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[57] ABSTRACT 

A synchronous dynamic random access memory device 
allows an external device to sequentially access read-out 
data bits in synchronous with a system clock signal. and a 
column addressing system incorporated in the synchronous 
dynamic random access memory device forms a plurlaity of 
pipeline stages together with an input/output unit for sequen 
tially supplying data bits to a data port in response to a 
column address internally incremented in synchronism with 
the system clock signal. thereby propagating the data bits 
through a single data bus. 

30 Claims, 12 Drawing Sheets 
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SEMICONDUCTOR MEMORY DEVICE 
SYNCHRONOUS WITH EXTERNAL CLOCK 
SIGNAL FOR OUTPUTTING DATA BITS 
THROUGH A SMALL NUMBER OF DATA 

LINES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

FIELD OF THE INVENTION 

This invention relates to a semiconductor memory device 
synchronous with an external clock signal and. more 
particularly. to a semiconductor memory device such as. for 
example. a dynamic random access memory device syn 
chronous with a system clock of an electronic system. 

DESCRIPTION OF THE RELATED ART 

A typical example of the semiconductor memory device is 
illustrated in FIG. 1 of the drawings. and is of a synchronous 
dynamic random access memory device. The synchronous 
dynamic random access memory device largely comprises a 
memory cell array 1. a mode-establishing system 2. a row 
addressing system 3. a column addressing system 4. a data 
input/output system 5 and an internal timing generator 6. and 
is responsive to an external command code for establishing 
an operation mode therein. Namely. the synchronous 
dynamic random access memory device has a ?rst option in 
a CAS latency. a second option in a burst length and a third 
option between a sequential burst and a interleave burst. The 
CAS (Column Address Strobe) latency is indicative of the 
number of clocks from a read command code READ. 
indicative of a read-out instruction. to the ?rst data output. 
and the burst length is the number of column addresses 
sequentially selected on the basis of an external column 
address signal. In the sequential burst. the lower bits of the 
internal column address signal is sequentially incremented. 
and the interleave burst causes the lower bits to change in an 
interleave manner. For example. if the external column 
address signal has the lower bits indicative of “0”. the lower 
bits are changed so as to sequentially indicate “0". “1”.“2” 
and “3” in the sequential burst on the other hand. if the 
interleave burst is selected. the lower bits are changed in 
such a manner as to indicate “1”. “0”.“3” and “2" on the 
basis of the external column address signal having the lower 
bits indicative of “1”. In the synchronous dynamic random 
access memory device shown in FIG. 1. the CAS latency and 
the burst length are assumed to be adjusted to “3" and “4". 
and the sequential burst is assumed to be selected. 
A burst access through the sequential or interleave burst 

improves an average access time to each data bit. A non 
synchronous dynamic random access memory device 
achieves an access time of 60 nano-second. However. a 
synchronous dynamic random access memory device can 
achieve an average access time of 30 nano-second under the 
conditions of a system clock at 100 MHz and the CAS 
latency at 3. a system clock at 66 MHz and the CAS latency 
of 2 or a system clock at 33 MHz and the CAS latency of 1. 
The synchronous dynamic random access memory device 

selectively enters into a programming mode. a read-out 
mode. a write-in mode and a refreshing mode. In the 
programming mode. the CAS latency and the burst length 
are adjusted to respective values. and either sequential or 
interleave burst is selected. While the read-out mode is being 
established in the synchronous dynamic random access 
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2 
memory device. a predetermined number of data bits rep 
resented by the burst length is read out from the memory cell 
array 1. On the other hand. a write-in data bit is written into 
the memory cell array 1 in the write-in mode. The refreshing 
mode allows the row addressing system 3 to sequentially 
read out the data bits stored in the memory cell array 1. and 
the read-out data bits are ampli?ed before being restored. 
The memory cell array I comprises a plurality of dynamic 

random access memory cells M11. . . . . Mml . . . . . . 

Mln. . . . and Mmn arranged in rows and columns. a 

plurality of word lines WLl to WLm coupled with the rows 
of dynamic random access memory cells. respectively. a 
plurality of bit line pairs 131.1 to BLn coupled with the 
columns of dynamic random access memory cells. 
respectively. and a row of sense ampli?er circuits SAl to 
SAn. 
The dynamic random access memory cells M11 to Mmn 

store respective data bits. and the data bits are accessible and 
rewriteable through the data input/output system 5. The data 
bits are stored in the form of electric charge. and produce 
potential dilferences on the respective bit line pairs BLl to 
BLn. 
The mode-establishing system 2 has a command register 

2a coupled with a command port CD1 assigned to a mode 
register set command code and other external command 
codes described hereinbelow. Namely. when a user estab 
lishes or changes the operation mode in the synchronous 
dynamic random access memory device. the mode register 
set command code is supplied through the command port 
CD1 to the command register 2a. and the command register 
thus enabled with the mode register set command code 
latches a bit string supplied through an address port ADI. 
Then. the command register 2a adjusts the CAS latency and 
the burst length to respective values. and selects either 
sequential or interleave burst. In this instance. an internal 
control signal CI‘Ll is indicative of the burst length. and 
another internal control signal CTLZ is indicative of the 
sequential or interleave burst. The internal control signals 
CTLl and CTLZ are supplied to the internal timing genera~ 
tor 6. and the internal timing generator 6 produces appro 
priate internal control signals to the column addressing 
system 4. The command register 2a is further responsive to 
external command codes ACTIVE. READ and 
PRECHARGE. and informs the internal timing generator 6 
of a latch of each external command codes ACTIVE. READ. 
PRECHARGE through an internal control signals CTL3. 
The row addressing system 3 comprises a ?rst stage 3a 

coupled with the address port ADI. an input butter unit 3b 
coupled with the ?rst stage 3a and responsive to a latch 
control signal LTCl for storing an external row address 
signal and an external column address signal. a row address 
predecoder unit 3c coupled with the input butter unit 3b for 
producing row address predecoded signals. a row address 
latching unit 3d coupled with the row address predecoder 
unit 3c and responsive to a latch control signal LTCZ for 
storing the row address predecoded signals. and a row 
address decoder/word line driver unit 3e coupled with the 
row address latching unit 3d for energizing one of the word 
lines WLl to lNLm. 

When the external command code ACTIVE is latched by 
the command register 2a. the internal timing generator 6 
changes the control signal LTC2 to an active level. and the 
row addressing system 3 starts a row address decoding 
sequence for energizing one of the word lines WLl to WLrn. 
On the other hand. when an external command PRE 
CHARGE is latched by the command register 2a. the row 
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addressing system 3 resets all of the word lines WLl to 
WLm. and a precharging unit (not shown) charges and 
balances the bit line pairs BLl to BLn. 

The column addressing system 4 comprises ?rst and 
second column address buifer units 4a and 4b for storing the 
internal column address signal. a plurality of column address 
decoder/selector units 41 . 42. 43. 44 each responsive to the 
column address bits of the internal column address signal for 
selecting one of the bit line pairs NJ to BLn. and a selector 
unit 4d having two pairs of selector circuits 45/46 and 47/48. 
The second column address buifer unit 4b has an address 
incrementor. and is responsive to the lower two column 
address bits of the internal control signals for a selected burst 
length in either sequential or interleave manner. 

Each of the plurality of column address decoder/selector 
units 41 to 44 are associated with the bit line pairs BLl to 
BLn. and is broken down into a column address decoder 
section 4e. a read ampli?er 4f for developing a potential 
difference indicative of a read-out data bit. a read-out circuit 
4g responsive to a ?rst column address decoded signal for 
coupling the associated bit line pair with the read ampli?er 
4f. a write ampli?er 4h for developing a potential di?erence 
indicative of a write-in data bit. a write-in circuit 4i also 
responsive to the ?rst column address decoded signal for 
coupling the write ampli?er 4h with the associated bit line 
pair and a switching circuit 4j responsive to a second column 
address decoded signal of the internal column address signal 
for providing a data path between an associated data line pair 
and the read and write ampli?ers 4f and 4h. 

If the internal column address signal is indicative of the 
bit line pair BLl in the read-out mode. the decoder sections 
4e cause the read-out circuits 4g to couple the bit line pair 
BLl and related three bit line pairs with the read ampli?ers 
4f. and allow the switching circuits 4]‘ to couple the read 
ampli?ers 4f with associated data line pairs. The second 
column address bu?ter unit 4b sequentially increments the 
value indicated by the lower two bits of the internal column 
address signal. and the pair of selector circuits 45/46 is 
responsive to the lower two column address bits for sequen 
tially transferring the four read-out data bits. Thus. the four 
bit line pairs are previously selected by the higher column 
address bits of the internal column address signal. and the 
second column address buffer unit 4b causes the pair of 
selector circuits 45/46 to sequentially transfer the four 
read-out data bits in response to the increments of the value 
of the lower two column address bits. 

The data input/output system 5 comprises four data line 
pairs 5a. 5b. 5c and 5d coupled between the column address 
decoder/selector units 41 to 44 and the two pairs of selector 
circuits 45. 46. 47 and 48. two delay-?ip-?op circuits 5e for 
storing a potential difference passing through the associated 
pair of selector circuits 45 and 46. an output data buffer unit 
5f for producing an output data signal at an input/output data 
port DPl from the potential difference stored in the delay 
?ip-?op circuits 5e. an input data buffer circuit 5g for storing 
an input data signal at the input/output data port DPI. a data 
latch circuit 5h for storing the input data signal and a write 
buffer unit 5i for producing a potential di?erence from a 
write'in data bit indicated by the input data signal. The write 
buffer unit 5i supplies the potential difference indicative of 
the write-in data bit through the other pair of selector circuits 
47 and 48 to one of the data line pairs 5a to 5d. 

The delay-?ip-?op circuits 5e are symboled with a box 
labeled with “D". “C" and “Q” as shown in FIG. 2A. and 
each of the delay-?ip-?op circuits 5c is broken down into a 
latch section 5j and an output section 5k. The latch section 
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4 
5i has two transfer gates TGl and TG2 complementarily 
switched between on-state and o?p-state. a pair of inverters 
INVl and INVZ forming a memory loop and an inverter 
INV3 for producing the complementary voltage of the 
voltage level at the node C. The output section 5k also has 
two transfer gates TG3 and TG4 also complementarily 
switched between on-state and o?-state and a pair of invert 
ers INV4 and INVS for keeping a voltage level transferred 
from the latch section Sj. 
When the node C is changed to the low level. the transfer 

gate TGI turns on. and the transfer gate T62 turns off so that 
the voltage level at the node D reaches the input node of the 
inverter INVl. Subsequently. the node C is changed to the 
high voltage level. the transfer gate TGl isolates the inverter 
INVl from the node D. and the transfer gate TG2 allows the 
inverters INVI and 1NV2 to keep the voltage level at the 
node D. Moreover. the high voltage level allows the transfer 
gate TG3 to turn on. and the transfer gate TG4 turns off. As 
a result. the voltage level at the node D is maintained in the 
memory loop. and reaches the input node of the inverter 
INV4. 

If the node C goes down to the low voltage level again. 
the transfer gate TG3 isolates the inverter 1NV4 from the 
latch section 5j. and the transfer gate TG4 allows the 
inverters INV4 and INVS to keep the previously latched 
voltage level at the node Q. 
The prior art synchronous dynamic random access 

memory device thus arranged behaves in the read-out mode 
as follows. FIG. 3 illustrates the burst access of the prior art 
synchronous dynamic random access memory device. and 
C1 to C14 are respectively indicative of the leading edges of 
the system clock signal supplied from the outside of the 
synchronous dynamic random access memory device. 
Assuming now that a microprocessor (not shown) of the 

electronic system supplies an external row address signal 
and the external command code ACI'IVE to the command 
port CD1 and the address port ADI. respectively. the com 
mand register 2a and the input buffer unit 3b latch the 
external command code ACTIVE and the external row 
address signal in response to the latch control signal LTCl 
at C1. and the row address predecoder unit 3c predecodes an 
internal row address signal ROW produced from the exter 
nal row address signal already stored in the input buifer unit 
3b. The external command code ACTIVE causes the internal 
timing generator 6 to start the row addressing sequence. 

Namely. the row address predecoded signals are latched 
by the row address latching unit 3d in response to the latch 
control signal LTCZ. The row address predecoded signals 
are decoded by the row address decoder unit 3e. and the 
word line WLm is. by way of example. energized to the 
active high level between C1 and C2. The row of memory 
cells Mml to Mrnn coupled with the word line WLm are 
activated. and the data bits are read out from the memory 
cells Mml to Mmn to the bit line pairs BL] to BLn. 
respectively. The bit line pairs BLl to BLn have been 
already balanced at an intermediate voltage level. and small 
potential di?erences take place on the bit line pairs BLl to 
BLn. respectively. The bit line pairs BLl to BLn propagate 
the small potential differences to the row of sense ampli?er 
circuits SA] to SAn. and the sense ampli?er circuits SAl to 
SAn develop the potential di?erences. ' 
The microprocessor (not shown) further supplies the 

external command code READ and the external column 
address signal to the command port CD1 and the address 
port ADI. respectively. The external command code READ 
is latched by the input buffer unit 3b in response to the latch 



Re. 35.934 
5 

control signal LTCl at C4. and the input buffer unit 3b 
concurrently latches the external column address signal. The 
command register 2a causes the internal timing generator 6 
to start a column addressing sequence. and the external 
column address signal is transferred from the input buffer 
unit 3b to the column address bu?‘er units 4a and 4b as an 
internal column address signal A0. 
The column address buffer units 4a and 4b latch the 

internal column address signal A0 at C5. and supplies the 
lower two column address bits and the higher column 
address bits to the selector unit 4d and the decoder sections 
4e 

With the higher column address bits. the NAND gates 
NA2 selects four bit line pairs sharing the higher column 
address bits. and the NAND gates NAl of the column 
address decoder/selector units cause the four switching 
elements 4] to turn on. The internal timing generator 6 
causes the second column address buffer unit 4b to sequen 
tially increment the internal column address signal to Al. A2 
and A3 at C6. C7 and C8. and. accordingly. the selector 
circuits 45/46 allow the read-out data bits transferred from 
the bit line pairs assigned the column addresses A0 to A3 to 
pass therethrough. The four read-out data bits are sequen 
tially latched by the delay-?ip ?op circuits 5e. and are 
transferred from the delay-?ip-?op circuits Se through the 
output data buffer St to the data port DPl at C7. C8 and C9. 

If the microprocessor (not shown) supplies the external 
command code READ and the external column address 
signal to the command port CD1 and the address port ADl 
at C8. the synchronous dynamic random access memory 
device repeats the burst access. However. the timing chart 
illustrates the burst access with the internal column address 
signal B0 in the inter-leave manner. 
The synchronous dynamic random access memory device 

thus arranged encounters a problem in the complex arrange 
ment of the data line pairs 5a. 5b. 5c and 5d. This is because 
of the fact that the selector circuits 45 and 46 sequentially 
transfer the read-out data bits on the data line pairs 5a to 5d 

SUMMARY OF THE INVENTION 

It is therefore an important object of the present invention 
to provide a semiconductor memory device synchronous 
with an external clock signal which is simple in arrangement 
of data lines. 
To accomplish the object. the present invention proposes 

to transfer read-out data bits to a single data line pair in 
synchronism with an address increment. 

In accordance with the present invention. there is pro 
vided a semiconductor memory device comprising: a) a 
memory cell array having a plurality of addressable memory 
cells for storing a plurality of data bits selectively assigned 
with row addresses and column addresses; b) a row address 
ing system responsive to an external row address signal 
indicative of one of the row addresses for selecting acces 
sible memory cells from the plurality of addressable 
memory cells: c) a timing controller for producing a plural 
ity of internal control signals for sequentially supplying data 
bits selected from the plurality of data bits to the outside of 
the semiconductor memory device; (1) an interface unit 
coupled with a data port for transferring the data bits to the 
outside of the semiconductor memory device: e) a single 
shared data bus coupled with the interface unit for sequen— 
tially propagating the data bits to the interface unit; and t) a 
column addressing system coupled with the single shared 
data bus. and having f-l) a column address buffer sub 
system operative to store the aforesaid one of the column 
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6 
addresses represented by the external column address signal. 
and responsive to ?rst internal control signals of the plurality 
of internal control signals for changing the aforesaid one of 
the column addresses predetermined times. and f-Z) a col 
umn address decoder/selector sub-system forming a plural 
ity of pipeline stages together with the interface unit. the 
plurality of pipeline stages being responsive to second 
internal control signals of the plurality of internal control 
signals so as to successively transfer the data bits identi?ed 
by the aforesaid one of the column addressees and column 
addresses changed by the column address bulfer sub-system 
through the single shared data bus to the data port. 
The column address may be changed in a sequentially 

manner or in an interleave manner. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the semiconductor 
memory device according to the present invention will be 
more clearly understood from the following description 
taken in conjunction with the accompanying drawings in 
which: 

FIG. I is a circuit diagram showing the arrangement of the 
prior art synchronous dynamic random access memory 
device; 

FIG. 2A is a view showing the symbol of a delay-?ip-?op 
circuit incorporated in the prior art synchronous dynamic 
random access memory device; 

FIG. 2B is a circuit diagram showing the arrangement of 
the prior art delay-?ip-?op circuit; 

FIG. 3 is a timing chart showing aburst access to the prior 
art synchronous dynamic random access memory device; 

FIG. 4 is a block diagram showing the arrangement of a 
synchronous dynamic random access memory device 
according to the present invention: 

FIG. 5 is a circuit diagram showing sub-systems and 
sub-units associated with one of the memory cell arrays 
incorporated in the synchronous dynamic random access 
memory device according to the present invention: 

FIG. 6 is a circuit diagram showing the arrangement of a 
column address buffer incorporated in the column address 
decoder/selector sub-system; 

FIG. 7 is a circuit diagram showing the arrangement of a 
part of an internal timing generator incorporated in the 
synchronous dynamic random access memory device 
according to the present invention; 

FIG. 8A is a View showing the symbol of a delay-?ip-?op 
circuit incorporated in the synchronous dynamic random 
access memory device according to the present invention: 

FIG. 8B is a circuit diagram showing the arrangement of 
the delay-?ip-?op circuit represented by the symbol shown 
in FIG. 8A; 

FIG. 9A is a view showing the symbol of a switching 
element incorporated in the synchronous dynamic random 
access memory device according to the present invention; 

FIG. 9B is a circuit diagram showing the arrangement of 
the switching element; 

FIG. 10 is a timing chart showing the read-out sequence 
in a sequential burst carried out by the synchronous dynamic 
random access memory device according to the present 
invention: and 

FIG. 11 is a timing chart showing the read-out sequence 
in a sequential burst carried out by the synchronous dynamic 
random access memory device according to the present 
invention. 
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FIG. 12 is a timing chart showing the read-out sequence 
in an interleave burst carried out by the synchronous 
dynamic random access memory device according to the 
present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODlMENT 

Referring to FIG. 4 of the drawings. a synchronous 
dynamic random access memory device embodying the 
present invention is fabricated on a single semiconductor 
chip 100. and largely comprises a plurality of memory arrays 
110. a precharging unit 120. an address buffer unit 130. a 
row addressing system 140. a column addressing system 
150. an input/output unit 160. a command register unit 170 
and a timing generator 180. The synchronous dynamic 
random access memory device selectively enters into a 
programming mode. a read-out mode. a write-in mode and 
a refreshing mode as similar to the prior art synchronous 
dynamic random access memory device. An n-bit input data 
signal is supplied from. for example. a microprocessor (not 
shown) of an electronic system through an input and output 
data port DP10 to the input/output unit 160. and the input/ 
output unit 160 supplies an n-bit output data signal through 
the input and output data port DP10 to the microprocessor. 

In the programming mode. a mode-register-set command 
code is supplied through a command p011 CD10 to the 
command register unit 170. and the command register unit 
170 sets a CAS latency and a burst length by values 
indicated by bit strings supplied from an address port AD10 
through an address buffer unit 130 thereto. The command 
register unit 170 further sets either sequential or interleave 
burst for a burst access. 

The function in the refreshing mode is well known to a 
person skilled in the art. and no further description is 
incorporated hereinbefore for the sake of simplicity. 
The plurality of memory cell arrays 110 to 11n are similar 

to each other. and each of the memory cell arrays 110 to lln 
comprises a plurality of dynamic random access memory 
cells M11. . . . . Mml . . . . . . M1n.. . . and Mmn arranged 

in rows and columns. a plurality of word lines W11/W1r to 
Wml/Wmr coupled with the rows of dynamic random 
access memory cells M11 to Mmn. respectively. a plurality 
of bit line pairs BL11/BL11" to BLln/BLnr coupled with the 
columns of dynamic random access memory cells M11 to 
Mmn. respectively. and arow of sense ampli?er circuits SAl 
to SAn. 
The dynamic random access memory cells M11 to Mmn 

store respective data bits. and the data bits are accessible and 
rewriteable in the read-out and write-in modes. The data bits 
are stored in the form of electric charge. and produce 
potential di?erences on the respective bit line pairs BLPll/ 
BLlr to BLPln/BLnr. 
The command register 170 behaves as similar to the 

command register 2a. and produces the internal control 
signals CI‘Ll. CI'LZ. C113 etc. The internal control signal 
CTLl is indicative of the burst length. and the internal 
control signal CTL2 is indicative of the sequential or inter 
leave burst. The internal control signals CI‘Ll and CI‘L2 are 
supplied to the internal timing generator 180. and the 
internal tinting generator 180 produces internal control 
signals on the basis of the internal control signals CT L1 and 
CI'LZ for controlling the column addressing system 150. 
The command register 170 is further responsive to exter 

nal command codes ACTIVE. READ and PRECHARGE. 
and informs the internal timing generator 6 of a latch of each 
external command codes ACTIVE. READ. PRECHARGE 
through internal control signals CT L3. 
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An external system clock is supplied from a clock pin CK 

to the internal timing generator 180. and sequentially pro 
duces internal control signals so as to control a row address 
ing sequence. a sense ampli?cation. a column addressing 
sequence. a data output sequence and a reset and precharg 
ing sequence. These sequences will be described hereinlater 
in detail. 

As described hereinbefore. the synchronous dynamic ran 
dom access memory device embodying the present inven 
tion is communicable with the microprocessor (not show) by 
using the n-bit input/output data signals. For this reason. 
each of the row addressing system 140. the column address 
ing system 150 and the input/output unit 160 is broken down 
into sub-systems or sub-units respectively associated with 
the memory cell arrays 110 to lln. and the sub-systems or 
the sub-units are similar in arrangement to one another. For 
this reason. description is hereinbelow made on only one set 
of the address bu?‘er sub-unit 131. the row addressing 
sub-system 141. the column addressing sub-system 151. the 
input/output sub-unit 161 associated with the memory cell 
array 110 with reference to FIG. 5 of the drawings. 

Turning to FIG. 5 of the drawings. the address bulfer 
sub-unit 131 comprises a ?rst input stage 131a coupled with 
the address port AD10 and an input buffer 131b responsive 
to the latch control signal LTCl for storing an external row 
address signal and an external column address signal in the 
read-out and write-in modes. The external row address 
signal is indicative of a row address assigned to one of the 
word lines W11 to Wlr. and the external column address 
signal is indicative of a column address assigned to one of 
the bit line pairs BL11 to BLln. 
The row addressing sub-system 141 comprises a row 

address predecoder 141a coupled with the input butter 131b 
for producing row address predecoded signals. a row address 
latch 141b coupled with the row address predecoder 141a 
and responsive to the latch control signal LTCZ for storing 
the row address predecoded signals and a row address 
decoder/word line driver 141c coupled with the row address 
latch 141b and response to the row address predecoded 
signals for energizing one of the word lines W11 to Wml. 
When the external command code ACI'IV E is latched by 

the command register unit 170. the internal timing generator 
180 sequentially produces the related internal control 
signals. and the row addressing system 140 starts a row 
address decoding sequence with the latch control signal 
CI‘L2. On the other hand. when an external command code 
PRECHARGE is latched by the command register unit 170. 
the row addressing sub-system 141 resets all of the word 
lines W1 to Wm. and the internal timing generator 180 
causes the precharging unit 120 to charge and balance the bit 
line pairs BL11 to BLln. 
The column addressing sub-system 151 comprises col 

umn address bulfers 151a and 151b for storing the internal 
column address signal supplied from the input buifer 131b 
and a plurality of column address decoder/selector units 
1510. 1511. 1512 and 1513. . . . associated with the bit line 

pairs BL11 to BLln. The column address decoder/selector 
units 1510 to 1513 are responsive to the column address bits 
of the internal column address signal for selectively cou 
pling the bit line pairs BL11 to BLln of the associated 
memory cell array 110 with the input/output sub-unit 161. 

FIG. 6 illustrates the circuit arrangement of the column 
address bu?rer 151a. and comprises an adder ADD. delay 
?ip ?op circuits DFFl. DFFZ DFF3 and DFF4. OR gates 
ORl. 0R2. 0R3. 0R4. 0R5. and CR6 AND gates ADI. 
AD2. AD3 and AD4. inverters W1. W2. IV3 and W4. and 
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switching elements SW1. SW2. SW3. SW4. SW5. SW6. 
SW7. SW8. SW9 and SW10 each implemented by a parallel 
combination of n-channel type and p-channel type ?eld 
effect transistors. exclusive-OR gates EXl. EX2. EX3 and 
EX4. NAND gates ND10 and NDll and buffer elements 
BFl and BFZ. and the adder ADD is constituted by an 
inverter W5 and an exclusive-OR gate EXS. 
An internal control signal CI'Lll is supplied from the 

internal timing generator 180 to the delay-?ip-?op circuits 
DPFl and DFFZ. and the delay-?ip-?op circuits DFFl and 
DFF2 latch the lower two column address bits CLMO and 
CLMl of the internal column address signal in response to 
the internal control signal C1111. Internal control signals 
C1112 and CTL13 are further supplied to the OR gates 
OR3/OR5 and the NAND gates AD1/AD3. respectively. and 
internal control signals C1'L14. CTLlS. C1'L16 and CI'L17 
are ORed at the OR gate 0R1. The intmnal control signals 
C1‘L15 to C1‘L17 are ftuther ORed at the OR gate CR6. and 
the internal control signals C1'L12 to CTLl'I changes propa 
gation paths of the lower two column address bits CLMO and 
CLM 1 through the adder ADD to the output buifers BFl and 
BF2. The internal control signals CTL18. C1'L19. C1‘L20. 
C1'L21. C1122 and C1'L23 are further supplied from the 
internal timing generator 180 to the gates of the switching 
elements SW3 to SW5 and SW8 to SW10. and the switching 
elements SW3 to SW5 and SW8 to SW10 selectively 
transfer the lower column address bits CLMO and CLMl 
and the complementary bits thereof. 

Internal control signals CTL24 and C1‘L25 are ftu‘ther 
supplied from the internal timing generator 180 to the adder 
ADD. and the adder ADD produces the complementary bits 
of the lower two column address bits CLMO and CIMI. In 
other words. the adder ADD increments the value indicated 
by the lower two column address bits. and the switching 
elements SW3 to SW5 and SW8 to SW10 transfer the lower 
two column address bits and the incremented column 
address bits in the sequential or interleave manner. 

Turning to FIG. 7 of the drawings. a part of the internal 
timing generator 180 comprises OR gates ORll. OR12 and 
0R13. AND gates AD11. AD12. AD13. ADM. AD15. AD16 
and AD17 inverters IV11. IV12. 1V13. IV14 and IV15 and 
switching elements SW21 and SW22. and produces the 
internal control signals C1‘Lll t0 CI'L13 and C1‘L18 to 
C1123. CTL41 to C1144 are indicative of internal control 
signals. and are used in description on a read-out sequence 
hereinlater. 
The delay-?ip ?op circuits DFFI and DFF2 are symbol 

ized by a box with “D”. “G” and “ ” as shown in FIG. 8A. 
and each of the delay-?ip ?op circuits DFFl and DFFZ 
comprises four inverters IV21. IV22. N23 and IV24 and 
two transfer gates TG11 and T612. The behavior of the 
delay-?ip-?op circuit is known to a person skilled in the art. 
and no further description is incorporated hereinbelow for 
the sake of simplicity. 
The switching elements SW1 to SW10 are symbolized as 

shown in FIG. 9A. and each of the switching elements SW1 
to SW10 is implemented by a parallel combination of 
p-channel type and n-channel type ?eld effect transistors 
Q1/Q2 associated with an inverter IV31 as shown in FIG. 
9B. The behavior of the switching element is also known to 
a person skilled in the art. and detailed description is omitted 
from the description. 

Turning back to FIG. 5 of the drawings. each of the 
column address decoder/selector units 1510 to 1513 com 
prises a ?rst column address decoder 150a operative to 
decode lower column address bits for producing a ?rst 
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10 
column address decoded signal DC1. a second column 
address decoder 150b operative to decode higher column 
address bits for producing a second column address decoded 
signal DC2. a latch circuit 150c responsive to an internal 
control signal C'I'L32 for storing the ?rst column address 
decoded signal DC1 produced by the associated ?rst column 
address decoder 150a. a read-out/write-in circuit 150d for 
amplifying and transferring a read-out data bit and a write-in 
data bit from and to the associated bit line pair and a 
switching unit 150e enabled with the internal control signal 
CTL32 and responsive to the second column address 
decoded signal DC2 for transferring the read-out and write 
in data bit between the input/output sub-unit 161 and the 
associated read-out/write-in circuit 150d. The ?rst column 
address decoder 150a and the second column address 
decoder 15% are respectively implemented by a NAND 
gate and an AND gate. The read-out/write-in circuit 150d 
comprises a read ampli?er 150f for developing a potential 
difference indicative of the read-out data bit. a read-out 
circuit 150g responsive to the ?rst column address decoded 
signal DC1 for transferring the read-out data bit to the 
read-out ampli?er 150f. a write-in ampli?er 150h for devel 
oping a potential dilference indicative of the write-in data 
bit. and a write-in circuit 150i responsive to the ?rst column 
address decoded signal for transferring the write-in data bit 
from the write-in ampli?er 150h to the associated bit line 
pair. 
The input/output sub-unit 161 comprises a single data line 

pair 161a shared between the switching elements 150e of the 
?rst column address decoder/selector sub-units of the 
respective column address decoder/selector units 1510 to 
1513. a pair of delay-?ip-?op circuits DFFS and DFF6 
coupled with the single data line pair 161a. an output buffer 
circuit 161b for sequentially changing an output data signal 
indicative of the read-out data bits. an input data buffer 160c 
for storing an input data signal indicative of the write-in data 
bit. a data latch circuit 160d responsive to an internal control 
signal C1‘L34 for storing the input data signal and a data 
latch circuit 160e for supplying a potential difference indica 
tive of the write-in data bit to the single data line pair. 

In this instance. the pair of delay-?ip ?op circuits DFFS/ 
DFF6. the output buifer circuit 161b. the input data buffer 
160c. the data latch circuit 160d and the data latch circuit 
l60e form in combination an interface unit. and the latch 
circuit 150C. the switching element 150s and the pair of 
delay-?ip-?op circuit DFF5/DFF6 provide a plurality of 
pipeline stages. 
The column address decoder/selector units 1510 to 1513 

are coupled through the single data line pair 161a with the 
associated interface unit. and the arrangement of the data 
lines is simpler than that of the prior art synchronous 
dynamic random access memory device. 
The synchronous dynamic random access memory device 

thus arranged behaves in the read-out mode as follows. FIG. 
10 illustrates a read-out sequence. and FIGS. 11 and 12 show 
circuit behaviors of the part of internal timing generator and 
the column address decoder/selector units 1510 to 15ln in a 
sequential burst and in an interleave burst. The column 
address decoder/selector units 1510 to 1513 and the input/ 
output unit 160 are pipelined. and the latch circuits 150c. the 
switching elements 150e and the delay-?ip flop circuits 
DFF4/DFF5 split the ?ow of the read-out data bits into three 
pipeline stages. C1 to C14 are indicative of the leading edges 
of the system clock CK. 

Although data bits are read-out from the memory cell 
arrays 110 to lln in parallel through the column address 
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decoder/selector units 1510 to 1513 and the input/output unit 
160 to the input/output data port DP10. description is made 
on the memory cell array 110 only on the assumption that the 
external row and column address signals are indicative of 
the row and column addresses assigned to the memory cell 
Mml. 

If the microprocessor (not shown) supplies the external 
row address signal ROW and the external command signal 
ACTIVE to the address port AD10 and the command port 
CD10 at C1. the internal timing generator 180 starts the row 
addressing sequence. and the row address decoder/word line 
driver 141c energizes the word line Wml as similar to the 
prior art row addressing system As a result. data bits are 
read out from the memory cells Mml to Mmn to the bit line 
pairs BLll to BLln. and small potential differences take 
place on the bit line pairs B111 to BLln. The sense 
ampli?ers SAl to SAn develops the small potential 
differences. and the bit line pairs BLll to BLln propagate 
the potential diiferences to the column address decoder/ 
selector units 1510 to 15in. 

If the external command signal READ and the external 
column address signal are supplied to the command port 
CD10 and the address port AD10 at C4. the internal column 
address signal A0 is latched by the column address bulTer 
units 151a and 151b. and the ?rst column address decoder 
150a of the column address decoder/selector unit 1510 
changes the ?rst column address decoded signal DCl to the 
low level. 

The internal timing generator 180 supplies the one-shot 
internal control signal C1132 to the latch circuit 1500 at C5. 
and the ?rst column address decoded signal DCl is stored in 
the latch circuit 150c. As a result. the read-out data bit on the 
bit line pair BLll is transferred through the read-out/write 
in circuit 150d to the read ampli?er 150f. and the read-out 
data bit is ampli?ed by the read ampli?er 1501’. 
Assuming now that the lower two column address bits are 

logic “1" level or high level. the second column address 
decoder 15% of the column address decoder/selector unit 
1510 enters into ready for turn-on state. and the read-out 
data bit A0‘ transferred from the bit line BLll is in turn 
transferred from the column address decoder/selector unit 
1510 to the signal data line pair 161a at C6. Thus. the 
switching element l50e realizes the second pipeline stage. 
and introduce time delay equivalent to one system clock 
pulse into the read-out sequence at selection of the switching 
elements 150e. While the single data line pair 161a is 
propagating the read-out data bit A0’. the other switching 
elements 150e are turned off. and prevent the data line pair 
161a from the other read-out data bits transferred from the 
other bit line pairs. 
The ?rst column address buffer unit 151a increments the 

value represented by the lower two column address bits to 
A1 at C5. and the lower column address bits thus incre~ 
mented are decoded at the ?rst column address decoder 
150a. and the ?rst column address decoded signal DCl is 
transferred to the input node of the latch circuit 150c. 
The one-shot internal control signal C1134 is supplied to 

the pair of delay-?ip-?op circuits DFF5/DFF6 at C6. and the 
read-out data bit A0’ is stored in the delay ?ip-?op circuits 
DFFSIDFF6. The read-out data bit A0’ is transferred from 
the pair of delay-?ip-?op circuits DFFS/DFF6 to the output 
data butfer l6lb. 

At C6. die ?rst column address decoded signal DCl 
indicative of A1 is latched by the latch circuit 150c. and the 
read-out data bit Al‘ is ampli?ed and transferred through the 
switching element l50e to the single data line pair 161a. 
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12 
Moreover. the ?rst column address buffer unit 151a further 
increments the value represented by the lower two column 
address bits to A2. and transfers the lower two column 
address bits to the latch circuit 1500. 

Thus. the read-out data bits A0‘ to A3‘ are sequentially 
transferred through the column address decoder/selector 
units 1510 to 1513. the single data line pair 161a and the 
input/output sub-unit 161 to the input/output port DP10. and 
supplied to the outside of the synchronous dynamic random 
access memory device. 

In the write-in sequence. the single data line pair 161a is 
shared between the switching elements 150e of the column 
address decoder/selector units 1510 to 1513. 

If the synchronous dynamic random access memory 
device selects the sequential burst. the internal control signal 
C1144 is ?xed to the low level as shown in FIG. 11. When 
the external command codes READ or WRITE is latched. 
the internal control signal CF L41 or C1142 are changed to 
the high level during the clock cycle thereof. Since the 
internal control signal (THAI/C1142 is ANDed with the 
internal control signal C1131. the one-shot clock signal 
CTLll is produced in the clock cycle. Vifith the internal 
control signal C1111. the lower two column address bits 
CLMO and CLM1 are stored in the delay-?ip-?op circuits 
DFFl and DFF2. The lower two column address bits CLMO 
and CLM1 take place at the nodes Q of the delay-?ip-?op 
circuits DFFl and DFF2. In the clock cycle starting at C4. 
the internal control signal CTIAI keeps high. and. for this 
reason. the internal control signal C1112 is maintained at 
the high level. As aresult. the internal control signals C1118 
and C1121 are changed to the high level. and the internal 
control signals C1119. C1120. C1122 and CTL23 are 
changed to the low level. For this reason. the lower two 
column address bits CLMO and CLM1 at the nodes Q pass 
through the switching elements SW3 and SW8. and reach 
the buffers BFl and BF2. In other words. the lower two 
address bits CLMO and CLM1 are directly output from the 
?rst column address buffer unit 151a. 

The internal control signals C1114 to C1117 are indica 
tive of the burst lengths of 1. 2. 4 and 8. In this instance. the 
burst length is adjusted to 4. and. accordingly. only the 
internal control signal C1116 is maintained at the high level. 
The other internal control signals CI'L14. CI'LIS and 
C1117 are in the low level. The output nodes of the OR 
gates CR1 and CR6 are changed to the high level. and the 
internal control signal C1113 is in the high level because of 
the internal control signal CTlA4 is ?xed at the low level. 
The internal control signal C1112 is in the high level in the 
clock cycle starting at C4. and the column address bits 
CLMO and CLM1 at the nodes Q are supplied to the adder 
ADD as the input signals INZ and 1N1. The column address 
bits CLMO and CLM1 are assumed to be “0” represented by 
zero bits . The adder ADD changes the column address bits 
to “l” and “0" indicating the incremented value “1”. 

In the next clock cycle starting at C5. the clock signal CK 
causes the delay-?ip-?op circuits DFF3 and DFF4 to trans 
fer the column address bits indicative of the incremented 
value “1” to the output nodes Q. Since the internal control 
signal C1141 and the internal control signzd C1144 are in 
the low level in the sequential burst. the internal control 
signals CTLlS and C1121 are in the low level. and the 
internal control signals C1120 and C1123 are in the high 
level. As a result. the column address hits at the nodes Q of 
the delay-?ip-?op circuits DFF3 and DFF4 are transferred 
through the switching elements SW5 and SW10 to the 
buffers BFl and BF2. respectively. Thus. the value of the 
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lower two address bits CLMO is incremented by one. Since 
the internal control signal CI‘LIZ is changed to the low 
level. the switching elements SW1 and SW6 turn OE. and the 
switching elements SW2 and SW7 turn on. For this reason. 
the column address bits indicative of the incremented value 
“1” are supplied to the adder ADD as the input signals INl 
and 1N2. and the adder ADD produces the column address 
bits indicative of “2”. In other words. the output of the 
inverter IV5 and the output of the exclusive-OR gate EXS 
are changed to bit “0” and bit “1". respectively. 

Thus. the value of the column address bits CLMt) and 
CLMl are sequentially incremented by one in synchronism 
with the clock signal CK in the sequential burst. 

In the clock cycle starting at C7 . the output of the inverter 
IVS and the output of the exclusive-OR gate EXS are 
matched with the initial column address bits stored in the 
delay-?ip~?op circuits DFFI and DFFZ. As a result. the 
outputs of the exclusive-OR gates EXl and EX3 are 
changed to the low level. and the outputs of the NAND gates 
ND10 and NDll are changed to the high level. Since the 
internal control signal CTL13 is in the high level. the 
internal control signal CI'L43 is changed to the high level. 
and the internal control signal C1143 is indicative of the 
completion of the sequential burst access. 

If the synchronous dynamic random access memory 
device selects the interleave burst. the internal control signal 
CI'L44 is ?xed to the high level as shown in FIG. 12. If the 
external command code READ is latched by the command 
register unit 170. the lower two column address bits CLMO 
and CLMl are transferred to the buffers BFI and BFZ 
without increment in the clock cycle starting at C4. 
However. since the internal control signal CI‘L13 is changed 
to the low level. the input signals to the adder ADD are in 
the low level. i.e.. value “0”. and the output of the adder is 
incremented to “1”. 

In the clock cycle starting at C5. the clock signal CK 
causes the delay-?ip-?op circuits DFF3 and DFF4 to trans 
fer the bits indicative of value “1” at the nodes Q thereof. 
The internal control signal CI'L41 is changed to the low 
level. Since the internal control signal CI'L44 is in the high 
level in the interleave burst. the internal control signals 
CI'L18 and CTL21 are changed to the low level. and the 
internal control signal CI'L19 and CI'L22 are changed to the 
high level. The exclusive-OR gates EX2 and EX4 carry out 
the exclusive-OR operations on the column address bits 
stored in the delay-?ip-?op circuits DFFI and DFFZ and the 
incremented column address bits indicative of “l”and the 
outputs of the exclusive-OR gates EX2 and EX4 are trans 
ferred through the switching elements SW4 and SW9 to the 
buffers BF] and BFZ. Thus. the initially supplied column 
address bits are exclusive-Oiled with the incremented bits 
indicative of “l” and the result of the exclusive-OR opera 
tion is transferred to the ?rst column address decoder 150a. 

Since the internal control signal CI'L12 is in the low level. 
the switching elements SW1 and SW6 are turned off. and the 
switching elements SW2 and SW7 are turned on. For this 
reason. the bits indicative of value “1” is supplied to the 
adder ADD. and the adder ADD increments the bits to “2”. 
Thereafter. the column address bits initially supplied thereto 
are exclusive-()Red with the bits indicative of value “2” in 
the second cycle and with the bits indicative of value “3” in 
the third cycle. 

In the clock cycle starting at C7. the input signals [N1 and 
[N2 are in the high level indicative of value Since the 
internal control signal CI‘L44 is in the high level. the 
internal control signal CPL/I3 is changed to the high level 
indicative of the completion of the burst access. 
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14 
In the ?rst bit of the burst access. the delay-?ip-?op 

circuits DFFl and DFF2 latch the column address bits 
CLMO and CLMl after con?rmation whether the external 
command code is “READ” or “WRITE”. and the column 
address bits are directly output through the switching ele 
ments SW3 and SW8 without passing through the adder 
ADD. thereby accelerating the output. 

Although a particular embodiment of the present inven 
tion has been shown and described. it will be obvious to 
those skilled in the art that various changes and modi?ca~ 
tions may be made without departing from the spirit and 
scope of the present invention. For example. the present 
invention is applicable to all the types of semiconductor 
memory device synchronous with an external clock signal. 
and the semiconductor memory device according to the 
present invention may form a part of a large scale integra 
tion. The pipeline stages of the column addressing system 
and the input/output units may be more than three. 
What is claimed is: 
1. A semiconductor memory device comprising: 
a) a memory cell array having plurality of addressable 
memory cells for storing a plurality of data bits selec 
tively assigned with row addresses and column 
addresses; 

b) a row addressing system responsive to an external row 
address signal indicative of one of said row addresses 
for selecting a row of memory cells from said plurality 
of addressable memory cells; 

c) a timing controller for producing a plurality of internal 
control signals for sequentially supplying data bits 
selected from said plurality of data bits to outside of 
said semiconductor memory device; 

d) an interface unit coupled with a data port for transfer 
ring said data bits to the outside of said semiconductor 
memory device; 

e) a single shared data bus coupled with said interface unit 
for sequentially propagating said data bits to said 
interface unit‘. and 

f) a column addressing system coupled with said single 
shared data bus. and having 
f-l) a column address bu?er sub-system operative to 

store one of said column addresses represented by an 
external column address signal. and responsive to 
?rst internal control signals of said plurality of 
internal control signals for changing said one of said 
column addresses a predetermined number of times. 
and 

f-2) a column address decoder/selector sub-system 
forming a plurality of pipeline stages together with 
said interface unit. said plurality of pipeline stages 
being responsive to second internal control signals of 
said plurality of internal control signals so as to 
successively transfer said data bits. identified by said 
one of said column addresses and said column 
addresses changed by said column address buffer 
sub-system through said single shared data bus to 
said data port. 

said column address decoder! selector subsystem compris 
ing a plurality of column address decoder/selector units 
coupled through said single shared data bus with said 
interface unit. each of said plurality of column address 
decoder/selector units having a ?rst column address 
decoder responsive to lower column address bits for 
producing a ?rst column address decoded signal. 

a second column address decoder responsive to higher 
column address bits for producing a second column 








