), BSEBL (82), '“; and PLEBL(Si)‘are
supplied'through the switch circuité 31D as signals.

20 sAEBLD(SlD), BSEBLD(S2D), ‘-*, and PLEBLD(SiD),
'respéctively. |

The timing céntrol signals can thus_bé suppliéd '
ffom outside. Consequently, thé timing df-an internal
‘operétion, a delay ‘in signal, etc. can be evaluated

25 ‘more easily. | , | | - |
(Seventh Embodiment)

, ,7EIG.'28 shows_an'example.éf‘a configuration of




10 Di to the respective conponents as data Sin. On the other hand, when

the level of signal MONis high, the <circuit 31D rec lity of
timng control signals as input signals Si. Then, theg%vﬁiﬁ%FBg%ﬁﬁ

converts the input signal Si into data DI and outputs 15 it to the data

i nput/output buffer circuits 23A from the data input/output termnals
I/Q. O the timng control signals, for fﬁanple, signals SAEBL(SI),
BSEBL(S2), , and PLEBL(Si) are supplied rough the switch circuits 31D as
signals 20 SAEBLD( S1D), BSEBLIX SZD) , and PLEBLD(Si D), respectively. The
timng control gnals éan t hus sugglled from out si de. Consequently,
the timng of ﬁn fit &Ph PCt85eP§FP6H VHEE afSERLSPRAFTOB: REMRER be

|uated 25 Seyenth_Enb FIG 28 le of

2 eont1 gur at  oh6) 29 RBL BT 58668%?‘?5*1s%ﬁ?%smae{:o?figﬁ%%?%%%xﬁgp 00
duct h mbodi pEpt _of th

brasent i nventToRE TR he e lin: R LREN, FERPEIEREE: {EPnSr TERRA T of mode

for allowing tE8hgofORbAR! £5L0RR) Sulfg 5t£1§f§% o££9&0§£gh9f5098 be set

(sixth enmbodiment) and a test e and & nof oper at node-can be
switcheds to eagheObBefré 688PPASCCER @étgé@atsmr&hbéa%@ﬁ ddpurth

enbodi nent). The sane conponents as those of
: a test mode and a normal operating mode can be switched
to each other in response to external control signals
(fourth embodiment). The same components as those of
the fourth and sixth embodiments are denoted by the
10 same reference numerals and their detailed descriptions
are omitted.

- The seventh embodiment corresponds to the
semiconductor memory éhip shown in FIG. 25 in which the
internal control signal generation circuit 21B (see

15 FIG. 22) supplies an output test signal RWTESTD to the
data input/output buffer circuits 23A and test control
circuit 32C'.

FIG. 29 shows an example of arrangement of the
test control cifcuit 32C'. In thisrcircuit, an outpﬁt

20 of a NOR circuit 32_5¢ is sﬁpplied to one input
‘terminal of a NAND circuit 32_35. An output.of a NOR
circuit 32_27715 Supplied to one input terminal of
a NAND circuit_32_36. An output test signal RWTESTD
is'sﬁpplied to the other input terminals of the NAND

25 . Ccircuits 32_35_aﬁd 32_3¢ from the internal contfol
signal genérétion'circuit 21B. Then, an output of the

NAND circuit 32 35 is’ produced as - a 51gnal MON and that




the fourth and sixth embodi ments are denoted by the 10 sane reference

nunmeral s and their detail ed descriptions are omtted
enbodi ment corresponds to the sem conductor nenory chl%?§'§§¥§¥%&¥i6. 25

in which the internal control signal generation circuit 21B (see 15 FIG
22) supplies an output test signal RWMESTD to the data input/output buffer
circuits 23A and test control <circuit 32§' FIG 29 shows an exanpl e of
arrangenent of the test control circuit 5C. In this circuit, an out put
20 of a NOR circuit 32_26 is supplied to one input termnal of a NAND
circuit 32_35. _An_gut of .a ircui,it 32 27 is supplied to one i nput
terninal of a ﬁﬁNEﬁ 'gﬁﬁptcﬁﬁcgmﬁ % -36t pit Praskcefgasl o RevresTd IV
supplied to th i t nlna f the ND, 25.circyits 32 35 and
RoRb oL 988 ConkngggﬁEF3$£ ggglr&HFiuéﬁﬁ nEhERET gn

32_36 fromthe |nternél &ont 31g

output of the g git p d that 27
Novenber 2006 - 52 of tthk&hgé ?SCUI% égggggglgér%dﬁi gs&gﬁgggn%?rlNP.
However, the tgst;igoettel gifggig 32C, ,includes neither a NOR circuit
32_30 for generating a signal RWMEST A8F  an inverter circuit 32-34 5 Wth

the abov® circuit ami@RYERENiboRe SEMEEANt QHEEH BRI Ya C ?éﬂl@@ﬂLng bot h
t he functlon according to the fourth enbodlnen and th unctron (external
ductor memory chip having both the functlon according
to the fourth embodiment and the function (external
- control mode) according to the sixth embodiment can be
achieved. More specifically, not only the test mode
10 and normal operating mode can be switched to each other
in response to external control signals, but also
timing control signals can be supplied from outside in
a mode different from the test mode for outputting the
timing control signals from the data input/output
15 terminals I/Oi.r
In the respective embodiments described above,
upon receiving a test signal TEST, which is a pulse
signal from a test éntry circuit, the semiconductor
memory chip is set in the test mode. As another
20 method, for example, a high-voltage signal or a command
can be input to sét the chip in the test mode.
Additional éﬁvantages and modifications will
readily océur to thosé skilled in the art. Therefore,
the 1nvent10n in its broader aspects is not llmlted to
25 the_spec1f1c_deta1ls and representative embodlments
shown and described herein.. Accordlngly, various

_modlflcatlons may be made w1thout departlng from the




control node) according to the sixth enbodi nent can be achieved. Mre
specifically, not only the test node 10 and nor nal opergjﬁggﬂﬁagg(ﬁﬁn be
switched to each other in response to external control signals, %ut al so
timng control signals can be supplied fromoutside in a node different
fromthe test node for outputting the timng control signals fromthe data
i nput/output 15 termnals I/Q. In the r$§pective enbodi nents descri bed '
above, upon receiving a test signal TEST, which is a pulse signal froma
test entry circuit, the sem conductor nenory chip is set in the test node.

As anot her 20 geippd, f0 L gh-vol t age signal_or comand can
be input to se{ﬁt he ¢ )l'tp&l:ﬁ t@?%%% %%%%‘.FaPA%‘??I?%Hg? %%%?’Hatagaess and

modi fications gétins@ad | hOCedfod NOBL:SKI [ th Ther ef ore,
the invention inits gg%ader asﬁ%ct% IS %%§§|%%§?%%Q%% géﬁﬁ%%&?éﬁ%&ﬂfic
details and representative enbodi nents shown and descri bed herein.
Accordingly, various nodifications may be nmade w thout departing fromthe
27 Novenber 2006 53 spirit or scope of the general inventive concept as

defined by the appended clainms and their equival ents. 27 Novenber 2006 54
CLAI MS 1. A semconductor nenory device conprising:




a nenory cell array; a plurality of input/output termnals to input 5 cel

data witten to the nenory cell array and output cell gafa taad ddsom the
menory cell array;, a test nbde setting circuit which sets a test node to

monitor a plurality of timing signals which control input/output operation
timng of the cell data; and 10 switch circuits which sinultaneously output
the plurality of -timng signals fromthegplurality of i nput / out put

termnals in the test node. 2. The sem conductor nenory device according to
claim1, further conprising a state control circuit 15 which controls the

device so as to operate in a nornal %pirit#”ﬂ nge when the test node is
set by the test nopde setting circuit he Sem conductor nenory device

according to claimzg, M@éﬁhﬁoﬁﬂﬁc%i‘t Fﬁg?%rﬁévﬁtécgbﬁ gﬁ%ﬁn he 20

device in a normal read node to read a In respon n i nput

| evel of an externah mégbal. céllTQgrg nlconductor menory devi ce accordlng
to claim2, wherein the state control circuit sets the device in a nor nal

wite node to witeacelbrddiayi 6£25npaspensgut OtapninRYL tevehoef a
external signal. 5. The sem conductor nenory devi ce according ? cla|n12

wherein  he stegll cdafta obrLtteni toi shpaténefy 2de Noverbey 20860ubbut he test
nDde setting circuit.
cell data read from the memory cell array;

a test mode setting circuit which sets a test mode
to monitor a plurality of timing signals which control
input/output operation timing of the cell data; and

10 switch circuits which simultaneously output the
plurality of timing signals from the plurality of
input/ocutput terminals in the test mode.

2. The semiconductor memory device according to
claim 1, further comprising a state control circuit

i5 which controls the:device S0 as to operate in a normal
operating mode when the test mode is set by the test
mode setting circuit.

3. The semlconductor memory dev1cé accordlng to
clalm 2, whereln the state control circuit sets the

20 device in a normal read mode to read cell data in
respohse to an input level of an é#ternal signal.

4. The semiconductor memory device according to
claim 2, wherein the state conttol'circﬁit sets the
devide in a normal write mode to write cell data in.

25 .respgnse to an input level of an external sigﬁai.l
5. The semlconductor memory dev1ce accordlng to

clalm 2 wherein the state control c1rcu1t is part of




6. The sem conductor nenory device according to claim?2, further
conprising an internal control signal generation circuﬁfhwgaﬁﬁaggagrols an
internal operation 5 in the normal operating node in response {6 I nput
timng of an external control signal. 7. The sem conductor nenory device
according to claim®6, wherein the internal control signal generation
circuit switches the test node and the no | operating 10 node to each
other in response to an input |level of an “external control signal. 8. The
sem conductor nenory device according to claiml1, wherein the switch

circuits inclu a u Lt .switch ci.rcuits and each of the switch 15
circuits has agﬁfrgsgkrﬁgggtéeg%%ggi%ﬁﬁﬁP&ﬁ'is operated by an external

pover supply vol tage. 9rnIhecaspbaanducton Ry hdavios ageanding, to

claim1l1, wherein the switch circuits inclu urality o C

circuits, and eaghnob, tharenblCBoR0rELERY! kS 1A InaeCaBLLEh SLALRAG roul t

which is operated by a dedi cated power Supply voltage ot her

~external powergetpphyival tageuafdwRi¥al kagero3W hehiRdeChEtUbbe AL SH
swi tches between the external power supply voltage and the dedrcatea power

supply 25 voltagthelfioriibe spstrsofdyCholcNBADEY sge¥MEEeraceqpding to claim
9, wherein the second tristate circuit and the 27 Novenber 2006 56
timing of an external control signal.

7. The semiconductor memory device according to
claim 6, wherein the internal control signal generation
circuit switches the test mode and the normal operating

10 mode to each other in response to an input level of an
'external control signal.
8. The semiconductor memory device according to
claim 1, wherein the switch circuits include a
plurality of switch circuits and each of the switch
15 circuits has a first tristate circuit which is operated
by an external power supply voltage.

9. The sémiconductor memory device according
to c¢laim 1, wherein the switch circuits include a
plurality'of switch circuits, and eéch of the switch

20 circuits.has a second tristate circuit which is
operéted by a dedicated power supply_voltage.other
than an external power supply voltage and a voltagé
'switching circuit which switcheé between the external
powef'sppply voltagé and the dediqated poWer supply

25 volfage. ' |

10. th¢ semiconductor memory:deviCe éccdrdiﬁg\fc

claim 9, wheréih‘the;sedond'tristate circuit and the




voltage switching circuit each include a protection transistor, and a

positive potential is applied to gates of the protectifpy- %%%. .11,
The sem conduct or nmenory device according to 5 claiml1, h? er§§@%prising

a plurality of buffer <circuits connected to the plurality of input/output
term nals, respectivelty. 12. The sem conductor nenory device according to
claim1l, wherein the plurality of bufferSgircuits 10 include a first
buffer circuit to output cell data from ©ne of the plurality of

i nput/output terminals in the test node and a plurality of second buffer
circuits to o Lty of tim ng signals from other input/output
terminals in tﬁéﬁyégg %%gééhi§¥1§?r?ﬁétg%ﬁ?bgﬁ&&i?&ﬁ ReRBPYcFé¢PEe
according to glajm wher gi .second buffer . circuits.each include a
path switching c?rcu%?ogﬁdgégt%ubg§ﬁ§§%8IEPEFFF§a&leiﬁ?ﬁ igAghQ's from the

plurality of —bapub/gel pHb Le6ELBRLSy Ry LhEsLest Mode. 20 14. The

sem conduct or nenory devi ce accor g aim 13, wherein the path

switching circuit is, C@H&r§éh§§oﬁMuéEoQuﬁQHbrgidEQEc%e?%cggg§E§e£ging

circuit. 15. The semi conductor nenory device accordin _ arm 11
wherein $he plotaimty, ofubthéer cehpeibifig ngmukaimﬁypbyrﬂhkarof timng
S

signals fromthe plurality of input/output term na in the test node. 27
Novenber 2006 circuits connected to the plurality of input/output
| terminals, respectively.
12. The semiconductor memory device according to
claim 11, wherein the plurality of buffer circuits

10 include a first buffer circuit to output cell data from
one of the plurality of input/output terminals in the
test mode and a plurality of second buffer circuits to
output a plurality of timing signals from other
input/output terminals in the test mode.

15 13. The semiconductor memory device according to
claim 12, wherein the second buffer circuits each
include a path,switghing circuit and output the

- plurality of timing signals from the plﬁrality of
input/output tefminals in the test mode.

20 ' 14. The semiconductor memory device accofding to
claim 13, wherein thé path switching circuit.is
controlled by an ocutput of the test mode'setting
.circuit. |

i5. The semiconductor memory device according to

25 claim 11, wherein thg plurality of buffer circuits

output the plurality of timing signals from the

plﬁra}ity of input/output términals in the test mode.




57 16. The sem conductor nenory device according to claim1, which further
conprises a quasi-row decoder circuit which is equival eniol@nistr 2oy decoder
to drive word lines fornmed in the nenory cell array, and in 5 which the
swtch circuits output quasi-word line driving signals generated fromthe
quasi -row decoder circuit fromone of the plurality of input/output
termnals. 17. The sem conductor nmenory deyvice according to 10 claim]1,
whi ch further conprises a quasi-colum select circuit which is equival ent
to a colum select circuit to drive colum select lines formed in the

memory ool | arrayicanduko ybheRohRECENE Al Shy 4Ly P QULRBML, qgluas]; col um
rm Se

sel ect signals generated fromt quasi Circui rom one

of the plurali¢yaimfi) npd fQUERHERLLT LR Ssed s %@Es?e%&%&'&'&éé)f renory

device according to claiml1, further conprising node select circuit

whi ch control scifen siwieiclei 16Uk &aival 88€OFSlaClowi §b-38e2 £ R@s i on of
external signals and selects one of the test nbde and an external control

node to input wqrdk&nn&xif@fmé@ shotiaé héemerd heepl WiBkabY &hd imput/output
_ternlnahf which the sw1tch circuits output quasi-word line
driving signals generated from the quasi-row decoder
circuit from one of the plurality of input/output
terminals.
17. The semiconductor memory device according to
10 claim 1, which further comprises a quasi-column select
circuit which is equivalent to a column select circuit
~ to .drive column select lines formed in thé memory
cell array, and in which the switch circuits output
quasi—column.select signals generated from the
.15 quasi-column select circuit from one of the plurality
of input/output terminals.

18. The semicohductor memory device according to
claim 1, further comprising a mode select circuit
which controls the*switch circuits in accordance with

20 . a combination of external éiqnals and selects one of
the teSt mode and an external control mode to input
a desired timing signal from the plurality of

input/output terminals.




