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LSI MEMORY DEVI CE

SYhCHRONOUS LSI MEMORY DEVICE

FIELD OF THE INVENTION
The present invention relates to a synchronous LSI (large

scale integrated circuit) device, and more specifically to a
synchronous LSI memory device suitable for use with a high
speed CPU. '

BACKgBOUND QF THE INVENTION
In-éénéral; in the case of a DRAM (Dynamic RAM) used as

a main memory device of a computer, for instance, various

control sighals such as RAS (row access) signal, CAS (column
access) signal, etc. are required. Conventionally, these
control signals have been so far formed by processing a clock
signal supplied as a signal for operating to the computer or
CPU. . | S

On the other hand, recently, the operating speed of the
CPU has been'improved to such an extent as to exceed that of
the DRAM. Therefore, in a mini—-computer or a work statiom
composed of the CPU and the DRAM, the problem caused by the
difference in operating speed between the two has been so far
solved by use of the main memory constructed in the form of
a plurality of banks (blocks) composed of DRAMs or in
accordance with interleave operation of the memory. In this
method of using the memory, however, the memory control
procedure is complicated and thereby the cost of the memory
increases inevitably.

On the other hand, another construction such that the
memory is controlled internally in accordance with pipeline
operation has been proposed. Where the memory is controlled
in accordance with the simple pipeline operation, however,
since the memory speed is determined by the data read speed
from a core section, the pipeline method does not necessarily

contribute to an improvement of the operating speed, so that

a specific countermeasure must be taken for the memory control
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FIELD OF THE INVENTION 5 The present invention relates to a

synchronous:LSI (I arge scale integrated circuit) device, and nore
specifically to a synchronous LSI nenory device suitable for use with a
high - speed CPU. 10 BACKGROUND OF THE | NVENTI ON I n general,
in the case of a DRAM (Dynam ¢ RAM used a§2‘ a main nmenory device of a
conputer, for ance, various control gn | s such,as RAS (raqw
access) S|gnalsy %?(E%Ibﬂﬁreaseaﬁhﬁsgﬁmg?ﬁnﬁP e tg ﬁpﬁhréﬁuFﬁéﬁnt as to

Convent i onal | ycoridssend St e otlhe atPB i gpwdd. have been so far fornmed by
processing a clock As described above, in the conventional synchronous LSI
memory device, when the above—-mentioned conventional memory
5 .operating'methods such as interleave or bank switching, etc.
are applied to a relatively small-scaie system such as a mini-
computer or a work station, there exist problems in that the
system cost is increaéed or down sizing is not attained. In
addition, when the operating speed of the CPU is increased
10 more and ﬁore as beyond 50 or 100 MHz, since the memory
hierarchical structure must be constructed more ingeniously
so as to use the CPU properly) with the result that the system

is further complicated. For the reason as described above,

o

there exists so far a strong need of memory structure and/or
15 +the memory control system which can match the operating speed
of the CPU with that of the memory device.

] SUMMARY OF THE INVENTION
to With these problems in mind therefore, it is the object

20 of the present invention to provide a synchronous LSI memory
device which can correspond to a high speed CPU system,
without complicating the systém.

To achieve the above—-mentioned object, the present

invention provides a synchronous LSI memory device,

&5

25 comprising: memory cell array means (BK1l, BK2) each having a
plurality of memory cells; timing generating means (CLOCK
MASKED SECT) for generating a first basic signal (CPOR)
synchronous with a clock signal (CLK) and masked according to
status of a control signal (CKE); signal generating means

30 (SERIAL SYS CONTROL) for generating a second signal (CP) in
synchronism with the first basic signal (CPOR) and stopping
generating the second signal after a predetermined number of
accesses or in response to a stop signal (MRRST, MWSTP, LADA,
BSTP); and control means (SHIFT REGISTER) for controlling said

35 cell array means (BKl, BK2) on the basis of ocutputs of said

timing signal generating means and said signal generating
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signal supplied as a signal for operating to the conputer or CPU.

On the‘other hand, recently, the operating speed of the CPU has been

i nproved to such an extent as to exceed that of 20 the DRAM Therefore,
in a mni-conputer or a work station conposed of the CPU and the DRAM
t he probl em caused by the di fference i‘r13'0perati ng speed between the two
has been so far sol ved by use of the main nenory constructed in the

f orm of aTi%f% ity of banks (bl ocks) conposed of DRAMs or in 25
accordance w th i ntfradigmse, eperpdesendfiinvieatiemopyovides i synchreidvars 0SI

e e R P BN NEIRTU OB 1 opHLGFERY! fob SRTR' D15
. a plurality of memory cells; and data register means (WRITE

'5 REGISTER) for acquiring externally input data gpplied to first
terminals (DQ) in synchronism with a clock signal (CLK), said

data register means being provided with'inputting'registers_

(WRITE REGISTER) having a plurality of bits and connected to
the respective first terminals; and wﬂen data are inputted,

10 the inputting registers being controlled so that the
respective plural bits ~are switched in sequence or not

i%@ ) controlled so 'that the respective plural Dbits are set

alternately to data input status.

Further, the present invention provides a synchronous LSI

15 memory device, comprising: memory cell érray means (BK1l, BK2)
each having a plurality of memory cells; timing generating
means (TG) for generating a first basic signal (CPOR)
synchronous with a clock signal (CLK) and masked according to
statﬁs of a control signai (CKE); signal generating means

20 (SERIAL SYS CONTROL) for generating a second signal (CP) in
synchronism with the first basic signal (CPOR) and stopping
generating the second signal (CP) after a predetermined number

of accesses or in response to a stop signal (MRRST, MWSTP
LADA, BSTP); control means for controlling said cell array

25 means (BK1l, BK2) on the basis of outputs of said timing signal
generating means and said signal generating means (SERIAL SYS
CONTROL}; and mask control means (DQMR) for acquiring statuses

of second terminals (DQM) in sequence into register means
having the number of bits even—number times larger than that

30 obtained during a cycle interval during which a column address
is 1inputted, outputting the acquired data in sequence,
inputting the outputted data, respectively to specific
registers each having the number of bits even—number times
larger than that obtained during the cycle interval during

35 which the column address is inputted, and when data inputted

“through the second terminals (DQM) are in a first status,
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On the other

hand, ‘anot her construction such that the 30 nenory is

controkled internally in accordance wi th pipeline operation has been
proposed. Where the nenory is controlled in accordance with the sinple
pi pel i ne operation, however, since the nmenory speed is determ ned by
the data read- speed froma core secti o~ the pipeline method does not

necessarily 35 contribute to an inprovenent of the operatin
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% Sﬁeed, so t hat
othe register

This is the rgphaserNtashigh impedance status in synchronism with the

10

15

20

25

30

35

second signal (CP). _

In the synchronous LSI memory device according to the
present invention, when a plurality of the cell array means
(each haﬁing a plurality of memory cells) for a plurality of
banks are accessed, the timing generating means generates the
basic signal, and the signal geherating means generates the
second signals on the basis of the basic signal. The cell
array means are contrblled by the contfol ﬁeans on the basis
of the second signals. .

- Further, when data are inputted tb a plurality of the
cell array means (each having a plurality of memory celis) for
a plurality of banks, the data register means acquire
extefnally inputted data through the inpﬁt register means
connected to the DQ terminals of the data register means in
synchronism with the clock signal CLK. In this case, the
register means are so controlled as to input the extermnal
inputted data in sequence and further a plurality of bits of
the fegister means are sef alternétel& to the data input
enable status when the data input sequence is not changed.

Further, when a plurality of the cell array means (each
having a plurality of memory cells) for a plurality of banks
are accessed, the statuses of the DQM terminals of the
register means having the number of bits half of that of a
word length are acquired in sequence, and the acquired data
are outputted in sequence. The outputted data are inputted
to the registers whose number of bits is half of that of a
specific word, respectively. Further, when the data inputted
through the DQM terminals are in the {first status, the
impedance control means outputs a signal for setting the
output circuits of the register means to a high impedance
status, on the basis of the basic signal outputted by the
timing generating means and in synchronism with the second
signals outputted by the signal generating means.

Accordingly, in the synchronous LSI memory device
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systemto increase the nenory speed to such an extent as to correspond

to-the 'CPU speed. As described above, in the conventional
synchronous LSI menory devi ce, when the above-nenti oned conventi onal
nmenory
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according to the present invention, it is possibie to operate
the memory device whose access speed is lower than the CPU on
the basis of a single high speed clock signal suitable for the
CPU, so that the it is possible to simplify the clock control
so as to be correspond to the higher speed CPU without

complicating the system configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing one embodiment of the
memory device according to thé present. invention;

Fig. 2 is a ciréuit diagram showing a configuration of
data lines of a 16M synchromnous DRAM;

Fig. 3 is a circuit diagram showing an example of a
configuration of a serial-system control section;

Fig. 4 is a circuit diagram showing another example of
a configuration of the serial-system control section;

Fig. 5 is a partial circuit diagram showing a column
activating detecting circuit;

~Fig. 6 is a'partial circuit'diagram showing another

column activation detecting circuit;' .

Fig. 7 is a circuit diagram showing a serial—-system basic

pulse generating circuit;

Fig. 8 is a circuit diagram showing a serial-system
setting circuit;

Fig. 9 is a circuit diagram showing a column deactivation
detecting circuit;

Fig. 10 is a circuit diagram showing a read mode
detecting circuit;

Fig. 11 is a circuit diagram showing a write mode
detecting circuit;

Fig. 12 is a circuit diagram showing a write latency
detecting circuit;

Fig. 13 is a circuit diagram showing a tap address mode
acquisition control circuit;

Fig. 14 is a circuit diagram showing a column cycle

detecting circuit;
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5 operating nethods such as interleave or bank sw tching, etc. are
applied to:a relatively small scale system such as a mni - conput er or
a work station, there exist problens in that the systemcost is

i ncreased or down sizing is not attained. In addi ti on, when the
operating speed of the CPUis increased 18efpre and nore as beyond 50 or
100 MHz, since the nenory hi erarchi cal structure nmust be constructed
nor e |ngen|ously Figso lds i® wsecimeuiOPUdpegpem yshowihgt lve £ésgitt shbft
the system ther conplicated. For the reason as described above,
there exists sog?ar a'strong need of menory structure and/or 15 the nmepory
control system whi Ehgcad bnetthat led repétatd iagrameeghowings QhéeePBQMihlfﬁat

of the nenoryrggygggr,
5 Fig. 17 is a circuit diagram showing a register group
selecting circuit;
Fig. 18 is a circuit diagram showing a column-—system
basic signal generating circuit;
Fig. 19 is a ‘circuit diagram showing a read register
10 gating circuit;
Fig. 20 is a circuit diagram showing an XR register

G

é%? ' selection signal generating circuit;
- | Fig. 21 is a circuit diagram showing a used register
group detecting circuit;
15 Fig. 22 is a circuit diagram showing a data tfansfer
gating circuit;
Fig. 283 is a circuit diagram shoﬁing a read data
transferring circuit; ' _
Fig. 24 is a circuit diagram showing a read data register
20 circuit; |
Fig. 25 is a circuit diagram showing a write register
gatlng circuit;
Fig. 26 is a circuit diagram showing a data transfer
-selection signal generating circuit;
@ 25 Fig. 27 is a circuit diagram showing a write data
transfer signal generating pircuit;
Fig. 28 is a circuit diagram showing a write data
register circuit;
Fig. 29 is a circuit diagram showing a first stage
30 circuit for a serial system;
Fig. 30 is a circuit diagrams showing an address buffer
circuit;
Fig. 31 is a circuit diagram showing a /WE buffer
circuit;
35 Fig. 32 is a circuit diagram showing an address mode

acquisition signal generating circuit;
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SUMMARY OF THE | NVENTI ON Wth these problens in mind therefore, it
I s-the-object 20 of the present invention to provide a synchronous LSI

menory devi ce which can correspond to a high speed CPU system
wi t hout conplicating the system To achi eve the above-nenti oned
obj ect, the present I nvention provi des-& synchronous LSI nenory device,

25 conprising: menory cell array neans (BK1, BK2) each having a
plurality of menor¥igel |33 1§ nd ngigenitatii agramashofwrTh@Cle read\SEER 6E6T)

for generatingpapiii %tCQQ%thS|gnal (CPOR) synchronous with a clock
signal (CLK) and nas ed accor ing to .status of a control signal (CKE);
si gnal generating §ns is a circuit dlagram showing a DQMR gating
circuit;
5 Fig. 35 is a circuit diagram showing a high impedance
control circuit;
Fig. 36 is a circuit diagram showing a DQMR register
circuit;
Fig. 37 is a circuit diagram showing a RPRM generating
10 circuit;
- Fig. 38 is a circuit diagram showing a GDM generating
g circuit;

Fig. 39 is a circuit diagram showing a DQM write register
circuit;

15 - Fig. 40 is a circuit diagram showing a DQM option circuit
corresponding to the write latency;

Fig. 41 is a ecircuit diagram showing a short—period basic
signal generating circuit;

Fig. 42 is a circuit diagram showing a register group

20 detecting circuit;

Fig. 43 1is a circuit diagram showing a partial
configuration for a modulé—length detection procedure
selecting circuit; '

- Fig. 44 is a circuit diagram showing another partial
ﬁé 25 configuration for the module-length detection procedure
selecting circuit;

Fig. 45 is a circuit diagram showing a module-length
detecting circuit;

Fig. 46 is a circuit diagram showing a read module

30 resetting circuit;

Fig. 47 is a circuit diagram showing a write module
stopping circuit;

Fig. 48 is a circuit diagram showing a module-length
detecting circuit; '

35 Fig. 49 is a circuit diagram showing a module—number

counting circuit;
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30 (SERIAL SYS CONTROL) for generating a second signal (CP) in
synchronismw th the first basic signal (CPOR) and stopping generati ng
t he second signal after a predeterm ned nunber of accesses or in
response to a stop signal (MRRST, MASTP, LADA, BSTP); and control mneans
(SH.FT REG STER) for controlling said 35 e84 array neans (BKl, BK2) on the
basis of outputs of said timng signal generating neans and sai d signal
generati ng Fig. 50 is a circuit diagram showing a burst stop command -

detecting circuit;
Fig. 51 is a circuit diagram showing a column-system bank
switching circuit;
5 Fig. 52 is a circuit diagram showing a column—-system
selecting circuit;
Fig. 53 is a circuit diagram showing the column—system
selecting circuit required when KI and KII signals are used

as opp051te phase signals /KI and /KII;

10 Fig. 54 is a circuit diagram showing a column decoder
circuit; _ '
ﬁ% - ) Fig. 55 is é circu?t diagram showing a column partiél
) decoder;
Fig. b6 is a cifcuit diagram showing a spare CSL;
i5 Fig. 57 is a circuit diagfam showing a CSL driver;
. Fig. 58 is a circuit diagram showing a CSL selector;
Fig. 59 is a circuit diagram showing a CSL selector
driver;
! Fig. 60 is a circuit diagram showing a CSL-related logic
20 circuit;-
Fig. 61 is a circuit diagram showing a CLS select tap
selection signal generating circuit;
Fig. 62 is a circuit diagram showing an address—change
basic pulse generating circuit;
%% ' 25 Fig. 63 is a circuit diagram showing a counter driver

circuit;
Fig. 64 is a circuit diagram showing a spare select
signal generating circuit;
Fig. 65 is a circuit diagram showing a partial decode S/N
30 discriminate result acquisition signal generating circuit;
Fig. 66 is a circuit diagram showing a first part of an
address counter circuit;
Fig. 67 is a circuit diagram showing a second part of the
address counter circuit;
35 Fig. 68 is a circuit diagram showing a third part of the

address counter circuit;
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- 3- nmeans. Further, the present invention provides a
synchronous: LSI menory device, conprising: cell block neans (CB) each
havi ng a plurali-ty of menory cells; and data register neans (WRITE 5
REG STER) for acquiring externally input data applied to first

termnals (DQ in synchronismw th a clockgsignal (CLK), said dat a

regi ster neans being provided with inputting registers (WRI TE REA STER)
having a pluralityFbd. g 4dsaadeLrenettidichgran showing a fourth part of the

address counter circuit;
Fig. 70 is a circuit diégram showing a fifth part of the
. address counter circuit;
5 Fig. 71 is a circuit diagram showing a sixth part of the
address counter circuit; '

Fig. 72 is a circuit diagram showing a seventh part of
the address counter circuit;

Fig. 73 is a circuit diagram showing a spare circuit;

10 Fig. 74 is a circuit diagram showing an (Alc="1")-side
S/N discriminating circuit; '
%gé ' | Fig. 756 is a circuit diagram showing an (Ale="0")-side
' S/N discriminating circuit; )
Fig. 76 is an illustration for.assistance in explaining
15 the DQ,buffér configuration of an 8~bit DRAM with two 1M-word
banks;

Fig. 77 is an illustration for assistance in explaining
the DQ buffer configuration of an 4—b1t DRAM with two 2M-word
banks;

20 Fig. 178 is a circuit diagram showing a DQ buffer
' activation signal detecting circuit;

Fig. 79 is a circuit di#gram showing a QACT selecting
circuit;

Fig. 80 is a circuit diagram showing a QACT selecting

&

25 circuit;
- Fig. 81 is a circuit diagram showing a QACT selecting
circuit; .
Fig. 82 is a circuit diagram showing an AS counter
circuit;
30 Fig. 83 is a circuit diagram showing an AS counter
circuit;
Fig. 84 is a circuit diagram showing an exemplary circuit
fob Ltransferring data between the DQ buffer and a cell array;
Fig. 85 is a circuit diagram showing a DQ line read
35 control circuit;

Fig. 86 is a circuit diagram showing a DQ line write
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the respective first termnals;

I nputti‘ng nregisters being co
plural bits are switched in seq
respective plural bits are
Further, the present

devi ce, conprising: nenory cel
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ntrolled so
uence or not
set

I nvention provides a sypchronous LS

array neans

sync ro ou

10 the
respective
so that

that the

controll ed t he

alternately to data i nput status.

15 nenory
(BK1, BK2) each having a
means (TG for generating
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synchroni smwith thes;kirgh Pasl ¢i$ed1d! af SEFR AUl HLNNSQ write control

5
Fig.

read status in 4-wrap mode;

Fig.

read status in 8-wrap mode;

10 Fig.

write status in 8

—wrap mode;

section configuration of the memory device shown in Fig. 1;
89 is a timing chart showing the interleave bank

80 is a timing chart showing the interleave bank

91 is a timing chart showing the interleave bank

Fig. 92 is a timing chart showing the active page random

read status in 4-wrap mode;

Fig.
15

93 is a timing chart
the detailed operation of the

present invention;

Fig.

the .detailed operation of the

20

the detailed operation of the

94 is a timing chart

present invention;
Fig. 985 is & timing chart

present invention;

Fig.

the detailed operation of the

0 25
Fig.

the detailed operation of the

96 is a timing chart

present invention;
97 is a timing chart

present invention;

Fig.
30
present invention

Fig.

the detailed operation of the

98 is a timing chart
the detailed operation of the

; and

99 is a timing chart

present invention.
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generating the second signal (CP) after a predeterm ned nunber of
accesses or. in response to a stop signal (MRRST, MASTP LADA, BSTP);
control neans for controlling said cell array 25 neans (BK1l, BK2) on the
basis of outputs of said timng signal generating nmeans and sai d signal
generating nmeans (SERI AL SYS CONTROL) —1ard mask control neans (DQVR)
for acquiring statuses of second termnals (DQVW in sequence into

regi ster neans Thavi egbbdementrberf othbi tsyrmlaronoude LSTi nesmd By gdevtiban

that 30 obtai iNg .8 cyGle interv durin i ch ol yim addr es
I's inputted, 3%?%59#%#8 fﬁ% ﬁ%ﬁhif%&ﬁ%ﬁé%xi}P%%%Emg%e,W?lf iﬁﬁut Fﬁﬁrﬁﬁsd
out putt ed dat aeredppediow slifth gedpeeinicec to theegitdtamle dabiawingsang t he

number of bits evemehdNbehelddEfinolod Rl ted?d™ LBRE PRUANEHAYriRELEBE

cycle interval during
5 and the drawings implies the number of clocks between when a

command is inputted and when data are transferred in a
synchronous device, which is widely employed in the field of
- the synchronous device.
Prior to the detailed description, the present invention
10 will be summarized as follows: the synchronous LSI memory
device of the present invention comprises: memory cell array
3 ' means (BK1, BK2) each having a plurality of memory cells;
timing generating means (CLOCK MASKED SECT) for generating a
first basic signal (CPOR) synchronouslwith a clock signal
15 (CLK) and masked according to status of a control signal
(CKE); signal generating means (SERIAL SYS CONTROL) for
‘generating a second signal (CP) in synchronism with the first
basic signal (CPOR) and stopping generating the second signal
after a predetermined number of accesses or in response to a
20 stop signal (MRRST, MWSTP, LADA, BSTP); and control means
(SHIFT REGISTER) for controlling said cell array means (BKI,
BK2) on the basis of oufputs of said timing signal generating -
means and said signal generating means (Fig. 4).
Further, the synchronous LSI memory device further
25 comprises first means (SHIFT REGISTER) operative in response
to the second signal (CP) to control access to said memory
cell array means (BK1, BK2). The first means (SHIFT REGISTER)

has the number of bits even—number times larger than that

obtained during a cycle interval during which a column address
30 is inputted, for activating column systems (COL SYS) of said
memory cell array means (BK1l, BK2) on the basis of specific
output signals (K) of said first means (SHIFT REGISTER).
Alternately, the first means (SHIFT REGISTER) comprises two-
set independent shift registers (SHIFT 1, 2). Alternately,
35 the first means (SHIFT REGISTER) changes an initial condition

according to read latency.

———
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35 which the col unm address is i nputted, and when data inputted t hr ough
the setond ternminals (DQV are in a first status,
This is the replacenent. sheet

-12~

Further, the synchronous LSI memory device of the present
invention comprises: cell block means (CB) eaéh having a
plurality of memory cells; and data register means (WRITE
REGISTER) for acquiring externally input data applied to first
5 terminals (DQ) in synchronism with a eclock signal (CLK), said
data register means being provided with ihputting registeré
(WRITE REGISTER) having a plurality of bits and connected to
the respective first terminéls; and when data are inputted,
the inputting registers being controlled so that the
10 respective plural bits are switched in sequence or not
controlled so that .the respective plural bits are set

I7 : alternately to.data.input status (Fig. 61).
Further, a synchronous LSI memory device of the present
invention comprises: memory cell array means (BK1, BK2) each
15 having a plurality of memory cells; timing generating means
(TG) for generating a first basic signal (CPOR) synchronous
with a clock signal (CLK) and masked according to status of
a control signal (CKE); signal generating means (SERIAL SYS
! CONTROL) for generating a second signal (CP) in synchronism
20 with the fifst basic signal_(CPOR).and stopping generating the
second signal (CP) after a predetermined number of accesses
or in response to a stop sighal (MRRST, MWSTP LADA, BSTP);
control means for controlling said cell array means (BK1, BK2)
on the basis of outputs of said timing signal generating means
25 and said signal generating means (SERIAL SYS CONTROL); and
mask control means (DQMR) for acquiring statuses of second

terminals (DQM) in sequence into register means havipg the

45

number of bits even—number times larger than that obtained
during a cycle interval during which a column address is
30 inputted, outputting the acquired data in sequence, inputting
the outputted data, respectively to specific registers'each
having the number of bits even—number times larger than that
obtained during the cycle interval during which the column
address is inputted, and when data inputted through the second
35 terminals (DQM) are in a first status, outputting signals for

setting output circuits of the register means to a  high
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outputting signals for setting output circuits of the register

-4-

nmeans ‘to a.high inpedance status in synchronismwth the second si gnal
(cP). . In the synchronous LSI nenory device according to the 5
present invention, when a plurality of the cell array neans (each
having a plurality of menory cells) for a-pBurality of banks are
accessed, the timng generating neans generates the basi ¢ signal, and
t he signal geriemdansersdrdugeior svoshrpopism with the second signal (CP).

10

15

20

25

30

35

Further, the synchronous LSI memory device further
comprises: data holding means (DQM WRITE REGISTER) for, in
only write mode, acquiring the statuses of the second
terminals (DQM) in synchronism with the second signal into
registers having a plurality of bits in sequence and
scrambling the acquired data on first data lines (DQMW) plural
bits by plural bits every plural cycles; and precharge means
(EQDQM) for precharging the first data lines into write
disable status every predetermined cycle interval.

Here, when the predetermined access length is "1", even—

number registers of said data holding means (DQM WRITE

REGISTER) are fixed to status the same as when masked data are
acquired.

Further, the synchronous LSI memory device
of the present invention further comprises: read mask
registers (DQM READ REGISTER) for acquiring, in read mode, the
statuses of the second terminals (DQM) into a plurality of

registers in sequence in synchronism with the second signal,

- and outputting the acquired data to the data lines (DQMR) in

sequence; and potential fixing means (/RPRM13, /RPRM24, HIZ)
for fixing, in write mode, potentials of the data lines (DQMR)
to set the output circuits connected to the data lines (DQMR)
to a high impedance statué (Figs. 35 and 37).

Further, when the predetermined access length is "1",
even—number registers of said read mask registers having a bit
number length half of a word length are fixed to a mask data
output status. The stop signal (CLADA) is outputted
subsequent to a predetermined number of accesses after all
banks (BK1l, BK2) have been precharged. Further, when the
write latency is "1", the stop signal (WRLA) is outputted in
a first cycle immediately after write disable mode has been
changed to write enable mode.

The number of predetermined accesses is counted on the
basis of a signal (REGL, REG2) for selecting bits n-bits by

n-bits by interleaving an m(= n + n)-bit register having two
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second signals on the basis of the basic signal. The cell 10 array neans
are controlled by the control neans on the basis of the second signals.
Further, when data are inputted to a plurality of the cell array neans
(each having a plurality of nmenory cells) for a plurality of banks, the
dat-a register neans acquire 15 externallylénputted data through the input
regi ster neans. connected to the DQ term nals of the data regi ster neans
in - synchr gittmadi mrbiereBdekessghBie CLIK) . Furthes,cwben ahplurality

register rrean%ﬁrseaﬁp@&mrpiw@ féﬁ)t oawmgcéggee@@rﬁrsf@ms 4 Nputigds dgt a

i n sequence and: further a pluralrt bits of t he reglster means are
set alternateﬂﬁftosﬁﬁéaé&?é.|%ﬁﬁﬁssed effgBle s?%@%%smhéﬁu%he Gat a2 FRpHEed

sequence I s nilgRbusly (Fig. 78). Further, when a plurality of said
' 5 cell array means are accessed simultaneously, data buffers
whose number is a half of that required when a single cell
array is accessed are activated in the respective cell arrays
means. Further, the second signal (CP) is divided into a
plurality of signals (CPX, CPW, CPR) according to use so as
10 to be controlled individually (Fig. 3).

Fig. i is a block diagram showing one embodiment of the
23 synchionous LSI'memory device, in particular which shows a
configuration of a 2MX8 synchronous DRAM. In Fig. 1, a cell
array is divided into a bank (I) BK1l and a bank (II) BX2, both
15 of which are connected to a DQ buffer DQBF via a register RG.
On the other hand, various signals such as /CS, /RAS, /CAS,
/WE, DQM, CKE, CLK, etc. are inputted to a timihg generator
TG. For address control, a refresh counter RC, a row buffer
RBF, a column counter CC, a precharge logic PLG, etc. are
20 arranged. The banks BK1l and BK2 are selected by a bahk select
signal BS. The banks BKl and BK2 are precharged by a bank I

precharge PR1 and a bank II p}echarge PR2, respectively.
Fig. B8 shows the configuration of a DQ write control
section used with the memory device shown in Fig. 1. In Fig.

ﬁg 25 88, a coexistent section of an address ASc and an address /ASc

L300
[{
)

(an inverse signal of ASc) is shown.
The basic operation of the configuration shown in Fig.
88 will be described hereinbelow with reference to the timing
charts shown in Figs. 898, 90, 91 and 92. Fig. 89 is a
30 timing chart showing the interleave bank read status in 4-wrap
mode, Fig. 90 is a timing chart showing the interleave bank
read status in 8—wrap mode, Fig. 91 is a timing chart showing
the interleave bank write status in 8-wrap mode, and Fig. 92
is a timing chart showing the active page random read status
35 in 4—wrap mode.
In the synchronous LSI memory device, the array is
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Further, when a plurality of the cell array neans (each havi ng a
plurality of menory cells) for a plurality of banks . are accessed, the
statuses of the DQOMterm nals of the 25 register neans having the nunber
of bits half of that of a word length are acquired in sequence, and the
acquired data . are outputted in sequencgs— The outputted data are

| nputted to the regi sters whose nunber of bits is half of that of a

sEec inQ:vlC ‘wor d,adths;mcérai yal acc&uéxheé Ml\@ﬂhelih‘éh@aﬂl@taﬁzzﬂiw&bﬁdig@onbhlDélﬂ&i |
t he t er mi_nal s status, the i npedance contro
nmeans out put s *& §|§ﬁ% %f&ﬁyggtﬁ§ &ﬁ le 130utput circuits of the register
nmeans. to a high i maddexcehe- ars&atmetz@mtib@ btise snade tilse seasiteo ai gead or

outputted by {08+ cohlBiin%4898" AbkRY tTE3RE raRe tReSUBTARANLS TN the

second
5 In the read mode, a series of data are outputted

beginning from the cycle during which the column active
conditions are designated, after a cycle for latency
designated separately. In this case, the data length of a
series of data is designated separately as a module length.
10 On the other hand, in the write mode, a series of data
are inputted beginning from the cycle during which the column
active conditions are designated. Here, in the read mode, the
-latencies are "1", "2", "3" ahd "4", and the module lengths

(page lengths) are "1", "2", "4" and "8". PFurther, in the

o o "
:.‘% :
W

W

15 case of the write operation, there exists the case where a
series of data are inputted after the latency of "1" (the
_succeeding cycle after the cycle during which the column
active conditions are designated).

Further, in a series of data, there are different

20 scrambles such as -wrap mode or interleave mode. Tables 2 to
6 list the cblumn—system activation sequence corresponding
thereto. Table 2 lists the page wrap mode, Table 3.lists the
8—wfap mode, Table 4 lists the 8-interleave mode, Table §
lists the 4-wrap mode, and Table 6 lists the 4—interleave

A 25 mode, respectively (See Tables 4 to 6).

Here, when a series of data are being accessed, the
column active conditions can be designated for each even
number of cYcles after the column active conditions have been
designated. Further, a part or all of a series of the data

30 can be masked. In the read mode, the DQM is set to a "H"
level in response to a rise edge of the cycle clock one cycle
before the cycle during which data are required to be masked.
In the write mode, on the other hand, the DQM is set to the
"H" level in response to a rise edge of the clock of the cycle

35 during which the data required to be masked are acguired.

Further, the memory device is also provided with such a
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35 signals outputted by the signal generating rreané. .~ Accordingly,
i n-thé synchronous LSl nenory device
This is the replacenent sheet
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function that the inputted clock signal CLK is pretended to
be not.inputted by masking the'inputted clock signal'CLK.
This funcfion can be realized by setting the signal CKE to the
"L" level in response to a rise edge of the élock signal CLK
obtained one signal before the signal CLK required to be
masked. Further, after the data of a designated module length
have been accessed, it is possible to set the column active
cycle to any given cycle. '

Here, the operation of the column system and the serial-
system will be described hereinbelow with reference to the

~block diagram shown in Fig. 2. Fig. 2 shows a configuration

of one embodiment of the 'synchrdnous LSI memory device
according £o the present invention, in particular in which a
configurafion of the 16—-M synchronous DRAM data lines is shown
by way of example. As understood in Fig. 2, 4-bit length wire
register and read register are provided for each DQ pin.
These registers are connected to the DQ buffer via RWD lines,
respectively. The DQ buffer is a circuit for transferring
data to the cell array seétions through-the DQ lines.

Fig. 84 is a circuit diagram showing an exemplary circuit
for transferring data between the DQ-buffer and the éell
array. . ' ’ )

‘ Figs. 76 and 77 show the_éonfiguration of the DQ buffer,
in which Fig. 76 shows the DQ buffer configuration of an 8-bit
DRAM with two 1M—word banks and Fig. 77 shows the DQ buffer
configuration of an 4-bit DRAM with two 2M-word banks. As
shown in Figs. 76 and 77, there are four DQ buffers on either
side of each cell array, in which the DQ buffers arranged on
both sides of the activated cell array are activated. The
signals for activating the DQ buffers are QACT generated by

DQ buffer activation signal generating circuit as shown in

Fig. 178.
Column data are outputted to the DQ lines selectively
from the column selected by the column select lines. With

respect to the column select lines, appropriate two of the
output signals CSLA to CSLH of the column decoder as shown in
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according to the present invention, it is possible to operate t he

menory devicce whose.access speed-is | ower ‘than the CPU on t he basis of
a single high speed clock signal suitable for the CPU, so that the it
is possible to sinplify the clock control 5 so as to be correspond to the
hi gher speed CPU w t hout conplicating’iﬁé'systen1configuration.

Fig. 54 are selected as the column select lines and further
activated. In this case, the two selected column select lines
are determined by scramble. The selected column select lines
are controlled by the CSL selectors as shown in Fig. 58, the
b SCL selector drivefs as shown in Fig. 59, the CSL-related
logic circuits as shown in Fig. 60, the CLS select tap signal
generating circuits as shown in Fig; 61, etc. Further, Table
7 lists the CSL select tap sets, and Table 8 1lists the
combination of the CSL selector operations (See Tables 7 and

10 8).

The serial system is operated by the circuits as shown

in Figs. 5 to 9. Figs. 5 and 6 show column activation

ks detecting circuits, respectively; Fig. 7 shows a serial—system
basic pulse generating circuit; Fig. 8 shows a serial—-system

15 setting circuit; and Fig. 9 shows a column deactivation
detecting circuit.

Further, DQM read registers and DQM write registers are
incorporated to realize the word masking.
The DQM read registers receive the status of DQM in the

20 order of "1" - "2" - "3" - Y4" - "1" and latch the data. The
latched dada are outputted to the DQMR lines. The DQMR lines
are connected to the output buffer. When the DQM is at the
"H" level, the output buffer is set to a high impedance
status.

25 The DQM write registers operate in fhe same way as the
write register. The obtained DQM status is outputted to the
DQM lines two bits by two bits being scrambled. Before data
are outputted from the DQM write registers, the DQMW lines are
once precharged to the write disable status. Only when the

30 "L level DQM status is outputted to the DQMW lines, the data

8

write is enabled.

The above—-mentioned operation is controlled by the
circuits as shown in Figs. 33 to 40. Fig. 33 shows a read
operation enabling circuit; Fig. 34 shows a DQMR gating

35 circuit; Fig. 35 shows a high impedance control circuit; Fig.
36 shows a DQMR register circuit; Fig. 37 shows a RPRM

———
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BRI EF DESCRI PTI ON OF THE' DRAW NGS Fig. 1 is a block diagram.
show ng one enbodi nent of the 10 nenory device according to the present

i nventi on; Fig. 2 is a circuit diagramshow ng a configuration of
data lines of a 16M synchronous DRAM Fig. 3is acircuit diagram
showi ng an exanple of a configurati on-df8-a serial -system control
section; 15 Fig. 4 is a circuit diagramshow ng anot her exanpl e of

a confi gur at i @ensfratiag eriinduidyistRig co¥8 rehowecei 6AM generatingj girguis ;a

partial circuig di 3gr 3BLHROW PMAFPLE e gist&F 1d MUY, ARILGHINT 40 shdks

Fig. 6 is a partial circuit diagram show ng angother 20 col umm_ acti vation

detecting cir@ip option circuit corresponding to the write latency;
respectively.

5 Further, the configuration of the read/write registers
are shown in Figs. 19 to 28. Fig. 19 shows a read register
gate circuit; Fig. 20 shows an XR register selection signal
generating circuit; Fig. 21- shows a used register group
_detecting. circuit; Fig. 22 shows a data transfer gating

10- circuit; Fig. 23 shows a read data traﬁsferring circuit; Fig.
24 shows a read data register circuit; Fig. 25 shows a write
register gating éircuit; Fig. 26 shows a data transfer

~selection signal generating circuit; Fig. 27 shows a write
data transfer signal generating circuit; and Fig. 28 shows a
15 write data register circuit, respectively.
_ The architecture, the serial operation, the word mask,
the clock mask, the module length—-related operation, the burst
stop, the column system, the column~-system address, the
column—system data access of the present embodiment will be

20 described hérein below in sequence.

As shown in the serial operation explanation of Table 14,
the functions required for thé serial system of the SDRAM are.
such that: the serial system can correspond to the clock
masking; column addresses can be inputted for each two cycles

=3 25 at minimum; the words can be m&sked; and the serial system is

operated at 100 MHz.
To achieve the above-mentioned operation, it is necessary
to access to the core section within a time of two cycles.
In this case, a register is required to temporarily store the
30 data read from the core section under consideration of the
latency. To cope with the latency of "4", the register
requires 4 bit length at its minimum. By doing this, it is
possible to prevent the interference between the present data
and the new data read by the core section during the data

35 outputting operation.

Further, since the column address can be changed for each
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Fig. 7 is a circuit diagramshow ng a serial -system basic pul se

generating circuit; Fig. 8 is a circuit diagramshow ng a

serial -system setting circuit; 25 Fig. 9 is a circuit diagram
showi ng a col unm deacti vation detecting circuit; ' Fig. 10 is a
circuit diagramshow ng a read node deti@eting circuit; Fig. 11

is acircuit diagramshowing a wite node 30 detecting circuit,
Fig. 12 is a diwcwiytcldisggoatysBobi hgdatarof ethatfneit dataetactheng cerdalt ;

Fig.. 13 is a c&at%u tt gh@%ﬁﬂ@ %%q%nqpaad%@gsaddﬁgéér&?ggly, it is necessary
' to handle a 4-bit register as two 2—-bit registers; that is,
data registers of 2 + 2 bit configuration are required. '

5 As shown in the read mode and write mode operation
explanation of Table 15, in the read mode, two system lines

between the CLK signal and the RWD lines and between the RWD

lines and the data reglsters are operated in pipeline mode to

cope with a high speed operation. Therefore, it is necessary

10 that the read-mode register interleaves the register group two

bits by two bits to transfer data from the RWD lines to the

registers for each two cycles. The data are ocutputted from

+y, .
feity

the first register in sequence.
In contrast with this, in the write mode, it is necessary
15 that the write-mode register interleaves the register group
two bits by two bits to transfer data from the registers to
the RWD 1lines for each two cycles. To execute the write
operation at high speed, DQM lines are used. That is, before
the write data are outputted to the RWD lines, the DQM lines
20 are write—disabled. However, immediately when the write dada
are outputted, the DQM lines are write—enabled, so that it is
possible to execute the write operation at high speed without
delaying the write operation.
Fig. 2 shows the circuit for realizing the above-
2 25 mentioned operation at high speed.

. Table 11 1lists the architecture explanation of the
serial-system configuration, which is adopted in accordance
with the above—mentioned circuit configuration.

A basic signal CP is prepared to operate the serial
30 system. This basic signal CP can be stopped in correspondence
to the serial—-system resetting and the write latency.
Further, the basis signal CP is used to select shift registers

for activating the data registers.
Further, it is necessary to operate the signal X for
35 controlling the main access pass from the outputs of the shift
registers to the core section, signals REGI and REG2 for

—_—
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ach|S|t|on control circuit; 35 Fig. 14 is a circuit diagran1shomﬁng
a tol um cycle detecting circuit; :

selecting a register group of two bit unit, and signal GDM for
selecting the DQM registers, etc.
Further, the basis signal CP must cope with the clock
masking (one of the functions). For the reason as mentioned
5 above, the signal CP is formed on the basis of the synchronous
signal CLK to be masked.
On the basis of the conditions as above, it is possible
to adopt the serial—-system architectures as shown in Figs. 3
and 4. Here, Figs. 3 and 4 show the configuration of the
10 serial-system control lines, respectively. In Fig. 3, the
basic signal CP is used for read, write, main pass activation
signal K, etc. properly. On the other hand, in Fig. 4, only
the shift registers are divided according to the uses, without
separating the CP according to the uses. In the architectures
15 shown in Figs. 3 and 4, although the number of the required
registers is different from each other, the number of
registers activated simultaneously is the same in both.
The basic operation required for the respective sections
. will be described with reference to the architecture
20 explanation of Table 12.
In the fespective sections shown in Figs. 3 and 4, the
following operation is required.
The main pass activation signal K is enabled for each two
cycles in synchronism with the basic signal CP, and further
fg% 25 must be stopped when the serial system is stopped. Further,
when the serial system is reset, this signal X is initialized
so as to be enabled beginning from the first CLK signaI: The
read data register gate GR proceeds in synchronism with the
basic signal CP. The serial system is reset so as to be
30 restarted beginning from the read data register gate GRi
corresponding to the read latency. This control corresponds
to that the first access starts beginning from the read data
register gate GR1. Further, in the write mode, the read data
register gates are kept deactivated. The write register gate
35 GW proceeds in synchronism with the basic signal CP. The

serial system is reset so as to be restarted beginning from
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-6- - Fig,' 15 is a circuit--diagram showng a first shift

reégi ster; Fig. 16 is a circuit diagramshow ng a second shift

regi ster; Fig. 17 is a circuit diagram showi ng a register group
selecting circuit; Fig.. 18 is a circuit diagramshow ng a

col um-system basic signal generating credait; Fig. 19 is acircuit
di agr.am show a read register gating circuit; Fig. 20 is a circuit

gawrxﬁeréggéggpr gate GW1. Further, in the modes other than
the write mode, the signals GW1 and GW3 are set to the "H"
- level and the signals GW2 and GW4 are set to the “L" level to
read the first data.

5 The register group selection signal REG operates for each
tﬁo'cycles in synchronism with the basic signal CP, and is so
set that when the serial system is reset, the succeeding
operation starts beginning from the first register group. The
DQM read register gates GDM proceed in synchronism with the

10 basic signal CP, and some of these gates GDM are fixed at "L"
or "H" level according to the read latency in modes other than
the read mode. On the other hand, in the read mode, the DQM
‘read register gates GDM operate in the same way as with the

di agram show

B

case of the data register gates GR.

15 The basic operation of the read corresponding sections
will ©be described hereinbelow with reference to the
architecture explanation of Table 13.

When the data are read from the core section, the data

’ must be transferred to the read data registers. Further,

20 after the normal data have been transferred to the read data
registers, the read register gates must be so controlled as

to be opened. For these operation, the data transfer signal

XR is activated by the main pass activation signal K after. the

data have been read, and the read data register gates GR1 and

%@ 25 GR3 are enabled after the data transfer signal XR has been

activated.
Under the consideration as above, a serial—-system control

section as shown in Fig. 4 is adopted.
The basic operation in the read/write mode and the
30 address acquisition will be described hereinbelow with
reference to Table 16 to Table 18. Table 16 explains the
read/write mode acquisition, the address acquisition, and the
counter relationship; Table 17 explains the address signals
used for the respective circuits in tap set; and Table 18
35 explains the write enable signal /WE used for the respective

circuits.
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sel ection signal generating circuit; Fig. 21 is a circuit diagram
showi ng a used register group detecting circuit; Fig. 22 is a
circuit diagramshowing a data transfer gating circuit; Figs. 23(A
and 23(B) are a circuit diagramshowing a read data transferring circuit;
Fig. 24 is a circuit diagramshow ng a read28ata register circuit;

Fig. 25 is a circuit diagramshowng a wite register gating CII’CUIt

Fi g. 26 i s a circui Thei mgdanesfovhepddrras anqesasired in response to the

first CLK signal in the column access cycle, and sw1tched when
the main pass activation signal K is deactivated at the "L"
.level. This is because the mode and the address must be

- B switched only when the column system is being deactivated.
Further, the head address is set to an'putput prepare
sédtion of an éddress counter only when /R signal is set to
the "H" ievel, except the module length is a page length.
. Here, the /R signal is set to the "H" level in the first cycle
10 of the column access cycle, and to the "L" level when the main

pass activation signal K changes to the "L" level. On the
ﬁ% _ other hahd, when the module length is the page length, the
= head address is set to the output section of the counter when
the main pass activation signal falls.

15 Here, when the module length is other than the page
length, the output section of the counter is opened only when
the first main pass activation signal K after the column

. access cycle is at the ."L" level, and kept closed in the other
! cases. On the other hand, when the module length is the page

20 length, the output of the counter is counted up in response
to a count~up signal.

Here, the basic operatidn of the serial—-system setting
or stopping operation will be described hereinbelow with
reference to Table 19. Table 19 explains the serial—-system

@% 25 enable.

In the read mode, the serial system is reset when the
column access cycle will not start subsequent to the final
data output cycle, after the cycles according to the latency.
Further, the serial system is enabled after the succeeding

30 column access cycle starts.

In the write mode, after the cycle in which the final
data have been inputted, the serial system 1is stopped.
Further, in the succeeding column access cycle, the serial
system is enabled.

35 The above-~mentioned operation can be achieved by the

circuit configurations as shown in Figs. 42 to 49. Fig. 42
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sel ection signal generating circuit; Fig. 27 is a circuit diagram
showing a wite data transfer signal generating circuit; Fig. 28 is
a circuit diagramshowing a wite data register circuit; Figs. 29(A
and 29(B) are a circuit diagramshowng a first stage circuit for a serial
system Figs. 30(A) to 30(D) are aJ g rcuit diagrans show ng an
address  buffer circuit; Figs. 31( and 31(B) are a circuit diagram

Zgoémag?eg"s/ \r%aﬁg fgr re%iigﬁg&'t 'group déﬂ&ctﬁgg | 81 8chi ESUIR i ags aghshewiang
partial configuration of a module—length detection procedure
selecfing circuit; Fig. 44 shows another partial configuration
of the module—length detection procedure selecting cifcuit;

5 Fig. 45 shows a module~length detecting circuit; Fig. 46 shows
a read module resetting circuit; Fig. 47 shows &a write module
stopping circuit; Fig. 48 shows a module-length detecting
6ircuit; and Fig. 4§ shows'a.modﬁle~number counting circuit,
respectively.. _

10 Further, when the write latency is "1", the serial system
is stopped for only first one cycle after the write mode
stafts from the mode other than the write mode. The above-

g mentioned operation can be operated by a write latency
detecting circuit as shown in Fig. 12.

15 The mode detection required for the above-mentioned
operation will be described hereinbelow with reference to
Table 20.

The read mode or the write mode is detected in order to

operate only the circuits required for the detected mode.

20 Therefore, the mode is detected on the basis of a read
detection signal READ or a write detection signal WRITE.
These signals are generated b& a read mode detecting circuit
as shown in Fig. 10 and by a write mode detecting circuit as
shown in Fig. 1.

25 The column cycle detection and the address mode
acquisition of when the latency is "1" will be described
hereinbelow with reference to Tables 21 and 22. )

The detection of the column access cycle start of when

the write latency is "1" is different from that of when the

30 write latency is "0". This is because the cycle during which
the address mode is inputted is so controlled as to be delayed
by one cycle from the cycle in which the address mode is
actually used, as already explained. Therefore, when the mode
is changed, it is necessary to detect the difference in

35 latency. In this connection, when the latency is "“0", the

above—-mentioned discrimination is unnecessary.
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_24_
~In other words, when the latency is "0"; control is
executed by a tap address mode acquisition control circuit as
shown ‘in Fig. 13. When the latency is "1", on the other

hand, control is executed by a column cycle detecting circuit
as shown in Fig. 14 under detection of the~cycie.

Further, a first shift register related to the serial
system is configured as shown in Fig. 15, and a second shift
register is conflgured as shown in Fig. 16, respectively.
Further, the reglster group is selected by the configuration
as shown in Fig. 17, and the column system basic signal can
be generated by the configuration as shown in Fig. 18.

Further, with respect to the serial system operatipn, a
first stage circuit as shown in Fig. 28, an address buffer
circuit as shown in Fig. 30, a /WE buffer circuit as shown in
Fig. 31, and an address mode acquisition signal generating
circuit as shown in Fig. 32 are used, respectively.

The word masking operation will be explained with

. reference to Tables 23 and 24. Table 23 explains the word

masking for the DQM read of when the latency is "4" and "3";
and Table 24 explains the work masking for the DQM high
impedance of when the latency is "2".

First, in the read mode,-the latency of the word mask is
"1", and the read latency is not present. Further, for
masking, it is regarded that the optimum way is to output high
impedance data to the output buffers attached to the read data
registers. The read data register can be configured by the
circuit as shown in Fig. 24.

For this purpose, the respective outputs DQMRi of the DQM
read registers as shown in Figs. 35 and 36 are inputted to
respective registers as shown in Fig. 24.

The outputs of the DQM read registers are signals for
controlling the impedance (high or low) conditions of the
outputs. Therefore, the DQM read registers must be controlled
according to the read latency thereof, respectively. This is
because the outputs thereof must be high impedance till the

first access. The above-mentioned control is executed by the

—_—
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Fig. 33 is a circuit diagramshowing a read operation

enabling circuit;

Fig. 34 is acircuit diagram showng a DOVR gating circuit; Fig.
35 is a circuit diagramshowi ng a high inpedance control circuit;

Fig. 36 is.a circuit diagramshow ng a DQHR register «circuit; Fig.
37 is a circuit diagramshowi ng a RPRM generating circuit; Fig. 38

is a circuit diagramshow ng a GDM gené éfing
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circuit configurations .as shown in Figs. 33 to 38.
' The high impedance after the module will be described
bhereinbelow with reference to Table 25. '
When the succeeding column c¢ycle does not start for a
time over the module length after the column‘activation cycle,
the outputs are in high impedance state. However, since the
serial system must be kept activated, high impedance
conditions must be formed irrespective of the DQM values.
Therefore, the high impedance must be kept for period of thg
ﬁodule léngth + the latency CLK signal. The high impedance

‘is releaéed in dependénge upon the latency by circuits as

~shown in Figs. 35 and 36, réspectively.

The DQM write will be described with reference to the
explanation of Table 26.

The word masking in the write mode is executed in
accordance with the method as already explained by circuits
as shown in Figs. 39 and 40. On the other hand, in the case

where the write latency is "1", the word masking is executed

by circuits as shown in Fig. 40.

The clock masking will be described hereinbelow with
reference to the explanation of Table 27.

In the clock masking, the.operation is stopped in & cycle
after the cycle in which the signal CKE is at the "L" level.
To achieve this operation, the formation of a short period
basic signal CPOR is controlled so as to be formed or not
according to the status of the CKE signal acquired before one
cycle, Further, the statuses of the CKE signals sacquired
before one cycle are inputted to the respective function
detecting circuits except for that of the basic signal CP.
When masking is required, the function detecting circuits are
kept so as to be not set. The signal CPOR can be generated

by a short period basic signal generating circuit as shown in

Fig. 41.
The module length related operation will be described
hereinbelow with reference to Tables 28 to 33. Table 28

explains the module length detecting operation; Table 28
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circuit; Figs. 39(A) to 39(C) are a circuit diagram showi ng a DQV
wri.te register circuit; Fig. 40 is a circuit diagramshow ng a DOM
option circuit corresponding to the wite | atency; Fig. 41 is a
circuit diagramshow ng a short-period basic signal generating circuit;
Fig. 42 is a circuit diagram'show ng a regt38er group detecting circuit;
Figs. 43(A) to 43(0) are a circuit diagramshow ng a partial configuratjon
for a nodul e- | exptsinet ddie onogubeedmegaddiasct fng ctqdud e ; reset prekeasing,)

and 44(8) are go&i4€tbh; diadiam 60w AMY hehePHddi#le length detection
resetting o?eration; Table 31 explains the summary of the
mbdule operation in the read and write modes; Table 32
5 explains the module status resetting operation; and Table 33
explains the column active cycle detecting operation and the
operation corresponding to the module length of "1Y,
respectively. '
In the read mode, the cycle in which the data of the
10 module length are outputted can be set as the end of the
- module léngth. In the.write mode, the cycle in which the data
of the module length are inputted can be éet as the end of the
= module length.
| On the assumption as described above, in the read mode,
15 +the final data access begins from the read data registgr gate
GR2Z or GR4 on the basis of the register configuration.
Further, since the register group for outputting the final
data controls the read registers as already explained, the
final data access is determined by only the module length,
20 irrespective of the read latency.
The same can be applied to the case of the write mode.
In summary, it is possible to discriminate the register
for implementing the final data access by detecting which
register REGl or REG2 is at the "L" level in the column access
i 35} 25 cycle. Since the module length is started to be counted for
. each column access cycle, the register is reset for each
column access cycle. Further, in the case of the module
length, when the counter (described later) is operated, the
operation is the same as with the case where the module length
30 1is "8". For the above-mentioned operation, circuits as shown
in Figs, 42 to 49 are adopted.
The burst stop will be described with reference to Table
34.
The burst stop operation is achieved by disabling the
35 serial system in a cycle after the cycle in which a burst stop

command is inputted during the burst cycle. In the above—
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configuration for the nodul e-length detection procedure selecting circuit;

Fig. 45 is.a circuit diagramshowi ng a nodul e-length detecting circuit;

Fig. 46 is a circuit diagram showi ng a read nodule resetting circuit;

Fig. 47 is a circuit diagramshowng a wite nodule stopping circuit;

Fig. 48 is a circuit diagram showi ng a nodélfe-1ength detecting circuit;

Fig. 49 is a circuit diagramshow ng a nodul e-nunber counting circuit;
mentioned burst stop operation, in order to stop the burst in

any given burst cycle; a burst stop command detecting circuit
as shown in Fig. 50 is used. .
The operation of the column system will be described
5 hereinbelow with reference to Table 35. '
. In the column system, a column system bank switching
circuit as shown in Fig. 51 is applied. The entire switching
circuit is controlled by the main pass activation signal K,
and further the main pass activation_signal K corresponding
10 to the bank side activated in the column access cycle is also
activated.
Howéver, the main pass activation signal K not decoded

on the basis of the bank designation signal is used for the

Lo
3
N

other circuits not belonging to the respective banks.

15 The column system is so configured as to provide the
scramble; that is, so as to correspond to an addressing ﬁode,
which is one of the features of the SDRAM. Tables 2 to 6 list
how to change the lower order significant address bits and how
to activate the column select lines, the DQ buffers and the

20 data registers according to the change in the lower order
significant address bits in correspondence to the scramble.

In the respective tables, the portions divided by arrows,
respectively correspond to two clock signals CLK in the one—
bit lower cycle K. Further, the register scramble implies the

25 way of selecting the transfer signals when data are

v

j;
7y

transferred to or from the data registers shown in Figs. 23
or 26. Further, in the respective tables, although the
addresses of the lower bits A0, Al and A2 are explained, the
addresses higher than A3 can be decoded by the column address
30 decoder as shown in Fig. 54. This column decoder is decoded.
by a column partial decoder as shown in Fig. 55. Further, in
order to realize the operation of the column select lines as
listed in Tables 2 to 6, the circuits as shown in Figs. 56 to
61 are applied. Fig. 56 shows a spare CSL and Fig. 57 shows

35 a CSL driver, respectively.
The column system address will be described hereinbelow
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Fig. 50 is a circuit diagramshow ng a burst stop comand
circuit;

with reference to Table 36.

With respect to the column address, the addresses are
generated or the spare circuit is operated by the
configurations as shown in Figs. 62 to 75. Fig. 62 shows'an
address—change basic pulse generating circuit; Fig. 63 shows
a counter driver circuit; Fig. 64 shows a spare select signal
generating ecircuit; Fig. 65 shows a partial decode S/N
discriminate result acquisition signal generating circuit;
Fig. 66 shows a first part of the address counter circuit;
Figs. 67 to 72 show the other address counter circuits; Fig.
73 shows a spare circuit; Fig. 74 shows an (Alc="1")-side S/N
discriminating circuit; and Fig. 75 shows an (Alc="0")-side
S/N disc}iminating circuit, fespectively.

First, the counter generétes column addresses at Which
the partial decode signals are changed for each 8 cycles in
the page mode. In the modes other than the page mode, since
no count-up operation by the counter is required, it is
unnecessary to transmit a carry. Therefore, in the page mode,
a head address is set to the counter output on the basis of
a signal CLSETP in the column access cycle. In the burst
cycle, the counter begins to operate between the fifth cycle
and the eighth cycle after the column access cycle.

The count-up cycle in the burst cycle in the page mode
can be detected by a circuit as shown in Fig. 62, and the
counter is directly driven by a circuit as shown in Fig. 63.
The counters are connected as shown in Fig. 66, and the
counters are configured as shown in Figs. 67 to 72,
respectively for implementing the desired address counting
operation.

In the page mode, the column spare circuit executes the
spare/normal discrimination without delay caused by the spare
circuilt operation. For this purpose, the address counter is
first operated; a spare address is compared with an address
outputted next; and the address is discriminated before the
actual address is used. Further, in the page mode, the column

decoder corresponding to the head address and the column

lla,ced
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Fig. 51 i.s a circuit diagram showi ng a col um- syst em bank sw t chi ng

ci r-cui t; . Fig. 52 is acircuit diagramshow ng a colum-system
selecting.-circuit; Fig. 53 is a circuit diagram show ng the

col umm-system sel ecting circuit required when KI and KIl signals are used
as opposite phase signals /KI and /KI'l; -28Fig. 54 is a circuit diagram
showi ng a .columm decoder circuit; Fig. 55 is a circuit diagram show ng
a colum parti decddeasdeprresponfing &6 the aexitr eddredsagranrstivvicfivattpdr e
CSL; Fi . tRérleToPel! FGML T o 2PREMSRAMRG nRtedl ALLYPEs of both the

decoders ié determined by a circuit as shown in Fig. 64..
The switching of the partial decode signals and the S/N.
5 discrimination result acquisition by the column system address
will be described hereinbelow with reference to Table 37.
The spare/column discrimination signal and the column
partial decode signal are changed at 8 cycle intervals after
the column access cycle. - The spare/normal discriminating
10 circuit is connected to another circuit, as shown in Fig. 73,
and configured as shown in Figs. 74 and 75. In the modes
other than the page mode, since the.column decoders will not
be changed in the burst cycle, a switching signal as shown in
Fig. 65 is kept at é constant value.
" 15 The switching operation between 4-bit and 8-bit in the

@B

column system data access will be described hereinbelow with

reference to Tables 38 to 40. Table 38 explains the change

between X4 and X8 and the decode of A9c in the X4; Table 39

explains the X4 page; and Table 40 explains the QACT control
20 and the A9c¢ control, respectively.

Fig. 76 shows the addresses and the output numbers
correspbnding to the respecti?e cell arrays in the 8-bit, and
Fig. 77 shows the addresses and the output numbers
corresponding to the respective cell arrays in the 4-bit,

=8 25 respectively. To switch X8 to X4 or vice versa, the
connection between the RWD lies and the DQ buffers are changed
as listed in Table 9.

First, when the X8 is switched to the X4, the signal QACT
for activating the DQ buffer is decoded. In the case of the
30 page length of X4, as listed in Table 10, there exists the
case where the two cell arrays are accessed. In this case,

however, the QACTO0 and QACT3 are both activated securely.
The signals QACTO exist in the cell arrays to be accessed
subsequently and the signals QACT3 exist in the cell arrays
35 to be accessed breviously. Therefore, the addresses A9c of
the cell arrays to be accessed previocusly and subsequently are

__’__—— .
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Fig. 58 is a circuit diagram showi ng a CSL sel ector; Fig. 59 is a

circuit diagramshowi ng a CSL sel ector driver; Fig. 60 is a circuit

di agram showi ng a CSL-related logic circuit; Figs. 61(A) to 61(E) are
a circuit diagramshowi ng a CLS sel.ect tap sel ection signal generating
circuit; Figs. 62(A) to 62(C) are a ct3Quit di agram show ng an

addr ess- change basic pul se generating circuit; Fig. 63 is a circuit

di agr am showi n§akchedntand dheyéimingsypt which ipgyseldlppraye w8 @ceasseal
Circuit diagraH}§h9$£@9t@d§paTﬁb§E”6¥%rations are executed by the circuits
| as shown in Figs. 79 to 83. Here, Figs. 79, 80 and 81 show
QACT selecting circuits; Fig. 82 shows an A9 counter; and Fig.
5 83 shows an A9 counter driving circuit, respectively.
Further, Fig. 84 shows a DQ buffer; Fig. 85 shows a DQ
line read control circuit;
'Fig. 86 is a circuit diagram showing a DQ line write
control circuit; Fig. 87 shows a DQ line read control circuit
10 in an A9c and /AY9c coexistent section; and Fig. 88 shows a DQ
write control circuit of in the A9c and /A9c co-existent

section. .
Further, the column system bank switching is executed by

h:;‘) .

2
I{f

a circuit as shown in Fig. 51, and the column system selection
‘15 is executed by a circuit as shown in Fig, 52. Further, when
the KI/KII are used as the opposite phase signals, a circuit

as shown in Fig. 53 is used. ,
The detailed operation of the embodiment according to the
P present invention is explained in timing charts shown in Figs.
20 93 to 99. Fig. 93 shows the operation obtained when the
latency is "2" and the module length is "4"; Fig. 94 shows the
operation obtained when the latency is "3" and the module
length is "4"; and Fig. 95 shows the operation obtained when
the latency is "4" and the module length is "4", respectively.
25 In these timing charts, there are shown various signals CLK,
/CAS, D@M, CLKIN, CPOR, CP, /SF11, /SFl12, /DF1i3, /SFl14, /8F21,
/SF22, /SF23, /SF24/ REGl, REGZ, K, CFP, RLL, WMR1l, WMR2, Hi-
Z, /RPRMij, GDM1, GDM2, @GDM3, GDM4, DQMR1, DQMR2, DQMR3,
DQMR4, GR1, GR2, GR3, GR4, R, CLSET, DQ, etc., respectively.
30 Further, Fig. 96 shows the operation obtained when the latency
is "2", the module length is "4" and the write latency is “"0";

¥,
3

4
T4
W

il
1)

Fig. 97 shows the operation obtained when the latency is "3%,
the module length is "4" and the write latency is "0"; and
Fig. 98 shows the operation obtained when the latency is "4",
35 the module length is "4" and the write latency is "0",

respectively. In these timing charts, there are shown various
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signal generating circuit; Fig. 65 is a circuit diagramshow ng a
parti al’ decode S/ N discrimnate result acquisition signal generating

circuit; Fig. 66 is a circuit diagramshowing a first part of an
address counter circuit; Fig. 67 is a circuit diagramshow ng a second
part of the address counter circuit; F3g~ 68 is a circuit diagram

showing a-third part of the address counter circuit;
signals such as CLK, /CAS, /WE, COLACT, /NONCLA, CLKIN, CPOR,

CP, READ; WRITE, /R, CLSET, /SFl11, /SF12, /DF13, /SFi4, /SF21,

/8F22, /SF23, /SF24, REG1, REG2, X, /PERM, GR1l, GR2, GR3, GR4,

GW1l, GW2, GW3, GW4, REG110, REG101, REG210, REG201, XR11i0,

5 XRlOl,”XRZiO, XR201, /XW, RWDin, DQn, CFP, RiL, WMRi, /RMR,

MRRST, SRST, Hi-Z, etc., respectively. Further, Fig. 99 shows

the operation obtained when the page mode is (X4) and the tap

= 9, in which there are shown various signals such as CLK, K,

XR, PLS1, PLS2, .PLS3, PLS4, CNTF, /CNTB, CNTP, /PX, /PY, /PX,

10 X, Y, /YCHAN, ACi, SA to SD, SE to SH, Kp,'Kpf, SAB, SBC, SCD,

SDE, SEF, SFG, SGH, SHA, TA/B/C, /CDRVA; /CDRVB, /CDRVC,

/CDRVD, /CDRVE, /CDRVF, /CDRVG, /CDRVH, /CNTY, /ACLQ, /QASC,

ALGi, QACT00, QACTO1, QACTO02, QACTO03, QACT10. QACT11, QACT12,
QACT1$, etc., respectively.

15 As understood by the above—mentioned embodiment, the

present invention provides the synchronous LSI memory device

£44
A

'-:;@

as follows:
(1) The 5asic signal synchronous with the CKE signal
! related to the mask is generated according to .the status of
20 the CKE signal, and the memory device is accessed on the basis
of the second signals stopped after the previously determined
number of accesses has been made or when the stop signal is

inputted.

(2) PFurther, in the configuration of (1), the initial
£ 25 operation is executed by the shift registers accessed on the

&
basis of the second signal.

(3) PFurther, with the use of the 4-bit shift registers
of the configuration of (2), the column system is activated
on the basis of the outputs of the specific shift registers.

30 (4) PFurther, the two sets of the shift registers of the
configuration of (2) are incorporated.

(3) Further, in the configuration of (2), the initial
conditions are changed according to the read latency.

(6) The shift registers for acquiring externally

35 inputted data in synchronism with the CLK signal are provided.
Further, 4-bit input registers are provided for each DQ pin.
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REPLACEMENT SHEET -9- Fig. 69 is a
circui‘'t diagramshowing a fourth part of the address counter circuit;

Fig. 70 is a circuit diagramshowng a fifth part -of the address counter
circuit;

10

15

20

25

30

35

Fig. 71 is a circuit diagran;;homﬁng a sixth part of the
The data input is so controlled that data can be inputted to
the input registers in sequence. When the data input sequence
is not changed, the alfernate two-bit registers are prpvided
for inputting data. _ _ .

(7) The DQM status is acquired by the 4-bit registers
in sequence. The acquired dﬁtq are outputted in sequence, and
the outputted data are inputted to the specific 4-bit
regisfers, respectively. _Wheh'the inputted DQM data is iﬁ.fhe
first status, the 4-bit registers. genmerate a signal for
setting the output circuits thereof to a high impedance status
in synchronism with the second signal of the configuration of
(1). . :

{(8) The data registers for acquiring the DQM by the 4-
bit registers in sequence in'synchronism with'the second
signa; only in the write mode are provided. The data of the
registers are outputted to the DQMW lines two bits by two bits
for each two cycles under scrambling condition, and the DQMW
lines are precharged at prédetermined cycle intervals.

(8} When the predetermined access length is "1", the
second and foqfth register values'of the 4-bit length DQM
write regiéters are fixed in the same status as when the
masked data are acquired. .

(10) The data registers for acquiring the DQM in the 4-—
bit registers in sequence in synchronism with the second
signal in the read mode are providedf The data of these data
registers are outputted in sequence to the DQMW lines. In the
write mode, the DQMW lines are fixed in a high impgdance
status by an output circuits.

{11) When the predetermined access length is "1", the
second and fourth outputs of the 4-bit 1length DQM read
registers are fixed in the mask data outputting status.

(12) In the configuration of (1), the stop signals are
outputted subsequent to the two bank precharge, after a
predetermined number of accesses has been completed.

(13) Further, when the write latency is "1" in the
configuration of (1), the stop signal is outputted between the
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address counter circuit; Fig. 72 is a circuit diagramshow ng a
seventh part of the address counter circuit; Fig. 73 is a circuit

di agram showi ng a spare circuit; Fig. 74 is a circuit diagram show ng
an (Alc="1")-side S/INdiscrimnating circuit; Fig. 75 is a circuit

di agram show ng an (Al c="0")-side S/N di sc¥B8+nating circuit; Fig. 76
Is an illustration for assistance in explaining the DQ buffer configuration
of an 8-bit DRMMmvwwrhtewstabumorddbéhksfirst cficde 7% theawritéusodati on

for assistance in exph§i 8,0 hey PRI ale FHH 1Y ALY 8P “cpbieDRAM

with two 2Mword
counted on the basis of signals selected two bits by two bits

by interleaving the 4(2 + 2)-bit registers.

5 (15) When a plurality of cell arrays are serial—accessed,
the serial access is so controlled that a plurality of cell
arrays are accessed simultaneously.

(16) In the configuration of (15); when the a plurality

of cell arrays are accessed'Simultaneously, the DQ bufférs

10 whose number is half that accessed separately are activated.
' : (17) In the configuration of (1), the second signals are

divided into a plurality of signals according to the uses, for

e instance as CPK, CPW, CPR,. etc. in Fig. 3, so as to be
’ controlled respectively. o -
15 As describe above, in the syﬁchronous LSI memory device

according to the present invention, the cell arrays are
divided into two banks; there are provided the timing
) generators for generating accessing signals in synchronism
e with the masked CLK signal; the column systems of the two—band
20 .celi arrays are pipeline—operated via DQ buffers and registers
so that an access cén be made once between the core sections
for each two clocks. Further,.in the read mode, the data read-
from the core section are transferred being interleaved to the
4-bit serial registers two bits by two bits, and the data
et 25 transferred to the serial registers are outputted in series.
In the write mode, data are read to the serial registers in
sequence, the read data are written being interleaved in the
core sections two bit by two bits.
As a result, it is possible to operate both the CPU
30 operative in response to a high speed clock signal and the
memory device operative in response to a low speed on the
basis of the same single clock, thus realizing a synchronous
LSI memory device which can be incorporated in a high speed
CPU, without complication of the system.
35 As described above, in the synchronous LSI memory device

according to the present invention, it is possible to operate
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banks; Fig. 78 is a circuit diagramshow ng a DQ buffer activation

signal * detecting circuit; Fig. 79 is a circuit diagramshowi ng a QACT
selecting circuit; Fig. 80 is a circuit diagram showi ng a QACT
selecting circuit; Fig. 81 is a circuit diagramshowi ng a QACT
selecting circuit; - Fig. 82 is a circuiB#—di agram showi ng an A9 counter
circuit; Fig. 83 is a circuit diagramshow ng an A9 counter circuit;

the memory device whose access speed is lower than the CPU on
the basis of a éingle high speed clock signal suitable for the
CPU, so that the it is possible to simplify the clock control
so as to be correspond to the higher speed CPU without

5 c.omplicating' the system configuration.

P

&

e

&
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Fig. 8 is a circuit diagramshow ng an exenplary circuit for transferring

data between the DQ buffer and a cell array; Figs. 85(A) and 85(B) are
a circuit diagramshowi ng a DO line reaggcontrol circuit; . Fig. 86 is a
circuit diagramshowing a DQline wite
Table 1
1) Truth table '
1. CKE is active high.
2. CBR and Self-Refresh Entry are other commands on CL
level.
3. CBR becomes auto-precharge.
4. Auto pre-charge by Al0 is added to read/write
operation.
5. CKE suspends clocks for inputting all command and

£,
£

inputting and outputting data.

TRUTH TABLE

: clois (A A/ |/ |/ |/ | MNEM
COMMAND Klg|s |1 |9 |Cc|P |C |W |[|ONIC
‘ E {M 0|0 {s |a |A |E
s |s

MODE REG SET Blix |vi{vi|v | |L{L |L |MRS
CBR & AUTO-PRECHG H'|X | X {X{X |L |L |{L |H |REFR
SELF-REFRESH ENTRY |I'|X [X |X |X |L |[L {L |H | SREF
BANK DEACTV/PRECHG |H?|X |V {L |{X |{L |L {H |L |DEAC
PRECHG ALL H|X |X |H |X|L |L |H |L |PALL
BANK ACTV H|X |v |V |V |L |{L {B |H | ACTV
WRITE H|x |v|[L |V |L |H {L |L |WRIT
WRITE & AUTO-PRECHG |H?*|X |V |[H |V |L |H {L |L I};IRIT
READ H|X |v|L |V |L |H{L |H | READ
READ & AUTO-PRECHG | H? vi{iH|VvV |L {H |L |H iEAD
RESERVED H?2[X [ X |[X |X |L |H |B |L |NOPL
RESERVED H|X |Xx |X |X |L |H |H [H ] NOP2
DEVICE DESELECT H2|X |X | X {X |H |X | X | X | DSEL
CLK SUS/STDBY MODE {L*|[X | X |X |X |X {X | X | X | HOLD
DATA WR/OUT ENABLE |H?|L |X |X | X [X {X | X | X | ENBL
DATA MSK/OUT DISBL |[H?*|H | X |X | X |[X |X | X | X | MASK

(1) CKE status is H level in same cycle/previous cycle.

(2) CKE status is previous cycle.

(3) V = Vvalid X = Don't care L = Low H = High

(4) All inputs are acquired by rise edges of CLK.

(5) MRS, REFR and SREF are executed when two banks are
precharged.
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-10- control circuit;
showi g a DQ |Iine read
secti on;

section configuration of the menory devige-shown in Fig. 1,

contr ol

Fi gs.
circuit

87(A) and 87(B) are a circuit diagram
I n an A9c and / A9c coexi st ent

Fig. 88 is a circuit diagramshowi ng the DQ wite control
Fig. 89 is

a timng chart showing the interl eave bank read status in 4-wap node;

(PAGE WRAP)

Table 2

(Column system activation sequence)

TAP | ADD SEQ CSL SEQ DQ ACTV SEQ | ADD SCR'BLE
0 01234567 | AB»AB-CD-CD | 01-23-01-23 | 01-01-01-01 | O1
EF-EF-GH~GH
1 12345670 | AB-»BC-CD-DE | 12-30-12-30 | 10-10-10-10 | 10
EF-FG-GH—~HA
2 23456701 | BC»BC-DE~DE | 23-01-23-01 | 01-01-01-01 | O1
FG-FG-HA-HA
&2 3 34567012 | BC~-CD-DE-EF | 30~12-30-12 { 10-10-10-10 | 10
i FG-~GH-HA-AB
4 45670123 | CD-CD-EF-EF | 01-23-01-23 | 01-01-01-01 ; O1
GH-GH-AB-AB
5 56701234 | CD-DE~EF-FG | 12-30-12-30 | 10-10-10-10 | 10
GH-HA-AB~BC
6 67012345 | DE-DE-FG~FG | 23-01-23-01 | 01-01~01-01 | O1
HA-HA-BC-BC
2
7 70123456 | DESEF-FG-GH | 30-12-30-12 | 10-10-10-10 | 10
HA-AB-BC-CD
: Address corresponding to the succeeding column
decoder
&
- Replaced
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Fig. 90 is a'timng chart show ng the interleave bank read status in 8-wap
node; - .Fig. 91 is atimng chart showing the interleave bank wite
status in 8-wap node. Fig. 92 is atimng chart showi ng the active
page randomread status in 4-wap node; Fig. 93 is atimng chart for
assi stance in explaining the detailed'obﬁgafion of the enbodi nent according
to the present invention; Fig. 94 is a timng chart for assistance in
expl aining the detail ed operation of thgbesb®di nent according to the
present invention; Fig. 95 is atimng chart for assistance in

expl ai ni ng (Column system activation sequence)

(8-WRAP)
TAP ADD SEQ CSL SEQ DQ ACTV SEQ | ADD SCR'BLE
0 01234567 | ABo,AB~CD~CD | 01-23-01-23 | 01-01-01-01 o1
EF-EF-GH-GH
1 12345670 | AB-»BC~CD-DA | 12-+30-12-30 | 10-10-10-10 10
EF-FG-HE-HE
2 23456701 | BC»BC-DA-DA | 23-01-23-01 | 01-01-01-01 01
FG-FG-HE~HE
e 3 34567012 | BC~CD-DA-AB | 30-12-30-12 | 10-10-10-10 10
é? FG-GH-HE~EF
4 45670123 | CD~CD-AB-AB | 01+23-01-23 | 01-01-01-01 o1
GH-GH-EF-EF
5 56701234 | CD-DA-AB-BC | 12-30-12-30 | 10-10-10-10 10
GH-HE-EF-FG
5) 67012345 | DA-DA-BC-BC | 23-01-23-01 | 01-01-01-01 01
HE-HE-FG-FG
7 70123456 | DAAB-BC-CD | 30-12-30-12 | 10-10-10-10 10
HE-EF-FG-GH
Sheet Has Been Replaced
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t he detail ed operation of the enbodi nent according to the present

I nventi on; . Fig. 96 is a timng chart for assistance in explaining the
detail ed operation of the enbodi nent according to the present invention;
Fig. 97 is a timng chart for assistance in explaining the detailed
operation of the enbodi ment according-+a &he present invention; Fi g.
98 is a timng chart for assistance in explaining the detailed operation of
the enmbodi nent according to the presenggjpyestion; and Fig. 99 is a

timng chart for assistance in explaining the detail ed operation of the
enbodi nent according to the

( 8- INTERLEAVE)

16M synchronous DRAM
(Column system activation sequence)

TAP | ADD SEQ CSL SEQ DQ ACTV SEQ | ADD SCR'BLE

0 01234567 | AB~AB-CD~CD | 01+23-01-23 | 01-01-01-01 {01
EF-EF-GH~GH

1 10325476 | AB-»AB~CD-CD | 10-32-10-32 | 10»10-10-10 lp
EF-EF-GH-GH

2 23016745 | AB-AB~CD-CD | 23-01-23-01 | 01-01-01-01 01
23 EF-EF-GH-GH

3 32107654 | AB~AB~CD-CD { 3210-32-10 { 10-10-10-10 10
EF-EF-GH-GH

4 45670123 | CD~CD-AB-AB | 01-23-01-23 | 01-01-01-01 01
GH-GH-EF-EF

5 54761032 | CD~DA-AB~BC | 10-32-10-32 | 10-10-10-10 10
GH-HE-EF-EF

6 67452301 { CD-DC~AB-AB | 23-01-23-01 | 01-01-01-01 01
GH-GH-EF-EF

7 76543210 | CD-CD-AB-AB | 32-+10-32-10 | 10-10-10-10 10
GH-GB-EF-EF
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Table 5
16M synchronous DRAM
(Column system activation sequence)
(4-WRAP)
TAP | ADD SEQ CSL SEQ DQ ACTV SEQ | ADD SCR'BLE
0 0123 AB-AB/CD-~CD 01 - 23 01 » 01 01
EF-EF/GH-GH
1 1230 AB-AB/CD-CD 12 » 30 10 - 10 10
EF-EF/GH-GH
2 2301 AB-AB/CD-CD 23 - 01 01 -» 01 01
EF-EF/GH-GH
3 3012 AB-AB/CD-CD 30 - 12 10 - 10 i0
EF-EF /GH-GH
Table 6
16M syﬁchronous DRAM
(Column system activation sequence)
(4-INTERLEAVE)
TAP | ADD SEQ | CSL SEQ i)Q ACTV SEQ | ADD SCR'BLE
0 0123 AB-AB/CD-CD 01 - 23 01 -» 01 01
EF-EF/GH-GH
1 1032 AB-AB/CD-CD 10 » 32 10 -» 10 10
EF-EF/GH~GH
2 2301 AB-AB/CD-CD 23 - 01 01 - 01 01
EF-EF/GH-GH
3 3210 AB~AB/CD-CD 32 - 10 10 - 10 10
EF-EF/GH~GH

€t Hag
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The enbodi nment of the synchronous LSI nenory device according to the

present invention will be described herei nbelow with reference to the
attached draw ngs. Here, the termi nology "latency" used in the
specification 5 and the draw ngs inplie%r he nunber of cl ocks between when
a command is inputted and when data &' transferred in a

synchronous device, which is wdely enployed in the field of t he
synchronous devi ce. Prior to thgnedeteil ed description, the present
invention 10 wll be summarized as follows: the synchronous LSl nenory

device of the present invention conprises: nenory cell array
CSL SELECTOR TAP SET

A, |A, | A |PAGE | 8-WRAP | B-INTER | 4-WRAP | 4-INTER
0 | AaB AB AB AB AB
1 1| 8 BC AB AB AB
0 o| cp CD cD o)) CD
Y11 e DA cD (ol CD
0 | EF EF EF EF EF
°1 1 re . FG EF EF EF
) 1 o | GH GH GH GH GH
h Y11 s HE GH GH GH
Table 8

CSL SELECTOR OPERATION COMBINATION

AB | BC {CD DE | EF ¥G | GH HA DA | HE
COMMON o o} o} - o o} o - - -
PAGE - - - o} - - - o - -
WRAP - - - - - - - - o'l o
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means (BK1, BK2) each having a plurality of nenory cells; timng

gener ati ng. neans (CLOCK MASKED SECT) for generating a first basic
signal (CPOR) synchronous with a clock signal 15 (CLK) and masked
according to status of a control signal (CKE); signal generating neans

(SERI AL SYS CONTROL) for gener at i"ng(*a{ Second signal (CP) in synchronism
with the first basi ¢ signal (CPOR) and stopping generating the second
si gnal after a predeterm ned nunberabdfe ®cesses or in response to a 20
stop signal (MRRST, MASTP, LADA, BSTP); and control neans (SH FT
REG STER) for controlling said cell array neans (BK1, BK2) on the basis
of out puts of( SWITCHING BETWRIN X8y &4 )n nmeans_and sai d _signal
generating mgans (Firg. 4). Further| the synchron(yﬁs LSl nenory
device furthér X8
DO REG RWD I. | DQ BUFF | DQ BUFF | RWD L REG DQ
0 0 .0 0 0 1 1 | o
1 1 1 1 1 3. 3 1
2 2 2 2 0 1 1 0
3 3 3 3 1 3 3 1
4 4 4 4 2 4 4 2
&8 5 5 5 5 3 6 6 3
- 6 6 6 6 2 4 4 2
7 7 7 7 3 6 6 3
i
—
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25" conprises first neans (SH FT REG STER) operative in response
access to said nenory

second ‘si gna
(BK1, BK2).

even-nunber tines |arger than that
during which a colum address 30
menory cel

systens (COL SYS)

basi s of specific

(CP) to contro
The first neans (SH FT REG.STER)

of said

I's inputted,

cel |l
has the numnber
ot Zined during a cycle interva
for activating colum

array neans (BK1, BK2) on the

out put signals (Krapifesadd first nmeans (SH FT

to the
array neans
of bits

REG STER) . Alternately, the first means (SH FT REGQ STER) conprises two-
set independent shift registers (SHFT 1, 2). Alternately, 35 the first
means (SH FT REGQ STER) changes an initial condition according to read
| at ency. (FOR X4 PAGE)
T | ADDRESS /CDRV QACT SEQ T PRE | NEW | CO
A | SEQ SHIFT REG Y AC9Y ACY EX
P SEQ P LAS | STA IS
E T RT T
0 | 01234567 | AB-BC~CD-DE | 01-23-01-23 | A | HA AB
EF-FG-GH-HA | 01-23-01-23
1 | 12345670 | AB-BC-CD-DE | 12-30-12-30 | B | GH AB HA
EF-FG-GH~HA | 12-30-12-30
N 2 | 23456701 | BCoCD-DE-EF | 23-01-23-01 | / | HA AB
‘%Eﬁ?,‘ FG-GH-HA-AB | 23-01-23-01 | A
3 | 34567012 | BC»CD-DE-EF | 30-12-30-12 | / GH AB HA
FG-GH-HA-AB | 30-12-30-12 | B
4 | 45670123 | CD»DE-EF-FG | 01-23-01-23 | A | HA AB
GH-HA-AB-BC | 01923-01-523
5 [ 56701234 | CD-DE-EF-FG | 12-30-12-30 (B | GH AB HA
GH-HA-AB-BC | 12-30-12-30
' 6 | 67012345 | DESEF-FG-GH | 23-01-23-01 |/ |Ha | AB
HA-AB-BC-CD | 23-01-23-01 { A
7 | 70123456 | DE-EF-FG-GH | 30-12-30-12 | / | GH AB HA
HA-AB-BC-CD | 3051230012 | B
:  AY9c change side
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Further, the synchronous LSI nmenory device of the present I nvention
conpri'ses: .cell block nmeans (CB) each having a plurality of nenory
cells; and data register neans (WRI TE 43 -

Table 11

[ARCHITECTURE EXPLANATION] (See Figs. 2 to 4)

(1)
SERIAL SYSTEM STUDY

FUNCTIONS REQUIRED FOR SERIAL SYSTEM

[%# Clock can be masked. (See Item of clock mask)
-* t,, related operation - * Columns can be activated for
each at least two cycles.
* Columns can be activated at
cycles after module length

end.
B * For both bank precharged.
e L% For write latency = 1 (Studied in Item of latency).

L% For 100 MHz CLK.
L% For word mask (Studied in Item of Word Mask).

RESTRICTION OF DATA REGISTER

* 2 BIT + 2 BIT = 4 BIT construction (for two groups).
* Interleaved 2 bits by 2 bits (for interleave operation).
; * Access starts from first register.

* Masked CLK-SYN signal CPOR (100 MHz) is operated by
basic signal CP.
* CP is used for serial system reset operation and
write latency. )
s * shift registers are operated by CP, to operate main
%@ pass activation signal (K), read register gate (GR),
write register gate (GW), register group select signal
(REG), and DQM read register gate (GDM) by shift
register output.

4

{1) Method of dividing basic signal CP according to uses.
(2) Method of not dividing basic signal CP according to

uses.
REQUIRED SHIFT REGISTERS TOTAL | NO. OF
SYN OPR
(1) FOR K, FOR GR/GDM/REGR, FOR G/REGW 3 2
(2) FOR K/GW/REG, FOR GR 2 2
This Sheet Has Been
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REG STER) for acquiring externally input data applied to first 5 termnals
(DQ tn synchronismwth a clock signal (CLK), said data regi ster neans
being provided with inputting registers_ LMRITE REG STER) having a

plurality of bits and connected to tﬁ% respective first termnals; and

when data are inputted, the inputting registers being controlled so
that the 10 respective plural bits arershié¢ct2zd in sequence or not
controlled so that the respective plural bits are set alternately to
data input status (Fig. 61). - Further, a synchronous LSl nenory
devi ce of the(®)esent i nvention conprises: nenDny cell array neans

cgﬂ

(BK1, BK2) e
means (TG

timng generating
OR) synchronous

MAIN PASS ACTIVATION SIGNAL (K)

* During activation * Operates for each two cycles in
syn with CP (L pulse).

* K stops when serial system stops.

* Operation must be started from l1lst

clock when serial system is reset.

* Reset operation

READ DATA REGISTER GATE (GR)

&

* GRi proceeds in syn with CP.

* When serial system is reset, operation must be started
from GRi corresponding to latency.

* All are deactivated in write mode.

* In read mode, operation starts from lst CLK.

WRITE DATA REGISTER GATE (GW)

* GWi proceeds in syn with CP.

* When serial system is reset, operation must be started
from GW1.

* In read mode, GWl, GW3 = H, GW2/GW4 = L (for 1lst cycle).

* In write mode GuWi selected by shift register is
activated.

g@ REGISTER SELECT SIGNAL (REG)

t* Switched for each 2 cycle in syn with CP.
* When serial system is reset, operation must be started
from lst register group.

DQMR REGISTER GATE (GDM)

* GDMi proceeds in syn with CP.

* In write mode, GDMi is fixed to Horl on latency.

* In read mode, operation is same as GRi (Reset operation
is alsc same as GRi).
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with a clock signal (CLK) and masked according to status of a control
signal * (CKE); signal generating neans (SERI AL SYS CONTROL) for
generating a second signal (CP) in synchr32k5n120 with the first basic
signal (CPOR) and stopping generating tte ~second signal (CP) after a
predet er mi ned nunber of accesses or in response to a stop signal
(MRRST, MASTP LADA, BSTP); control maears 183or controlling said cel
array means (BK1l, BK2) on the basis of outputs of said timing signal
generating nmeans 25 and said signal generating neans (SERI AL SYS CONTRQL) ;
and mask q@ijtrol nmeans (DQWR) for acquiring statuses of second
termnals ( I.n_sequence 1ntqQ reaql nmeans havi ng the nunber of
bits even-nu AQWRﬁlA 5Qy§3qm19§ %ﬂiﬁsr t ai ned during a cycle
interval during \m'*cqu?er? Ozlrelzjarg] egtde{ ea?felzsead from core section, data must

be transferred to read data registers.

* After data have been transferred to read data
registers, gates must be opened.

New data are transferred in syn with register select
signals.

4

New data are outputted from only GR1l or GR3.

dnd
%
&

* Data transfer signals (XR) are activated with a
specific delay time after K -.
* GR1 and GR3 are enabled, after XR have been activated.

* for only when latency is 1 or 2, because of
latency relationship.

J

* GR can be used for DQMR from logical standpoint.
* Time between CLK - and GR - » may be delayed when
latency is 1 or 2. DQM read hold time is marginal.

8-

* DOMR cannot be substituted for read data register
gate (GR).

* GDM for DOMR is added to ocutput of shift register
for forming GR.

This Sheet gy,
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30 inputted, outputting the acquired data in sequence, inputting t he
out putted data, respectively to specific registers each havi ng t he
nunber of bits even-nunber tinmes |arger than that obt ai ned during the
cycle interval during which the col um— 4 baddress is I nputted, and when
data inputted through the second 35 termnals (DQW are in a first status,
outputting signals for setting outppébrertdits of the register neans to
a high This is the
repl acenent sheet

[SERIAL OPERATION EXPLANATION] (See Figs. 5 to 32)

(0)
SERIAL-RELATED OPERATION

(1) Address mode can be set at tPC = 2.

(2) /CAS cycle can be set in any cycle after reset cycle
subsequent to module access.

(3) /CAS cycle can be set in any cycle after both bank
precharge or after self-refresh.

(1) For minimum random access

« I

[tPC = 2] = [Different column addresses can be set every
2 cycles] = (every 20 nsec min).

J

* Data must be read from core section for each 20 nsec.
Data must be written to core section for each 20 nsec.
‘ | * pata are outputted 20 nsec after address input (because
of latency).

*

between CLK - and RWD line - » (Read)
between CLK - and BL » » (Write)

* 20 nseé
* 20 nsec

o

W

* Since core - DQ lines - RWD lines change for 2 cycles
(20 nsec min), data cannot be latched there - so that
data latch sections are necessary.

* pData registers at least 4-bit length longer than
latency are required - to prevent new data from
interfering with previous data during data output.

* Since addresses change every two cycles, accessed 2
bits by 2 bits (by dividing 4 bits into 2 bits).

I

* Data registers of 2-bit + 2-bits construction are used
being interleaved.
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-13- | npedance status in synchronismwth the second signal (CP)
Furt her, the synchronous LSI nenory device further conpri ses: data
hol di ng means (DQM WRI TE REAQ STER) for, i 2.

-

Table 15

READ MODE

* Pipeline operation is executed between CLK and RWD
lines and between RWD lines and data registers.
bata registers are:

* 2 bit + 2 bit configuration (two groups).

-% 2 bit data are interleaved to input data from
RWD lines every 2 cycles (interleave
operation).

* Data are outputted beginning from 1lst data

register in sequence (serial operation).
|
{

*Because new data must be read when previous cycle data
are being outputted.

C?K — K — D@ line eq CSL — QACT — RWD line — register
e Tt e - —)l
CLK — K — DQ line eq — CSL--

! WRITE MODE

* Data of data registers are outputted to RWD lines 2
bits by 2 bits.

* Data mask is always applied by DOM lines, and DQ write
is made when write-enabled by DQM.

f
4

Since QACT is activated prior to new data, if DQ write is
made, normal data write is delayed.

A

Data registers are:

* 2 bit + 2 bit configuration (two groups).

* 2 bit data are interleaved to output data to
RWD lines every 2 cycles (interleave
operation).

* Data are inputted beginning from lst data

register in sequence (serial operation).

CLK — K — DQ line eq — CSL — QACT
e e —meo- N
CLK — GW — XW — RWD line

i fiiitfﬁ i



A

only wite node, acquiring the statuses of the second 5 terminals (DQV) in

synchrionismwith the second signal into registers having a plurality of
bits in sequence and scranbling the acquired data on first data |ines
(DQWN pl ural bits by plural bits eve$y¥ ptural cycles; and precharge
means (EQDQV) for precharging the first data lines into wite 10

di sabl e status every predeterm ned cyeigpigtigy val . Here, when the
predet erm ned access length is "1", even- nunber registers of said data

hol di ng nmeans (DQM WRI TE

REA STER) are fixed to status the sanme as when

masked data @Te acquitTed. 15 Further, the synchronous LSI nenory
devi ce ot R/t MODES AGOULSIIEQN ] f urt her conpri ses: read mask

* /WE Schmitt trigger output —--v-—mecmmmcee—e—— /WEIN

* Column access mode latch —~———-——mcomencmee—— /WELT

(New cycle mode is latched by CLK -).

* Internal column access mode ——————-—c—mmmm——— /WECL

(Switched during K = L by column access mode
designation signal). '

%@ ADDRESS ACQUISITION

L
* Ai Schmitt trigger output —----cmmemmeeem e AINi
* New tap address latch —----~-—cmmmmmmm e ALTL

(Tap address used in new column cycle is
latched on CLK -.)

* New column address —~———————m—m e e ACTi

(New address used for column system is

switched during K = L.)

COUNTER RELATIONSHIP

* Tap address set * In column-active cycle, tap address

is set to output-prepare section
during /R = H (except module length
PAGE).

* Tap address is set to output-section
during 1lst K = L of column active
cycle (module length PAGE)

* Normal operation -* Counters are inoperative with

i

outputs kept open (except module
length PAGE).

* Count up starts when CNT /
(module length PAGE).



registers (DQVI READ REGQ STER) for acquiring, in read node, the st at uses

of- the second termnals (DQV into a plurality of regi sters in sequence
in synchronismwith the second signal, 20 and outputting the acquired data
to the data lines (DQW) in - sequence; qahd potential fixing nmeans
(/ RPRML3, /RPRM24, HI 2) for fixing, in wite node, potentials of the
data |ines (DQWR) to set the outpubpaghkClit s connected to the data
| i nes ( DQVR) to a high inpedance status (Figs. 35 and 37). 25
Further, when the predeterm ned access length is "I", even- nunber
registers of said read mask registers having a bit nunber | ength half
of a word | engbbrEss BEewlLEOUSENBRFORIBIRCUITSOYIPUTAPSISET)S.  The stop
signal (CLADA) is outputted subsequent to a predeterm ned nunber of
accesses aftef _al
Al | DESTINATION | USED SIG | CHANGE TIMING CHANGE SIG
XR, XW ALTi CLK ~ /RGAM
An
QACT ACLi K~ CLSET
QACT ACLi K » CLSET
Al
/CDRV ACLi K CLSET
/CDRV ACLi K CLSET
A2
E? /CDRV ACLL K~ CLSET
&£
- COUNTER GAMi /ACi CLK » / K » /GRAM/CLSETP
A3
YA ACi -— -
YA 1 aci - ———
Ad
COUNTER GAMi /ACi CLK » / K »~ /GRAM/CLSETP
COUNTER GAMi. /ACi CLK » / K ~ /GRAM/CLSETP
A5
; YB ACi ——- — =
YB ACL ——= -
A6
COUNTER GAMi /ACi ClK » / K /GRAM/CLSETP
COUNTER GAMi/ACi { CLK » / K /GRAM/CLSETP
A7
YC ACi —— ——
) YC ACi —-— -
5 A8
el COUNTER GAMi/ACi CLK » / K ~ /GRAM/CLSETP
COUNTER ACLi CLK » / K » CLSET
A9
QACT ACLi K ~ CLSET

IYER)
(CAT) [ iﬂn

(asTPUT - PREPARE)

A lﬁ; AWi{:>% RWELLI ACi (CTR oUTPYUT)
L ¢ ¢

] T (1

ALTL X

= CLSIT

SR N

"l




30 banks (BK1, BK2) have been precharged. Further, when the wite
|l atency is "1", the stop signal (WRLA) is outputted in a first cycle
i medi ately after wite disabl e node has- bgén. changed to wite enable
node. -The nunber of predeterm ned accesses is counted on the 35
basis of a signal (REGL, RER) for selecting bits n-bits by n-bits by
interleaving an m{(= n + n)-bit regi st erTabaei hf two

/WE USED FOR VARIOUS SECTIONS

SECTION ' SIGNAL
ACCESS MODE DET JWEIN
SECT

OTHERS /WECL

* READ/WRITE MODE & FUNCTION DETECTING SECTS

* External input signals (not related to CLK) are
FoY used by setup/hold.

*SERIAL & COLUMN SYSTEM CIRCUITS

* When used in accessing circuits, read/write mode
can be changed only after previous cycle ends.

4

/ Changed during K = L.

=al
]

l
2

=

™~

Ix]

[

—_

—_—
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-14- sets of n-bit registers (Fig. 17). Further, when a plurality

of* satd cell block (CB) are accessed in series, a plurality of
serially accessed cell bl ocks caQ_§Qe_ accessed si mul t aneousl y
(Fig. 78). Further, when a plurality of sdid 5 cell array neans are
accessed simultaneously, data buffers whose nunber is a half of that
requi red when a single cell array ¥sbhect8sed are activated in the
respective cell arrays means. Further, the second signal (CP) is
divided into a _

SERIAL SYSTEM ENABLE

* pfter access of module length data:

(Read mode) + Column set cycle (/CAS=L} cannot be set after
latency-related cycle subsequent to data
output cycle.

/CAS=1L cycle: * Register is initialized.
* Serial system is stopped.
When next column set cycle starts.

* Serial system is enabled.

»

(Write mode) + After final data input cycle.
I * Serial system is stopped.
When next column set cycle starts.

* Serial system is enabled.
* After final data access after both bank precharge:
* Serial system is stopped.

* Register is initialized.

* In WRITE LATENCY = 1 — Serial system signals are stopped
for one cycle in write mode after read or module.

STOP SER SYS | INITIALIZE REG

%@ AFT MODULE (READ) o} o
AFT MODULE (WRITE) 0 —_——
BOTH BANK PRECHG o O
WRITE LATENCY=1 ) -
BURST STOP o] 0
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plurality of signals (CPK, CPW CPR) according to use so as 10 to be

controlled.individually (Fig. 3). Fig. 1 is a block diagram
showi ng one enbodi ment of the syncthﬁqga_LSI menory device, in
particul ar which shows a configuratio f a 2MX8 synchronous DRAM In
Fig. 1, a cell array is divided into a bank (1) BKl and a bank (11)

BK2, both 15 of which are connected t@adlBQ2buffer DBF via a register RG
On the other hand, various signals such as /CS, /RAS, /CAS, [ VE, DQM
CKE, CLK, etc. are inputted to a timng generator TG For address
control, are .| @ row buffer RBF, a columm counter CC, a
precharge | og Hﬁ@%ﬁﬁﬁﬂﬂﬁ?icc,zo arranged The banks BK1 and BK2 are

ey D eR® 88k wrs eSO oBS adDERER'Sy Uil BER1eRea oty

precharged by a r%ad and write modes, to stop writing circuits in read
mode and reading circuits in write mode.

* Read and write detections are both reset, after module
length access ends and stop or reset cycle starts,
because of no read or write mode.

* Read and write detections are both reset after both
bank are pre-charged, because of no read or write mode.

I by,

Read detection I set —— * When set to read mode.

X,
©

b

N

When set to reset mode after
module.

* After final data output
subsequent to both bank
precharge.

reset { * When set to write mode.

Write detection [ set — * When set to write mode.

¥

When set to reset mode after
module (when latency = 1).

* After final data write
subsequent to both bank precharge

reset T * When set to read mode.

* MODE DETECTION RESET AFTER MODE CHANGE IS MADE DURING K

o2} = L (READ & WRITE MUST NOT BE INTERFERED WITH EACH
h OTHER) .

* WRITE RESET IS REQUIRED WHEN WRITE LATENCY = 1, BECAUSE
WRITE MODE MUST BE DETECTED AFTER READ MODE OR MODULE
TO STOP SERIAL SYSTEM FOR ONE CYCLE WHEN SET TO WRITE
MODE AFTER READ -MODE OR MODULE.
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"l \\l\\\ T



precharge PR1L and a bank Il precharge PR2, respectively. Fig. 88
shows the configuration of a DQ wite control section used with the
menory device shown in Fig. 1. In Fig. 25-..88, a coexistent section of an
address A9c and an address /A9c (an” |5h3erse signal of A9c) is shown.
The basi c operation of the configuration shown in Fig. 88 will be
descri bed herei nbelow with reference t @able R2ilm ng charts shown in
Figs. 89, 90, 91 and 92. Fig. 89 is a 30 timng chart show ng the

i nterl eave bank read status in 4-wap node, Fig. 90 is a timng chart
showi ng the ifterl e " tatus in 8-wap node, Fig. 91 is a
timng chart _ e bank wite status in 8-wap node,
2?gtE;g. 92 '%ﬁ%{%éﬂfgié%%§r2 inomnng t he active page random read

* Signal for acquiring address mode in column activation

cycle.
* When write latency = 1, address mode cannot be acquired

by R because being offset by one cycle from used cycle.

In read mode: /R » -- CLK , in column activation cycle
when READ = 'H & WRITE = L.
/R~ —— KL -~

e Write -» Read: /R - -- READ -
B /R~ -= KL -
In write mode: /R » -- CLK » of when ZW = H when READ =

I. & WRITE = H
/R~ —- KL -

Read - Write: * WRITE -, is transmitted to sections used
in read mode after F/F has been set.

* Or,
d [ /R 7 -- WRITE - }
> /R » -—— KL ~ are added.

* When write latency = 1, /R is always operated in column
activation cycles.

/R - -—- CLK - on column active condltlon
/R ~» == KL »

TR

X

/R 1S SET TO "H" AT START OF SERIAL CYCLE, AND RESET BY
1ST K PULSE.

a}hSB&mRTimxd
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35 in 4- vvrap node. In the synchronous LS| nenory device, the array
i's ‘

— 54 —

Table 22

ADDRESS MODE ACQUISITION

FOR WRITE LATENCY = 1

* Address mode must be acquired by CLK - under column
activation condition, irrespective of write latency.

I

WHEN ADDRESS MODE IS ACQUIRED IN WRITE MODE, K » IS
OFFSET BY ONE CYCLE

* In write mode, there exists a possibility of
interference between CLK » and K - under column
activation condition.

ADDRESS MODE ACQUISITION LATCH RELEASE MUST BE MADE
BEFORE K » IN WRITE MODE.

ADDITIONAL LATCH IS REQUIRED AS ADDRESS MODE LATCH

SECTION
o b ’

* Read mode: /AML v -- /R » of when READ = H & WRITE = L.
/AML » -~ /R v of when READ = H & WRITE = L.

* Write - Read:/AML ~-- latched bet pulses after READ -.

* Write mode: /AML s~ ~ /ZW » of when READ = L & WRITE = H.
/AML » ~ /ZW ~ of when READ = L & WRITE = H.

* Read - Write:/AML -- latched bet pulses after WRITE -.

-
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activated in accordance with the bank active conditions |isted in a

truth table (See Table 1). After the array activation, the node is
set to a read or wite colum active &fde to operate the col um system
5 In the read node, a series of data are outputted begi nni ng
fromthe cycle during which the col um @gi/e3 conditions are
designated, after a cycle for |atency desi gnated separately. 1In this
case, the data length of a series of data is designated separately as a
nodul e | engt h.pybkp Mask @xBiMNATIUN] hawbe iF1ddle 30 itee 4onde, a series of
dat a are i nputted beg| nning fromthe cycle during which the colum
active conditfons are designated. Here, in the read node, the | at enci es

are "1", "2", |'FOR R READ ahd t he nodul e | engt hs

* In read mode, word mask latency is 1, irrespective of
read latency.
* Masking is made by outputting HiZ status to output

buffers.
READ REG (1 |2 {3 | 4
GR
GDM 314 11 ]2
= J
St
* GR AND GDM ARE SHIFTED BY SAME REGISTERS.
* GR AND GDM ARE INPUT TO READ REGISTERS AS TABLE ABOVE
FOR LATENCY
(Latency = 4) * GR1 or GR3 becomes lst access gate --
effective from GDM3 (in GR1) orxr GDM1 (in GR3).
/
* GR before lst access gate must not be outputted.
* Since GR is required after GDM3 or GDM1, before
1lst access gate, GDMi = L may be OK. DGM3 is
activated by /SF23 » and GDM1 is activated by
/SF21 .
4
GDMi ARE ENABLED BY /SF21 ~» OR /SF23 .
(Latency = 3) * GR1l or GR3 becomes l1lst access gate --
effective from GDM3 (in GR1l) or GDM1 (in GR3).
* GR prior to lst access gate must not be
outputted.
§
* pData of GDM 2 and GDM 4 are not used.
correspond to gates which fall by 1st CLK.
GDMi ARE ENABLED BEING DELAYED BY SPECIFIC TIME AFTER
READ -.
(Specific delay = so that DGMi can be enabled
simultaneously when /SF21 s~ ox /SF23 .
This Sheet Haslﬁle'n Il{e‘iliced
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(page lengths) are "1", "2", "4" and "8". Further, in the 15 case of the
wite‘operation, there exists the case where a series of data are
inputted after the latency of "1" (the — $éucceeding cycle after the cycle
during which the colum active conditions are designated).
Further, in a series of data, there areapikf@gent 20 scranbles such as
wrap node or interleave node. Tables 2 to 6 list the col um-system
activation sequence correspondi ng thereto. Table 2 lists the page wap
node, Tabl e 3 (llatiendyhe: 2) *B-GRIApMBRY bedunes! 1sistactdesgatteerleave
node, Table 5 i sts the 4efifectivecfrand>Didd|(elrbGRILIt extGBMI-( it @H3Yave
25 nmode, respectively (See Tables 4 to 6). . Here, when a series of
data are being accessed, th& Data acquired in 1lst cycle is used as mask
data.
* It is too late to read data after read mode.

4

* GDM1 & GDM3 ARE FIXED TO "H" IN MODE EXCEPT READ MODE
* IN READ MODE, GDMi ARE ENABLED.

t * There exists a possibility that GR3 (if starts from
GR1) or GR1l: (if starts from GR3) is outputted in one
cycle.

D ]|

GDMi are activated after 1lst /SF22 - or /SF24 .

i
GDMi ARE ACTIVATED BEING DELAYED BY SPECIFIC TIME, AFTER
READ.
/
FOR DQMHi

* When mode changes from write mode or module to read
mode, output must be kept at HiZ till effective data

output.
U
ey * ALL DQMR ARE SET TO "H" WHEN READ . i
k23 * DATA ARE TO BE OUTPUTTED BY DQMR REGISTER TO DQM LINES
AFTER GDMi HAVE BEEN ENABLED.

* Do not set to Hiz till 1lst access, even if GRi begin to
operate before 1lst access. - GRi operate before lst access
gate.

4§

* INTERNAL CIRCUITS OF DQMR REGISTERS ARE ALSO
RESET.

* ONLY REGISTERS 2 AND 4 ARE RESET WHEN LATENCY = 2.
* RESET 1S RELEASED AFTER GDMi HAVE BEEN ACTIVATED.

’_‘\
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colum active conditions can be designated for each even

cycles after the colum active conditions have been

a part or all of a series of Phefdh%a 30
the DQOMis set to a "H'

t he cycle clock one cycle

required to be nasked.

set to the "H' | eve

Furt her,
r ead nnde

In the wite npde,

cycle 35 duri

Wi CII LT[E Ucchl requi

Furt her, the hERBr Pife BWFEER MOQUQ-B

nunber of
desi gnat ed.

can be masked. In the

l evel in response to a rise edge of
before thgpguchg during which data are

on the other hand,
in response to a rise edge of the clock of the
red to be masked are acquired.
rovided with such a

WHEN NEXT COLUMN CYCLE DO NOT START MORE THAN MODULE
LENGTH AFTER COLUMN ACTIVATION CYCLE.

(MUST BE SET TO HiZ CYCLE)

+

* WHEN COLUMN CYCLE STARTS BEFORE RESET CYCLE AFTER
MODULE, HiZ STATUS IS REQUIRED FOR ACCESS
CORRESPONDING TO LATENCY.

%@ * CLK OF (MODULE LENGTH + LATENCY) IS SET TO HiZ.
U
LATENCY SET SIDE (HiZ) RESET SIDE (NO HiZ)
2 CYCLE NEXT TO /WMR » IS COLUMN ACTIV CYCLE
CLK , IN COLUMN DEACTIV (HizZ 2 )
CYCLE. (HiZ 2 »)
’
3 1ST CLK -~ WHEN HiZ 2 = H 18T CLK - WHEN HiZ 2
(HiZ 3 /) = L (HiZ 3 )
4 1ST CLK - WHEN HiZ 3 = H 1ST CLK » WHEN HiZ 3
(HiZ 4 ,) = L (HiZ 4 )
* In write mode, module HiZ circuit must be reset.

4

* This is because new status will not be started when
write is changed to read.

/WMR: Signal set to "L" after module length from column

AT T YT ST I IR N T S VI e ey Ry T v e T

Py

cycle.

Hiz is set by fixing DQMR to "H".

sogAwis vew
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-16- function that the inputted clock signal CLK is pretended to

be not ‘i nputted by masking the inputted clock si gnal CLK. Thi s
function can be realized by setting the’srﬁ at CKE to the "L" level in
response to a rise edge of the clock signal CLK 5 obtained one signal
before the signal CLK required to be nqapie 26

DOM WRITE STUDY

* For DOM write -- DQM write lines are always masked before
write, and masked data are outputted to DOMW lines when
write data are outputted.

J

* DOM DATA ARE LATCHED BY REGISTERS SIMILAR TO WRITE

REGISTERS.
* DOMW LINES ARE EQUALIZED AT K = L IN WRITE MODE.

d * For write latency -- DQM data are acquired to DQM
registers being delated by one cycle.
!
*# WHEN READ CHANGES TO WRITE, MUST BE INITIALIZED IF NOT
SET TO WRITE MODE FOR INPUTTING lst DATA (DQM ACQUIRE
STATUS IN INITIALIZATION).
’ * NOT OPERATED EXCEPT WRITE MODE.
b
* TWO PRE-LATCHES OPERATED AT INTERVALS OF 2 CYCLES ARE
USED BY INTERLEAVE.
* QUTPUTS OF TWO CIRCUITS ARE DQMW DATA.
%3 * DATA ARE READ IN REGISTERS.

—_—
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masked. Furthel, after the data of a designated nodul e | ength have been
accessed, it is possible to set the colum_active cycle to any given
cycl e. Here, the operation of +hdé #ot um system and the serial- 10
systemw || be described hereinbel ow wi.th reference to the bl ock

di agram shown in Fig. 2. Fig. 2 shows ,labc]gnf%,?ur ation of one enbodi nent
of the synchronous LSI nenory device ding to the present

invention, in particular in which a configuration of the 16-M
synchronous DRAM data lines is shown 15 by way of exanple. As understood
in Fig. 2, 4- q%é}( S egi ster are provided
for each DQ Lt&IgOéRe ...c\;ﬁfﬁ%@giﬁgj r(géc%nr&dlma tzéciil§o the DQ buffer via RWD
| i nes, res momelrgasxmmmm br is a circuit for transferring

* CLK in cycle next to cycle of /CKE =L is masked when CLK

7.

* Mono synchronizing basic signal CPOR is stopped.

* Mask to - -FCN setting cycle must be effected by
inputting clock mask signal to FCN setting
detection circuit without satisfying setting
condition at CMLAT = H.

&

CLOCK MASK

-* CKE status before one cycle is latched.

+k* CKE = L. --- CPOR = L fixed

~* Timing where internal CKE is switched is after
CPOR signal forming signal ends.

mmﬁr
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data to the cell array sections through the DQ |ines. 20 Fig. 84 is a
circuit di agr am showi ng an exenpl ary C|rcuéQ, for transferring data

bet ween the DQ buffer and the cell arr Figs. 76 and 77 show
the configuration of the DQ buffer, in WhICh Fig. 76 shows the DQ

buffer configuration of an 8-bit 25 DRﬁbetEBt\Ao 1M word banks and Fig.
77 shows the DQ buffer configuration®8f®aff®4-bit DRAMwith two 2M word
banks. As shomm in Figs. 76 and 77, there are four DQ buffers on

ei t her ﬁ?f arranged on
bot h si des of gﬁ %%@gtgeégq’\érnr Q?Egrﬂ"é&g’é{ %\?/(at ec’l\m’iff e signals for
activating the ers are generated by - DQ buffer activation
signal gener apgagie NeHdtrdetBe¥oh"

End of module length = Read: Cycle where module length
data are outputted.

Write: Cycle where module length
data are inputted.

Read:
* ACCESS BEGINS ALWAYS FROM GR1 OR GR3.

* FINAL DATA OUTPUT IS ACCESSED FROM GR2 OR GR4.

* FINAL ACCESS DATA IS THAT STORED IN 2nd OR 4th
REGISTER.

* REGISTER GROUP FOR OUTPUTTING FINAL DATA IS DETERMINED
BY ONLY MODULE LENGTH, IRRESPECTIVE OF LATENCY.

i - DETERMINED ON WHICH OF REG 1 OR REG 2 IS L AT
/CAS = L.

Write:

* WRITE IS EXECUTED IN UNIT OF 2 BITS.

* WHEN FINAL DATA WRITE STARTS, FINAL DATA INPUT CYCLES
MATCH. .

25 §

& * REGISTER GROUP FOR EXECUTING FINAL DATA WRITE IS
DETERMINED BY ONLY MODULE LENGTH, WHICH CAN BE DECIDED
ON WHICH OF REG 1 OR REG 2 IS L AT /CAL = L.

(Final access data groups)

REGi1 AT /CAS=L REG 1 REG 2
MODULE \ MODE READ | WRITE READ [ WRITE
1 REG 1 [REG 1 | REG 2 | REG 2
2 REG 1 [REG 1 | REG 2 | REG 2
4 REG 2 |REG 2 (REG 1 { REG 1
8 REG 2 |REG 2 | REG 1 | REG 1
PAGE REG 2 |REG 2 | REG 1 | REG 1

MODULE B AND PAGE: 2nd

Been Re‘laced
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Fig. 78.: . Colum data are outputted to the DQ |lines selectively

fromthe colum selected by the colum select |ines. Wth 35 respect to
the col unm sel ect lines, appropriate two Pf t he out put signals CSLA to
CSLH of the colum decoder as shown im

Table 29

MODULE OPERATION

(Read mode)  Latency=2/4 - When column activation condition
cannot be obtained at CLK edge
in 2nd cycle after module length
end is detected. -

* Stop serial system for
reset.

- Latency- 3 ~- When column activation condition
cannot be obtained at CLK edge

% in next cycle after module

$ length end is detected.

* Stop serial system fox
reset.

(Write mode) Latency=0 ~ Cycle in which module length
end is detected.

* Stop serial system.

Latency= 1 - Cycle in which module length end
is detected.

¥ Stop serial system.

MODULE RESET RELEASE

‘.Q" o
25 * Read mode/write mode (latency=0)- * In next column

activation condition.

*Write mode (latency=1) - * In next cycle after column
activation condition.

f
4

* Since column operation starts at
next cycle after column
activation cycle.

&ﬁHmEmaﬂllmxd
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-17- Fig. 54 are selected as the colum select |lines and further
activated. .In this case, the two selected, col um select |ines are
determ ned by scranble. The sel ected cot Sel ect lines are
controlled by the CSL selectors as shown in Fig. 58, the 5 SCL selector
drivers as shown in Fig. 59, the CSL-r@Ia%eq% l ogic circuits as shown in
Fig. 60, the CLS select tap signal @% Qing circuits as shown in Fig.
61, etc. Further, Table 7 lists the CSL select tap sets, and Table 8
lists the conbi nati on of the CSL sel ector operations (See Tables 7 and

MODULE LENGTH DETECTION RESET

* Cycle from which module length is counted.

* Read mode --- Column activation cycle
* Write mode --latency = 0 -- Column activation cycle

latency = 1 -~ Next cycle after column
activation cycle

Since column operation
starts fromnext cycle after
column activation cycle
i
P
2]
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e e

10 8). - . The serial systemis operated by the circuits as shown

in Figs. 5 to 9. Figs. 5 and 6 show columm activation detecting
circuits, respectively; Fig. 7 shows a serial-system basi c pul se
generating circuit; Fig. 8 shows a serifdl—system 15 setting circuit; and
Fig. 9 shows a columm deactivation detecting circuit. Furt her,
DQM read registers and DOMwite reghgigrgare incorporated to realize
t he word maski ng. The DQM read regi sters receive the status of DQM
in the 20 order of "1" - "2" - "3" - "4" - "1" and latch the data. The

| at ched dadgussargut putted to the DQVR [ines. The DQWR |ines are
connected to the output buffer. Wien the DQMis at the

MODULE READ WRITE
\MODE
*1st K » AFT /CAS=L *1st K v AFT /CAS=L
1 REGl=L: /SF22 » AFT REGl - REGl=L: REG1 -~
REG2=L: /SF24 » AFT REG2 -~ REG2=L: REG2 -
2 SAME AS WHEN MODULE SAME AS WHEN MODULE
LENGTH = 1 LENGTH = 1
*1st K ~ AFT /CAS=L *1st K » AFT /CAS=L
4 REG1l=L: /SF24 . AFT REG2 - REG1l=L: REG2 -
REG2=L: /SF22 » AFT REG1l - REG2=L: REGl -
8 *1st K « AFT /CAS=L *1st K » AF? /CAS=L
REGl=L:/SF24x AFT 2nd REG2~ REG1l=L: 2nd REG2 -
REG2=L: /SF22x AFT 2nd REG1~ REG2=L: 2nd REGl -~

PAGE * DETECT COUNTER IS RESET (BY /R) ON lst CLK AFT
/CAS-L.
4

* DETECT COUNTER IS OPERATED BY 2nd YCHAN.

* FINAL B DATA CYCLES ARE DETECTED AT DET COUNTER
All=1l.
4

* THEREAFTER, SAME AS MODULE LENGTH = 8

ALL * MODULE DETECTION IS RESET AT COLUMN ACTIVE
CYCLE (READ/WRITE 0).

* MODULE DETECTION IS RESET AT NEXT TO COLUMN
ACTIVE CYCLE (WRITE 1).

W

MODULE DET REG 1 REG 2
REGi AT /CAS=L | REG 1 | REG 2 | REG 1 | REG 2
1 O - - o
2 o - - -
MODULE 4 - o 0 -
LENGTH
8 - o o -
P - o o) ~

8 AND P: 2nd
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"H' level, the output buffer is set to a high inpedance status. 25
The DM write registers operate in the s.alg@.vuay as the wite register.
The obtained DQM status is outputted to the DM lines two bits by two
bits being scranbl ed. Before data are outputted fromthe DQMwite
registers, the DOWVIines are once mrgehapged to the wite disable
status. Only when the 30 "L" level DQM status is outputted to the DQWV
lines, the data wite is enabl ed. The above-nenti oned operation
is controlled by the circuits as shown in Figs. 33 to 40. Fig. 33

shows a read —o-pe-r-at-i-Uﬂ—enat)I ing circuit; Fig. 34 shows a DQVR gating 35
circuit; Fig. 3%MME RBSEF § npedance control circuit; Fig.

* Cycle in which module detection circuit is reset to
count new module length.

* Read mode --- Column activation cycle.

* Write mode .Column activation cycle (Write
latency = 1).

%3 Column activation cycle + 1 (Write
latency = 1)

RESETTABLE BY /R /

J

When set by /R, delayed as compared with wheﬁ reset by CLK.

Circuit to which module signal is inputted is reset being

delayed.
L* CP (WMRi) ---- * Set so that WRITE » after write module.
- * In write mode, WRITE - is transmitted
fﬁ after WMR1 is reset.

L% MRRST(/RMRi)} -- * In column set cycle, when min hold time
changes due to /CAS, COLACT is set so
as not to be changed before /RMRi -.

L * HiZ(/WMRi) --- * In column set cycle, when min hold time

changes due to /CAS, COLACT is set so
as not to be changed before /WMRi -.

Resettable by /R on the basis of above.

——
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36.shows a DQVWR register circuit; Fig. 37 shows a RPRM
generating circuit; Fig. 38 shows a GDNLgegngting circuit;

Table 33

COLUMN ACTIVE CYCLE DETECTION

REGi AT /CAS = L

* IN WRITE LATENCY = 1, INTERNAL OPERATION IS DELAYED BY
ONE CYCLE FROM /CAS = L CYCLE.

§

* WHEN REGi IS ACQUIRED AT /CAS = L, PROBLEM OCCURS IN
WRITE MODE.

* REGi MUST BE ACQUIRED BY SERIAL SYS ACTIVATING SIGNAL.

+

&
= * IN MODULE LENGTH = 1, 2, MODULE LENGTH IS DETECTED IN
2nd CYCLE AFTER SERIAL SYS BEGINS TO OPERATE.
* REGi MUST BE ACQUIRED BY SIG ACTIVATED IN lst CYCLE.
b
ACQUIRE WHEN K ~
i
FOR MODULE LENGTH = 1
* IN MODULE LENGTH = 1, 1-BIT ACCESS IS ENABLED -
REGISTER IS ACCESSED 2 BITS BY 2 BITS.
s * DATA OF 2nd BIT IS MASKED. -

(Read)}: Only data from GR1 or GR3 are effective.

§

* SET SO THAT DQMR 214 IS FIXED AT H.

(Write): Data are scrambled when outputted from
registers to data lines.

Cannot be fixed at specific DOMW lines.

!

* RESET 2nd & 4th REGISTERS SO THAT SAME STATUS AS WHEN
DOM=H IS ACQUIRED.
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Fi.g. 39 shows a

DOMwite register circuit; and Fig. 40 shows a DQM

option cireuit corresponding to the mﬁiteéi tency; respectively. 5

Further, the configuration of the read/wri

Figs. 19 to 28.
shows an XR reg
a used register
gating 10 circu

registers are shown in
Fig. 19 shows a read register gate circuit; Fig. 20
ster selection signal m s @eRgrating circuit; Fig. 21 shows
group detecting circuit; Fig. 22 shows a data transfer
t; Fig. 23 shows a read data transferring circuit; Fig.

24 shows a regghifdi JRE ExOTANATION: (Se& Fig.Shoy a wite register

gating circuit;

Fig. 26 shows a data transfer sel ection signal

generating circuit; Fig. 27 shows a wite data transfer signa

generating circ

Tt and F g 28 STows |a

BURST STOP OPERATION

bt ALY
&y

3

5

* In burst cycle, serial system is disabled next to the
cycle where burst stop command is inputted even midway
of module length.

* READ --- Output HiZz

* WRITE -- Input is disabled.

* Burst stop command -- CLK - AT /RAS = H, /CAS = H, /CS
=L, and /WE = L

* Stop status reset --- When next column active cycle
starts.

* Burst stop is executed even if internal status is odd.

J

0dd status is not preferable at next column access start.

J

* Internal status must be initialized.

4

b3

SAME OPERATION AS RESET AFTER MODULE LENGTH

0]

UTPUT HiZ

* Reset READ in same way as module length.

N

OT INPUTTED

TS TR TS T AN T T T L U el T e T T TR SNAT G e SN TRl R L e ST R T G e T T ST T r e e

* Reset WRITE.
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15.wite data register circuit, respectively. The architecture,

the serial operation, the word nask, t he cl ock mask, the nodul e

| engt h-rel ated operation, the burst 6&.’% he col um system the

col um- syst em address, the col um-system data access of the present
enbodi mrent wll be 20 described herein qé/vslsn sequence. As shown
in the serial operation explanation of J] the functions required
for the serial systemof the SDRAM are such that: the serial system can

correspond to (dSLHneCdys ExpIBNATI®GNICOl UM addresses can be i nputted for

each two cycl efsegd Bigdl MY 4 havards <2 ke nepked; and the serial
systemis oper at ed at 100 MHz. To achi eve the above-nenti oned

operation, it is necessary

COLUMN SYS BANK DESIGNATION

* BS is acquired when column is active, and column system
on designated bank side is activated.

-* Only signals related to bank are bank-designated.
* DQ buffer control system
* CSL control system

+* Deactivated when not bank-designated.

L* Change column system to be activated in column system
deactivation status (K = L).

* Divide column system basic signal K into two of:

) Decoded by BS -~ for core access
! Not Decoded by BS -- for serial system
CIRCUITS
DECODE BY BS | /CDRV, SCSL, Kw, Kn', Kp,
Kp', /EQDQ
NOT BS /R, CLSET, /RGAM, DAT, CFP,

K., YCHAN, /EQDQM, AlGi, QA9c ’

2;.‘_-"'-.1:

* When set to only BS-selected side, tap address is délayed
when non-selected side changes to selected side.

J

Set tap address irrespective of BS.

ot Has Been Replaced
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to access to,the core section wthin a tinme of two cycles. In this
case, a register-is required to tenporarily store the 30 data read fromthe
core section under consideration of theégiy | at ency. To cope with the

I

| at ency of "4", the register requir bit length at its m ninum By
doing this, it is possi ble to prevent the interference between the
present data and the new data remdbby Bbe core section during the data
35 out putting operation. Further, since the columm address can be

changed for each
[COLUMN SYS ADDRESS EXPLANATION] (See Figs. 62 TO 75.)

COUNTER DRIVE SIGNAL

* Counter + Page mode -~ * Partial decode signal which changes
for each 8 cycles is outputted.
* In page, address must be
transmitted to output-prepare
section to ocutput tap address.

* Other than page- * Set address to output-prepare
section in column cycle.

* Output address is not
transmitted tooutput-prepare
section, because counter is

) not operated.

* (Page mode) 1 Column cycle - * Set tap address to output by
CLSET.
# CNT = L, /CNT = H

In burst ----- * Operated for each 8 cycles
after 5th cycle.

* Other than page mode + Column cycle t* Set tap address to
output-prepare
section by /RGAM.

* Output address by
CLSET.
* KEEP /CNT at L.

SPARE SELECT SIGNAL
o * In page mode T * Combine spare information of A3c in

el sequence to activate column decoder in
order of (tap, tap+l), (tap+l, tap+2), ..

r * This signal is necessary to output $/N

discriminate signal without delay in cycle
where partial decode signal is switched.
- * Keep open until count-up address is
transmitted to output-prepare section
(for tap+l).

* Other than page mode -- Kept open.

CLSET.
*¥ Burst cycle -~ Operated for each 8 cycles
from 5th cycle.
------- —— Tap /A3: Operates from x)
A3: Operates from Y

* (Page mode) E-* Column cycle - * X and Y are both opened by

Sheet Has Been Refllaced
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two cycles, only 2-bit data of the 4-bit data can be a serial data at
the sanme col um address. Accordingly, it is necessary to handle a 4-bit
register as two 2-bit registers; that gz,* data registers of 2 + 2 bit
configuration are required. 5 hown in the read node and wite
node operation expl anation of Table 15, in the read node, two system
l'ines Table 37

PARTIAL DECODE SIGNAL SWITCHING

* Partial decode signal | * Page mode - * Opened at 8 cycle
[ intervals.

* Othexr than page mode, kept
opened.

* Addresses are inputted to banks I and II to set partial
decode signals. i

J

When banks I and II are set selectively, partial
decode signal is delayed because outputted after BS.

S/N DISCRIMINATION RESULT ACQUISITION

* Page mode - Opened at 8 cycle intervals - S/N bank
discrimination signal must be separated for each bank I
or II.

e mne—— e mas

d * Other than page mode ~ Kept opened.

Same as partial decode signal switching

Although small pulse is outputted when switched from .PLS1 ;
to PLS2, this is not timing at which counter address and |

S/N dlscrlmlnatlon result are switched, thus causing no
problem.

KT
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bet ween the CLK signal and the RAD |ines and between the RWD |l i nes and
the data registers are operated in pipeline node to cope with a high
speed operation. Therefore, it is necessapmglﬂ t hat the read-node register
interl eaves the register group two bits by two bits to transfer data
fromthe RAD lines to the reglsters gg ggch two cycles. The data are
outputted from the first register R &qti€nce. I n contrast
with this, in the wite node, it is necessary 15 that the wite-node

regi ster |nteT 8% %Q%T%&gPi&ir %E%gg PL T? by two bits to
transfer datag ggégﬁ Q Ta 1 for each two cycles.
To execute the WWIte operatlon aft spee | ines are used. That
is, before the wite data are outputted to the RWD lines, the DQM I i nes

CHANGE FROM X4 TO X8 OR VICE VERSA

* Bank is divided into 2 by A9c.- * If divided vertically by
A9c, length of RWD lines
is doubled to increase
load.

* Connection between RWD lines and DQ buffers is changed as
in Table 9.

* In X4, registers 0, 2, 5 and 7 are stopped.

ASc DECODE IN X4

* In X4, A9c is decoded by selecting DQ buffer. - QACT is
decoded by
’ ! A3c.

QACT are prepared for A9c & /A9c and BS & /BS.
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20. are wite-disabled. However, imediately when the wite dada are

outpufted, the DQMlines are wite-enabled, so that it is possible to
execute the wite operation at high speedqnthout delaying the wite
operation. Fig. 2 shows the circuit fTor realizing the above- 25
menti oned operation at high speed. g ble 11 lists the architecture
expl anation of the serial-systenlcgﬁp%ﬁu gtion, which is adopted in
accordance wi th the above-nentioned circuit configuration. A
basic signal CP is -prepared to operate the serial system This basic

si gnal CP can*bg hBLORBE 1 SALARAOIACIES doﬂt@r St ebaEUSYRBL are

resetting and t Sm@Ehh%s QE&U§¥ed to BHMG %ivg% §.basis signa I's used

to sel ect regi

% In thls case, o0ld A9c side is for QACT3 side, and new
AQ9c is for QACTO side (type A, /A).

-* Coexistence occurs in only HA select cycle of type
B, /B.

+* In type B, does not extend over new and old.

L% Only new A9c is used from AB cycle. - ASc is switched

in AB cycle.
§

When A9c is switched by CNT, this does not match ASc
-%9 switching timing. - Do not use AY9c counter.

* Type A, /A [ 0ld A9c till HA cycle Of Y,,, = all 1
Switched to new A9c in next AB cycle.
* Type B, /B ( 0ld A9c till GH cycle of Y,,, = all 1l

: - QACT3: old ASc

QACTO: new A9c ] till HA cycle of Y,z
= all 1

- Thereafter, switched to new A9c in AB cycle.

0 side QACT3
1 side QACTO

1

0 - { A9c
A9c

l: * 0l1ld A9c

1 side QACT3
0 side QACTO

* 01d A9¢c = 1 - { A9c
ASc

/.t

QAT dependent upon C/D is required and QACT is
required for each bank.

—_—
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for activating the data registers. Further, it is necessary to
operate the signal K for 35 controlling the main access pass fromthe

out puts of the shift registers to tﬂe;&or,e section, signals REGL and
RE& for _ . This is the

repl acenment sheet Table 40

QACT CONTROL

* Type A, /A - * QACT set is switched by AY9c.

x-

* Type B, /B + * QACT set is switched by AQc.
- * In HA cycle of Y, = all 1,
if A9¢c = O,
QACT3 (/A9c side), QACT (A9c side) = H
others = L
- * In HA cycle of Y,,, = all 1,
if A9¢c = 1,
. QACTO (/A9c side), QACT (A%c side) =
% others = L

A9c CONTROL

* CLK » in column active cycle - External A91N is acquired -
Switching is made during K = L.

* In AB cycle after HA cycle of Y,,, = all 1 - A9c is changed.
* In X8, A9c and /A9c are both actlvated.

* In column active cycle next to Y,,, = all 1 & HA
cycle, tap must be kept without counting A9c. - Stop
counting-up by /K.

* If Y, = all 1 & HA cycle are satisfied at tap, A9c
- must be counted in next K cycle.

* A9c is counted up only when module length = PAGE.

__‘\ﬁ“\~“‘§““§‘\
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sel ecti
must co
as nenti énel

selecting a register group of two bit unit, and signal GDM for

synchr onous
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'5 Mabdver the signal CPis formed on the basis of the
signal CLK to be nasked.

CLAIMS:

1. A synchronous LSI memory device,; comprising:
memory cell array means {(BK1,BK2) comprising a plurality

of cell blocks {(CB) each having a plurality of memory cells;

timing generating means (CLOCK MASKED SECT) for
generating a first basic signal (CPOR) synchronous with a
clock signal (CLK) and masked according tp status of a control
signal (CKE); .

signal ‘generating means (SERIAL SYS CONTROL) for

-genefating a second signal (CP) in synchronism with the first

basic signal (CPOR) and stopping generating the second signal

-after a predetermined number of accesses or in response to a

stop signal (MBRST, MWSTP, LADA, BSTP); and
control means (SHIPFT REGISTER) for controlling said cell
array means (BK1, BK2) on the bgsis of outputs of said timing

signal generating means and said signal generating means.

2. The synchronous LSI memory device of‘clahn 1, which
further comprises first means (SHIFT REGISTER) operative in
response to the second signal (CP) to control access to said

memory cell array means (BKl1, BK2).

3. The synchronous LSI memory device of claim 2, wherein
said first means (SHIFT REGISTER) has the number of bits even-
number times larger than that obtained during a cycle interval
during which a column address is inputted, for activating
column systems (COL SYS) of said memory cell array means (BKI1,
BK2) on the basis of specific output signals (K) of said first
means (SHIFT REGISTER).

4. The synchronous LSI memory device of claim 2, wherein
said first means (SHIFT REGISTER) comprises two—set
independent shift registers (SHIFT 1, 2). '

5. The synchronous LSI memory device of claim 2, wherein
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of the conditions as above, it is possible to adopt the
serlal g%ﬁlﬂﬂﬂ!ml I&tﬂm s as shown in Figs. 3 and 4. Here, Figs. 3
and 4 sh ion of the 10 serp@l-systemcontrol |ines,
respectively. 1In Fig. 3, the basic signal CP is used for read, wite,
mai n pass activation signal K, etc. properly. On the other hand, in
Fig. 4, only gajd ?§r§b'tﬁéa.r{seQ'Sﬁtﬁ*‘lGRﬂé?S?EﬁPldgﬂaﬂéEQregd QQltﬂélh%oﬂﬁgﬁ’lon
wi t hout . Separating the according t e useS. In the architectures
15 shown i n Picgerdingndosregnt AgtgR¥he nunber of the required
registers is different fromeach other, the nunber of regi sters

activated si myltaneously_ is the in both. The .basi ¢ operation
required formléhe rgs Behyaneus: i’%ﬁgmemor% Blevﬂé’ede§8ﬂpﬁ'éd”\ﬂgt ‘h reference

to the arcbitectureell_block means (CB) each having a plurality of memory
cells; and _ | _

data register means (WRITE REGISTER) for acquiring

- externally input data applied to first terminals (DQ) in

synchronism with a clock signal (CLK), said data register

10 means being prov1ded.w1th inputting registers (WRITEIREGISTER)

- - _having a plurality of bits and connected to the respectlve

first terminals; and when data are inputted, the inputting

registers being-controlled'so thaf the respective plural bits

are switched in .sequehce or not controlled so that the

15 respective plural bits are set alternately to data input

status.

7. A synchronous LSI memory device, comprising:
memory cell array means (BK1, BK2) each  having a
20 plurality of memory cells; ' - |
timing gener#ting means (TG) for generating a first basic
signal (CPOR) synchronous with a ciock signal (CLX) and masked
according to status of a control signal (CKE);
signal generating means (SERIAL SYS CONTROL) for
¥ 25 generating a second signal (CP) in synchronism with the first
basic signal (CPOR) and stopping generating the second signal
(CP) after a predetermined number of accesses or in response
to a stop signal (MRRST, MWSTP LADA, BSTP);
. control means for controlling said cell array means (BK1,
30 BK2) on the basis of outputs of said timing signal generating
means and said signal generating means (SERIAL SYS CONTROL);

¥

and
mask control means (DQMR) for acquiring statuses of
second terminals (DQM) in sequence into register means having
35 the number of bits even—number times larger than that obtained

during a cycle interval during which a column address is

This Sheet Has Been Relilaced
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In the respective sections shown in
“11 ol I OW ng operation s required. The main

E?gixpiﬂml llﬂff Iﬂﬂ#ﬂf ff

pass act*ivatibn signal* K is enabled for eagk two cycles in synchronism
wi th the basic signal CP, and further 25 nust be stopped when the serial
systemis stopped. Further, when the serial systemis reset, this
signal K is iRigbhaliedSloutputPifs i1k BeENIU LR Ae0HANERELLRAD t e ki

CLK signal . Them reagudg?a %gégl ster q:'?tﬁie Sr océe gﬁ synéhro R:cus%]iv%ngt h
t he basi ¢ téiegentpuptedTgetser rasreg 1érm1|¥s trOesSene%JofJess regphatgps each
restarted begmmmg theMmiiBercafl Hpts EREhSHARILEAL LifEs large®’ LRRAROREARY
to the read | a | s .control corres onds to that the first access
starts beglnnphg %gﬁ] ing, Fhgaieyel nterval during which the column

5 address is inputted, and when data inputted through the second
terminals (DQM) are in a first status, outputting signals for
setting output circuits of the register means to a high
impedhnce status in synchronism with the second signal (CP).

10 8. The synchronous LSI memory device of claim 7, which
further comprises: - _

data holding means (DQM WRITE REGISTER) for, in only

w:ite mode, acquirihg the stétuses of the second terminals

(DQM) in synchronism ‘with fhe sécond signal into registers

i5 ﬁaving a plurality of bits in sequence and scrambling the

acquired data on first data -lines (DQMW) plural bits by plural

bits every plural cycles; and
precharge means (EQDQM) for precharging the first data
lines into write disable status every predetermined_cycie

20 interval.

9. The synchronous LSI memory device of claim 8, wherein
when the predetermined access length is "1”, even—number
registers of said data holding means {DQM WRITE REGISTER) are

i 25 fixed to status the same as when masked data are aéquired.

10. The synchronous LSI memory device of claim 7, which
further comprises:
read mask registers (DQM READ REGISTER) for acquiring,
30 in read mode, the statuses of the second terminals (DQM) into
a plurality of registers in sequence in synchronism with the
second signal, and outputting the acquired data to the data
lines (DQMR) in sequence; and
potential fixing means (/RPRM13, /RPRM24, HIZ) for
35 fixing, in write mode, potentials of the data lines (DQMR) to
set the output circuits connected to the data lines (DQMR) to

HasBeenRvi
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reglster “ in the wite node, the read data register
gates a “Mﬁ)‘ mJ u ed. The wite register gate 35 GNproceeds in
synchro aS| c signal CP. The@6~ serial systemis reset so as
to be restarted begl nni ng from

& high impedance status.

11. The synchronous LSI memory device of claim 10, wherein
when the pfedetermined access length is "1", even—number
5 registers of said read mask registers having a bit number
length half of a word length are fixed to a mask data output

status.

12. The synchronous LSI memory device of claim 1, wherein the
10 stop signal (CLADA) is outputted subsequent to a.predetérmined
number of accesses after all banks (BKl1l, BK2) have been

precharged.

o

13. The synchronous LSI memory device of claim 12, wherein
15 when the write latency is "1", the stop signal (WRLA) is
outputted in a first cycle immediately after write disable

mode has been changed to write enable mode.

14. .The synchronous LSI memory device of claim 1, wherein the
20 number of predetermined accesses is. counted on the basis of
a signal (REG1, REG2) for selecting bits n—-bits by n—bits by
ihterleaving an m(= n + n)-bit register having two sets of n-

bit registers.

25 15, The synchronous LSI memory device of claim 1, wherein
when a plurality of said cell block (CB) are accessed in

series, a plurality of serially accessed cell blocks can be

accessed simultaneously.

30 16. The synchronous LSI memory device of claim 15, wherein
when a plurality of said cell array means are accessed
simultaneously, data buffers whose ﬁumber is a half of that
required when a single cell array is accessed are activated

in the respective cell arrays means.

35
17. The synchronous LSI memory device of claim 1, wherein the
_—
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'-21- re |ster gate GWN . Further, in the nodes other than
t he Mﬁlt & s GM and GMB are set to the "H' | evel and
S

t he S|gna re set to the "L" | evel to read the first

dat a. : The register group sel ecifon si gnal REG operates for each

t wo cycl es in synchronismw th the basic signal CP, and is so set that
when the serial systemis reset, the succeeding operation starts

begi nni ng from the fi hSt 0! L enigiaea. ibhe a pIﬁ\Ale‘eﬁ p§g|s§-tgé1|8'1§at es
GDM pr oce88CPRds FAERA nl(srlrﬁvvlt§ t he 10 - basi ¢ si gnaly (Ppe ang a8 1¢d t hese
gates GDM(@PE, f iCRit} aCPRL" accorgingy ?e\‘i‘é‘le accor |ng to the read |atency

'n mdes: oLRghskiaRLy.
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chw e D e paeldn swlie Meens -

the read node. On the other hand, in the read node, -t he DQM
regi ster gates GOM operate in the same way as with the’
regi ster gates GR 15 The basic g
sections wi Il be described herein

architecture explanation of Table 13.

the core section, the data
regi sters. Furt he 20 after the normal
t he read&ﬁﬁgﬁééi-reglsters

as to be opened. For these operation, the data transfer

i s activated gy %28 o@gsgsacﬁemafyodegngﬁalCRmaFﬁéPstH?m°r

been read

r ead

case of the data
rati on of the read correspondi ng
ow with reference to the

Wien the data are read from
must be transferred to the read data
data have been transferred to
the read register gates nust be so controlled

na XR
data have

fon data ' tg a 1a2 1ity of memory
array sections ({BK1, %ﬂb? eacﬂ hﬁélﬁﬁ a %dura ity

5 cells; a timing generating section (CLOCK MASKED SECT) ;or

generatlng a first basic signal (CPOR) synchronous W1tf a

- elock 51gnal (CLK) and masked according to the status oSY:
control signal (CKE); & signal generating section (SERIAL

CONTROL) for generatlng a second signal (CP) in synchronz;z
10 W1th.the first basic signal (CPOR) and stopping generating °
second.signal after a predetermlned number of accesses ordla
. response to a stop 51gna1 (MRRST, MWSTP, LADA,.BSTP), an :
control section (SHIFT REGISTER) for controlling thefcihe
.array sections (BK1, BK2) on the basis of outputs © .

i5 timing signal generating section and the signal genera

ible
section. In.the synchronous LSI memory device, it is poss

to operate the memory device whose access speed is lower tha?
the CPU on the basis of a single hlgh speed clock 51gn:
g suitable for the CPU, so that the it is possible ?o s1mplle§
20 the clock control so as to be correspond to the h;gher spe

CPU w1thout complicating the system configuration.

(Fig. . 4)

-
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25 GR3 are enabled after the data transfer signal XR has been

activated., Under the consideration as above, a serial-system
control °’ section as shown in Fig. 4 is adopted. The basic
operation in the read/ wite node and the 30 address acquisition will be
descri bed herei nbelow with referngaf Table 16 to Table 18. Table 16
expl ains the read/ wite node acquisi on t he address acquisition, and
t he counter rel ationship; Table 17 explalns t he address signals
used for the respective circuits in tap set; and Table 18 35 explains the
wite enable signal /WE used for the respective circuits.
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and sw t ched when

2782

The node and the address are acquired in response to the
I n the colum access cycl e,

gnal

:

first,CLK si
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the main pass activation signal Kis deactivated at the "L" | evel
This i s because the node and the address nust be. 5 sw tched only when

the columm systemis being deacti vat ed. Further, the head address
is set to an output prepare section of an address counter only when /R
signal is set to the "H' | evel, ;ﬁ/@} the nodule length is a page
| engt h. . Here, the /R signal is se ‘?he "H' level in the first cycle
10 of the colum access cycle, and to the "L" |level when the main
pass activation signal K changes to the "L" level. On the ot her hand,
when the nodule length is the page |ength, the head address is set to
the output section of the counter when the main pass activation signal
falls. 15 Here, when the nodule length is other than the page
i
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| ength, the output section of the counter is opened only when t he
first main,6pass activation signal K after the col um access cycle is
at the "L" level, and kept closed in the other cases. On the other
hand, when the nodule length is the page 20 length, the output of the
counter is counted up in response é?ount up signal. Her e,
the basic operation of the serial- syste ting or stoppi-ng operation
wi || be described hereinbelow wth reference to Table 19. Table 19
expl ains the serial-system 25 enable. In the read node, the
serial systemis reset when the colum access cycle will not start
subsequent to the final data output cycle, after the cycles according
to the | atency.
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Further, the serial systemis enabled after the succeeding 30 colum
access cycle starts. In the wite node, after the cycle in which
t he final data have been inputted, the serial systemis stopped.
Further, in the succeeding colum access cycle, the serial systemis
enabl ed. 35 The above-nenti oned gp jztion can be achi eved by the
circuit configurations as shown in Fi-‘és; 2 to 49. Fig. 42

[ COL ACT DET |

CMLAT

CSIN COLACT
;;_39 CASIN
i RASIN.

F16. 5

CMLAT
TSIN tz:::L:::)g_{:>g———COLACT
CASIN o]
RASIN

FIG. 6

e
A3

-3,

[SEL SYS BASIC PULSE|

CPOR )
LADA BST

(BSTP 1S OP)

It

0

1
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- 23- shows a register group detecting circuit; Fig. 43 shows a

parti.al canfiguration of a nodul e-length detection procedure sel ecting
circuit; Fig. 44 shows another partial configuration of the
nodul e-1 engt h detection procedure selecting circuit; 5 Fig. 45 shows a
nodul e-1 ength detecting circuit; Flgé;Agv hows a read nodul e resetting
circuit; Fig. 47 shows a wite nDduI stopping circuit; Fig. 48 shows a
nodul e-1 engt h detecting

| SEL SYS RESET |
~ MRRST
BSTP % )o—-| >0——SRST
.@ ' LADA

FI1G. 8

| COL DEACT DET |

CSIN

CASIN

RASIN NONCLA
CMLAT

FIG, §

1
()

»
24
hy

|__MoDE DET |

COLACT
g _ @A P e

CLKIN

SRST

FIG, 10
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circuit; and Fig. 49 shows a nodul e-nunber counting circuit,

respectively. 10 Further, when the wite latency is "1", the serial
system is stopped for only first one cycle after the wite node

starts fromthe node other than the wite node. The above- ment i oned
operation can be operated by a wite | 2y detecting circuit as shown
in Fig. 12. 15 The node detection fequired for the above-nenti oned
operation will be described hereinbelow with reference to Tabl e 20.

The read node or the wite node is detected in order to operate only

the circuits required for the detected node. 20 Therefore, the node is
detected on the basis of a read

COLACT

@%' e CLKwL——Ij?zEj :::b_ﬁ

SRST .
IWSTR o] oo @5
WECL e

PRST

FI1G. 11

WRITE

~ LATENCY DET

WRITE m} WRLA

(IF WRITE LATENCY = 1)

CPOR wjjr

PRST-

FI16. 172
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det ecti on signal

are generated by a read node detecting circuit

by a wite node detecting circuit as

colum cycle detection

the latency is "1" wll

Tabl es 21 and 22.

READ or a wite detection signal WRITE. These signals

as shown in Fig. 10 and

shown in Fig. 1. 25 The
and the adgr node acqui sition of when
be descri bed gﬂ/%i%reinbeIOM/mjth reference to

The detection of the colum access cycle start of

when the wite latency is "1" is different fromthat of when the 30
wite latency is "0". This is because the cycle during which t he
address noge is inputted p(s—se—eont+olted—as—to—bg del ayed by one cycle
fromthe cycle in which the. adtfr WBRESH}PE ACQ, CONT adtaMgeTy used, as al r eady

expl ai ned.

Ther ef ore, when the node
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In

| at ency.

above-nenti oned

t he

when the latency is "0",
4782

di scrimnation is unnecessary.

- 24-
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In other words, when the latency is "0", control is executed by a tap

address npde acquisition control circuit as shown in Fig. 13. When
the latency is "1", on the other hand, control is executed by a col umm
cycle detecting circuit 5 as shown in Fig. 14 under detection of the

cycl e. Further, a first shift/degféter related to the serial
systemis configured as showmn in Fig. 15, and a second shift regi ster
is configured as shown in Fig. 16, respectively. . Further, the register
group is selected by the configuration 10 as shown in Fig. 17, and the

col um system basi c signal can be generated by the configuration as
shown in Fig. 18. Further, with respect to the serial system

operation, a
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g

first stage circuit as shown in Fig. 29, an address buffer circuit as
shown in Fig. 30, a /WE buffer circuit as shown in 15 Fig. 31, and an
address node acqui sition signal generating circuit as shown in Fig. 32
are used, respectively. The word maski ng operation wll be

expl ained with reference to Tables 23 and 24. Table 23 explains the

wor d masking for the DQMread of/#&h the latency is "4" and "3"; 20

and Tabl e 24 explains the work masking for the DQM hi gh i npedance of
when the latency is "2".

First, in the read node, the |atency of
the word mask is "1", and the read latency is not present. Furt her
for maski ng, it

is regarded that the optimnumway is to output high 25
i npedance data to the output buffers attached to the read data
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registers. The read data register can be configured by the circuit as

shown in Fig. 24. For this purpose, the respective outputs DQVR

of the DQM read regi sters as shown in Figs. 35 and 36 are inputted to
30 respective registers as shown in Fig. 24. The outputs of the
DM read registers are signals for n ling the inpedance (high or

| ow) conditions of the out puts. The , the DQM read registers nust
be controlled according to the read |l atency thereof, respectively. This
is 35 because the outputs thereof nmust be high inpedance till the first

access. The above-nentioned control is executed by the
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circuit configurations as shown in Figs. 33 to 38. The hi gh

i npedance after the nodule will be descri bed - hereinbel ow with
reference to Tabl e 25. When t he succeedi ng colum cycl e does not
start for a 5 time over the nodule length after the columm activation
cycl e, the outputs are in high in?ggagge state. However, since the
serial system nust be kept activated, high i npedance condi ti ons nust
be formed irrespective of the DQM val ues. Therefore, the high

i npedance nust be kept for period of the 10 nodule length + the |atency CLK
signal. The high inpedance is released in dependence upon the | atency
by circuits as shown in Figs. 35 and 36, respectively.
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The DM write will be described with reference to the expl anati on of

Tabl e 26. .15 The word masking in the wite node is executed in
accordance with the nethod as already explained by circuits as shown in
Figs. 39 and 40. On the other hand, in the case where the wite | atency
is "1", the word nmasking is executed r/gy circuits as shown in Fig. 40.
20 The cl ock masking will be descr bed?hereinbelom/mﬁth ref erence
to the explanation of Table 27. In the cl ock masking, the
operation is stopped in a cycle after the cycle in which the S|gnal CKE
is at the "L" level. To achieve this operation, the formation of a

short period 25 basic signal CPOR is controlled so as to be forned or not
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Lhen,

S
R

according to the status of the CKE signal acquired before one cycl e.

Furthér, the statuses of the CKE signals acquired before one cycle are
i nputted to the respective function detecting circuits except for that
of the basic signal CP. 30 Wen nmasking is required, the function
detecting circuits are kept so as to be not set. The signal CPOR can be
gener at ed by a short period bagge gPgnal generating circuit as shown in
Fig. 41. The nodul e length related operation will be described 35
her ei nbel ow with reference to Tables 28 to 33. Tabl e 28 expl ai ns the

nodul e | ength detecting operation; Table 29
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expl ains the nodul e operation and nodul e reset releasing oper ati on;
Tabl e 30 explains the nodule |ength detection resetting operation;
Tabl e 31 explains the summary of the nodul e operation in the read and
wite nodes; Table 32 5 explains the nodul e status resetting operation;
and Tabl e 33 expl ains the col um qg%/ﬂy pocycle detecting operation and

t he operation corresponding to nodule length of "1",
respectively. In the read node, the cycle in which the data of the
10 nodule length are outputted can be set as the end of the nodul e

| ength. In the wite node, the cycle in which the data of the nodul e

| ength are inputted can be set as the end of the
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nodul e | engt h. On the assunption as described above, in the read
node, 15  the final data access begins fromthe read data regi ster gate

GR2 or G4 on the basis of the register configuration. Further, since
the register group for outputting the final data controls the read
regi sters as already expl ai ned, the W data access is determ ned by
only the nodule | ength, 20 irrespecti( the read | atency. The
sanme can be applied to the case of the wite node. In sumary, it
IS possible to discrimnate the register for inplementing the final
data access by detecting which register REGL or RE&R2 is at the "L"

| evel in the colum access 25 cycle. Since the nodule length is started
to be counted for
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each colum access cycle, the register is reset for each col utm access

cycl e. JFurther, in the case of the nodule

| ength, when the counter

(described later) is operated, the operation is the same as with the

case where the nodule length 30 is "8".

operation, circuits as shown in Fi‘//
e

burst stop will be described with ref

to

For the above-nenti oned
2 to 49 are adopt ed. The

Tabl e 34. The

burst stop operation is achieved by disabling the 35 serial systemin a

cycle after the cycle in which a burst stop

t he burst cycle. In the above-
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-27- menti oned burst stop operation, in order to stop the burst in

any given burst cycle, a burst stop command detecting circuit as shown
in Fig. 50 is used. The -operation of the colum systemw || be
descri bed

21762
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5 hereinbelow with reference to Tabl e 35. In the colum system a

col um system bank sw t chi ng circuit as shown in Fig. 51 is applied.
The entire swtching circuit is controlled by the main pass activation
si gnal K, and further the main pass activation signal K correspondi ng
10 to the bank side activated in the c%%%pggaccess cycle is also

acti vat ed. However, the main ctivation signal K not decoded
on the basis of the bank designation signal is used for the ot her
circuits not belonging to the respective banks. 15 The col umm system
is so configured as to provide the scranble; that is, so as to
correspond to an addressi ng node, which is one of the features of the

SDRAM Tables 2 to 6 |ist

'WE BUFF
=
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FIG, 31 (A)
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how to change the | ower order significant address bits and how to

acti vate t.he colum select lines, the DQ buffers and the 20 data registers
according to the change in the | ower order significant address bits in
correspondence to the scranble. In the respective tables, the
portions divided by arrows, respectively correspond to two cl ock
signals CLK in the one- bi t Iq2%;1? cle K. Further, the register
scranble inplies the 25 way of sel‘€Cting the transfer signals when data are
transferred to or fromthe data registers shown in Figs. 23 or 26.
Further, in the respective tables, although the addresses of the

| oner bits A0, Al and A2 are explained, the addr esses hi gher than A3
can be decoded by the colum address 30 decoder as shown in Fig. 54.

Thi s colum decoder is decoded

ADDRESS MODE ACQ SIG
FOR WRITE LATENCY = 1

—_—
T
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by a columm partial decoder as shown in Fig. 55. Further, in order to
realize the operation of the columm select |lines as listed in Tables 2
to 6, the circuits as shown in Figs. 56 to 61 are applied. Fig. 56
shows a spare CSL and Fig. 57 shows 35 a CSL driver, respectively.

The colum system address will be desciafetherei nbel ow

: READ ENABLE SIG

[READ ' R -
i _DO‘T_@—EZ__—)O— {(FOR LATENCY = 4)

I
|
I
I
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READ TS0 N0 IS0 TS0 S0 |

[
}LACYZ

& (RESET FGR LATENCY = 2

FIG, 33
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- 28- with reference to Table 36. Wth respect to the colum
address, the addresses are generated or the spare circuit is
operated by the configurations as shown in Figs. 62 to 75. Fig. 62
shows an 5 address-change basic pul se generating circuit; Fig. 63 shows
a counter driver circuit; Fig. 64 shoggiggﬁgare sel ect signal

generating circuit; Fig. 65 shows a p decode S/'N di scrim nate
result acquisition signal generating circuit; Fig. 66 shows a first
part of the address counter circuit;
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10 Figs. 67 to 72 show the other address counter circuits; Fig. 73
shows a spare circuit; Fig. 74 shows an (Alc="1")-side S/N

discrimnating circuit; and Fig. 75 shows an (Al ¢c="0")-side S/'N
discrimnating circuit, respectively. First, the counter generates
col um addresses at which 15 the par%kgkﬂg?code signals are changed for
each 8 cycles in t he page node. | e nodes ot her than the page node,
si nce no count-up operation by the counter is required, it is
unnecessary to transmt a carry. Therefore, in the page node, a head
address is set to the counter output on the basis of 20 a signal CLSETP in
the columm access cycle. In the burst cycle, the counter begins to
operate between the fifth cycle and the eighth cycle after the colum
access cycl e.
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The count-up cycle in the burst cycle in the page node can be detected
by a circuit as shown in Fig. 62, and the 25 counter is directly driven by
a circuit as shown in Fig. 63. The counters are connected as shown in

Fig. 66, and the

counters are configured as shown in Figs. 67 to 72,

respectively for inplenmenting the desired address counting operation.

30 In the page node,

t he cqunﬂZSﬁ%?e circuit executes the

spare/ normal discrimnation without delay caused by the spare circuit
operation. For this purpose, the address counter is first operated; a
spare address is conpared with an address out putted next; and the
address is discrimnated before the 35 actual address is used. Further, in
t he page node, the col umm
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decoder corresponding to the head address and the col um

-29-, . decoder corresponding to the next address are both activated.
28782
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Therefore, one of the discrimnated results of both the decoders is
determ ned by a circuit as shown in Fig. 64. The switching of the
partial decode signals and the SIN 5 discrimnation result acquisition by
t he col unmm syst em address wi || be described hereinbelow with reference
to Table 37. The spare/colum discrimnation signal and the colum
partial decode signal are changed 88 cle intervals after t he col um
access cycl e. The spare/normal discrimnating 10 circuit is connected to
another circuit, as shown in Fig. 73, and configured as shown in Figs.
74 and 75. In the nodes ot her than the page node, since the colum
decoders wi || not be changed in the burst cycle, a swtching signal as
shown in Fig. 65 is kept at a constant val ue.
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15 . The switching operation between 4-bit and 8-bit in the col um
system data access will be described herei nbelow with reference to

Tabl es 38 to 40. Table 38 explains the change bet ween X4 and X8 and the
decode of A9c in the X4; Table 39 expl ai ns the X4 page; and Table 40
expl ains the QACT control 20 and the A9c control, respectively.

Fig. 76 shows the addresses and thegypuiptit nunbers corresponding to the
respective cell arrays in the 8-bit, and Fig. 77 shows the addresses
and t he out put nunbers corresponding to the respective cell arrays in
the 4-bit, 25 respectively. To switch X8 to X4 or vice versa, the
connection betweern the RWD lies and the DQ buffers are changed as
listed in Table 9.

DAM OPTION CKT FOR WRITE LATENCY

.
(OP2) ___ (ONLY CONNECT)

(0P22)
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First,

)

R o ad i

when the X8 is switched to the X4, the signal QACT for
acti.vating the DQ buffer is decoded. In the case of the 30 page |ength of
X4, as listed in Table 10, there exists the case where the two cel
arrays are accessed. In this case, however, the QACTO and QACT3 are
both activated securely. _ The gizgaglzs QACTO exist in the cel

arrays to be accessed subsequently and the signals QACT3 exist in the
cell arrays 35 to be accessed previously. Therefore, the addresses A9c of
the cell arrays to be accessed previously and subsequently are
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- 30- | at ched, and the timngs at which two cell arrays are accessed

are detect:ed. These operations are executed by the circuits as shown in
Figs. 79 to 83. Here, Figs. 79, 80 and 81 show QACT selecting circuits;
Fig. 82 shows an A9 counter; and Fig. 5 83 shows an A9 counter driving
circuit, respectively. Furthergzbtgr 84 shows a DQ buffer; Fig. 85
shows a DQ -
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line read control circuit; Fig. 86 is a circuit diagramshow ng a

DQline wite control circuit; Fig. 87 shows a DQ line read contro
circuit 10 in an A9c and /A9c coexi stent section; and Fig. 88 shows a DQ
wite control circuit of in the A9c and /A9c co- exi st ent section.
Further, the columm system bank switchy irs execut ed by acircuit as
shown in Fig. 51, and the colum systen1se ection 15 is executed by a
circuit as shown in Fig, 52. Further, when the KI/KIl are used as the
opposite phase signals, a circuit as shown in Fig. 53 is used.

The detail ed operation of the enbodi mrent according to the pr esent

invention is explained in timng charts shown in Figs.
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20 93 to 99. Fig. 93 shows the operation obtained when the | at ency
is "2" and the nodule length is "4"; Fig. 94 shows the operation
obt ai ned when the latency is "3" and the nodul e length is "4"; and
Fig. 95 shows the operation obtai ned when the latency is "4" and the
nodul e length is "4", respectively. Zg%ﬁfq%{ese timng charts, there are
shown various signals CLK, | CAS, KIN, CPOR, CP, /SFl1l1, /SFi12,

/ DF13, [/ SF14, [/ SF21, | SF22, [ SF23, [ SF24/ REGL, RE®X, K, CFP, RLL,
WWR1, WWR2, Hi- Z, /RPRMj, CGDWML, GDMR, CDMB, GDW4, DQVRI, DQVR2,
DQVR3, DQWR4, GR1, GR2, GR3, G4, R CLSET, DQ etc., respectively. 30
Further, Fig. 96 shows the operation obtained when the | atency is "2",
the nodule length is "4" ‘and the wite latency is "0"; Fig. 97 shows

t he operation obtained when the |atency is "3",

MLP —
::z:;::éiizi:}:::::k}—£>x>———DEZEN
F16. 44 (A)
MLP —
D B
comp—I ", _J—*D)_DO—PASEL

?
o, .
ol

—

e

This Sheet Has Been Rep‘lii:ed

A

Vle e San s o]



the nodule length is "4" and the wite latency is "0"; and Fig. 98
shows the operation obtained when the latency is "4", 35 the nodule
length is "4" and the wite latency is "0", respectively. In these
timng charts, there are shown vari ous
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- 31- signals such as CLK, /CAS, /WE, COLACT, /NONCLA, CLKIN, CPOR
CP, READ, WRITE, /R, CLSET, /SF11, /SF12, /DF13, /SF14, /SF21, | SF22,
| SF23, | SF24, REGL, RE®R, K, /PERM GRl, GR2, GR3, GR4, GAL, G2, GWNB,
GM, REGL10, REGL01, REQ210, RE&01, XR110O, 5 XR101l, XR210, XR201, /XW
RWIin, DQn, CFP, RiL, WWRi, /RW SRST, H -Z, etc.,
respectively. Further, Fig. 99 shows e operation obtained when the
page node is (X4) and the tap = 9, in which there are shown vari ous
signals such as CLK, K, KR, PLS1, PLS2, PLS3, PLS4, CNTF, /CNTB, CNTP,
[PX, IPY, IPX, 10 X, Y, /YCHAN, ACi, SAto SD, SE to SH, Kp, Kp', SAB,
SBC, SCD, SDE, SEF, SFG SGH, SHA, TA/B/C, /CDRVA, /CDRVB, /CDRVC,
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/ CDRVD, /CDRVE, /CDRVF, /CDRVG /CDRVH, /CNT9, /ACL9, /QA9C, ALG ,
QACTO0, QACTO01, QACT02, QACT03, QACT10. QACTII, QACT12, QACT13, etc.
respectively. 15 ° As understood by the above-nentioned enbodi nent, the
present invention provides the synchronous LSI nenory device as

fol | ows: (1) The basic signqu;zﬂghronous wi th the CKE signa
related to the nask is generated according to the status of 20 the CKE
signal, and the nenory device is accessed on the basis of the second
signals stopped after the previously determ ned nunber of accesses has
been made or when the stop signal is I nput t ed. (2) Further, in
the configuration of (1), the initial
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25 operation is executed by the shift registers accessed on the basi s
of t.he second signal. (3) Further, with the use of the 4-bit shift.
regi sters of the configuration of (2), the colum systemis activated
on the basis of the outputs of the specific shift registers. 30 (4)
Further, the two sets of the shift regggiegs of the configuration of

(2) are incorporated. (3) Further, in the configuration of (2),
the initial conditions are changed according to the read | atency.

(6) The shift registers for acquiring externally 35 inputted data in
synchronismw th the CLK signal are provided. Further, 4-bit input

regi sters are provided for each DQ pin.
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This is the replacenent sheet - 32-
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The data’'input is so controlled that data can be inputted to t he i nput
regi sters in sequence. Wien the data input sequence I s not changed,
the alternate two-bit registers are provided for inputting data. 5
(7) The DQM status is acquired by the 4-bit registers i n sequence.
The acquired data are outputted in sequence, and the outputted data
are inputted to the specific 4-bit gg - g2gisters, respectively. \Wen the

i nputted DQM data is in the first status, the 4-bit registers generate
a signal for 10 setting the output circuits thereof to a high inpedance

st at us in synchronismw th the second signal of the configuration of
(D). (8) The data registers for acquiring the DQM by the 4-
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bi t regi sters in sequence in synchronismw th the second 15 signal only in

the wite node are provided. The data of the regi sters are outputted
to the DQWVIines two bits by two bits for each two cycl es under
scranbling condition, and the DQWV | i nes are precharged at

predeterm ned cycle intervals. (9) Wen the predeterm ned access
length is "1", the 20 second and Jough register values of the 4-bit

| engt h DQMVI wite registers are fixed in the sane status as when the
masked data are acquired. (10) The data registers for acquiring
the DQMin the 4- bit registers in sequence in synchronismwth the

second 25 signal in the read node are provided. The data of these data
regi sters are outputted in sequence to the DQWVIines. In the
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wite node, the DQWVIines are fixed in a high inpedanée
output circuits.

the 30

been conpl eted. 35
in the

status by an

(11) When the predeterm ned access length is "1",

second and fourth outputs
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-33- :
(14) The

nunber

of

cycl es

the basis of signals selected two bits by two bits

S

non-wite status and the first cycle in the wite node.
previously determ ned

counted on

by interleaving

the 4(2 + 2)-bit registers. 5 (15) When a plurality of cell arrays
are serial -accessed, the serial access is so controlled that a
plurality of cell 42782
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arrays are accessed simultaneously. (16) In the configuration of
(15), when the a plurality of cell arrays are accessed sinmultaneously,
the DQ buffers 10 whose nunber is half that accessed separately are
activat ed. (17) In the configuration of (1), the second signals
are divided into a plurality of4gtggg?s according to the uses, for
instance as CPK, CPW CPR, etc. in Fi'g:’ 3, so as to be controll ed
respectively. 15 As descri be above, in the synchronous LSI nenory
devi ce according to the present invention, the cell arrays are
divided into two banks; there are provided the timng generators for
generating accessing signals in synchronism with the nmasked CLK
signal; the columm systens of the two-band
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20 cell arrays are pipeline-operated via DQ buffers and registers
t hat an access can be nade once between the core sections

cl ocks. Further, in the read node, the data read fromthe core section
are transferred being interleaved to the 4-bit serial registers two
bits by two bits, and the data 25 transferred to the serial

regi sters are
outputted in series. In the ' node, data are read to the serial
registers in sequence, the

addata are witten being interleaved in
t he core sections two bit by two bits. As a result, it is
possible to operate both the CPU 30 operative in response to a high speed
cl ock signal and the menory device operative in response to a | ow speed
on the basis of the same single clock, thus realizing a synchronous
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LSI nmenory device which can be incorporated in a high speed CPU,
w t hout conplication of the system 35 As descri bed above, in the
synchronous LSI nenory device according to the present invention, it is

possi ble to operate
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-34- the nenory device whose access speed is |lower than the CPU on the
basi,s of ,a single high speed clock signal suitable for the CPU, so that the
it is possible to sinplify the clock control so as to be correspond to the
hi gher speed CPU wi thout conplicating the system configuration.
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-35 - Table 1 1) Truth table 1. CKE is
active high. 2. CBR and Self-Refresh Entry are other conmands on CL
| evel . 3. CBR becones aut o- prechar ge. 4. Auto pre-charge by Al10

is added to read/wite
48782
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operati on. 5. CKE suspends clocks for inputting all

command and
I nputting and out putting data. TRUTH TABLE

C D B
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CBR & AUTO-PRECHG Herr] X X X XL L L H REFR SELF-REFRESH ENTRY
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WRITE & AUTOOPRECHG H2 X V H V L H L L WIT

A READ H X V L V L H L H READ READ & AUTO PRECHG
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CLK SUS/ STDBY MODE L2 X X X X X X X X HOLD DATA WR/ OQUT ENABLE
Herr] L, X X X X X X X ENBL DATA MsK/QUT DISBL Herr] H X X X

X X X X MASK (1) CKE status is Hlevel in sanme cycl e/ previous
cycl e. (2) CKE status is previous cycle. (3) V=Valid X = Don't
care L = Low H = High (4) Al inpu acquired by rise edges of CLK
(5 MRS, REFR and SREF are executed mﬁ%%/ﬁ%g banks are

pr echar ged.
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Tabl e 2 (Col um system activation sequence) (PAGE W\RAP)
TAP ADD SEQ CSL SEQ DQ ACTV SEQ ADD SCR BLE 0 01234567
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1 12345670 AB-BC-CD-DE 12-30-12-30 10-10-10-10 10
2 23456701 BG-BC-DE-DE 23-01-23-01 01-01-01-01 o012
3 34567012 BC-CD-DE-EF 30-12-30-12 10-10-10-10 10
4 45670123 CD-CD-EF-EF 01-23-01-23 01-01-01-01 01
5 56701234 CD DE- EF-F -30-12-430 10-10-10-10 10
S5

EF- FG G+ HA
FG FG HA- HA
FG G+ HA- AB
GH G+ AB- AB
GH HA- AB- BC

Pl
PRS2

o
\’;_f‘
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6 67012345 DE-DE-FG FG 23-01-23-01 01-01-01-01 01
HA- HA- BG-BC 7 70123456 DE-EF-FG GH 30-12-30-12 10-10-10-10 10

HA- AB- BC- CD Addr ess corresponding to the succeedi ng col um
decoder

56782
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- 37- Table 3 (Col um system
acti.vati on sequence) ( 8- WNRAP)
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TAP ADD SEQ CSL SEQ DQ ACTV SEQ ADD SCR BLE 0 01234567

AB- AB-CD-CD  01-23-01-23 01-01-01-01 01 EF-EF-GHGH 1
12345670 AB-BC-CD-DA 12-30-12-30 10-10-10-10 10

EF-FG HE-HE 2 23456701 BC-BC-DA-DA 23-01-23-01 01-01-01-01 01 01

FG FG HE-HE 3 34567012 BC- CD-DA-AB 30-12-30-12 10-10-10-10 10

FG GH HE- EF 58782
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Tabl e 4

acti-vati en sequence)
SEQ ADD SCR BLE O

¥

16M synchr onous DRAM

(8- | NTERLEAVE)

(Col um system

TAP ADD SEQ CSL SEQ DQ ACTV
01234567 AB-AB-CD-CD 01-23-01-23 01-01-01-01 01

6982

DQ BUFF ACT SIG

AO

(OLD ASC SIDE)

QASC

QACTOO)
DG D Do 7414

Do e
/I

>AQC = 0 SIDE

D D D:QACTOZ
- ‘ g1

QACTO3
[ DoDo="g J

QACTIO |
[ PP /10

D [: [: QACTH!
1 171

%‘AQC =1 SIDE
QACTIZ2
| Doy

AIGO _}::)0 —::
0,
AP
BO
=1
A0
— >
KV | TASC
| (OLD ASC SIDE)
AlGO ,-D} =
BI_
=1
BI_L
AlGI ﬁ}
Al L
QASC

D [: D QACTI3
I/IIJ

(OLD A9C SIDE)

FIG, 18
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EF- EF- G+ GH
EF- EF- G+ GH
EF- EF- G+ GH
EF- EF- G+ GH
GH G+ EF- EF

@

Lo
14

%

1

3

2

4
5

10325476 AB-AB-CD-CD 10-32-10-32 10-10-10-10 10
23016745 AB-AB-CD-CD 23-01-23-01 01-01-01-01 O1
32107654 AB-AB-CD-CD 32-10-32-10 10-10-10-10 10
45670123 CD-CD-AB-AB 01-23-01-23 01-01-01-01 O1
54761032 CD- DA- AB- BC y-;Z- 10-32 10-10-10-10 10
6478 -

[ . GACT SEL CKT

AlG!

CLSET

ALTI

CLSET

Y8

SH

VINT
(X8)

QASC

5. | | ACLS KJ:)Z\ET “ed IF OLD ASC = 0)
YC3_J'Ti lacLe

QASC

K— T (ACT"ed IF OLD ASC = 1)

FIG. 80
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GH- HE- EF- EF
GH GH EF- EF
GH GH EF- EF

RY

6

67452301 CD-DC-AB-AB 23-01-23-01 01-01-01-01
7

01
76543210 CD-CD-AB-AB 32-10-32-10 10-10-10-10 10

65782

WRAP.

L—-{ :
ACLO ———FDO—I_‘ o—A
INTER—Do—T

WRAP——L_' 8
ACLO—po—I

F16. §1

[ A CIR__|

a

ACLO xe) AP
(x8) VNT— ]
VINT —_] .

1gl>°l>°—I cn\n'9*(>°[>°'J %ID"D"J CNTQ"‘DoDOiTg
Lp}-ATS <=

CLSET CLSET

F1G. 82

—
T
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Table 5 16M synchr onous DRAM
activation sequence)

(Col um system
(4-WRAP) TAP ADD SEQ CSL SEQ DQ ACTV SEQ ADD
SCRBLE O 0123 ABABCDCD 01 -23

01 - 01 01
66782
A9 CTR DRIVER

YA3

Yas—h} R—1 CNT®

YC3 __r— _

R Lol CNTO

MLP

\“_-—\—~‘
This Shees T
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EF- EF/ G+
EF- EF/ G+
EF- EF/ G+

GH
GH
GH
EF- EF/ GH CH

i,
@

kY

1 1230 ABAB/CDCD 12 30 10 - 10 10
2 2301 ABAB/CDCD 23 01 01 -01 01
3 3012 ABAB/CDCD 30 12 10 - 10 10
67782
{ DQ BUFF_|

_Dani %ﬁiﬁ:g DQni
%Enng

GWHi g : i f GWLni

asedt — L
RWDjn
QSE€i
1 oo
(BOTH FOR I/1L)
F I G' 84 This Sheet Has Be. -
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Table 6 16M synchr onous DRAM (Col um system
activation sequence) (4- I NTERLEAVE) TAP ADD SEQ CSL SEQ DQ ACTV
SEQ ADD SCRBLE 0 0123 ABAB/CDCD 01 23 01 01 01
EF- EF/ GH CH

6882

@

WECL. ;; bj |
o~ QACTUO

DQ LINE READ CONT

QSLTE

1'>o QSEE O

D,
QACTJI Do———-|>o—— QSEL |

WECL. __:}_L -
— )o [>o SG¢
ZQACﬁ_I_

QACTJ2 PD& >0 QSE£2

aacTs _— Yo o QSEE3

(& : FOR S/A REGIONS)
FIG 85 ( ) (BOTH FOR I/1)

QSLTE

- WE@AC{ 1/1
EQDC

I71

KVL —{>o—{>o——EaDa /1
F16. 85 (B)

—

TTe——

This Shee
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1 1032
EF- EF/ GH: GH
EF- EF/ GH GH
EF- EF/ GH GH

B- AB/ CD-
30
21

A ch 10 32
2 1
3 0

2
3

AB- AB/ CD- CD
AB- AB/ CD- CD

10 10
23 01
32 10

10
01 -01
10 10

01
10

69782

D& LINE WRITE CONT

QsLTES

@

QACTSO

DOMWI_,
QACTI — T

DQMWO
QacTi2 —

ECL:

DQMWO-Do—

GWL.nO
— I
W GWHnNO

2 po—H

WDnI
GWLnl

worl GWHnI

i
oz D —

GwWwLn2

S GWHn2

wDn3

DQ\AWI

_,‘:Do; GWLNn3

QACTj 3

RWDnO

Z_I‘:DO_ GWHn3

WDn

RWDnl —>o

Do

o
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Tabl e 7 CSL SELECTOR TAP SET

Alerr] Aerr] Alerr] PAGE
8-INTER , 4-WRAP 4-|NTER 0 AB AB AB
AB

- 74782

DQ LINE READ CONT | (ASC, ASC CO-EXIST SECT)

2 dSET.f
WECL;DO—
gﬁg ?g— >o—asEéo

QACTO!
QACTTI _33 [>o—QsE€ |

QACTOZ > ase€2
oACle*—:DDc Do ¢
QACTO3———~[ Yo D>o——asE¢s

QACTI3
(BOTH FOR I/II )

FIG §7 (A)

QSLTE

::__—DO—DO— EQAC € 171
EQDQ I/IL _

K Il—>o—[>o——EQDQ /11

FIG. 87 (B)

R

g

8- \RAP
AB

WECI ;]E );_;I] S_(sé"
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0 1 BC BC AB AB AB 0 0 D
CD . . CD CD CD 1 1 DE DA CD
CD CD 0 EF EF EF EF EF
1 FG FG EF EF EF 1 0 H GH
GH GH GH 1
/7782
{ DO WRITE CONT |(ASC, ASC CO-EXiST SECT)
QSLT
&8 WECL rlj-:>CJ : WDnO
_ijjo~ew1_no
DQMWO
_Dc
QATOO _J_ID} GWHRO
aamio | | . Womo
WDn|
GWLnl
DQMWI
cmcmt_l—:.DDc GWHRL
QACTI! I
WDn2
_'rjjo—GWan
DQMWO
QACTO2 — I — 3"5)0_
GWHn2
h aactiz — | VonE
WDn
GWLN3
DaMWE__
QACTO3 jD WHn3
QACTI3 WDn3
RWDRO —>o [>o—— WDno
WDnO
RWDn! _[>o —{>0—WDnl
WDnl
This Sheet
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74782
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6 914
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X4

REG

X8

RWD L
1

3 3

DQ BUFF DQ BUFF

1

RWD L
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4 4 4 4 2 4 4 2 5 5
5 3 6 6 3 6 6 6 6 2
4 4 2 7 7 7 7 3 6 6
76782
latency = 2, module length = 4 SEL-SYS
cLK LWWW\_/—\_,WORD MASK (READ)
CAS —\
DQM

| \J T
N mn

R i Hiz CONT

m\ /M
bo XX XBTiy—(es)— X XX C

B —
(Hiz BY DQM) (Hiz BY Hiz CONT)

FI1G. 93

_— _
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¥
LS

Tabl e 10 (FOR X4 PAGE)

77782

SEL-SYS
]atency = 3, mOdUIe Iength = 4 WORD MASK(READ)
CLK _ﬂm_\_/_\f\/w

\'\_F\_f

CAS l\_/
DaM

CLKIN
CPOR
cP
SFIl
SFi12
SFi3

AT L_}
5F14 ] / ;J\_j_
sFai \\Y A & x_f‘}

(-

SN/ \

SEL SYS BASIC PULSE

1st SHIFT REG SIG

sFz T \[N S /]
5723 T\ [‘-1—&’

SF24 ‘ \___J
REGI

REG2

K O S
CFP M\ ! J‘/_—I\ M
RiL RIL=H X R2L=H 1Y X

X
WMR | 1\ \ MODULE LG DET
WMR2 \ J}
HiZ T Hiz CONT

RPRM \\ READ OP ENABLE
GOM!I /L \\ Y

A\
GDM2 I\
GDM3 J
GDM4 \ S\ X .
DQMR1 X X HU Y A Y xﬁ
DQMR2 Y —X
DQMR3 Y 5 1
DOMR4 Y i G §

2nd SHIFT REG SiG

REG GR SELECT

IE

I\

f‘}oau READ REG GATE

}DQMR LINE

J
il

GR1 ™\ I\
GR2 /A T\ T\ /" )} READ REG GATE
GR3 I\ 4[_j§——1 I\

‘GR4 "\ I\ /\

R I WY §
CLSET I\ I\

DQ XY XX —C }——————CZ:[ZZXZZX

/41__,//’ (le PERIOD BY Hiz CONT)

(Hiz PERIOD BY DQM)

%

F16. 94
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L

BRI

T ADDRESS /CDRV QACT SEQ T PRE NEW CO A SEQ | SH FT REG
Y ACO ACQ® EX P SEQ P LAS 6TA IS

E T

RT T 0 01234567 AB-BC-CD-DE 01-23-01-23 A HA AB

EF-FG G+ HA 01-23-01-23 1 12345670 AB-BC-CD-DE 12-430-12-30 B GH

AB
/

HA

HA EF- FG G+ HA 12-30-12-30 2 23456701 BC CD-DE-EF 23-01-23-01
AB FGGH—HA—%/%%01-23-01 A

latency = 4, module length = 4 SEL-SYS'

cLK WWW\/WWORD MASK (READ)
CAS N

DOM /T /7~ \

SEL SYS BASIC PULSE
1st SHIFT REG SIG

| —
J—
sz R s - 2nd SHIFT REG SIG
5F23 S \ "/
5F24 \—/ L — - S/
/T \
Res { / JREG GR SELECT

RiL __RIL=H__ X RZL=H ¥
iz A— JMODULE LG DET
WHR2 Y e
HIZ Hiz CONT
RERH] L READ OP ENABLE
GOMI I\ |
GOM2 S\ ] —
GDM 3 —\ Y N DOM READ REG GATE
soma S\ I \ \ SRS
DOMR1 X X R )
DOMR2 X 1 D S DOMR LINE
DOMR3 X ¥\:’ \‘ X
DOMR4 X X Y Y J
o - rF‘
Rz ) A= READ REG GATE
GR3 S\ f—‘v__\
GR4 J \ S\ Y '
24 | VR 4 \—/——\__Nr——.—-—
CLSET \ /I \ 1
T S G " S S — e S —
\.v___/ s

(Hiz PERIOD BY DQM)  (Hiz PERIOD BY Hiz CONT)

F1G 95
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3 34567012 BGC-CD-DE-EF 30-12-30-12 / GH AB HA
FG G+ HA-AB 30-12-30-12 B 4 45670123 CD-DE-EF-FG 01-23-01-23 A HA

AB GH HA- AB-BC 01-23-01-23 5 56701234 CD- DE-EF-FG
12-30-12-30 B CH AB HA GH HA- AB-BC 12-30-12-30 6
67012345 DE-EF-FGGH 23-01-23-01 / HA AB HA- AB- BC- CD
23-01-23-01 A B 74782
latency =2, module length = 4,write latency = 0 SEL SYS BURST OP

CLK "\ /NSNS AL\ SN\ SN\

&= NS S

WE \_/ 2\ <\

COLACT /\ _ M\ COL ACT DET

NONCLA— /7 [\ S\

CLKIN \
CPOR
cP
N READ L S S
ﬁ@ ' WRITE
< R /\ L
CLSET M\ 7/ At Fal
SFIH S L S S
=_/—F— =
p

SFi2
5FB. : 77 -
5Fi3 —/ 7 - /T
SF21 J ] g - { |
sFez — | = \_/
SF23 P X/ .
| WY A
—
A

SF24 _f
REGI ~
REG2 ——/ |
K \/ J
RPERM —— | M
GR I . [] : /\ - 'a
GR2 \ [ S
GR3 J A 4\ I
GR4 T\ T\
GW 1 7
GW2 - [ \
| S

. 1
Conds GW 3 \]
(125
i W4 )i\\
REGIIO —\ —/ - r
REGIO
REG2I0 .
=

aeszor_/—rL 1

XRItO | I\
XRIO| {

XR210 \

k‘f

XR20l ——/ \ \‘
XwW \ Y
RWDIn X X
DQn b
CFP —
RiL X B2izn X HiL:H =

WMRI \
~ RMR X o\ S
MRRST
SRST

: v
Mz [\ S Hiz CONT

— FI1G. 96
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7 70123456 DE-EF-FG GH 30-12-30-12 / G4 AB HA
HA- AB- BC-CD 30-12-30-12 B A9c change side

V74

latency =3, module length = 4,write latency = 0 SEL SYS BURST OP

ax
&s /] U a
We —\_ /N
&A& %ct/_/—\ N\ /N COL ACT DET
- /N COL DEACT DET
CPOR
S : SEL SYS BASIC PULSE
) o [/ READ MODE DET
w /- — WRITE MODE DET
cLseT 7 '] 7 ,—-C]TAP ADDRESS MODE AQC
SHL |/ 3
5 { =, —"|1st SHIFT REG SI6
s\l T ‘
572 % P /—|2nd SHIFT REG SIG
iy / ]
e A /"]PEG GR SEL SI6
K T/—\—\\__~"COL SYS BASIC SIG
AW \‘\——:\'I READ ENABLE SIG
GR 1 V\ VAT I\ ) .
GR 2 ! { X READ REG GATE
GR3 J—I\ A \
GR4 % FAY L /S
GW | N
. oz _| | WRITE REG GATE
%53 6w3 \ /17
Gw4 yonY
REGHO \ 0 R e 7
REG101
mlo“‘(\___/_* ) — |DATA TRANS SELECT S16
REG201 /1 f )
XR110 Al S\ I
X1l VooV o READ DATA TRANS SIG
= w—
W —H WRITE DATA TRANS SIG
RWD in X X ) m\ X RWD LINE
pan D —— D02 \otX 02 X 63 X 04 ) 3] ¢]
CFP M\ ‘au /.
RiL AT D & F T TR 1T X @ REG GR DET
Ly =) _ \———JMODULE LG DET
MRRST. (CLKINZ) READ MODULE RESET
SRST SEL SYS RESET

FIG, 971
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-43 - Table 11 [ ARCH TECTURE EXPLANATI ON] ( See

Figs.. 2 to 4) (1) SERI AL SYSTEM STUDY  FUNCTI ONS REQUI RED FOR SERI AL
SYSTEM

81782

latency = 4, module length = 4, write latency = 0 SEL SYS BURST OP
CLK

W
AN
I\ Yan COL ACT DET

Y

)|
Lt

RIL ‘X A2L:H Xg\ RILzH J& 4‘\ X

WMRI \ \ J \ | U

AMR \ \ —

MRRST \ X

SRST % . .

HiZ Y A\ {cPtayy Hiz CONT SIG
— FIG, 98
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* C ock can be masked. (See Item of clock mask) * tlerr] related
operation. - * Colums can be activated for

each at |east two cycles. * Col ums can be
activated at cycles after nodule | ength

end ot h bank precharged. * For
wrltelatency—l(StudledlnItemofgy‘%%cy). * For 100 MHz CLK. *
For word nmask (Studied in Item of Wrd Mask). RESTRI CTlI ON OF DATA

REG STER

PAGE MODE (X4) TOP =17

CLK
K /" /S

Kr

PLST —\ /) ]
PLS2 ____ [/

LS [/ ==

PLS 4

/A
/
/ D A U
CNTF [ ¥\ . S
TN/
| e
/
'\
/ \
/T
X
)
)
/  \
S
S
P

CNTB

% CNTP 3y
PY
X
Y

Y OAN [
11

1

)

:

| s
BT

/A
1
ot

ACi
CAi
SA~SD
SE~SH -
Kp \_/

Kp”
SAB
SecC

i

s
N

Sco \
T SpE T\ \\

SFG

-
e

=

8
o o
§
o

s

Ll
E
1

:

5

<
1T

;

ACLO AT\ C T
—x

This Sheet Has B

i 7iu



PLALZMENT SHESLS e

- g HEPLACED SHEETS SG Sriovts 2
2 BIT+2BiT =4 BIT constryction (f,a tywo gropggyRescription naged 4., é%!?rggd;«-
biits By 2 bi BEDesctptionnpagedeate BF8eM ian)]  * 3iE(e) arused Gt inaged Z.x
register. |fabked ClpgaYisiigmabe (100 M Drgwmgé?)atmae%%to tagged 9.
signal CP. % LB e Pabdd .. 5T bRagsy St €M reset bstregin  arpged i ite gaged T
| atency. * S L}, registers are——operggt—erd by CP, to operate main

i siract” 7 paged ....... o'paged ...

-1- | DATE OF RECEPT.T.J..JAN.I097

3

SYNCHRONOUS LSI MEMORY DEVICE

FIELD OF THE INVENTION

5 The present invention relates to a synchronous LSI (large
scale integrated circuit) device, and more specifically to a
synchronous LS]I memory device suitable for use with a high
speed CPU.

10 BACKGROUND OF THE INVENTION
' In general, in the case of a DRAM (Dynamic RAM) used as

a main memory device of a computer, for instance, various
control signals such as RAS (row access) signal, CAS (column
access) signal, etc. are.required. Conventionally, these
15 control signals have been so far formed by processing a clock
signal supplied as a signal for operating to the computer or
CPU. _
On the other hand, recently, the operating speed of the
CPU has been improved to such an extent as to exceed that of
20 the DRAM. Therefore, in a mini-computer or a work station
composed of the CPU and the DRAM, the problem caused by the
difference in operating speed between the two has been so far
solved by use of the main memory constructed in the form of
a plurality of banks (blocks) composed of DRAMs or in
25 accordance with interleave operation of the memory. In this
method of using the memory, however, the memory control
procedure is complicated and thereby the cost of the memory
increases inevitably.
On the oth?q hand, another construction such that the
30 memory is controlled internally in accordance with pipeline
operation has been proposed. Where the memory is controlled
in accordance with the simple pipeline operation, however,
since the memory speed is determined by the data read speed
from a core section, the pipeline method does not necessarily
35 contribute to an improvement of the operating speed, so that
a specific countermeasure must be taken for the memory control

+
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S

pass activation signal (K), read register gate (&R, wite register gate
(GW, register group select signal (REG, and DQM read regi ster gate

(GDM) by shift regi ster out put. (1) Method of dividing basic
signal CP according to uses. (2) Method of not dividing basic signal CP
according to uses. —2=

system to increase the memory speed to such an extent as to
correspond to the CPU speed.

As described above, in the conventional synchronous LSI

memory device, when the above-mentioned conventional memory

5 operating methods such as interleave or bank switching, etc.

are applied to a relatively small scale system such as a mini-

computer or a work station, there exist problems in that the

system cost is increased or down sizing is not attained. 1In

addition, when the operating speed of the CPU is increased

10 more and more as beyond 50 or 100 MHz, since the memory

hierarchical structure must be constructed more ingeniously

so as to use the CPU properly, with the result that the system

is further complicated. For the reason as described above,

there exists so far a strong need of memory structure and/or

15 the memory control system which can match the operating speed

of the CPU with that of the memory device.

SUMMARY OF THE INVENTION

With these problems in mind thérefore, it is the object
20 of the present invention to provide a synchronous LSI memory
device which can correspond .to a high speed CPU system,

without complicating the systém.
To achieve the above—mentioned object, the present
invention provides a synchronous LSI memory device,
25 comprising: memory cell array means (BKl1l, BK2) each having a
plurality of memory cells; timing generating means (CLOCK
MASKED SECT) for generating a first basic signal (CPOR)
synchronous with a clock signal (CLK) and masked according to
status of a control signal (CKE); signal generating means
30 (SERIAL SYS CONTROL) for generating a second signal (CP) in
synchronism with the first basic signal (CPOR) and stopping
generating the second signal after a predetermined number of
accesses oOr in response to a stop signal (MRRST, MWSTP, LADA,
~ BSTP); and control means (SHIFT REGISTER) for controlling said
35 cell array means (BK1l, BK2) on the basis of outputs of said
timing signal generating means and said signal generating
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means.

Further, the present invention provides a synchronous LSI
memory device, comprising: cell block means (CB) each having
a plurality of memory cells; and data register means (WRITE
5 REGISTER) for acquiring externally input data applied to first
terminals (DQ) in synchronism with a clock signal (CLK), said
data register means being provided with inputting registers
(WRITE REGISTER) having a plurality of bits and connected to
the respective first terminals; and when data are inputted,
10 the inputting registers being controlled so that the
respective plural bits are switched in sequence or mnot
controlled so .that the respective plural bits are set

alternately to data input status.
Further, the present invention provides a synchronous LSI
15 memory device, comprising: memory cell array means (BK1l, BK2)
each having a plurality of memory cells; timing generating
means (TG) for generating a first basic signal (CPOR)
synchronous with a clock signal (CLK) and masked according to
_ status of a control signal (CKE); signal generating means
20 (SERIAL SYS CONTROL) for generating a second signal (CP) in
synchronism with the first basic signal (CPOR) and stopping
generating the second signal (CP) after a predetermined number
of accesses or in response to a stop signal (MRRST, MWSTP
LADA, BSTP); control means for controlling said cell array
25 means (BK1l, BK2) on the basis of outputs of said timing signal
generating means and said signal generating means (SERIAL SYS
CONTROL) ; and mask control means (DQMR) for acquiring statuses
of second terminals (DQM) in sequence into register means
having the number of bits even—-number times larger than that
30 obtained during a cycle interval during which a column address
is inputted, outputting the acquired data in sequence,
inputting the outputted data, respectively to specific
registers each having the number of bits even—number times
larger than that obtained during the cycle interval during
35 which the column address is inputted, and when data inputted

through the second terminals (DQM) are in a first status,
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Table 12 (2) BASI C OPERATI ON FOR RESPECTI VE SECTI ONS

—4-

outpufting signals for setting output circuits of the register
means to a high impedance status in synchronism with the
second signal (CP).
In the synchronous LSI memory device according to the
5 present invention, when a plurality of the cell array means
(each having a plurality of memory cells) for a plurality of
banks are accessed, the timing generating means generates the
basic signal, and the signal generating means generates the
second signals on the basis of the basic signal. The cell
10 array means are contrblled by the control means on the basis
of the second signals.
Further, when data are inputted to a Plurality of the
cell array means (each having a plurality of memory cells) for
a plurality of banks, the data register means acgquire
15 externally inputted data through the input register means
connected to the DQ terminals of the data register means in
synchronism with the clock signal CLK. In this case, the
register means are so controlled as to input the external
inputted data in sequence and further a plurality of bits of
- 20 the register means are set alternately to the data input
enable status when the data input sequence is not changed.
Further, when a plurality of the cell array means (each
having a plurality of memory cells) for a plurality of banks
are accessed, the statuses of the DQM terminals of the
25 register means having the number of bits half of that of a
word length are acquired in sequence, and the acquired data
are outputted in sequence. The outputted data are inputted
to the registers whose number of bits is half of that of a
specific word, respectively. Further, when the data inputted
30 through the DQM terminals are in the first status, the
impedance control means outputs a signal for setting the
output circuits of the register means to a high impedance
status, on the basis of the basic signal outputted by the
timing generating means and in synchronism with the second
35 signals outputted by the signal generating means.
Accordingly, in the synchronous LSI memory device
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NAIN PASS ACTI VATI ON SI GNAL ( K) * During activation * Operates for each

two cycles in syn with CP (L pul se).

K stops when serial system stops. * Reset operation * (peration nust
be started from 1st cl ock when serial systemis
reset. READ DATA REQ STER GATE (GR) —5-CGRi proceeds in syn with CP.

according to the present invention, it is possible to operate
the memory device whose access speed is lower than the CPU on
the basis of a single high speed clock signal suitable for the
CPU, so that the it is possible to simplify the clock control
5 so as to be correspond to the higher speed CPU without

complicating the system configuration.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram showing one embodiment of the
10 memory device according to the present invention;
Fig. 2 is a circuit diagram showing a configuration of
data lines of a 16M synchronous DRAM;
Fig. 3 is a circuit diagram showing an example of a
configuration of a serial—-system control section;
15 Fig. 4.is a circuit diagram showing another example of
a configuration of the serial-system control section;
Fig. 5 is a partial circuit diagram showing a column
activating detecting circuit;
Fig. 6 is a partial circuit'diagram showing another
20 column activation detecting circuit;
Fig. 7 is a circuit diagram showing a serial-system basic
pulse generating circuit;
Fig. 8 is a circuit diagram showing a serial-system
setting circuit;
25 Fig. 9 is a circuit diagram showing a column deactivation
detecting circuit;
Fig. 10 4is a circuit diagram showing a read mode
detecting circuit}
Fig. 11 is a circuit diagram showing a write mode

30 detecting circuit;
Fig. 12 is a circuit diagram showing a write latency

detecting circuit;
Fig. 13 is a circuit diagram showing a tap address mode
acquisition control circuit;
35 Fig. 14 is a circuit diagram showing a column cycle

detecting circuit;
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¥ Wen serial systemis reset, operation nust be started from GRi

corresponding to | atency. * AIl are deactivated in wite node. * In

read node, operation starts from lst CLK VRI TE DATA REGQ STER GATE (GW
* GN proceeds in syn with CP. * When serial systemis reset, operation
nmust be started from GAL. * In rea-node, GM, GMB = H GR/GM = L

(for 1st cycle).
Fig. 15 is a circuit diagram showing a first shift

register;
Fig. 16 is a circuit diagram showing a second shift
register;
5 Fig. 17 is a circuit diagram showing a register group
selecting circuit;
Fig. 18 is a circuit diagram showing a column—system
basic signal generating circuit;
Fig. 19 is a circuit diagram showing &a read register
10 gating circuit;
Fig. 20 is a circuit diagram showing an XR register
selection signal generating circuit;
Fig. 21 is a circuit diagram showing a used register
group detecting circuit;
156 Fig. 22 is a circuit diagram showing a data transfer
gating circuit;
Fig. 283 is a circuit diagram showing a read data
transferring circuit;
Fig. 24 is a circuit diagram showing a read data register
20 circuit;
Fig. 25 is a circuit diagram showing a write register
gating circuit;
Fig. 26 is a circuit diagram showing a data transfer
selection signal gemerating circuit;
25 Fig. 27 1is a circuit diagram showing a write data
transfer signal generating circuit;
Fig. 28 1is a circuit diagram showing a write data
register circuit;
Fig. 29 is a circuit diagram showing a first stage
30 circuit for a serial system;
Fig. 30 is a circuit diagrams showing an address buffer
circuit;
Fig. 31 is a circuit diagram showing a /WE buffer
circuit;
35 Fig. 32 is a circuit diagram showing an address mode
acquisition signal generating circuit;
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*In ywite node, GN selected by shift register is activat ed.

REGQ STER SELECT SI GNAL ( REGQ *Sw tched for each 2 cycle in syn with CP.
* When serial systemis reset, operation nust be started from 1st

regi ster group. DQVR REGQ STER GATE ( GDM- GDM proceeds in syn with
CP. -7-

Fig. 33 is a circuit diagram showing a read operation
enabling circuit;

Fig. 34 is a circuit diagram showing a DQMR gating
circuit;

5 Fig. 85 is a circuit diagram showing a high impedance
control circuit;

Fig. 36 is a circuit diagram showing a DQMR register
circuit;.

Fig. 37 is a circuit diagram showing a RPRM generating

10 circuit;

Fig. 38 is a circuit diagram showing a GDM generating
circuit;

Fig. 39 is a circuit diagram showing a DQM write register
circuit;

15 Fig. 40 is a circuit diagram showing a DQM option circuit
corresponding to the write latency;

Fig. 41 is a circuit diagram showing a short-period basic
signal generating circuit;

Fig. 42 is a circuit diagram showing a register group

20 detecting circuit;

Fig. 43 is a ecircuit diagram showing a partial
configuration for a module-length detection procedure
selecting circuit;

Fig. 44 is a circuit diagram showing another partial

25 configuration for the module—length detection procedure
selecting circuit;

Fig. 45 is a circuit diagram showing a module-length
detecting circuit;

Fig. 46 is a circuit diagram showing a read module

30 resetting circuit;

Fig. 47 is a circuit diagram showing a write module
stopping circuit;

Fig. 48 is a circuit diagram showing a module-length
detecting circuit;

35 Fig. 49 is a circuit diagram showing a module~number

counting circuit;

J—
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*In wite node, GOM is fixed to HorL on |atency. * I'n read node,
operation is sane as GRi (Reset operation Is also sane as GRI).

-8~

Fig. 50 is a circuit diagram showing a burst stop command
detecting circuit;

Fig. 51 is a circuit diagram showing a column—-system bank
switching circuit;

5 Fig. 52 is a circuit diagram showing a column—-system
selecting circuit;

Fig. 53 is a circuit diagram showing the column-system
selecting circuit required when KI and KII signals are used
as opposite phase signals /KI and /KII;

10 Fig. 54 is a circuit diagram showing a column decoder
circuit;

Fig. 55 is a circuit diagram showing a column partial

decoder; _
Fig. 56 is a circuit diagram showing a spare CSL;
15 Fig. 57 is a circuit diagram showing a CSL driver;

Fig. 58 is a circuit diagram showing a CSL selector;
Fig. 59 is a circuit diagram showing a CSL selector
driver;
Fig. 60 is a circuit diagram showing a CSL-related logic
20 circuit;:
Fig. 61 is a circuit diagram showing a CLS select tap
selection signal generating circuit;
Fig. 62 is a circuit diagram showing an address-—change
basic pulse generating circuit;
25 Fig. 63 is a circuit diagram showing a counter driver
circuit;
Fig. 64 is a circuit diagram showing a spare select
signal generating circuit;
Fig. 65 is a circuit diagram showing a partial decode S/N
30 discriminate result acquisition signal generating circuit;
Fig. 66 is a circuit diagram showing a first part of an
address counter circuit;
Fig. 67 is a circuit diagram showing a second part of the
. address counter circuit;
35 Fig. 68 is a circuit diagram showing a third part of the
address counter circuit;

o
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Table 13 (3) READ RELATED SECTI ON STUDY * When read data are read
fromcore section, data nust be transferred to read data registers.
* After data have been transferred to read data

o

Fig. 69 is a circuit diagram showing a fourth part of the
address counter circuit;

Fig. 70 is a circuit diagram showing a fifth part of the
address counter circuit;

5 Fig. 71 is a circuit diagram showing a sixth part of the
address counter circuit;

Fig. 72 is a circuit diagram showing a seventh part of
the address counter circuit;

Fig. 73 is a circuit diagram showing a spare circuit;

10 Fig. 74 is a circuit diagram showing an (Ale="1")-side
S/N discriminating circuit;

Fig. 75 is a circuit diagram showing an (Alc="0")-side
S/N discriminating circuit;

Fig. 76 is an illustration for assistance in explaining

15 +the DQ buffer configuration of an 8-bit DRAM with two 1M—-word
banks;

Fig. 77 is an illustration for assistance in explaining
the DQ buffer configuration of an 4-bit DRAM with two 2M-word
banks;

20 Fig. 78 is a circuit diagram showing a DQ buffer
' activation signal detecting circuit;

Fig. 79 is a circuit diagram showing a QACT selecting
circuit;

Fig. 80 is a circuit diagram showing a QACT selecting

25 circuit;

Fig. 81 is a circuit diagram showing a QACT selecting
circuit; .

Fig. 82 1is a circuit diagram showing an A8 counter
circuit;

30 Fig. 83 is a circuit diagram showing an A9 counter
circuit;

Fig. 84 is a circuit diagram showing an exemplary circuit
for transferring data between the DQ buffer and a cell array;

Fig. 85 is a circuit diagram showing a DQ line read

35 control circuit;
Fig. 86 is a circuit diagram showing a DQ line write
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registers,

gates nust be opened.
syn with register select

outputted fromonly GR1 or GRS.
activated with a

signal s.

specific delay tinme after

New data are transferred in
New data are

* Data transfer signals (XR) are

K

-10-

control circuit;

Fig.

87 is a circuit diagram showing a DQ line read

control circuit in an A9c and /A9c coexistent section;
Fig. 88 is a circuit diagram showing the DQ write control

1;

5 section configuration of the memory device shown in Fig.

Fig. 89 is a timing chart showing the interleave bank
read status in 4-wrap mode;

Fig. 90 is a timing chart showing the interleave bank
read status in 8-wrap mode;

10 Fig. 91 is a timing chart showing the interleave bank
write status in 8-wrap mode;

Fig. 92 is a timing chart showing the active page random
read status in 4-wrap mode;

Fig. 93 is a timing chart for assistance in explaining

15 the detailed operation of the embodiment according to the
present invention;

Fig. 94 is a timing chart for assistance in explaining
the detailed operation of the embodiment according to the

! present invention;

20 Fig. 95 is a timing chart for assistance in explaining
the detailed operation of the embodiment according to the
present invention;

Fig. 96 is a timing chart for assistance in explaining
the detailed operation of the embodiment according to the

25 present invention;

Fig. 97 is a timing chart for assistance in explaining
the detailed operation of the embodiment according to the
present invention;

Fig. 98 is a timing chart for assistance in explaining

30 the detailed operation of the embodiment according to the
present invention; and

Fig. 99 is a timing chart for assistance in explaining
the detailed operation of the embodiment according to the
present invention.

35
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
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* GRI and GR3 are enabled, after XR have been acti vat ed. * for

only when latency is 1 or 2, because of | at ency rel ationshi p.

* @GR can be used for DQWR from | ogi cal standpoint. * Time between CLK /
and GR/ nmay be del ayed when |latency is 1 or 2. DQMread hold tinme
I s marginal . ' -11-

The embodiment of the synchronous LSI memory device
according to the present invention will Dbe described
hereinbelow with reference to the attached drawings.

Here, the terminology "latency" used in the specification

5 and the drawings implies the number of clocks between when a
command is inputted and when data are transferred in a
synchronous device, which is widely employed in the field of
the synchronous device.

Prior to the detailed description, the present invention

10 will be summarized as follows: the synchronous LSI memory
device of the present invention comprises: memory cell array
means (BK1, BK2) each having a plurality of memory cells;
timing generating means (CLOCK MASKED SECT) for generating a
first basic signal (CPOR) synchronous with a clock signal

15 (CLK) and masked according to status of a control signal
(CKE); signal generating means (SERIAL SYS CONTROL) for
generating a second signal (CP) in synchronism with the first
basic signal (CPOR) and stopping generating the second signal
after a predetermined number of accesses or in response to a

20 stop signal (MRRST, MWSTP, LADA, BSTP); and control means
(SHIFT REGISTER) for controlling said cell array means (BKl,
BK2) on the basis of outputs of said timing signal generating’
means and said signal generating means (Fig. 4).

Further, the synchronous LSI memory device further

25 comprises first means (SHIFT REGISTER) operative in response
to the second signal (CP) to control access to said memory
cell array means (BKl, BK2). The first means (SHIFT REGISTER)
has the number of bits even—number times larger than that
obtained during a cycle interval during which a column address

30 is inputted, for activating column systems (COL SYS) of said
memory cell array means (BK1, BK25.on the basis of specific
output signals (K) of said first means (SHIFT REGISTER).
Alternately, the first means (SHIFT REGISTER) comprises two-—
set independent shift registers (SHIFT 1, 2). Alternately,

35 the first means {SHIFT REGISTER) changes an initial condition
according to read latency.
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* DQWR cannot be substituted for read data register gate (GR).
* GDM for DQVWR is added to output of shift register for
formng GR

Further, the synchronous LSI memory device of the present
invention comprises: cell block means (CB) each having a
plurality of memory cells; and data register means (WRITE
REGISTER) for acquiring externally input data applied to first

5 terminals (DQ) in synchronism with a clock signal (CLK), said
data register means being provided with inputting registers
(WRITE REGISTER) having a plurality of bits and connected to
the respective first terminals; and when data are inputted,
the inputting registers being controlled so that the

10 respective plural bits are switched in sequence or not
controlled so that the respective plural bits are set
alternately to data input status (Fig. 61).
Further, a synchronous LSI memory device of the present
invention comprises: memory cell array means (BK1l, BK2) each
15 having a plurality of memory cells; timing generating means
{(TG) for generating a first basic signal (CPOR) synchronous
with a clock signal (CLK) and masked according to status of
a control signal (CKE); signal generating means (SERIAL SYS
CONTROL) for generating a second signal (CP) in synchronism
20 with the first basic signal (CPOR) and stopping generating the
second signal {(CP) after a predetermined number of accesses
or in response to a stop sighal (MRRST, MWSTP LADA, BSTP);
control means for controlling said cell array means (BKl, BK2)
on the basis of outputs of said timing signal generating means
25 and said signal generating means (SERIAL SYS CONTROL); and
mask control means (DQMR) for acquiring statuses of second
terminals (DQM) in sequence into register means having the
number of bits even—number times larger than that obtained
during a cycle interval during which a column address is
30 inputted, outputting the acquired data in sequence, inputting
the outputted data, respectively to specific registers'each
having the number of bits even—number times larger than that
obtained during the cycie interval during which the column
address is inputted, and when data inputted through the second
35 terminals (DQM) are in a first status, outputting signals for

setting output circuits of the register means to a high
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Table 14 [ SERI AL OPERATI ON EXPLANATI ON] (See Figs. 5 to 32) (0)
SERI AL- RELATED OPERATI ON (1) Address node can be set at tPC = 2.

jmpedance status in synchronism with the second signal (CP).

Further, the synchronous LSI memory device further
comprises: data holding means (DQM WRITE REGISTER) for, in
only write mode, acquiring the statuses of the second

5 terminals (PQM) in synchronism with the second signal into
registers having a plurality of bits in sequence and
scrambling the acquired data on first data lines (DQMW) plural
bits by plural bits every plural cycles; and precharge means
(EQDQM) for precharging the first data lines into write

10 disable status every predetermined cycle interval.

Here, when the predetermined access length is "1", even-
number registers of said data holding means (DQM WRITE
REGISTER) are fixed to status the same as when masked data are
acquired.

15 Further, the synchronous LSI memory device
of the present invention further comprises: read mask
registers (DQM READ REGISTER) for acquiring, in read mode, the
statuses of the second terminals (DQM) into a plurality of
registers in sequence in synchronism with the second signal,

20 and outputting the acquired data to the data lines (DQMR) in
sequence; and potential fixing means (/RPRM13, /RPRM24, HIZ)
for fixing, in write mode, poténtials of the data lines (DQMR)
to set the output circuits connected to the data lines (DQMR)
to a high impedance status (Figs. 35 and 37).

25 Further, when the predetermined access length is "1",
even—number registers of said read mask registers having a bit
number length half of a word length are fixed to a mask data
output status. The stop signal (CLADA) 1is outputted
subsequent to a predetermined number of accesses after all

30 banks (BK1, BK2) have been precharged. Further, when the
write latency is "1", the stop signal (WRLA)} is outputted in
a first cycle immediately after write disable mode has been
changed to write enable mode.

The number of predetermined accesses is counted on the

35 basis of a signal (REG1, REG2) for selecting bits n-bits by
n-bits by interleaving an m(= n + n)-bit register having two
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(:2) /CAS cycle can be set in any cycle after reset cycle

subsequent to nodul e access. (3) /CAS cycle can be set in any cycle
after both bank : precharge or after self-refresh. (1) For

m ni nrum r andom access [tPC = 2] = [Dfferent colum addresses can be
set every 2 cycles] = (ev&fy 20 nsec mn).

sets of n-bit registers (Fig. 17). Further, when a plurality
of said cell block (CB) are accessed in series, a plurality
of serially accessed cell blocks can be accessed
simultaneously (Fig. 78). Further, when a plurality of said
5 cell array means are accessed simultaneously, data buffers
whose number is a half of that required when a single cell
array is accessed are activated in the respective cell arrays
means. Further, the second signal (CP) is divided into a
plurality of signals (CPK, CPW, CPR) according to use so as
10 to be controlled individually (Fig. 3).

Fig. 1 is & block diagram showing one embodiment of the
synchronous LSI memory device, in particular which shows a
configuration of a 2MX8 synchronous DRAM. In Fig. 1, a cell
array is divided into a bank (I) BK1l and a bank (II) BK2, both

15 of which are connected to a DQ buffer DQBF via a register RG.

On the other hand, various signals such as /CS, /RAS, /CAS,

/WE, DQM, CKE, CLK, etc. are inputted to a timing generator

TG. For address control, a refresh counter RC, a row buffer

‘ RBF, a column counter CC, a precharge logic PLG, etc. are

20 arranged. The banks BK1 and BK2 are selected by a bank select

signal BS. The banks BXK1 and BX2 are precharged by a bank I
precharge PR1 and a bank II precharge PR2, respectively.

Fig. 88 shows the configuration of a DQ write control
section used with the memory device shown in Fig. 1. In Fig.

25 88, a coexistent section of an address A9c and an address /A9c
(an inverse signal of A9c¢) is shown.

The basic operation of the configuration shown in Fig.
88 will be described hereinbelow with reference to the timing
charts shown in Figs. 89, 90, 91 and 92. Fig. 89 is a

80 timing chart showing the interleave bank read status in 4—wrap
mode, Fig. Qb is a timing chart showing the interleave bank
read status in B-wrap mode, Fig. 91 is a timing chart showing
the interleave bank write status in 8-wrap mode, and Fig. 92
is a timing chart showing the active page random read status

35 in 4-wrap mode.
In the synchronous LSI memory device, the array is
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* Data nust be read fromcore section for each 20 nsec. * Data nust be
witten to core section for each 20 nsec. * Data are outputted 20 nsec

after address
| and RWD | i ne

10

15

20

25

30

35

i nput (because of | atency). * 20 nsec = between CLK

(Read) 20 nsec = between CLK and BL / (Wite)

_.15_.
activated in accordance with the bank active conditions listed
in a truth table (See Table 1).

After the array activation, the mode is set to a read or
write column active mode to operate the column system.

In the read mode, a series of data are outputted
beginning from the cycle during which the column active
conditions are designated, after a cycle for latency
designated separately. In this case, the data length of a
series of data is designated separately as a module length.

On the other hand, in the write mode, a series of data
are inputted beginning from the cycle during which the column
active conditions are designated. Here, in the read mode, the
latencies are "1", "2", "3" and "4", and the module lengths
({page lengths) are "1", "2", "4" and "8". Further, in the
case of the write operation, there exists the case where a
series of data are inputted after the latency of "1" (the
succeeding cycle after the cycle during which the column
active conditions are designated).

Further, in a series of data, there are different
scrambles sﬁch as wrap mode or interleave mode. Tables 2 to
6 list the cblumn—system activation sequence corresponding
thereto. Table 2 lists the page wrap mode, Table 3 lists the
8-wrap mode, Table 4 lists the 8-—interleave mode, Table 5
lists the 4-wrap mode, and Table 6 lists the 4-interleave
mode, respectively (See Tables 4 to 6).

Here, when a series of data are being accessed, the
column active conditions can be designated for each even
number of cycles after the column active conditions have been
designated. Further, a part or all of a series of the data
can be masked. In the read mode, the DQM is set to a "H"
level in response to a rise edge of the cycle clock one cycle
before the cycle during which data are required to be masked.
In the write mode, on the other hand, the DQM is set to the
"H" level in response to a rise edge of the clock of the cycle
during which the data required to be masked are acquired.

Further, the memory device is also provided with such a
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* Singce core -

DQIlines - RAD lines change for 2 cycles (20 nsec mn),

data cannot be latched there - so that data | atch sections are necessary.
* Data registers at least 4-bit length |onger than | atency are required -
to prevent new data from interfering with previous data during data
output. * Since addresses change every twoléycl es, accessed 2 bits by 2
bits (by dividi ng 4 bits into 2 bits).

10

15

20

25

30

35

function that the 1nputted clock signal CLK is pretended to
be not inputted by masking the inputted clock signal CLX.
This function can be realized by setting the signal CKE. to the
"L" level in response to a rise edge of the clock signal CLK
obtained one signal before the signal CLK required to be
masked. Further, after the data of a designated module length
have been accessed, it is possible to set the column active
cycle to any given cycle.

Here, the operation of the column system and the serial-
system will be described hereinbelow with reference to the
block diagram shown in Fig. 2. Fig. 2 shows a configuration
of one embodiment of the synchronous LSI memory device
according_to the present invention, in particular in which a
configuration of the 16-M synchronous DRAM data lines is shown
by way of example. As understood in Fig. 2, 4-bit length wire
register and read register are provided for each DQ pin.
These registers are connected to the DQ buffer via RWD lines,
respectively. The DQ buffer is a circuit for transferring
data to the cell array sections through the DQ lines.

Fig. 84 is a circuit diagram showing an exemplary circuit

-for transferring data between the DQ buffer and the cell

array.

Figs. 76 and 77 show the configuration of the DQ buffer,
in which Fig. 76 shows the DQ buffer configuration of an 8-bit
DRAM with two 1M-word banks and Fig. 77 shows the DQ buffer
configuration of an 4-bit DRAM with two 2M-word banks. As
shown in Figs. 76 and 77, there are four DQ buffers on gither
side of each cell array, in which the DQ buffers arranged on
both sides of the activated cell array are activated. The
signals for activating the DQ buffers are QACT generated by

DQ buffer activation signal generating circuit as shown in

Fig. 78.
Column data are outputted to the DQ lines selectively
from the column selected by the column select lines. With

respect to the column select lines, appropriate two of the
output signals CSLA to CSLH of the column decoder as shown in
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* Data registers of 2-bit + 2-bits construction are used bei ng
I nterl eaved. .

Fig. 54 are selected as the column select lines and further
activated. In this case, the two selected column select lines
are determined by scramble. The selected column select lines
are controlled by the CSL selectors as shown in Fig. 58, the
5 ©SCL selector drivers as shown in Fig. 58, the CSL-related
logic circuits as shown in Fig. 60, the CLS select tap signal
generating circuits as shown in Fig. 61, etc. Further, Table
7 lists the CSL select tap sets, and Table 8 lists the
combination of the CSL selector operations (See Tables 7 and

10 8).

The serial system is operated by the circuits as shown
in Figs. 5 to 9. Figs. 5 and 6 show column activation
detecting circuits, respectively; Fig. 7 shows a serial-system
basic pulse generating circuit; Fig. 8 shows a serial-system

15 setting circuit; and Fig. 9 shows a column deactivation
detecting circuit.

Further, DQM read registers and DQM write registers are
incorporated to realize the word masking.

The DQM read registers receive the status of DQM in the

20 order of "1" — "2" - "3" — "4" —~ "1" and latch the data. The
latched dada are outputted to the DQMR lines. The DQMR lines
are connected to the output buffer. When the DQM is at the
"H" level, the output buffer is set to a high impedance
status.

25 The DQM write registers operate in fhe same way as the
write register. The obtained DQM status is outputted to the
DQM lines two bits by two bits being scrambled. Before data
are outputted from the DQM write registers, the DQMW lines are
once precharged to the write disable status. Only when the

30 "L" level DQM status is outputted to the DQMW lines, the data
write is enabled.

The above-mentioned operation is controlled by the
circuits as shown in Figs. 33 to 40. Fig. 33 shows a read
operation enabling circuit; Fig. 34 shows a DQMR gating

35 circuit; Fig. 35 shows a high impedance control circuit; Fig.
36 shows a DQMR register circuit; Fig. 37 shows a RPRM
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,Table 15 READ MODE * Pipeline operation is executed between CLK
and RWD | ines and between RWD |ines and data registers.

Data regi sters are: * 2 bit + 2 bit configuration (two
groups) . ¥ 2 bit data are intelrgeaved to input data from

10

15

20

25

30

35

generating circuit; Fig. 38 shows a GDM generating circuit;
Fig. 39 shows a DQM write register circuit; and Fig. 40 shows
a DQM option circuit corresponding to the write latency;
respectively.

Further, the configuration of the read/write registers
are shown in Figs. 19 to 28. Fig. 19 shows a read register
gate circuit; Fig. 20 shows an XR register selection signal
generating c¢irecuit; Fig. 21 shows a used register group
detecting circuit; Fig. 22 shows a data transfer gating
circuit; Fig. 23 shows a read data transferring circuit; Fig.
24 shows a read data register circuit; Fig. 25 shows a write
register gating circuit; Fig. 26 shows a data transfer
selection signal generating circuit; Fig. 27 shows a write
data transfer signal generating circuit; and Fig. 28 shows a
write data register circuit, respectively.

The architecture, the serial operation, the word mask,
the clock mask, the module length-related operation, the burst
stop, the column system, the column—-system address, the
column—system data access of the present embodiment will be
described herein below in sequence.

As shown in the serial operation explanation of Table 14,
the functions required for thé serial system of the SDRAM are
such that: the serial system can correspond to the clock
masking,; column addresses can be inputted for each two cycles
at minimum; the words can be masked; and the serial system is
operated at 100 MHz.

To achieve the above-mentioned operation, it is necessary
to access to the core section within a time of two cycles.
In this case, a register is required to temporarily store the
data read from the core section under consideration of the
latency. To cope with the latency of "4", the register
requires 4 bit length at its minimum. By doing this, it is
possible to prevent the interference between the present data
and the new data read by the core section during the data
outputting operation.

Further, since the column address can be changed for each

This is the replacement sheet

03 JAN BY

Date:



2

RW |ines every 2 cycles (interleave operation).

* Data are outputted beginning from 1st data register in
sequence (serial operation). *Because new data nust be read when

previ ous cycle data are being outputted. CLK - K- DQIline eq CSL -
QACT - RWD line - register -19-

two cycles, only 2-bit data of the 4-bit data can be a serial
data at the same column address. Accordingly, it is necessary
to handle a 4-bit register as two 2-bit registers; that is,
data registers of 2 + 2 bit configuration are required.

5 As shown in the read mode and write mode operation
explanation of Table 15, in the read mode, two system lines
between the CLK signal and the RWD lines and between the RWD
lines and the data registers are operated in pipeline modé to
cope with a high speed operation. Therefore, it is necessary

10 that the read-mode register interleaves the register group two
bits by two bits to transfer data from the RWD lines to the
registers for each two cycles. The data are outputted from
the first register in seqguence,

In contrast with this, in the write mode, it is necessary

15 that the write-mode register interleaves the register group
two bits by two bits to transfer data from the registers to
the RWD lines for each two cycles. To execute the write
operation at high speed, DQM lines are used. That is, before
the write data are outputted to the RWD lines, the DQM lines

20 are write—-disabled. However, immediately when the write dada
are outputted, the DQM lines are write—enabled, so that it is
possible to execute the write operation at high speed without
delaying the write operation.

Fig. 2 shows the c¢ircuit for realizing the above-

25 mentioned operation at high speed.

Table 11 1lists the architecture explanation of the
serial-system configuration, which is adopted in accordance
with the above—mentioned circuit configuration.

A basic signal CP is prepared to operate the serial

30 system. This basic signal CP can be stopped in correspondence
to the serial-system resetting and the write latency.
Further, the basis signal CP is used to select shift registers
for activating the data registers.

Further, it 1is necessary to operate the signal K for

35 controlling the main access pass from the ocutputs of the shift
registers to the core section, signals REG1 and REG2 for
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CLK - K- DQIline eq - CSL-- WRI TE MODE * Data of data registers are

outputted to RAD | ines 2 bits by 2 bits. * Data mask is al ways
applied by DQM lines, and DQ wite i s made when write-enabl ed by
DV Since QACT is activated prior tozgewdata, if DQwite is

selecting a register group of two bit unit, and signal GDM for
selecting the DQM registers, etc.
Further, the basis signal CP must cope with the clock
masking (one of the functions). For the reason as mentioned
5 above, the signal CP is formed on the basis of the synchronous
signal CLX to be masked.
On the basis of the conditions as above, it is possible
to adopt the serial—-system architectures as shown in Figs. 3
and 4. Here, Figs. 3 and 4 show the configuration of the
10 serial-system control lines, respectively. In Fig. 3, the
basic signal CP is used for read, write, main pass activation
signal K, etc. properly. On the other hand, in Fig. 4, only
the shift registers are divided according to the uses, without
separating the CP according to the uses. In the architectures
15 shown in Figs. 3 and 4, although the number of the required
registers is different from each other, the number of
registers activated simultaneously is the same in both.
The basic operation required for the respective sections
will be described with reference to the architecture
20 explanation of Table 12.
In the respective sections shown in Figs. 3 and 4, the
following operation is required.
The main pass activation signal K is enabled for each two
cycles in synchronism with the basic signal CP, and further
25 must be stopped when the serial system is stopped. Further,
when the serial system is reset, this signal K is initialized
so as to be enabled beginning from the first CLK signalr The
read data register gate GR proceeds in synchronism with the
basic signal CP. The serial system is reset so as to be
30 restarted beginning from the read data register gate GRi
corresponding to the read latency. This control corresponds
to that the first access starts beginning from the read data
register gate GR1l. Further, in the write mode, the read data.
.register gates are kept deactivated. The write register gate
35 GW proceeds in synchronism with the basic signal CP. The

serial system is reset so as to be restarted beginning from
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made, .normal data wite is del ayed. Data resisters are:

*2 bit + 2 bit configuration (two groups). * 2 bit data are
interleaved to output data to RW |ines every 2 cycles
(interleave oper ation). * Data are inputted

begi nning from 1st data re_cé%f;er I n sequence (serial
operation). CLK - K- DQIline eq - - QACT
the write register gate GWi1. Further, in the modes other than
the write mode, the signals GW1 and GW3 are set to the "H"
level and the signals GW2 and GW4 are set to the "L"” level to
read the first data.

5 The register group selection signal REG operates for each
two cycles in synchronism with the basic signal CP, and is so
set that when the serial system is reset, the succeeding
operation starts beginning from the first register group. The
DQM read register gates GDM proceed in synchronism with the

10 basic signal CP, and some of these gates GDM are fixed at "L"
or "H" level according to the read latency in modes other than
the read mode. On the other hand, in the read mode, the DQM
read register gates GDM operate in the same way as with the
case of the data register gates GR.

15 The basic operation of the read corresponding sections
will be described hereinbelow with reference to the
architecture explanation of Table 13.

When the data are read from the core section, the data

must be transferred to the read data registers. Further,

- 20 after the normal data have been transferred to the read data
registers, the read register gates must be so controlled as

to be opened. For these operation, the data transfer signal

XR is activated by the main pass activation signal K after the
data have been read, and the read data register gates GR1l and

25 GR3 are enabled after the data transfer signal XR has been
activated.

Under the consideration as above, a serial—-system control
section as shown in Fig. 4 is adopted.
The basic operation in the read/write mode and the

30 address acquisition will be described hereinbelow with

| reference to Table 16 to Table 18. Table 16 explains the
read/write mode acquisition, the address acquisition, and the
counter relationship; Table 17 explains the address signals
used for the respective circuits in tap set; and Table 18

35 explains the write enable signal /WE used for the respective

circuits.
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Tabl e 16

The mode and the address are acquired in response to the
first CLK signal in the column access cycle, and switched when
the main pass activation signal K is deactivated at the "L"
level. This is because the mode and the address must be

5 switched only when the column system is being deactivated.

Further, the head address is set to an output prepare
section of an address counter only when /R signal is set to
the "H" 1level, except the module length is a page length.

. Here, the /R signal is set to the "H" level in the first cycle

10 of the column access cycle, and to the "L" level when the main
pass activation signal K changes to the "L" level. On the
other hand, when the module length is the page length, the
head address is set to the output section of the counter when
the main pass activation signal falls.

15 Here, when the module length is other than the page
length, the output section of the counter is opened only when
the first main pass activation signal K after the column
access cycle is at the "L" level, and kept closed in the other
cases. On the other hand, when the module length is the page

20 length, the output of the counter is counted up in response
to a count-up signal.

Here, the basic operation of the serial-system setting
or stopping operation will be described hereinbelow with
reference to Table 19. Table 19 explains the serial-system

25 enable.

In the read mode, the serial system is reset when the
column access cycle will not start subsequent to the final
data output cycle, after the cycles according to the latency.
Further, the serial system is enabled after the succeeding

30 column access cycle starts.

In the write mode, after the cycle in which the final
data have been inputted, the serial system is stopped.
Further, in the succeeding column access cycle, the serial
system is enabled.

35 The above-mentioned operation can be achieved by the

circuit configurations as shown in Figs. 42 to 49. Fig. 42
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.R'W MODE ACQUI SI Tl ON * [WE Schmitt trigger output ----

[ V\EI' N * Col um access node latch -------------------- [ WNELT

(New cycle node is latched by CLK '). * I nternal colum access node
----------------- / WECL (Switched during K = L by colum access
node -23-

shows a register group detecting circuit; Fig. 43 shows a

partial configuration of a module—length detection procedure

selecting circuit; Fig. 44 shows another partial configuration

of the module—length detection procedure selecting circuit;

5 Fig. 45 shows a module-length detecting circuit; Fig. 46 shows

a read module resetting circuit; Fig. 47 shows a write module

stopping circuit; Fig. 48 shows a module—-length detecting

circuit; and Fig. 49 shows a module-number counting circuit,
respectively. i

10 Further, when the write latency is "1", the serial system

is stopped for only first one cycle after the write mode

staits from the mode other than the write mode. The above-

mentioned operation can be operated by a write latency

detecting circuit as shown in Fig. 12.

15 The mode detection required for the above-mentioned
operation will be described hereinbelow with reference to
Table 20.

The read mode or the write mode is detected in order to
! operate only the circuits required for the detected mode.

20 Therefore, the mode is detected on the basis of a read
detection signal READ or a write detection signal WRITE.
These signals are generated b& a read mode detecting circuit
as shown in Fig. 10 and by a write mode detecting circuit as
shown in Fig. 1.

25 The column cycle detection and the address mode
acquisition of when the latency is "1" will be described
hereinbelow with reference to Tables 21 and 22. _

The detection of the column access cycle start of when
the write latency is "1" is different from that of when the

30 write latency is "0". This is because the cycle during which
the address mode is inputted is so controlled as to be delayed
by one cycle from the cycle in which the address mode is
actually used, as already explained. Therefore, when the mode
is changed, it is mnecessary to detect the difference in

35 1latency. In this connection, when the latency is "0", the

above—-mentioned discrimination is unnecessary.
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desi gnati on signal). ADDRESS ACQUI SI TI ON * Al Schmitt trigger

out put

............. Al Ni * New tap address | atch
....................... ALTi (Tap address used in new colum cycle
| at ched on. CLK .)
. —24-
In other words, when the latency is "0", control is
executed by a tap address mode acquisition control circuit as
shown in Fig. 13. When the latency is "1", on the other

10

15

20

25

30

35

hand, control is executed by a column cycle detecting circuit
as shown in Fig. 14 under detection of the cycle.

Further, a first shift register related to the serial
system is configured as shown in Fig. 15, and & second shift
register is configured as shown in Fig. 16, respectively.
Further, the register group is selected by the configuration
as shown in Fig. 17, and the column system basic signal can
be generated by the configuration as shown in Fig. 18.

Further, with respect to the serial system operation, a
first stage circuit as shown in Fig. 29, an address buffer
circuit as shown in Fig. 30, a /WE buffer circuit as shown in
Fig. 31, and an address mode acquisition signal generating
circuit as shown in Fig. 32 are used, respectively.

The word masking operation will be explained with

. reference to Tables 23 and 24. Table 23 explains the word

masking for the DQM read of when the latency is "4" and "3";
and Table 24 explains the work masking for the DQM high
impedance of when the latency is "2".

First, in the read mode, the latency of the word mask is
"1", and the read latency is not present. Further, for
masking, it is regarded that the optimum way is to output high
impedance data to the output buffers attached to the read data
registers. The read data register can be configured by the
circuit as shown in Fig. 24.

For this purpose, the respective outputs DQMRi of the DQM
read registers as shown in Figs. 35 and 36 are inputted to
respective registers as shown in Fig. 24.

The outputs of the DQM read registers are signals for
controlling the impedance {(high or low) conditions of the
outputs. Therefore, the DQM read registers must be controlled
according to the read latency thereof, respectively. This is
because the outputs thereof must be high impedance till the
first access. The above-mentioned control is executed by the
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* New:columm address ----------------------- ACTI (New address
used for columm systemis swtched during K =1L.) COUNTER
RELATI ONSHI P *Tap address set In colum-active cycle, tap address

s set to output-prepare section

during /R =H

(except nodule I ength -25- PAGE).
Tap address is set to output-section

10

15
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35

circuit configurations as shown in Figs. 33 to 38.

The high impedance after the module will be described
hereinbelow with reference to Table 25.

When the succeeding column cycle does not start for a
time over the module length after the column activation cycle,
the outputs are in high impedance state. However, since the
serial system must be kept activated, high impedance
conditions must be formed irrespective of the D@QM values.
Therefore, the high impedance must be kept for period of the
module length + the latency CLK signal. The high impedance
is releaséd in dependence upon the latency by circuits as
shown in Figs. 35 and 36, respectively.

The DQM write will be described with reference to the
explanation of Table 26.

The word masking in the write mode is executed in
accordance with the method as already explained by circuits
as shown in Figs. 39 and 40. On the other hand, in the case
where the write latency is "1", the word masking is executed
by circuits as shown in Fig. 40. '

The clock masking will be described hereinbelow with
reference to the explanation of Table 27.

In the clock masking, the.operation is stopped in a cycle
after the cycle in which the signal CKE is at the "L" level.
To achieve this operation, the formation of a short period
basic signal CPOR is controlled so as to be formed or not
according to the status of the CKE signal acquired before one
cycle. Further, the statuses of the CKE signals acquired
before one cycle are inputted to the respective function
detecting circuits except for that of the basic signal CP.
When masking is required, the function detecting circuits are
kept so as to be not set. The signal CPOR can be generated

by a short period basic signal generating circuit as shown in

Fig. 41.
The module length related operation will be described
hereinbelow with reference to Tables 28 to 33. Table 28

explains the module length detecting operation; Table 29
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during 1st K= L of colum active cycle (nodul e

| engt h PAGE) * Nornmal operation -* Counters are inoperative wth

out puts kept open (except nodul e | engt h PAGE)

Count up starts when CNT (rmodul e I ength PACGE).
_26_

" explains the module operation and module reset releasing
operation;"rable 30 explains the module length detection
resetting operation; Table 31 explains the summary of the
module operation in the read and write modes; Table 32

5 explains the module status resetting operation; and Table 33
explains the column active cycle detecting operation and the
operation corresponding to the module length of "1,
respectively.

In the read mode, the cycle in which the data of the

10 module length are outputted can be set as the end of the

module length. In the write mode, the cycle in which the data

of the module length are inputted can be set as the end of the
module length.

On the assumption as described above, in the read mode,

15 the final data access begins from the read data registgr gate

GR2 or GR4 on the basis of the register configuration.
Further, since the register group for outputting the final
data controls the read registers as already explained, the
final data access is determined by only the module length,

20 irrespective of the read latency.
The same can be applied to the case of the write mode.
In summary, it is possible to discriminate the register
for implementing the final data access by detecting which
register REG1 or REG2 is at the "L" level in the column access
25 cycle. Since the module length is started to be counted for
each column access cycle, the register is reset for each
column access cycle. Further, in the case of the module
length, when the counter (described later) is operated, the
operation is the same as with the case where the module length
30 is "8". For the above-mentioned operation, circuits as shown
in Figs. 42 to 49 are adopted.
The burst stop'will be described with reference to Table
34. _
The burst stop operation is achieved by disabling the
35 serial system in a cycle after the cycle in which a burst stop

command is inputted during the burst cycle. In the above-—
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(IN TAP SET)

-27—-

mentioned burst stop operation, in order to stop the burst in
any given burst cycle, a burst stop command detecting circuit
as shown in Fig.'so is used.

The operation of the column system will be described

5 hereinbelow with reference to Table 35.

In the column system, a column system bank switching
circuit as shown in Fig. 51 is applied. The entire switching
circuit is controlled by the main pass activation signal K,
and further the main pass activation signal K corresponding

10 to the bank side activated in the column access cycle is also
activated.

However, the main pass activation signal K not decoded
on the basis of the bank designation signal is used for the
other circuits not belonging to the respective banks.

15 The column system is so configured as to provide the
scramble; that is, so as to correspond to an addressing mode,
which is one of the features of the SDRAM. Tables 2 to 6 list
how to change the lower order significant address bits and how
to activate the column select lines, the DQ buffers and the

20 data registers according to the change in the lower order
significant address bits in correspondence to the scramble.

In the respective tables, the portions divided by arrows,
respectively correspond to two clock signals CLK in the one-
bit lower cycle K. Further, the register scramble implies the

25 way of selecting the transfer signals when data are
transferred to or from the data registers shown in Figs. 23
or 26. Further, in the respective tables, although the
addresses of the lower bits A0, Al and A2 are explained, the
addresses higher than A3 can be decoded by the column address

30 decoder as shown in Fig. 54. This column decoder is decoded
by a column partial decoder as shown in Fig. 55. Further, in
order to realize the operation of the column select lines as
listed in Tables 2 to 6, the circuits as shown in Figs. 56 to
61 are applied. Fig. 56 shows a spare CSL and Fig. 57 shows

35 a CSL driver, respectively.

The column system address will be described hereinbelow
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CLK / RGAM An QACT ACLI K CLSET

QACT ACLi K CLSET Al - [ CDRV ACLi K
CLSET | CDRV ACLi K CLSET A2 | CDRV ACL
K CLSET ~28-

with reference to Table 386,

With respect to the column address, the addresses are
generated or the spare <c¢ircuit is operated by the
configurations as shown in Figs. 62 to 756. Fig. 62 shows an

5 address—change basic pulse generating circuit; Fig. 83 shows
a counter driver circuit; Fig. 64 shows a spare select signal
generating circuit; Fig. 65 shows a partial decode §S/N
discriminate result acquisition signal generating circuit;
Fig. 66 shows a first part of the address counter circuit;

10 Figs. 67 to 72 show the other address counter circuits; Fig.
73 shows a spare circuit; Fig. 74 shows an (Alc="1")-side S/N
discriminating circuit; and Fig. 75 shows an (Alc="0")-side
S/N discfiminating circuit, respectively.

First, the counter generates column addresses at which

15 the partial decode signals are changed for each 8 cycles in
the page mode. 1In the modes other than the page mode, since
no count—-up operation by the counter is required, it is
unnecessary to transmit a carry. Therefore, in the page mode,
a head address is set to the counter output on the basis of

20 &a signal CLSETP in the column access cycle. In the burst
cycle, the counter begins to operéte between the fifth cycle
and the eighth cycle after the column access cycle.

The count—up cycle in the burst cycle in the page mode
can be detected by a circuit as shown in Fig. 62, and the

25 counter is directly driven.by a circuit as shown in Fig. 63.
The counters are connected as shown in Fig. 66, and the
counters are configured as shown in Figs. 67 to 72,
respectively for implementing the desired address counting
gperation.

30 In the page mode, the column spare circuit executes the
spare/normal discrimination without delay caused by the spare
circuit operation. For this ﬁurpose, the address counter is
first operated; a spare address is compared with an address
outputted next; and the address is discriminated before the

35 actual address is used. Further, in the page mode, the column

decoder corresponding to the head address and the column
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decoder corresponding to the next address are both activated.

Therefore, one of the discriminated results of both the
decoders is determined by a circuit as shown in Fig. 64.

The switching of the partial decode signals and the S/N

5 discrimination result acquisition by the column system address
will be described hereinbelow with reference to Table 37.

The spare/column discrimination signal and the column
partial decode signal are changed at 8 cycle intervals after
the column access cycle. The spare/normal discriminating

10 circuit is connected to another circuit, as shown in Fig. 73,
and configured as showﬁ in Figs. 74 and 75. In the modes
other than the page mode, since the column decoders will not
be changed in the burst cycle, a switching signal as shown in
Fig. 65 is kept at a constant value.

15 The switching operation between 4-bit and 8-bit in the
column system data access will be described hereinbelow with
reference to Tables 38 to 40. Table 38 explains the change
between X4 and X8 and the decode of A89c in the X4; Table 39
explains the X4 page; and Table 40 explains the QACT control

20 and the ASc control, respectively.

Fig. 76 shows the addresses and the output numbers
corresponding to the respective cell arrays in the 8-bit, and
Fig. 177 shows the addresses and the output numbers
corresponding to the respective cell arrays in the 4-bit,

25 respectively. To switch X8 to X4 or vice versa, the
connection between the RWD lies and the DQ buffers are changed
as listed in Table 9.

First, when the X8 is switched to the X4, the signal QACT
for activating the DQ buffer is decoded. In the case of the

30 page length of X4, as listed in Table 10, there exists the
case where the two cell arrays are accessed. In this case,
however, the QACTO and QACT3 are both activated securely.

The signals QACTO exist in the cell arrays to be accessed
subsequently and the signals QACT3 exist in the cell arrays

35 to be accessed previously. Therefore, the addresses A9c of

the cell arrays to be accessed previously and subsequently are
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YB . AC A6 COUNTER GAM / ACi CLK / | K | GRAM CLSETP

COUNTER GAM / AC CLK [/ K | GRAM CLSETP A7 YC ACi
YC AC A8 COUNTER GAM/AC CLK '/K | GRAM CLSETP
COUNTER ACLI . .CLK "/K " "CLSET _g0—

latched, and the timings at which two cell arrays are accessed
are detected. These operations are executed by the circuits
as shown in Figs. 79 to 83. Here, Figs. 79, 80 and 81 show
QACT selecting circuits; Fig. 82 shows an A9 counter; and Fig.
5 83 shows an A9 counter driving circuit, respectively.
.Further, Fig. 84 shows a DQ buffer; Fig. 85 shows a DQ
line read control circuit;
Fig. 86 is a circuit diagram showing a DQ line write
control circuit; Fig. 87 shows a DQ line read control circuit
10 in an A9c and /AS8c coexistent section; and Fig. 88 shows a DQ
write control circuit of in the ASc and /A9c co—-existent
section.
Further, the column system bank switching is executed by
a circuit as shown in Fig. 51, and the column system selection
‘15 1is executed by a circuit as shown in Fig, 52. Further, when
the KI/KI1 are used as the opposite phase signals, a circuit
as shown in Fig. 53 is used.
The detailed operation of the embodiment according to the
! present invention is explained in timing charts shown in Figs.
20 93 to 99. Fig. 93 shows the operation obtained when the
latency is "2" and the module length is "4"; Fig. 94 shows the
operation obtained when the latency is "“3" and the module
length is “"4"; and Fig. 95 shows the operation obtained when
the latency is "4" and the module length is "4", respectively.
25 In these timing charts, there are shown various signals CLK,
/CAS, DQM, CLKIN, CPOR, CP, /SF1l1l, /SF12, /DF13, /S8Fl14, /SF21,
/SF22, /SF23, /SF24/ REGl, REGZ, K, CFP, RLL, WMR1l, WMRZ, Hi-
Z, /RPRMij, GDM1, GDM2, GDM3, GDM4, DQMR1l, DQMR2, DQMR3,
DQMR4, GR1, GR2, GR3, GR4, R, CLSET, DQ, etc., respectively.
30 Further, Fig. 98 shows the operation obtained when the latency
is "2", the module length is "4" and the write latency is "0";
Fig. 97 shows the operation obtained when the latency is "3",
the module length is "4" and the write latency is "0"; and
Fig. 98 shows the operation obtained when the latency is "4",
35 the module length is "4" and the write latency is "0",
respectively. In these timing charts, there are shown various

This is the replacement sheet

.Date: 03 JaN B9



A9

QACT

10

15

20

25

30

35

ACLI K CLSET

-31~

signals such as CLK, /CAS, /WE, COLACT, /NONCLA, CLKIN, CPOR,
CP, READ, WRITE, /R, CLSET, /SF11, /SFi2, /DF13, /SF14, /SF21,
/SF22, /SF23, /SF24, REGl, REG2, K, /PERM, GR1, GR2, GR3, GR4,
GW1, GW2, GW3, GW4, REG110, REG101, REG210, REG201, XR110,
XR101, XR210, XR201, /XW, RWDin, DQun, CFP, RiL, WMRi, /RMR,
MRRST, SRST, Hi-Z, etc., respectively. Further, Fig. 98 shows
the operation obtained when the page mode is (X4) and the tap
= 9, in which there are shown various signals such as CLK, K,
KR, PLS1, PLS2, PLS3, PLS4, CNTF, /CNTB, CNTP, /PX, /PY, /PX,
X, Y, /YCHAN, ACi, SA to SD, SE to SH, Kp, Kp’, SAB, SBC, SCD,
SDE, SEF, SFG, SGH, SHA, TA/B/C, /CDRVA, /CDRVB, /CDRVC,
/CDRVD, /CDRVE, /CDRVF, /CDRVG, /CDRVH, /CNT8, /ACLS, /QASC,
ALGi, QACT00, QACTO01l, QACTO02, QACTO03, QACT10. QACT11, QACT1Z2,
QACT13, etc., respectively.

As understood by the above-mentioned embodiment, the
present invention provides the synchronous LSI memory device
as follows:

(1) The basic signal synchronous with the CKE signal
related to the mask is generated according to the status of
the CKE signal, and the memory device is accessed on the basis
of the second signals stopped after the previously determined
number of accesses has been made or when the stop signal is
inputted.

{2) Further, in the configuration of (1), the initial
operation is executed by the shift registers accessed on the
basis of the second signal.

(3) Further, with the use of the 4-bit shift registers
of the configuration of (2), the column system is activated
on the basis of the outputs of the specific shift registers.

(4) Further, the two sets of the shift registers of the
configuration of (2) are incorporated.

(3) Further, in the configuration of (2), the initial
conditions are changed according to the read latency.

(6) The shift registers for acquiring externally
inputted data in synchronism with the CLK signal are provided.
Further, 4-bit input registers are provided for each DQ pin.
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The data input is so controlled that data can be inputted to
the input registers in sequence. When the data input sequence
is not changed, the alternate two-bit registers are provided
for inputting data.

5 (7) The DQM status is acquired by the 4-bit registers
in sequence. The acquired data are outputted in sequence, and
the outputted data are inputted to the specific 4-bit
registers, respectively. When the inputted DQM data is in the
first status, the 4-bit registers generate a signal for

10 setting the output circuits thereof to a high impedance status
in synchronism with the second signal of the configuration of
(1).

(8) The data registers for acquiring the DQM by the 4-
bit registers in sequence in synchronism with the second

15 signal only in the write mode are provided. The data of the
registers are outputted to the DQMW lines two bits by two bits
for each two cycles under scrambling condition, and the DQMW
lines are precharged at prédetermined cycle intervals.

! (9) When the predetermined access length is "1", the

20 second and fourth register values of the 4-bit length DQM
write registers are fixed in the same status as when the
masked data are acquired. |

(10) The data registers for acquiring the DQM in the 4-
bit registers in sequence in synchronism with the second

25 signal in the read mode are providedf The data of these data
registers are outputted in sequence to the DQMW lines. In the
write mode, the DQMW lines are fixed in a high impgdance
status by an output circuits.

(11) When the predetermined access length is "1", the

30 secbnd and fourth outputs of the 4-bit length DQM read
registers are fixed in the mask data outputting status.

(12} In the configuraﬁion of (1), the stop signals are
outputted subsequent to the two bank precharge, after a
. predetermined number of accesses has been completed.

35 (13) Further, when the write latemncy is "1" in the

configuration of (1), the stop signal is outputted between the
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non—-write status and the first cycle in the write mode.

(14) The previously determined number of ecycles is
counted on the basis of signals selected two bits by two bits
by interleaving the 4(2 + 2)-bit registers.

5 (15) When a plurality of cell arrays are serial—accessed,
the serial access is so controlled that a plurality of cell
arrays aré accessed simultaneously.

(18) In the configuration of (15), when the a plurality
of cell arrays are accessed simultaneously, the DQ buffers

10 whose number is half that accessed separately are activated.

(17) In the configuration of (1), the second signals are
divided into a Plurality of signals according to the uses, for
instance as CPK, CPW, CPR, etc. in Fig. 3, so as to be
controlled respectively.

15 As describe above, in the synchronous LSI memory device
according to the present invention, the cell arrays are
divided into two banks; there are provided the timing

_ generators for generating accessing signals in synchronism

! with the masked CLK signal; the column systems of the two—band

20_ cell arrays are pipeline-operated via DQ buffers and registers
so0 that an access can be made once between the core sections
for each two clocks. Further, in the read mode, the data read:
from the core section are transferred being interleaved to the
4-bit serial registers two bits by two bits, and the data

25 transferred to the serial registers are outputted in series.
In the write mode, data are read to the serial registers in
sequence, the read data are written being interleaved in the
core sections two bit by two bits.

As a result, it is possible to operate both the CPU

30 operative in response to a high speed clock signal and the
memory device operative in response to a low speed on the
basis of the same single clock, thus realizing a synchronous
LSI memory device which can be incorporated in a high speed
CPU, without complication of the system.

35 As described above, in the synchronous LSI memory device

according to the present invention, it is possible to operate
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FUNCTI ON DETECTI NG SECTS
_34_
the memory device whose access speed is lower than the CPU on
the basis of a single high speed clock signal suitable for the
CPU, so that the it is possible to simplify the clock control
so as to be correspond to the higher speed CPU without

5 complicating the system configuration.
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¥ External input signals (not related to CLK) are ' used by

set up/ hol d. *SERI AL & COLUWN SYSTEM Cl RCUI TS * When used
in accessing circuits, read/wite node. 35 ~ can be changed only
after previous cycle ends. Changed during K L.

Table 1

1) Truth table

1.
2.

3.
4.

5.

CKE is active high.

CBR and Self-Refresh Entry are other commands on CL

level.

CBR becomes auto-precharge.

Auto pre-charge by Al0 is added to read/write

operation.

CKE suspends clocks for inputting all command and
inputting and outputting data.

TRUTH TABLE

ciolBt{aijaij/ 1/ t/ |/ | MNEM
COMMAND K |Q|s |19 ]Cc |P |C |W |ONIC
E [M O[OS |A A |E
s |s
MODE REG SET wixlvivivic i L L | MRS
CBR & AUTO-PRECHG Bixix{x|x |l L !lL |H {REFR
SELF-REFRESH ENTRY IiX |X X XL |L L |H |SREF
BANK DEACTV/PRECHG [H!|X |V |L |X |L }J]L |H |L |DEAC
PRECHG ALL H*|X X JHIX |LJ]L |H |L | PALL
BANK ACTV Blixjvivivir | |H |H }|AacTv
WRITE Hix{v|L |Vv]|L |H|[L |L |WRIT
WRITE & AUTO-PRECHG |H?|X |V |H |V |L |H |L | L {WRIT
a
READ BiIxiIvin v |L {H|L [H {READ
READ & AUTO-PRECHG |(H*{X iV {H [V |L [H |L |H | READ
A

RESERVED H*|X | X |X 11X 1L |H |H |]L |NOPL
RESERVED H*|X | X }]X |X |]L |H |H | H | NOP2
DEVICE DESELECT H*|X |X{X |]X |H |X |X | X | DSEL
CLK SUS/STDBY MODE ix |x1x |x |x | X [X | x | HOLD
DATA WR/OUT ENABLE HlL |xXx |X [X|Xx {X |X | X | ENBL
DATA MSK/OUT DISBL H¥|H | X |X (X [xXx |X | X | X | MASK

CKE status is H level in same cycle/previous cycle.
CKE status is previous cycle.

V = Valid X = Don't care L = Low H = High

All inputs are acquired by rise edges of CLK.

MRS, REFR and SREF are executed when two banks are
precharged.



VELT

(PAGE WRAP)

..3‘_.

Table 2

{Column system activation segquence)

TAP { ADD SEQ CSL SEQ DQ ACTV SEQ | ADD SCR'BLE
0 01234567 { ABoAB~CD-CD | 01-223-01~-23 | 01-01-01-01 01
EF-EF-GH-GH
1 12345670 | AB»BC~CD-DE | 12-30-12-30 | 10~10-10-10 10
EF-FG-»GH-HA
2 23456701 { BC-BC-DE-DE | 23-01~23-01 | 01-01-01-01 01
FG-FG~HA-HA
3 34567012 | BC~CD-DE-EF | 30-12-30-12 | 10-10-10-10 10
FG~GH-HA-AB
4 45670123 | CD=CD-EF-EF | 01-23-01-23 | 01-01-01-01 01
GH-GH-AB-AB
5 56701234 | CD-DE-EF-FG | 12-30-12-30 | 10~10-10-10 10
GH-HA-AB-BC
6 67012345 | DE-DE-FG-FG | 23-01-23-01 | 01-01-01-01 01
HA-HA-BC-BC
7 70123456 | DESEF-FG-GH | 30-12-30-12 | 10-10-10-10 10
HA-AB-BC-CD

: Address corresponding to the succeeding column
decoder
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Table 3

{Column system activation sequence)

(8-WRAP)
TAP | ADD SEQ | CSL SEQ DO ACTV SEQ | ADD SCR'BLE
0 | 01234567 | AB~AB-CD-CD | 01-23-01-23 | 01-01-01-01 | 01
EF-EF-GH-GH
1 12345670 | AB-BC~CD-DA | 1253012530 | 10-10-10~10 | 10
EF-FG-HE-HE
2 | 23456701 | BCoBC-DA-DA | 23-01-23-01 | 01-01-01-01 | 01
FG-FG-HE~HE
3 | 34567012 | BC»CD-DA-AB | 30-12-30-12 | 10»10-10-10 | 10
FG-GH-HE-EF
4 45670123 | CD-CD-AB-AB | 01-23-01-23 { 01-01-01-01 01
GH-GH-EF-EF
5 56701234 | CD-DA—AB-BC | 12-30-12-30 | 10-10-10~10 | 10
GH-HE-EF-FG
6 67012345 | DADA-BC-BC | 23-01-23-01 | 01-01-01-01 | 01
HE-HE-FG-FG
7 | 70123456 | DASAB~BC~CD | 30-12-30-12 | 10-10-10-10 | 10
HE-EF-FG-GH
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SERI AL SYSTEM ENABLE

* After access of nodule | ength data:

Col um set cycle (/CAS=L) cannot be set after
| at ency-rel ated cycl e subsequent to data

/| CAS=L cycl e:

Seri al
* Seri al

* Regi ster
systemis stopped.

systemis enabl ed.

(B-INTERLEAVE)

is initialized.
~ PR next columm set cycle starts.

Table 4

16M synchronous DRAM
(Column system activation sequence)

out put cycl e.

(Read node)

*

TAP | ADD SEQ | CSL SEQ DQ ACTV SEQ | ADD SCR'BLE

0 01234567 | AB=AB-CD~CD | 01-23-01-23 | 01010101 | 01
EF-EF-GH-GH

1 10325476 | AB-AB~CD-CD | 10-32-10-32 | 10-»10-10-10 | 10

EF-EF-GH-GH '

2 23016745 | AB-AB-CD-CD | 23-01~23-01 | 01-01-01-01 | O1
EF-EF-GH-GH

3 32107654 | AB»AB-CD~CD | 32~10-32-10 | 10-10-10-10 | 10
EF-EF-GH-GH

4 45670123 | CD~CD~AB-AB | 01-+23-01-23 | 01-01-01-01 | 01
GH-~GH-EF-EF

5 | 54761032 | CDSDA-AB-BC | 10-+32-10-32 | 10-10-10-10 | 10
GH-HE-EF-EF

; 6 67452301 | CD-DC~AB-AB | 23-01-23-01 | 01-01-01-01 01
GH-GH-EF-EF

7 76543210 | CD-CD~AB~AB | 32-10-32-10 | 10-10-10-10 | 10
GH-GH~EF-EF
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{Wit.e node)

After fina

data i nput cycle.

* Serial systemis stopped. - When next column set cycle
starts. L * Serial systemis enabled. *
After final data access after both bank gqecharge:
* Serial systemis stopped. * Register is
initialized. Table 5
16M synchronous DRAM
(Column system activation sequence)
(4-WRAP)
TAP | ADD SEQ CSL SEQ DQ ACTV SEQ | ADD SCR'BLE
0 01 2 3 |[AB-AB/CD~CD | 01 - 23 01 - 01 01
EF-EF /GH-GH
1 123090 AB-AB/CD-CD 12 - 30 10 - 10 10
EF-EF/GH-GH
2 2301 AB-AB/CD-CD 23 - 01 01 - 01 01
EF-EF/GH-GH
3 3012 AB-AB/CD-CD 30 - 12 10 -» 10 10
EF-EF/GH-GH
Table 6
16M synchronous DRAM
f {Column system activation sequence)
(4-INTERLEAVE)
TAP | ADD SEQ | CSL SEQ DQ ACTV SEQ | ADD SCR'BLE
0 0123 AB~AB/CD-CD 01 -» 23 01 - 01 01
EF-EF/GH-GH
1 1 032 AB-AB/CD-CD 10 - 32 i0 - 10 10
EF-EF/GH-GH
2 2301 AB-AB/CD-CD 23 -» 01 01 - 01 01
EF-EF/GH-GH
3 3210 {AB-SAB/CD-CD | 32 - 10 10 - 10 10
EF-EF/GH-GH
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v* In WRITE LATENCY = 1 - Serial systemsignals are stopped for one cycle

in wite node after read or nodul e. _ STOP SER SYS
I NI TIALI ZE REG AFT MODULE ( READ) 0 0 AFT MODULE
(VWRI TE) 0 BOTH BANK PRECHG _ 9{0 - 0

Table 7

CSL _SELECTOR TAP SET

A, |A, | A, |PAGE | B8-WRAP | B8-INTER | 4-WRAP | 4-INTER
0| aB AB AB AB AB
1 11 Bc BC AB AB AB
01 0| cp CD CD CD CD
o P DA cD CD CD
o | BF EF EF EF EF
°1 1] re. FG EF EF EF
1 o | GH GH GH GH GH
Y11 ma HE GH GH GH

Table B

CSL_ SELECTOR OPERATION COMBINATION

AB | BC | CD DE | EF FG | GH HA DA | HE
COMMON o] O o - o] 0 o - - -
PAGE - - - e] - - - fe) - -
WRAP - - - - - - - - o'l o
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VRl TE. LATENCY=1 0 BURST STOP 0 0
- 4| -
Table 9
(SWITCHING BETWEEN X8 AND X4)
X8 X4
DQ REG RWD L | bQ BUFF | DQ BUFF | RWD L REG bQ
0] 0 0 0 0 1 1 0
1 1 1 1 1 3. 3 1
2 2 2 2 0 1 1 0
3 3 3 3 1 3 3 1
4 4 4 L4 2 4 4 2
5 5 5 5 3 6 6 3
6 6 6 6 2 4 4 2
7 7 7 7 3 6 6 3
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Table 10
{FOR X4 PAGE)
T ADDRESS /CDRV QACT SEQ T PRE NEW CO
A SEQ SHIFT REG Y ACY ACY EX
P SEQ P LAS [|~8TA IS
E T RT T
0 { 01234567 | AB-BC-CD-DE | 01-23-01-23 { A | HA AB
EF-FG-GH-HA | 01-23-01-23
1 | 12345670 | AB~BCoCD-DE | 12-30-12-30 {B [GH |aB |=ua
EF-FG~GH-HA | 12-+30-12-30
2 | 23456701 | BC-CD-DE-EF | 23-01-23-01 | / | HA AB
FG-GH-HA-AB | 23-01-23~01 | A
3 | 34567012 | BC-CD-DE~EF | 30-12-30-12 | / | GH AB HA
FG-GH-HA-AB | 30-12-30-12 | B
4 | 45670123 | CD~DE~EF-FG | 01-23-01-23 { A | HA AB
GH-~HA-AB-BC { 01-23-01-23
5 | 56701234 | CD~DE-EF-FG | 12-30-12-30 | B | GH AB HA
GH-HA-AB-BC | 12-30-12-30
' 6 | 67012345 | DE~EF-FG-GH | 23-01-23-01 {/ {HA |aB
HA-AB-BC-CD | 23-01-23-01 | A
7 | 70123456 | DE-EF-FG-GH | 30-12-30-12 | / | GH AB HA
HA-AB-BC~CD | 30-12-30-12 | B

—

: A9c change side
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Tabl e 20 MODE DETECTI ON * Read and wite node are detected by signals

activated only in read and wite nodes, to stop witing circuits in
r ead node and reading circuits in wite node. * Read and wite
detections are both reset, after nodul e | engt h access ends and stop or
reset cycle starts, because of no fedd or wite node.

Table 11

[RRCHITECTURE EXPLANATION] (See Figs. 2 to 4)

(1)
SERIAL SYSTEM STUDY

iFUNCTIONS REQUIRED FOR SERIAL SYSTEM

-* Clock can be masked. (See Item of clock mask)
-* t_. related operation - * Columns can be activated for
each at least two cycles.

* Columns can be activated at
cycles after module length
end.

, * For both bank precharged.
-* For write latency = 1 (Studied in Item of latency)-
-* For 100 MHz CLK.
-* For word mask (Studied in Item of Word Mask).

RESTRICTION OF DATA REGISTER
{
I

r* 2 BIT + 2 BIT = 4 BIT construction (for two groups).
!'* Interleaved 2 bits by 2 bits {(for interleave operation).
~* Access starts from first register.

* Masked CLK-SYN signal CPOR (100 MHz) is operated by
hasic signal CP.

* ZP is used for serial system reset operation and
write latency.

* Shift registers are operated by CP, to operate main
pass activation signal (K}, read register gate (GR),
write register gate (GW), register group select signal
{R=2G)}, and DQM read register gate (GDM) by shift
register output.

y
{1) Method of dividing basic signal CP according to uses.
(2) Method of not dividing basic signal CP according to
uses.
REQUIRED SHIFT REGISTERS TOTAL NO. OF
SYN OPR

(%3 FOR K, FOR GR/GDM/REGR, FOR G/REGW 3 2
(2: FOR K/GW/REG, FOR GR 2 2

This is the replacemant sheet

03 Jan B9

Date:



-

* Read and wite detections are both reset, after both bank are
pre-charged, because of no read or wite node. Read detection set
* \When set to read node. reset * When set to wite node.
Wien set to reset node after nodul e.
After final data output subsequent to bot h bank
pr echar ge.

- 44 -

Table 12

(2)
BASIC OPERATION FOR RESPECTIVE SECTIONS

MAIN PASS ACTIVATION SIGNAL (X)

* During activation * Operates for each two cycles in
syn with CP (L pulse).

* K stops when serial system stops.

* Operation must be started from 1lst

clock when serial system is reset.

* Reset operation

READ DATA REGISTER GATE (GR)

* GRi proceeds in syn with CP.

* When serial system is reset, operation must be started
from GRi corresponding to latency.

* All are deactivated in write mode.

* In read mode, operation starts from lst CLK.

WRITE DATA REGISTER GATE (GW)

* GWi proceeds in syn with CP.

* When serial system is reset, operation must be started
from GW1.

*

In read mode, GW1l, GW3 = H, GW2/GW4 = L (for lst cycle).
In write mode, GWi selected by shift register is
activated.

*

REGISTER SELECT SIGNAL (REG)

k* Switched for each 2 cycle in syn with CP.
* When serial system is reset, operation must be started
from lst register group.

DOMR REGISTER GATE (GDM)

* GDMi proceeds in syn with CP.
* In write mode, GDMi is fixed to HorL on latency.

* In read mode, operation is same as GRi (Reset operation
is also same as GRi).

This is the replacemant sheet

03 Jan B9

Date:



& -

‘Wite detection set * When set to wite nopde.

reset * When set to read node. Wen set to
reset node after nodul e (when |atency = 1).
After final data wite subsequent to bot h bank
precharge * MODE DETECTI ON RESET AFTER MODE CHANGE | S MADE DURING K =L
(READ & WRI TE MUST NOT. BE | NTERFERED W TH EACH  OTHER).

— &5 -

Table 13

(3)
READ-RELATED SECTION STUDY

* When read data are read from core section, data must
be transferred to read data registers.

* After data have been transferred to read data
registers, gates must be opened.

New data are transferred in syn with register select
signals.

4

New data are outputted from only GR1 or GR3.

* Data transfer signals (XR) are activated with a
specific delay time after K -.
* GR1 and GR3 are enabled, after XR have been activated.

* for only when latency is 1 or 2, because of
latency relationship.

4

* GR can be used for DQMR from logical standpoint.
* Time between CLK + and GR - -~ may be delayed when
latency is 1 or 2. DQM read hold time is marginal.

* DOMR cannot be substituted for read data register
gate (GR).

* GDM for DQMR is added to output of shift register
for forming GR.

This is the replacement sheet

pate: 03 JAN 25



-

X WRI,TE RESET | S REQUI RED WHEN WRI TE LATENCY = 1, BECAUSE WRI TE MODE MJST
BE DETECTED AFTER READ MODE OR MODULE  TO STOP SERI AL SYSTEM FOR ONE CYCLE
VWHEN SET TO WRITE  MODE AFTER READ MODE OR MODULE

— 46 -

Table 14

[SERIAL OPERATION EXPLANATION] (See Figs. 5 to 32)

(0)
SERIAL-RELATED OPERATION

{1) Address mode can be set at tPC = 2.

(2) /CAS cycle can be set in any cycle after reset cycle
subsequent to module access.

(3) /CAS cycle can be set in any cycle after both bank
precharge or after self-refresh.

(1) TFor minimum random access

[tPC = 2] = [Different column addresses can be set every
2 cycles] = (every 20 nsec min}.
y

* Data must be read from core section for each 20 nsec.

* Data must be written to core section for each 20 nsec.
; * Data are outputted 20 nsec after address input (because
of latency).

between CLK - and RWD line - ~ (Read)
between CLK - and BL + -~ (Write)

* 20 nsec
* 20 nsec

N

* Since core - DQ lines - RWD lines change for 2 cycles
(20 nsec min}, data cannot be latched there - so that
data latch sections are necessary.

* Data registers at least 4-bit length longer than
latency are required - to prevent new data from
interfering with previous data during data output.

* Since addresses change every two cycles, accessed 2
bits by 2 bits (by dividing 4 bits into 2 bits).

J

* Data registers of 2-bit + 2-bits construction are used
being interleaved.
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Table 15

READ MODE

* Pipeline operation is executed between CLK and RWD
lines and between RWD lines and data registers.
Data registers are:
* 2 bit + 2 bit configuration (two groups).
* 2 bit data are interleaved to input data from
RWD lines every 2 cycles ({interleave
operation).
* Data are outputted beginning from lst data
register in sequence (serial operation).

f
J

*Because new data must be read when previous cycle data
are being outputted.

CLK — K — DQ line eq — CSL--

i WRITE MODE

* Data of data registers are outputted to RWD lines 2
bits by 2 bits.

* Data mask is always applied by DOM lines, and DQ write
is made when write-enabled by DQM.

ft
4

Since QACT is activated prior to new data, if DQ write is
made, normal data write is delayed.

Data registers are:

* 2 bit + 2 bit configuration (two groups).

* 2 bit data are interleaved to output data to
RWD lines every 2 cycles (interleave
operation).

* Data are inputted beginning from 1lst data

register in sequence (serial operation).

CLK — K — DQ line eq — CSL — QACT
l&-——-—- t —em——a —»]
CLK — GW — XW — RWD line
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Tabl e 21 CCLUWN CYCLE DETECTI ON

R/W MODE ACQUISITION

* /JWE Schmitt trigger output
* Column access mode latch
(New cycle mode is latched by CLK ~).

* Internal column access mode
(Switched during K =

(Wite latency = 1)

— ¢ & -

Table 16

——— T A Ay A o —

———— ——— — — —— —— T T S T —

——— e v — T — —— i — ———

L by column access mode

designation signal).

ADDRESS ACQUISITION

* Ai Schmitt trigger output

* New tap address latch

(Tap address used in new column cycle is
latched on CLK -.)

* New column address

(New address used for column system is
switched during K =

COUNTER RELATIONSHIP

* Tap address set %

* Normal operation {*

*

" —— . " —— o —— T

——— " — . — —— —— T — -

- T o ——————— T —t— ——— -

ACTi

L.)

In column-active cycle, tap address
is set to output-prepare section
during /R = H (except module length
PAGE).

Tap address is set to output-section
during 1st K = L of column active
cycle (module length PAGE)

Counters are inoperative with
outputs kept open (except module
length PAGE).

Count up starts when CNT -
(module length PAGE).

This is the reptacement sheet
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* Signal for acquiring address node in columm activation cycle. * \Wen

wite latency = 1, address node cannot be acquired by R because bei ng
of fset by one cycle fromused cycl e. In read node: /R -- CLK, in
colum activation cycle - &9 - when READ = H & WRITE = L.
/R KL Wite - Read: /R, -- READ' /IR X-- KL

In wite node: /R"' -- CLK - of when Z¥¥{mi &l yhen READ =

ADDRESS SIGNALS USED FOR CIRCUITS (IN TAP SET)

Ai | DESTINATION { USED SIG | CHANGE TIMING | CHANGE SIG
XR, XwW " ALTi CLK ~ /RGAM
An QACT ACLi K~ CLSET
QACT ACLi K ~ CLSET
AL /CDRV ACLi X CLSET
/CDRV ACLi K~ CLSET
A2 /CDRV ACLi K ~ CLSET
COUNTER GAMi/ACi CLK » / K ~ /GRAM/CLSETP
A3 YA ACi -—- ——-
YA ACi _— —
A4
COUNTER GAMi/ACi CLK » / K /GRAM/CLSETP
COUNTER GAMi /ACi CLK » / K /GRAM/CLSETP
: A YB ACi _— -
YB ACi - ——-
A6 COUNTER GAMi /ACi CLK » / K ~ /GRAM/CLSETP
COUNTER GAMi/ACi | CLK - / K /GRAM/CLSETP
A7 YC ACi - -——-
' YC ACi - -——-
A8
COUNTER GAMi /ACi CLK » / K ~ /GRAM/CLSETP
COUNTER ACLi CLK » / K » CLSET
A9 QACT ACLi K CLSET

YRR
(M) [ jnn

(o9TRUT - PREPARE)

M &.@ NN cat 1l (CTR oUTPYUT)
- "[/}’ - |

MAM i)

O

ALTj ACLi

Lol ]

This is the replacement sheet
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L & WRITE = H /IR KL Read - Wite: * WRITE/ is

transmtted to secti ons used in read node after F/ F has
been set. * or, /IR --VWRITE
/R --KL are added. * When wite latency = 1, /R is always
operated in col um activation cycl__ess_o

Table 18

/WE USED FOR VARIOUS SECTIONS

SECTION SIGNAL
ACCESS MODE DET /WEIN
SECT

OTHERS /WECL

* READ/WRITE MODE & FUNCTION DETECTING SECTS

* External input signals (not related to CLK) are
used by setup/hold.

*SERIAL & COLUMN SYSTEM CIRCUITS

* YWhen used in accessing circuits, read/write mode
can be changed only after previous cycle ends.

§

Changed during K = L.

“This ig the replacement sheet
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IR -- CLK , on colum active condition /IR -- KL /IR
IS SET TO "H' AT START OF SERI AL CYCLE, AND RESET BY | ST K PULSE

Y o g

Table 19

SERIAL SYSTEM ENABLE

* After access of module length data:

(Read mode) + Column set cycle (/CAS=L)} cannot be set after
latency-related cycle subseguent to data

output cycle.
/CAS=L cycle: * Register is initialized.
* Serial system is stopped.
When next column set cycle starts.

* Serial system is enabled.

* Serial system is stopped.

(Write mode) [ After final data input cycle.
When next column set cycle starts.

L % Serial system is enabled.

* After final data access after both bank precharge:

L * Serial system is stopped.
* Register is initialized.

¥

* In WRITE LATENCY = 1 — Serial system signals are stopped
for one cycle in write mode after read or module.

STOP SER SYS | INITIALIZE REG

AFT MODULE (READ) o o
AFT MODULE (WRITE) o -———
BOTH BANK PRECHG o] o
WRITE LATENCY=1 o _—
BURST STOP o o

This is the replacement sheetl
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Tabl e. 22 ADDRESS MODE ACQUI SI TI ON

- 852 -

Table 20

MODE DETECTION

* Read and write mode are detected by signals activated only
in read and write modes, to stop writing circuits in read
mode and reading 01rcu1ts in write mode.

* Read and write detections are both reset, after module
length access ends and stop or reset cycle starts,
because of no read or write mode. et

* Read and write detections are both reset after both
bank are pre-charged, because of no read or write mode.

Read detection [ set —— * When set to read mode.

* When set to reset mode after
module.

* After final data output
subsequent to both bank

reset { * When set to write mode.

precharge.
Write detection [ set —— * When set to write mode.
reset * When set to read mode.

*

When set to reset mode after
module (when latency = 1).

* After final data write
subseguent to both bank precharge

* MODE DETECTION RESET AFTER MODE CHANGE IS MADE DURING K
= L (READ & WRITE MUST NOT BE INTERFERED WITH EACH
OTHER).

* WRITE RESET IS REQUIRED WHEN WRITE LATENCY = 1, BECAUSE
WRITE MODE MUST BE DETECTED AFTER READ MODE OR MODULE
TO STOP SERIAL SYSTEM FOR ONE CYCLE WHEN SET TO WRITE
MODE AFTER READ MODE OR MODULE.

This is the replacement sheet
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‘FOR WRI TE LATENCY = 1 * Address node nust be acquired by CLK , under
col um activation condition, irrespective of wite | atency. VWHEN
ADDRESS MODE |'S ACQUIRED IN WRITE MODE, K [err] IS OFFSET BY ONE CYCLE

*In wite node, there exists a possibility of

-~ 53 -

Table 21

COLUMN CYCLE DETECTION

(Write latency = 1)

* Signal for acquiring address mode in column activation
cycle. _

* When write latency = 1, address mode cannot be acguired
by R because being offset by one cycle from used cycle.

In read mode: /R - -- CLK - in column activation cycle
when READ = H & WRITE = L.
/R » == KL »

Write - Read: /R - -- READ
/R~ == KL -
In write mode: /R » -- CLK 7 of when ZW = H when READ =
L & WRITE = H
/R~ ~- KL »

Read - Write: * WRITE -, is transmitted to sections used
in read mode after F/F has been set.

* Or,
‘ | /R » == WRITE - }
/R » -- KL ~ are added.

* When write latency = 1, /R is always operated in column
activation cycles.

/R - -- CLK - on column active condition
/R~ -—-— KL - )

/R IS SET TC "H" AT START OF SERIAL CYCLE, AND RESET BY
1ST K PULSE.

This is the replacement sheet
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.-inter.ference between CLK , and K, under columm activation

condi ti on. ADDRESS MCODE ACQUI SI TI ON LATCH RELEASE MUST BE MADE BEFORE K
, N WRI TE MODE. ADDI TI ONAL LATCH ISSBECUIRED AS ADDRESS MODE LATCH
Table 22

ADDRESS MODE ACQUISITION

FOR WRITE LATENCY = 1

* Address mode must be acquired by CLK - under column
activation condition, irrespective of write latency.

¢

WHEN ADDRESS MODE IS ACQUIRED IN WRITE MODE, K ~ IS
OFFSET BY ONE CYCLE

* In write mode, there exists a possibility of
interference between CLK - and K » under column
activation condition.

ADDRESS MODE ACQUISITION LATCH RELEASE MUST BE MADE
BEFORE K -~ IN WRITE MODE.

ADDITIONAL LATCH IS REQUIRED AS ADDRESS MODE LATCH

SECTION
U -
* Read mode: /AML v -- /R » of when READ = H & WRITE = L.
/BML » -- /R ~ of when READ = H & WRITE = L.
* Write -» Read:/AML -- latched bet pulses after READ -.
* Write mode: /AML ~ - /ZW , of when READ = L & WRITE = H.
/BML » - /ZW ~ of when READ = L & WRITE = H.

* Read - Write:/AML -- latched bet pulses after WRITE -.

e repiacement sheet
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-SECTI.ON * Read node:

/[ AML ' /R of when READ = H & WRITE = L.
[AML ; -- /R, of when READ = H& WRITE = L * Wite - Read:/AML --
| at ched bet pul ses after READ , * Wite node: /AML ' - /ZW/ of when
READ = L & WRITE = H. [AML [ - |/ ' of when READ = L & WRITE
= H —~ 55-
Table 23

[WORD MASK EXPLANATION] (See Figs. 33 to 40)

FOR DQOM READ

* In read mode, word mask latency is 1

, irrespective of
read latency.
* Masking is made by outputting HiZ status to output
buffers.
il
READ REG 2 4
GR . 1 {2
GDM 4
I

* GR AND GDM ARE SHIFTED BY SAME REGISTERS.
* GR AND GDM ARE INPUT TO READ REGISTERS AS TABLE ABOVE

FOR LATENCY

(Latency = 4) * GR1 or GR3 becomes lst access gate --

effective from GDM3 (in GR1) or GDM1l (in GR3).
i

* GR before 1lst access gate must not be outputted.
* Since GR is reguired after GDM3 or GDM1l, before
1lst access gate, GDMi = L may be OK. DGM3 is

activated by /SF23 + and GDM1 is actlvated by
/SFZ21 ~. !

GDMi ARE ENABLED BY /SF21 \+ OR /SF23

(Latency = 3) * GR1 or GR3 becomes 1lst access gate --

effective from GDM3 (in GR1) or GDMl (in GR3)

* GR prior to 1lst access gate must not be
outputted.

* Data of GDM 2 and GDM 4 are not used.

correspond i;to gates which fall by 1st CLK.

GDMi ARE ENABLED BEING DELAYED BY SPECIFIC TIME AFTER
READ -.

Specific delay = so that DGMi can be enabled )
simultaneously when /SF21 -~ or /SF23

This is the replacement sheet
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.* Read - Wite:/AM. -- latched bet pulses after WRITE ,
- B5-

— 56—

Table 24

(Latency = 2) * GRl or GR3 becomes lst access gate --
effective from GDM3 (in GR1) or GDM1 (in GR3).

* Data acguired in 1lst cycle is used as mask

data.
* It is too late to read data after read mode.

J

* GDM1 & GDM3 ARE FIXED TO "H" IN MODE EXCEPT READ MODE
* IN READ MODE, GDMi ARE ENABLED.

[ * There exists a possibility that GR3 (if starts from
GR1) or GR1l (if starts from GR3) is outputted in one

cycle.
§
. GDMi are activated after 1lst /SF22 ~ or /SF24 .
!
GDMi ARE ACTIVATED BEING DELAYED BY SPECIFIC TIME. AFTER
READ.
FOR DOMHi

* When mode changes from write mode or module to read
mode, output must be kept at HiZ till effective data

output.
i

* ALL DOMR ARE SET TO "H" WHEN READ .
* DATA ARE TO BE OUTPUTTED BY DQMR REGISTER TO DOM LINES

AFTER GDMi HAVE BEEN ENABLED.

* Do not set to Hiz till 1st access, even if GRi begin to
operate before 1lst access. - GRi operate before 1st access

gate.
J

* INTERNAL CIRCUITS OF DQMR REGISTERS ARE ALSO

RESET.
* ONLY REGISTERS 2 AND 4 ARE RESET WHEN LATENCY = 2.

* RESET IS RELEASED AFTER GDMi HAVE BEEN ACTIVATED.

This is the replacement sheet
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Tabl e 23 [ WORD MASK EXPLANATI ON] (See Figs. 33 to 40) FOR DQM READ

* In read node, word mask latency is 1, irrespective of r ead
| at ency. * Masking is made by outputting H Z status to output
buffers. READ REG 1 2 3 4
R 1234 — §9-

Table 25

FOR HiZ AFTER MODULE

WHEN NEXT COLUMN CYCLE DO NOT START MORE THAN MODULE
LENGTH AFTER COLUMN ACTIVATION CYCLE.

(MUST BE SET TO HiZ CYCLE)

+

* WHEN COLUMN CYCLE STARTS BEFORE RESET CYCLE AFTER
MODULE, HiZ STATUS IS REQUIRED FOR ACCESS
CORRESPONDING TO LATENCY.

* CLK OF (MODULE LENGTH + LATENCY) IS SET TO HiZzZ.

{
LATENCY SET SIDE (HiZ) RESET SIDE (NO HiZ)

2 CYCLE NEXT TO /WMR »~ IS COLUMN ACTIV CYCLE
CLK - IN COLUMN DEACTIV (HiZ 2 )
CYCLE. (HiZ 2 /)

3 1ST CLK - WHEN HiZ 2 = H 1ST CLK » WHEN HiZ 2
(HiZ 3 -) = L (HiZ 3 )

4 1ST CLK - WHEN HiZ 3 = H 1ST CLK » WHEN HiZ 3
(Hiz 4 -) = L (HiZ 4 )

* In write mode, module HiZ circuit must be reset.

4

* This is because new status will not be started when
write is changed to read.

/WMR: Signal set to "L" after module length from column
cycle.
Hiz is set by fixing DQMR to "H".

This is the replacement sheet
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‘GDM . 3 4 1 2 CGE AND GM ARE SHI FTED BY SAME REd STERS. * (R
AND GDM ARE | NPUT TO READ REG STERS AS TABLE ABOVE FOR LATENCY
(Latency = 4) * GRL or GR3 becones 1lst access gate --

effective fromGM (in GR1) or GOML (in GR3). * GR before 1st
access gate nust not be outputted. - 5o
Table 26

DOM WRITE STUDY

* For DOQM write -- DQM write lines are always masked before
write, and masked data are outputted to. DQMW lines when
write data are outputted.

U

* DQM DATA ARE LATCHED BY REGISTERS SIMILAR TO WRITE
REGISTERS.
* DOMW LINES ARE EQUALIZED AT K = L IN WRITE MODE.

* For write latency -- DQM data are acquired to DQM
registers being delated by one cycle.
I

* WHEN READ CHANGES TO WRITE, MUST BE INITIALIZED IF NOT
SET TO WRITE MODE FOR INPUTTING lst DATA (DQM ACQUIRE
STATUS IN INITIALIZATION).

i * NOT OPERATED EXCEPT WRITE MODE.

4

* TWO PRE-LATCHES OPERATED AT INTERVALS OF 2 CYCLES ARE
USED BY INTERLEAVE.

* OUTPUTS OF TWO CIRCUITS ARE DQOMW DATA.
* DATA ARE READ IN REGISTERS.

This is the replacement sheest

03 JAN 897

Date:



=

* Since GRis required after GDM3 or GDML, before 1st

access gate, GOM =L nay be OK. DGWB is activated by /SF23
and GDML is activated by / SF21 GDM ARE ENABLED
BY /SF21 [err] OR /SF23 [err] (Lat ency 3) * GRL or GR3 becones 1st
access gate -- effective fromGM3 (in CGR1) or GOML (in
GR3) . * GR prior to 1st aceesg?g-ate must not be
out put t ed.

Table 27

[CLOCK MASK EXPLANATION] (See Fig. 41)
CLOCK MASK OPERATION

* CLK in cycle next to cycle of /CKE =L is masked when CLK

7 .

* Mono synchronizing basic signal CPOR is stopped.

* Mask to -FCN setting cycle must be effected by
inputting clock mask signal to FCN setting
detection circuit without satisfying setting
condition at CMLAT = H.

CLOCK MASK

-* CKE status before one cycle is latched.

-* CKE = L --- CPOR = L fixed

~* Timing where internal CKE is switched is after
CPOR signal forming signal ends.

This is the replacement shest
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* Data of GDM 2 and GDM 4 are not used. correspond to
- gates which fall by 1st CLK GDM ARE ENABLED BEI NG DELAYED BY SPECI FI C

TI ME AFTER READ [err] Specific delay = so that DGM can be enabl ed
si mul taneously when./SF21 [err] or /SF23 [l

Table 28

[MODULE LENGTH RELATED OPERATION EXPLANATION]
(See Figs. 42 to 49)

Module length detection

End of module length = Read: Cycle where module length
_ data are outputted.
Write: Cycle where module length
data are inputted.

Read:
* ACCESS BEGINS ALWAYS FROM GR1 OR GR3.

* FINAL DATA OUTPUT IS ACCESSED FROM GR2 OR GR4.

* FINAL ACCESS DATA IS THAT STORED IN 2nd OR 4th
REGISTER.

* REGISTER GROUP FOR OUTPUTTING FINAL DATA IS DETERMINED
BY ONLY MODULE LENGTH, IRRESPECTIVE OF LATENCY.

i - DETERMINED ON WHICH OF REG 1 OR REG 2 IS L AT
/CAS = L.

Write:

* WRITE IS EXECUTED IN UNIT OF 2 BITS.

* WHEN FINAL DATA WRITE STARTS, FINAL DATA INPUT CYCLES
MATCH. -

, 4

* REGISTER GROUP FOR EXECUTING FINAL DATA WRITE IS
DETERMINED BY ONLY MODULE LENGTH, WHICH CAN BE DECIDED
ON WHICH OF REG 1 OR REG 2 IS L AT /CAL = L.

(Final access data groups)

REGLi AT /CAS=L REG 1 REG 2
MODULE \ MODE READ | WRITE | READ | WRITE
1 | REG 1 |REG 1 | REG 2 | REG 2
2 REG 1 | REG 1 | REG 2 | REG 2
4 REG 2 { REG 2 | REG 1 | REG 1
8 REG 2 |REG 2 {REG 1 | REG 1
PAGE  |REG 2 |REG 2 |REG 1 | REG 1

MODULE 8 AND PAGE: 2nd
This is the repiacement sheet
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—~4f-

Table 29

MODULE OPERATION

(Read mode) | Latency=2/4 - When column activation condition
cannot be obtained at CLK edge
in 2nd cycle after module length
end is detected.

* Stop serial system for
reset.

- Latency= 3 -- When column activation condition
cannot be obtained at CLK edge
in next cycle after module
length end is detected.

* Stop serial system for
reset.

(Write mode) Latency=0 - Cycle in which module length
end is detected.

* Stop serial system.

Latency= 1 - Cycle in which module length end
is detected.

* Stop serial system.

MODULE RESET RELEASE

* Read mode/write mode (latency=0)- * In next column
activation condition.

*Write mode (latency=1) - * In next cycle after column
activation condition.

f
J

* Since column operation starts at
next cycle after column
activation cycle.

This is the replacement sheet
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(Latency = 2) * GRL or GR3 becones 1st access gate --
effective fromGM (in GRl) or GM (in GR3). * Data
acquired in 1st cycle is used as mask dat a. *

It is too late to read data after read node. * GDML & GDVMB ARE FI XED TO
"H'" I N MODE EXCEPT READ MODE * IN READ.MC@E, GDM ARE ENABLED.

* There
exists a possibility that GR3 (if starts from
Table 30
MODULE LENGTH DETECTION RESET
* Cycle from which module length is counted.
* Read mode --- Column activation cycle
* Write mode --latency = 0 -- Column activation cycle

latency = 1 -- Next cycle after column
activation cycle

Since column operation
starts fromnext cycle after
column activation cycle

This is the replacement sheet
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+GR1) ,or GR1 (if starts fromGR3) is outputted
GDM are activated after

1st /SF22 \ or /SF24

in one
GDM ARE ACTI VATED BEI NG

cycle.

DELAYED BY SPECI FI C TI ME AFTER READ. FOR DQVH
~ 43~
Table 31
( SUMMARY )
MODULE READ WRITE
\MODE
*1st K » AFT /CAS=L *]1st K v AFT /CAS=L
1 REG1=L: /SF22 »~ AFT REGl - REGl=L: REGl -
REG2=L: /SF24 ~ AFT REGZ - REG2=L: REG2 -
2 SAME AS WHEN MODULE SAME AS WHEN MODULE
LENGTH = 1 LENGTH = 1
*1st K v AFT /CAS=L *1st K » AFT /CAS=L
4 REGl=L: /SF24 >~ AFT REG2Z - REGl=L: REGZ -
REG2=L: /SF22 » AFT REGl -~ REG2=L: REGl -
8 *]1st K » AFT /CAS=L *1st K v AFT /CAS=L
REG1=L: /SF24~ AFT 2nd REG2- REG1=L: 2nd REG2 -
REG2=L: /SF22» AFT 2nd REG1- REG2=L: 2nd REGl -
PAGE * DETECT COUNTER IS RESET (BY /R) ON 1lst CLK AFT
/CAS-L.
* DETECT COUNTER IS OPERATED BY 2nd YCHAN.
; * FINAL 8 DATA CYCLES ARE DETECTED AT DET COUNTER
aAll=1.
* THEREAFTER, SAME AS MODULE LENGTH = 8
ALL * MODULE DETECTION IS RESET AT COLUMN ACTIVE
CYCLE (READ/WRITE 0).
* MODULE DETECTION IS RESET AT NEXT TO COLUMN
ACTIVE CYCLE (WRITE 1).
MODULE DET REG 1 REG 2
REGi AT /CAS=L [ REG 1 [REG 2 | REG 1 | REG 2
1 o} - - o
2 o] - - -
MODULE 4 - fo) O -~
LENGTH
8 - e} (o} -
P - Q (o] -

8 AND P: 2nd

This is the replacement sheet
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* When node changes fromwite node or nodule to read node, out put

must be kept at HHZ till effective data out put . * ALL DQVR ARE
SET TO "H' WHEN READ * DATA ARE TO BE QUTPUTTED BY DQVR REG STER TO DQM
LINES AFTER GDM HAVE BEEN ENABLED. * Do not set to Hiz till 1st access,

even if GR begin to operate before ls[\ﬁf&e§s. - CGR operate before 1st
access gate. '

Table 32

MODULE RESET

* Cycle in which module detection circuit is reset to
count new module length.

* Read mode --- Column activation cycle.

* Write mode + Column activation cycle (Write
latency = 1).

Column activation cycle + 1 (Write
latency = 1)

RESETTABLE BY /R -
4

When set by /R, delayed as compared with when reset by CLK.

Circuit to which module signal is inputted is reset being
delayed.

L1* CP (WMRi) ---- * Set so that WRITE » after write module.

* In write mode, WRITE » is transmitted
after WMRi is reset.

+* MRRST(/RMRi) -- * In column set cycle, when min hold time
changes due to /CAS, COLACT is set so
as not to be changed before /RMRi ,.

~ % HiZ(/WMRi) --- * In column set cycle, when min hold time
changes due to /CAS, COLACT is set so
as not to be changed before /WMRi ~.

Resettable by /R on the basis of above.

This is the replacement sheet
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** INTERNAL ClI RCUI TS OF DQVR REG STERS ARE ALSO RESET. * ONLY :
REG STERS 2 AND 4 ARE RESET WHEN LATENCY = 2. * RESET |'S RELEASED AFTER
GOM HAVE BEEN ACTI VATED.

— b5 -

Table 33

COLUMN ACTIVE CYCLE DETECTION

REGLi AT /CAS = L

* IN WRITE LATENCY = 1, INTERNAL OPERATION IS DELAYED BY
ONE CYCLE FROM /CAS = L CYCLE.

U
* WHEN REGi IS ACQUIRED AT /CAS = L, PROBLEM OCCURS IN
WRITE MODE. u-

* REGi MUST BE ACQUIRED BY SERIAL SYS ACTIVATING SIGNAL.

+

* IN MODULE LENGTH = 1, 2, MODULE LENGTH IS DETECTED IN
2nd CYCLE AFTER SERIAL SYS BEGINS TO OPERATE.

* REGi MUST BE ACQUIRED BY SIG ACTIVATED IN 1st CYCLE.

4

ACQUIRE WHEN K »

FOR MODULE LENGTH = 1

* IN MODULE LENGTH = 1, 1~-BIT ACCESS IS ENABLED «—
REGISTER IS ACCESSED 2 BITS BY 2 BITS.

* DATA OF 2nd BIT IS MASKED. -

(Read): Only data from GR1l or GR3 are effective.

Y

* SET SO THAT DQMR 214 IS FIXED AT H.

(Write): Data are scrambled when outputted from
registers to data lines.

"Cannot be fixed at specific DQMW lines.

J

* RESET 2nd & 4th REGISTERS SO THAT SAME STATUS AS WHEN
DOM=H IS ACQUIRED.

‘ﬂﬁsisﬁh&rephﬁﬁmﬁﬂﬁiﬂﬁﬁk
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Tabl e+ 25 FOR H Z AFTER MODULE  WHEN NEXT COLUWN CYCLE DO NOT START MORE
THAN MODULE

' ~ 66 ~
Table 34

[BURST STOP EXPLANATION] (See Fig. 50)

BURST STOP OPERATION

* In burst cycle, serial system is disabled next to the
cycle where burst stop command is inputteg even midway
of module length.

* READ --- Output HiZz

* WRITE -- Input is disabled.
* Burst stop command -- CLK - AT /RAS = H, /cas = H, /CS
= L, and /WE = L ’

* Stop status reset --- When next column active cycle
. starts.

* Burst stop is executed even if internal status is odd.
' Y
0dd status is not preferable at next column access start.

U

* Internal status must be initialized.

4

*

SAME OPERATION AS RESET AFTER MODULE LENGTH

OUTPUT HiZ

* Reset READ in same way as module length.

NOT INPUTTED

* Reset WRITE.

This is the replagement sheet
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LENGIH AFTER COLUMN ACTI VATI ON CYCLE. [err]
(MJUST BE SET TO H Z CYCLE) + * WHEN COLUWN
CYCLE STARTS BEFORE RESET CYCLE AFTER  MODULE, Hi Z STATUS | S REQUI RED FOR

ACCESS ~ CORRESPONDI NG TO LATENCY. * CLK OF (MODULE LENGTH + LATENCY) IS
SET TO Hi Z. — 49~

Table 35

[COLUMN SYS EXPLANATION]
(See Figs. 51 to 6 and Tables 2 to 8)

COLUMN SYS BANK DESIGNATION

* BS is acquired when column is active, and column system
on designated bank side is activated.

-* Only signals related to bank are bank-designated.
* DQ buffer control system
* CSL control system

L% peactivated when not bank-designated.

L* Change column system to be activated in column system
deactivation status (K = L).

* Divide column system basic signal K into two of:

. Decoded by BS -- for core access
' Not becoded by BS ~- for serial system
CIRCUITS
DECODE BY BS | /CDRV, SCSL, Kw, Kn',6 Kp,
Kp', /EQDQ
NOT BS /R, CLSET, /RGAM, DAT, CFP,
K., YCHAN, /EQDQOM, AlGi, QAYc

* When set to only BS-selected side, tap address is delayed
when non-selected side changes to selected side.

Set tap address irrespective of BS.

This is the replasemsent sheet
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LATENCY SET SIDE (Hi 2) RESET SI DE (NO Hi 2) 2 CYCLE

NEXT TO/WWR [err] IS COLUWN ACTIV CYCLE CLK [err] I'N COLUW
DEACTI V (HZ 2) CYCLE. (HiZ 2 /) 3 1ST CLK VHEN
HZ 2 =H 1ST CLK VWHEN Hi Z 2 (H Z 3) L
(HZ 3 [err]) 4 1ST CLK V\HEI&LI—A?.SzH | ST CLK WHEN Hi Z 3
(HZ 4 ,) =L (HZ4)

Table 36

[COLUMN SYS ADDRESS EXPLANATION] (See Figs. 62 TO 75.)

COUNTER DRIVE SIGNAL

* Counter | Page mode - * Partial decode signal which changes
for each 8 cycles is outputted.
* In page, address must be
transmitted to output-prepare
section to output tap address.

* Other than page- * Set address to output-prepare
section in column cycle.

* Qutput address is not
transmitted tooutput-prepare
section, because counter is
not operated.

* (Page mode) + Column cycle - * Set tap address to output by
CLSET.
* CNT = L, /CNT = H

In burst ----- * Operated for each 8 cycles
after 5th cycle.

* Other than page mode  Column cycle +* Set tap address to
output-prepare
section by /RGAM.

* QOutput address by
CLSET.
* KEEP /CNT at L.

SPARE SELECT SIGNAL
* In page mode T'* Combine spare information of A3c in
sequence to activate column decoder in

order of (tap, tap+l), (tap+l, tap+2), ..

i - * This signal is necessary to output S/N

discriminate signal without delay in cycle

where partial decode signal is switched.

- * Keep open until count-up address is
transmitted to output-prepare section
{for tap+l).

* Other than page mode -- Kept open.

CLSET.
* Burst cycle -~ Operated for each 8 cycles

from 5th cycle. '

* (Page mode) 1-* Column cycle - * X and Y are both opened by

Tap /A3: Operates from X}
A3: Operates from Y

This is the replagement sheet
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* In.wite node, nodule H Z circuit nust be reset. * This is because
new status wll not be started when wite is changed to read.

/WVR: Signal set to "L" after nodule | ength from col um cycl e.
Hz is set by fixing DQVR to "H".

— 67~

Table 37

PARTIAL DECODE SIGNAL SWITCHING

* Partial decode signal * Page mode - * Opened at 8 cycle
{ intervals.

* Other than page mode, kept
opened.

* Addresses are inputted to banks I and 1I to set partial
decode signals.

4

When banks I and 11 are set selectively, partial
decode signal is delayed because outputted after BS.

S/N DISCRIMINATION RESULT ACQUISITION

* Page mode - Opened at 8 cycle intervals - S/N bank

discrimination signal must be separated for each bank I
or II.

* Other than page mode - Kept opened.

Same as partial decode signal switching

Although small pulse is outputted when switched from .PLS1
to PLS2, this is not timing at which counter address and

S/N discrimination result are switched, thus causing no
problem.

This is the replacement sheel
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Table 38

[COLUMN SYSTEM DATA ACCESS EXPLANATION]
(See Fig. 76 to 88 and Tables 9 and 10)

CHANGE FROM X4 TO X8 OR VICE VERSA

* Bank is divided into 2 by A9c.- * If divided vertically by
A9c, length of R¥YD lines
is doubled to increase
load.

* Connection between RWD lines and DQ buffers is changed as
in Table 9.

* In X4, registers 0, 2, 5 and 7 are stopped.

A9c DECODE IN X4

* In X4, A9 is decoded by selecting DQ buffer. - QACT is
decoded by
A3c.
§

QACT are prepared for A9c & /A9c and BS & /BS.

This is the replacement sheet
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DM WRI TE STUDY * For DM wite -- DOMwite |lines are al ways masked -

bef ore write, and nmasked data are outputted to DQWVIines when
wite data are out putt ed. * DQM DATA ARE LATCHED BY REGQ STERS SIM LAR TO
VWRI TE REG STERS. * DQWV LI NES ARE EQUALI ZED AT K = L I N WRI TE MODE.

= 71-

Table 39

* When A9c is switched in Table 10, QACT for both /A9c are
sometimes required to be activated.

-* In this case, 0ld A9c side is for QACT3 side, and new
A9c is for QACTO side (type A, /A).
-* Coexistence occurs in only HA select cycle of type

B, /B.
-* In type B, does not extend over new and old.
~* Only new A9c is used from AB cycle. - A9c is switched

in AB cycle.

!

Wheg A9c is switched by CNT, this does not match A9c
switching timing. - Do not use A%9c counter.

* Type A, /A 4 0l1d AYc till HA cycle of Y,,,. = all 1
- Switched to new A9c in next AB cycle.
* Type B, /B T 0ld ASc till GH cycle of Y,,, = all 1

L QACT3: old A%c

QACTO: new A9c } till HA cycle of Y,,,.
= all 1

- Thereafter, switched to new A%9c in AB cycle.

* 0ld A9c = O - { A9c = O side QACT3
{ A9c = 1 side QACTO
* 0l1d A9c = 1 - { A9c = 1 side QACT3
A8c = 0 side QACTO

b

QAT dependent upon C/D is required and QACT is
required for each bank.

This is the replacement sheet
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* For. wite latency -- DQM data are acquired to DQM regi sters being

del ated by one cycle. * WHEN READ CHANGES TO WRI TE, MUST BE | NI Tl ALI ZED
|F NOT SET TO WRI TE MODE FOR | NPUTTI NG 1st DATA (DQM ACQUI RE  STATUS I N
I NI TI ALI ZATI ON) . * NOT, OPERATED EXCEPT WRI TE MODE

Table 40

QACT CONTROL

* Type A, /A - * QACT set is switched by AY9c.

w

* Type B, /B —+ QACT set is switched by A9c.

%

In HA cycle of Y,,, = all 1,

if A%c = 0,
QACT3 (/A9c side), DACT (A9c side) = H
others = L
~ * In HA cycle of Y,,, = all 1,
if A9¢c = 1,

QACTO (/A9c side), QACT (A%c side) =
others = L

A9c CONTROL

* CLK - in column active cycle - External A91N is acquired -
Switching is made during K = L.

* In AB cycle after HA cycle of Y,,, = all 1 - A9c is changed.
* In X8, A9c and /A%9c are both activated.

* In column active cycle next to Y,,, = all 1 & HA

cycle, tap must be kept without counting A9c. - Stop
counting-up by /K.

* If Y, = all 1 & HA cycle are satisfied at tap, ASc
must be counted in next K cycle.

* A9c is counted up only when module length = PAGE.

This is the reptacement sheet

Date: 03 JaN B9



-

* TWO PRE- LATCHES—OPERATED AT | NTERVALS OF 2 CYCLES ARE  USED BY
* QUTPUTS OF TWO Cl RCU TS ARE DQWV DATA.

i

~73 —~
CLAIMS:
1. A synchronous LSI memory device, comprising:
memory cell array means (BK1,BK2) comprising a pluralit
5 of cell blocks (CB) each having a plurality of memory c

timing generating means (CLOCK MASKED SECT) for
generating a first basic signal (CPOR) synchronous with a
clock signal (CLK) and masked according to status of a control
signal (CKE);

10 signal generating means (SERIAL SYS CONTROL) for
generating a second signal (CP) in synchronism with the first
basic signai (CPOR) and stopping generating the second signal
-after a predetermined number of accesses or in response to a
stop signal {(MRRST, MWSTP, LADA, BSTP); and

15 control means (SHIFT REGISTER) for controlling said cell
array means (BK1l, BK2) on the basis of outputs of said timing

signal generating means and said signal generating means.

! 2. The synchronous LSI memory device of claim 1, which
20 further comprises first means (SHIFT REGISTER) operative in
response to the second signal (CP) to control access to said

memory cell array means (BKl, BK2).

3. The synchronous LSI memory device of claim 2, wherein
25 said first means (SHIFT REGISTER) has the number of bits even-

number times larger than that obtained during a cycle interval

during which a column address is inputted, for activating

column systems (COL SYS) of said memory cell array means {BK1,

BK2) on the basis of specific output signals {K) of said first
30 means (SHIFT REGISTER).

4. The synchronous LSI memory device of claim 2, wherein
said first means (SHIFT REGISTER) comprises two-set
independent shift registers (SHIFT 1, 2).
35
5. The synchronous LSI memory device of claim 2, wherein
| Tius is the replacement sheet
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This i s the replacenent sheet
This Sheet Has Been Reilaced

LD

said first means (SHIFT REGISTER) changes an initial condition

- % —

according to read latency.

6. A synchronous LSI memory device, comprising:
5 cell block means (CB) each having a plurality of memory
cells; and
data register means (WRITE REGISTER) for acquiring
externally input data applied to first terminals (DQ) in
synchronism with a clock signal (CLK), said data register
10 means being provided with inputting registers (WRITE REGISTER)
having a plurality of bits and connected to the respective
first terminals; and when dafa are inputted, the inputting
registers being controlled so thaf the respective plural bits
are switched in sequence or not controlled so that the

15 respective plural bits are set alternately to data input

status.

7. A synchronous LSI memory device, comprising:
memory cell array means (BK1l, BK2)} each having a
20 plurality of memory cells;
timing generating means (TG) for generating a first basic
signal (CPOR) synchronous with a clock signal (CLK) and masked
according to status of a control signal (CKE);
signal generating means (SERIAL SYS CONTROL) for
25 generating a second signal (CP) in synchronism with the first
basic signal (CPOR) and stopping generating the second signal
(CP) after a predetermined number of accesses or in response
to a stop signal (MRRST, MWSTP LADA, BSTP);
) control means for controlling said cell array means (BK1,
30 BK2) on the basis of outputs of said timing signal generating
means and said signal generating means {SERIAL SYS CONTROL);
and
' mask control means (DQMR) for acquiring statuses of
second terminals (DQM) in sequence into register means having
35 the number of bits even—number times larger than that obtained

during a cycle interval during which a column address is

fhis is the rep\asamen’t gheet
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Sheet Has Been Replaced

A

inputted, outputting the acquired data in sequence, inputting
the outputted data, respectively to specific registers each
having the number of bits even—number times larger than that

_~Zf_

obtained during the cycle interval during which the column
5 address is inputted, and when data inputted through the second
terminals (D@QM) are in a first status, outputting signals for
setting output circuits of the register means to a high

impedance status in synchronism with the second signal (CP).

10 8. The syunchronous LSI memory device of claim 7, which
further comprises:

data holding means (DQM WRITE REGISTER) for, in only

write mode, acquiring the stﬁtuses of the second terminals

(DQM) in synchronism with the second signal into registers

15 having a plurality of bits in sequence and scrambling the

acquired data on first data lines (DQMW) plural bits by plural

- bits every plural cycles; and '
precharge means (EQDQM) for precharglng the first data

lines_lnto write disable status every predetermined cycle

20 interval.

g. The synchronous LSI memory device of claim 8, wherein
when the predetermined access length is "1", even-number
registers of said data holding means {DQM WRITE REGISTER) are

25 {fixed to status the same as when masked data are acquired.

10. The synchronous LSI memory device of claim 7, which
further comprises:
read mask registers (DQM READ REGISTER) for acquiring,
30 in read mode, the statuses of the second terminals (DQM) into
a plurality of registers in sequence in synchronism with the
second signal, and outputting the acquired data to the data
lines (DQMR) in sequence; and
potential fixing means (/RPRM13, /RPRM24, HIZ) for
35 fixing, in write mode, potentials of the data lines (DQMR) to
set the output circuits connected to the data lines (QQMR) to

—— This is the replacement sheet
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['CLOCK "MASK-EXPLANATI ON) (See Fig. 41) CLOCK MASK OPERATION * CLK in
cycle jext to cycle of TCKE =L is masked when CLK L Mono

synchr ﬁ[‘ 123 Bas Rep) naI CPCR i s stopped.

U -

a high impedance status.

11. The synchronous LSI memory device of claim 10, wherein
when the predetermined access length is "1", even-number
5 registers of said read mask registers having a bit number
length half of a word length are fixed to a mask data output

status.

12. The synchronous LSI memory device of claim 1, wvherein the
10 stop signal (CLADA) is outputted subsequent to a predetermined
number of accesses after all banks (BK1, BK2) have been

precharged.

13. The synchronous LSI memory device of claim 12, wherein
15 when the write latency is "1", the stop signal (WRLA) is
outputted in a first cycle immediately after write disable

mode has been changed to write enable mode.

14. The synchronous LSI memory device of claim 1, wherein the
20 number of predetermined accesses is counted on the basis of
a signal (REG1, REG2) for selecting bits n-bits by n-bits by
interleaving an m(= n + n)-bit register having two sets of n-

bit registers.

25 15. The synchronous LSI memory device of claim 1, wherein
when & plurality of said cell block (CB) are accessed in
series, a plurality of serially accessed cell blocks can be

accessed simultaneously.

30 16. The synchronous LSI memory device of claim 15, wherein
when a plurality of said cell array means are accessed
simultaneously, data buffers whose ﬁumber is a half of that
required when a single cell array is accessed are activated
in the respective cell arrays means.

35
17. The synchronous LSI memory device of claim 1, wherein the

U 0 D

This is the replagement sheet
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Mask ~t_c_)'_IEG\T'SetTWg‘cry*c#e nust be effected by i nputting clock

mask  STig SHeet 149 s tting detection circuit w thout satisfying
setti ng ion at CMLAT = H. * CKE status before
S

~77~

second signal (CP) is divided into a plurality of signals
(CPK, CPW, CPR) according to use so as to be controlled
individually.

1 /”/”/ ///’l/ ’”/l /I’/’ // /”/ This is the replasement sheet

Nate: 03 JAN 1997



* CKE =L --- CPOR =1L fixed * Timng where internal CKE is
swtched is after CPOR signal form ng signal ends.

73

SYNCHRONOUS LSI MEMORY DEVICE

ABSTRACT

A synchronous LSI memory device, comprises memory cell

array sections (BK1l, BK2) each having a plurality of memory

5§ cells; a timing generating section (CLOCK MASKED SECT) for

generating a first basic signal (CPOR) synchronous with a

clock signal (CLK) and masked according to the status of a

control signal (CKE); a signal generating section (SERIAL SYS

CONTROL) for generating a second signal (CP) in synchronism

10 with the first basic signal (CPOR) and stopping generating the

second signal after a predetermined number of accesses or in

response to a stop signal (MRRST, MWSTP, LADA, BSTP); and a

control section (SHIFT REGISTER) for controlling the cell

array sections (BK1, BK2) on the basis of outputs of the

15 timing signal generating section and the signal generating

section. In the synchronous LSI memory device, it is possible

to operate the memory device whose access speed is lower than

the CPU on the basis of a single high speed clock signal

suitable for the CPU, so that the it is possible to simplify

20 the clock control so as to be correspond to the higher speed
CPU without complicating the system configuration.

(Fig. 4)

This is the replacement shest
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FI NAL DATA QUTPUT | S

*

* FI NAL ACCESS DATA IS THAT STORED IN 2nd OR 4th

REG STER GROUP FOR OUTPUTTI NG FI NAL DATA | S DETERM NED

*

* “ACCESS BEG NS ALWAYS FROM GR1 OR GR3.

Read:

*ACCESSED FROM GR2 OR GR4.

REG STER

-

by [€] |[ (Wv¥a NAS WOI) O3S INOD SAS 03S

(130 84

nog HNOJ Nao

bay ] L

S
p -

(AYT3Q SNYHL VLIVQ)

los Teti0s

. ]
g ¥X ]
\
_Hm m . |
(AYT30 viva akyd ¥o) 193] _
(WX , |
ﬂluﬁlr "
|
MDA | il LM 9= LRSI
( 421851604
SAS 109 3 | Hus)
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BY ONLY MODULE LENGTH, | RRESPECTI VE OF LATENCY. DETERM NED ON WHI CH
OF REG1 ORREG2 IS L AT [CAS = L. Wite: * WRITE I S EXECUTED I N
UNIT OF 2 BITS. * VWHEN FI NAL DATA WRI TE STARTS, FINAL DATA | NPUT CYCLES
MATCH. * REG STER GROUP FOR EXECUTI NG FI NAL DATA WRITE IS  DETERM NED BY

ONLY MODULE LENGTH, WH CH CAN BE DECI DED#

[ coL ACT DET ]
CMLAT.
CSIN e
—_— COLACT
CASIN
RASIN

FIG, 5

CMLAT _DO_—L
E_SEI_ Do COLACT
CASIN —Do——h

FIG. b

ISEL SYS BASIC PULSE|

CPOR |
MRRSTEE;;;}Q:::X*“1_
LADA BSTP—o—

MWSTP —

(BSTP IS OP)

This is the replacement sheoet
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ON WHICHOF REG1 ORREG2 IS L AT /CAL = L. (Final access data groups)

REG AT /CAS=L REG 1 REG 2 MODULE \ MODE READ
VWRITE READ WRITE 1 REG1 REG1l REG2 REG?2

2 REG1 REG1 .REG2 REG?2 4 REG 2 REG 2 REG
1 REG1 8 REG2,REG2 REG1 REG1

PAGE REG2 REG2 REG1 REG1 ' MODULE 8 AND PAGE: 2nd

| SEL SYS RESET |
MRRST
BSTP _%Do—bo—_srasr
LADA

FI1G. 8

| COL DEACT DET |

RASIN NONCLA
CMLAT

FIG. §

| MODE DET |
COLACT
WEIN ; -
CLKIN _I—_@_—_D:F} READ
SRST

oo @ e
WECL —Do BRET

FI1G. 10

This is the replacemant sheet
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L ot
CLKIN

COLACT.

SRST
MWSTR Do]-‘
WECL I

| oo O

PRST

FI‘G_ 11

LATENCY DET

WRITE _{m}

PR Do G 5o | Pf

PRST-

FI1G, 12

WRLA
(IF WRITE LATENCY = 1)

This is the replacement sheet
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MODULE OPERATI ON (Read npde) Latency=2/4 - \Wen columm activation

«condition cannot be obtained at CLK edge
in 2nd cycle after nodule length end is
det ect ed. * Stop serial systemfor
reset. Latency= 3 -- Whem colum activation condition

-
() =
N =
X) =

TAP ADDRESS MODE ACQ CONT (AMSET)

(FOR WRITE LATENCY = 0)

ﬂ%
K
2

—f—
1]
b

~{-Hi -0

This is the replacement shest
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in next cycle

cannot be obtained at CLK edge
af ter nodul e | ength end i s detected.

- * Stop serial systemfor reset. (Wite
node) Lat ency=0 Cycle in which nodule I ength end is
det ect ed. * Stop serial system
Latency= 1 - Cycle in which nodule I ength end

g
=
w = 3
9 & 4
3] g e
o
- ~
] <
o [
[+ o
o
[V
.
[=]
] =
> (=
2 3
H &
-
-
i
=
o~
=
S
&
o
il
Q
]
|
8

(FOR WRITE MODE)

This is the replacement sheet



' * Stop serial system MODULE

l.s det ect ed.
RESET RELEASE * Read node/wite node (latency=0 - * In next colum
activation condition. *Wite node (latency=1) - * In next cycle after
col um activation condition.
Lo
g———
A -
5 @
- N
%
L4 [ )
0 =
’m t
7]
O—ar—
o o
,l—- O A0
4
N = n
b
73]
5K
o
] SRS
lz;
I
= 77
L
K 1
- L D>
Lu .
- T
s = B
X
w ()
-
-] -
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* Since'col um operation starts at next cycle

‘after col um activation cycle.
77
l?&
L
0
5 —~
~
L‘F»—{ <
n T 5
3 ’
= | =
s RS
m §

N

FI1G, 16

S
ST
SRST
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7 -
0 I
5 X 5
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5 3 N
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Tabl e 30 MODULE LENGTH DETECTI ON RESET * Cycle from which nodul e
-length is counted.

/4

REG GR SEL

(10)/19)

REG |
{10} /711D

REG2 (I0)/ul)

COL SYS BASIC SiG

SFi2
SFi4 __|

x|

Do— K
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Wite node --latency = 0

*.-Read node --- Columm activation cycle
-- Columm activation cycle | atency 1 -- Next cycle
after colum activation cycle
Si nce col um operation starts from next
cycle after ' /7 colum activation cycle
n <
@
S &
0 =
E SRR N L
w @ ¥ |
& E 7 T » ——
]
_ o =
& & —
L
=
S
(4]
2 IR - B 1
o s A -
=) t @l |z
S Z
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|  XR REG SEL SI6 |
WECL Do_xgo; WECL XGIO|

REGIOI | ReEGHO. (USED FOR XR CKT)
“WECL ' XG20! “WECL _ XG210
vEC! j} i E:DO—

FIG, 20

OPERATING REG GR DET
T o1 2oL XG 2
L m_HD_
FIG, 21

DATA TRANS GATING

XG1
GENBL. |

LACY2

GENBL3
XG2

FIG, 22
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.Tat;le 31  (SUMMVARY)  MODULE READ WRI TE \ MODE
*1st K AFT /CAS=L *1st K [err] AFT /CAS=L 1 REGL=L: /SF22 %

AFT REGL REGL=L: REGL RE&Q=L: /SF24 [err] AFT REQ [err]
RE&R2=L: RE®& 2 SAVE AS WHEN MODULE SAVE AS WHEN MODULE
/5
o
5 ;
o0
<)
o~
)
!_l_
!9 o
b N
R L‘%
5
[m

XR20I

W
FIG. 23 A

@

-

oc

-

=

-

[

= _
- [®]

i g S

[a' > 5%
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LENGTH = 1 LENGTH = 1 *Ist K AFT /CAS=L

*1st K AFT /CAS=L 4 REGL=L: /SF24 AFT REQ REGl=L: RE&X
RE&R2=L: /SF22 AFT REGL RE&2=L: RECGL - 8 *1st K AFT / CAS=L
*1st K AFT / CAS=L REGL=L:/ SF24 AFT 2nd REG REGl=L: 2nd REQX2

RE&2=L:/ SF22 AFT 2nd REGlL RE&2=L: 2nd ﬁEGl PAGE * DETECT COUNTER I S
RESET (BY /R) ON 1st CLK AFT CAS- L.

| READ DATA REG |

RWDOn
RWOIn GRL ., GRV
| XRIO1_y XRIOI e (S
XRIO} F )0—{><P— TSR XRZ10
GRI XRii0 > XRI(IO P XR210
| : GRI
XRrlo
‘ DQMR3 quq_{
PGTn
XRlIO '
GR2 ] ,
T
GR2
XRIO
DQAMR4
XR20!
GR3
I —[>o{>0—NGTn
GR3
XR2I0
DaMR| | |READ —
D4 |
XR200 —,_DO—DQ—
GR4 PGTn l
DQn
GR4 NGTn '
XR20I OMR2

FlG 24
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* FINAL 8 DATA CYCLES

* DETECT COUNTER |'S OPERATED BY 2nd YCHAN.
ARE DETECTED AT DET COUNTER AL1=1. * THEREAFTER,
SAME AS MODULE LENGTH = 8 ALL * MODULE DETECTI ON |'S RESET AT COLUWN
ACTI VE CYCLE (READ/ WRI TE 0) . * MODULE DETECTI ON | S RESET
AT NEXT TO COLUWN ACTI VE CYCLE g@RI TE 1).
N
= <
S =
©
e B OE o
g o L |6 o~
— m -
e : 2
[ 5 .
Lt
=
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i
73] — i
2 kO E
E z @ = |

This is the replacement shest
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x5

MODULE ‘DET REG 1 REG 2

REG AT /CAS=L REG 1 REG 2 REG 1
- REG'2 1 0 --0 2 0
_ _ _ MODUL E 4 - 0 0 LENGTH
8 - 0 0- P - 0 0-
78
DATA TRANS SEL SIG
REG]
—'\—j-DO_DO_DO_REsro
REG |
REGIO!
ALTO __| REG |
REG 2 -
—l—JDc»—-Do—Do—REGZIO
REG2
REG20!
REG 2

FI1G, 26

WRITE DATA TRANS SIG

WECL —

REG _LE}_DEDO_L

oW
WECL _ —
REG2

- This is the replacement sheet

pate: 03 "JAN 1997
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'8 AND P: 2nd

79
WRITE DATA REG
STBPD
‘ REGIOl
_OG—J\;ELPD Gwl
XV RWOOn
REGIlO
W2 REGIIO
ﬁ ' )
REGIOI
oan—¢— —
4
. W3 REG20!
REG210
— W RWDIn
Gwa REG210
REG20I
ewi __DO_G_WI
REGIOI £ REGIOI REGZOID° REG201
REGIIO b REGHIO REG?IOt REG2I0

F1G. 28

This is the replacement sheet

( 1897
Date: 03 JAN s



Tabl e 32 MODULE RESET * Cycle in which nodul e detection
circuit is reset to count new nodul e | engt h. [* Read node

--- Colum activation cycle.

20
st STAGE CKT |
ACTPD
STBPD
L—SEFD
— TASIN
Cas 4 — _
STBPD
— | [? °L~L_SELPD
— CSIN

RAS

FI16.29 B

This is the replacement sgheet

Date: 0 3 JAN 1997



Ao -

* Wite mode Col um activation cycle (Wite

*latency = 1). Columm activation cycle + 1 (Wite
| at ency = 1) RESETTABLE BY /R [err]
27

[_ADDRESS BUFF_|

-
i 1 ALTi :
| NP N kA :
Al I R !

ADDRESS | S16 NAME DESTINATION L i— >4 fWrite fatency=0)
X0 ALTO | XR, X, GACT SEL, CDRV SEL R
Al ALT1 | GACT SEL, CDRV SEL lml,_ (o] AML
A2 ALT?2 CDRY SEL {Write Latency=1)
" ALT3 | CTR CONT, CORY FIG 30 B

AIN3 [ CTR

A4 ATNd | CTR
A5 AINS | CTR S1G NAME | ADDRESS SIG NAME
AB AING | CTR ' XR, X¥ | ALTO
AT AINT | CTR :{ CDRV SEL | ALTO , ALT1 , ALTZ , ALT3
A8 AINB | CTR i OACT SEL | ALTO , ALT1, ALT9
AS ALTS | QACT SEL f GTR CONT | ALT3
A10 RO 't CTR ATN ~ AINS
BS BSCL |(KI/X KL/ | BSCL

FI16,30 C FIG 30 D

This is the replacement sheet

Date: 0 3 JAN ‘99?



&

When .set‘ by /R, delayed as conpared with when reset by CLK Crcuit to

whi ch nodul e signal is inputted is reset being del ayed. * CP (WWRiI)
* Set so that WRITE [err] after wite nodul e. *In
wite node, WRITE / is transmtted after WWRi is
reset. 22
‘WE BUFF
ACTPD
STBPD
L _SEFD
WEIN r--—- WECL
WE L——J m‘
__{ SAME AS ADDRESS BUFF

FIG 31 A

SIG DESTINATION
WEIN | READ , WRITE , BURST STOP
READ , WRITE , XGijk , XW

WECL | DQ READ CONT
DA WRITE CONT

FIG. 31 B

This is the replacement sheet

03 g B

Date:



* MRRST(/RVRi) -- * In colum set cycle, when mn hold tine

- changes due to /CAS, COLACT is set so as not to be
changed before /RVRI [err]. *H Z(/WRi) ---* In colum set cycle, when
mn hold tine changes due to /CAS, COLACT is set so
as not to be changed before /VWR . 27

ADDRESS MODE ACQ SIG
FOR WRITE LATENCY = 1

REA:

WRITE_.DO_F
RAM
READ WDO—

— %}_; AML
warre — L@ po | P
FI1G, 32

This is the replacement sheet

Dgtes 9 3 JAN '199?
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Reset t abl e by /R on the basis of above.
- 65- . Tabl e 33

24

READ ENABLE SIG

— —— — —— ——— o— — — — — — — ——

[READ ' j -

I
I
1
]

:)o__RPERM

L o — |
(RESET FOR LATENCY = 2)

FIG, 33

This is the replacement shest

_Date: 03 JAN K97



~re
*

COLUMN ACTI VE CYCLE DETECTION REG AT /CAS =L * INWITE LATENCY 1,
| NTERNAL OPERATI ON | S DELAYED BY ONE CYCLE FROM / CAS = L CYCLE
[err] * WHEN REG |S ACQUI RED AT /CAS = L, PROBLEM OCCURS I N VRI TE

MCDE. [err] * REG MJST BE ACQUI RED BY
SERI AL SYS ACTI VATI NG SI GNAL. 25
DOMR GATE
RPERM
SF2i
RLA2 GDMI
RPERW _
sz 1) o—>o—owe
RPERM

SF 23
PLA2 GDM3

RPERM
2% ) Do >o—ooma

FI1G, 34

This is the replacement gheet

03 Jan 9

Date:
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x IN,I\/Of)ULE LENGTH = 1, 2, MODULE LENGIH IS DETECTED I N 2nd CYCLE AFTER

SERI AL SYS BEG NS TO OPERATE. [err] * REG
MUST BE ACQUI RED BY SI G ACTI VATED I N 1st CYCLE.
ACQUI RE WHEN K [err] FOR MODULE LENGTH = 1

26

FI1G, 35

HIZ

[ Hiz CONT ]

This is the replacement sheet

pate: g3 JAN 19T



L

* I' N MODULE LENGTH 1, 1-BI T ACCESS |'S ENABLED [err] REG STER | S

" ACCESSED 2 BI TS BY 2 BITS. [err] * DATA CF 2nd BIT IS
MASKED. (Read): Only data from GRL or GR3 are effective.

* SET SO THAT DQWR 214 IS FI XED AT H. (Wite): Data are scranbl ed
when outputted from regpaters to data lines.

2 X N
= = <
8 bl 8

§ 73& &

2 jg % >
g ,2& T <
8 2 3 =

AR E
| S -

o

ox

> -

GDMZPDOJ

Do RPERM
5

DAMR REG

This is the replacement sheet

03 Jan 1997

Date:



"B o
*

[err], ‘ Cannot be fixed at specific DQWVI i nes. * RESET 2nd
& 4th REG STERS SO THAT SAME STATUS AS WHEN  DQWEH IS ACQUI RED.

28
LACY2 —po
_ RPRM 2
RPERM—— 430—
ML I
— RPRM 24
RPERM __DO_EERM
_ RPRM 3
AIZ ——

FIG 371

GOMI [>o——comi
GDM2 ‘Dw GDM?2

m%ewex
FIG. 38

This is the replacement sheet

Date: 03 JAN 1997



- 66 - Table 34  [BURST STOP EXPLANATI ON]
(See Fig. 50) BURST STOP OPERATI ON

24

DGM WRITE REG

EQDQOM—]
> WO
i
et
REG XW
1o
MLI
'5!;;. [REEG
GW2 10
DQM >— | REG
01
&
ow3 REC
[REG
A 210
] ———
EQDQM—|
MLI XW DOMW!
5 Do P
owa bt B8 ED—{
REG LDddo—ro
201

WRITE mLi—|
K :ﬁ:i__::[:)» EQDQM GWi—
XW ,

F 16,39 B f ik e

owi —r Y4

FI1G. 39 C

This is the replacement sheet

Date: 03 JAN 1997
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4

x In'bur'st cycle, serial systemis disabled next to the cycl e where

burst stop conmand is inputted even m dway

READ --- Qut put
stop command - -
L, and /VWE = L

H Z

VRI TE - -

CLK./ .AT /RAS = H, /CAS =

7/

of nodul e | engt h.

| nput is disabled. * Bur st

H /CS

DOM OPTION CKT FOR WRITE LATENCY

-HaF

(orP21)

(oP22)

DMLA

DMLA

(ONLY CONNECT)

DMLA

DMLA

DMLA

DMLA

WRITE
—

CPOR _

This is the replacement sheset

D3 JaN B

Date;



a

¥ StgQp status reset --- Wien next columm active cycle
starts. * Burst stop is executed even if internal status is odd.

* Odd status is not preferable at next colunn access start.

J7

SHORT PERIOD BASIC SIG GEN CKT

s

__%%}} ) CMLAT

:Ei

q SELPD

—
CLK i
L I—exrn=1@ CPOR
—
—
PRST
L

FI1G, 41

This is the replacement sheet

03 B

Date:
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o ng.erﬁal status nust be initialized. SAMVE OPERATI ON AS RESET
AFTER MODULE LENGTH  OUTPUT Hi Z * Reset READ in sane way as nodul e
| ength. NOT | NPUTTED

32

REG GR DET

P

REG | _%:t r DRl o REL

CET Lol P1Po—cFp

CFP

FI1G, 47

This is the replacement sheet

Date: o3 JAN X1



Reset AR TE.

Tabl e 35

*L

67-

77

0 €7 914

<302y

23dagy

PRI ACTE

< 3a1y

23ail

1y

dN
W

ey
dN
87N

8 £ 914

1302y

N

PIN
ey

SN
17N

1302y

ey

PN
Y
¢ IN
1IN

193738 J0¥d 130 97 IInaow

03 Jan B9

This is the replacement sheet

Date:
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[ COLUWN SYS EXPLANATION] (See Figs. 51 to 6 and Tables 2 to 8) COLUWN SYS
BANK DESI GNATION * BS is acquired when colum is active, and col umm system
on designated bank side is activated. * Only signals related to bank
are bank- desi gnat ed. ' * DQ buffer control system

74

MLP —
campP ﬁ}l_

[ o{>o—obezeN
ML8 _[><>_r—*

FIG 44 A

PASEL

F16. 44 B

This is the replacement sheet

pate: ‘03 JAN 1897
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¥ CSL. control system * Deactivated when not bank-desi gnat ed.

* Change colum systemto be activated in colum system deacti vation
status (K =1L1). * Divide colum system basic signal Kinto two of:

Decoded by BS -- for core access
75
E — N —
b & & @
S z 3 z
[AY]
o
=
=
N
w
Q
&
.
T Lo
u ~r
N
m -
(&>
L
w
[}
&
1
—{a—
T
w
fa]
&
i
a
<
-t
18}
o1
=
sl

This is the replasement sheel

Date: 03 jay 1997



Cl RCU TS

_Not Decoded by BS -- for serial system
DECODE BY BS /CDRV, SCSL, Kw, Kn', Kp, Kp', /EQQ
NOT BS /R, CLSET, /RGAM DAT, CFP, Klerr] YCHAN,
[EQDQM Al G, QA9c . * When set to only BS-selected side, tap address is
del ayed when non-sel ected side chang%to sel ected side.
<

I

2 g

o .|

= L

1 A

LACY24—-|

(@< ®)

FI1G, 46

LACY3—|P)|—LAcy3

e

&

3 N]

oc

L

-

s

=S

Q

-

93]

o <
. |
€ I
& I=
Z |x

This is the replacement sheet
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Set t apf address irrespective of BS.

7

WRITE MODULE STOP

Ir" ——————————————— :Lm
WMRI )
¢ 1
4? = aw !
WwMR2
L’ —

WRITE~, | -
= CKT FOR LATENCY = 1
S '@ - "D waite LaTENCY-1
\ —-—WRITE LATENCY=0
(DELAY OF 6-STAGE INV ON ONLY _~ SIDE)

e e o e - .

MODULE LG DET

———

RMRI ‘WHRI

= — L WNR
i RVR S o> WMR
FIG, 48

This is the replacement sheet

03 Jan 199

Date:
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Tabl e 36 [ COLUWN SYS ADDRESS EXPLANATI ON] (See Figs. 62 TO 75.) COUNTER
DRI VE SI GNAL * Counter Page node - * Partial decode signal which changes

for each 8 cycles is outputted. * | n page, address
nmust be transmtted to output-prepare
section to output tap address. Jf * Qher than page- * Set

address to out put-prepare

MODULE NO. CTR

—>¢

MCD

¥

=
o
o

MCD MCD

MNi-! MNi-l

R— L~ M
{>o— M

MNO

| MN] — 1
YCHAN =

MLP__ 1\ ,MCD MCD  mna_ comMP
R MN5
MN6

VINT —7
(X8)

FIG, 49

This is the replacement sheet

Date:

03 Jan 1997
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section in colum cycle. * Qutput address is

not

transmtted to output-prepare

section, because counter is not oper at ed.
* (Page node) Columm cycle - * Set tap address to out put by
*

CLSET.

=L, /CNT = H

burst ----- * (perated for each 8 cycles”™

after 5th cycle.

. BURST STOP COM DET

CSIN
WEIN CMLAT.
RASIN = |
— - Dogé
CASIN — [ CLKIN - |
H}’

COLACT.

CMLAT

[jj ®

BSTP
{2V/(3)

'

CLKIN

FI1G. 50

This is the replacement sheet
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ole -

* Ot her than page node T Colum cycle T* Set tap address to

section by / RGAM

out put - pr epar e

CLSET.
* Conbi ne spare

sequence to activate col um

* Qut put address by

SPARE SELECT SI GNAL

information of A3c in

decoder

* | n page node

order of lﬁ

i s necessary to output S/N

KEEP / CNT at L.

*

tap+2),

tap+l), (tap+l,

ap,

in

* Thi s signal

"A%»mwm_wv_

{26v0'I19IV)
359V0 |— S it
“l llllllllllllllll -
~ |
(2ev0'IoN) M_ 10003)
=! ;
TL_
sl
1

_ﬁmo._.om._mmv
I\ AHGD

(735001 95 451 ot |
_

_ AYAD T

— ety =y A — o —

—~{wooo3]

1
Y9 Mg L-42 ]

[__KS JINVE SAS 00 |

[ 09¥ |——=>{ W ]

W S e o)

ANO)

{08Y~0gv)

(NVHOA)

(T dNvE)

(I JNVE)

This is the replacement sheet

03 jay 1997

Date



£

~discrimnate signal wi thout delay in cycle where parti al
decode signal is swtched. * Keep open until count-up
address is transmtted to output-prepare section

(for tap+l). * Qther than page node -- Kept open. * (Page node) T *
Colum cycle - * X and Y are both openegy CLSET.

Burst cycle - Operated for each 8 cycles from5th cycle.

COL SYS SEL

—B-m_—{)o—L .
i .

BSC L——r

s -
F16, 52

(WHEN KI/I ARE USED AS OPPOSITE PHASE SiG)

BSCL —
_ KI
K

This is the replacement sheet

Date; 03 “JAN 1997
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Y

Tap / A3: Operates fromX

| COL DECODER |

YAKOYX
YakoVI

MLP

Yckova

YakiVx

y

Ygkj I/JI]D#%
Yc k7B

Yako VT
YB“ZVI}D#‘
Ye kal/x

:

Yckavn

42

A3: Qperates from

CSLAOLT

] >0 {>o-csuson

"‘Do—{)o—Do— csLcol I

Do {e-cstoan
oo Po-sLata

D—-Do-{)o- CSLBILI

T oo o-csicun

T o Pofo- cstoua

CSLEOI/A

1 o—>o{>o-cstrorn

7 oo ocsteora

L oo oot

CSLEIL/1

FIG, 54

] SLFIVI

] o—>o{>o-csteinr

| ST e oPo-csurn

Thig is the r®

03 e

Date’

piacement sheetl
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.Tabl e 37  PARTI AL DECODE S| GNAL SW TCHI NG *Partial decode signal -
Page node - Opened at 8 cycle I nterval s.
O her than page node, kept opened.

4

COL PARTIAL DECODER

YCHAN_{

: Yook 1711

ACi

ACj

YCHAN_{
(A) (B) (C)
Ac4lAc3[Yak COlAc BIYB K c8hc7IYck
ToJo 010 0lo
oI T O M1 O 17

LT3 13 N E

This is the replacement sheet

Date: §3 gan 1997
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_* Addresses are inputted to banks | and Il to set partial decode signals.

When banks | and Il are set selectively, partial decode signal is
del ayed because outputted after BS. S/ N DI SCRI M NATI ON RESULT ACQUI SI TI ON

* Page node - Opened at 8 cycle intervals - S/ N bank di scrim nation
signal nmust be separated for each bankgy

SPARE CSL
SA —,
]
SLA _F‘D
sc
Y K1/0

L JDo_l; _H p{>oDo>o—scsL AcEs
SE —j‘:::x»__J_T: I,
SLE _ M
SG

_LD
sL6—I"

1

SB —
o
b "LDO_l_ KI/I

sLp_ I —}LWSCSL BDEH
SF —Lﬁ | /1

FI1G, 56

This is the replacement sheet

Date: 0 3 JMN L
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or I1l. * Ot her than page node - Kept opened. Sanme as
partial decode signal sw tching Al t hough small pul se is outputted when
switched fromPLSl to PLS2, this is not timng at which counter address and
S/'N discrimnation result are switched, thus causing no problem

45

CSL DRIVER

AB K1/I

DA j-:): SLA |
DA
HA —I" SA —>o—

DD—DO"DO——W /1
DO—DO'DO_ CORVBI/IL
}DO—DO— CDRVC 1/IL
DO—DO—DO— CDRVD 1/1
[ »—Do{>o——3CorRvE /D

W CDRVEI/Il
::ZEDsgi: :)o—[>o—[>o—— CDRVE I/1

HA |
7E— pH o o {>o— sRwIL
GA I SH —Do-—r

ST

SLB
S8 —Do—]

—
I
333 sLe
Y

LTS

SC —o—

SLD
2— X

SD —o—
F{E—L':)SLE
DE — %€ Do
FG—L}SLF
EF — 5F o

I

L

T

Gl

FIG. 57

Tris is the reptacement sheet

03 Jm !
Date: :
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SERI

BIF

"

FIG, 58

~
o [N
2 —e=
&5 14
@ +<} 7]
foud
f—
o L
h m
_Q)_?<‘L [
™
| W
o~
[
T
= fas
I o
o o
- 3
o B
b2
[
[3]
]
-
< @
<
] @0
o o
w g
v

(BOTH FOR I/11)
[CSL_SELECTOR]

This is the replasement sheet

03 JaN B9
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Tabl e 38
Tabl es 9 and 10)

into 2 by A9c.- * If divided vertically by
A9c, length of RWD |lines

i Nncr ease

"~ CSL SEL DRIVER

g
|
I
I
Sk
X o-5
x
S
x 2
X

CLSET

47

— (FOR WRAP)

o]

e

o

W

KW
>t
RW
LSET

c

[ COLUMN SYSTEM DATA ACCESS EXPLANATION) (See Fig. 76 to 88 and
CHANGE FROM X4 TO X8 OR VI CE VERSA

* Bank is divided

is doubled to

—(FOR PAGE)

law »
I it
)
—4 L.
4
2o |&
-
a
o
-

This is the replacement sheet

03 Jan T
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Jload.. * Connection between RAD |ines and DQ buffers is changed as in
Table 9. * In X4, registers 0, 2, 5 and 7 are stopped. A9c DECCDE I N

X4 * In X4, A9c is decoded by selecting DQ buffer. - QACT is

48
< b |
SSs S8
QQ.\
le ¥ |&
’ l = IR
)
; g g a [
¥ ¥ d i
(&
5 o = —_—
';b' S~>' o | .
ﬁi ] o
a N Qa = = =
= S L
§¥ § X =0
r & 5_!'!—
By 2=
e S

This is the replacement sheet

pate: 03 JAN 097
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decoded by

A3c.

"QACT are prepared for A9c & /A9c and BS & /BS.

49

CSL SELECTOR TAP SEL SiG

FIG 61 A

FIG 61 B
FIG, 61 ¢

FI1G, 61 D

FIG, 61 E

ALT 3
ALT?2

ALT3 TAB

ALT2

ALT 1 MLP - T8C
WRAPS

ALT3

ALT2 w { TCD

TDE
ALT |
MLP:
TDA
WRAPS.
ALT 3
ALT3 ALT 2 ‘D:[:'_'>; TEF
ALT2
ALT I MLP : TFG
WRAPSB
ALT 3

Do

TGH
THA

ALT2

THE

WRAP

:'\:DO_DO_WRAP 4
ML4
WRAP

}D&-Do—WRAP 8
ML8

(BOTH FOR 1L/1L)

This is the replacement sheet

03 JAN 1587

Date:
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ADDRESS CHG BASIC PULSE

PLS! PLS? ols3 e

méL a-_;{‘ 5_4; g {—

FIG. 62 A

MLP -
" KR

FIG 62 B

i hE_D‘&%W%W
FIG, 62 C

This is the repiacement sheet

03 M 1991

Dates
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This,is ‘the repl acement sheet

57

CTR DRIVER

PLS

R DD—L
Mp I D:)—CNTF

CLSET | }ﬁ
wo o]

This is the replacement sheet

03 JAN 1991

Date:
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Ta‘bl‘e 39 * When A9c is switched in Table 10, QACT for
"sonetines required to be activated.

both /A9c are
for QACT3 side, and new

* In this case, old A9c side is
A9c is for QACTO side (type A [A).

B, /B.

* Coexi stence occurs in only HA select cycle of type

52

SPARE SEL SIG

PLS3 __I So——4
L@-Do

FIG 64 A

ALT3 __{>¢.J AT_?S_{>4H

CLSETP

P16 64 8
CNTE‘[@DO—»—DO—CNTP
PG 64 C

This is the replacement sheet

pate: (3 JAN 1997
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* 'In, type B, does not extend over new and ol d. * Only new A9c is used
“fromAB cycle. - A9c is switched

in AB cycl e. When A9c is switched by CNT, this does not nmatch A9c
switching timng. - Do not use A9c counter. * Type A, /AT Ad A9c till
HA cycle of Y[err]/[err]/[err] = all 147 Swi tched to new A9c
in next AB cycle.

PARTIAL DECODE S, /N DISCR RESULT ACQ SiG

PLSI

Dot o—>0- YCHAN
MLP o

YCHAN

FI16G, 65

This is the replacement sheet

ate: 03 JAN 1997



'S

* ‘Type B, /B[err] dd A9c till GH cycle of Y[err]/[err]/[err] =all 1

' QACT3: old A9c QACTO. new A9c till HA cycle of
Y[err]/[err]/[err]
=all 1 . . Thereafter, switched to new A9c in AB cycle.
*ad A9c = 0 - A9c = 0 side QACT:*&;/
A9c = 1 side QACTO * d A9c = 1 - A9c = 1 side
QACT3
3l
5 9
9 b
Z <
Z ]
Dy =
X %)
g N o
| 8
o
0
©
< —~
Wl L 8§ |8
o @ <o
< < e
(&5
L
0
(&) 7e)
,<I = C;
&
<
3 rL
i
23 g = -
2 B
12}
&9
o o~
8 pi
< }m J —
o )
< oul
3
L=

This is the rep\acement sheet

03 Jan e

Date:
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 A9c = 0 side QACTO QAT dependent upon C/Dis required and QACT
S required for each bank.

55

ADDRESS CTR

AN 3_% CA3

i

GAM l_——AC

r_M_I;— P—-DO—?-—AC 3
oNTE DD~ CNTFHDoDo—¢
AIN3 —Do—M——-J

CLSETP

FI1G, 6

RG —=
jjw*@:%%m
_}r CNTB CNTF
AING !
CLSETP

FIG. 68

This is thé replacement sheet

03 JAN 1997

Date:
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Tabl e 40 QACT CONTROL * Type A, /A - * QACT set is switched by A9c. *
"Type B /B * QACT set is switched by A9c.

7

CAR3 W'
| | &NTE TP oNTFE

CLSETP

FIG 69

ADDRESS CTR

ANG >4 CAE .
NOR345 _

[ ARG RGAM
W % AC6
F_—D CNTB CNTF[-DODO—ﬁ
AING6

CLSETP

FIG. 70

This is the replacement sheet

03 JAN 88T

Date:
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*0n, HA‘cycIe of Y[err]/[err]/[err]=all 1, I f A9c =

0, QACT3 (/A9c side), QACT (A9c side) = H
others = L *In HA cycle of Y[err]/[err]/[err] = all 1,
if A9c = 1, QACTO (/ A9c side), QACT (A9c side) = H
others =L A9c CONTRCOL 57

CAR6 - =
AINT |
CLSETP
FIG, 71
AINS . CAS8
. AINB_%-ZW | _
NANDG7 r_——
DD D
__}r C‘Wﬁ CNTF |
AINS.
CLSETP
FIG, 72
This is the repiacemem sheet
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~* CLK ,'in colum active cycle -External A91N is acquired -
*In AB cycle after
1 - A9c is changed.

made during K = L.
al |

cycl e,
/ K.

Bankct

al |

Switching is

HA cycle of Y[err]/[err]/[err] =
*In X8, A9c and /A9c are both activated. *
In colum active cycle next to Y[err]/[err]/[err] =

tap nust be kept w thout countir]?JAgc. - Stop

1 & HA
counti ng-up by
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A9c
* A9c is counted up only when nodul e
59

1 & HA cycle are satisfied at tap,

must be counted in next K cycle.
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l. A synchronous LSI nenory device supplied with a clock signal, a stop
signal and a control signal, conprising: menory cells array neans each
having a plurality of nenory cells; timng generating neans for
generating a first basi.c signal synchronous with the clock signal and
masked according to status of the contrgl si gnal ; si gnal generating
means for generating a second signal in é&nchronisn1mﬁth the first basic

signal and stopping

S/N DISCR CKT |[(AIC = 0 SIDE)

F3
ac3 ] Do— ;3

F4 MLP |g F;

Acd MLP SA
AC5 D"'l_ L | X YCHA

F6 S¢
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F7 MLP X
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F8 F3
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G
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generating the second signal after a predeterm ned nunber of. accesses of
the nmenory cells or in response to the stop signal; control neans for
controlling said nmenory cell array means on the basis of outputs of said
timng generating neans and sai d signal generating neans; mask control
means for acquiring statuses of terninak; I n sequence into register nmeans
havi ng a nunber of bits that are an eve hunber tines | ar ger than that

obtai ned during a cycle interval during which a colum address is inputted,
outputting the acquired data in sequence, inputting the outputted data,
respectively, to specific registers each having the nunber of bits that are

an even-nunber tines |larger than that obtained

O N
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during the cycle interval during which colum address is inputted, and when

data inputted through the termnals are in a first status, outputting
signals for setting output circuits of the register nmeans to a high
dat a hol di ng

| npedance status in synchronismw th the second signal;
means for, in only a wite node, acquiri&g the statuses of the termnals in
synchronismw th the second signal into*%gisters having a plurality of
bits in sequence and scranbling the acquired data on first data |lines
plural bits by plural bits every plural cycles; and precharge neans

for precharging the first data lines into-
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- 74 -

"a wite disable status every predeterm ned cycle interval,

sai d

" data hol di ng neans and sai d precharge neans being activated in the wite

node.

63

DQ BUFF ACT SIG
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2. :The‘ synchronous LSI nmenory device of claim1, wherein when a
predeterm ned access length is "1", even-nunber registers of said data
hol di ng nmeans are fixed to a status that is the sanme as when nasked data

are acquired. 3. A synchronous LSI nenory device supplied with a clock
signal, a stop signal and a control si |, conprising: menory cel |
array neans each having a plurality of nory cells; timng generating

means for generating a first basic signal synchorous with the cl ock signal
and masked according to status of the control signal;

[ OACT SEL (KT |

AlGO AIG!

T D e DT o

ALTI ALTI
CLSET CLSET

FIG, T

ACLS ACL9
e Moo
A—T P
RO,

QA9C

YB3 g
Yca_,——DD—;»ACLg K— .:}EET’ed IF OLD ASC = 0)
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A l 7

SH ' /// %}—DO——'BI

VINT , J

(X8)
wr i
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signal generating nmeans for generating a second signal in synchronismwth
the first basic signal and stopping generating the second signal after a
pr edet er mi ned nunber of accesses of the nenory cells or in response to the

stop signal; control neans for controlling said nenory cell array
means on the basis of outputs of said t?ﬁing generating neans and said
si gnal generating neans; mask cont'Pol nmeans for acquiring statutes of

termnals in sequence into register means having a nunber of bits that are
an even-nunber tinmes |larger than that obtained during a cycle interva
during which a colum address is inputted, outputting the acquired data in
sequence, inputting the outputted data,

| = A9 CIR |
(xgy ACL® (xg) ACLS
VINT — _ VINT— _

c’:‘ﬁﬁg;;] cm’sa‘r—[»j__{c>|\1_<i—ej“>°[>°—I gj;hboboj

CLSET CLSET
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This is the replacement sheet

Date: 3 JAN 1997



&

.respectively, to specific registers each having the nunber of bits that are
an even-nunber tinmes |arger than that obtained during the cycle interval
during which the colum address is inputted, and when data inputted through
the termnals are in a first status, outputting signals for setting output
circuits of the register neans to a hi%i npedance status in

A9 CTR DRIVER

YA3
YB3___ || R—

. T CNT9
YC3 _r—
i ' CNTO9

MLP

FIG. §3
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- 75,- synchronismw th the second signal; read mask registers for
acquiring, in a read node, the statuses of the second termnals into a
plurality of registers in sequence in synchronismw th the second signal
and outputting the acquired data to data |lines in sequence; and

potential fixing neans for fixing, in a Ite node, potentials of the data
lines to set output circuits connected the data lines to a high

i npedance st at us.

| D@ BUFF |}
DQni

%;il;ig’ DQni
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GWHn! | h: i l@ GWLni

AT
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L
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v
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4. The synchronous LSI nenory device of claim3, wherein when a

predeterm ned access length is "1", even-nunber registers of said read
mask regi sters having a bit nunmber length half of a word Iength are fixed
to a mask data output status. 5. A synchronous LSI nenory device
supplied with a clock signal, a stop sjphgnal, and a control signal,

conpri si ng: menory cell array ne each having a plurality of nenory
cells; ‘timng generating nmeans for generating a first basic signal

synchronous with the clock signal and nasked according

DQ LINE READ CONT

——

QSLTE

W—Eﬁ—; QACTJO FDbﬁ’ >o OSECO
D

.

QACTJI

Jl>m QSE£ !

WECL —E}L: ot

EQACE [

QACTJ2 :}s {>c QSEE2

K

QACTJ3 _ch [>o——asE¢3

(€ : FOR S/A REGIONS)
F , G 85 A (BOTH FOR I/11)

QSLTE

EQAC¢ 1/1

EQDC
I’H

KVL —>o0—{>o——Eapa w1
FIG 85 B
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to staatus of the control signal; si gnal generating neans for
generating a second signal in synchronismwth the first basic and stopping
generating the second signal after a predeterm ned nunber of accesses of

the nenory cells or in response to the stop signal; and control neans
for controlling said nenory cell array ans on the basis of outputs of
said timng generating neans and sai d stgnal generating neans, wher ei n

the stop signal is outputted subsequent to a predeterm ned nunber of
accesses of the nenory cells after the nmenory cells have been precharged by

a precharge neans.

DQ LINE WRITE CONT

QsLTES WDnO
WECL ;j Do—— GWLNnO
DAMWO—Do—!
QacTso—— | GWHRO
WDno n
WDn!

GWLn!
DOMWI l
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6. The synchronous LSI nenory device of claim5, wherein when a wite
| atency is "1", the stop signals is outputted in

- 76 - a first clock cycle imediately after a wite di sable node has

77

DR LINE READ CONT | (ASC, ASC CO-EXIST SECT)

——

QSETE
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been changed to a wite enabl e node. 7. -A synchronous LSI nmenory device
supplied with a clock signal, a stop signal, and a control signal,

conpri si ng: menory cell array neans each having a plurality of nenory
cells; timng generating neans for generating a first basic signal
synchronous with the cl ock signal and ked according to status of the
control signal; signal generating ans for generating a second signal

in synchronismwith the first basic signal and stopping generating the
second signal after a predeterm ned nunber of

L DQ WRITE CONT |(A9C, RBC CO-EXIST SECT)

QSLT.
WECL wDnO

GWLnO
DGMWO
QATOO0 __J ]
o] |  wom GWHnO
WDn!
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,accesses of the nmenory cells or in response to the stop signal; and

control neans for controlling said nenory cell array neans on the basis of
outputs of said timng generating neans and said signal generating neans,
wherei n the nunber of ,predeterm ned accesses is counted on the basis of a
signal for selecting bits n-bits by niE%ts by interleaving an nm(=n+n)- bits
register two sets of n-bit registers. 448. A synchronous LSI nenory device
supplied with a clock signal, a stop signal, and a control signal

conpri si ng: menory cell array neans each having a plurality of nenory
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. cells; timng generating neans for generating a first basic signal

" synchronous with the clock signal and masked according to status of the
control signal; ‘signal generating neans for generating a second signal
in synchronismwith the first basic signal and stopping generating the
second signal after a predeterm ned nug%er of accesses of the nenory cells
or in response to the stop signal; and control neans for controlling

said nenory cell array

R T
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.- [7.- means on the basis of outputs of said timng generating neans and
sai d signal generating neans; wherein when a plurality of said nenory
cells are accessed in series, a plurality of serially accessed nenory cells

can be accessed sinul taneously.
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-9. The synchronous LSI nmenory device of claim8, wherein when a plurality
of said cell array neans are accessed sinmultaneously, a plurality of data
buffers whose nunber is a half of that required when a single cell array is
accessed are activated in the respective cell arrays neans. 10. A
synchronous LSI nmenory device supplugg with a clock signal, a stop signal,
and a control signal, conprising: menory cell array neans each havi ng
a plurality of nmenory cells; timng generating neans for generating a

first basic
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_signal synchronous with the clock signal and masked according to status of
"the control signal; signal generating neans for generating a second
signal in synchronismw th the first basic signal and stopping generating
t he second signal after a predeterm ned nunber of accesses of the nenory

cells or in response to the stop signg;' and control neans for
controlling said nenory cell array ne ﬁ% on the basis of outputs of said
timng generating nmeans and said signal generating neans, wherein the

second signal is divided into a plurality of signals according to use so as
to be controlled individually.

latency = 2, module length = 4 SEL-SYS
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SEL-SYS
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latency = 4, module length = 4 SEL-SYS
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latency =2, module length = 4, write latency = 0 SEL SYS BURST 0P
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latency =3, module length = 4, write latency = 0 SEL SYS BURST OP

QK
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Fig. 15 is a circuit diagram showing a first shift
registear;

Fig. 16 is a circuit diagram showing a second shift
register;

Fig. 17 is a circuit diagram showing a register group
selecting circuilt;

Fig. 18 is a circuit diagram showing a column-system
basic signal generating circuit;

Fig. 19 1s a circuit diagram showing a read register
gating circuit;

- Fig. 20 is a circuit diagram showing an XR register

selection signal generating circuit;

Fig. 21 is a circuit diagram showing a used register
group detecting circuit;

Fig. 22 is a circuit diagram showing a data transfer
gating circuit;

Figs. 23{A) and 23(B) are a c1rcu1t diagram showing a read data

transferring circuit,
Fig. 24 is a circuit diagram showing a read data register

circuit;

Fig. 25 is a circuit diagram showing a write register
gating circuit;

Fig. 26 is a circuit diagram showing a data transfer
selection signal generating circuit;

Fig. 27 1is a circuit diagram showing a write data
transfer signal generating circuit;

Fig. 28 is a circuit diagram showing a write data

. . . ]
register circuit; : {

Figs. 29(A) and 29(B) are a circuit diagram showing a first stage

circuit for a serial system;
Figs. 30(A) to 30(D) are a circuit diagrams showing an address

buffer circuit;
Figs. 31(A) and 31(B) are a circuit diagram showing a /WE buffer

circuit;
Fig. 32 is a circuit diagram showing an address mode

acquisition signal generating circuit;
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Fig. 33 is a circuit diagcram showing a r=ad apzcatioa
enabling circulit;

Fig. 34 is a circuit diagram showing a DQMR gatiag
circuib;

Fig. 35 is a circuit diagram showing a high impedance
control circuit;

Fig. 36 is a circuit diagram showing a DQMR ragister
circutt; .
Fig. 37 is a circuit diagram showing a RPRM generating
circuit;

Fig. 38 is a circuit diagram showing a GDM generating

circuit; )
Figs. 39(A) to 39(C) are a circuit diagram showing a DQM write

register circuit;

Fig. 40 is a circuit diagram showing a DQM option cincuit
corresponding to the write latency;

Fig. 41 is a circuit diagram skowing a short-pericd basice
signal generating circuit;j .

Fig. 42 is a circuit diagram showing a register group
. detecting circuit;

Figs. 43(A) to 43(D) are a circuit diagram showing a partial
configuration for a module-length detection procedure selecting circuit;

Figs. 44(A) and 44(8) are a circuit diagram showing another partial

configuration for the module-length détection procedure selecting circuit;

Fig. 45 is a circuit .dia.gram showing a module-length
detecting circuit;
Fig. 48 is a circuit diagram showing a read module

resetting circuit;
Fig. 47 is a circuit diagram showing & write module

stopping circuit;
Fig. 48 is a circuit diagram showing a module-length

detecting circuit;
Fig. 49 is a circuit diagram showing a module-number

counting circuit;
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Fig. 5Q is a circuit diagram showing a burst stop command
detecting circuit;

Fig. 51 is a circuit diagram showing a column-system bank
swifching circuit;

Fig. 52 1is a circuit diagram showing a column-system
selecting circuit;

Fig. 53 is a circuit diagram showing the column-system
selecting circuit required when KI and KII signals are used
as opposite phase signals /XKI and /KII;

Fig. 54 is a circuit diagram showing a column decoder

circuit; ' o
' Fig. 55 is a circuit diagram showing a column partial
decoder; _ '

Fig. 56 is a circuit diagram showing a spare CSL;

Fig. 57 is a circuit diagram showing a CSL driver;

Fig. 58 is a circuit diagram showing a CSL selector;

Fig. 59 is a circuit diagram showing a CSL selector
driver; '

Fig. 60 is a circuit diagram showing a CSL-related logic
circuit;: '

Figs. 61(A) to 61(E) are a circuit diagram showing a CLS select

tap selection signal generating circuit;
Figs. 62(A) to 62(C) are a circuit diagram showing an address-

change basic pulse generating circuit;
Fig. 63 is a circuit diagram showing a counter driver

circuit;

Figs. 64(A) to 64(C) are a circuit diagram showing a spare select
signal generating circuit;

Fig. 65 is a circuit diagram showing a partial decode S/N
discriminate result acquisition signal generating circuit;

Fig. 66 is a circuit diagram showing a first part of an

address counter circuit;

Fig. 67 is a circuit diagram showing a second part of the
address counter circuit;

Fig. 68 is a circuit diagram showing a third part of the

address counter circuit;
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Fig. 69 is a circuit diagram showing a fourth part of the
address counter circuit;

Fig. 70 is a circuit diagram showing a fifth part of the
address counter circuit;

Fig. 71 is a circuit diagram showing a sixth part of the
address counter circuit;

Fig. 72 is a circuit diagram showing a seventh part of
the address counter circuit;

Fig. 73 is a circuit diagram showing a spare circuit;

Fig. 74 is a circuit diagram showing an (Alc="1")-side
S/N discriminating circuit;

Fig. 75 is a circuit diagram showing an (Alc="0")-side
S/N discriminating circuit;

Fig. 76 is an illustration for assistance in explaining
the DQ buffer configuration of an 8-bit DRAM with two 1M-word
banks;

Fig. 77 is an illustration for assistance in explaining
the DQ buffer configuration of an 4-bit DRAM with two ZM-word
banks;

Fig. 78 is a circuit diagram showing a DQ buffer
activation signal detecting circuit;

Fig. 79 is a circuit diagrém showing a QACT selecting
circuit; )

Fig. 80 is a circuit diagram showing a QACT selecting
circuit; '

Fig. 81 is a circuit diagram showing a QACT selecting
circuit; _

Fig. 82 is a circuit diagram showing' an A9 counter
circuit;

Fig. 83 is a circuit diagram showing an A9 counter
circuit;

Fig. 84 is a circuit diagram showing én-exemplary circuit
for transferring data between the DQ buffer and a cell array;

Figs. 85(A) and 85(B) are a circuit diagram showing a DQ line read

control circuit;
Fig. 86 is a circuit diagram showing a DQ line write
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control circuit;

Figs. 87(A) and 87(B) are a circuit diagram showing a DQ Tine read

control circuit in an A9c and /A3c coexistent section;
Fig. 88 is a circuit diagram showing the DQ write control

section configuration of the memory device shown in Fig.
83 is a timing chart showing the interleave bank

Fig.
read status in 4-wrap mode;
Fig.
read status in 8-wrap mode;
Fig.

write status in 8-wrap mode;

1;

90 is a timing chart showing the interleave bank

91 is a timing chart showing the interleave bank

Fig. 92 is a timing 'chart showing the active page random

read status in 4-wrap mode;

Fig. 83 is a timing chart
the detailed operation of the
present invention;

Fig. 94 is a timing chart
the detailed operation of the
present invention;

Fig. 85 is a timing chart
the detailed operation of the
present invention;

Fig. 96 is a timing chart
the detailed operation of the
present invention;

Fig. 97 is a timing chart
the detailed operation of the
present invention;

Fig. 98 is a timing chart
the detailed operation of the
present invention; and
Fig. 99 is a timing chart
the detailed operation of the

present invention.
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1. A synchronous LSI memory device suipplied with a clock
signal, a stop signal and a control signal, comprising:
memory..cells array means each having a plurality of
memory cells;
timing generating means for generating a first basic
signal synchronous with the clock signal and masked according
to status of the control signal;

signal generating means for generating a second signal in

synchronism with the first basic signal and stopping

generating the second signal after a predetermined number of.

accesses of the memory cells or in response to the stop
signal;

control means for controlling said memory cell array
means on the basis of outputs of said timing generating means
and said signal generating méans,-

mask control means for acquiring statuses of terminals in
sequence into register means having a number of bits that are
an even-number times larger than that obtained during a cycle
interval during which a column address is inputted, outputting
the acquired data in sequence, inputting the outputted data,
respectively, to specific registers each having the number of
bits that are an even-number times larger than that obtained
during the cycle interval during which column address is

inputted, and when data inputted through the terminals are in

a first status, outputting signals for setting output circuits

of the register means to a high impedance

synchronism with the second signal;

status in

data holding means for, in only a write mode, acquiring
the statuses of the terminals in synchronism with the second
signal into registers having a plurality of bits in sequence
and scrambling the acquired data on first data lines plural
bits by plural bits every plural cycles; and

precharge means for precharging the first data lines into

. Date: 06 Jut 1998
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a write disable status every predetermined cycle interval,
said data holding means and said precharge means being
activated in the write mode.

2. The sjnchronous LSI memory device of c¢laim 1, wherein
when a predetermined access length is "1", even-number
registers of said data holding means are fixed to a status

that is the same as when masked data are acquired.

3. A sgynchronous LSI memory device supplied with a clock
signal, a stop signal and a control signal, comprising:
memory cell array means each having a plurality of memory
cells;
timing generating means for generating a first basic
signal synchorous with the clock signal and masked according
to status of the control signal; |
signal generating means for generating a second signal in-
synchronism with the £first basic signal and stopping
generating the second signal after a predetermined number of
accesses of the memory cells or in response to the stop
signal;
control means for controlling said memory cell array
-means on the basis of outputs of said timing generating means
and said signal generating means;
mask control means for acquiring statutes of terminals in
sequence into register means having a number of bits that are
an even-number times larger than that obtained during a cycle
interval during which a column address is inputted, outputting
the acquired data in sequence, inputting the outputted data,
respectively, to specific registers each having the number of
bits that are an even-number times larger than that obtained
during the cycle interval during which the column address is
inputted, and when data inputted-through the terminals are in
a first status, outputting signals for setting output circuits

of the register means to a high impedance status in
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synchronism with the second signal;

read mask registers for acquiring, in a read mode, the
statuses of the second terminals into a plurality of registers
in sequence in synchronism with the second signal, and
oﬁtputting the acquired data to data lines in sequence; and

potential fixing wmeans for fixing, in a write mode,
potentials of the data lines to set output circuits connected
to the data lines to a high impedance status.

4. The synchronous LSI memory device of claim 3, wherein
when a predetermined access length is "1", even-number
registers of .said read mask registers having a bit number

length half of a word length are fixed to a mask data output
status. )

5. A synchronous LSI memory device supplied with a clock
signal, a stop signal, and a control signal, comprising:

memoxy cell array means each having a plurality of memory
cells;

timing generating means for generating a first basic.
signal synchronous with the clock signal and masked according
to status of the control signal;

signal generating means for generating a second signal in
synchronism with the first basic and stopping generating the
second signal after a predetermined number of accesses of the
memory cells or in response to the stop signal; and

control means for controlling said memory cell array
means on the basis of outputs of said timing generating means
and said signal generating means,

wherein the stop signal is outputted subsequent to a
predetermined number of accesses of the memory cells after the

memory cells have been precharged by a precharge means.

6. The synchronous LSI memory device of claim 5, wherein .

when a write latency is "1", the stop signals is outputted in
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a first clock cycle immediately after a write disable wmode has
been changed to a write enable mode.

7. A synchronous LSI memory device supplied with a clock
signal, a stop signal, and a control signal, comprising:

memory cell array means each having a plurality of memory
cells;

timing generating means for generating a first basic
signal synchronous with the clock signal and masked according
to status of the control signal;

signal generating means for generating a second signal in
synchronism witb the first basic signal and stopping
generating the second signal after a predetermined number of
accesses of the memory cells or in response to the stop
signal; and

control means for controlling said memory cell array
means on the basis of outputs of said timing generating means
and said signal generating means, wherein the number of
predetermined accesses is counted on the basis of a signal for
selecting bits n-bits by n-bits by interleaving an m(=n+n) -

bits register two sets of n-bit registers.

8. A synchronous LSI memory device supplied with a clock
gsignal, a stop signal, and a control signal, comprising: -

memory cell array means each having a plurality of memory
cells;

timing generating means for generating a first basic
signal synchronous with the clock signal and masked according
to status of the control signal;

signal generating means for generating a second signal in
synchronism with the first basic signal and stopping
generating the second signal after a predetermined number of
accesses of the memory cells or in response to the stop
signal; and

control means for controlling said memory cell array

- H!“f“c\m—m l“l\ “l\! “ ‘“\ ‘ This is the replasement sheet
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means on the basis of outputs of said timing generating means
and said signal generating means;

wherein when a plurality of said memory cells are
accessed in series, a plurality of serially accessed memory

cells can be accessed simultaneously.

9. The synchronous LSI memory device of claim 8, wherein
when a plurality of said cell array means are accessed
simultaneously, a plurality of data buffers whose number is a
half of that required when a single cell array is accessed are

activated in the respective cell arrays means.

10. A synchronous LSI memory device supplied with a clock:
signal, a stop signal, and a control signal, comprising:

memory cell array means each having a plurality of memory
cells;

timing generating means for generating a first basic
signal synchronous with the clock signal and masked according
to status of the control signal;

signal generating means for generating a second signal in
synchronism with the first basic signal and stopping
generating the second signal after a predetermined number of
accesses of the memory cells or in response to the stop
signal; and

control means for controlling said memory cell array
means on the basis of outputs of said timing generating means
and said signal generating means,

wherein the second signal is divided into a plurality of

signals according to use so as to be controlled individually.
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