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-1 - SEM CONDUCTIER—HNFEGRATED—EHREF—BEW-GE—HAVI NG SYNCHRONOUS FUNCTI- ONO
W.TH A PLURALI TY |OF EPKEEBN&EWSPIE@I’QF osgdref efence This application claims
t he ‘benefit of U\S.,.Provisional l'ication_Noj 60/010,072, filed Jan. 30,
1996. Backgreund @/D@F@PPQWG?%%F} gh@ paoed eRE. { nvent i on rel at es general ly

to sem conduct or s:wajm(sl echragb@g?’ mryshga@r__&’_(partlcul arly to a neffymENT

appar at us for- syrigf AR Qaesd . theyd gr?fg by PHe # nDWdcRut BIY..577748B7 (GT3H-3)
sem conduct or. dewi ?\bgﬁgeed aﬁd t30 N gonstra ntS have alwaysS De€en

i nportant consi dg Ui Rege9 gni: nty RAged ¢+ Tonjc systens. Mbst system

desi gns nust match the tTmng requrTements—of—al | the corrponents used, yet
st|II be optlmzed Mﬂ") ircuits,
or "chips," utili zeé% éﬁﬁ?ﬁ*"fo}r M‘{ﬁéﬂ% 2 ;é; (:.‘NT TS @ue in

whi ch conponents of th ' ofh i N4 et-cl ock.
Synchronous chips also h - ' o i nputs and

outputs, all on a single nonolithic chip. For exanple, U S. Patent No.
5,426, 333 to Maeda describes a synchronous dynani c random access nenory
chi p. Synchronous chi ps provide MmN beneﬁ LS to system designers, such as

fewer external |ogic chips and high €on. However, synchronous

chi ps al so presenThﬁ&EﬁBbaM'cﬂﬁn&' fHd éﬁte@ftfﬂs Biyvisigfal Applitatichavsuch
design difficulty is the routing of the clock signal throughout the chip.

Due to the eﬁ‘ﬂ/@dﬂdﬂcﬁ filed dam. 89, dA96i ne inpedance, the clock signal as seen
on one side of the chip is typically delayed fromthe -2-

Background of the Invention
The present invention relates generally to semiconductor design
technology, and more particularly to a method and apparatus for
synchronization of the multiple input/output of a semiconductor device.
Speed and timing constraints have always been important
5 considerations in designing electronic systems. Most system designs must
| match the tlmmg requirements of all the components used, yet still be
optimized for high speed. As a result, many integrated circuits, or “chips,” '
utilize a synchronous design. A synchronous chip is one in which
components of the chip are connected to a common system clock.
10 Synchronous chips also have latches or registers connected to inputs and
outputs, all on a single monolithic chip. For example, U.S. Patent No.
5,426,333 to Maeda describes a synchronous dynamic random access

memory chip. Synchronous chips provide many benefits to system
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sanme clock signal, as seen on the opposite side of the chip. This problem
I S exacerbated by increased chip size and an increased nunber of

i Aput/output ("I/0') ports. For exanple, a 256 nega-bit ("Mit") dynamc
random access nenory ("DRAM') is very large in size, and can have as many

as 16 I/O ports on a single chip. Summary of the Invention

The pr pag@NT

i nvention provides a nethod and apparatus for sol Tﬁio@ etvﬂroi'

associ ated with synchronous devices. In order to arm t

i tnr ogar s pE AldsRghll 4t FRESh B obfutte SR VY iy

Tk

synchr onous d¥abhisteted 48y irfdreased thipasiaé Aaidedn ¢ncheaséd Mudibarof ingutRkitpad of
the DRAM device and Fig., 3 is a tinng diagramof the 1/0O section. The :
present i nvdn¥Oohporiisi choxexample 2 356 megecbit (TVHEY? dymansg random access

I nt er nedi at e- |l ev | AN | QSy...1- 3 111 he. su i I .
Referring t%nﬁlﬁboﬁl(‘,jﬁéﬂpggff %bﬂlg’:l%%%?%ﬁo&s ﬁ\?ﬁ-‘dg’g?%ggﬁgaéggfgﬁéa?@j
geheral ly byp@-tg@hq giigde Ruir al 10. The device 10 conprises four arrays
12-15, each of which conprises 64 negabits of nenory, a plurality of

external termnals including 1/0 ports DQ-DQ7 and D@B- DQL5, a clock
("CLK") input for receiving a %iﬁ-i I m&dlﬁg;‘ﬁi&pal address and
framer al

control ports designated gener TCE

16.

Fig. 2 shows

how the CLK signal is used to control 1/Oregisters attached to the 16 1/0
ports DQO DQL5. Each of the. 16 1/0 por{s DQO 5 has assqcigted therewith
a regi ster REQD- QTWWWGBF@W@%QWB%,%éwqt%I gr sekyingy K
signal isr O, e Q- 1 35+,PN
signal 1S T aphathd Brdfeheledolifck® With $3herdidd-dihides. Db @r&e&%s&dﬁﬁifa

The i npetlance of ransm s I'n

S represente

series of redieshenefitR cfrthheqaraent irvention]lan mtermedizftedénecltdesiemivgliforst] i ne

I NT that serve . as i

be dlsmsge%%th reg?’ards to Figs. 1, 2, and 3. Fig. 1is a block diagram of a
256 Mbit synchronous DRAM device. Fig. 2 is a schematic diagram of an
1/0 section of the DRAM device and Fig. 3 is a timing diagram of the I/O

15 section. The present invention, which serves as a further improvement on

the intermediate-level design of Figs. 1-3, will be summarized thereafter. |
Referring to Fig. 1, a 256 Mbit synchronous DRAM device is

designated generally by a reference numeral 10. The device 10 comprises

four arrays 12-15, each of which comprises 64 megabits of memory, a

20 plurality of external terminals including I/O ports DQ0-DQ7 and DQ8-
| DQ15, a clock (“CLK”) input for receiving a CLK signal, and additional

address and control ports designated generally by reference numeral 16.
Fig. 2 shows how the CLK signal is used to control I/O registers

attached to the 16 I/O ports DQ0-DQ15. Each of the 16 I/O ports DQO-

25 DQ15 has associated therewith a register REG0O-REG15 and a logic gate
ANDO-AND15, respectively. The CLK signal is routed to each of the logic
gates ANDO-AND15 by a transmission line INT. The impedance of the
transmission line INT is represented by a series of resistors R and
capacitors C. The points of the transmission line INT that serve as inputs
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to each of the logic gates ANDO AND 15 are designated as INT(0)-INT( 15),
respectively. The CLK signal is also used to generate a data output enable
("DOE") signal via a controller 19. The | ogic gates ANDO- AND15 | ogically
conbine the DCE signal with the CLK signal to produce register clocks
C(0)-C(15), respectively. In this way, the CLK and DCE signals PATENT

si mul taneously control the timng of the output ofockéttNoab7F487AGTIH-3)
DATO- DAT15 to the 1/ 0O ports DQO-DQL5, respectively. However, due to the
i npedance oftot ikt sfofliaNonsd £atdsl ANDOVANID1S B9e Pekighiatodlas O)INEI(54,

si gnal s DATO- DAT15 are not sinultaneously -output, as shown below. Fig. 3
shows a ti ninegpe¢tanglam for a read operation of the device 10 (Fig. 2). The

' time for t ire devi 10 i d f he tj he. ,
S omel 11 ves On B SLA Sl s Asq bpd o RRAE 4 R85 bl SRatiteDk R
val i d out putsighidiBvial & cbifrolie¥il®e THe 1asic Paites ANIBOAIDD 155 ot llyosdmbide d

data. This is because the CLK signal's propagation delay, neasured fromthe
K i nput ( Fihg. DOE signalsvighithe &K(s;;:slal to praducernggistenclogks dx(@)-C818he

I npedance of__the transmd ssi.on |l | A r 8Rpr nt h

di fference irr?tnggt‘@% srﬂngﬁ’ég “éésy’sr{glg n&g{{ éﬁ‘g(ﬁ(@% s}x% _siﬁxdﬁfaﬁ'éeogl&fyn?ox}m 0).
The del ay t REQ timifig@ftthe dutpit af Geleal Sighal WIATO-DATT ES e the T ports
difference in the K signal as seen at the CLK input, and the point INT(7),

because t he PRERDR1Ss respactivelnr flowever, due o theimnedaace 9 theoser t he

Phe i NT | dpenrmission dre Ao by A, e fbrhal Sifialy PATU.BRALLS
tRCO and t RGre dotesintultitediisti otitpes; tasvshowmbdhiee on the 1/ O port farthest

fromthe CLK input. As can be_seen by this internedi ate-I|eye esi gn, what
i s needed i s a wa¥ig 8 shawea timing dizgnam £or arsa rﬁp§§?~§3ﬂnl°¥ﬁ e%@ﬂ%me on

o cor 5o A8k AR OIS 08 R ok i
the size of {heeCLK signal riveseat pointi PLuuitil theltnstrofdheéd’O ports DQO-DQ15
has valid output data. In the device 10, an output data QO is the last valid
15 ~ data. This is because the CLK signal’s propagation delay, measured from
the CLK input (Fig. 2) to the point INT(0), is the longest delay due to the
impedance of the transmission line INT. A delay tRCO represents the
difference in the CLK signal as seen at the CLK input and the point INT(0).
The delay tRCO is greater than a delay tRC7, which represents the
20 difference in the CLK signal as seen at the CLK input and the point INT(7), -
because the transmission line effect is less pronounced the closer the point
INT(0)-INT(15) is to the CLK input. As a result, the transmission line INT
slows the access time of the device 10, as shown by the delays tRCO and
tRC7, due to thé high effective impedance on the I/O port farthest from the
25 CLK input. As can be seen by this intermediate-level design, what is
needed is a way to reduce the effects of transmission line impedance on the
CLK signal so that the speed and accuracy of the device 10 is improved.
Another design diﬁicultj' that hinders high speed performance and

increases the size of the chip is the extra circuitry required for

N
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REPLACEMENT SHEET i npl enenti ng col um redundancy. Col umm redundancy is well
know in the art and sinply enables a colum of bits that contains a defect
to be replaced by another, redundant, columm of bits. For exanpl e,
referring again to Fig. 1, each of the arrays 12-15 contain a plurality of
bits, arranged in colums |ike colums Cl1 and CR of the array 12. PREEENT

colum is a redundant col um and renai ns unused |fDdckngoar5q7qc3'ﬂ '1331.1331 n
B

any ot her columm. However, if a columm has a defec e a defectrve
1 of colum ﬁh%len&é}?ﬁhé Qallﬁﬁh%uﬁaahéydmaﬁﬁﬂraﬁﬂﬂaiﬁyﬁ@%mqawm rrH@ CR
is enabl ed so that the redundant col umm repali rs" thé col um :

| nf or mat i on art and rsgnplneenahlm@mluum nﬁblbsFthlatb coppains & defecbttmba 1@p1acsad

stored in a yedun #ﬁg F rcuit %n erat,on,. the devi.c ]BQl
recei ves rowAAFe up ﬁg 2 ) FoF aﬁ%f?@ggfrﬁ?'“&gﬂt &
ports 16. The gg Sf&r@hfra?yselz-qs%ﬁeanfa prirdity JHIEE Chrk Anded BiVcARARRSS
buffer (" RABL 18a, where they are used to address i ndi vi dual rows of bits.
Th® col umn slifesblimne Gesd\VGB ofdhe, arxay 18 JThe GR calwphusa rattimdantbuf f er

("CAB") 18b, %/nere t are used t.. ﬁdress t he da\u dual oI umﬂs of bits,
Such a the GG aBA TeREe TP SREFS BTk ORI FRAY ol R ndancy
decoder cirCHgtwekér, i«PQ?EﬁuEﬁl@ha@@déﬁ@@klﬁﬂe hAeFo&tivd bitB1 @ﬁ@blﬁ:ﬁﬁﬁ@I OfMeand
colum is a repaired col um. Fromthere, the colum si nals are driven to a

group of col thencolumniéllsisatizabled ond the redyndant celunma Giiés emabled so that

haress and Bntedmdit Sttt 030 iTRS" $hE WbbHFL° forfhp i Puhtng | |
affects the gpepsbwidddiccdlamit €R b rdpiat ehercalurhAeC CABstdieddnch rediundiansy

decoder circuit 17 are |located directly between the address and control
ports 16 andde¢pslersixewit décoders CD1 and CD2, thereby ninim zing the

G st ence e ool U gl UAEhS: SN B R o 1
and the col ugloway fden sheaidrask &hR cbﬁtx\oélpy)rtsrwwefﬁhe&awcagnhks aen by this
received first and stored in a row address buffer (“‘RAB”) 18a, where they
15 are used to address individual rows of bits. The column signals are received
next, and stored in a column address buffer (“CAB”) 18b, where they are
used to address the individual columns of bits, such as the column C1. The
column signals are then driven to the redundancy decoder circuit 17, where

they are checked to see if the addressed row and column is a repaired,

20 column. From there, the column signals are driven to a group of column
decoders CD1 and CD2 through a bus 17a and 17b, respectively. The time
for the column ad&ess signals to go from the address and control ports 16
40 the column decoders CD1 and CD2directly affects the speed of the device
10. Therefore, the CAB 18b and redundancy decoder circuit 17 are located

25 diréctly between the address and control ports 16 and the column decoders
CD1 and CD2, thereby minimizing the distance the column signals have to
travel and increasing the speed of the device 10.

As a result, the area between the address and cor_1trol ports 16 and

the column decoders CD1 and CD2 is very crowded. As can be seen by this
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-5- internedi ate-1evel design, what is needed is a reduction in the nunber
or. size of the circuits that lie between the address and control ports 16
and the colum decoders CD1 and CD2 to shorten the distance that the col um
signals nust travel and ease design difficulties for such a crowded area.
Furthernore, any reduction in the nunber or size of the circuits PATENT

the address and control ports 16 and the col um despdsf NLBY7ay @§3§'3ﬂ d
resent 1nv :

have a direct inpact on the speed of the device 10. The pl

accordi ngl y1ir{t§rﬁe3ﬂt@-§9‘v&n@e£&9a&rﬁ5ﬁ% E@éﬁi%(ﬁﬁ%’ﬁ!t@gumgn ﬁﬁftﬁgtrﬁlﬁi)er or.

transm ssion I'I'ne I npedance on the clo I'n a sem conductor device,
as shown by sibe of the rcimodiitst #hdtdve betlessrgthobd8ress. arid c@ntrbhpertdelandrthe

Flos 13 g damistnsoliLiBi Prd osadmen thp o aRseitont she SolBBar ed
near the deV"‘gﬁ'an BNE ; . de ' t maxi mum
di st ance thaé'f1 any si ng%gfﬁ%%g%gﬁé%gnglsﬁna t}%ﬁ&ﬁ%g@%ﬁ%ﬁ%&&?ﬁtum
rebluces the Rurithermxredahyyedackien ihythehsumben sristzei afithe ciecuity bdtimesn of

2 read only WEBIgress R fomabpacly £BY dbe hhuRn dRiodatt Cieant B8 7°°
i nformation Lbald Waykt beebenab L8 speéd of BhedevRaunpant col um

héd G th
accesses to I nprove the speed o? tﬁ% device and to provide additional space
in the highly confhetprésemtirsvendsions @ccardingly, isva methndeand mppatatussforport s

f the device., At i cal . adyant hi.eved with th i tion i
Chat the'y eatadcing PhE eRers ot Baaiisfhn TS foft diads Sp RRE Yt HBHaLIA R, 10
chock si gnal saalioadedtdr@snvs tdy sHEFR BSStH R teRnediab-1avel désee of Bigs. 1-

circuit. Another technical advantage achieved with the present invention is
that it inprdvds adepartuedcgmothe: pror arkgndtasimpravemensyof heuci ng t he

variance of IIn gn%'eﬁfal%e-slieg&aéescfgn 'o?‘iﬁéédﬂ%', tﬁé) %Pgsré%@tiﬁwnﬁon includes

multiple clock inputs, located near the device’s synchronous I/O ports of the

device, reducing the maximum distance that any single internal clock signal
15 must travel, which in turn reduces the amount of delay caused by the
transmission line impedance of the internal clock signal.

In a second iﬁaplementation, the device includes a read only memory
(“ROM”) programmed to decipher row addresses for information that would
be beneficial in performing redundant column accesses to improve the speed

20 of the device and to provide additional space in the highly congested areas
between the column decoder and address ports of the device.

A technical advantage.achieved with the present invention is that the
reduction in the effects of the transmission line impedance on the clock
signal achieved therewith improves the speed of an integrated circuit.

25 Another technical advantage achieved with the present invention is
that it improves the accuracy of the integrated circuit by reducing the

variance of the clock signal on individual components.

. This



Anot her technical advantage achieved with the present invention is that (t
enables the I/GCs of the integrated circuit to operate at different
frequenci es. Anot her technical advantage achieved with the present.
invention is that it inproves the setup and hold tines for the data inputs
by reducing the variance of the clock signal on individual conmponpNTENT

Anot her technical advantage achieved with the premket N@%‘?W%T %T@Lﬁt
results in the access path bet ween the address por er
bei ng | ess crowdegy, ib%hfﬁ [ ; esent

I nvention is that tﬁe use o @%%&%%{%\%2 r‘@ﬂg tglé Sgéaﬁgégﬁé‘%

devi ce by reﬂlatulhgeniabbesjtlm Hmseoﬂaﬂie/\mtegatdteda:ﬂd:nﬂsﬂ) apui-ad:@latrrﬁffemntts

Anot her tech advant age achieved with the present invention is that the
use of the R’%WP%?‘S%ES the speed of a repaired device by perforning some

col um redundancyAﬁé{;}géiJ gchmllda‘,?ﬂ%%g %,&g%e%&;ﬁﬁﬁ'tﬁeﬁfr%%@f’ Eﬁg cRl um

address cycle. Brief Description o I agr am
of§a synchr othatst DRgivbives tise letup]gndrh!ﬂ)ﬂ girnes ﬁoxbﬁleadalteeﬂgmtmby tdtuchigAM of

Fig. 4. Fig.,2is sch ti m of, O.section fthe DRAM of Fi g.
kg 5 et vriRngs of By slnckrolenalon snudval ettt Fig 4 1o a

bl ock di agram of eg}qm&]%%h ent
i nvention. Fig. SAnl S a schematic dia %ﬂ]&g@g&?ﬁ@%ﬁé%ﬁaﬁ%ﬂggﬁgﬁ% an
| /0 section wfattiheeDEsstinfthsiapcess pailgbeBvéen the addrassdiaxts anddhetdoduinnO

section of 5. Fi s a hemati c di agram of a second inplenentation
of an 1/0 se‘i&i"éﬁr@@’?%ée 51?}8,:' g. 4.

10 Another technical advantage achieved with t.he present invention is
o that the use of the ROM improves the speed of a repaired device by
reducing the distance between the address and control ports.
Another technical advantage achieved with the present invention is
that the use of the ROM improves the speed of a repaired device by
15 performing some column redundancy calculations in a row address cycle

preceding the column address cycle.

Brief Description of the Drawings
- Fig. 1 is a block diagram of a synchronous DRAM illustrating

20 problems to be addressed in the DRAM of Fig. 4.
Fig. 2 is a schematic diagram of a /O section of the DRAM of Fig. 1.
Fig. 3 is a timing diagram of the I/O section of Fig. 2.
Fig. 4 is a block diagram of a synchronous DRAM embodying the
features of the present invention.
25 Fig. 5. is a schematic diagram of a first implementation of an I/0
section of the DRAM of Fig. 4. |
Fig. 6 is a timing diagram of the /O section of Fig. 5.
Fig. 7 is a schematic diagram of a second implementation of an I/O
section of the DRAM of Fig. 4.

\
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Fig. 8is atimng diagramof the 1/0 section of Fig. 7. Fig. 9 is a timng
diagramillustrating a technical advantage of the circuits of Figs. 5 and
7. Fig. 10 is a timng diagramillustrating another technical advantage of
the circuits of Figs. 5 and 7. Fig. 11 is a bl ock diagram of anot her
portion of the DRAMof Fig. 4. Fig. 12 is a tim ng diagram of the FXRPFINT

portion of Fig. 11. Fig. 13 is a functional bIockﬁJd&% afra Qs
DRAM f eat uri ng enbodi nents of the circuits of Figs (g SV (G RSEr3y

Description of thg’\grgflg rﬁﬂngg‘(@%to{a/éﬁ %gga@gﬁi %67. Figs. 1, 2 and |

3 respectively show 'sync ronou ynam ¢ fand ccess nenory
(" SDRAM') devi ce \ElghQ i$ altiing Idiagriagn Mustratinged daecﬁnnealmdmﬂ:hg@@f the

designates a devi ce enbodyi ng features of the present
i nventi on. 1% ;Ql ggg%e%‘ enbodi mant of the i nvention, the device 20

Is a 256 Mot SDR% %ﬁ}%ﬁg [ ' S
not limted to use W %%léag%?% may use ﬁﬁggﬁfﬁgi%ﬁnﬁm@%ﬁgﬁy
i nbegr at ed cof the t:irduit'scrﬁ'hgap&ilasndn'g mJI ti pI e ports controlled by a single
cl ock or control di,n bl e array r types
of random access mgnﬂé% rﬁﬂé‘&‘é&lp gg@%?w&mﬁwﬁﬁ&l fee
10 (Fig. 1); thergfpr tiﬁ%ﬁﬁﬁéﬂhé%‘aﬂ‘@f%hgm oﬁt*i‘&h@?ﬂ%ellz.o that are

identical to those o e device be designated by the sane
reference name or Figind3 &8 a fumdtiangl bloekglidgramadiffa synadwonops ORAM: i rcui ts

and signals wll be desi nate b new .na r pu | . The device 20
i ncl udes fou%%’(’%e@- g*c?flw?‘&t%n?m&gﬁ?s of nenory, a
piigrality of /0 ports DQI) DQ7 and D@B-DQL5, three clock inputs for

receiving three clock signals CLKO, CLK1
Detailed Description of the Preferred Embodiment

As described above, Figs. 1, 2 and 3 respectively show synchronous
256 Mbit dynamic random access memory (“SDRAM”) device with 16 I/O0s.’

In Fig. 4, the reference numeral 20 designates a synchronous memory

15 device embodying features of the present invention. While in a preferred
embodiment of the invention, the device 20 is a 256 Mbit SDRAM, it should
be understood that the present invention is not limited to use with a
SDRAM, but may be used in conjunction with any integrated circuit device
comprising multiple ports controlled by a single clock or control signal,

20 including programmable array logic and other types of random access
memories.

The device 20 is an improvement of the device 10 (Fig. 1); therefore,

“the circuits and signals of the device 20 that are identical to those of the .
device 10 will be designated by the same reference name or numeral, and

25 any changed, modified or improved circuits and signals will be designated
by a new name or numeral. The device 20 includes four arrays 12-15, each
comprising 16 mégabits of memory, a plurality of I/O ports DQ0-DQ7 and
DQ8-DQ15, three clock inputs for receiving three clock signals CLKO, CLK1

-
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and CLK2, and additional ports referenced generally by reference nuneral
16. Referring to Fig. 5, each of the 16 I/O ports DQ-DQL5 has associ at ed
therewith an I/O buffer (not shown) conprising a register REQ-REGL5 and a
| ogi ¢ gate ANDO- AND15, respectively, to produce register clocks C(0)- C(15)
for the internal signals DATO-DAT15, respectively. Although only tHETENTt

eight 1/O ports, logic gates, registers, register M&@KE@MMTB'WG?BH-&
signals are shown in Fig. 5, the latter eight I/Oports, Togic gates,
registers, rgaisCEK2ChaaksddBdnhh beFddlerdenlad Fchuraly By rferdnde Bunféral

manner, and are omtted for ease of description. Furthernore, e 1 nvention
wor ks equal | #6wel | with different nunbers of I/0Os, such as 24 and 32 |/ Cs,

need Ty erente s nRMerie U R £ ook ek Ho DY R DB chAS aStckied, o
signal is ingyérebAtle e/ biaffer (6 showdl)EomPRNmdNDfeisfer RECNREG 85 ahd

line INT1l. The inpedance of the transm ssion [in€ I i's represented by a
sebi es of resilogisrgate ANDLADHILY orespextiveliynte poddudecregistes closks &304 ne

I NT1 that se iaputs toseach .of ' at es, .ANDO- [ _arne

desi gnat ed a?&‘iﬁ%{(}?{%ll ’fnﬂlmg‘&lﬁ&é&@éﬂ@%& ??ﬁﬂ?ﬁﬂvlﬁg? gﬁﬁ)\ﬁug}? Anly
simlar nmannghe fizs$ d/Orpuesli 168icorhtks N gistefs GRpIbteNF Blobk® Anddsiteritkdt €S
and a second group of registers are associated with I/Q ports D@B-DQL5. In

this way, theignalaanechoer io Bigi5 thedatteneightsl/Q) porslogia grtesi regigtess, t he
out put of the i.nternal, signals DAJO- DAT7 ~0n .t he. pQrl.s.. -

respectivel y,re%ﬁ%frt‘ﬂ%dﬁ_ﬁ'gg%%rﬂésﬁﬁ%&nﬁ%ﬁgn%%%%%&ng RE®

tii0i ng of t henfttedfor @hsé D€ deBé@ptioh. FrirthbEmb¥e] GhAR¥Sntion Werks®dually
D@®B- DQL5, respectively. A though the CLK1 and CLK2 &gg%lﬁfﬁa&gkaffect ed by

their associ metlgwithadiffarent swmbers qfd4ds, sudheas g and BA%f the
devi ce 20 i s qreablong BeHeer SRTRRESY sl WikielsYi ce 10 (Fig- 3). as shown

elow ' The CLKO signal is used to create the output enable signal DOE via

the controller 19. The CLK1 signal is input to each of the logic gates

15 ANDO0-AND?7 via a transmission line INT1. The impedance of the
transmission line INT1 is represented by a series of resistors R and
capacitors C. Points of the transmission line INT1 that serve as inputs to
each of the logic gates ANDQ-AND?7 are designated as INT1(0)-INT1(7),
respectively. Although not shown, in a similar manner, a second

20 transmission line, a second group of logic gates and a second group of
registers are associated with /O ports DQ8-DQ15. In this way, the CLK1
and DOE signals simultaneously control the timing of the output of the |
internal signals DAT0-DAT7 on the ports DQ0-DQ7, respectively, and the
CLK2 and DOE signals simultaneously control the timing of the output of

25 the internal signals DATS8-DAT15 on the ports DQ8-DQ15, respectively.
Although the CLK1 and CLK2 signals are affected by their associated
transmission line loads, the impact on the speed of the device 20 is greatly

reduced compared with the device 10 (Fig. 3), as shown below.
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Referring to Fig. 6, an access tine for the entire device 20 is neasured
fromthe tine the CLKO signal rises, at ‘point P3, until the last I/0O port
DQO-DQL4 has valid data. In the inproved circuit of Fig. 5, a transm ssion
line delay tRCO, representing the propagation tine for the CLKl1 signal to
travel fromthe CLKL input to the point INT1(0), is slightly greatPATENIN a

transm ssion |ine delay tRC3, representing the prapagat N-3779837 QeTBRES)
CLK1 signal to travel fromthe CLKL input to the Iﬁ)—'m—_—'—m—-%—l
result, the |ast Rle@ex&fﬁ% Y .%b@cé%@‘t?m\é%f@hg%h?}irbsde%ﬁdé %0 140 port DQ

so that the access tinme Tor the entire device 20 I's determne y an access
time tACO of measur¢d firoom ithedimethiesCLKOsignakesesieatt peins B35 sirdil thenkast

' d t 1 ' th t.he t ' ' | [ t
T3y HowdGEPot REGPTA bl Fob daten T NS FpREateGrudt of HIE a0 and a
fastest accegfulsniaiohQine UBIPIROO Mresdiliiig o 6BHSR S Gukle T6¢ 85

di stance between the I nput and the est “tr m ssion |1 ne point

INFL(0) is rEddckaignal dndravelifromatheo€ Lieinpuwrtoribespoint IINRL(PYiistslightls0)
f Fig. 2. Fig. .7 iJlustrates. (N ' tati th t
oot on.« ity g BRRyRRoR 150 B85S JPA ST S e EiRe e85
shown in Fi gtinde f6r SHTLA1 5iznalab tPAMrérm theCLE1 inputaitheasdingf the 16

/0 ports -DQL5 has associated therewith a register REQ-REGL5, —
respecti vel yINT3f3Xx hAsianresultaltheilgstal/® prrtDQMIDR 15Heeaes validdatadsstill he

DCE si | bej ' t o ' t NDO- AND, .15, ,. 1 1

enabi e i nput HOo0aE PRIEES i U ateerS xifn P4 SBHER deviesif i ReBimiBed o1
(m0t shown) B?Faﬂﬂ@:e@b'ﬁﬁné!tﬂ!@d of 193 /& pewt) DQDNeThixistbdeaukethd0 drives a
transm ssion line INT3, which is simlar to the transm ssion |ine_ INJ1 of

Fig. 5 The irgnsmisgiendine fmpedanesnt INJH(P) iscmprerhan the franumissipm jing
e st PR AT Pl Rl bAGAIFUILAY 0 ol
designated @isnd BABOMQnd MFkTast dceesretitrieA@s, is very small. This is because
. the greatest distance between the CLK1 input and the farthest transmission
15 line point INT1(0) is reduced by one half that of the transmission line point
INT() of Fig. 2. |
Fig. 7 illustrates an alternate implementation of the present

invention that employs fewer circuits. In particular, the implementation
shown in Fig. 7 is similar to that shown in Fig. 5, in that each of the 16 /O
20 ports DQ0-DQ15 has associated therewith a reg'ister REGO-REG15,
respectively, for the internal signals DAT0-DAT15. However, instead of the
DOE signal being an input to logic gates AND0-AND15, it serves as an
-gnable input to an input buffer 30 for the CLK1 signal and an input buffer
(not shown) for the CLK2 signal (not shown). The input buffer 30 drives a
25 transmission line INTS, which is similar to the transmission line INT1 of
' Fig. 5. The impedance of the transmission line INT3 is represented by a
series of resistors R and capacitors C. Points of the transmission line INT3
that serve as inputs to each of the registers REGO - REG7 are designated as
INT3(0)-INT3(7), respectively.
-
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10- - Referring to Fig. 8, it can be seen that the timng diagramfor the
i npl ementation shown in Fig. 7 is simlar to the timng diagramof Fig. 6
for the inplenentation shown in Fig. 5. Furthernore, any propagation del ays
caused by the additional input buffer 30 are corrpensat ed by t he renoval of

the | ogic gates ANDO- AND7. Referring again to Figs. 5 and bothp

I npl enment ati ons of the invention have technical a Mq %r ’{);/s
of Figs. 1-3. One advantage is that by having the

signals CLK1 and des t WO

cl ocks at di ffere%@?‘ﬁ%gﬁﬁg% %&%@%Qﬁt@@t&ghﬂ# (Ihwg[‘#‘gl 1j%)l?lg"\}/ﬁede t he

system deSI g mm%ﬂefmbhtdﬂim ghowint i Fiy. adisasiﬁﬁls;fwoyt}mﬁnﬁngaha%rﬁﬁtcﬁ Figo6
a

exanpl e, ur st o&matlon that requires only the upper te to advance,
a burst addr dexsthe implamentatiogshewnusUrig- &d memrmséﬁsomgqtm SDRAM

20. The CLKZdﬁl aéad@%ﬁ' E}Sé‘ aliit!l bﬁ PgrR Y0 L QAL E th CLK1
woul d only tran tlono F s way, ? %@DQ7
(r &present edremoﬁa.bof&lé)i/ogw@apwm\m@mml d remain stable Whl I e the 1/0

ports DQ@B-DQL5 (represented in Fi by 1 /Q port DQL3) woul d vance Wi th
t he burst counter%{)mglaggniéo P??ES 9 end g RotBAMR GRS PERA0RS °€ghe pr esent

ventl on 113 hediR0 Bk ARcHbicl S8VARLARY dhek dhb ISDRASIEY Fi 34 O

operation. Speci Gring a synchronous wite operati i nput  dat a
DO- D15 nust ladvantagetizotiot b}hhaﬁrfg ﬁwt\so Baditisid dlock mgﬁa:ts:ﬂéﬂélmﬂup tinme

S gnal . at  pOIR2Fs SyesaR AseiEnes hatciha.apILE 0 ST fhy 60 s aarﬁﬁﬂ?fwtpor t
Pect vel y reRbber S LRORACH KEE 9, i WoRld ?’e%f@?@?m%?% AEH LS
fromthe risevith thbeabilitsdts adnahcdonlyyond bytkedfigataR(For exatipde,dnoz bumst of
operation that requires only the upper byte to advance, a burst address
counter (not shown) would advance the address of the SDRAM 20. The
. CLK2 signal would transition with the burst counter, but the CLK1 would
15 - only transition once, at point P4. In this way, the I/O ports DQO-DQ7
(represented in Fig. 9 by I/O port DQO) would remain stable while the I/O
ports DQ8-DQ15 (represented in Fig. 9 by I/O port DQ13) would advance
with the burst counter.
Referring to Fig. 10, another advantage of the present.invention is in

20 connection with setup and hold timings during a write operation.
Specifically, during a synchronous write operation, input data D0-D15 must
be provided on the /O ports DQ0-DQ15 for a discrete setup time tS and
‘hold time tH before and after, respectively, a rise of the CLKO signal, at
point P5. Considering the examples of I/O port DQO and I/O port DQ3, the

25 data DO and D3 are received into the registers REGO and REGS3,
reépectively. Furthermore, the clocking of the register REGO is delayed
from the rise of the CLKO signal P5 by the delay tRC0O and the clocking of
the register REG3 is delayed from the rise of the CLKO signal P5 by the
delay tRC3. However, in the present invention, the difference between the
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the register REG3 is delayed fromthe rise of the CLKO signal P5 by the
delay tRC3. However, in the present invention, the difference between the
-I1- longest delay tRCO and the shortest delay tRC3 is mnimal. As a
result, the setup tines tS and hold tines tH can be tightened, thereby

gi ving system designers of the device 20 a smaller w ndow duri ng WMATEN{The

data DO-D15 nust remain valid. Referring to Fig. ﬂ&ke@m_%ﬂgrgpigq‘gﬁ_m

device 20 is expanded, showi ng a columm address buffer a, a row

address buf f RingesfRiBlay ERO0 shd Gl sRertyst BBy RCTAMnindRgl. AsGPLedllt, the

redundant detect (" tS) circuit 32, two col um decoder areas CDI, CD2, and
14

a row decodefet@ipeinmeetS audihold imes tHheambelitighsemed pihverebyt givinglsystera r ow

address sel egt_.port 1 col address sel] ect, port 16 nd ,a ity
of address p@%?lggefshgf% ﬁﬁ"%ﬁ?@%n}?&f S %ﬂﬁ%‘?h‘ﬁb%ﬂd%@% ers
CAB 3la, RABmikR rebdiindegdfigler areas CD1, CD2, RD and the additional ports
16a-16d are all conventional designs. The above-nenti oned conponents of

de¥i ce 20 are espBefearing treRig.i k1,4 pertiomgf the dewicat20ois espanded, showing a
redundancy h heen i;ncor tyhough_col redunda ' | I known
in the art, g@}l %QQSI%% %& g?&%&n%’%d@swgggg?srsaﬁ#% {]g%b%f)hgfbn@ speed
of the devi cfestbonBl measory (¢ ROM®) Bic, deoldtin esdurdnts@aiest (ORDZEratitt he
device 20 is_inproved through use of _the ROM 31c and the CRD circuit 32.

The ROM 31c 8Actweieelvann decoder areas CDAk €02, rand agomedecadssareadidl- to a

repaired col ' 1 n
e o e AR P BTRELEE R ANepiRY el e o
agiglr ess i s farcdlurhcaldieds Beldehpofic 16l andla pRieilitgwfadidiress ports] irtoladirigt ed
into the RAB 31b, where_ it is driven to, the row de%%c;jgr ar D \éi aha
convent i onal 2@dgxess ports 16c and 16d. The address buffers ' 31a, 31Db, the

decoder areas CD1, CD2, RD and the additional ports 16a-16d are all

conventional designs.

The above-mentioned components of device 20 are especially
15 beneficial during an operation when column redundancy has been
incorporated. Although column redundancy is well known in the art,
utilizing column redundancy adds constraints to both the speed of the
device as well as the size of the device. |
The speed and size of the device 20 is improved through use of the
20 ROM 31c and the CRD circuit 32. The ROM 31c includes circuitry that
links a row address (not shown) to a repaired column. The ROM 31c can be
implemented in many wéys, such as an assortment of fuses.
" Referring also to Fig. 12, during operation, a row address is first
received by the device 20. The row address is transmitted into the RAB
25 31b, where it is driven to the row decoder area RD via a conventional row
address bus 33. The row address is also driven to the ROM 31c on a second
row bus 34, where it is used to access information on whether the presept
' memory operation is to a redundant address. The ROM 31c drives column
redundant address information along a bus 36 into the CRD circuit 32.

—_—
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address bus 33. The row address is also driven to the ROM 31c on a second
row bus 34, where it is used to access information on whether the present
menory operation is to a redundant address. The ROM 31c drives colum
redundant address information along a bus 36 into the CRD circuit 32. -
12 - Upon conpletion, a colum address is received into the coPATENT

address buffer CAB 3la. The columm address is the@dékbym.;isqvq_g'fn@@gp-g,)
circuit 32 along a colunm_ address bus 38. The CRD circult then utrlrzes
the colum r o Bpl%%heiscdlﬁfrﬁi HAAPERS i 'i‘@éEl%kPlrﬁg\ﬂh%l&lﬁﬂﬁa hhgrédl um

address from 3la to determine the correct colum address to send to
t he col um dbuﬁele&AB:Bila ChRe cohunndiddress isoteaudevehdnROMhS CRIP reircuit 83r s

f the col d K of i b 32 d t
have to be- | SiREch cPFR Akes BhF 35° oFhe T Giteuss R theR BRes 1A o' cap
31a are | 0caifiinite fédihEad¥lsl s Tiinatitn frﬂeﬁﬁl tBORONP3LO b Aes e

CDl1, CD2 so that the propagation delay fromthe address ports to the col um

deBoders is addresalfromsthe CARBla totdetemmﬂmmgctcc@ma dxess e sende

t he RO\/IBlc {\Dﬁp Olif ofdt (? od\g?d which is received a cycle
earlier, O K% BOHIGR CEGOT RS 5 ar ea Wi thout any penalty to speed.
Ther ef or e becaUSBn AdAsti b, Obeclust h;he\mM BOc peeperforidy $uiné lof the eoliin
redundancy is perforned by the ROM 31c beforehand and the ROMis | ocated in

an uncr owdedr dagwyawoméomﬂm ERD gircvitc3Lrbe RO does pot haygdoike and
faster, th h
et T tocoipehtdiR By S ebe rdaSTRE CRUTGREITROnd i COB a4 29

peption of rlyyatsiness the addsgssCperas ileg, Ma&a theacoltmnl decideds 0D BCB2ea
bet ween the ROM 31c and the CRD circuit

Fig. 13 is a _block diagra
T1 st rat | nosetsERus BRRRAEAt deleychiom iheaddthee Horts 14 Hhe Cogy deotere
SDRAM of thi & grhadhimerk C?ég?fl{;,st?ﬁs area is very crowded. But because the ROM

81c works off of the row address, which is received a cycle earlier, it can be

located in a distant area without any penalty to speed. Therefore, because a
15 portion of the work to be done in checking column redundancy is performed
by the ROM 31c beforehand and the ROM is located in an uncrowded
portion of the device 20, the CRD circuit 32 is smaller and faster, thereby
making the device faster. Furthermore, a circuit, such as the row decoder
driver 40, and/or a portion of a signal line, such as the portien of row
20 : address line 33 crossing bus 36, can be located in an area between the ROM
31c and the CRD circuit 32.
Fig. 13 is a block diagram illustrating a SDRAM embodying the
-output circuits in Figs. 5 and 7. The SDRAM of this embodiment comprises
a memory array 200A comprising a memory bank A and a memory array
25 200B comprisirig a memory bank B. The memory arrays 200A and 200B
are each equipped with dynamic memeory cells. Although not shown,
selection terminals of the dynamic memory cells are arranged in rows and
columns such that all the memory cells in the same column are coupled to a
word line for each column. Furthermore, data input/output terminals of the
\.
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a nmenory array 200A conprising a nmenory bank A and a nmenory array 200B
conprising a nenory bank B. The nenory arrays 200A and 200B are each _
equi pped with dynamic nenory cells. Although not shown, selection termnals
of the dynam c nenory cells are arranged in rows and colums such that all
the menory cells in the same colum are coupled to a word line foPAPENT

colum. Furthernore, data input/output term nals @fockBENo. 577437 8RY)
cells arranged in the sanme row are connected to co_‘%ﬁm%ry—éar@l‘rm?np y t
for each rowmdh i83n ' heCElh | a1
appropriate cc? u(r)’}%pgérl\%[row. gggr{glet?lgct o%g%n%reéf gltgﬁfhdjgongag?@tnﬁ%m d

| i nes of thedatarlings dor egcl2®0w. i s energi zed to a sel ection | evel according

to the result of ggcodig%rg row address signals by.a row decoder 201A. The
conpl enent ary dat & PPRERULImemAry fells are aetected beih@osing Ay aperepmEate he

mMenory array.A8es an Ip e i | . el |.on
circuit 202Af: A col ugn&ggcg?gsrélgcgg% dec%‘e gg’ u(r%{ne ggg'rl%g}s?&lm&n{sa&g% eunﬂ
addr ess counmemey7armay 200 islenergized bw adedeatmnilevehdccordimgstd the vésudh

i t chi [ Its.of th i i d I legti ' '
S0 1 ' bbbk RCR RS D By L PR EOTE CBhe EblaBibla e
conpl enent ar yagiatiged 'agﬁcrir%&cgﬁiﬁijﬂlﬂ 5€l8ctel MERREy 2R dffth%rmﬁhfogg:afx?a?f the

sense anplifier and co selection circuit 202A. The sense a | er
circuits det 200A\exeyconmidd toatsemse amplifiérand celwuppesel ¢éatiprocircimis 2024 ced

data lines and anpl, fy.,t tential difference accordingly. Simlarly, the
nenory arrayc‘gﬁﬁgg)ég"%}e&‘m ‘ﬁf‘? S m@@&ﬁ??%éf c&%égdﬁ?ﬁﬂ ifier, a
capumm sel eCédifites i Q0FUAR %98&1@@ ¢ha deehddt colaemit andAEsiBs td RelEARTEWItching
conpl ementary data |lines 204 are connected to the output terminals of an

i nput buf f er cizquits phishe spose amplifier androkumen isplegtiopurirait 208Aankn t he

output term xr']éislpsén(s)é, Ehr}fco Hhay Ew?t% fr(xag[ cl%%rlntg 'shable certain ones of the

complementary data lines to be supplied to sense amplifier circuits of the
sense amplifier and column selection circuit 202A. The sense amplifier
15 circuits detect. very small potential difference appearing on the selected data
lines and amplify the potential difference accordingly.
Similarly, the memory 'array 200B is provided with a row decoder
201B, a sense amplifier, a column selection circuit 202B and a column
_ decoder 203B. The common complementary data lines 204 are connected to
20 the output terminals of an input buffer 211. The input terminals of the
input buffer 210 and thé output terminals of the output buffer 211 are
connected to sixteen data I/O terminals DQO to DQ15.
The row address signals and column address signals are fed to |
address input terminals AQ to A9 and are received by a column address
25 buffer 205 and a row address buffer 206 in an address multiplex form. The
| address signals that are fed are held by the respective buffers. In a refresh
operation mode; the row address buffer 206 receives, as a row address
signal, a refresh address signal output from a refresh counter 208. The
output of the column address buffer 205 is fed as preset data of the column
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connected to sixteen data I/Oterminals DQ to DQL5. The row address
signals and colum address signals are fed to address input termnals A0 to
A9 and are received by a colum address buffer 205 and a row address buffer
206 in an address nultiplex form The address signals that are fed are held
by the respective buffers. In a refresh operation node, the row agNERNT

buf fer 206 receives, as a row address signal, a rgcfcﬁﬁpl‘: ‘%F’Za'%ﬁt@?gh%r

output froma refresh counter 208. The output of Col aress ou

205 is fed a ' hﬁﬁp _ 14 - . 207. The
col um addreég%%éﬁ?@@%?%e%n@a yafl(rillé?sg;c;bg? t?ﬂ%ﬁﬁ%?a%ﬂié%@& ess

Zi gna: sbaf:coirrﬁ_f_'ﬁgsésotl.}m mlaﬂﬁfdd addressignils (Hbcﬁi'ﬂﬁﬂg tdiaspﬁ@@éﬁuédlﬁoﬁéz&&iff

et ai el ow. e .,col um, address counter 207 en _provi des col umm address
signals to tF9deeAiseHseed fygreatep Faég’?@WAﬁ%?QIB%? 8&%&%@%307

external con ' | I gnal

E. a ot p S pFOvIE: SRR irdsf HREMISHIRR odfuith dBodadls 2RI BABE O

gdﬂr efss st rgbe si gnaintrdiley; 2 h2 aeswivécextethikcanitgolosightdls swch aelal clack cont r ol
ata from address t terminals AQ - or }he sake of ention,

“si gnal narresS]igFPéf d&r’ﬁapﬁo@e@%saaﬁkﬁ ggnﬁfagl‘]‘; HEPH £ c‘é?’gﬁﬁfi‘? i gé’l.(’f‘ﬂpﬁey

are asserted " Y- e lg'h BP/RASN -

positive si g%g‘ﬁrsé:gsié.tg&,e %&%Jg)%iigfr}éséé?gﬁ ggd%étsﬁgstfﬂl g?y voi tag’egflgv‘@lﬁ?e

Al t hough i | | enablatsignalVWE; astwell asapatroddatafremtatdrabs imputi teximinateAdi ng

chi b and oxt 85naFoF B SRS Of coRErRHioRy SHRAChaRes $hef a7 LEpRPLeARAS or o
| pgat ed rel a&fé’ﬁleéa{i@é ts,{]g&% t{é\f.,sagg LA as»TﬂmédJ a3t af 160e vORALE QFUICHAH thidi P

Based upon changeS in the | ev ] signals and timngs fromthese signals,
t he control | eemairngcigmalararerpasitive signals,d.ej thest areoasserted ot lai ‘haghhe

operation node. of the,S M and .t he operation of .the above-nenti oned
circuit bl ocK@Fag-%ﬁevte?‘ri %‘?‘b‘a} élfluﬁetﬁ%% # septral Jgcatian, an external
terminal receiving the clock signal CLKO is located in a central portion of a

semiconductor chip, and external terminals receiving the clock signals CLK1
15 and CLK?2 are located relatively far from the central portion of the
semiconductor chip. Based upon changes in the levels of signals and timings
from these signals, the controller 212 forms an internal timing signal for
- controlling the operation mode of the SDRAM and the operation of the
above-mentioned circuit blocks. For this purpose, the controller 212 is
20 provided with a control logic (not shown) and a mode register 213.

As described earlier, the clock signal CLKO is used as a master clock
signal of the SDRAM, and the other external signals are used in
synchronism with the rising edge of the clock signal CLKO. When the chip
select signal /CS is asserted, the SDRAM is enabled and the /CS signal

25 initiates the start of a command input cycle. When the chip select signal
/CS is not asserted, the SDRAM is disabled, the remaining external inputs
are ignored. Here, however, the state of selecting the memory bank that
will be described later and internal operation such as the burst operation,
are not affected by a change into the enable/disable state of the SDRAM.

\
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provided with a control logic (not shown) and a node regi ster 213. As
described earlier, the clock signal CLKOis used as a master clock signal
of the SDRAM and the other external signals are used in synchronismwth
the rising edge of the clock signal CLKO. Wien the chip select signal /CS
is asserted, the SDRAM is enabled and the /CS signal initiates thpastERt of

a command i nput cycle. Wen the chip select signa NS -89 .y he
SDRAM i s di sabl ed, the renmining external inputs Dockst N2..5 ?4' ErEst.g)

however, th t RS t@g@ﬁgrw@q{m, t Paleek s g&s?"

| at er and |g¥%§%§aﬁ%ag%§?§ -ieac%n such as. the burs gpera%%%,dlgglé no Haltfﬁg%t ed
by a change corresponding sigredid in abtmvensionadf néheySiiddious DRAM sagyd 3kevesuch
as /RAS, /CAS and./VWE have functions differ fromthe correspongi ng

signals in 2% eanynstenaloin te EoRATSIAn RPL §PTHE 3% SIETEHEIC ant
Si nalsintg.ngg ' tﬁg@}ﬁmﬁﬁg I TN ot W i.gnal s for
de?i ni ng theé’i omrgfr?gq%:e;/ﬁgagét at 'w gé:yg%ségﬁtg‘ggpr}g{a&g#ﬁ%%léﬁegbk enabl e ~
si@nal CKE desi griihe slddkeenable digryalocE KiEhdesiguates! thekvalidjbpbf the mext chek

ri sing edge qof the next clock signal, CLKO is validat en t cl.oc

enabl e si gna“’f‘gﬁ&ﬁli%’ éle Pﬁ@%?‘g@f?f’gbé‘? nﬁﬁf_d §k|sF'@ e ﬁ 1%%ﬁ§:ﬁedi %’Eﬁf’ t he
| ow level . My£QUek endbld Signal CXRM i9RE tAE 1B 1608 £Pid AldMRIctivdwALAY is

recei ves an external contrdl signal ich controls the output enable for
‘the out put batf they 1a%d levehh diotduverxderingla vead opératiogy dheicontifodler d2nalse, at

t he high | l,.th t put ff 211 | hi gh-,out qut -4 d
State accor deskives amexienal Fopibl Senel WA dantol the Aufrvcenibip fafEs  he
aigir ess si gnalepul HRIFSE1 O WHéh (RS Bkfidhnal chﬁ‘&oﬁlé&ﬂa%@i 68 &xdpl8JafthOW

addr ess strobe bank active command cycle that will be described [ater and

that is in Syigbhlegel, shewiutput baffer 2 Igisethpngefl tore highroutputgirapedane® The
address signgl ,fromthe addse Lhput termnal- A9 is regarded as a bank
sel ection siYA§ 2FSPTAiRE g%%%ﬁgﬁﬁq%ﬂ@d row address strobe bank

The row address signal is defined by the address signals from the A0

-A8 terminals that are received during a row address strobe bank active

15 command cycle that will be described later and that is in synchronism with
the rising edge of the clock signal CLKO.

The address signal from the address input terminal A9 is regarded as
a bank selection signal in the above-mentioned row address strobe bank
active command cycle. That is, the memory bank A is selected when the

20 input of A9 is at the low level, and the memory bank B is selected when it
is at the high level. Selection of the memory bank can be controlled by
activating only the row decoder on the selected memory bank side, by
selecting none of the column switching circuits on the non-selected memory
bank side, or by making connection to the input buffer 210 and to the

25 output buffer 211 only on the selected memory bank side.

During a precharge command cycle, defined in greater detail below, -
the address signal from the address input terminal A8 designates the mode
of precharge operation for the éomplementary data lines; i.e., when the A8
signal is at the high level, the objects to be precharged are the two memory
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active commend cycle. That is, the nenory bank A is selected when the input
of A is at the low level, and the nmenory bank B is selected when it is at
t e high level. Selection of the nmenory bank can be controll ed by
activating only the row decoder on the selected nenory bank side, by

sel ecting none of the colum switching circuits on the non-sel ect PATRENTPrY

bank side, or by making connection to the input bggggét m05@!ﬂ4}3t7&(;’1“3}1 3)

out put buffer 211 only on the selected menory ban rtng a precharge

command cyc! anidlehhdSthéd tHE 28 SondPidht tREIAW élen@ﬁﬁéﬁ%?tﬁé%&ho om the
esl gn node

address input term nal es t precharge operatior for
t he conpl endrardtsyshiatld bepeex:harge:d when t he A8 signal is at the high

| evel , the objects to be ec d are fhe two 6- banks and
when the A8 o) onaburBes BhEnRgieversad commnd Pt ehime AdGesm ARG Sshou d
be prechar gegmahdN distusoed! i gggﬂeﬁﬁtm%m@”ﬂﬁ“%lﬂmgh&mﬁﬁ SPfs wite

command, discussed in greater tail below, the columm address s gnhal is
ddf i ned by tdefined/by $heflemid roé'saddreghagnalsfmni tire addrmanipnpaermmdsrﬁﬂ) S

AO to A7 that |5 .An, synchronism W|th r| f t.he cloc i gnal
CLKO. As a ?t@s%? ti’a{'l'\% Iy &yp r’é‘ l&%ﬁﬁaﬁa@j%@gs
for the bursig actRaf;, tﬂélﬁﬁrﬁﬂ%&ﬁhﬁﬁad@&%§ is %sé@%sm%ﬂwébaf&dﬂﬁy

commands wi || be deséri bed bel ow. (1) Mode regi ster set conmand. This

command def imaxst sacdesst eset s the node register 213. The command is

data) to be vet TMa eheraieRamatcs T RASTTHAW, R BY ArapBRE L =

ljgri tati on, K8es@ihed Bélowet data nay be a burst length, a CAS | atency, or
a wite node. Though there is no particular limtation, the

(L)___Mode register set command.
~ This command defines and presets the mode register 213. The

, command is designated by /CS, /RAS, /CAS, /WE = low level, and the data
15 (register set data) to be set is given via A0 to A9. Although fhere is no
particular limitation, the register set data may be a burst length, a CAS
latency, or a write mode. Though there is no particular limitation, the
burst length that can be set is 1, 2, 4, 8 or full-page (256), the CAS latency
that can be setis 1, 2 or 3, and the write mode that can be set to a burst
20 write or a single write. |
In the read operation designated by a column address read command
. that will be described later, the CAS lateney designates how many cycles of
internal clock signals are to be taken from the fall of /CAS to the output
operation of the output buffer 211. The internal operation time for reading
25 the data is necessary before the read data is defined, and is set according to
the frequency of the internal clock signals. In other worde, the CAS latency
is set to a relatively large value when internal clock signals of a high
frequency are used and is set to a relatively small value when internal clock
signals of a low frequency are used. '

\
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burst length that can be set is 1, 2, 4, 8 or full-page (256), the CAS

| atency that can be set is 1, 2 or 3, and the wite node that can be set to
a’burst wite or a single wite. In the read operation designated by a
col um address read command that will be described |later, the CAS | atency
desi gnat es how many cycles of internal clock signals are to be taPATENTM

the fall of /CAS to the output operation of the opppkét 191!6{;51;*74_%3731@'1‘@3_3)
internal operation tinme for reading the data is necessary before e read
data is defi@2ed, RoW addrags Smrg&ﬂga&ﬁvé B&Qﬁﬁency of the internal
clock signals. I'n other wor atency 1s set to arelatively |arge
val ue when inter nﬁmswqmmagxcigeﬁac@s ¢he aiehlggmtfqmcﬁmpddrﬁsmabaandl theset
to arelativ val en,integrnal clo falo uepcy
are used ST o g Aebry e Aot estentitn B iR ERS 2 eplebhrhig

effects the /guss, qwm:om%iy 16 addnas spsidialie tﬁe%@hﬂs&%@%aqa Aztb 18 Apory

bank, and is designated = |l ow | evel
| vel . In tHaxe xayerddress mgnelgua@dame signal vensived mwasmmmomhmgdress

The recept | rahSibel 8 ELpBbp of o5 St R0 XarRR A R DAL
edge of the withethipatisirigoedges bftled tntrgnslesleck Bithadd ayelesbibe® abapt e Forhen

this cormmand is designated, a word _line in a nenory bank designated by this
conmand i s sk¥aXePled Whenthis semumandds desigmated.ca wardiliee i admemery|

el ectrlcally kst 3)
Col umm address gxg%%ﬁe%, %qx%%éd?%%%[ﬂ@é #fg%g@?%ﬁ{egt&?%% é(gf;)fe‘ofgl%ei( on
all ef fects wordblineris eed@bteﬁ:allytdonlnectedrw ﬂm chesegpoaiding leymplénenths dataow
| evel and /RAS, /WE = high level. In this operation, the signals received
at A0 to A7 '¥R€-.col um :

(3) Column address read command.

This command initiates a burst read operation and effects a column

15 address strobe, and is designated by /CS, /CAS = low level and /RAS, /WE =
high level. In this operation, the signals received at A0 to A7 are column
address signals. The column address signals are fed to the column address
counter 207 as a burst start address. In the burst read operation
designated thereby, a memory bank and a word line therein have been

20 selected in the preceding row address strobe bank active command cycle.
Therefore, the memory cells of the selected word line are successively
selected and are consecutively read out according to address signals output
from the column address counter 207 in synchronism with the internal clock

_ signals. The number of data consecutively read out is equal to the number

25 designated by the burst length. Reading the data from the output buffer
211 is started after having waited for a number of cycles of internal clock
signals defined by the CAS latency.

(4)  Column address write command.
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address signals. The columm address signals are fed to the col um address
counter 207 as a burst start address. In the burst read operation

desi gnat ed thereby, a nmenory bank and a word |ine therein have been
selected in the preceding row address strobe bank active command cycl e.

Therefore, the nenory cells of the selected word Iine are successp/efENT
sel ected and are consecutively read out accordi ngg& gﬁﬂ{ e§§7al3@n¢é§ @@Dut
fromthe colum address counter 207 in synchronl S

signals. The nu ut i ead out .S uaI t unmber
deai anat ed by 1 net B cpBfiahyf fREREE 2 5 BRRE, Poralibe: AESHARE A BBt or 211
is started aib doaMhREdVBIseEdn thE rdodd FsiEte?’ 2 18] Pras siiglé Wﬁf@@ﬂ;eﬁw -
signal s defi ned by the CAS latency. (4) ©Colunn address write conmand -

18 This commP¥ayidéd eisingle wrijercommandds @p’enafchgmnoclﬂ tRgigten. dTheicommand e

o ovi ded 5 Sogher HPERE® el B8k SiEked pdarls el Brraithen The SR Wnam,

fust her def lﬂ@bﬁmtwhh@ opetatitn 2 dMhecsimmiandiis dedigeitel sy VOS, $(DA$ ¢VWEI te
or the burst wite operatlon The. command i s desi gnat ed bég/CS | CAS; /V\E =

low | evel and lpwdsvel andyRAS = hightleveli sAtHhisrmomens, thripddressdadite 49 --

I's received d e t e
col um addrelgz lgl gg‘%#ggea%véej as aa@'ar%%s .l;lg-n HI hggbgsbs‘ﬁ% %&ﬁ}%@&é&%‘tﬁﬁ tﬁ@
addr ess counggtumiD4addriese dighal setves asepbupdt startiaddessstfor theeohbyni s

carried out in_the sane procedure as that of the byrst g@d opg ation. In

the wite opadduesssountercs@?. Lhecharstrite operationdesigna Yildn of
wigte data | g i bl teshite fiflcditrd J01R3P othd Bufd il ofoickftn. (Fl

Prechar ge conman I'S “coma a prec arging operation for a nmenory

bank that i stheabvﬁtteﬁji:ebatléﬁ hodreder, thete isnd€Aglatbrry, 68 recépiton Kf\E = | ow
| evel and

L)

write data is started from the column address write command cycle.

5 Pre e_command.
15 This command starts a precharging operaﬁon for a memory bank that
is selected by A8 and A9, and is designed by /CS, /RAS, /WE = low level and
/CAS = high level.

(6) _ Automatic refresh command. |

20 This command starts an automatic refreshing operation, and is
designated by /CS, /RAS, /CAS = low level and /WE, CKE = high level.

{7) __ Burst stop in full-page command.
This command halts the full-page burst, but is disregarded during a

25 burst operation other than for full-page. This command is designated by
/CS, /WE = low level and /RAS, /CAS = high level.
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[ CAS = high l'evel. (6) Automatic refresh command. This command starts an
automatic refreshing operation, and is designated by /CS, /RAS, /CAS = | ow
| evel and /WE, CKE = high level. (7) Burst stop in full-page command. This
command halts the full-page burst, but is disregarded during a burst
operation other than for full-page. This command is designated by PABENME
= low l evel and /RAS, /CAS = high Ievel. REPLAGHHENTE NbET74187 (GERH-3)

No- operation command. This command designates that no operatron I's
substanti al | ygear N@gpgltgnm@%%$3| gnated by /CS = low | evel and /RAS,
CAS, /VWE ="hig eve of Fig. 13, when one nenory bank
performs a burst didsgpimonand desigriades teabny opardtiors is gnbstantihllyi ttm‘léih
oper ati on. The efo en r d tro t

recei ved, th8% ’0%1 W%‘f& /gffgow}?’éeﬁ“gﬁxﬁmm ﬁm&‘ﬁ%ﬂk
wi t hout affecting the operatlon in the other nmenory bank. For exanple, the
SDRAM has neans for holding the data, addresses and control signals

rebei ved fromthe IB)dlerSﬁRAd\IersE‘lgT A3, Wﬂh@bnemmememnrychmk performsad buzste

t df h b The d f. bl ock
el oot ed by PREIN e, BCr SOPDEY BaRE 80RO OPHaA oA e aReReY by o

l'at ch circui Thiepefors 'WHen thd #id aAdFdssBteshE Baﬁlﬁ%cﬁ%%oﬁﬁﬁéﬁ&h@@'e@éﬁr@ﬂ to
t he col umm operatlon Therefore, it is possible to start the internal

operation bethe shwratidness 99&1‘3:‘230131 ip cantied gut in thevneandmery chanéscmfémt

strobe bank a bank di ffer fromthe

verory bank PHEGHEEISE GSAAGRR ‘PobRolBet APEREE BROE & GerimeledhPed.

Rggd/ Wite oSPRAMRSsthedhle forlidiling ¢hé datd, ddRdssds svdebhatol 8ignals
received from the external ports. The addresses and control signals are

stored for each memory bank. The data of one word line in a memory block
selected by the row address strobe bank active command are latched by a
latch circuit (not shown) in order to execute the read operation prior to the
15 column operation. Therefore, it is possible to start the interﬁal operation
beforehand by issuing a precharge command and a row address strobe bank
active command to the memory bank which is different from the memory
bank in which a command is not finished and is being executed.
Read/Write operations of the SDRAM are controlled in synchronism
20. with the clock signal CLKO. Furthermore, the SDRAM can receive and
output data, in synchronism with the clock signal CLKO and hence it is
capable of operating as a memory having a capacity as large as a DRAM at
a speed as fast as that of a static random access memory. By designating
how much data can be accessed for a word line that is selected using a
25 burst length, the SDRAM successively changes over the state of selecting
the columns using an incorporated column address counter 207, enabling a
plurality of data to be successively read out or written.
Although illustrative embodiments of the present invention have been
shown and described, a latitude of modification, change and substitution is

-—_
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with the clock signal CLKO Furthernore, the SDRAM can receive and out put
data, in synchronismwth the clock signal CLKO and hence it is capable of
operating as a nenory having a capacity as |large as a DRAM at a speed as
fast as that of a static random access nenory. By designating how nuch data
can be accessed for a word line that is selected using a burst | eRATENThe

SDRAM successi vel y changes over the state of sel eDheltét NB%W.B@%’M&EIEJ an
i ncorporated col utm address counter 207, enabling a plurality o ata to be
successi vel Vinkg&edePil tRE fWe'ggiﬁPg“diséidsBPé',%d i %éit%ﬁ"x} 'iﬂ@caﬁg@é%%oﬁé‘féatﬁ?eé he

present invention have been shown and described, a latitude o

nmodi fi cat i orof thedmyentiod wilbbe iemployed mgthout- a 20rrespondimgease of other

f oregoi ng disc] osur and in,certain instances, sanme,fealur.es t he

| venti on wiERTHE ot Stam il R taber R RE Ripe o BBt SR b eat ur es.
For exanpl e, featires GFithed ir<iitiin. "Marelerend¥@) 8l ditidd=d Buffees§ @AVEFS HePiy t hi s
invention. Furthernore, additional buffers, drivers, delay circuits and

otther ci r cuidircuits/and osher gircwits reay beaddes: to/thecihsdrativa embodbment| teri ng

t he scope of_t Lnyention. Accordinaly, it.is LQRrhate .

appended cl 'a‘m;glg}}t _t(?ﬁg{é') f}éeds‘ﬁﬁp(?a%ll @%a%gephog; éﬁ%ﬁ?ﬂ]@gﬁsﬁ# gﬁ&”@ﬁﬁﬁt‘f he
scope of thghaf\Betdpyended cldiins be!@hBEudlidirondlychad iRt hiinner consistent 1.
A sem conduct or device conprising: 2 a first external

term nal forwithctdievsaopeofithesnventier. si gnal ; 3 a second
external termnal for receiving a second clock signal;

\
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4 _apluratity of external data-output terminals; 5
a first circuit for out | an enable signal in response to 6

said first cl oﬂ“\m E&‘\Tﬂ“ . a second circuit for outputting
a timng signa @ 8 . sai d second clock signal; and 9
a plurality of. datda output circuits coupled to said plurality of PATENT

external data-output termnals, respectively, 11 Docket No.:5774.37 (@E3HLD)

each of said plurality of data qutput circuits has a first .12
i nput termnal for receiving said enabl €laiggal and a second i nput 13

termnal for receiving said tinmng signal, and 14 wherein
said plurality of data output circuits output data in 15 _ response

to said tim s r@é]éﬂ@ said enable signal is activated. 1
2. A sem c@%‘ uclgor evi 5:52 according to claim1, wherein said first 2

externhl terninallis | AcingidondtsiodeledicedcdmegiiOimg: N Whi ch said plurality of
3 external dat a-oug__&ut termpals are arranged and said second external

4 ermnal is |ocaRd¥st g3teraal ferminalifor receiving a first clock sigmal;
sem cofpduct or devi ce ' i.m - . [iaSing: +3
a rrermo‘?y array for stggi(é%&dd;tg }é{&g%%ﬁﬁd alffﬁg}&%ﬁw%gas%cogagig@%l? siqq? uit
coupl et to said first sxyleralily éfcestened], data-REPLACEYRIRISET - 22 5

wherein said control circuit,indi¢cates a nmenory access in 6
resporde to said firstadrsbgir F oybputing anienapie signad ABFeSRORSA tp 7

menorygarray is r%ﬁ%&%d&ksﬁg‘gap! urality of data output circuits. 1

4, A sem conduct or vice according to claim1, wherein said first 2
external terninal is |acatent circaitdonbutbuiiing adimirg stgmhl irmespomiector 3
devi % said second clock signal; and '
9 a plurality of data output circuits coupled to said plurality of
10 external da'.ta_-output terminals, respectively,
11 wherein each of said plurality of data output circuits has a first
12 input terminal for receiving said enable signal and a second input
13 terminal for receiving said timing signal, and
14 wherein said plurality of data output circuits ouf:put .data in
15 response to said timing signal while said enable signal is activated.
1 2. A semiconductor device according to claim 1, wherein said first
2 external terminal is located outside of a region in which said plurality of
3 external data-output terminals are arranged and said second external
4 terminal is located inside said region.
1 3. = A semiconductor devicé according to claim 1, further
2 comprising:
3 a memory array for storing data; and
4 a control circuit coupled to said first external terminal,
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1 5: device according to claim1, wherein said
first 2 e term nal, said second external term nal and said
pl'ural ity of STIlﬁiﬂmH('"”mwm ta-output ternminals are arranged al ong a
straight Iine. ¢ L e {4l A sem conductor device conprising: 2

a first external termnal for receivi ng a first clock signal; 3 PATENT
a second external termnal for receiving a SecondD‘Bl:Q&d‘N%i'g‘?*ﬂL'37ﬁGT3H-3)
a plurality of external data-output terminals; 5 = )

pluralgty of data out L Cdhs I . S| I ' .

exter n%l dat a- out put It%g?lsnfé\%"l %Higggggt%t&nﬁéﬂeg auﬁﬁhk&rXr é)“fcegsén% I rst
circui® for outputesponsebo sarbfiestsélgelakignal sethabsaid data stored in saidi d
first clock signal; and 9 ) a’;\ fec nd giycuit having a first
i nput {erninal fJReMATY 3rAY 18 Xpad pyt to said plur. @X&%dfaéﬁdﬂﬁpgtﬁﬁﬁmtﬁnd a
second input termnal for receiving said 11 enabl e signal, 12

wherein said second circuit outputs a timng signal in response 13
to sail second cléck sAgeahicohdhetos desticenedebrdinggnadlains lpcthereirdaidhfidstl 4

whereinh said plurality .of,dafa oufput circyits output .data.in 15
resporfse to B“ﬁi ‘iﬁrﬁ’dng Hh c_ate& ngp@g&ﬁb@qﬂggg%ﬁa;gﬁmqondluctor 7.

A semgonducigfedlevi ce according to claim®6, wherein said first 2
external termnal is |located outside of a region in which said plurality of
3 external data-output termnals are arranged and said second external

4 termnal is |ocagted. nside sajid.region, 1 . 8. . A.
seni cohduct or deI ‘ce a&é@i‘l&k%&'t‘%oﬁl%lﬁﬂﬁe ,clcP{f]rlPﬁetP dJaim 1, sharein F’ﬁ’gi. ﬁ§§t
a Nemygy arreyefodl akpiihAl Add %éccﬁf&jeﬁtlernal terminal and sad GRAF4IMy 6f rcuit

coupled to said first external term nal,

3 external data-output terminals are arranged along a straight line.

1 6. A semiconductor device comprising:

2 a first external terminal for receiving a first clock signal;

3 a second external terminal for receiving a second clock signal;

4 a plurality of external data-output terminals;

5 a plurality of data output circuits coupled to said plurality of

6 external data-output terminals, respectively;

7 ~ a first circuit for outputting an enable signal in response to

8 said first clock signal; and |

9 a second circuit having a first input terminal for receiving said
10 second clock signal and a second input terminal for receiving said
11 enable signal, |
12 wherein said second circuit outputs a timing signal in response
13 to said second clock signal while said enable signal is activated, and
14 wherein said plurality of data output circuits output data.in
15 response to said timing signal.

h'\.——“_\
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5 Wol circuit indicates a nmenory access in
6 ~ respo to said firs | ock signal so that said data stored in
sdid 7 ﬁi” ﬂ,’ﬁ" ead out to said plurality of data out put
circuits. ’m] ’{onduct or device according to claim6,
wherein sard first 2 b oéxteérna term nal is located in a centrPATENT on
of said sem conductor 3 devi ce. 190ockét N%FE WQ_M3Hemi ce
according to claim6, wherein said frrst 2 external Termnal, sal
secondlexternal tgrm nal seﬁirréoﬁau@hoﬁldéwdé édéo?dln3‘ to clair’§ %H@x‘aﬂ%hf’dg wEput
termnals are arranged along a straight |ine. . An address

nul ti pf exed exdarealermioal ivlsajediovtside of a regmmnpwlnclmgachplurahty of
aplur lity e ss _terynnals for r oW

addr ess si gna sﬁg‘é‘l #% %%q*tetfr{nﬂ?@l S REEi q}a'aggad %ﬁﬁmgg’&&?@%§x§r§ﬁél s 5
duringd a secepthihbls RRatédlindide said region. ~a defect address storing
circuit for receiving said row address 7 signals and outputting a

plurality of defect address srgnals and 24 - 8 a
conpar{ng circuitgfor ece ura |1 of d fect

addresis signal s and sa ?i(? es?“é’ﬂ“i,l? EdRF ﬂlé%ﬁd%*ﬁt}%

whet heZ or n@imprkichgt Iural [ ty of def ect address signals are coincident 11

with said colum address signals, 12 wherein a first
di star®e between an acdelmeemory garay fgi soring data; and whi ch said

pluraljty of external d . sai d
corrpar‘% ng circuit is sﬁggﬁﬁffﬁgﬁ&}%§p2%§g§8£ﬁ§%§n%%gjg%%€@5ﬁu Tgl’

sai d &ldress input regv‘vharan@aﬁdicdnﬁemeﬁrcuﬂchdrdeée&estaoﬂengozgia@ués irso 16

t hat (?ar d defect address stor ng circuit | at ed. from sai

conpar® ng ci r cui tresponse to said first clogkys égst sald Aatagtore lEoﬁ?aﬁctor
menor yy devi ce

memory array is read out to said plurality of data output circuits.

9. A semiconductor device according to claim 6, wherein said ﬁrst
external terminal is located in a central portion of said semiconductor

device.

10. .A semiconductor device according to claim 6, wherein said first
2 external terminal, said second external terminal and said plurality of

w

external data-output terminals are arranged along a straight line.

11. An address multiplexed semiconductor memory device
~comprising:
a plurality of external address terminals for receiving row
address signals during a first time period and column address signals
during a second time period;

a defect address storing circuit for receiving said row address

< O O b W N

signals and outputting a plurality of defect address signals; and
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2 according to claim 11, wherein a region between said conparing
circuit and 3. —Sat storing circuit is used for formng a
cross wiring, said Cross-w ring being coupled between said conparing

4
circuit and said dt'w ’ﬂu)muﬂﬂﬂﬂl ss storing circuit. 1 13.  An
address nul ti pl exed O nory device 2 accordi ng t PATENTD
12, wherein said region is used fér fornming a ci I DéckeBNo .57 I3 AB3H-3)
controlled by said row address signals. 1 : synchronous
devi ceg conpri si ng mul t i RhghHmE circuit for Teeitlit ¥aid pluralifyf o§EfRELR! I N0 2
first clock signal to a first group of the nultiple output's 3 - and a

secondcl ock for gddresatsignpla ansteaid colomn address signals sedodetidingup of 4
t he tiple outputs,. 1 . 5.... The .device .of cl.aim 14 wherein the
fir s%nd second %’%’8@?{? o not S%‘&eP’:\F@llFmngf?&tﬁﬁﬁyeﬁrmea Feneqinciden
REPLACEMENT SHEETwith?8aid cblumn address K8enaldhe device of claim 14 further
conprising additional circuits 2 and a third clock, wherein the third

cl ockldenerates a t hi rewhereinka firghdistancsbetweearhan addaess inmuti xegion in

17. Jhe device of ichaiml4 . whereip the first. and seco cl ocks

cont Bt mitt | PRSP RRRE of khipnl AARrERdeRRINNS SHetocited ang
met hot f or synchr giidZdongpafiht ichtceitdist dhiirferofhah ey 56cdnd distarsdebeétwed e

synchronizing a first group_ of the nultiple outputs with a first
ci ockl®i gnal and %B}dtﬂtﬂk

3
aEY inpuiaregion sandysaid fefecttaddress stoing eircpitiso wi t h

4 second cl g ls . . . ' nprising a
col un%éladdr ess buﬁ%rs%hgr@g%t%addres%a%ﬂ%nsé %gﬁ?jf% elrgl,ig%ﬁg%cfge#g%%ﬁndancy
detecl7circuit, adyinpariol diwiiei n the 3 ROM interprets a row address

fromthe row address buffer and supplies 4 col um redundancy
I nformation to the colum redundancy detect circuit.

12. An address multiplexed semiconductor memory device
~ according to claim 11, wherein a region between said comparing circuit and
said defect address storing circuit is used for forming a cross wiring, said

- cross-wiring being coupled between said comparing circuit and said defect

R W N

address storing circuit.

13. An address multiplexed semiconductor memory device
according to claim 12, wherein said region is used for forming a circuit
which is controlled by said row address signals.

o

14. A synchronous device comprising multiple outputs, a first clock
for generating a first clock signal to a first group of the multiple outputs
and a second clock for generating a second clock signal to a second group of

the multiple outputs.

B W N

15. The device of claim 14 wherein the first and second clocks

2 operate independently of each other.
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1 20. M@L}L_dﬂﬂ_c‘of claim 19 wherein the ROM conprises 2

fus The nmenory device of claim 20 wherein at | east one
of the 2 fuseﬁulﬂxymﬂ'ﬂ”mmm the production of the nmemory device. 1
22. The nmenory d further conprising a colum 2

decoder, wherein the i & 1dcat ed away fromthe direct path froRPATENT

col umm address buffer to the col um decoder. 1 Docket No2-8774/87 (GT§H3

sem conductor nenory device conprising: 2 a nmenory array,
-3 1 a fi16St THeeddvite bLEIMMA4 FRFthe eHingriing ahmﬁénﬁ' Qf ‘éu%é gna'
4 a second external termnal for receiving a second c st gnal ;-

and 5 2 and zthird slock, vgherein ghe ftbird; dgclagenelatesiatfénrdaebckrswgmalatod

nenorygarray wherein said first circuit enters an out put
enabl e st at et"}(l)eﬁl3 gﬁ %ﬁ?llgs’of 7 said first clock signal, and a timng
for which to output said first data from8 sai d first circuit is

controlled on the_basis of said second clock signal. A
seni cohduct or mendfy d&hecdevaes of diaing 14 whezein ﬁrmamiase@nd clocks

conpri§i ng: rnal, termnal .for receiving a third
cl ock %I gnal §°nt"81 Epe muli’ipw gP"gt@ 8 glroélﬁﬂlt Wﬁlﬁtﬁ frol ds a second data
read fromsaid nenory 5 array, 6 wherein said second circuit

enters_an out put enable state_on the _basis 7 - of said fi rst cl ock
signall and a tinl#g férmethed fensymehronizieg melsinle eubpnts o a deviceom sai d

557" 2 oy cmbEY et Sctgaptly 8 SR el

wher ei 3 sai dclbtk signa eaahdyncttroniding o bewadsironpl of thieemaltiplecowtpirs ith

phase. 41 a second %lock sﬁ\ sem conduct or nenory device conpri sing:
1 19. A memory device comprising a column address buffer, a row
2 address buffer, a column redundancy detect circuit, and a ROM wherein the
3 ROM interprets a row address from the row address buffer and supplies
4 column redundancy information to the column redundancy detect circuit.

20. The memory device of claim 19 wherein the ROM comprises
fuses.

1 - 21. The memory device of claim 20 wherein at least one of the
fuses'is blown during the production of the memory device.

1 22. ° The memory device of claim 18 further comprising a column
~ decoder, wherein the ROM is located away from the direct path from the

column address buffer to the column decoder.

23. A semiconductor memory device comprising:

2 a memory array;
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2 a menory array; ‘a first external termnal for
receiving a first clock—srgnal-—4— a second external termnal for

n'd- 5 a third external for

3

reécei ving a secon ' I ;
outputting a dat ' ﬁﬂ ,jinﬂ Ir"ﬁl nory array, 6 wherein a
sel ecting operation feol ca wengryycell in said menory array 7 IBATENT
controlled on the basis of said first clock si 9”']30(3@1‘@0.‘557‘?4@97;@1‘;%59*‘
to 8 output said data read fromsaid fenory ce rom sai
externg@ 9 , t%.g_ﬂfﬁaéxtbﬁlﬂo%hﬁhﬁﬂ)ﬁécéﬂ?éﬁsﬁﬁt%o&@éi sfcond cl ock

- . ondu

si gnal . - 2 A semc tor menory devi’ce accordi ng
to cl adm 26, 2 a second estermalrterminal forsteceivimk assegomd choelt sighdl; sanbnd

clock signal are of .the.3 . . s .phasg. .1 28... A sem conduct or
menor y%devi ce acc@_rﬁ?%gm{%nﬁ f%ﬁ ﬁ?n@?‘?g? fivst data.reaq,rfnggi ﬁ?‘@é?ﬁmpi"}’ &rray,
externg term nal vleersns3hRTAFR ﬁr&ﬁl’:‘fehﬂl}rg buffu éaltl ale thafb ﬁ?g?%%gﬁg&f’r

chip, and said second external term nal ocate

from sdi d cesaithfirsiocloclosigrialsand atimingfdnothich ¢higutpat said first dat29fromA
sem conpduct or ry .devi ce whps ddrgsses .are 2. t.i pl exed, '
Compry B net O balt? BB cifith GF cBRERTEA Y 83552518 oF said secald dpfk S, o,

recei ving row address 4 signals on the first timng and col um address
signals on the second timng; 5 a defect address storage circuit
which dutputs def @t adidsemacandpchdrsmemory devier décogding tatlaimoR3, it zers
signalsg, and 7 c e a conparing circuit to determ ne whether said

def ect addre§8n§¥5ﬂﬂfs 8 .match said colum address signals, 9

wherei 3 sai d conparihifd extdrmal teSmimddoe detdividgCs Bhirdl clpel bigoal odnd 10

sem conductor chip, and _said defect_ address storage circuit is |located at a
11 4di st ance f Bosacond civant which holdsoa seconshlata sead Hoaw sais memery 1

30. Assenicggggptor menory device according to claim?29, a first

6 ~wherein said second circuit enters an output enable state on the basis
7 of said first clock signal, and a timing for which to output said second data
8 from said second circuit is controlled on the basis of said third clock signal.
1 25 A semiconductor memory device according to claim 24,
2 ' wherein said first, second and third clock signals are of the same
3 phase.
1 26 A semiconductor memory device comprising:
2 a memory array; '
3 a first external terminal for receiving a first clock signal;
4 a second external terminal for receiving a second clock signal; and
5 a third external for outputting a data read from said memory array,
6 wherein a selecting operation for a memory cell in said memory array
7 _ is controlled on the basis of said first clock signal, and a timing for which to
8 output said data read from said memory cell from said third external
9 terminal is controlled on the basis of said second clock signal.

- 26- I
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2 portion aof _said plurality of external address termnals is adjacent
to an area 3 Oﬁn\‘n*?a'ﬁalq;grcparison circuit is |ocated.
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27. A semiconductor memory device according to claim 26,
wherein said first clock signal and said second clock signal are of the

same phase.

28. A semiconductor memory device according to claim 27,
‘wherein said first external terminal is located in a central portion of
a semiconductor chip, and said second external terminal is located at a

distance from said central portion of said semiconductor chip.

29. A semiconductor memory device whose addresses are
multiplexed, comprising: _

a plurality of external address terminals for receiving ro?v address
signals on the first timing and column address signals on the second timing;

- a defect address storage circuit which outputs defect address signals

according to said row address signals; and

a comparing circuit to determine whether said defect address signals
match said column address signals,

wherein said comparing circuit is located in a central portion of a
semiconductor chip, and said defect address storage circuit is located at a

distance from said central portion of said semiconductor chip.

30. A semiconductor memory device according to claim 29, a first
portion of said plurality of external address terminals is'adjacent to an area

in which said comparison circuit is located.
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