WD 03/ 105157 PCT/JP03/07068 1 DESCRI PT1 ON SEM CONDUCTOR MEMORY
DEVI CE WTH TEST MODE TO MONI TOR | NTERNAL TI M NG CONTROL SI GNALS AT 1/0 5
Techni calwbioalias1¥he present invention relates to a sem cord¢EIPa07068enory
device. Mre specifically, the invention relates to a sem conductor nenory
chip capable of easily analyzing an internal operation thereof. 10
Background Art Conventionally, a probing nethod and a nethod using an

el ectron beam have been used to analyze an internal operation of a

sem conductor chip. The probing nethod is to directly read timng of 15

internal signals and variationg &ngvel kagepby appl Wi ng a probe to a node
in a sem conductor chip. In this nethod, the probe needs to be directly

a se . i rectly
oper at 1 B JraOR ARoRE B, Bl rRBReRp ll Ros D on “HPEHEL " chnlBtne

removal Of an oxide film from above a wiring layer. This nmethod requires a
lot of tinme to evaluate the internal operation. Since, noreover, the

probe is brought into direct contact with the node in the chip, the sanple
chip is easily destroyed at the 25 tine of the evaluation. In this case, a

sanple Bhip is often formed fromleRBrB6giinAiled thus, it is difficult to

eval uate the internal operation of the chiR %ﬁth WO 03/ 105157
PCT/ JP0O3/ 07068 The present invention relates to a semiconductor

memory device. More specifically, the invention
relates to a semiconductor memory chip capable of
easily analyzing an internal operation thereof.
10 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.
The probing method is to directly read timing of
15 internal signals and variations in voltage by applying
a probe to a node in a semiconductor chip. In this
method, the probe needs to be directly applied to the
node. Therefore, a sample chip for evaluating an
internal operation of the chip has to be formed through
20 a process such as a removal of an oxide film from above
a wiring layer. This method requires a lot of time to
evaluate the internal operation. Since, moreover, the
probe is brought into direct contact with the node in
the chip, the sample chip is easily destroyed at the
25 time of the evaluation. In this case, a sample chip is
often formed from the beginning; thus, it is difficult

to evaluate the internal operation of the chip with



2 efficiency. The nethod using an el ectron beamis to evaluate timng of
internal signals and variations in voltage by emtting an electron beamto
a node i rwea osaedisonductor 5 chi p and two-di nensional | y re®diragod gnésat i ons
in the potential of the node. This nethod necessitates a very expensive,

| ar ge-si zed apparatus and a sanple chip for the evaluations. This nethod
therefore requires a lot of tinme to makg the eval uations and increase the
costs 10 therefor. As in the above probing nmethod, it is difficult to nake
the evaluations with efficiency. Since the above conventional nethods

require a sanpge;chipcgnd a lot of tine, efficient evaluations cannot be
performed for a target” chip. The nmethods 15 al so require a speci al - purpose

apparatus and thustnhef hib€heat uvevabuahi enscarendbbhincubkt tboewakeain terns

of costs. Mreover, the conventional nmethods are not suitable for
acquiring a |laigengnogninoérdal asignaldeandt vamakeienal int vohtaga Ryew of
variations in lots and 20 wafers. As a nmethod of resolving the above

probl ems, a semitbhdgctor eirenbryndegimeteohat npdeeabyat 5SREPRGUCHAY
evaluate its characteristics has recently been proposed (disclosed in, for
exanpl e5 Jpn. cPap. apgpkno- QEmKGRAPnPb%VlEﬁ?ﬁéﬁghﬁar26§10994éﬁ EB?respondlng

to U S. Patent No. 6,252, 820) Accord r se sem conduct or
nenory deV|ceP0§ﬁnSRANIP§t§@?cnP§ﬁdonF E%9§5ge %ﬁﬁ326§?6766§ery

expensive, large-sized apparatus and a sample chip for
the evaluations. This method therefore requires 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 thus
efficient evaluations are difficult to make in terms
of costs. Moreover, the conventional methods are not
suitable for acquiring a large amount of data in order
to make evaluations in view of variations in lots and
20 wafers.
As a method of resolving the above problens,
a semiconductor memory device that is easy to verify
and evaluate its characteristics has recently been
proposed (disclosed in, for example, Jpn. Pat. Appln.
25 KOKAI Publication No. 2001-52498 corresponding to U.S.
Patent No. 6,252,820). According to the proposed

semiconductor memory device, an SRAM (static random



3 access nenory) for reading/witing data to/froma nenory cell array by
generating an internal control signal froma control signal generation
circuit iwoosaejusnse to a clock signal includes a nonitor PconPoa7o& si gnal
i nput term nal, an output buffer for nonitoring, and a nonitor output
termnal. Such a configuration allows the timng and pul se w dths of
internal control signals that are generated in response to clock signals
to be nonitored. 10 In the sem conductor nenory device, however, sonme of
the internal control signals are output fromthe special-purpose nonitor

out put term nal..Jbhe, oRALLPr foPUERAEIh G/ W DRI nSAsbyetedinomh an envel ope
when the SRAM I s packaged. Thus, the characteristics of the 15 device

cannot be verjfihedosy eyaluategdyabyegenrbeatpagkagi hgtefnshecSRAM L As

descri bed above, the prior art sem conductor nenory device can nonitor the
timng and puksensi dehsm af conteohabigoalrgknsighaps. cHowaverint he device
has 20 a problemthat its characteristics cannot be verified or eval uated
after packagi ngspBhsel bsurecbbcknvdanpdninctedesonduerbEohefdRyTaévi ce
according to an enbodi nent of the present invention conprises a,nenory 25
cell arBay, aspbueadl inpusfterpiRrdut pit OLEPHENRISIES ?ﬁﬁuWOEéfPraaga

witten to the nmenory cell array and outeut celk dat a %ead f%gghthe menory
cel | array, Wen@3p1B3RsFopcrriphs/ oeeBenal. Such a conilgura

allows the timing and pulse widths of internal control
signals that are generated in response to clock signals
to be monitored.

10 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

15 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

20 a problem that its characteristics cannot be verified
or evaluated after packaging.

Disclosure of Invention

A semiconductor memory device according to an
embodiment of the present invention comprises a memory

25 cell array, a plurality of input/output terminals to
input cell data written to the memory cell array and

output cell data read from the memory cell array,



4 a test node setting circuit which sets a test node to nonitor a
plurality of timng signals which control input/output operation timng of
the cell wettajioaasd switch circuits which sinmultaneously eargees/ihe 5
plurality of timng signals fromthe plurality of input/output term nals
in the test node. Brief Description of Drawings FIG 1 is a block diagram
showi ng an exanple of a configuration ot a sem conductor nenory device 10
(sem conduct or nmenory chip) according to a first enbodi nent of the present
invention. FIG 2 is a circuit diagramshow ng an exanple of arrangenent

of an internal £ogtrabgsi Qé\@tlﬂ@n@iﬂ&wﬂ wBi EBUEELE Na t bessenddentoict or
menory chip shown in 15 FIG 1. FIG 3 is a circuit diagram show ng an

exanpl e of apsangeseat pdhiraniepesat tomingnsighats reuithi oonthel

sem conductor nenory chip shown in FIG 1. FIG 4 is a circuit diagram
showi ng an exanplhe/ohtpdd apeaagetoentinindecfdehectedlidstan and

sem conductor nenory chip showmn in FIG 1. FIG 5 is a circuit diagram
showi ng an exawpteh ofirentangehbah simudfannosel¥ceUePREUFRS in the

sem conductor nenory chip showmn in FIG 1. 25 FIG 6 is_a, ci r%wt di agram
showi ng5an expipkealotyapEahgBirBait Ségnééﬁafirﬁ’aqu%uPbHFa%H’e? circuits in

the sem conductor nenory chip shown in F]G VI)83/105157 PCT/ JP03/ 07068
input/output terminals in the test

Brief Description of Drawings

FIG. 1 is a block diagram showing an example of

a configuration of a semiconductor memory device
10 (semiconductor memory chip) according to a first
embodiment of the present 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

15 FIG. 1.

FIG. 3 is a circuit diagram showing an example
of arrangement of an operation control circuit in
the semiconductor memory chip shown in FIG. 1.

FIG. 4 is a circuit diagram showing an example of

20 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 circuits in the
semiconductor memory chip shown in FIG. 1.

25 FIG. 6 is a circuit diagram showing an example
of arrangement of data input/output buffer circuits in

the semiconductor memory chip shown in FIG. 1.



5 FIG 7 is acircuit diagramshow ng an exanple of arrangenment of swtch
circuits in the sem conductor nenory chip showm in FIG 1. FIG 8 is a
circuit dwegsasisishowi ng an exanple 5 of arrangenent of aPCE#gPIXRWNs ol
circuit in the semconductor nenory chip shown in FIG 1. FIGS. 9A and 9B
are circuit diagranms each showi ng another exanple of arrangenent of the
test control «circuit. 10 FIGS. 10A and 40B are circuit diagrans each
showi ng still another exanple of arrangenment of the test control circuit.
FIG 11 is a block diagram showi ng an exanple of a configuration of a

sem conduct or nmenmogygdeyi £& d5-{56R1 E0AdLEEHN FREWVL Yy Cah pexaepbedofig to a
second enbodi nent of the present invention. FIG 12 is a circuit diagram

showi ng an exaPphggerdn@réangenedtt ofreutesticorite obenicondtciort he
sem conductor nenory chip showmn in FIG 11. 20 FIG 13 is a circuit diagram

showi ng an exaspbey ofhi@rslamgenemntFDE. ah. i nternal control signal generation
circuit in the sem conductor nmenmory chip shown in FIG 11. FIG 14 is a
circuit di agram shBingsahsezaapreuipsdofgnaranigeith® af 8XEBPLAput / out put
buffer circuits in the sem conductor nenory chip shown in FIG 11. FIG 15
is acifcuit dfagraamsepeihgoindekarpl €OWEr 9L/ b5yt PET 993/ 07068

semiconductor memory chip shown 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 10B are circuit diagrams each
showing still another example of arrangement of the
test control circuit.

FIG. 11 is a block diagram showing an example of
a configuration of a semiconductor memory device

15 (semiconductor memory chip) according to a second
embodiment of the present invention.

FIG. 12 is a circuit diagram showing an example
of arrangement of a test control circuit in the
semiconductor memory chip shown in FIG. 11.

20 FIG. 13 is a circuit diagram showing an example of
arrangement of an internal control signal generation
circuit in the semiconductor memory chip shown in
FIG. 11.

FIG. 14 is a circuit diagram showing an example

25 of arrangement of data input/output buffer circuits in
the semiconductor memory chip shown in FIG. 11.

FIG. 15 is a circuit diagram showing an example



6 of arrangement of switch circuits in the sem conductor nenory chip shown
in FIG 11. FIG 16 is a signal waveformchart explaining a read operating
noni t or tweto3frexde7 in the sem conductor 5 nenory chip shoRaTIIROFAI7TGS 11.

FIG 17 is a block diagram showi ng an exanple of a configuration of a

sem conductor nenory device (sem conductor nenory chip) according to a
third enbodinent of the present inventien. 10 FIG 18 is a circuit diagram
showi ng an exanple of arrangenent of a quasi-row decoder circuit in the
sem conductor nenory chip shown in FIG 17. FIG 19 is a circuit diagram

showi ng an exgfpl fraDfeRéraNgeNBRitoh &ifu@sts Coh UbRe Sebrttonductot in the
15 sem conductor nmenory chip showmn in FIG 17. FIG 20 is a signal waveform

chart expl ai nhagosy &gl operatingrponi1or test node in the sem conductor
menory chip showmn in FIG 17. FIG 21 is a block diagram show ng an exanpl e
of 20 a configurarien o6 assenstgndilictevefiemor ghdeti esprledeingonduct or
menory chip) according to a fourth enbodi nent of the present invention.
FIG 22 is a céadubpedabinanmshbbbngtantexedpl tnotheaprahgeRERELeT an
internal control signal generation 25 circuit in the sem conductor nmenory
chi p shown i nmelpy ehipFslOWR31insFaGei tEuit di agram showi ng an exanpl e WO

03/ 105157 PCT/ JP03/ 07068 , .
FIG. 17 is a block diagram showing an example of

a 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 semiconductor
memory chip shown in FIG. 17.

FIG. 21 is a block diagram showing 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 diagram showing an example of
arrangement of an internal control signal generation

25 circuit in the semiconductor memory chip shown in
FIG. 21.

FIG. 23 is a circuit diagram showing an example



7 of arrangement of a test control circuit in the sem conductor nenory
chip shown in FIG 21. FIG 24 is a block diagram showi ng an exanple of a
conf i gur awpD®/16f15a sem conduct or menory devi ce 5 (sem conaaELIve3/(Tesésor y
chip) according to a fifth enbodi nent of the present invention. FIG 25 is
a bl ock di agram show ng an exanple of a configuration of a sem conduct or
menory device (sem conductor nmenory chip) according to a sixth 10

enbodi ment of the present invention. FIG 26 is a circuit diagram show ng
an exanple of arrangenent of a test control circuit in the sem conductor

memory chi p Sh@W@r%éh{%ﬁ%?gg?fFég%eﬁg bSn &l r &by dt aghagnshowi ng an

exanple 15 of arrangenen swtch circuits in the sem conductor nenory

chi p shown insgrbﬁ:ogéllcﬁ)@mgﬁoi:§ an bb oskowh agraprghoping an exanple of a
(0]

configuration a sem conductor” nenory device (sem conductor menory chip)

according to a sevepgh 2@ epbadbmeak efiathempersenhgi aueskaopleFbG 29 is a
circuit diagramshow ng an exanple of arrangenent of a test control

circuit in thg cSerigepduLdar ofeaDEYnEhdpdshbon nenérG dggiceet ai | ed
Description of the Invention 25 Enbodi nents of the present invention wll
now be 5describediwbhluceder eaneryochie) ascoapahypongodrakiiigs. WO 03/ 105157

PCT/ JP0O3/ 07068 8
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 present invention.

FIG. 26 is a circuit diagram showing an example
of arrangement of a test control circuit in the
semiconductor memory chip shown in FIG. 25.

FIG. 27 is a circuit diagram showing an example

15 of arrangement of switch circuits in the semiconductor
memory chip shown in FIG. 25.

FIG. 28 is a block diagram showing an example of
a configuration of a semiconductor memory device
(semiconductor memory chip) according to a seventh

20 embodiment of the present invention.

FIG. 29 is a circuit diagram showing an example
of arrangement of a test control circuit in the
semiconductor memory chip shown in FIG. 28.

Detailed Description of the Invention
25 Embodiments of the present invention will now be

described with reference to the accompanying drawings.



(First Enbodinent) FIG 1 shows an exanple of a configuration of a

sem conduct or nenory devi ce (sem conductor nmenory chip) according to a
first enbwoiongetispf the present 5 invention. In the.first Periodi/omess
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, whgch controls the operation timng
in the 10 chip, to be nonitored at the sane tine. In FIG 1, a nenory cel
array 11 includes a plurality of nenory cells (not shown) that are

arranged in pRifiX ERohQaMEiwelte cell data. The nmenory cell array 11 also
includes a plurality of word lines and 15 a plurality of bit |ines that

intersect each othercat 1 shght angkrampIbeoffeaprynceblisasien| ofated at
their respective intersections of the word and bit |ines. Colum sel ect
circuits 12 apdsdrtedaductoeuntsotd davecar (asgédondjiatent memorlie nenory
cell array 11. 20 Sense anplifier circuits 14 are arranged close to the
nenory cel | achap)laccBxtiéngakoi apGirssr ainhafimentiofothe pRESERLZ are
connected to an internal control signal generation circuit 21, An

oper ati bn contnwkntipoui t I22thgafarss PRBAELBARBut SHAEFBr CEFFRLFPs 23, and

a data wite/read control circuit 24 are al so connec%ed to tthe circuit 21.
WO 03/ 105157 PCH/ 3pbspb7e68trel 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 operation timing in the

10 chip, to be monitored at the same time.

In FIG. 1, a memory cell array 11 includes a
plurality of memory cells (not shown) that are arranged
in matrix to read/write cell data. The memory cell
array 11 also includes a plurality of word lines and

15 é 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.

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

20 Sense amplifier circuits 14 are arranged close to the
memory cell array 11.

External input terminals 21_-1, 21-p and 21_3 are
connected to an internal control signal generation
circuit 21. An operation control circuit 22, data

25 input/output buffer circuits 23, and a data write/read
control circuit 24 are also connected to the

circuit 21.



The internal control signal generation circuit 21 is supplied with
external control signals fromthe external input termnals 21 1, 21 2 and
21 3. O wbas/iexsernal control signals, a chip enabl e sigrar/JeERMes 5
supplied fromthe termnal 21 1, an output enable signal OEB is supplied
fromthe termnal 21 2, and a wite enable signal WEB is supplied fromthe
termnal 21 _3. The circuit 21 generates9an 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 geperahesranli Bbarral eaghaol gehenakibneadrcoper ati on
control signal) RENBL and sends it to the data input/output buffer

circuits 23. Theseppttict R1thSeatsonginevateslasipnaésnéliomobheol signal
(wite operation control signal) WENBL and sends it to both the data

i nput / out put buftenadi Laputsta8nandlshdldat a2lwpi eefir 8ad3conPEolthei rcuit
24. The internal control signal generation circuit_ 21 20 includes three
NOR circuits Bkhaer2aB anut2od, siapaNanDa e€hibuiengb2edsagna216EBoré del ay
circuit 21f, and ten inverter (NOT) circuits 21g, 21h, , a i 21p, as

il lustrated | guPp&ieg. frre EheptesBbrelsfdnal éEBOP§pu§uSBPB & to one input

termnal of the NOR circuit 2la. 25 The o% er i nput &e_ 'nalaof %he NOR
circuit 2la |§1gﬁﬁéu9§§d1€GNBPP1Aﬁd0£FBHt BF Fﬁé%NEﬁ c??gart 5829 s
produced as asi,gnal, RINT Lbrough,fhe , NGLLEY 6 ol £n00:034105157
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 generates an internal control signal (read
operation control signal) 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/output buffer circuits 23 and the data
write/read control circuit 24.
The internal control signal generation circuit 21
20 includes three NOR circuits 21la, 21b and 21lc, two NAND
circuits 21d and 2le, one delay circuit 21f, and ten
inverter (NOT) circuits 21g, 21h, -, and 21p, as
illustrated in FIG. 2. The chip enable signal CEB is
supplied to one input terminal of the NOR circuit 21a.
25 The other input terminal of the NOR circuit 2la is
grounded (GND). An output of the NOR circuit 2la is

produced as a signal RINT through the inverter circuits



21g and 21h. An output (signal RINT) of the inverter «circuit 21h is
supplied to a first input termnal of the NAND circuit 21d via the del ay
circuit 24D.03Tomsput put (signal RINT) of the inverter cir®aripreldroéss 5

al so supplied to one input termnal of the NAND circuit 2le and supplied
to one input termnal of each of the NOR circuits 21b and 21c via the
inverter circuit 211. The signal OEB i s supplied to the other input
terminal of the NOR circuit 21b. An output of the NOR circuit 10 21b is
supplied to a second input termnal of the NAND circuit 21d through the
inverter circgidsydioand 2K oudhet sl gngha WEBINS) seippthedinvetber ot her
input termnal “of the NOR circuit 21c. An output of the NOR circuit 21c
is supplied teitbeiothes inpstippEradnad of £1het 1NNt ermiwal 21e via the
inverter circuits 211 and 21m An output of the NAND circuit 2le is
produced as aosi ghal NMENBLL tdwdughld helanveet @eley reideudtinZbhid  supplied
to a third input termnal of the NAND circuit 21d through the_inverter
circuit 2lo. TneootppttofstdeaRORNERD efrthet inverier peblgedt ashalsigna
RENBL through the inverter circuit 21p. In a standby stat the |eyel of
si gnal TEB i npuso suppheednterpae éBRFEoFe§W§H%¥ %Eng?%tﬁ DeFHEGRE 21 i s
high (H. In contrast, the |levels of signals RINT,. 25_RENBL and NBL

out put fron1t%éecﬁF@uFFPQil%@et%lPDFO%PSFE)?eFm?EéﬁegFi93§%fo?hgxgevels of
i nput signals OEB ,and, VEB, _In_a tive state a_k .1 data WD
03/ 105157 PCTISB0SiH59BERS %&b ang 3ct! ¥&a %ﬁe in%eBter CE?EH§£ sehl.

The signal OEB is supplied to the other input terminal
of the NOR circuit 21b. An output of the NOR circuit

10 21b is supplied to a second input terminal of the NAND
circuit 21d through the inverter circuits 213 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 other input terminal of the

15 NAND circuit 2le via the inverter circuits 211 and 21m.
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 2lo. An output of the

20 NAND circuit 21d is produced as a signal RENBL through
the inverter circuit 21p.

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

25 RENBL and WENBL output from the circuit 21 are all low
(L), irrespective of the levels of input signals OEB

and WEB. In an active state, e.g., a normal cell data



read node, the levels of signals CEB and CEB input to the circuit 21 is

| ow and the | evel of signal WEB input thereto is high. In contrast, the

| evel s ofweioghedis7 RI NT and RENBL output fromthe circuit P2I/Jaexo7nésgh 5 and
the | evel of signal WENBL output therefromis low In a normal cell data
wite node, the levels of signals CEB and WEB input to the circuit 21 is

|l ow and the |level of signal CEB input tiwereto is high. In contrast, the

| evel s of signals RINT and WENBL 10 output fromthe circuit 21 are high and
the I evel of signal RENBL output therefromis low. According to the first
embodi ment, i f.the,ghanatne CEByLNBUb £t 81 §RE16I CEBI 4ndlOEB sepudtta | ow

| evel and the signals CEB and VWEB i nput thereto are set at a high 15 | evel
in a test nodengtBerctihanzt hesnoswahnaeadeandver ofesigdes, WABr eaduhoni t or
test node can be executed. |In other words, the device is set in the test
node and theph@eesoi hkohaghact Inecsharests hehkeletrebds sfgrapn€EB is | ow)
and a disable state (the levels of signals CEB 20 and WEB are high) in

whi ch cel | daranTsahdhRBENBedotitpot Bepmgtheadiseuinki Bleprel R1PB t hus
possible to start a read nonitor test node in which a plurality_of timng
cont r ol 5si gnaksdchesilruel andoasbpabe WEYRLt OPERUENLRATPALEINAP ¢PFcuit in
the normal read state. 25 The decoder circuits %g, zensi anEIifier circuits
14, internal &BngrBPIBR4nGRlererat VoA tE PEdRr 22° d5V& SwPite/read control

cireuit 24, row predecader, afeuits V0 03/ 193157 PCTLIR0SLQT087 12

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 low) and a disable state (the levels of signals OEB
20 and WEB are high) in which cell data is inhibited from
being read or written. It is thus possible to start
a read monitor test mode in which a plurality of timing
control signals can simultaneously be monitored in
an internal circuit in the normal read state.
25 The decoder circuits 13, sense amplifier circuits
14, internal control signal generation circuit 21, data

write/read control circuit 24, row predecoder circuits



25, address buffer circuits 26, data buffer circuits 27, and colum
predecoder circuits 28 are connected to the operation control circuit 22.
As shown wWo 0Bh@G158, the operation control circuit 5 22 i mcruaexo7hésve NAND
circuits 22 1, 22 2, 22 3, 22-4 and 22_5, four NOR circuits 22 6, 22 7,
22 8, and 22_9, five delay circuits 22_10, 22-11, 22-12, 22_13 and 22_14,
and seventeen inverter circuits 22 15, 2216, and 22-31 10 The operation
control circuit 22 is supplied with signals RI NI, XVLD and BPOR For
exanple, the signal RINT is supplied fromthe internal control signal

generation cisgui L @le @yt Peesi anabuME D65 Satpplbetitef romehets ow
predecoder circuits 25. In response to 15 these signals, the operation

control circupy, 22nd 0eHER: 65r SHEB6dSr BRAPVE t BRI and &éhentedransnits
themto the address buffer circuits 26. The circuit 22 generates a signal
RAS2 and suppthesopéribidhecsnnropretlecoiler22ircuits 25. The circuit 22
generates 20 a plate |line enable signal PLEBL and sends it to both the
decoder circuits lBsambtowheidaFaGwr Bt etheadpresation ceRE&ait c2icuthe
circuit 22 generates a block select |ine enable signal BSEBL and transmts
it to the de2ddénctidesi fsve3NANRectreBlfs %%—gen%gaEeSZ%-Sen%%—QS

anplification enable signal SAEBL and outputs if _tot sens lifier
circuits 14. Fné @2rbui EOpY YeReFatedity g?gﬁal %CECKEgna’sﬁﬁglggE9ft to
the data inpU%éggtgg&agmkggéégg%SZZESE{J59§é?709§_1%§ 22_13 and
22_14, and seventeen inverter circuits 22_15, 22-j6/
«+, and 22_.371.
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 1is supplied
from the row predecoder circuits 25. In response to
15 these signals, the operation control circuilt 22
generates signals BRAPWG, BRAT and RAE and transmits
them to the address buffer circuits 26. The circuit 22
generates a signal RAS2 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/read control
circuit 24. The circuit 22 generates a block select
line enable signal BSEBL and transmits it to the
decoder circuits 13. The circuit 22 generates a sense
25 amplification enable signal SAEBL and outputs it to the
sense amplifier circuits 14. The circuit 22 generates

a signal BCEQO and supplies it to the data input/output



buffer circuits 23, data wite/read control circuit 24, and data buffer
circuit 27. The circuit 22 generates a signal CENB2 and outputs it to the
col um prwoesaesas? circuits 28. 5 A plurality of address POpUPIX@P68 nal s
26a (a =0 to i) are connected to the address buffer circuits 26. The
operation control circuit 22, row predecoder circuits 25, and colum
predecoder circuits 28 are connected tao3he address buffer circuits 26. 10
The address buffer circuits 26 are supplied with external address signals
ARi (i = 0toi) fromthe address input termnals 26a and signals BRAPWG

BRAT and RAE {femihe;ppgieLi 99, cQatholiretefubba28onttblr espouse 2o, these
signals, the address buffer 15 circuits 26 generate a signal AR and

supply it to the ggwappedesedeireiiieupts 25heTherecuttuRsg@fiecahtos generate
a colum address signal ACk and supply it to the colum predecoder
circuits 28. FheigesDdeENBRr anidt sutButepitatboohheonbivincprederod2® 22, and
address buffer circuits 26 are connected to the row predecoder circuits
25. The signatbiRAS2tEs28upplied to the row predecoder <circuits 25 fromthe
operation control circuit 22 and the signal AR is supplied to the
circuits 25 from t BeplR5adddvess barresscirbult $erBinpA sy $porge™t 8 t hese
signals, the row predecoder circuits 25 generate_ a nal, XVLQSaB% supply

i
it to the opetati naéénﬁpﬁpevﬁﬁésﬁ90§?97aﬁé#?ﬁPO?Pé%GgSleEul

The operation control circuit 22, row predecoder
circuits 25, and column predecoder circuits 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 address buffer

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

The decoder circuits 13, operation control circuit

20 22, and address buffer circuits 26 are connected to the
row predecoder circuits 25.

The signal RAS2 is supplied to the row predecoder
circuits 25 from the operation control circuit 22 and
the signal ARj is supplied to the circuits 25 from the

25 address buffer circuits 26. In response to these
signals, the row predecoder circuits 25 generate

a signal XVLD and supply it to the operation control



circuit 22. The circuits 25 al so generate row address signals XA, XB and
XC and send themto the decoder ~circuits 13. The nenory cell array 11,
oper ati orwomattesak7 5 circuit 22, and row predecoder ci rcuiPC3/JP&/ENES
connected to the decoder circuits 13. The signals PLEBL and BSEBL are
supplied to the decoder circuits 13 fromthe operation control circuit 22
and the signals XA, XB and XC are supplied to the 10 circuits 13 fromthe
row predecoder circuits 25. In response to these signals, the circuits 13
generate an operating voltage according to an operating node. The decoder

circuits 13 ipgluderaspl urahkt vietuiew decadeps gédetatll Gowdashewssan
exanpl e of one of the 15 row decoders 13 1. The nunber of row decoders

13_1 correspgngsatle khat xef awar dcl knass¥htd Caed. toi theOdieaode®23). Each of
the row decoders 13 _1 includes one NAND circuit 13a, two inverter circuits
13b and 13c, ctiweuptehasnel MOS transistors 13d and 13e, and two 20
n-channel MOS transistors 13f and 13g. The row decoders 13 1 generate word
| i ne vol tages (opefThtl memoryl tcadds prnayr édporperad iie aingir@ls XA, XB and
XCto selectively drive the word lines W. in the nmenory cell array 11.
25 The Becodericiuéti £8,13ngl sovi pEledgscdesi FAGCUitengt® $F&wn) for

selectively driving the plate lines, (PL) in the _menory cell array 11 in
response to t RENROCHSAL D15 RePCECPISS 676681 Ep513 -

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 operating voltage according to an operating mode.

The decoder circuits 13 include a plurality of row

decoders 13_.1. FIG. 4 shows an example of one of the

15 row decoders 13_1. The number of row decoders 13_3
corresponds to that of word lines WLi (e.g., i = 0 to
1023). Each of the row decoders 13_7 includes one
NAND circuit 13a, two inverter circuits 13b and 13c,
two p-channel MOS transistors 13d and 13e, and two

20 n-channel MOS transistors 13f and 13g. The row
decoders 13_1 generate word line voltages (operating
voltages) in response to the signals XA, XB and XC to
selectively drive the word lines WLi in the memory cell
array 11.

25 The decoder circuits 13 also include a circuit
(not shown) for selectively driving the plate lines

(PL) in the memory cell array 11 in response to the



signal PLEBL and a circuit (not shown) for selectively driving the block
select lines (BS) in the nenory cell array 11 in response to the signal
BSEBL. Thwowmohosms? sel ect circuits 12, operation control 5PCTIew/ 702 and
address buffer circuits 26 are connected to the colum predecoder circuits
28. The signal CENB2 is supplied to the colum predecoder circuits 28 from
the operation control <circuit 22 and the signal ACK is supplied to the 10
circuits 28 fromthe address buffer circuits 26. In response to these
signals, the circuits 28 generate colum address signals YA, YB and YC and

supply themtg . the sotsim,sgl £ct: &hicui tisod Zshdine) Nes®r yebedtiweIay 11 and
col um predecoder 15 circuits 28 are connected to the colum sel ect

circuits 12. Jhe, ook urRe Sl est §éIset tBides gep®y ate clob ummosel eetl signal s
in response to the signals YA, YB and YC fromthe col um predecoder
circuits 28 torse)ertivel ye2Bomsé vieo t tiee col gmal sef®BL. | i nes CSLi in the

menory cell array 11. The columm select circuits 12 include a plurality
of col umm sel ect orshé2cadlasni kklisttatkdcitht& &2, 50rFhathohbeenB¥o£ol um
selectors 12_1 corresponds to 25 that of columm select |ines CSLi . 9.,

= 0 to 511). cEachibf22hendoadanese| eefbes 2Prquihe| 48edr8neC NREF<i r cui t
12a and one inverter circuit 12b. WO 03/ 105157 5gT/JP03/07068 16

to the column predecoder circuits

The signal CENB2 is supplied to the column
predecoder circuits 28 from the operation 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 circuits 12 generate column
select signals in response to the signals YA, YB and YC
from the column predecoder circuits 28 to selectively

20 drive the column select lines CSLi in the memory cell
array 11.

The column select circuits 12 include a plurality

of column selectors 12_1 as illustrated in FIG. 5.
The number of column selectors 12_7 corresponds to

25 that of column select lines CSLi (e.g., i = 0 to 511).
Each of the column selectors 12_1 includes one NAND

circuit 12a and one inverter circuit 12b.



The menory cell array 11, operation control <circuit 22, and data
wite/read control circuit 24 are connected to the sense anplifier
circuits We.03/Thassi gnal SAEBL is supplied to the sense 5 &aplJpéia/@pesci rcuits
14 fromthe operation control <circuit 22. Thus, the circuits 14 anplify
the potential of each of the bit lines (BL) in the nenory cell array 11.
The sense anplifier circuits 14 sense ¢q& | data supplied to the bit |ines
BL fromthe nmenory 10 cell array 11 in, for exanple, the normal read node.
Then, the circuits 14 convert the cell data into data DQ and BDQ and send

themto the data whideh&may CONLT Ohrr&y Tlj toPdration heomoraml write node,
the sense anplifier ci rcui%s 14 receive the data DQ and BDQ 15 fromthe

circuit 24 and auiputos hesnd addthe wenms fresd |comrray dilccdhe Zknse
anplifier circuits 14, internal control signal generation circuit 21
operation cord¥®l conmetitéd 22, tioatsenspuarioll pikr beffewits rkhits 23, and
data 20 buffer circuit 27 are connected to the data wite/read control

circuit 24. The signhal sYNENBL $AEBLppsi edrpbiedetdathe S#R$@/read control
circuit 24 fromthe internal control signal generation circuit 21. The

si gnal s5 PLEBLampli e BOEQo-ai s skppf el Elee t Pee kR F &0 t C22EFQbm t he
operation control circuit 22. Data DQ and BDQ are sferred between the

. an
circuit 24 andireeligedsde aﬁ%??fiE@ec?%E%?%tﬁmiﬁs?%@%ig¥ B¢%/ JP03/ 07068 17
potential of each of the bit lines (BL) in the memory

cell array 11. The sense amplifier clircuits 14 sense
cell data supplied to the bit lines BL from the memory

10 cell array 11 in, for example, the normal read mode.
Then, the circuits 14 convert the cell data into data
DQ and BDQ and send them to the data write/read control
circuit 24. 1In the normal write mode, the sense
amplifier circuits 14 receive the data DQ and BDQ

15 from the circuit 24 and output them to the memory cell
array 11.

The sense amplifier circuits 14, internal control
signal generation circuit 21, operation control circuit
22, data input/output buffer circuits 23, and data

20 puffer circuit 27 are connected to the data write/read
control circuit 24.

The signal WENBL is supplied to the data
write/read control circuit 24 from the internal control
signal generation circuit 21. The signals PLEBL and

25 BCEQO are supplied to the circuit 24 from the operation
control circuit 22. Data DQ and BDQ are transferred

between the circuit 24 and the sense amplifier circuit



14. Data RW and BRWD are transferred between the circuit 24 and the data
i nput/output buffer circuits 23. Further, the circuit 24 supplies data DQ
and BDQ wowmstibmsdata buffer circuit 27. 5 The data w it efcede0zenés ol
circuit 24 receives data RAD and BRW from the data i nput/output buffer
circuits 23 in, for exanple, the normal wite node. Then, the circuit 24
converts the data RWD and BRWD into dati&y DQ and BDQ and supplies themto
the sense 10 anplifier circuits 14. In, for exanple, the normal read node,
the circuit 24 receives data DQ and BDQ fromthe sense anplifier circuits

14. The circuik  24pa£9ny@ht sndatrwbDQ padt B F ot pedab atiidn atide BDQ  and
stores themin the data buffer circuit 27. 15 The operation control circuit

22, data inpugi{rceutppt bwdfereciatai 1sp@B8/ocahgutabarfiert elreadtsontro
circuit 24 are connected to the data buffer circuit 27. The signal BCEQO is
supplied to the.dararbbéferthei ctuctiR728r supphiespdatei BAlcendr BPQEi r cui t
22. 20 The data buffer circuit 27 receives data DQ and BDQ fromthe data
writel/read cohbrbhectataibudeingiferitexdnpl e, the nornmal read node. Then,
the circuit 27 converts the data DQ and BDQ into data RAD and BRAD and
suppl i e§ them to t Abeddeiai nphteotepdt cBotier S5rEREUrEsT8Se1E Sl urality

of data input/output termnals /O e.q., i.= to 15), are_connected to
the data WO 09pEB5REP ﬁ@#/@%@@/é#@%stgfsgata ity Suthe b £eR

circuits 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 circuit 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 signal BCEQO is 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/read control circuit 24 in, for
example, the normal read mode. Then, the circuit 27
converts the data DQI and BDQI into data RWD and BRWD
and supplies them to the data input/output buffer

25 circuits 23. ‘

A plurality of data input/output terminals I/Oi

(e.g., i =0 to 15) are connected to the data



i nput/output buffer circuits 23. The internal control signal generation
circuit 21, operation control circuit 22, data wite/read control circuit
24, and owoashefifer circuit 27 are connected to the dataPCmpreyoosgout 5
buffer circuits 23. The data input/output buffer circuits 23 are supplied
with data DO (i = 0 to 15) as cell data from the data input/out put
termnals 1/0i. The circuits 23 are alspgsupplied with signals R NT, RENBL
and VENBL 10 fromthe internal control signal generation circuit 21

Further, the circuits 23 are supplied with signal BCEQD fromthe operation

control circuif 8@/0&#3?1;@ LGHELS 28rcGoa¥ept .t hendatatBinkNt goddtal RWD and
BRWD and send t%en1to he data wite/read control circuit 24 (in the 15

normal wite Q@gﬁm fhacehteyht 8123uatsolgopperhttibe cdataoRWDiandiBRWD
into data Di and output it fromthe data input/output termnals I/0i (in
the normal read, gede)wrIhe/datd topurbbdutputubafféy endcdiats BBELEatgl ude

20 a plurality of data input/output buffer circuits 23'. FIG 6 shows an
exanpl e of oneistuthe2dabaei npunfotieputo bhef drtei AepbtdoR8PutEach of the
circuits 23" includes a first circuit 23a and a second circuit 23b. The
first cbrcuitbaBfeseciasuissadduire data RMD 25 and BRWD fromdata Di in
response to signals RINT and WENBL and incl udes ,one NOR %ircuit 23a_1,
three NAND circui f§23@t2 ippats optgurzdus fegh &iCiidfel 3g3CE WO 037 105157

PCT/JPOB/O?OGgﬁp%%ied with data Di (1 = 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 2i.
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 BRWD 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 and a second circuit 23b.
The first circuit 23a serves to acquire data RWD
25 and BRWD from data Di in response to signals RINT and
WENBL and includes one NOR circuit 23a-7, three NAND

circuits 23a.p, 23a-3 and 23a_4, one transfer gate



23a_5, ten inverter circuits 23a_6, 23_7, , and 23a_15, two p-channel MOS
transistors 23a_16 and 23a_17, and four n-channel MOS transistors 23a_18,
23a_19, 28@020951and 23a-21 5 The second circuit 23b serve®CrarPexayués e dat a
D fromdata RAD and BRWD in response to signals BCEQD and RENBL and

i ncludes one delay circuit 23b_1, two NOR circuits 23b_2 and 23b_3, three
NAND circuits 23b_4, 23b_ 5 and 23b_6, fiye inverter circuits 23b_7, 23b_8,
10 , and 23b_11, five p-channel MOS transistors 23b_12, 23b_13, and
23b_16, and five n-channel MOS transistors 23b_17, 23b_18, and 23b_21.

Actually, thesa,dalacbnpuhlauteul chutliekschseul)sos2y, arg atevided for
their respective data input/output 15 termnals I/G. Switch circuits 31

are connect edotg_the dabap-tRpUheoulpst thuhkestoirscaBas @3antn ot her words,
the circuits 23 réceive data DI fromthe switch circuits 31 and then
output it frongkhe-dakad dput/ avthahneér MOSaltsaB8iskb@s ¢8agig,in the read
nonitor test node). The internal control signal generation circuit 21
operati on contral 1@, r €Bat.232, addt &3enput./ out put buffer circuits 23, data
wite/read control circuit 24, row predecoder circuits 25, data huffer
circui t 527, and 25 Thestsecomdr oIl rduidui2B3Y tsetvespde seildg datauild) 32 are
connected to the switch circuits 31. The switch circyits_ 31 _receive an

out put test WOr@By @585 RWPCFRIPERIGy 58 regponse to signals BCEQO and

RENBL and includes one delay circuit 23b-q, two NOR
circuits 23b_p and 23b_3, three NAND circuits 23b_g4,
23b._g5 and 23b_g, five inverter circuits 23b.7, 23b-g,

10 -+, and 23b_77, five p-channel MOS transistors 23b-12,
23b_13, - and 23b_14, and five n-channel MOS
transistors 23b_717, 23b-j1g, ' and 23b_27.

Actually, these data input/output buffer circuits
23' are provided for their respective data input/output

15 terminals I/Oi.

Switch circuits 31 are connected to the data
input/output buffer circuits 23. In other words, the
circuits 23 receive data Di from the switch circuits 31
and then output it from the data input/output terminals

20 I/0i (e.g., in the read monitor test mode).

The internal control signal generation circuit 21,
operation control circuit 22, data input/output buffer
circuits 23, data write/read control circuit 24, row
predecoder circuits 25, data buffer circuit 27, and

25 test control circuit (test mode setting circuit) 32 are
connected to the switch circuits 31.

The switch circuits 31 receive an output test



signal RWMEST fromthe test control circuit 32 in, for exanple, the read
noni tor test node. Thus, the <circuits 31 convert a plurality of timng
control wWD@RAd®s57 whi ch are supplied as input signals Si @CTAPW/B04%0 i),
into data Di and supply it to the data input/output buffer circuits 23.
The timng control signals are output fromthe data input/output termnals
I/Q as data Di. The switch circuits 31 dmclude a plurality of 10 switch
circuits 31'. FIG 7 shows an exanple of one of the switch circuits 31'.
The switch circuits 31' are provided for their respective data

I nput/ out put si?ﬁgin@W@EéTC%roﬁﬂﬁﬂeofeéﬁec§mtf§b gireuits3Blin, i ncl udes two
NAND circuits 31la and 31b, four inverter 15 circuits 31c, 31d, 3l1le and 31f,

one p-channel eyESex4k30S) StRE B3dgd apHivpe Besbanoet. MOBnhtisanshstor 31h
(first tristate circuit). An input signal Si is supplied to one input
termnal of ther®NANDsCBI cobhvdia andlaksbisupptfiediming @onbneli nput
termnal of the NAND circuit 31b via the inverter circuit 3lc. A signal
RWEST i s suppliedltp whhehother sipplieteasi habstosighel NAND €irtults 3la
and 31b. The output termnal of the NAND circuit 3la is connected to the
gate of5the ptehahneinMosdetanBisede 28rBlYy ihrbBaghhehdafaverter circuits

31d and 3le. The source of the transistor_31g is connected tg gn ext er nal
power supply VBPUtfREtBUEpBRIfeEnfAaaF WES03£ 105189 13B0SPOTH88 21

signals are output from the data input/output terminals
I/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 respective data input/output
terminals I/0i. FEach of the switch circuits 31°
includes two NAND circuits 3la and 31b, four inverter
15 .circuits 31c, 31d, 3le and 31f, one p-channel MOS
transistor 31g, and one n-channel MOS transistor 31lh
(first tristate circuit).
An input signal Si is supplied to one input
terminal of the NAND circuit 3la and also supplied to
20 one input terminal of the NAND circuit 31lb via the
inverter circuit 31lc. 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 circuits 31d and 3le.
The source of the transistor 31g is connected to

an external power supply VDD. The output terminal



of the NAND circuit 31b is connected to the gate of the n-channel MOS
transi stor 31h through the inverter «circuit 31f. The source of the

transi st ow0o33hoi1s7 grounded (GND). The drains of both thePCrarei/wvesr s 31g 5
and 31h are connected to each other. Data Di is output fromthe conmon
drain of the transistors 31g and 31h. The p-channel MOS transistor 31g and
n- channel MOS transistor 31h both turn off in the normal read node and
normal wite node (the level of signal RMEST is 10 low in both the
nodes). Thus, the data Di output fromthe switch circuits 31" is brought

into a high- prpedanggnst atec(Pr 316 is gdbnnébecdata Phedepesdsft upon the
input signal Si in the read nonitor test node (the |evel of signal RAMEST

is high). If the hevshndbiofotherbnpuktsirgsah Shrbsghi ghe( bhyvethat of data
Di  becomes high. If the level of the input signal Si is low (L), that of
data Di becomesrkawt Accor dirhg toutrhe bifr sheelribedisnenbr Silgnalss RI NT,

RAS2, XVLD, BSEBL, PLEBL, SAEBL, CENB2, and BCEQO 20 and data DQ é ,

(0) , RWD (0) groandeBRWBNDD). cdhe siraihsandobslty boenbapreisdoss Bl ng
control signals in, for exanple, the normal read node. O the input

si gnal s5Si (i 2nd BdhlByeotonhecdRic ¢k eREBuPLSest | Defe Dingdt O§1’C§H§| s
5(1), S(2), S(3), S(4) , S (5 , S (6) ) S S(9) , S
(10) , S(11) &memsthe) ceprPsspsRdTt 6 TREKT, trRﬂéz(SYCWLD%%gsE%fi) 3BbEBL,
SAEBL, CENB2, BCEQQ

Q Q 0 ly.
WO 03/ 105157 PCT/JE@?/ng%’@ D?QQM(OQ rraner st G BRP {(UnandASRRs Vel y

transistor 31h both turn off in the normal read mode
and normal write mode (the level of signal RWTEST is

10 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 depends
upon the input signal Si in the read monitor test mode
(the level of signal RWTEST is high). If the level

15 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.

According to the first embodiment, signals RINT,

RAS2, XVLD, BSEBL, PLEBRL, SAEBL, CENB2Z, and BCEQO

20 and data DQ(0), BDQ(0), RWD(0), and BRWD(O) 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),

25 S(8), S(9), S(10), S(11) and S(12) correspond to RINT,
RAS2, XVLD, BSEBL, PLEBL, SAEBL, CENB2, BCEQO, DQ(0),

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



Aside fromthe timng control signals, the cell data actually read out of
the nmenory cell array 11 can be output fromthe data input/output

t er m nal sWD/0®i10518¢ t est entry circuit (not shown), the sw tPCh/JP&/@ésCUI t S
31, etc. are connected to the test control <circuit 32. FIG 8 shows an
exanpl e of arrangenment of the test <control circuit 32 described above. The
circuit 32 includes two NOR circuits 32z and 32b. 10 A signal TEST is
supplied to one input termnal of the NOR circuit 32a. A signal RESET is
supplied to one input termnal of the NOR circuit 32b. An output of the

NOR circuit 32a iSA%EBE'E%@nithh%iﬁﬁhgrcbﬂ&@bl elfianal, ehet B@1NOR circuit
32b. An output of the NOR 15 circuit 32b is supplied to the other input

termnal of HheaNOBRrGhNaY treddacandopr oducadmasyaceilgnakrRAMESTcanThe t est
control circuit 32 receives a test signal (e.g., pulse signal) TEST from
the test entryecbutput firomt heer dadaninptay otéputmgeminalsedpbise to the
20 signal, the circuit 32 generates a signal RMEST (high | evel) and
outputs it to the #witest enroy tgr3uit Gmothehommer, Haed swikeht est contro
circuit 32 stops the signal RWEST fron1bein% output to the swtch
circuits 31 (thecuéfel 33f RIFESEIEs CPAWECkeen tohdhes tesdt cRBFE s reset or
when the circuit 32 receives a reset signal RESET fromthe test entry

circuit. Con§égGeatl ¥2-the seniconductor memory device (chip) WO 03/105157

PCT/ JP03/ 07068 23FIG. 8 shows an example of arrangement of the test

control circuit 32 described above. The circuit 32
includes two NOR circuits 32a and 32b.

10 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 supplied 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 the test entry circuit
in the read monitor test mode. In response to the

20 signal, the circuit 32 generates a signal RWTEST
(high ievel) and outputs it to the switch circuits 31.
On the other hand, the test control circuit 32 stops
the signal RWTEST from being output to the switch
circuits 31 (the level of RWTEST is low) when the

25 test mode is reset or when the circult 32 receives
a reset signal RESET from the test entry circuit.

Consequently, the semiconductor memory device (chip)



can operate in the nornmal operating node. The sem conductor nenory chip so
configured can be set in, for exanple, the read nonitor test node. In
this testwowdaosiar plurality of timng control 5 signals i RCTRe0d/0THE nal
operation in the normal read node can be nonitored at the sane tinme. Upon
receiving a test signal TEST, the test control circuit 32 perforns a test
entry operation and thus outputs a signaRkR3RWEST (H) to the switch circuits
31. 10 An output path of the timng control signals is therefore
connected to the data input/output termnals 1/G. In other words, the
switch circuitssBbidateonnatiehdmd hegta inpuiddt put termnals 1/G

t hrough the data input/output buffer circuits 23. 15 Then, the device is
brought into an outTié skmsabdreiustat enerkary extaipl o adrefi guredlevdrce is in
an active state (the level of CEBis low), the output and input of cel
data are inhithe etk tire, | BvelexaofpICEB e MER] el tigestTmegie dat a Di
corresponding to each of the 20 input signals Si is supplied to the data

i nput/ out put Buftheks cieshinales & ot tval i gimauigantarl

Consequently, a pluraljty of tining control signals to be nonitored can

si mul t arfeousl ysjb@%]tﬁpm e mn iR ik @perrr?&ﬁqrbultrmﬁh% SRl 99D . 25 In
the first enbodi naI s, RI NT, RA Zn XVLD, ., BSEBL, PLEBL SAEBL
CENB2, and B kA orepiry % em%)t”%ﬁnd BB 0SS B put

fromthe data aw%esac 15015&1%71 P’.[%@TJ,PQCSh 070685 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 1s brought into an output disable
state. For example, when the device is in an active
state (the level of CEB is low), the output 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 plurality of timing control signals to
be monitored can simultaneously be output from the data
input/output terminals I/0i.

25 In the first embodiment, signals RINT, RASZ, XVLD,
BSEBIL, PLEBL, SAEBL, CENB2, and BCEQO and data DQ(O0),

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



i nput/output termnals 1/0(1), 1/0(2), 1/0(3), 1/0(4), 1/Q5), 1/0(6),
1/0(7), 1/0(8), 1/0(9), 1/0(10), 1/0(11), and 1/0(12), respectively, on a
priority wbasies1swi t hout conflicting with the cell data. PCTHe0¥G7048g
control signals can thus be output fromthe data input/output termnals
/G, with the result that the internal operation of the sem conductor
menory chip can efficiently be anal yzed24t he characteristics can be
verified and eval uated) after the chip is packaged. 10 As descri bed above,
the plurality of timng control signals in the chip can be nonitored at

the sane timamyaly ARt thenthian d I /eaakagaq.o (2n otmher(3)words, (4)he tim ng
control signals in the chip can efficiently be output fromthe plurality
of data 15 i npytd @t,put/ (@) ralos{ Wsed A8 )i,nAuto (@nd autqpuito) ,of cel | dat a.
It is thus possible to easily and accurately evaluate the timng of an
internal operIatd @) ,a aced dy G (1 29i,greispeatid.vedwen caf teprilegidhip is
packaged. Consequently, the internal operation of 20 _the sem conductor
menory chip, $@chsas vaihopdr sondd Larmg witdarkhse caddl yWadd -wi th hi gh
precision at low cost. in a short tinme without formng any sanple chip for

eval uat Pon or WRf rig e SORETSly & 1gBFdratdrs Sietudisy d4FPYtort faltdt i on. 25
e, a e at It A AT TGOS e T E e o1 W gndie tcan be
anal yzed. WD‘%ﬂé‘%%%@%ﬁ§?ﬂ%59%59199%nf%%e 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 timing
control signals in the chip can be monitored at the
same time even after the chip is packaged. 1In 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
operation, a delay in signal, etc. even after the chip
is packaged. Consequently, the internal operation of

20 the semiconductor memory chip, such as an operating
margin, can be analyzed with high precision at low cost
in a short time without forming any sample chip for
evaluation or using any expensive apparatus exclusively
for evaluation.

25 Since the plurality of timing control signals can
be output at the same time, a relationship in timing

between the timing control signals can be analyzed.



For exanple, the sem conductor nenory chip of the present invention is
favorable for acquiring a |arge anount of data in order to make

eval uat i owe 0Bnos1sonsi deration of variations in |ots and walCengos/@ogsccor di ng
to the first enbodinent in particular, the switch circuits 31 and test
control circuit 32 are sinply added and the existing sem conductor nenory
chip need not be nodified extensively. £nsequently, the chip area and
cost can be prevented fromincreasing, 10 which is advantageous. The sw tch
circuits 31 are not limted to the foregoing arrangenent. The swi tch

circuits 31' gap bR nheR! 2cRd MehicanawEteh fbn6UtcBLH shownein FIG 9A
The switch circuit 31A enploys a power supply voltage 15 VDDQ excl usively

for the out pubrbytherigiesdibs, iwhFehordbitersrf aoqui béngxaeinatieponer
supply voltage VDD. In this case, a level shift circuit (level shifter) 31
is inserted asmaumel bageaswi tohoedeeutd hekeeemalhetiouspdh terminal (a) of
the NAND circuit 31a and the 20 gate (b) of a p-channel MOS transistor 31g
that forns acemstddratishabf vartaciohy ansépiesasdnna&eiksm with the
n-channel MOS transistor 31h. In other words, the swtch circuit 31A

i ncl udeS the | evel Ashickdisior &ai thelifirsh prkedisenthdni pestierléircuits 31d
and 31le of the 25 switch circuit 31' shown in FIG 7. The level shift
circuit 31i i§h@séﬂlﬁéh5ﬁﬂF€HlEétﬁéeﬁn?héeﬁgwéPngﬁﬁﬁl§lr9BPga§8 ¥B6 and

VDDQ and, as' shown i LG 98 | ncludes WO 031103157 PCT/ JER3Q70RY,, 26

' need not be modified extensively. 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
replaced with a switch circuit 31A shown in FIG. 9A.
The switch circuit 31A employs a power supply voltage

15 VDDQ exclusively for the output buffer circuits, which
differs from the eﬁternal power supply voltage VDD.
In this case, a level shift circuit (level shifter) 311
is inserted as a voltage switch circuit between the
output terminal (a) of the NAND circuit 3la and the

20 gate (b) of a p-channel MOS transistor 31g' that forms
a second tristate circuit by a series connection with
the n-channel MOS transistor 31h. In other words, the
switch circuit 31A includes the level shift circuit 31i
in place of the inverter circuits 31d and 3le of the

25 switch circuit 31' shown in FIG. 7. The level shift
circuit 31i is used to switch between the power supply

voltage VDD and VDDQ and, as shown in FIG. 9B, includes



one inverter circuit 31_1, three p-channel MOS transistors 31_2, 31 _3 and
31 4, and three n-channel MOS transistors 31 5, 31 6 and 31_7. FIG 10A
shows an wpriangasent of a switch circuit 5 31B as anot hePcCexamuizessof t he
switch circuits 31'. There is a sem conductor nenory chip in which an
internal circuit voltage Vin and a power supply voltage VDDQ exclusively
for the output buffer circuits are selegéively 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 sem conductor nmenory chip

will decreasechs bheakdawnciveliagelin,aceeedapeehwhhbit eshi gh performance
such as -low voltage and high speed. In the switch circuit 31B 15 adopting

such a transi stahsigRomscBanpel 3W05 tnansilsyer anfptateet hrghbnardi st or) 31j
is connected in series to an n-channel MOS transistor 31h, as shown in
FIG 10A. A posi tireaspetenti 8ll_sucBlag thel pdwer. supply voltage VDDQ is
applied to the gate of the n-channel MOS 20 transistor 31j. Simlarly,

n- channel MOS trangilét.of9A (sfrovtse@n g tar@iesiesitors) a3 pwg tad oj rgwd t31 10
are connected in series to their respective n-channel MXS _transistors

31 5, 3% 6 andl312% evefhen gxpapde ofi fahe svideht c3fioultss 3dhown in FIG
10B. The power supply 25 voltage VDDQ (positive .potential) is applied to
the gates of TRR&eniehanseMiPEBACLRS §y3f%é, %f;@méﬁ%'a§1_10. Thus,

the breakdowni%%EE% %Er%ﬁgtn%% %%%% ﬁ@% %%%?%5%%§e@CEE%EH§/Q%Hﬁ%ge27

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
an n-channel MOS transistor 31h, as shown in FIG. 10A.
A positive potential such 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, 31-9 and 31_31(g are
connected in series to their respective n-channel MOS
transistors 31l_5, 3l_g and 31_7 even in a level shift
circuit 31i', as shown in FIG. 10B. The power supply

25 voltage VDDQ (positive potential) is applied to the
gates of the n-channel MOS transistors 31_g, 31_g and

31-1g9. Thus, the breakdown voltage of the n-channel



MOS transistors 31h, 31 5, 31 6 and 31_7 are inproved, wth the result
that the breakdown voltage is inprove in the inverter structure. Needl ess
to say, tweosamdasadvantage as that in 5 the case of the ®wairtess/oosscuit 31
can be obtained if one of the switch circuits 31A and 31B is used. In the
first enbodinment, the timng control signals in the nornmal read node can
be nonitored. Naturally, the timng cong7ol signals in the normal 10 wite
node can easily be nonitored. (Second Enbodinent) FIG 11 shows an exanpl e
of a configuration of a sem conductor nenory device (sem conductor nenory

chi p) accordi pgst @ransecesdsenhedi mant, 081t heapresent; kel Awembived, I n the
sem conduct or nenory device shown in FIG 11, timng control signals in
bot h the nor malithegtle Tedelandhadr mhlke Wrieh&dowde vodnage Heniitpreseby
bringing the device into a specific state when it is set in a test node.
The sane conpdnetths dsvehdee oftrudoeufrer.st 20 enbodi nent are denoted by the
sanme reference nunerals and their detailed descriptions are omtted. As
illustrated in FI GNeEtlegg dést sgaht ridle ciamsuiadvatteste med&hadt tithg circuit)
32A outputs an output test signal RWEST to_an internal control signal
gener at Pon 25 téier gaise PEA thgasiitehulcisGlgdt 38uf Cen & Ofteeresialfand

switch circuits 31C. The test control, circuit 32 i ncludes, a state contro
circuit for s&ﬁﬁl?ﬁn&h@é§wﬁaﬁh0§ﬁf6§f§# 5@%75%@%£%fb6§ Uged..

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 (semiconductor 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 specific state when it is set in
a test mode. The same components as those of the first

20 embodiment are denoted by the same reference numerals
and their detailed descriptions are omitted.

As illustrated in FIG. 11, a test control circuit
(test mode setting circuit) 32A outputs an output test
signal RWTEST to an internal control signal generation

25 circuit 21A, data input/output buffer circuits 23A, and
switch circuits 31C. The test control circuit 32A

includes a state control circuit for supplying test



signal s RTEST and WIEST to the internal control signal generation circuit
21A. FIG 12 shows an exanple of arrangenent of the test control circuit
32A. The wegs/1euanstrol circuit 5 32A includes two NAND ci PCwiJPe3/ @86 and
32b, five NOR circuits 32c, 32d, , and 32g, and seven inverter circuits
32h, 32i, , and 32n. Mre specifically, a signal BAR(1l) is supplied to one
input termnal of the NAND circuit 32a vik& the 10 inverter circuits 32h and
32i. A signal TEST is supplied to the other input term nal of the NAND
circuit 32a and one input termnal of the NAND circuit 32b. A signal AR(1)
is supplied t@ilghele FEESMPEEHd WEIT nal tofe tineNAND contiricl 3Alyneila t he
inverter 15 circuits 32 and 32k. An output of the NAND circuit 32ais
supplied to omeneaitidreraiinzalitof2ithe NOR circuit 32c via the inverter
circuit 321. An output of the NOR circuit 32c is supplied to one input
terminal of the NOR®@ ridlish@gl anArexpmphe ©of atrerNGRent i tti 32d is
produced as a signal RTEST and supplied to the other input term nal of the
NOR circuit 3Zesdndadeol spucuidr M2fal dha HesNoR@ T tCi3ggitan out put

of the NAND circuit 32b is supplied to agne input termnal_, of the NOR
circuit 32e vicgh HEGIMAST & €IS 55 3% Db rr 1¥E NER circui t
32e is supplied to agne_.jnp erm nal .of  the circui.t _32f. A signal
RESET is sup&%recdl%qc&t rot et inpu?nﬁegﬁﬁnaﬁggsﬁe%’ﬁél N&ﬁeﬁ\%eﬁs/ 105157

PCT/ JP03/ 07068 ; 29 .\ ¢ 351 321, -, 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 signal AR(1) is supplied to the other input
terminal of the NAND circuit 32b via the inverter

15 circuits 3237 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. An output of
the NOR circuit 32c is supplied to one input terminal
of the NOR circuit 32d. An output of the NOR circuit

20 32d is 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 output 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
input terminal of the NOR circuit 32f. A signal RESET

is supplied to the other input terminals of the NCR



circuits 32d and 32f. An output of the NOR circuit 32f is produced as a
signal WIEST and supplied to the other input termnal of the NOR circuit
32e and twe oottbms7 i nput term nal of the NOR circuit 32g. pAm/JBu/(yaé8 of 5
the NOR circuit 32g is produced as a signal RWMEST through the inverter
circuit 32n. \Wen signal TEST is input, the | evel of signal RTEST becones
high (read nonitor test node) if the Iegel of signal AR(1) is |ow and that
of signal BAR(1) 10 is high. Wen signal TEST is input, the |evel of

si gnal WIEST becones high (wite nonitor test node) if the |evel of signal

AR(1) is highandtiat 1vfq sgnad2r BARN outputows He herelciofwsitgeals RWTEST
becones high if the level of one of signals RTEST and WIEST is high. 15
Wien signal RESEPricsiudlitas tehesilggeal SITAISTS iagiualssipgREEST, t NEEST ceniek tRWTEST
all becone low. FIG 13 shows an exanple of arrangenent of the internal
control si gnalingertertatrinomecl racfuitthe? NOR Adgiqgrid]l 3CEB arsl supplatédnt o one
input termnal of a NOR 20 circuit 2la. The other input termnal of the
NOR circuit Zhguts tprouimidd (TGNDe NAR cutgavitof3ahe NMoRoudinvduial 21a is
produced as a signal RINT through inverter circuits 21g and 21h. The

out put $i gnal TRENFNORofcinmliithdrd ds AR BF iss St &% first 25
input termnal of a NAND circuit 21d via a delay circuit 21f. The out put
signal RINT ofthipdldhhdid Ve hetuitt =i G 4t so supplied to one input

termnal of WO 03/ 5e1r157sfgc;1ra/11]Plogéi(ﬂiosGBin&Pt, the level of signal

RTEST becomes high (read monitor test mode) if the
level of signal AR(1l) is low and that of signal BAR(1)
10 is high. When signal TEST is input, the level of
signal WTEST becomes high (write monitor test mode) if
the level of signal AR(1) 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 of the NOR
circuit 2la is grounded (GND). An output of the NOR
circuit 2l1a is produced as a signal RINT through
inverter circuits 21g and 21h. The output signal RINT
of the inverter circuit 21h is supplied to a first
25 input terminal of a NAND circuit 21d via a delay
circuit 21f. The output signal RINT of the inverter

circuit 21h is also supplied to one input terminal of



each of NAND circuits 21e and 21r. A signal RWMEST is supplied to the
other input termnal of the NAND circuit 21r through an inverter circuit
21g. An owDpatos18f the NAND circuit 21r is supplied to on@Cirapu/o7s6& er m nal
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 NAND3Gircuit 21s through an inverter
circuit 21j. A signal RTEST is 10 supplied to the other input term nal of
the NAND circuit 21s through an inverter circuit 21t. An output of the
NAND circuit 2bksnH ©SWIND ed doviassedendnd@itr . t ey rdirala 10 RWTHIS TNAND
circuit 21d. A signal WEB is supplied to the other input termnal of the
NOR circuit 1mudbdicsh tutie odfhearhendOR digmuirtal2bd ithes@MD ed to one
input termnal of a NAND circuit 21u through an inverter circuit 211. A

si gnal WIEST icslrsupg! iZddr thoraved etrhdmviayigr tamdudl 291 -t h&nNaND Rt cui t
21u through an inverter circuit 21v. An output of the NAND 20 circuit 21u
is supplied t®f HheotHaD jgigiguitterditds dfurklHiedAND @i daii21e. An out put

of the NAND circuit 2le is produced as a signal WVENBL through an inverter
circuit 221n ad@¢@idGsipplsad 1F AhiGiFTHRR 4 AARIZlof the

Cireuit 21d | O oGBS h 9 g L CHRSuGT AN et SR PRRW ¢ 21p.
When t he Ievelciorfcusiitgryllb.RT Toiuscpthitghdf tg}lee \NBEQBélJrOéJ]l@ 2!?L%'I'/iJQDOBI 07068 31

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 other input terminal of the NOR circuit

15 2lc. An output of the NOR circuit 21c 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 the 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 produced as a signal WENBL through an inverter
circuit 21n and also supplied to a third input terminal
of the NAND circuit 21d through an inverter circuit

25 2lo. An output of the NAND circuit 21d is produced as
a signal RENBL through an inverter circuit 21p.

When the level of signal RTEST is high, the



internal control signal generation circuit 21A receives a |owlevel signal
CEB and outputs a high-level signal RENBL. Thus, the nmenory chip starts to
per f or m awpmesmed15T ead operati on as an internal operation. PETAROYTE680t 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 nornmal wsiite operation as an internal
operation. In the second enbodi ment, 10 the internal operation (read or
wite operation) is controlled only by setting of a test node and timng

of signal CEBntHdrrespechity® 10fsigingnalgenezR tare WEB.culie 2da addaute/sout put
buffer circuits 23A include a plurality of data input/output buffer

circuits 23A a 1Hw-HGell4ismais CAR exanpluepaft satar arigérdrtvedf sdmmadf t he
data i nput/output buffer circuits 23A'. Each of the <circuits 23A
corresponds t RENBEL datThusnpiieomeputry lififeers teinteuitc 28 rfshiown in FIG 6.
In each circuit 23A", a signal RMEST is supplied to first and second 20
circuits 23a' sampm2BH ngasl OPEEEtdorciase @it SSEBEIRI SR raf3ene2.  An out put
of NAND circuit 23a_23, which receives an output of the inverter circuit

23a_22 &nd a Q@ gihd aREEL hand s s e davitd AN G eduiESI34 53 and

23a_4 and the _gates of n-channel MOS transistors 25 23a-19 an 21
t hr ough an in\;grq( rtgier cﬁiirtc%g'a-@f‘ HESSY it dAhd < lfijtg)n.aqF er, an

output of DA I nsL 230,03, AN 'SR MeAROY! il e VO
memory chip starts to perform a normal write operation
as an internal operation. In the second embodiment,

10 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/output buffer circuits 23A'. Each of the
circuits 23A' corresponds to the data input/output
buffer circuit 23' shown in FIG. 6. In each circuit
23A', a signal RWTEST is supplied to first and second

20 circuits 23a' and 23b' via inverter circuits 23a.55 and
23b_59. An output of NAND circuit 23a-p3, which
receives an output of the inverter circuit 23a_p5 and
a signal WENBL, is supplied to the NAND circuits 23a-3
and 23a-4 and the gates of n-channel MOS transistors

25 23a_19 and 23a_271 through an inverter circuit 23a_jy
(path switching circuit). Further, an output of NAND

circuit 23b_93, which receives an output of the



inverter circuit 23b_22 and a signal RENBL, is supplied to the NAND
circuits 23b_5 and 23b_6 through an inverter circuit 23b_24 (path

swi t chi ngwoiosaedis) . The above arrangenent all ows a path f®CTBP03/07068
inputting/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 fronsgonflicting with the cell data in
the test node without bringing the device into a disable 10 state. The
data input/output buffer circuit (first buffer circuit) 23 shown in FIG

6 is connectedntaritle cdataiknpgbloyt pul kekAghal REGBL(I i3 Gubpltikids case)
to/fromwhich cell data is input/output, while the data input/output

buf fer circui to( steomdNputferugicscaiBb). 515n23A3bshowhriongkl En 14 is
connected to the other data input/output termnals I/G (i =1to 14 in
this case) frhawestiechcatrchiéast3bhe gt i(pany centcblingi gnalkcsidie out put.
Thus, the normal cell data as well as the timng control signals can be
monitored in the td&&te a@viepderafeersnit ¢l lowsca et Edmcel ude a plurality
of switch circuits 31C. FIG 15 shows an exanple of arrangenent of one
of the 8witchliePugtiing/guerutian erlihdada fermcrdnct S15FERNEGHPE ts an

input 25 signal Si into data D .in the test node (the.l evel  of signal
RWEST is hi ghyoEndbsutisles 1rPut OP%@U&aggrql lazpﬁuﬂanpFeFeéﬁrcuits

23A and Inclu%%%eyhr%%t@ODQB%%%%;%ﬁepg&é%gg%%%7%?%cu%%s 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 terminal 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 (1 = 1 to 14 in this case)
from which at least the timing control signals are
output. Thus, the normal 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 example of
arrangement of one of the switch circuits 31C'.

Each of the switch circuits 31C' converts an input

25 signal Si into data Di in the test mode (the level of

signal RWTEST is high) and outputs it to the data

input/output buffer circuits 23A and includes three



inverter circuits 31C 1, 31C 2 and 31C 3 and one transfer gate 31C 4. The
sem conduct or nenory chip so configured can be set in both the read

noni t or twetedfrexde7 and wite 5 nonitor test node. A pl uralPCrygPefo7068m ng
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 TEST, the test &8ntrol circuit 32A perforns a test
entry 10 operation. Wien the level of signal AR(1) is low (L), the circuit
32A outputs a high-level signal RTEST to the internal control signal
generation ci rigitidreedl Al mnd tad I Qut pBIC 8 hirgh-J1eel sidrale RWMEST to the
internal control signal generation circuit 21A, data 15 input/output buffer
circuits 23A, tarechsswint cfate raitgs. 31C. Thus, an output path of the timng
control signals is connected to the data input/output terminals 1/G. In
other words, the sWihesaiieuideci3nC merory oiriaet el ¢ fhaugkd acan
input/output termnals [/Q 20 through the data input/output buffer
circuits 23A beTh@f irthdaidyitde izeast drghttathttesh Brds S tvEieEg the | evel
of signal CEB is |ow). Therefore, data D(1) to D(12) corresponding to the

i nput si’gnal s H(Ctrﬁﬁcﬁfg C&otit M9 gnna!]%l‘?l?ﬁltlt%/ (fOr g™ ¢ bt 1s(1) to
Consequent Ly, SHERGRE "BLEP 08 DD A Db 1THR (b Git 4RI / out put
termnals I/ O(rlegao{ ?nol eO,( 1c2Qn %mqgi}giseloﬁzlee‘] FI)IQO‘?f{iegch(seBd 13%?' the read
monitor test mode. Upon receiving a test signal TEST,
the test control circuit 32A performs a test entry
10 operation. When the level of signal AR(1l) is low (L),
the circuit 32A outputs a high-level signal RTEST to
the internal control signal generation circuits 21A
and also outputs a high-level signal RWTEST to the
internal control signal generation circuit 21A, data
15 input/output buffer circuits 23A, and switch circuits
31C. Thus, an output path of the timing control
signals is connected to the data input/output terminals
I/01i. In other words, the switch circuits 31C are
connected to the data input/output terminals I/O0i
20 through the data input/output buffer circuits 23A.
Then, the device is brought into an active state (the
level of signal CEB is low). Therefore, data D(1l) to
D(12) corresponding to the input signals (timing
control signals in the normal read mode) S(1) to S(12)
25 are supplied to the data input/output buffer circuits
23A. Consequently, the data D(1) to D(12) are output

from the data input/output terminals I/0(1) to I/0(12)



irrespective of signals CEB and WEB. FIG 16 shows an exanple of a signal
waveformin the read nonitor test node. In the second enbodi nent, the
signal s RVND3(6513) ), RAS2 (S (2)) , XVLD (S (3)) , 5 BSEBC{8P(3407p68, PLEBL
(S (5)) , SAEBL (S (6)) , CENB2 (S (7)) , and BCEQO (S(8)) and data DQO (S
(9)) , BDQO (S (10)) , RWO (S (11)) , and BRWDO (S(12)) are output from
the data input/output termnals 1/0(1), 3%/ 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), 121/0(11), and 1/0(12),
respectively, as timng control signals in the nornmal read node.
Simlarly, when-ddd@vete off sé onedl ARED drsd higgh. (H), the test control
circuit 32A outputs a high-level signal WIEST to the internal control

si gnal generation 1BIEi rt@i th@dA anm éhanpbstoBnd ryliopet avavafomheli rcuit
23A al so outputs a high-level signal RMEST to the internal control signal
generation ci riche tredd nalat zor i pepsit /medeut bufties steeond tenxgNmemd switch
circuits 31C. Thus, the switch circuits 31C supply data 1% 20 to D(12),
whi ch corresporte toiqahels RESpett (Ve 4 M2 6% g?fg)a)l's A5 Ri E%( Jont rol signals

in the normal wite rmdei’,r to the data i nput/output buffer circuits 23A
Data D(D to BHIEBHL afel(th e]?%}i:%l'oﬁ?b@t)'frgbrﬁﬁ%e( é‘f)a)'i%%lﬂﬁ%oﬁﬁgm)'

nor mal col | gt iCE0R 8 SUl GRS L8717 iR hES bak b R0t/ DUt BOL Aerminal
110(0) 1115 thus pOpIPl & 191 caRibY RIS M0t NG,V PRLI0BIET
data input/output terminals I/0O(1l), I/0(2), I/0(3),
1/0(4), 1/0(5), I/0(6), I/0(7), I/0(8), I/0(9),
10 I/0(10), I/0(11l), 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 generation circuit 21A, data
input/output buffer circuits 23A, and switch circuits
31C. Thus, the switch circuits 31C supply data D(1)
20 to D(12), which correspond to their respective input
signals (timing control signals in the normal write
mode), to the data input/output buffer circuits 23A.
Data D(1l) to D(12) are therefore output from the data
input/output terminals I/0(1l) to I/0(12), respectively.
25 In the second embodiment, the normal cell data is
input/output to/from the data input/output terminal

I/0(0). It is thus possible to easily confirm whether



the internal operation in the test node is perfornmed by the timng of the
normal operating node. Upon receiving a reset signal RESET from a test
entry cirwoios/1¢316t1 shown) in the read nonitor test 5 nodePCH/JPiB07968 t e

noni tor test node, the test control «circuit 32A carries out a rel ease
operation (the levels of signals RTEST, WIEST and RWMEST are all |ow).
Thus, the device can be operated in the Bé6rmal operating node. 10 As
descri bed above, substantially the same advantages as those of the first
enbodi nent can be expected fromthe second enbodi nent. More specifi-
cally, a plurald i rfertrdll RpaeRtivgl isi ghal Test kededn peredraad by

si mul taneously be output froma plurality 15 of data input/output term nals
used for i nputthand imdumgoutf dfhecealdrmddt apeardatiing meslepossi ble to easily and
accurately evaluate timng of an internal operation, a delay in signal,
etc. using an establiliwheteceissing a2 Hesgll widnaly RESET iy corfiesdl signal s
inthe 20 normal wite node as well as in the normal read node can
sufficiently Isataut sutr arittholito tc gioMgt iimg thiet Freagemorddos. tesisequent |y,

the internal operation _of the sem conductaor nmenory chip, ,such as _an
operati Rg mar giatie arkhfe iy Zed Wicth Histh e siéh %Stl GRS in 25 a
short 11T u LIolt, forihg. v SThle S Lot sidlaation gt ipa any
can be VO 03/%g§%gzﬂﬁ§ﬂg%58&%97%ﬁ%513%nd 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 signal, etc. using an established
tester. The plurality of timing control signals in the

20 normal write mode as well as in the normal read mode
can sufficiently be output without conflicting with
cell data. Consequently, the internal operation of the
semiconductor memory chip, such as an operating margin,
can be analyzed with high precision at low cost in

25 a short time without forming any sample chip for
evaluation or using any expensive apparatus exclusively

for evaluation, and a large amount of data can be



acquired. (Third Enbodinent) FIG 17 shows an exanple of a configuration of
a sem conductor nenory device (sem conductor nenory 5 chip) according to a
third enbwoiosgetispf the present invention. The third enbo@Cranes/ebésows a
word line driving signal and a colum select line driving signal to be
nonitored in the sem conductor nenory chip illustrated in FIG 11. The
same conponents as those 10 of the seconslgenbodi nent are . denoted by the
same reference nunerals and their detailed descriptions are omtted. In
order to nmonitor a word line driving signal and a colum select |ine
driving signakchnitheg.sem con 15 ductor nenory chip, only one word line or

colum select Iline is usually selected fromanong a plurality of |ines
(e.g., 1024 wordikbnesbaddmzh?)col um select lines). In other words, al
the word line driving signals and colum select |ine driving signals
cannot 20 be nonit ated. U7 shospeanf iexawple lofhe donfdigprsitgoal ofi s
monitored, its capacity will differ fromthat of another word line. If an
address i s changeulcohduction mgrofysidgiakcs dasRecopeluerruaLBErYlI n t he
third enbodi nent, as shown in FIG 17, a 25 quasi-row decoder circuit
(Quasi -8ec.) $BAP)sascovidded tooanshiltsr eaPgGaFieNord Ghfe PAFPEMg si gnal
W.non and a quasi-columm select circuit, (Qu si-%plég 12A i s, WD 03/105157
PCT/ JP03/ 07068nvention. The third embodimen 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 coﬁponents 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). 1In other words, all the word line driving
signals and column select line driving signals cannot
20 be monitored. If a specific word line driving signal
is monitored, its capacity will differ from that of
another word line. If an address is changed, the
timing of signals cannot 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 line driving signal WLmon and

a quasi-column select circuit (Quasi-col.) 12A is



provided to nonitor a quasi-colum select Iine driving signal CSLnon. FIG
18 shows an exanpl e of arrangenent of the quasi-row decoder circuit 13A
The quasiwpewiokaspder 5 circuit 13A is equivalent to thePd@#dBw706s rcuits
13 descri bed above. The circuit 13A generates a quasi- word line driving
signal W.non based on all addresses XB<0> to XB<3> and includes one NOR
circuit 13A 1, two inverter circuits 13272 and 13A 3, two p-channel 10 MOS
transistors 13A 4 and 13A 5, two n-channel MOS transistors 13A 6 and
13A 7, two capacitors 13A 8 and 13A-10, and one resistor 13A 9. The

capacitors 13fAr8viard 3AnbRiangd mesjusisdr-cb3And afed cartr Aiged drd viteke t he
capacity of the circuit 13A correspond to that of 15 a nornmal word |ine.
FIG 19 shows sagnedamdiescef. arrangenent of the quasi-columm select circuit
12A. The quasi-columm select circuit 12A is equivalent to the colum
select circuits 1FIdescri ovebere exBmele ralliar 2y ayendr atfes®) a

quasi -colum select line driving signal CSLnon based on all addresses
YA<O> to <3>, qvB&(> oy <Bsoderd NCERit tl3A<3> Thid dudeiludey’ tmcesaNor
circuits 12A 1, 12A 2 and A 12A 3, one NAND circuit 12A 4, and one capacitor
12A 5. 5The capacidr 18 is paBiiyalesit ite dFadacaied. BT PES 26 shows an
exanpl e of a sjgnal waveformin r ead ni.tQor test de in_the

seni conduct or RSB higPOVEccork en&%&@%e T3 F SrEh 295 T hi s

enbodi ment, W%éﬁy%ﬁé&?%ﬁ%@%&ﬁ%ﬁé&éﬂ@%Lﬁ%% based on all addresses

XB<0> to XB<3> and includes one NOR circuit 13A_q,

two inverter circuits 13A_o and 13A_3, two p-channel
10 MOS transistors 13A_4 and 13A_g, two n-channel MOS

transistors 13A_g and 13A_7, two capacitors 13A_g and

13A-10, and one resistor 13A_g. The capacitors 13A_g

and 13A_q1g and resistor 13A_g are arranged to make

the capacity of the circuit 13A correspond to that of
15 a normal word line.

FIG. 19 shows an example of arrangement of the
quasi-column select circuit 12A. The quasi-column
select circuit 12A is equivalent to the column select
circuits 12 described above. The circuit 12A generates

20 a quasi-column select line driving signal CSLmon based
on all addresses YA<O0> to <3>, YB<0> to <3>, and YC<O0>
to <3> and includes three NOR circuits 12A_7, 12A_5 and
12A_3, one NAND circuit 12A_4, and one capacitor 12A_g5.
The capacitor 12A_s5 has parasitic capacitance.

25 FIG. 20 shows an example of a signal waveform in a
read monitor test mode in the semiconductor memory chip

according to the third embodiment. In this embodiment,



a quasi-word line driving signal Wenon (Si-1) and a quasi-colum sel ect
line driving signal CSLnon (Si) are output fromthe data input/output

t er m nal swp/o®105138) and (14), respectively as timng cont POlI/JBIaNTasss 5 as
well as twelve different timng control signals shown in FIG 16. The
quasi -word line driving signal W.non and quasi-colum select |ine driving
signal CSLnon can be nonitored. Consequeht!ly, even when all the word line
10 driving signals and all the columm select line driving signals are
difficult to nonitor, they can be nonitored in a quasi-nmanner. The present
i nvention is QO%\EEEH‘L&;@Q& Dihbedabovey sagRaMELBohhesfuasi amard |ine
driving signal non and 15 quasi-colum select line driving signal CSLnon
are nonitoreds Horsexaophen wbeactt liseddttivenbt signabo@BioenallBidf a
plurality of signals in different select circuits for selecting a specific
one from anpbngret betsiignékem theydesn éapikyobepnbntesnédaby §éherating 20
a quasi-signal fromtheir equivalent circuit. (Fourth Enbodinment) FIG 21
shows an exanpld)ofnd ¢dAli gurapeetiivblyaasekiBoRduePBETARNBLJREEVI ce

(sem conduct or menory chipé according to a fourth enbodi nent _of the
present 525 i n@éntedA. aFhEwe M?tﬁléﬁﬁéépﬁeﬁﬂmépgoﬁgngrPgsFlﬁﬁaés and a
normal operating node to be switched in response to external control

signal s CEB, GRBWEnd™WEBCG-Th&-sane WD 03/ 105157 PCT/ JP03/ 07068 39

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 gquasi-manner.
The present invention is not limited to the above
case where the quasi—&ord line driving signal WLmon 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 selecting a specific one from among
the signals, they can easily be monitored by generating
20 a quasi-signal from their equivalent circuit.
(Fourth Embodiment)
FIG. 21 shows an example of a configuration of
a semiconductor memory device (seﬁiconductor memory
chip) according to a fourth embodiment of the present
25 invention. The fourth embodiment allows a test mode
and a normal operating mode to be switched in response

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



conponents as those of the second enbodi nrent are denoted by the sane
reference nunerals and their detailed descriptions are omtted. In the
fourth enwodBmesis7 an internal control 5 signal generati oRCEIPEANIT6821B
supplies an output test signal RWMESTD to data input/output buffer
circuits 23A and switch circuits 31C, as illustrated in FIG 21. A test
control circuit 32B generates only test spgnals RTEST and WIEST that are
to be output to the internal 10 control signal generation circuit 21B
FIG 22 shows an exanple of arrangenent of the internal control signal

generation ci kedigon2hBs akheheisecuift t2EB sgenerdatesosiigralts aRATESTD, RTESTD
and WESTD as well as signals RINT, RENBL and WENBL and 15 allows a test

mode and nor malenogad agdtiwei semepdescfrencer eaadiemg/lwr hidnghedlrl data to be
switched in response to signals CEB and WEB. The signal CEB is supplied to
one i nput ter mictallledf dashNORpEiloos Br2lamithedot her input term nal of the
20 NOR circuit 2la is grounded (GND). An output of the NOR circuit 2la is
produced as the si gmalthRl puritowghodimesyt erarnciipdgnng 2 Cerdi121h. The
output (signal RINT) of the inverter circuit 21h is supplied to a first

i nput t &rm nalsighad NERBrEtien ClXryly 218 $EPRY125 &P OWHPUF1CeSFhe out put

(signal RINT) of the inverter <circuit 21h is als plied tq one_jnput
termnal of ~&dchedi RUARDTIO fFouided a0 1&w, PtTﬁgiggﬁhﬁﬂrﬁM#§§T%jﬁD

03/105157 PCT@&EP%A%E%:BCi%%uitS 31C, as illustrated in FIG. 21.

A test control circuit 32B generates only test signals
RTEST and WTEST that are to be output to the internal
10 control signal generation circuit 21B.
FIG. 22 shows an example of arrangement of
the internal control signal generation circuit 21B.
TheAcircuit 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 circuit 2la. The other input terminal of the
20 NOR circuit 2la is grounded (GND). An output of the
NOR circuit 2la is produced as the signal RINT through
inverter circuits 21g and 21h. The output (signal
RINT) of the inverter circuit 21h is supplied to a
first input terminal of a NAND circuit 21d via a delay
25 circuit 21f. The output (signal RINT) of the inverter
circuit 21h is also supplied to one input terminal of

each of NAND circuits 2le and 21r. The signal RWTESTD



is supplied to the other input termnal of the NAND circuit 21r via an
inverter circuit 21g. An output of the NAND circuit 21r is supplied to one
i nput terwDmall05186f each of NOR circuits 21b and 21c. The ®CFRIRO3/@BB is 5
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 inverter circuits 21j, 21 11 and021_13. The signal RTESTD is
supplied to the other input termnal of the 10 NAND circuit 21s. An out put
of the NAND circuit 21s is supplied to a second input term nal of the NAND

circuit 21d. {Theuppgnal VWEBthe Stppli edptie themdnhheér oifnpie NASIDM nal of
the NOR circuit 21c. An output of the NOR circuit 21c is supplied to one

i nput term nakietudtNAND 15 aciancuntve2iervicd rche ti Bver.t e Ancioudgiuts oZ11,
21_19 and 21 _14. The signal WESTD is supplied to the other input
terminal of théeNANDDciciceuit220r As cuppdiieds tot baeNANDUE rewminzdy s
supplied to the other input termnal of the NAND circuit 2le. An oqutput of
the 20 NAND ciofceipch2od NORpcdderddsaglyd singnall ENBIRS: Fiogh O&® ilfvert er
circuit 21n and supplied to a third input termnal of the NAND circuit 21d
t hr oughBan i neePPai edeitoc e 21berad @it te 8t Pere OGaAND S NCEUIT 244 5 s
produced as the. signal NB tgr h i nvert.er ?bci rcuit .21 The si gnal
CEB i s supplie&dPro 6ReC 2 © r%’tg‘??alN%@bFl& <,2|2‘L cdit SBPPIISH a an
Inverter Clrc%bto%%r%%pu, t%%%%%%ﬁS%fP%T&&Eﬁgégl%ggt %ﬁs through
inverter circuits 21j, 21_77 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 21lc. An output of the NOR
circuit 21lc is supplied to one input terminal of a NAND
15 circuit 21u via the inverter circuits 211, 21_.79 and
21_14. 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 inverter circuit 21n and supplied to a third input
terminal of the NAND circuit 21d through an inverter
circuit 2lo. An output of the NAND circuit 21d is
produced as the signal RENBL through an inverter
25 circuit 21p.

The signal OEB is supplied to one input terminal

of a NOR circuit 21_15 via an inverter circuit 21_3¢.



The signal WEB is supplied to the other input termnal of the NOR circuit
21 12 via an inverter circuit 21 21. An output of the NOR circuit 21 12 is
suppl i ed wo oenesisnput term nal of each of NAND circuits 2PCIBPedio& 21 16.
The signal RTEST is supplied to the other input term nal of the NAND
circuit 21_15. The signal WEST is supplied to the other input term nal of
the NAND circuit 21 _16. An output of the&l NAND circuit 21 _15 is produced
as the signal RTESTD and supplied to one input 10 terminal of a NAND
circuit 21_17. An output of the NAND circuit 21_16 is produced as the

signal WIESTDrhandisHep! ireg e thepoibar tbnput beheinahpof themMAAD
circuit 21 17. An output of the NAND circuit 21 17 is produced as a signa

RWESTD. 15 | 8¢t BRei NORI Bal-coont al si ghal agedevaticem circuit 221B; .t he

| evel s of signals RTEST and WIEST are all low in the normal read node for
readi ng cel| Hatauapdttbé ther AR wiirteimodé-fior iwr istibdiedl todat a. The

| evel s of signals RTESTD and WIESTD are high, and the |evel of 20 signal
RWESTD i s | omneThepsitgirersiiRENT o fRERBR eﬁdNAMENBEr@@Qéﬁd2&paﬁ 8Pgnal s CEB,
CEB and WEB. In a standby state, the | evel of signal CEB i h and the
| evel s &f 5|gﬁék$6R|NTheRENEEaén@TﬁENBESaﬁéppéwedlﬁotﬁger gQPUFhe

| evel s of signals CEB and OEB are 25 Io

i % ﬁ Iev% of %1% a@ EE% is high,
and the Ievel§e BinailgRdl $hRl NP YEh ¢ ﬁEH & elﬁlgh end1ore &
ISDIC'?'??:DO\?/,\)ESEI(S(%% lﬁg\f)vplledt hceo \%ﬁhlet %trlrrl%q:e :an % ee\f:?nll%acif o\éot%%/ %%%57
circuit 21.1g. An output of the NAND circuit 21_35 is
produced as the signal RTESTD and supplied to one input

10 terminal of a NAND circuit 21_77. An output of the
NAND circuit 21_7¢ is produced as the signal WTESTD
and supplied to the other input terminal of the NAND
circuit 21.77. An output of the NAND circuit 21_317 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 read mode for reading cell data and the
normal write mode for writing cell data. The levels of
signals RTESTD and WTESTD are high, and the level of

20 signal RWTESTD is low. The signals RINT, RENBL and
WENBL depend upon signals CEB, OEB and WEB. 1In a
standby state, 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 OEB are

25 low, the level of signal WEB is high, and the levels
of signals RINT and RENBL are high, and the level of

signal WENBL is low. In the write mode, the levels of



signals CEB and WEB are |low, the level of signal OEB is high, the levels
of signals RINT and WENBL are high, and the level of signal RENBL is | ow.
I n the nowoalB/103totde, the | evel of signal RWMESTD is | ow, ®&cd/Jass/@oésput 5
path of the timng control signals is not connected to the data

i nput/output termnal 1/Q. In the test node, the level of signal CEB is
low and the levels of signals OEB and WEB are high. In the read nonitor
test node, the |level of signal RTEST is 10 high and that of signal RTESTD
is low. The level of signal CEBis low, but that of RINT is high. As in
the second embagdiaieNtGER hend étRHE =0fe Sicqgnal tHENRBIvdls difi ghigrarid QE®e diant er nal
operation is brought into a read operating state. On the other hand, in
the wite 15 fonglt,orthestevmde,off feidralel RIINGisgrhl WANESRYes tigfh  and t hat
of signal VWENBL is high, and the internal operation is brought into a
write operatirpdtidte. level tof eidnal é’ﬂNB"lDdl@ lavhe |Tevdiheomagitgdal RWESTD
becones high. Thus, an internal circuidt ut path 20 of cell data)
separates fromadfe ifterirvekont rolona) Bt eratioh Gt @ Eul n

other words, the swtch circuits 31C and .dat i nput / qut put t als 1/Q
are connect ed Ra&kb&% $her i PO R R Sd’a?élc( <TI‘)H Cgc?ﬂr

o1 D ot wtsl 5 i At sl o oo o D ! s
03/105157 PCT/JPOB/BJQéﬁe égst mode, the level of signal CEB is low

and the levels of signals OEB and WEB are high. In the
read monitor test mode, the level of signal RTEST is

10 high and that of sigﬁal RTESTD 1s low. The level 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 path

20 of cell data) separates from the internal control
signal generation cilrcuit 21B. In other words, the
switch circuits 31C and data input/output terminals
I/0i are connected to each other in order to output
data (timing control signal) Di from the switch

25 circuits 31C.

If signal OEB or WEB is set at a low level at

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



the | evels of signals RTESTD and WIESTD becone hi gh. Consequently, signals
RENBL and VWENBL vary with external control signals CEB, OEB and WEB. |f
the |evewomB/ieilgnal CEB is |ow, that of signal RENBL is PCwiJgos/o7nés t he

| evel of signal WEB is low, that of signal WENBL is high. The |evel of
signal RWMESTD is |ow. The states of the data input/output buffer

circuits 23A and switch circuits 31C ared4é8qual to those in the nornal
operation node. Therefore, the device 10 can read and wite cell data. Even
t hough the signals RTEST and WIEST are set at a high level in the test
nodes descri bethecalleweld iy sdamaiec RUESTDe dntdo WIS TN deraimeo paodt.i on nmode
by setting the levels of signals CEB and VB | ow. 15 FIG 23 shows an
exanpl e of ar Cangemprntdfy,t vé gniedst REGWILr @indc WEAUELt v32®. wAshi n t he test
control circuit 32A shown in FIG 12, an output of the NOR circuit 32d is
produced as a e¥itgralalRTRST redd stigae lef CEEhe 3G MR- 32ff ithepr oduced as
a signal WIEST. 20 However, the circuit 32B includes neither the NOR
circuit 32g ndeviedvéad el Bialc GEB 32n My c Ahgen&farsdonaln &EBIn a1 RWIEST.

FI'G 1550 whPeffne Vi GPnae 29 Coni oo G Gerebar (R eiour 218
Suppli o3 @ o1 ok, FVERRID 14l ACe dhd s,alene) SUTESTabacie four
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 control circuit 32B. As in the test control
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 produced as a signal WTEST.

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

The switch circuits 31C corresponds to the switch
circuit 31C' shown in FIG. 15 to which the internal

25 control signal generation circuit 21B supplies a signal
RWTESTD in place of the signal RWTEST.

In the fourth embodiment described above, when the



| evel s of signals CEB and WEB are high and the level of signal CEB is |ow,
the device is set in the test node. 1In this case, the data input/out put
t er m nal swb/o®i10516ut put timng control signals. If the | evecTaPoxiigesal 5 CEB
is low but that of signal OEBis low, the device is set in the normal read
node. In this case, not the timng control signals but normal cell data is
output fromthe data input/output termaal 1/G. Wien the |evel of signal
WEB is low, the device is set in the 10 nornal wite node. In this case,
data D is witten to the nmenory cell fromthe data i nput/output
termnal s |/ GpevAtgob@i RGghalkherBounthwerbadiereigh the hbemikvedperfat i ng
node and the test nobdes for nonitoring 15 an internal operation can easily
be switched bgigneoniEmatisonoaf ekeedealiceoritr sletsiignahs. tesit thids. reason,
the device of the present invention efficiently operates particularly when
the internal dpetatisorass, ftbei teted inwpulte ovdipydr itegrine lst 3/€4 of the
normal 20 operating node and test nodes and while rewiting data. (Fifth
Enbodi nent) FbGtpr24 $Howmdamoskaepl 6ienad sconflifgihst iL6vedf ©fa Sd@mddonduct or
menory device (sem conductor nmenory chip) according to fifth embodi nent
of the presentEBs lisndem bsk. thatt Rifs Séobedi ekt 15t kY et endi§ds<End S nor nal
operating node can be switched in response n external control signal
EM00 647 O

(fourth enbodiSfEntiP &hE £ FoEPSE -p /%J 07088 45

timing control signals but normal cell data is output
from the data input/output terminal I/Oi. 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 input/output
terminals I/0i.
According to the fourth embodiment, the normal
operating mode and the test modes for monitoring
15 an internal operation can easily be switched by
a combination of external control signals. For this
reason, the device of the present invention efficiently
operates particularly when the internal operation is
monitored while comparing two states of the normal
20 operating mode and test modes and while rewriting data.
(Fifth Embodiment)
FIG. 24 shows an example of a configuration of
a semiconductor memory device (semiconductor memory
chip) according to a fifth embodiment of the present
25 invention. In this embodiment, the test modes and
normal operating mode can be switched in response to

an external control signal (fourth embodiment) and the



word |ine driving signal and columm select Iine driving signal can be
nonitored (third enbodinent). The sane conponents as those of the

f or egoi ngwohBnasiand fourth enbodi nents are denoted by th@csames/i7eéser ence
nunerals 5 and their detailed descriptions are omtted. The fifth

enbodi ment corresponds to the sem conductor nenory chip shown in FIG 21
to which the quasi-colum select circui#512A (see FIG 19) and the
guasi -row decoder circuit 13A (see FIG 18) are added. 10 The configuration
of the fifth enbodinent allows a sem conductor nenory chip having both
functions of {hedthind apdviiagr chgaabodndeabiuma belachi éved. dribieg
specifically, not only the test nodes and nornmal operating node can be
switched in respnadechn ar hbnéxberdal(ttdmtr embsdgnahtbut heosehe
quasi-word line driving signal W.non and quasi-colum select line driving
si gnal CSLnoncoapobentrsnesotadse( SitxtheEfbsdiomeny) thicd 2pdshewstn exanpl e
of a configuration of 20 a sem conductor nenory device (sem conduct or
menory chi p) cabodinenyst 8T8 SerokenbydithentaBe tRESFEESENPUTRAGESt i on.
The sem_conduct or nenory devi.ce has an external contr%F node for allow ng

timng eontroPndsitgRarsdebardcsi fesFmotrsi 8¢ as™ i %s a monitor 25
oot mode Tor, ouLpYiLl 19 ST SAUTAl LN B LoD IR Lol output
denoted by th%e%?é%%&%%%%%7m%%%&%P%%ﬁ%7%%%wn4§n FIG. 21 to which the
quasi-column select circuit 12A (see FIG. 19) and the
quasi-row decoder circuit 13A (see FIG. 18) are added.
10 The configuration of the fifth embodiment allows
a semiconductor memory chip having both functions
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 memory
chip) according to a sixth embodiment of the present
invention. The semiconductor memory device has
an external control mode for allowing timing control
signals to receive from outside as well as a monitor
25 test mode for outputting timing control signals from
data input/output terminals I/0i. The same components

as those of the second embodiment are denoted by the



sane reference nunerals and their detailed descriptions are omtted.
According to the sixth enbodinent, as illustrated in FIG 25, the device
is set irwDhg/10:88sT node or 5 external control node in respoRgRIY@OSS gnal s
MON and | NP supplied to switch circuits 31D froma test control <circuit
32C. Wien the level of signal MONis high, the device is set in the test
node. When the level of signal INPis hdgh, the device is set in the
external 10 control node. The signals MON and INP are controlled by a
conmbi nation of signals AR(i), BAR(1l), AR(2) and BAR(2) supplied fromthe

address input ghgen-eaksciba alimcaddeessdbuhber aktetilbs A6scEhiGridtsshows
an exanpl e of arrangenent of the 15 test control circuit 32C. The signal

BAR(1) is suppkiefliteeane input termnal of a NAND circuit 32_1 and one
input termnal of a NAND circuit 32_2. The signal BAR(2) is supplied to
the other input teBricoaldingf tohehMANDxdhr embbd3mehtanadsonid luggaetesr m na

of 20 a NAND circuit 32_3. The signal AR(2) is supplied to the other input
term nal of the NAND 2brctlihe 82vicgnds 68& iRpGPet EEFHENEPASF O& NAND circuit
32_4. The signal AR(1l) is supplied to the other input terpminal of the
NAND ci Pcuit 3Xtsramd cratscherodgpdn £&FRPREE &P theR2ssSNEWB éfflcuit 32 4.

An output of the NAND circuit 32 .1 is suppli tqQ one input termnal of a
NAND circuit 3% 6uppaigd WHV@WF@FhCFFEGP9%§Z%gP %HOEUFpGFS%fCPﬁgn@%

03/105157 PCB%%E%%Q%7QE%. 4%hen 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 combination of signals AR(1l), BAR(1), 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 terminal of a NAND circuit 32_j
and one input terminal of a NAND circuit 32_p. The
signal BAR(2) is supplied to the other input terminal
of the NAND circuit 32_1 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.p and
one input terminal of a NAND circuit 32_4. The signal
AR(1l) 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 circuit 327
is supplied to one input terminal of a NAND circuit

32_¢ via an inverter circuit 32_5. An output of the



NAND circuit 32_2 is supplied to one input termnal of a NAND circuit 32_8
through an inverter circuit 32_7. An output of the NAND circuit 32 3 is
suppl i ed wo oenesisnput terminal of a NAND circuit 32_10 thPecwgRO3/E068N
inverter circuit 32_9. An output of the NAND circuit 32 _4 is supplied to
one input termnal of a NAND circuit 32_12 through an inverter circuit

32 11. A signal TEST is supplied to th&7ther input termnals of the NAND
circuits 326, 328, 3210, and 32_12. 10 An output of the NAND circuit
32 6 is supplied to one input terminal of a NOR circuit 32_14 through an
i nverter cirqyp 32113,1 AMHUL PL m%;gi\ﬁecm\@ o16é r Calbtit 3Refnimasuppl i ed to
one input termnal of a NOR cTrcuit 32 16 via an inverter circuit 32_15. An
output 15 of tigeyINAND- €h1€UB2_ $2tHfoigh Sappliesrter onercuput32ter m nal  of
a NOR circuit 32_18 through an inverter circuit 32_17. An output of the
NAND circuit 82_d@cpst sOpphéedaAlb oneciipul2terbs nabrpiiadNGR circuit
3220 through an inverter circuit 32 19. 20 An output of the NOR circuit
32 14 is suppbhedimpout ohermimal ©&rai WD of1acWOR %E+muithBQEQﬁ. An out put
of the NOR circuit 32_16 is supEIied to one input termnal_of a NOR

ci rcui t532_22an Ammvetrpetr ofrehetNeR-oei rimi euBputgofstREpPfiRd to one input
termnal of 25 a NOR circuit 32_23. An_out put of ghg NOR circuit 32_20 is
suppl i ed to omer¢wnphit 32enanifaPuBPLliceNorRe eRfcliPUus2 ?ﬁmlﬁ?liaﬁal RESET i s

supplied to thN£§Be£i¥€L9§/%9?%g7tﬁ§§£350§£0189§rté§ circuit 32.q71.

A signal TEST is supplied to the other input terminals
of the NAND circuits 32_g, 32_g, 32-10, and 32_12.

10 An output of the NAND circuit 32_g is supplied to
one input terminal of a NOR circuit 32_74 through
an inverter circuit 32-73. An output of the NAND
circuit 32.g is supplied to one input terminal of a NOR
circuit 32_7g via an inverter circuit 32_15. An output

15 of the NAND circuit 32.79 is supplied to one input
terminal of a NOR circuit 32_31g through an inverter
circuit 32_.77. BAn output of the NAND circuit 32-712 is
supplied to one input terminal of a NOR circuit 32_99¢
through an inverter circuit 32_79.

20 An output of the NOR circuit 32-74 is supplied to
one input terminal of a NOR circuit 32_7. An output
of the NOR circuit 32_7¢ is supplied to one input
terminal of a NOR circuit 32_pp. An output of the NOR
circuit 32_1g is supplied to one input terminal of

25 a NOR circuit 32_53. BAn output of the NOR circuit
32_5(0 is supplied to one input terminal of a NOR

circuit 32_54. A signal RESET is supplied to the other



input termnals of the NOR circuits 32_21, 32 22, 32_23 and 32_24. An
output (RM of the NOR circuit 32 21 is supplied to the other input

term nal Wb ohesIBIOR circuit 32 _14 and .one input termnm nal pofi/JeasziToest t he
NOR 5 circuits 32_25 and 32_26. An output (RI) of the NOR circuit 32 22 is
supplied to the other input termnal of the NOR circuit 32_16 and the
other input termnals of the NOR circuigss 32 25 and 32_27. An output (WW
of the NOR circuit 32 23 is supplied to the other input 10 term nal of the
NOR circuit 32_18 and to the other input termnal of the NOR circuit 32_26

and one i nput;t.er niHahi 041 & her NOR qioeudirS2i28. 3A0, put L, WI2.0§3 the
NOR circuit 32 24 is supplied to the other input termnal of the NOR

circuit 32_20,,9p032he, ot her doppiet URMY esfi tiad SNOR thechNCR 32+guits 32 27
and 32_28. An output”of the NOR circuit 32_25 is produced as a signal
RTEST t hr oughs @bl iwer ter tier cthér 32020t abermsuppl o8dthe BOR ¢hpuelter ni nal
of a NOR circuit 32 30 An output of the NOR circuit 32 26 is produced as
20 a signal MON {hramghome inwerteermiralief39agh phodke ¥e@Rect circuit).
An output of the NOR circuit 32 27 is produced as a_si na% | NP_t hrough an
invertes circuitcuBs3d2{ppdendeblercei reni PYPAR 65Fbugfo he HEO

circuit 32_28 is produced as a signal WEST thrgu h 25 ﬁ£F$nverteé circuit
32 33 and suppifedito3Zhe2otRefUPPhpat Fer hfRaPtBF Tt AP Erftuft 32_30.

A output of Lhe NORCILCULl 82530, LS ROPHEG AR 21 bARak RITRSTS VO
of the NOR circuits 32_55 and 32_37. An output (WM) of
the NOR circuit 32_53 is supplied to the other input

10 terminal of the NOR circuit 32_1g and to the other
input terminal of the NOR circuit 32_5g and one input
terminal of the NOR circuit 32_5g. An output (WI) of
the NOR circuit 32_54 is supplied to the other input
terminal of the NOR circuit 32_9g and the other input

15 terminals of the NOR circuits 32_p7 and 32_2g.

An output of the NOR circuit 32.55 is produced as
a signal RTEST through an inverter circuit 32_p9 and
supplied to one input terminal of a NOR circuilt 32_3¢.
An output of the NOR circuit 32_5¢ is produced as

20 a signal MON through an inverter circuit 32_3; (mode
select circuit). An output of the NOR circuit 32.p7 is
produced as a signal INP through an inverter circuit
32_32 (mode select circuit). An output of the NOR
circuit 32_9g is produced as a signal WTEST through

25 an inverter circuit 32-33 and supplied to the other
input terminal of the NOR circuit 32-3¢. An output of

the NOR circuit 32_3g9 is produced as a signal RWTEST



t hrough an inverter circuit 32_34 In the test control circuit 32C so
arranged, when the levels of signals AR(1) and AR(2) are low (L), the

| evel of wognabsiMON becones high (H) and so does that 5 ofPC3Igos7068TEST. | n
this case, the circuit is brought into a read nonitor test node for
monitoring timng control signals in the normal read node. When the |eve
of signal AR(1l) is low (L) and that of signal AR(2) is high (H), the |evel
of signal I NP beconmes high 10 and so does that of signal RTEST. In this
case, the «circuit is brought into a read and external control node for

al | owi ng ti mE‘Hr&QQBrQh §h€é‘§£§rt@if@@§tVEZLﬁ4.the normal read mode. Wen
the Il evel of signal AR(1) is high (H and that of signal AR(2) is low (L),
the 15 level of sigpakhdMONebecesrsrbighifthiand2sosdoesrahged, oWhshgnal
WIEST. In this case, the circuit is brought into a wite nonitor test node
for nonitoringhti beglscont sbynsignaR$li nahtieARORmbrer Lo€ fbie. thpen the

| evel s of signals AR(1) and AR(2) are high (H), the 20 level of signal INP
becomes hi gh aedesoofoesghhat MON beigmar WrEST.(H) nandi gocdses £hatcircuit

is brought into a wite and external control nnde_for_allomﬁnaP %%ning
control 5si gnab§ sbonedeR¥BSTR t he HBiFaFadrit EhenBdEcu2E FReOEAPY

circuits 31D include a plurality of swtch circuiti 31D . ,FIG 27 shows an
exanpl e of ohBtef at KeadwreBhterr EGPEsMeED fOEAPRRGFOEARIs R PERIWD

03/105157 PCTégE%§é97%?%na g in the normal read mode. When the

level of signal AR(1) 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), the

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 normal write mode. When the
levels of signals AR(1) and AR(2) are high (H), the

20 level of signal INP becomes high and so does that of
signal WTEST. In this case, the circuit i1s brought
into a write and external control mode for allowing
timing control signals to receive in the normal write
mode.

25 The switch circuits 31D include a plurality of
switch circuits 31D'. FIG. 27 shows an example of

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



circuits 31D includes six inverter circuits 31D 1, 31D 2, and 31D 6, two
transfer gates 31D 7 and 31D 8, two p-channel MOS transistors 31D 9 and
31D 10, wod3ttegsn-channel MOS transistors 31D 11 and 31DPC2/JB03MATe6s t he

| evel of signal INP is high (H, the switch circuit 31D receives a
plurality of timng control signals as data DI fromthe data input/out put
termnals 1/G through the data input/oapput buffer <circuits 23A. Then,
the circuit 31D supplies the data 10 Di to the respective conponents as
data SiD. On the other hand, when the level of signal MONis high, the

circuit 31D i‘%?cﬁii"fﬁas AP urallidde Ofs 1 e eant ralrcwsitgnad D_as, | nput
signals Si. en, the circuit 31D converts the input signal Si into data

Di and output$ @5, it..t0ahhesdaty,i rput fewnpillerbubtes Gilbcyi 85d23A from the
data input/output“termnals I/G. O the timng control signals, for
exanpl e, si gamab Sy SAER. {-SHannd3SERS (1S9nsistaml PUERL (B Ie-1eupplied

t hrough the sw tc?‘u circuits 31D as signals 20 SAEBLD (815[3% , BSEBLD ( S2D)

, , and PLEBL&hd Shid) n-clespect iNGS ytramhiestomns nylRara ratc %- can thus
be supplied fromoutside. Consequently, the timng of an internal
operati®n, a del ayWhenstiymalevet cof cahimal eblP ubs et 9B 5 (Fbr et R%si | y.
(Sevent h Enbodi nent) FI G 28 shows an exanpl e of .conf%ggration of WO

03/ 105157 PCT#dPogh 07oeguih131D' recelves a plurality o iming

control signals as data Di from the data input/output
ferminals I/0i through the data input/output 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(S1), BSEBL(SZ), -, and PLEBL(Si) are
supblied through the switch circuits 31D as signals

20 SAEBLD (S1D), BSEBLD(S2D), -+, and PLEBLD (SiD),
respectively.

The timing control signals can thus be supplied
from outside. Consequently, the timing of an internal
operation, a delay in signal, etc. can be evaluated

25 more easily.
(Seventh Embodiment)

FIG. 28 shows an example of a configuration of



a sem conductor nenory device (sem conductor nenory chip) according to a
sevent h enbodi nent of the present invention. In the seventh enbodi nent, an
ext er nal womntiesak7 node for allowi ng timng control signal CraP&/07eesei ve
fromoutside can be set (sixth enbodinment) and a test node and a norna
operating node can be switched to each other in response to external
control signals (fourth enbodi nent). Th&l sane conponents as those of the
fourth and sixth enbodi nents are denoted by the 10 sane reference nuneral s
and their detailed descriptions are omtted. The seventh enbodi nent
corresponds tg theicSedicosduetasrregerycehipesbovndiot&tCGre@briyn whi ch t he
internal control signal generation circuit 21B (see 15 FIG 22) supplies an
out put test stppgl RWEESIDhyotdhe sdatathnpubbdimpont bif fbe preesehts 23A
and test control «circuit 32C . FIG 29 shows an exanple of arrangenent of
the test contnukntiocuitIB2the bavehih einbedimenatn abt pyterrelof a NOR
circuit-32-26 is supplied to one input termnal of a NAND circuit 32_35. An
out put of a NoRntepicupdelfop7aliowippl Fénipe eABLIABUELIEBRASNEP of a NAND

circuit 32_36. An output test signal RMESTD is ppljed.to the other
i nput terni naksceiveherRANPLESEAR| Fli P§ §9E3$Séﬁgﬂ3§T%@gFP8H%9h@n?nternal

control signal generation circuit 218. Then, .an out,put of.the .NAND .ci it
32.35 is p?odécgﬁsgsmad§i@ﬁglawﬁﬂrgﬁ Pﬁﬁfaﬁt963WT8§1§?n_bﬁc?W&56gF87bggu

52 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 chip 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 circuit 32C'. In this circuit, an output

20 of a NOR circuit 32_5g is supplied to one input
terminal of a NAND circuit 32_35. An output of a NOR
circuit 32_-77 is supplied to one input terminal of
a NAND circuit 32_35. An output test signal RWTESTD
is supplied to the other input terminals of the NAND

25 circuits 32_.35 and 32.3¢ from the internal control
signal generation circuit 21B. Then, an output of the

NAND circuit 32_35 is produced as a signal MON and that



of the NAND circuit 32-36 is produced as a signal INP. However, the test
control circuit 32C includes neither a NOR circuit 32 30 for generating a
si gnal RWB9¥16067 an inverter circuit 32-34 5 Wth the alrerarei/eoes t
arrangenment, a sem con- ductor nmenory chip having both the function
according to the fourth enbodi nent and the function (external control
node) according to the sixth enbodi nent £an be achieved. Mre
specifically, not only the test node 10 and nornal operating node can be
switched to each other in response to external control signals, but also

timng controlrsigoaksnsan beusuppbied {£oprodtstdeasna aignde TP er ent
fromthe test node for outputting the timng control signals fromthe data

i nput / out put A5wteEA) Nnahs tLEL. cobntkbe cespetti 92Cénbodineassndétberbed
above, upon receiving a test signal TEST, which is a pulse signal froma
test entry ci&acuOR, ciheusenBeopguébor genenstynghapsigngét RWAEERenpEst node.
As anot her 20 nethod, for exanple, a high-voltage signal or a command can
be input to set fheechep chrthéttégt3mwde. Additional advantages and

nodi fications will readily occur to those skilled in the art. Therefore,
the invention in iWsthr shgerbadpecis 4 tnar TARARREA Y02 SSTHHE Speci fi ¢
details and representative enbodi nents %hgﬁp gnd desgtibed hergkﬂ.
Accordingly, GBEEeHsMeRedYs FRAPI BAYIREY PRERNEEE WPAGAP EFSPERE% rom t he

WO 03/105157 EgTéﬂgo%égzgg8emggdiment 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.

In the respective embodiments described above,
upon receiving a test signal TEST, which is a pulse
signal from a test entry 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 set the chip in the test mode.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to

25 the specific details and representative embodiments
shown and described herein. Accordingly, various

modifications may be made without departing from the



spirit or scope of the general inventive concept as defined by the
appended clains and their equivalents. WO 03/ 105157 PCT/JP03/07068 54 C L
Al MS IwoAasgesrszonduct or nmenory device conprising: a meeconyoxehés array;
a plurality of input/output termnals to input 5 cell data witten to the
menory cell array and output cell data read fromthe nenory cell array; a
test node setting circuit which sets a t83t node to nonitor a plurality of
timng signals which control input/output operation timng of the cel
data; and 10 switch circuits which sinultaneously output the plurality of
timng signal gpf M bhespbprabirt yhef gehapal/ ouvputiter pbnakpti ast he test
node. 2. The sem conductor nenory device according to claim1, further
conprising a gta@teedoblr ¢heciappentiedi5Schhimh eondt tbksrt kgudealeatse as to
operate in a nornmal operating node when the test node is set by the test
node setting circuit. 3. The sem conductor nenory device according to
claim2, wherein the state control circuit sets the 20 device in a nornal
read node to read cell data in response to an input |evel of an external
signal. 4. The sem conductor nmenory device according to claim?2, wherein
the state control circuit sets the device in a normal wite node to wite
cell data in 25 response to an input level of an external signal.



5. The sem conductor nenory device according to claim2, wherein the state
control circuit is part of WO 03/105157 PCT/JP03/ 07068 55 the test nopde
setting cwp®ailes1s6. The sem conductor nenory devi ce accor @dCAgPe3n70ed ai m 2,
further conprising an internal control signal generation circuit which
controls an internal operation 5 in the normal operating node in response
to input timng of an external control B gnal. 7. The sem conductor nenory
device according to claim®6, wherein the internal control signa

generation circuit switches the test node and the normal operating 10 node
to each other in response to an inpugti1l @avel Mok an external control signal
8. The sem conductor nenory device according to claiml1l, wherein the
switch circuits ingluda gempbundlictyrofieswicrt/chieviiceucbspandiageh of the
swtch 15 circuits has a first tristate circuit which is operated by an
external power suppl yewolt/agell9ar¥hg;sem conductor nmenory devi ce accordi ng
to claim1, wherein the switch circuits include a plurality of switch
circuits, and eachaopluleldwivt off 20peiyouitrythasraisadsendot APPlate circuit
which is operated by a dedi cated power supply voltage other han an

ext er nabp pomeﬁeé&p§ﬁ§avwwﬂ§§énaﬁﬁ gh@omﬁﬁﬁéy §ﬁﬂ@cﬁ?ﬁ@yc?P§uPF RHicch

swi tches between the external ower supply voltage and the dedi cated power
supply 25 voP?ééedata read froﬁ %ﬁe eﬁgr§ ce & %rray; P

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/output terminals in the test mode.

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

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

3. The semiconductor memory device according to
claim 2, wherein the state control circuit sets the

20 device in a normal read mode to read cell data in
response to an input level of an external signal.

4. The semiconductor memory device according to
claim 2, wherein the state control circuit sets the
device in a normal write mode to write cell data in

25 response to an input level of an external signal.
5. The semiconductor memory device according to

claim 2, wherein the state control circuit is part of



10. The sem conductor nenory device according to claim9, wherein the
second tristate circuit and the WO 03/105157 PCT/JP03/ 07068 56 voltage
swi t chi ngwoiosaed1s7 each i nclude a protection transistor, ®CU/JROPOIKS | ve
potential is applied to gates of the protection transistor. 11. The

sem conductor menory device according to 5 claim1, further conprising a
plurality of buffer circuits connected 3® the plurality of input/output
termnals, respectively. 12. The sem conductor nenory device according to
claim1l, wherein the plurality of buffer circuits 10 include a first

buffer circuithtoroutprbaselitdatg Eippuipne of the plurality of
input/output termnals in the test node and a plurality of second buffer

circuits to outpug.a phyrakinty¥onluttsingesbgrabevicenaothedingptiv/ out put
termnals in the test node. 15 13. The sem conductor nenory device
according to cThainel2funhieeei compeiseognanbihternglrcontsotaghonphel ude a
path switching circuit and output the plurality of timng signals fromthe
plurality of génpuétoohpairteiniwalehi apophsolestnnbaberppligperggion

sem conductor nenory device according to claim13, wherein the path
swi t chihg ci réni thpsnossalrePeEatbyIakosat pit T8FPPRESt BSt 1iBHE setti ng
circuit. 15. The sem conductor nepory gev'ce.accgrding to 25 claimll,
wherein the pEimanpt 9fopnpeFrEsFRelr EGPrEol 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 semiconductor memory device according
to claim 1, wherein the switch circuits include a
plurality of switch circuits, and each of the switch

20 circuits has a second tristate circuit which is
operated by a dedicated power supply voltage other
than an external power supply voltage and a voltage
switching circuit which switches between the external
power supply voltage and the dedicated power supply

25 voltage.

10. The semiconductor memory device according to

claim 9, wherein the second tristate circuit and the



output the plurality of timng signals fromthe plurality of input/output
termnals in the test node. WO 03/105157 PCT/JP03/07068 57 16. The

sem conduwwOD®B/108A8Dry devi ce according to claim1, which fPartreyo706npri ses
a quasi-row decoder circuit which is equivalent to a row decoder to drive
word lines fornmed in the nenory cell array, and in 5 which the switch
circuits output quasi-word line drivinga®ignals generated fromthe
qguasi -row decoder circuit fromone of the plurality of input/output
termnals. 17. The sem conductor nenory device according to 10 claim1,

whi ch further,GoppLi SE9iEceg| c£ALEIR SgtRCIncThdé Uh tpwbtetitisnequi val ent
to a colum select " circuit to drive colum select lines forned in the

nmenory cel |l agfaysiafer) NaMbi ghpbBet swet pbtent tal t 5s oappltedquasi - col um
sel ect signals generated fromthe 15 quasi-columm select circuit from one
of the plural fhyesobfi tipatpootputioder hranksstdB. The sem conductor menory
device according to claim1, further conprising a node select circuit
whi ch control s thelswi Thd semtapnguihoacoendariceeWich 20Carésndi Rati on of
external signals and selects one of the test node and_an external control
node to5i nput claivedir drthat ngosPghainer anPneapltivapft HudfeTi nput / out put
term nal s. : .

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 switching circuit and output the
plurality of timing signals from the plurality of
input/output terminals in the test mode.

20 14. The semiconductor memory device according to
claim 13, wherein the path switching circuit is
controlled by an output of the test mode setting
circuit.

15. The semiconductor memory device according to

25 claim 11, wherein the plurality of buffer circuits
output the plurality of timing signals from the

plurality of input/output terminals in the test mode.
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16. The semiconductor memory device according to
claim 1, which further comprises a quasi-row decoder
circuit which is equivalent to a row decoder to drive
word lines formed in the memory cell array, and in
which the switch circuits output quasi-word line
driving signals generéted from the quasi-row decoder
circuit from one of the plurality of input/output
terminals.

17. The semiconductor memory device according to
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 the memory
cell array, and in which the switch circuits output
quasi-column select signals generated from the
quasi-column select circuit from one of the plurality
of input/output terminals.

18. The semiconductor memory device according to
claim 1, further comprising a mode select circuit
which controls the switch circuits in accordance with
a combination of external signals 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.



