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SYNCHRONOUS SEM CONDUCTOR STORAGE DEVI CE 1. FIELD OF THE | NVENTI O\ The
present invention relates to a synchronous 5 seni conduct or storage deVICG

and specjf. synchronous semi condilct or storage device in which the
anount OW W"’ﬂ mrlsurred in a standby node is reduced. 2. DESCRI PTI ON OF
THE RELA In recent years, along with the increase in operation
speed of m cF¥PPRbcessors, etc., demand for sem conductor storage devices

whi ch operate at higher speed has been growi ng. A sem conductor storage
devi ce devel oped for the purWGﬁOMtQEQTHECENyw is a 15

synchronous semgqg@yg{@N@@?%Ig@\mg (?ew RS R@ﬁ@ﬁ DEVRCgynchronous

burst operation no I'n" suc st orage speed readout of data
Is achieved in addition to the increase in speed for nor mal random access,
al t hough an acédes$ TEhRF i BHEi AENVEHTI®Nzone extent. 20 The synchronous
burst operation node used in a clock synchronous senmi conductor storage
device is a high speedTAec &L sRRfe J-thﬁmiéﬁnpﬁ-'@déteﬁrfmh@dadayaché’ml%?ﬁe

sequential ly output in synchronization with a system iwwa~~m- Z'7 1~~U
2007 5 semiconductor storage device, and specifically to a

synchronous semiconductor storage device in which the

amount of current consumed in a standby mode is reduced.

2. DESCRIPTION OF THE RELATED ART:

10 In recent years, along with the increase in
operation speed of microprocessors, etc., demand for
semiconductor storage devices which operate at higher
speed has been growing. A semiconductor storage device
developed for the purpose of meeting such a demand is a

15 synchronous semiconductor storage device that operates
in a synchronous burst operation mode. In such a storage
device, high speed readout of data is achieved in addition
to the increase in speed for normal random access,
although an access method is limited to some extent.

20

The synchronous burst operation mode used in a
clock synchronous semiconductor storage device is a high
speed access mode in which predetermined data rows are

sequentially output in synchronization with a system
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- 2 clock signal. One exanple of a synchronous sem conductor storage? 7 Njy 2007
devi ce which operates in a synchronous burst operation node include a
synchronous DRAM (hereinafter, referred to as "SDRAM'). 5 Figure 8 shows an
exenplary structure of an input circuit used in an SDRAM This i nput

circuit includes an internal clock activatpon signal generation circuit 52
whi ch receives a systemclock signal CLR and a clock 10 activation signa

CRE and outputs an internal clock activation signal 1, and an internal

cl ock signal generation circuit 53 which generates an internal clock signal
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first DFF circguyi u a «at ch out put signal 0 fromits output
termnal Qto ?écftﬁrgroﬁcﬁﬁﬁ %%r msﬁgEMID%o'f the second D-FF circuit 51. The
second D-RF 2 7 !~-1Ov 2D0? - 3 «circuit 51 receives a systemclock signa
CLR at its clock termnal CR through the inverter |INV50. The second D FF

circuit 51 outputs fromjidif&U RiffousShHRl @ﬁém&a@g 8t phBLire! 88karRGiip@At i on
signal @1 to the internal clock signal 5 generation circuit 53. Figure 10

shows a struct yig-cfit heséat ehnah ebRalM.si apals ganniatéPAcah tCink1vdeslhe
internal clock signal generation circuit 53 includes an NAND gat e NAND54

and 10 an inverdreintdynal dhechAMY ped €1 oWNEarhd Egeneea thiltm tarenial 54 ock
activation signal @1 fromthe internal clock activation signal generation

circuit 52, anatilth syetenwelsock syghain difecklheignadr CBK |dWb5ar edsickes an
out put of the NAND gate NAND54 . The internal clock signa
10 activation signal CKE and outputs an internal clock
activation signal ¢51, and an internal clock signal
generation circuit 53 which generates an internal clock

signal olk_in based on the internal clock activation

signal ¢51 and the system clock signal CLK.

15
Figure 9 shows a structure of the internal clock
activation signal generation circuit 52 which includes
a pair of D-flip flop (D-FF) circuits 50 and 51 and an
inverter INV50. The first D-FF circuit 50 receives a
20 clock activation signal CKE at a data input terminal D,

and a systemclock signal CLK at a clock input terminal CK.
The first D-FF circuit 50 outputs a CKE latch output
signal ¢50 from its output terminal Q to a data input

terminal D of the secondD-FF circuit 51. The secondD-FF
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15 generation circuit 53 outputs an output of the inverter INV55 aszé%hUVZM7

internal clock signal olk _in. Operations of the input circuit having the
above structure are described with reference to a timng chart 20 as shown
in Figure 11. Upon receiving the systemclock signal CLR, the input circuit
recei ves, at each rising edge of the pul-sa of the systemclock signal CLR)
a control signal and an address signal fromoutside in a tinedivision
manner . 2 7 ~~'~V 2002 - 4 As shown in Figure 11, the internal clock
signal vlik_in, which is used for receiving the control signal and the
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r'mned her or not a pulse is

generated as tﬁgFlnt§|§§k°ﬁ%§%KSLEﬁ8hQL [Nt e rPRnZah tepnwit h a

pul se of the s e su sequ nt clock cycle. For exanple,

when the |evel gﬁg}(h%fﬁgggtﬁl%t gﬁ@?\aqn ¢%19%| tBEi At e@nkilSkNBcRIgEgaRLt he

system cl ock sf I's & hi vel , & pulse is generated as an

i nternal Iock é§e§EQ@@n(%#%éﬁhtnsgynchronlzatlon with a pul se of the
ck c?

system cl I'n the subsequent clock cycle. \Wen the level of the clock
activation signal CRE at a rising edge of the systemclock signal CLRis a
low | evel "L" , a pulse of the internal clock signal olk_in is not

generated in 20 the supgguyNtl k8o sCHd Erudbergente tatednitetraadakb lockck
signal olk _in is used as a synchroni zation signal in each of latch circuits
56 (Figure 12) shgmdiabeRie?@ taror eautcwAddrE®ss The internal clock signal
generation circuit 53 includes an NAND gate NAND54 and
10 an inverter INV55. The NAND gate NAND54 receives the
internal clock activation signal ¢51 from the internal
clock activation signal generation circuit 52, and the
system clock signal CLK. The inverter INV55 receives an
output of the NAND gate NAND54. The internal clock signal

15 generation circuit 53 outputs an output of the

inverter INV55 as an internal clock signal clk_in.

Operations of the input circuit having the above

structure are described with reference to a timing chart

20 as shown in Figure 11. Upon receiving the system clock
signal CLK, the input circuit receives, at each rising

edge of the pulse of the system clock signal CLK, a control
signal and an address signal from outside in a time-

division manner.



2 7 lvt~ 200 - 5 data signal and a control signal, etc. , which are”"mvm7
provi ded from outside. Each latch circuit 56 outputs the input address data
signal and the control signal, etc. , to the principal part of the

sem conductor storage device in 5 synchronization with the internal clock
signal alk_in. However, in a conventional 4 nternal clock activation signal
generation circuit 52, since the level of the clock activation signal CRE
nmust be referred to 10 at each rising edge of the systemclock signal CLR,

a large amount of electric current is consuned by a clock buffer of the
internal clock activation signal generation circuit 52 which receives the
systemcl ock signal CLR That is, switching of |logic gates such as the

first D-FF 15 circuit ggk %ggwérvgﬁke?%b§¥§gg€}hetNgWDﬁﬁgé%ﬁgQEBélogkc.,

to which the system cl 'y input, generates a

di schar ge_cur e0L,,09° % 4,924 £ARaELL 0GR Bb- QRAY S OapaCHRERGE I 0

| ogi ¢ gate, etEidna a previous logic gate is suppli ed,

20 in addition t%%%gﬁ”ﬁg%{éﬁkﬁ %gﬁj}%ﬁgfh%%ﬁ‘:%lle@% thkheeaamUNt

of current con3t e on 'signal CREis at a |ow |evel

2"7 f‘fﬂ ¢ 208283_5Cgﬂ@“%tl%rcléta%@:g@afjﬂlhCsibﬁa&ilncifzara@tb)éat‘émrh@isbﬁgr@dgeed.
of the system clock signal CLK. Specifically, based on
the level of the clock activation signal CKE at a rising
edge of the system clock signal CLK, it is determined
whether or not a pulse is generated as the internal clock

10 signal clk_in in synchronization with a pulse of the
system clock CLK in the subsequent clock cycle. For
example, when the level of the clock activation signal CKE
at a rising edge of the system clock signal CLK is a high
level "H", a pulse is generated as an internal clock

15 signal olk_in in synchronization with a pulse of the
system clock CLK in the subsequent clock cycle. When the
level of the clock activation signal CKE at a rising edge
of the system clock signal CLK is a low level "L", a pulse

of the internal clock signal olk_in is not generated in

20 the subsequent clock cycle.

The generated internal clock signal clk_in is
used as a synchronization signal in each of latch

circuits 56 (Figure 12) for latching an input address
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Especially when the frequency of the systemclock signal CLR is increased,

the current consunption is from about several hundreds of mnicroanperes to
about 1 mA. In a commonly-enpl oyed SDRAM such an increase in current 5
consunption is a significant problem Japanese Lai d-COpen Publication No.
7-177015 di scl oses a nethod for reducing-the-current consunption in the
standby state of SDRAM According to this nethod, 10 when a first stage
circuit, which receives external input signals used in the SDRAM except for
the system cl ock signal CLR and the clock activation signal CRE, is on
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operation of a

However, in a conventional internal clock
activation signal generation circuit 52, since the level
of the clock activation signal CKE must be referred to

10 at each rising edge of the system clock signal CLK, a large
amount of electric current is consumed by a clock buffer
of the internal clock activation signal generation
circuit 52 which receives the system clock signal CLK.
That is, switching of logic gates such as the first D-FF

15 circuit 50, the inverter INV50, the NAND gate NAND54,
etc., to which the system clock signal CLK is directly
input, generates a discharge current due to a gate
capacitance or a parasitic capacitance in a logic gate,
etc., towhich an output of a previous logic gate is supplied,

20 in addition to the generation of a through-current. Thus,
the amount of current consumed when the clock activation
signal CKE is at a low level "L" and the semiconductor

storage device is on standby cannot be reduced.
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storage device is on standby. According to this nmethod, 5 in the case where

the clock activation signal CKE turns to a high level "H'" and the internal
operation is on standby, the internal clock signal is elimnated, whereby
the current consunption is reduced. 10 However, according to such a nethod,
in the case where the clock activation sigpalk CKE is at a low | evel "L" and
the internal operation is on standby, or in the case where a cl ock signal
is adjusted to the operation frequency of an external systemw th which
signals are 15 exchanged, the current consunption cannot be reduced when
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synchr onous sem conduct or
5 consumption is a significant problem.

Japanese Laid-Open Publication No. 7-177015
discloses a method for reducing the current consumption
in the standby state of SDRAM. According to this method,

10 when a first stage circuit, which receives external input
signals used in the SDRAM except for the system clock
signal CLK and the clock activation signal CKE, is on
standby, power supply to the first stage circuit is

stopped, whereby the current consumption is reduced.

15
However, such a method requires a level detection
circuit for detecting the level of the clock activation
signal CKE in order to detect the standby state, and it
is required to incessantly supply the system clock
20 signal CLK to the level detection circuit. Thus, as the

frequency of the system clock signal CLK increases, the
amount of current consumed by the level detection circuit

increases.



storage device receives input data while an internal clock signal olX/ AV 2002
whi ch has been generated by the internal 5 clock signal generation circuit
53 (Figure 10) is being incessantly input to the latch circuits; or

receives input data such that, as described in Japanese Lai d- Open
Publication No. 11-16349, an internal clock signal alk_in is generated only
when the data is input 10 to the synchronous sem conductor storage device.
However, in such a structure, the systemclock signal which is input to a
clock buffer of a level detection circuit for detecting the |evel of the
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an internal cl Og)k activation signal generation circult ?8 generating an

internal clock t%calh\i ﬂeavaugﬁ@l afler e 30 - £ sBe§la&&aJn QE%L g%ﬁ%b% a

system cl ock signal R and a cl ock activation signal eac aving "a
series the internal clock signal is eliminated, whereby the

current consumption is reduced.

10 However, according to such a method, in the case
where the clock activation signal CKE is at a low level
"L" and the internal operation is on standby, or in the
case where a clock signal 1s adjusted to the operation
frequency of an external system with which signals are
15 exchanged, the current consumption cannot be reduced when
the internal operation is in a clock suspend mode {(which
is an operation mode for memory access) by partially
masking the clock signal so as to decrease the operation
frequency.
20
Since a clock synchronous semiconductor storage
device receives input signals at latch circuits in
synchronizationwith rising edges of a systemclock signal,

the latch circuits each need to have received the system
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10 of pulses; a CKE |l atch clock control signal generation circuit for
generating, based on the internal clock activation signal cke c, the latch
signal okel, the systemclock signal CLR, and the clock activation signal
CRE, a CKE latch clock control signal cke_x which 15 controls
activation/inactivation of a CKE latch cl ggk_signal; and an internal clock
signal generation circuit for generating an internal clock signal olk_ in
based on the internal clock activation signal oke o and the system cl ock
signal CLR, wherein stored data corresponding to 20 a plurality of externa
signals includin control sjignal and an address signal_ are transmtted in
synchronizatioﬁl%F?h ?hgnFﬁté?%EPrﬁldER &tgnkheo) kimg. of _dpta _&ppusoo2 -
10 In one enb gine t of the present .invention, the internal, clock
activation s QRAPTEERERx | Gh COPEGHt I LS MaPIIRRRS b AT SppATctor

controlling an_input oé t he system cl ock si n%l CkR based qon _th C&E katch
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embodi ment of yReaProSEAL ¢HYEN I described in Japanese Laid-Open

Publication No. 11-16349, an internal clock
signal clk_1n is generated only when the data is input
10 to the synchronous semiconductor storage device.
However, in such a structure, the system clock signal
which is input to a clock buffer of a level detection
circuit for detecting the level of the clock activation

signal CKE cannot be removed.

15
Thus, in the conventional synchronous
semiconductor storage device, there are significant
drawbacks in that a current of from about several hundreds
of microamperes to about 1 mA is consumed even in a clock
20 buffer portion of the level detection circuit for

detecting the level of the clock activation signal CKE
due to the variation of the system clock signal, and that
the current consumption increases due to the increase in

frequency of the system clock signal.



the internal clock signal generation circuit includes a clock buffer ?g(vzmz
controlling an input of the system clock signal CLR based on the int% Q
cl ock activation signal oke o generated by the internal clock activation 20

signal generation circuit. In still another enbodi ment of the present
invention, the CKE |latch clock control siggal generation circuit includes:
a standby state detection circuit for <<~rv Z~0~ - 11 generating a

control signal which inactivates the CKE | atch clock control signal oke X
based on the internal clock activation signal cke_a and the |latch signa
ckel generated by the internal cloak activation signal 5 generation
circuit; a non-standby state detection circuit for generating a control
signal which activates the CKEIa cl 'fﬁﬁﬁ oke x, based on
the system cl ock signal CLR an bﬁlgﬁg Q?kﬁgéf Qﬁ#g gnal CRE;, a latch
circuit which receives the control signal from 10 the standby state
detection circuit and the control signal fromthe non-standby state

detection circuit. In igéér %Qe;oﬁgb P%§9Ehthgfc gﬁpﬁnbgﬁeg_lon

the | evel of the cl ock actlv n si a risind ed e

of the system ¢ ook Sh@alu R %%A&ﬁﬁ&%@ £9RIabaY ol Ghiaides 2

the three Iatch CIrCUItS |ncIu int cifcuit, base on

the internal cligak Al \@ldap a%@i'@ét?gﬁ_@lgﬁaﬂ é@ﬁe&:ﬁtt%%d '1%‘6%1*:0%&:*‘9
clock activation signal CRE 1s 20 1dentical " wth a I evel of a signal which

is held at a fgdrdih & ihReriiet eToekoskt svaradlorChRoad. QKHW g 2
third latch circuit of the CKE |level hold circuit.

a latch signal ckel based on a system clock signal CLK

and a clock activation signal CKE each having a series
10 of pulses; a CKE latch clock control signal generation
circuit for generating, based on the internal clock
activation signal cke_c, the latch signal ckel, the
system clock signal CLK, and the clock activation
signal CKE, a CKE latch clock control signal cke_x which
15 controls activation/inactivation of a CKE latch clock
signal; and an internal clock signal generation circuit
for generating an internal clock signal clk_in based on
the internal clock activation signal cke_c and the system
clock signal CLK, wherein stored data corresponding to
20 aplurality of external signals including a control signal
and an address signal are transmitted in synchronization

with the internal clock signal clk_in.



Z 7 1~JUU 2002 - 12 In still another enbodi nent of the present invetfi bH,200?
the CKE | atch clock control signal cke x generated by the CKE | atch cl ock
control signal generation circuit is activated by the control signal output
fromb5 the non-standby state detection circuit and inactivated by the -
control signal output fromthe standby stgte detection circuit; and

al ternati on between an active state and an inactive state is made in
synchroni zation with a falling edge of the systemclock signal CLR 10 In
still another enbodi ment of the present invention, the synchronous

sen conduct or storage device further including: a nmenory cell array
including a plurality éP RBfoeRbesiment rehgee imraseatr irveakdon r dhels
select circuit for selecting, in response to an input address, a _row.in the
menory cel | ar AR eRRiadh EérCEspBRddVed e FASRRladEPBEFa AN oA LERHT v
cells in the selected row are se%uentially accessed in a synchronous _bur st
nmode in synchr 6RCARGEH | €t oe Pdteth S0 cOMK X ghN 9 Ak inPub@Erdbe t he

i nvention described herein makes possible the advantages, of. (1). providing a
synchr onous seﬁW§§ﬁﬂxﬁ%ﬁc§t§F eﬁﬁ%ebﬂﬁﬁéhQﬁuﬁ?ﬁdG5§t%é?%ﬁngﬁF

5 control signal cke_x generated by the CKE latch clock
control signal generation circuit; an inverter which
receives an output from the clock buffer; and a CKE level
hold circuit including serially connected three latch
circuits, which generates the internal clock activation

10 signal cke_co and the latch signal ckel from the clock
activation signal CKE or from a signal derived from the
clock activation signal CRE based on an output of the

inverter and the output of the clock buffer.

15 In another embodiment of the present invention,
the internal clock signal generation circuit includes a
clock buffer for controlling an input of the system clock
signal CLK based on the internal clock activation
signal cke_c generated by the internal clock activation

20 signal deneration circuit.

In still another embodiment of the present
invention, the CKE latch clock control signal generation

circuit includes: a standby state detection circuit for



consunption when it is on standby by renoving a system 2 ~ ~Lc~~ 2007 #0y 2007
13 clock signal which is to be input to a circuit for detecting the |eve

of a clock activation signal CKE, and (2) providing a synchronous

sem conduct or storage device which can reduce the current consunption, even
when in 5 operation, as long as it operateg in a clock suspensi on node.

These and ot her advantages of the present invention wll becone apparent to
those skilled in the 10 art upon readi ng and understanding the foll ow ng
detail ed description with reference to the acconpanying figures. BRI EF
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an operation of the internal clock activation signal generation cifcuit.
5 generation circuit; a non-standby state detection circuit
for generating a control signal which activates the CKE
latch clock control signal cke_x, based on the system
clock signal CLK and the clock activation signal CKE;
a latch circuit which receives the control signal from

10 the standby state detection circuit and the control signal

from the non-standby state detection circuit.

In still another embodiment of the present

invention, the level of the clock activation signal CKE

15 is latched at a rising edge of the system clock signal CLK,
by first and second latch circuits among the three latch
circuits included in the CKE level hold circuit, based

on the internal clock activation signal cke_c:; and the
latched level of the clock activation signal CKE is

20 identical with a level of a signal which is held at a
falling edge of the system clock signal CLK and output

by a third latch circuit of the CKE level hold circuit.



Figure 6 is a timng chart which illustrates an 10 operation of the GOV 2002
| atch clock control signal generation circuit. Figure 7 is a timng chart
showi ng waveformnms of signals used in the circuits shown in Figure 1. 15
Figure 8 shows a configuration of circuits which generate an internal clock
signal in a conventional synchronous sem ggnductor storage device. 20

Figure 9 shows a structure of an internal clock activation signa

generation circuit which generates an internal clock activation signal in

t he conventional synchronous sem conduct or storage devi ce. 2 7 ldov OODZ
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synchronous semicon orF a accofr res
inventiong the non-standby state detection circuit and inactivated

by the control signal output from the standby state
detection circuit; and alternation between an active
state and an inactive state is made in synchronization
with a falling edge of the system clock signal CLK.
10
In still another embodiment of the present
invention, the synchronous semiconductor storage device
further including: a memory cell array including a
plurality of memory cells arranged in a matrix; and a row
15 select circuit for selecting, in response to an input
address, a row in the memory cell array which corresponds
to the input address, wherein memory cells in the selected
row are sequentially accessed in a synchronous burst mode
in synchronization with the internal clock signal oclk_in.
20
Thus, the invention described herein makes
possible the advantages of (1) providing a synchronous
semiconductor storage device which can reduce the current

consumption when it is on standby by removing a system



DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 20 Hereinafter, an embodi nent7 66V 2002
the present invention wll be described with reference to the draw ngs.

7 7 1v ~ 2002 - 16 Figure 1 is a block diagram showi ng an exenpl ary i nput
section of an SDRAM according to the present invention. This SDRAMis a
synchronous seni conduct or storage device whi ch operates in a synchronous
burst node. 5 According to the synchronous burst node, the SDRAM sel ects,
based on an externally provided address signal, a nmenory cell in a nenory
cell array which corresponds to the address signal in synchronization with

10 SDRAM 1 :r ans%ﬁgs%éﬁﬁre?(lﬁzﬁ-e%ﬁ‘%ﬁ' e HERBE Y f‘t §?q1#”#3’§9 ﬁ@%%%??%’ﬁ win
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CRE. The intern ock ‘activation si
mode.

These and other advantages of the present
invention will become apparent to those skilled in the
10 art upon reading and understanding the following detailed

description with reference to the accompanying figures.
BRIEF DESCRIPTION OF THE DRAWINGS

15 Figure 1 shows an exemplary configuration of an
input section which generate an internal clock signal in
a synchronous semiconductor storage device of the present

invention.

20 Figure 2 shows a structure of an internal clock

activation signal generation circuit.

Figure 3 shows a structure of an internal clock

signal generation circuit.



generated by the internal clock activation signal 2 ~ ~av 202 -m 727 NGY 2007
generation circuit 10 is supplied to the internal clock signal generation
circuit 20 and the CKE (clock activation signal) latch clock control signa
generation circuit 30. The latch signal ckel is supplied to the CKE 5 | atch
clock control signal generation circuit -3Q.4 Fhe internal clock signal
generation circuit 20 generates an internal clock signal clk_in based on

the internal clock activation signal eke c generated by the 10 i nternal

cl ock activation signal generation circuit 10 and the system cl ock signal
CLR, and outputs the internal clock signal elk_in to the principal part of
the SDRAM An externally provided address signal selects a corresponding

nenory cell in a memor yGeble af réodd 45 SYHERIAR Bat EORRY b, IiLEHNA

cl ock signal e~k_in, ta 1n the sel nenory IS transnltted in

Sy”ChrO”'Zat'O%dﬂﬂﬂbf”biéggi”?En%&%%??ﬂ(EEﬁc&i¥ |n The CKE | atch cl ock
r

control signal generation rcult eceéi ves the system clock signa
CLR and the clock activation signal CRE in addition to the internal clock
activation signal oke d and the | atch signal ekel generated by the internal

clock actisvation signalpigenes a8 i0h £idiidg IOhaBaSEHIR 1Ha%R 10 Sn t he
CKE 27 ~ Q~ 22U~
operation of the internal <c¢lock activation signal

generation circuit.

Figure 6 is a timing chart which illustrates an
10 operation of the CKE latch clock control signal generation

circuit.

Figure 7 is a timing chart showing waveforms of

signals used in the circuits shown in Figure 1.

15
Figure 8 shows a configuration of circuits which
generate an internal clock signal in a conventional
synchronous semiconductor storage device.
20 Figure 9 shows a structure of an internal clock

activation signal generation circuit which generates an
internal clock activation signal in the conventional

synchronous semiconductor storage device.



- 18 latch cloak control signal generation circuit 30 generates a CKE N0V 7007
| atch clock control signal cke x, and outputs it to the internal clock
activation signal generation circuit 10. 5 Figure 2 shows a structure of

the internal clock activation signal generation circuit 10, which includes
an NAND gate NAND10O, an inverter |NV10, -ansi nverter INV11l, and a CKE | evel
hold circuit 15. The CKE level hold 10 circuit 15 includes a first latch
circuit 11, a second latch circuit 12, and a third latch circuit 13. The
first latch circuit 11 includes a transm ssion gate 1la, an inverter |NV12,

P and an NDS 15 i aFeR S& al&ifh%?mé’”s%%%ﬁl&% RS TR ElRE bigal =L
L1 anem Sai on 3%%% nf g ie *ffBBerﬁ&Y’?lrans. Cehr opRE TR A RneR P RRRY st o
NL2. The third, ?‘ C'éf er o ]’Lﬁw'lggﬁéha EB%%’H&%P&& gatgy%gﬁroﬁgf@n

i nverter INVIb an i e transnm ssion gate udes a

PMOS tran3|stor %Qﬂ:é%k S N3. 2 7 1~~0v 2002 - 19 The
i nverter |NV10 FE%%*bes c%%%ﬁbg PVE?IOH signal CRE. The NAND gate

NAND10O, wwich is a clock buffer, receives the CKE | atch clock contro
signal cke x for latching the clock activation signal CRE, and the system5

clock signal CLR The MWANQ @At W@Qlwr@tc&ua&%faﬂ;busltgal@mggaﬁl QL0
directly to each of the latch circuits 11 13 and a CKE | atch cl ock signa

QL1 to each of opledtatorh o¥f0 teie ewintvenkl-ckdt ol ditouBVesh etohdiétor
Furthernore, a signal output fromthe inverter INV10 is supplied to the

first latch ci stdirtade .defcétr ansm ssion gate 1la of the first latch 15
circuit 11 receives an output of the inverter INV10. A
10 Figure 12 schematically shows a structure of a

peripheral c¢ircult of the conventional synchronous

semiconductor storage device.

Figure 13 schematically shows a principle part of
15 the synchronous semiconductor storage device according

to the present invention.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

20 Hereinafter, an embodiment of the present
invention will be described with reference to the

drawings.



gate of the PMOS transistor P11, which is a part of the transnissionzéaw]tg2002
1l1a, receives the CKE |l atch clock signal coil fromthe inverter |NV1i1l. A
gate of the NMOS transistor N11, which is the other part of the 20

transm ssion gate 1la, receives the CKE |l atch clock signal QLO fromthe
NAND gat e NAND10. When the gate of the PMpg transistor P11l is at a | ow

|l evel "L" and the gate of the NMOS transistor Nl11 is at a high |evel "H',
the transmi ssion gate |la outputs a signal. z 7 f~~ov zoo2 - 20 The
signal output fromthe transm ssion gate 1la is supplied to the inverter

I NV12. A tput of th t NV1 d h d | h

circuit 125 and s al E4PEE dadk RPEREk; THapren Ff{@f&nﬁhaﬁﬁé’%ewﬁaﬁ'y

i t |NV13 Furth th t th t t put

2\ atch i gnal MRHC (5eBRtSRachr & pg@’ﬁ?&rnﬁ%'%? ERYacHe vitRon DL Rg R
ti [ elO ] | h 2,..th i

generati on C|r bfnﬁﬁé’é fﬁi?esﬁﬁ a cS h%g Sémfcgbgp%%%gslon

gate 12a forne ranS|s 1 transrs

e e el M0 L 0 A e
transistog leAEngB‘i'S‘I‘éix‘Fg gﬁg:IPéJEgHEhﬁ%f n:c{i:l% Eﬁ&&trﬁédé N\éjnje SB}:E%Maselec{: be CKE

| atch clock sign te 0O transf st or receives’t he

CKE | atch cl ockagiegnah &40 if@?héﬂiy'\?%@v%%‘a NANPEQ.s 29 o 10U EPHEMB-yt e

transm ssion gate 12a is supplie third Tatch circuit 13 through the

!nverter |NV14cé¥Fji§ é'&@ B%%tﬁg$lt8rEBQ'dh@%ﬁehokN¥%$6ﬁH§UﬁB the
i nverter | Nv15. ? In the third latch circuit 7.3, the

transm ssion gatiarla_%as fs(irglm by sPRchMOBizandswatPaa andetrhe INMDSck

transi stor N13 receives the output of the inverter |NV14,
. signal olk_1n which is generated in the SDRAM. Then, the
10 SDRAM transmits data in the selected memory cell in

synchronization with an internal clock signal elk_in.

The SDRAM includes an internal clock activation

signal generation circuit 10, an internal clock signal

15 generation circuit 20, and a CKE latch clock control
signal dgeneration circuit 30. The internal clock
activation signal generation circuit 10 receives a system
clock signal CLK and a clock activation signal CKE, and
generates an internal clock activation signal cke_c and

20 a latch signal ckel based on the system clock signal CLK

and the clock activation signal CKE.

The internal clock activation signal cke_c

generated by the internal clock activation signal



5i . a. , the output of the second latch circuit 12 . In the transni $$i{oa]
gate 13a, a gate of the PMOS transistor P13 receives the CKE |l atch cl ock
signal t11 fromthe inverter INVIi, and a gate of the NMOS transi stor N13
receives the CKE latch clock signal QLO fromthe NAND 10 gate NAND10. An
output of the transm ssion gate 13a is autjput_ as an internal clock
activation signal cke_ o fromthe internal clock activation signha

generation circuit 10 15 through the inverter INV16, and is also fed back

to the inverter I1NV16 through the inverter INV17. The internal clock

activation signal cke o fromthe internal clock activation signa
generation 20 &QQﬁﬁqtﬁfpl%lEQBbFléﬂ £8 ﬁHpPﬁﬂépngp EPSCR“@@ %FétF&QCk

t ZO sh Fi Th t ] t
Chel uties_an: NARB SRR Ré‘\%%geawﬁh' R Le 2Re Pheor e ol Rk adELeek on
| ck d.t.h t I R, d t whi ch
> I P e0r fznzveff% ARBEE SRt e o RANE T8t B RANBEDE T Fig ot
i t INNQO i I I Kk Ik t 0.out
:Erg:ngI cl ock S u SIOH CP# ﬁ? %§3£?Qﬂ§k ffﬁréﬁﬁPg}ﬁ§I ﬁ%giCK&Pe
activatiog si 9% c%ecf‘o de bR hat %H?SI arg& é@étiéﬁ%gﬁ%u qtefgal cl ock

activation sig generafion circui so rmput | at ch
cl ock control signal generation circuit 30 as shown :~n Figure 4. The CKE
| at ch clock 10 control signal generation circuit 30 includes an NAND gate

NAND30, an NOR gate NOggQ, 1%%:?}1&@&1%&1&%%%114@:@@ L2bANcErEGUYRt 21
i ncl udes an NOR gate NOR31 and an NOR gate 15 T e NAND gat e NAND30)

which is a nongemidbye staheifebeahhor16C Yilgnd PCELN EPnt BEsekOel the
activation signal CRE and the system cl ock signal CLR The NOR gate NOR3O,

which is al so andextthly Sladle dtet BEAt0OnCsigHAL, ckeC@ Yesn el d sl Rdle
cl ock activation 20 signal cke o and the latch signal okel. The latch

circuit 14 recdntesrealCkEl bakcactlioakisat sdigued @ faohohheiNaNDtgatoe
NAND30 and a CKE | atch clock reset signal B1 fromthe NOR gate NOR3O0. 7_
7 f~10~ 2002 - 223 tHeesKORegatbodlORSIgrd L t @BK| airod ositmoatis the ioterves the
CKE | atch clock set signal c¢c30 fromthe NAND gate NAND3O and a | atch out put
signal @3 fromuaek GRTRE ccNORBR . tThEh IO §Rc@PRORBATte 08| e SREANKE

| at ch
An externally provided address signal selects a

corresponding memory cell in a memory cell array in
15 synchronization with an internal clock signal oclk_in, and
data in the selected memory cell is transmitted in

synchronization with an internal clock signal clk_in.

The CKE latch clock control signal generation

20 circuit 30 receives the system clock signal CLK and the
clock activation signal CKE in addition to the internal
clock activation signal cke_c and the latch signal ckel
generated by the internal clock activation signal

generation circuit 10. Based on these signals, the CKE



5 clock reset signal (~31 fromthe NOR gate NOR30 and a | atch out putZ $il§iHaill
@B2 fromthe NOR gate NOR31. The NOR gate NOR32 outputs a CKE |l atch cl ock
control signal vke x. 10 An operation of the internal clock activation
signal generation circuit 10 shown in Figure 2 is now described with
reference to a timng chart shown in Figurng 5. In the case where the cl ock
activation signal CRE is input to the inverter INV10 while a system 15

cl ock signal CLR which pulses in a certain cycle is being input to the NAND
gat e NAND1O, when the cl ock activati on signal CRE is at a |l ow | evel "L" at

a falling edge .of the s mclo gna CLR a latc nal . okel

| at ched by the %€t 1% %’l ci FER r §1gnp w B&RSTa J‘o I ncéﬁc&éﬁe%

t he case vvherethe cI ck ac nS| CRE IS | eyel _at a
falling edge off¥He & ?e?h %;Ké:a ‘Eﬁfe CPREES ocﬁ(l%rém?v Poff +siichl

CRE i s | atched gy 4SOW1' eveb: A8 ALELA VEhbol Nabis SR hene e

cl ock activation signhal evel "at 'a rirsing

- 24 edge of %%ﬁe&cégﬁﬁuﬁkg&@ CLR the clock activation signal CRE

is latched at evel ‘based on the latched state of the
clock actigvation signal CRE, the |atch signal okel is generated. The
| atched 5 signal okel is sent out of the internal clock activation signal

T 2hona ot bi RS F AR e e et gt o 12
out put signal fdxmddeidn$ignal generation circuit 10, which includes
an NAND gate NAND1l0O, an inverter INV10, an inverter INV11,
and a CKE level hold circuit 15. The CKE level hold
10 circuit 15 includes a first latch circuit 11, a second
latch circuit 12, and a third latch circuit 13. The first
latch circuit 11 includes a transmission gate lla, an
inverter INV12, and an inverter INV13. The transmission
gate lla includes a PMOS transistor P11l and an NMOS
15 transistor N11l. The second latch circuit 12 includes a
transmission gate 1l2a, an inverter INV14, and an
inverter INV15. The transmission gate 12a includes a
PMOS transistor P12 and an NMOS transistor N12. The
third latch circuit 13 includes a transmission gate 1l3a,
20 an inverter INV16, and an inverter INV17. The

transmission gate 1l3a includes a PMOS transistor P13 and

an NMOS transistor N13.



latch circuit 11 and, at the subsequent falling edge of the system cldciV 200l
signal CLR, outputs the latched signal to the third latch circuit 13. 15
The third latch circuit 13 latches the | atched signal fromthe second | atch
circuit 12 and, at the subsequent falling edge of the system cl ock signal
CLR, outputs the latched signal as an integnal clock activation signal oke
v for activating an internal clock 20 signal olk_in. Upon receiving the
t hus-generated internal clock activation signal vke v, the internal clock
generation circuit 20 shown in Figure 3 outputs the S|gnal whose z 7

as the internal clock a tlvatlon

Sigﬁé 23%_;; izlg a‘E A iyﬁs%r Py L8 0 83e i08 % (o it

si gn: | .. |

lock act fvat | Bnosad oA o, BpkB ded| NERPLG . nyen 1e e?%ﬁ%g?n? he
CE 'l atch ol ockogagtal §lOnakeISURLAl | Of) 6f Ukt 39 ssq i nFL Oy ged 1S

now descri bed erence t1mng c oOWn i'n gure

the clock activatln . 6hR! cCBE SothyBeliealobonel ofe, Hher OFF L4 ock

set signal a lowleve n synchroni zat'i on arising
edge of the 5y§i8€k¢'3 ﬁa_ _CLR, and the NAND gate NAND30 outputs this
CKE | atch cl ock™ set signa at a lowlevel "L" . In such 15 a case, the

CKE | atch clock control signal cke x, which is the output of the latch
circuit 14, is set to a high level "H'. As a result, when the clock

activation signal CRE @flel NARD @ydtQVNAVS1o " butpuft st ke did ef H8dn CLo6Kk
activation signal generation circuit 10 shown in Figure 2, the CKE |l atch

clock signal Qkighal @Rt dir&eehyotot kidH rét, tEeCatcrand £01gs| anch
circuits 11, 12, and 13. Accordingly, both the internal clock activation
2 7 r~ya~~ CDOIB and a CKE latch clock signal ¢11 to each of the latch
10 circuits 11-13 through the inverter INV11l. Furthermore,
a signal output from the inverter INV10 is supplied to

the first latch circuit 11.

The transmission gate lla of the first latch

15 circuit 11 receives an output of the inverter INV10. A
gate of the PMOS transistor Pll, which is a part of the
transmission gate lla, receives the CKE latch clock
signal ¢11 from the inverter INV11l. A gate of the NMOS
transistor N11l, which is the other part of the

20 transmission gate l1lla, receives the CKE latch clock
signal ¢10 from the NAND gate NAND10. When the gate of

the PMOS transistor Pll is at a low level "L" and the gate

of the NMOS transistor N1l is at a high level "H", the

transmission gate lla outputs a signal.
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- 26 signal cke_a and the latch signal ckei fromthe internal clock

activation signal generation circuit 10 are at a low level "L". In such a
case, in the CKE latch clock control signal generation circuit 30 shown in
figure 4, 5 the CKE latch cloak reset signal @1, which is the output” of
the NOR gate NOR30, rises to a high levelpgH, and accordingly) the CKE

| atch clock control signal cke x is set to a low level "L" by the |atch
circuit 14. 10 It should be noted that in the timng chart of Figure 6 ,
the CKE | atch clock control signal oke x varies only when the system cl ock
signal CLRis at a low level "L". Therefore, the NAND gate NAND1O, which is
a clock buffer, can control the state (active or inactive) of the 15

t | clock | clk f.th
25 & mni mum un tfor TRRE GRS pEE Ao (e Sy RO B R O or
t d b I I t
cl ock i gnal  CHR SEBRIHAN it GRL roreRt V120 e R ERAs, e Sheun i n
table 1, whether t)égg glg&lq ifwl{gg t% Qﬁf‘% gﬁ&b){atié)pcﬁlﬁrpéugf{ﬁyarl es

IS W|th|nah| e systemcl ock signal CLR

(points "p" and jcj i0,ELgy ebte 9“%Nv12z7 tdbgR ehéow
| evel per?od ( nE"lBergllg lf at;d{sytsc% gtngz% %)% eSI Sna CLR ( poi nl?% 'a" and

“d" in Figure n)rgrtgile 1e§ naI Cﬂ“?fjé}ﬁéi:ﬂa%le ol k& captpatcomss ol trd

precisely on t asrs of a pul se e systemclock signal CLR as a

m ni mum 5 uni t ; PUESH s AN 1IANEH hiaAN Kel e ddEsiaech
cl ock control %ﬁg%geg\%gﬁylczg%sbe contrgl led. [ TA%LE 1 ] CLKCKEpoints in

Figure 6"L" pepiodfgb! ing&69£8" B1dek | ot Sidgi edlgedt dfiapergadsrst aign
edgec"L" periodfalling edged 10 When the CKE | atch cl ock control signal oke
X 1s set to a Lewchetelio'Ll", the NAND gate NANDLO (Figure 2) turns to an

i nactive state, whereby the switching of the NAND gate NAND1O by the system
clock signal CLR is stopped. At the sane tine, the internal clock
activation 15 signal oke_ o has already been at a low level "L" . Thus, the
NAND gate NAND20 (Fi guip Bhé secomddmtlctineistald, the transmission

gate 12a formed by the PMOS transistor P12 and the NMOS
transistor N12 receives the output of the inverter INV12,
i.e., the output of the first latch circuit 11. 1In the
15 transmission gate 1l2a, a gate of the NMOS transistor N12
receives the output of the inverter INV11l, i.e., the CKE
latch clock signal ¢$11, and a gate of the PMOS
transistor P12 receives the CKE latch clock signal $10
from the NAND gate NAND1O.
20
An output of the transmission gate 12a is supplied
to the third latch circuit 13 through the inverter INV14,
and is also fed back to the inverter INV14 through the

inverter INV15.



i.e., the switching of the HAND gate NAND20 by the system cl ock signhf NG R02
has been stopped. 2 ~r~~c~u zclo2 - 28 Furthernore, in the CKE | atch

cl ock control signal generation circuit 30 shown in Figure 4, the
externally supplied clock activation signal CREis at a |low | evel "L".,
Therefore, the NAND gate NAND3O is in an ipjactive 5 state, and accordi ngly)
the switching of the NAND gate NAND30O by the system cl ock signal CLR has
been stopped. Thus, all of clock buffer elenments which directly receive the
external ly supplied systemclock signal CLR are in an inactive state, and
accordingly, the 10 current consunption is reduced when an operation of the
sem conduct or storage device is on standby or is suspended In the internal

f'ﬁ"ﬁﬁpgf? 38""% LOE e, NANBRg S tﬁﬁ%ﬁjﬁ’gf iR reat z)?”h‘aﬁ?? t?gn?'a* B
R h

internal o Scﬁ‘:&%h%%%%ﬁfﬁeﬁi&“Qa’%@%ébﬁgaasaﬁgeﬁe% A R '

nternal clock 20 8GINALT R SINR), MK, OFLAUEE, 7 b Rl bibDg SRR,

show ng wavef or e S|gn s use OVE Circui gnal’s

this timng chart, exeePbyliPud BE PHECLRALNY 4R 89r3Se M2, 1n the

transmission gate 13a, a gate of the PMOS transistor P13
receives the CKE latch clock signal ¢11 from the
inverter INV11l, and a gate of the NMOS transistor N13
receives the CKE latch clock signal $10 from the NAND

10 gate NAND1O.

An output of the transmission gate 13a is output
as an internal clock activation signal cke_c from the
internal clock activation signal generation circuit 10

15 through the inverter INV16, and is also fed back to the

inverter INV16 through the inverter INV17.

The internal clock activation signal cke_c from

the internal clock activation signal generation

20 circuit 10 is supplied to an internal clock generation
circuit 20 shown 1in Figure 3. The internal clock
generation circuit 20 includes an NAND gate NAND20 which
receives the internal clock activation signal cke_c and

the system clock circuit CLK, and an inverter INV20 which



. 1Y 200
Z 7 hiii'J 202 - 29 clock signal CLK, do not vary at any node in tﬁé7ggé$%z

circuits within period ta. That is, all clock buffer circuits that operate
in synchronization with the systemclock signal CLK are inactive.

Therefore, there is no 5 possibility of power consunption due to AC
conponents such as "the switching of a gape" -and "charge/ di scharge at an
out put of the gate". Thus, even in the case where the frequency of the
system cl ock signal CLK increases, the current consunption when the storage
device is on standby 10 can be reduced. Figure 13 schematically shows a

principle part 70 of the synchronqus sem cond r stqora ice a rdi ng
to the present TPREENESoN 2T PYTci fite 5§Ft ggh'ncpaggéqﬁgﬂgﬁ%bnnréﬁgel
array 71 including a plurality o nory cells arranged in tLhx, 4and a
raw sel ect cir&BV%rﬂ?QHﬁﬁ&éééﬁu{BgﬁﬁeaﬁeﬁBFﬁqﬁﬁ% %ﬁhé&'%%gnggeé?%mﬁgelect
circuit 72 receives_ an jnpuyt address signhal vj de oLl S| ob ot he
synchronous sefPc8HES °§t3%§93n35§?% , éﬁiﬁ% %?%%?géﬁgifgﬁggk si gna
dlk_in which is generated as descri bed above. The row select circuit 72
selects a rowin the nenory cell array 71 which corresponds to the input
address si.gnal, and sequent] y ac ses. PRARIY &ebkk | Natbhevaelieat ed
raw in a Eynchronous bggst hé;h"'l fggéi'Jléggz - 30 node in

synchr oni 2ati g el die | QI Ao LAtErS £§BRR10Idkd 11 £ deRCinbegnal

her ei nabove, in e syncHhronous sem conduCt or storage device of the

present inventi ]é"’l{d‘t $6H1 698HHE! Genelr@itad devieeitS10nageandly, the
system cl ock sﬁ%ﬁﬁ F{iiﬁﬁch IS gsed OP | atching the |l evel of the clock

activation si gRalpfeRE fnch&errr al hBght Be oidkt &oitirsl oskgnali yaheeatdiognal
cke x, is 10 inactivated in clock buffer circuits, whereby the power
consunpti on dugitredine ?¢ esnenosint S SF1gdueed. THereefCKR, laveh icAodie
case where the frequency of the systemclock signal CLR increases, the
current Q@nsunpidmtrahesighels gersgms tewvi ceirsudft SOarfdbsledas banl HAND
significantly reduced. The structure of the present invention can be

achi eved by pr @&tk rNANRBQL i ar| NORng@te cNPREPLsanpd BhéatRPBuEiErpddi t14-

section which generates a systemclock 20 signal. Thus, the size of an
entire sem condln® ckatelragbcydli 44 @&ﬁiqﬂﬁssﬂ%nﬁ@?cﬁﬁFFprﬁg Qg an
Various other nodifications will be apparent to and can be readily nade by
those skilled iNPR Heak® tNQRBRout ~ ~ ~~~~v z002

15 The NAND gate NAND30, which is a non-standby state
detection circuit, receives the clock activation
signal CKE and the system clock signal CLK. The NOR
gate NOR30, which is also a standby state detection
circuit, receives the internal clock activation

20 signal cke_c and the latch signal ckel. The latch
circuit 14 receives a CKE latch clock set signal ¢30 from
the NAND gate NAND30 and a CKE latch clock reset signal ¢31

from the NOR gate NOR30.

-



- 31 departing fromthe scope and spirit of this invention. Accordirbf ¥V 7001
it is not intended that the scope of the clains appended hereto be linmted
to the description as set forth herein, but rather that the clainms be
broadly 5 construed. 2 ~f~lov ~ca2 - 32 WHAT IS CLAIMED IS: 1. A
synchronous seni conductor storage device, pgonprising: an internal clock
activation signal generation circuit for generating an internal clock
activation signal oke _a and a | atch signal okel based on a system cl ock
signal CLR and a clock activation signal CRE each having a series of

pul ses; a CKE | atch clgck control signal _generation circuit for generating,
based on the internal %ﬁ&ckﬁagti%%??oﬂogﬁgnanckEhE, 1ALCPat GhTSPghal 4okel

| atch ol ook coREPRn TR ARe GKE kbl CHLEBRSTH & AT bty B omeris BB o
2 0K ach, ol gk " NABn k20 LRLEBNal el 00k L AP SFNELBL! SRRV
Gat a. cor respondig FRRE T LAY PR SEhEeNRRP2 FRa 00 NG ROk o
si gnal ang an ¢iock reset signal ¢31 from the NOR gate NOR30 and a latch
output signal ¢32 from the NOR gate NOR31. The NOR
gate NOR32 outputs a CKE latch clock control

signal cke_x.

10 An operation of the internal clock activation
signal generation circuit 10 shown in Figure 2 is now
described with reference to a timing chart shown in
Figure 5. In the case where the clock activation
signal CKE is input to the inverter INV10 while a system

15 clock signal CLK which pulses in a certain cycle is being
input to the NAND gate NAND10O, when the clock activation
signal CKE is at a low level "L" at a falling edge of the
system clock signal CLK, a latch signal ckel is latched
by the first latch circuit 11 at a low level "L". 1In

20 general, in the case where the clock activation signal CKE
is at a low level at a falling edge of the system clock
signal CLK, the clock activation signal CKE is latched
at a low level: and alternatively, in the case where the

clock activation signal CKE is at a high level at a rising



address signal are transmitted in synchronization with the internal cllock0V 1002
signal clk_in. 2 7 hOv 2002 - 33 2. A synchronous sem conductor storage
device according to claim1, wherein the internal clock activation signa
generation circuit includes: a clock buffer for controlling an input of the
system cl ock signal CLR based on the CKE Iyt ch clock control signal oke x
generated by the CKE latch clock control signal generation circuit; an

i nverter which receives an output fromthe clock buffer; and a CKE | evel

hold circuit including serially connected three latch circuits, which

generates the intern cl ock activation signal ake and the Iatch si gnal
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the CKE | atch rol”signal generation circu
signal generation circuit 10, and is also supplied to the

second latch circuit 12.

The second latch circuit 12 latches the latch

10 signal ckel which is the output signal from the first
latch circuit 11 and, at the subsequent falling edge of

the system clock signal CLK, outputs the latched signal

to the third latch circuit 13.

15 The third latch circuit 13 latches the latched
signal from the second latch circuit 12 and, at the
subsequent falling edge of the system clock signal CLK,
outputs the latched signal as an internal clock activation
signal cke_c for activating an internal clock

20 signal clk_in.

Upon receiving the thus-generated internal clock
activation signal cke_o, the internal clock generation

circuit 20 shown in Figure 3 outputs the signal whose
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i nactivates the CKE |l atch clock control signal vke x based on the interna

clock activation signal ake o and the latch signal ckel generated by the

internal clock activation signal generation circuit; a non-standby state

detection circuit for generating a controlyssignal which activates the CKE

| atch clock control signal oke x, based on the system cloak signal CLR and

the clock activation signal CRE;, a latch circuit which receives the contro

signal fromthe standby state detention circuit and the control signal from
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generation circuit is activated by the control signal output fromthe
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i0 the clock activation signal CKE is at a high level "H",

the CKE latch clock set signal ¢30 falls to a low level

"L" in synchronization with a rising edge of the system

clock signal CLK, and the NAND gate NAND30 outputs this

CKE latch clock set signal ¢30 at a low level "L". 1In such

15 a case, the CKE latch clock control signal cke_x, which

is the output of the latch circuit 14, is set to a high

level "H".

As a result, when the clock activation signal CKE

20 is at a low level "L", in the internal clock activation
signal generation circuit 10 shown in Figure 2, the CKE
latch clock signal ¢11 is input to each of the first,
second, and third 1latch c¢ircuits 11, 12, and 13.

Accordingly, both the internal clock activation



menory cells arranged in a matrix; and a row select circuit for sel ectl hyoy 2007
I n response zr ~l~v zoo2 - 36 to an input address, a rowin the nenory
cell array which corresponds to the input address, wherein nmenory cells in
the selected row are sequentially accessed in a synchronous burst node in
synchroni zation with the internal clock_signal olk_in. .A.AIF.A AA _ A
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signal cke_c and the latch signal ckel from the internal

clock activation signal generation circuit 10 are at a
low level "L". In such a case, in the CKE latch clock
control signal generation circuit 30 shown in IFigure 4,
5 the CKE latch clock reset signal ¢31, which is the output
of the NOR gate NOR30, rises to a high level "H", and
accordingly, the CKE latch clock control signal cke_x is

set to a low level "L" by the latch circuit 14.

10 It should be noted that in the timing chart of
Figure 6, the CKE latch clock control signal cke_x varies
only when the system clock signal CLK is at a low level
"L". Therefore, the NAND gate NAND10, which is a clock
buffer, can control the state (active or inactive) of the

15 internal clock signal c¢lk_1in using a pulse of the system
clock signal CLK as a minimum unit for control. As a
result, the synchronous semiconductor storage device can
be controlled precisely by using a pulse of the system
clock signal CLK as a minimum unit for control.

20

Furthermore, as shown in table 1, whether the
timing at which the clock activation signal CKE varies
is within a high level period ("H" period) of the system

clock signal CLK (points "b" and “c¢" in Figure 6) or
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In the internal clock generation circuit 20, the
15 internal clock activation signal cke_co is supplied to the
NAND gate NAND20, which is a clock buffer, together with
the system clock signal CLK. As shown in the timing chart
of Figure 5, the dinternal clock signal elk_in is

activated based on the polarity of the internal clock

20 activation signal cke_c.

FPigure 7 is a timing chart showing waveforms of
the signals used in the above circuits. Signals in this

timing chart, except for the externally supplied system
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dEbC circuits within period ta. That is, all clock buffer
circuits that operate in synchronization with the system
clock signal CLK are inactive. Therefore, there is no
5 possibility of power consumption due to AC components such
as "the switching of a gate" and "charge/discharge at an
output of the gate”. Thus, even in the case where the
frequency of the system clock signal CLK increases, the

current consumption when the storage device is on standby

10 can be reduced.

Figure 13 schematically shows a principle part 70
of the synchronous semiconductor storage device according
to the present invention. The principle part 70 includes

;5 a memory cell array 71 including a plurality of memory
cells arranged in a matrix, and a row select circuit 72
connected to the memory cell array 71. The row select
circuit 72 receives an input address signal provided from
outside of the synchronous semiconductor storage device,

20 and the internal clock signal olk_in which is generated
as described above. The row select circuit 72 selects
a row in the memory cell array 71 which corresponds to
the input address signal, and sequentially accesses to

memory cells in the selected row in a synchronous burst
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when the semiconductor storage device is on standby, the
system clock signal CLK, which is used for latching the
level of the clock activation signal CKE and generating
the internal clock activation signal cke_x, is
10 inactivated in clock buffer circuits, whereby the power
consumption due to the AC components 1is reduced.
Therefore, even in the case where the frequency of the
system clock signal CLK increases, the current
consumption when the storage device is on standby can be

15 significantly reduced.

The structure of the present invention can be
achieved by providing relatively small circuits in the
input circuit section which generates a system clock

20 signal. Thus, the size of anentire semiconductor storage

device does not significantly increase.

Various other modifications will be apparent to

and can be readily made by those skilled in the art without
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signal cke_c and a latch signal ckel based on a system

clock signal CLK and a clock activation signal CKE each
having a series of pulses:;

a CKE latch clock control signal generation
circuit for generating, based on the internal clock
activation signal cke_c, the latch signal ckel, the
system clock signal CLK, and the clock activation
signal CKE, a CKE latch clock control signal cke_x which
controls activation/inactivation of a CKE latch clock
signal; and

an internal clock signal generation circuit for
generating an internal clock signal clk_in based on the
internal clock activation signal cke_c and the system
clock signal CLK,

wherein stored data corresponding to a plurality
of external signals including a control signal and an
address signal are transmitted in synchronization with

the internal clock signal clk_in.
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a clock buffer for controlling an input of the
system clock signal CLK based on the CKE latch clock
control signal cke_x generated by the CKE latch clock
control signal generation circuit;

an inverter which receives an output from the
clock buffer; and

a CKE level hold circuit including serially
connected three latch circuits, which generates the
internal clock activation signal cke_c¢ and the latch
signal ckel from the clock activation signal CKE or from
a signal derived from the clock activation signal CKE
based on an output of the inverter and the output of the

clock buffer.

3. A synchronous semiconductor storage device according
to claim 1, wherein the internal clock signal generation
circuit includes a clock buffer for controlling an input
of the system clock signal CLK based on the internal clock
activation signal cke_oc generated by the internal clock

activation signal generation circuit.
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4. A synchronous semiconductor storage device according
to claim 1, wherein the CKE latch clock control signal
generation circuit includes:

a standby state detection circuit for generating
a control signal which lnactivates the CKE latch clock
control signal cke_x based on the internal clock
activation signal cke_c¢ and the latch signal ckel
generated by the internal c¢lock activation signal
generation circuit:

a non-standby state detection circuit for
generating a control signal which activates the CKE latch
clock control signal cke_x, based on the system clock
signal CLK and the clock activation signal CKE:;

a latch circuit which receives the control signal
from the standby state detection circuit and the control

signal from the non-standby state detection circuit.

5. A synchronous semiconductor storage device according
to claim 2, wherein:

the level of the clock activation signal CKE is
latched at a rising edge of the system clock signal CLK,
by first and second latch circuits among the three latch

circuits included in the CKE level hold circuit, based



270y )
[10%& ()-W WWXZXXXbA 7' 1nl0%@& ()- OF109%& ()- ."109& ()- L*1090& ()-GV‘W

$"10% B & () - [10%& () - xxxxxyy?yyv4d 10%&& ()- f10%&R& ()- y 10%&k& () -
“Y(LOY&&' () - 109409%40% 31098& () -yyMezz*{[{|[:vU4 109&& ()- "10%R& () -

, 1098&' ()- L109&& ()- G? yY'109&&' ()- 109&&' ()-[{f{{{||3}|[:vU4 1109%&& ()-
s- S10%R&' ()- , &10%&& () -t ~$"109&& ()- fl "3 H09%&& () -

109&& ()-3}k}1}Inmin}}}} ~~vU4 G 10%&' () - 3%910%?/&' ()- fMLO%& ()-
(1110%& ()-108&108&10& S5109%&& () - ~:t U mmo| [ NA410HYH10HYH1OHYHQ

&' 109%HA44& () - &' 10%W//& ()- "1098& ()-° W 10%PQ& ()-°

QF" 1098&' () - So-0| [ NA410 s"10%&&' ()-Q s"10%s&s& ()- <Z"109%&& ()- 109%&& ()-
MLOYER&' ()- (Y POU&Lq )1inbeTual shlosk: aedivat Bk b9 Rl 8Xe)-Cro &R 10&
VS3100&&’ ()- s("109%8&s& () -7 qs(’10%&s& ()-zyU4 10% 2/31:&' O- . .

y 10% 2): & ()- 0)r10% PP ARuB’de ¥ 109+ 0rtRY 10047988 grtivation

10%r % & ()-5i| [ 1098 () - 1L10% 2): & ()-. Y10% 2): & () - ,

gaicieo) & Hiehe) AXG {fithungial Bidh o antevisl el wion
% 2): & ()- . %2) & (L-.10% 2) .. & ()- 10% 2): & () - .

~L&109%R2) 2& () 1PENL TG 3) ?filé.-l%)“:gléfiﬁ)‘ﬂ: 2’55%6%%5*%&{“(?-1°°§163;@§)3.1&'C(1)K-

{-10%2): & ()- -10%d. &.()-, L10% 2 : & ()=, I x| [ NA41D ff10% & .().- 0%.& () -
mL0% & () - nno%nbo F)Ouflpiﬁ‘(l()?% é ???Lré(%ﬁ%%%%%??ﬁﬁ?[%%%&& 9%’(%1;1“(“)’[9&&
1096 & () - flo%g;}(ﬂ)-. 10% & ()- LI0O%W& ()- YIOW & ()-rzvW4d 10% & ()-"

£ 10% & ()-  (To @y~ 10" 10" 10" +10% & ()-m 10% & () - zUBr | [ NA410" 10" 10"

| 110% & ()- Sy/10% & ()- 10% & ()-" 10% & ()-" 10% & ()-"/6i F~|[: NA4L1O
@O% & ()- 10% & ()-s f1O0W & ()- f1l0W& ()- y 10% & ()-

O(1 109 & () - Y~lgl.: MAGLAQ S RIPJB & ddmi It @YE&ok) sté@"g&' aovike¥h&cbkrding
f10% & ()- 109 & ()-:|[:-410" fSBIOW & ()- s3Z10W & ()- -10%"F& () -
109 & ()- ) 10%oR dDaim 10% ¢héreinhbA410" Y 1098 & ()- f 104 & ()-

s10% & ()- ,MIO% & ()- 'nl0% & ()-10"10"#bA410" Y 10% & ()- f 10%W & ()-
S10% & ()- , MLO% & , F1a¥eX' (CKEL| 1@%o&k ()eldbknulcon'ddesdi ngigdha" ckideadi ng
23] ¢c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73] c" "Headi ng g&3lex’atéddi hyje IHE 1At'tbet hatk dRartags hsh oferlt genekidtion
$8)-j2-7: =@QJE

JVWNRVS[ _gdh6nr griretrViOst s 3a<tghvae ARUWZ K esBugt @t x§ 1 gmg il spulmiakz fromO ;
ONgQ L"5#X$&' (*9,"-v/02U456] 89"; _ ) ) ] )
d==??@CDF! Ht | ARSI aRARY BI@ BB IRE ¢ AEHSDzG ¥ T ERH{ BRdodBRFEI¥E SRS
New RomanAri al Courier New'h Root  _EntryWr dDocunent
!n#$%&()*+,__f@12§Qgeﬂgggrol signal output from the standby state

<=>7?@A\BCDEFGHI ‘]dlél’cec X nSTcl:J:\.L/\lL\é(X%[t\;] ’gm‘dabcdef ghi j kI mopqr st uvwxyz{| } ~
alternation between an active state and an

inactive state is made in synchronization with a falling

edge of the system clock signal CLK.

7. A synchronous semiconductor storage device according
to claim 1, further comprising:

a memory cell array including a plurality of
memory cells arranged in a matrix; and

a row select circuit for selecting, in response
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to an input address, a row in the memory cell array which
corresponds to the input address,

wherein memory cells in the selected row are
sequentially accessed in a synchronous burst mode in

synchronization with the internal clock signal clk_in.



