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(57) ABSTRACT 

The synchronous semiconductor memory device related to 
the present invention is a synchronous semiconductor 
memory device in Which for one data read signal, the 
respective data corresponding to a plurality of addresses are 
sequentially read out from a memory cell in synchronism 
With an external clock signal, and Which comprises a control 
circuit Which executes control according to an externally 
inputted control signal so as to output only the data corre 
sponding to one address from the memory cell for one data 
read signal. 
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SYNCHRONOUS SEMICONDUCTOR MEMORY 
DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to a syn 
chronous semiconductor memory device Which operates in 
synchronism With an external clock signal, and, more par 
ticularly, to a synchronous semiconductor memory device 
such as a pipeline burst SRAM in Which the reading/Writing 
of a plurality of data is performed. 

[0003] 2. Description of the Background Art 

[0004] FIG. 12 is a block diagram shoWing a pipeline 
burst SRAM Which is a former synchronous semiconductor 
memory device. In the ?gure, reference numeral 101 des 
ignates an address buffer for outputting to an address resistor 
102 a plurality of address signals SA inputted from the 
outside, and address signals /SA obtained from the address 
signals SA. Reference numeral 102 designates an address 
register for holding the address signals SA and /SA inputted 
through the address buffer 101, and outputting the address 
signals SA and /SA to a decoder 106 in synchronism With a 
SAC clock signal (hereinafter referred to as SACCLK 
signal). Reference numeral 103 designates an address buffer 
for outputting externally inputted loWermost place address 
signals SAO and SA1 to a counter 105. 

[0005] 104 is a counter enabling signal generator (ADV 
State Machine) for generating a counter enabling signal 
(hereinafter referred to as ADVCLK signal) synchroniZing 
With an external clock signal. More particularly, the genera 
tor 104 generates the ADVCLK signal on the basis of a CE 
signal generated from external signals SE1, SE2, and SE3#, 
and the SACCLK signal, and outputting the ADVCLK 
signal to the counter 105. The generator 104, upon the 
inputting of a signal for data reading purpose (having a state 
in Which the SACCLK signal takes an “H” value and the CE 
signal takes an “H” value), generates a ADVCLK signal in 
synchronism With an external clock signal input next to that 
generated at the tire of the inputting of the data reading 
purpose signal. In addition, a similar ADVCLK signal is also 
generated When a signal for data Writing purpose is inputted. 

[0006] Reference numeral 105 designates a counter for 
outputting the loWermost place address signals inputted 
from the outside in synchronism With the SACCLK signal to 
the decoder 106, and outputting to the decoder 106 address 
signals corresponding to the loWermost place address signals 
in response to the ADVCLK signal generated in the counter 
enabling signal generator 104. Reference numeral 106 des 
ignates a decoder for generating instructions for data read 
ing/Writing or the like for the addresses obtained from the 
addresses outputted from the counter 105 and the address 
outputted from the address register 102. 

[0007] Reference numeral 107 designates an SRAM core 
capable of information (data) reading or Writing. The SRAM 
core 107 reads out data from a speci?ed address or Writes 
data to the speci?ed address, in response to the instruction 
generated by the decoder 106. 

[0008] Reference numeral 108 designates an output reg 
ister for holding the data transmitted from the SRAM core 
107 via a data bus RD, and outputting these data to an output 
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buffer 110 in synchronism With the external clock signal. 
Reference numeral 109 designates an output enabling signal 
generator (OE State Machine) for outputting to an output 
buffer 110 as Well as to an input buffer 111 an output 
enabling signal (hereinafter referred to as OE signal) syn 
chroniZing With the external clock signal generated on the 
basis of the external signal CE and the SACCLK signal. 
Reference numeral 110 designates an output buffer for 
outputting data transmitted from the output register 108 to 
the outside in response to the OE signal. 

[0009] Reference numeral 111 designates an input buffer 
for taking from outside data to be inputted to the SRAM core 
107 upon receipt of the OE signal. Reference numeral 112 
designates an input register for holding data input from the 
outside through the input buffer 111, and inputting the 
holding data to the SRAM core 107 in synchronism With the 
external clock signal. 

[0010] NoW, the operation of the former synchronous 
semiconductor memory device is described. 

[0011] In a case of an operation for reading out data at a 
speci?ed address to the outside from the SRAM core 107, 
the signal for data reading purpose (hereinafter referred to as 
read signal) is input from the outside. (That is, data is read 
out When SACCLK, SGW#, and CE obtained from SE1, 
SE2, and SE3# becomes signals for reading.) The pulse of 
the external clock signal at the time of the inputting of the 
read signal is named as the 1st pulse, and the pulses 
subsequently generated by the external clock signal are 
named as the 2nd pulse, the 3rd pulse . . . , hereunder. 

[0012] When such read signal is externally inputted, the 
counter enabling signal generator circuit 104 generates an 
ADVCLK signal having three pulses respectively synchro 
niZing With the 2nd, 3rd, and 4th pulses of the external clock 
signal, and outputs the ADVCLK signal to the counter 105. 

[0013] Upon the inputting of the read signal, the counter 
105 outputs to the decoder 106, the loWermost place address 
signals input from the outside in synchronism With the 
SACCLK signal consisting of a pulse synchroniZed With the 
1st pulse of the external clock signal. The counter 105 also 
sequentially outputs the addresses corresponding the loWer 
most address signals to the decoder 106 in synchronism With 
the pulse of the ADVCLK signal. Through such operation of 
the counter 105, in response to one read signal for data 
reading purpose, four mutually related addresses are sequen 
tially sent to the decoder 106 in synchronism With the 
external clock signal. 

[0014] The decoder 106 determines memory selection 
lines in the SRAM core 107 according to the address signals 
inputted from the counter 105 and the address signals 
inputted from the address register 102, and sends an instruc 
tion to the SRAM core 107 for reading the data stored at 
locations corresponding to the selection lines. The SRAM 
core 107 responds to such instruction to output the data 
stored at the corresponding locations to the output resistor 
108 via the data bus RD. 

[0015] The output register 108 outputs the data inputted 
via the data bus RD to the output buffer 110 in synchronism 
With the external clock signal. The output buffer 110 outputs 
the data held in the output register 108 to the outside in 
response to the OE signal. 
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[0016] In the former memory device, the OE signal is 
generated in the output enabling signal generator circuit 109 
in response to the read signal or the signal for data Writing 
purpose (hereinafter referred to as Write signal) so as to be 
in synchronism With a predetermined external clock signal. 

[0017] In a data Writing operation, data inputted from the 
outside (i.e., from DINDOUT terminal) in response to a 
Write signal is inputted to the input register 112, Which 
inputs the data to the SRAM core 107 in synchronism With 
the external clock signal. In this operation, a location for 
Writing is inputted in a manner similar to that described in 
the above reading operation, Whereby the above data is made 
to be Written to this location. 

[0018] In this speci?cation, the symbol “/” represents the 
negative value of a signal as /A means the negative value of 
a signal A. Particularly, “#” is used instead of “/” With regard 
to the terminal of a synchronous semiconductor memory 
device. 

[0019] The former synchronous semiconductor memory 
device constructed as described above, for one read signal, 
sequentially outputs data corresponding to an external 
address and a plurality of addresses relative to the external 
address. Similarly, the former device, for one Write signal, 
continuously takes data corresponding to an external address 
and a plurality of addresses according to the external 
address. 

[0020] The former synchronous semiconductor memory 
device outputs (or takes) data regarding to a plurality of 
related addresses for one read (or Write) signal even in a test 
operation. In other Wards, the former device cannot outputs 
(or takes) data only solely relating to a single address. Thus, 
data regarding only an individual address cannot be directly 
tested in the former device. As a result, there may arise a 
problem in Which a test betWeen tWo data at tWo addresses 
cannot be performed except for data to be continuously 
outputted, Whereby the defect in such portion cannot be 
checked. 

[0021] Further, since the former synchronous semiconduc 
tor memory device operates very differently from a general 
purpose memory such as an asynchronous SRAM in Which 
only data corresponding to one address is outputted (or 
inputted) for one read signal (or Write signal), the test pattern 
and the test method Which have been used in the test of the 
general-purpose memory cannot be used as Well as the test 
method used for the general-purpose memory cannot be 
used. As a result, there also arises a problem that a test 
betWeen given data cannot be readily performed. 

[0022] In addition, the output buffer 110 outputs data to 
the outside in response to the OE signal generated by the 
output enabling signal generator 109 Within the synchronous 
semiconductor memory device. The input buffer 111 also 
takes data from the outside upon receipt of the OE signal 
generated in the output enabling signal generator 109 Within 
the synchronous semiconductor memory device. Accord 
ingly, even in a test operation, the data exchange betWeen the 
outside and the inside of the synchronous semiconductor 
memory device is alWays synchroniZed With the external 
clock signal, Which results in a problem that the outputting 
or inputting of data for a desired period of time With a 
desired timing cannot be performed. 
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SUMMARY OF THE INVENTION 

[0023] The present invention has been conceived to solve 
the previously-mentioned problems, and a general object of 
the present invention is to provide a novel and useful 
synchronous semiconductor memory device. 

[0024] Amore speci?c object of the present invention is to 
provide a synchronous semiconductor memory Which 
enables the continuous outputting (inputting) of a plurality 
of data for one read (Write) signal under the control of an 
external control signal, and also enables the outputting 
(inputting) of only one data according to an external address 
for one read (Write) signal. 

[0025] The above object of the present invention is 
achieved by a synchronous semiconductor memory device 
including a data processor circuit and a control circuit. The 
data processor circuit sequentially reads out from or Writes 
to a memory cell respective data corresponding to a plurality 
of addresses in synchronism With a clock signal for one read 
signal or one Write signal. The control circuit performs a 
control according to an external control signal Which exter 
nally inputted so that only the data corresponding to one 
address is outputted from or inputted to the memory cell for 
the one read signal or the one Write signal. 

[0026] A further object of the present invention is to 
provide a synchronous semiconductor memory device 
Which enables the data exchange betWeen the outside and 
the inside of the synchronous semiconductor memory device 
With any timing under the control of an external control 
signal. 

[0027] The above object of the present invention is 
achieved by a synchronous semiconductor memory device 
Which includes an input/output circuit in addition to the data 
processor circuit and the control circuit. The input/output 
circuit controls data inputting/outputting betWeen the 
memory cell and the outside according to an output enabling 
signal Which is externally inputted. 

[0028] Other objects and further features of the present 
invention Will be apparent from the folloWing detailed 
description When read in conjunction With the accompany 
ing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 is a plane vieW of a package of a synchro 
nous semiconductor memory device practiced as a ?rst 
embodiment of the present invention; 

[0030] FIG. 2 is a circuit diagram of the synchronous 
semiconductor memory device practiced as a ?rst embodi 
ment of the present invention; 

[0031] FIGS. 3A through 4S are timing charts for 
describing an operation of the synchronous semiconductor 
memory device shoWn in FIG. 2; 

[0032] FIG. 5 is a circuit diagram shoWing a output 
register provided in the synchronous semiconductor 
memory device shoWn in FIG. 2. 

[0033] FIGS. 6A through 6M are timing charts for 
describing a normal operation and a test purpose operation 
of the output resistor shoWn in FIG. 5; 
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[0034] FIGS. 7A through 7J are timing charts for 
describing a normal operation and a test purpose operation 
of the synchronous semiconductor memory device shoWn in 
FIG. 2; 

[0035] FIG. 8 is a circuit diagram of a synchronous 
semiconductor memory device practiced as a second 
embodiment of the present invention; 

[0036] FIG. 9 is a plane vieW of a synchronous semicon 
ductor memory device practiced as a third embodiment of 
the present invention; 

[0037] FIG. 10 is a circuit diagram of the synchronous 
semiconductor memory device shoWn in FIG. 9; 

[0038] FIGS. 11A through 11H are timing charts for 
describing a normal operation and a test purpose operation 
of the synchronous semiconductor memory device shoWn in 
FIG. 10; and 

[0039] FIG. 12 is a circuit diagram of a former synchro 
nous semiconductor memory device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0040] In the following, principles and embodiments of 
the present invention Will be described With reference to the 
accompanying draWings. Throughout the draWings, like 
reference numerals designate like or corresponding parts, 
and descriptions of such parts are omitted Where they are 
repetitive. 
[0041] First Embodiment 

[0042] In the synchronous semiconductor memory device 
of this embodiment, data corresponding to a plurality of 
related addresses (e.g., four addresses) are sequentially read 
out (Written) for one read (or Write) signal during the normal 
operation synchronizing With external clock signals, so that 
data can be read or Written at high speed. Conversely, the 
synchronous semiconductor memory device in the test 
operation, upon receipt of an external control signal, reads 
(or Writes) only data corresponding to one address for one 
read (or Write) signal. 

[0043] Furthermore, in the normal operation, the data 
exchange betWeen the outside and the inside of the synchro 
nous semiconductor memory device is controlled by an 
output enabling signal (hereinafter referred to as OE signal) 
generated in the synchronous semiconductor memory 
device, While in the test operation, the data exchange 
betWeen the outside and the inside of the synchronous 
semiconductor memory device is controlled by a Test OE 
signal inputted from the outside. 

[0044] FIG. 1 is a plane vieW shoWing a QFP package of 
a synchronous semiconductor memory device practiced as 
the ?rst embodiment of the present invention. 1. As shoWn 
in FIG. 1, this package is provided With terminals Vdd and 
Vddq to Which a poWer supply signal is inputted; terminals 
Vss and Vssq to Which a ground signal is inputted; terminals 
SAO and SA1 to Which loWermost place address signals are 
inputted; a terminal SA to Which an address signal is 
inputted; terminals DQa, DQb, DQc, and DQd for inputting/ 
outputting a data signal; terminals SE1, SE2, and SE3# to 
Which chip enable signals are inputted; an external control 
signal input terminal FT# for taking an external control 

Jul. 19, 2001 

signal (hereinafter referred to as /FT signal) for controlling 
the data read/Write method; and a terminal Test OE for 
taking a Test OE signal for controlling the data exchange 
betWeen the outside and the inside of the package. 

[0045] FIG. 2 is a block diagram shoWing inside of the 
package of the synchronous semiconductor memory device 
shoWn in FIG. 1. In FIG. 2, reference numeral 1 designates 
an address buffer for outputting an address signalAi inputted 
from the terminal SA shoWn in FIG. 1 to an address register 
2. The address resistor 2 holds the address signal Ai inputted 
from the terminal SA via the address buffer 1, and outputs 
the signal Ai to a decoder 6 in synchronism With an 
SACCLK signal (i.e., in synchronism With an external clock 
signal). Reference numeral 3 designates an address buffer 
for outputting loWermost address signals A0 and A1 inputted 
from the terminals SAO and SA1 shoWn in FIG. 1 to a 
counter 5. 

[0046] Reference numeral 4 designates a counter enabling 
signal generator (i.e., ADV State Machine) Which is an 
address output portion for generating a counter enabling 
signal (hereinafter referred to as ADVCLK signal) synchro 
nizing With an external clock signal, on the basis of a CE 
signal generated from external signals SE1, SE2, and SE3# 
inputted from the terminals SE1, SE2, and SE3# shoWn in 
FIG. 1, and the SACCLK signal, and outputting the ADV 
CLK signal to a counter 5. Upon an inputting of a signal for 
data reading purpose (Which has a state in Which the 
SACCLK signal has an “H” value and the CE signal has an 
“H” value), the generator 4 generates an ADVCLK signal 
including three pulses synchronizing With the three pulses 
sequentially generated folloWing to the external clock signal 
at the time of the read signal inputting. A similar ADVCLK 
signal is also generated When a signal for data Writing is 
inputted. 
[0047] The reference numeral 5 designates a counter for 
outputting the loWermost place address signals inputted 
from the outside in synchronism With the SACCLK signal to 
a decoder 6, and outputting the address signals correspond 
ing to the loWermost place address signals in response to the 
ADVCLK signal generated in the counter enabling signal 
generator 4 to the decoder 6. Reference numeral 6 designates 
a decoder for generating an instruction such as data read/ 
Write for a location determined from the address outputted 
from the counter 5 and the address outputted from the 
address register 2. 

[0048] Reference numeral 7 designates an SRAM core on 
Which a reading/Writing of information (data) is alloWed. 
The SRAM core reads data from or Writes data at a speci?ed 
address according to the instruction generated by the 
decoder 6. 

[0049] Reference numeral 8 designates an output register 
for holding the data transmitted from the SRAM core 7 via 
a data bus RD, and outputting these data to an output buffer 
10, synchronizing With the external clock signal in the 
normal operation, and Without synchronizing With the exter 
nal clock signal in the test operation. Reference numeral 9 
designates an output enabling signal generator (i.e., OE 
State Machine) for outputting an output enabling signal (OE 
signal) synchronizing With the external clock signal, Which 
is generated according to an external signal SGW#, and the 
CE and SACCLK signals. Reference numeral 10 designates 
an output buffer for outputting data transmitted from the 
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output register 8 to the outside according to the OE signal in 
the normal operation, and according to the Test OE signal 
inputted from the terminal Test OE shoWn in FIG. 1 in the 
test operation. 

[0050] Reference numeral 11 designates an input buffer 
for taking from outside data to be inputted to the SRAM core 
7 according to the OE signal in the normal operation and 
according to the Test OE signal in the test operation. 
Reference numeral 12 designates an input register for hold 
ing data inputted from the outside via the input buffer 11, and 
inputting the held data to the SRAM core 7 via the data bus 
RD in synchronism With the external clock signal in the 
normal operation, and independently of the external clock 
signal in the test operation. 

[0051] Reference numeral 13 designates an SAC# register 
for outputting an SAC# signal inputted from the terminal 
SAC# to an SAC clock generator circuit 14. Reference 
numeral 14 designates an SAC clock signal generator con 
sisting of an NAN D operation element to Which the negation 
of the SAC# signal and a CLK signal are inputted, and an 
inverter circuit to Which the signal outputted from the 
NAND operation element is inputted. Reference numerals 
15a and 15b respectively designate CLK buffers for holding 
the external clock signal inputted from the outside, and 
outputting the external clock signal With a predetermined 
timing. 

[0052] Reference numeral 16 designates an operation ele 
ment for carrying out the logical AND betWeen the ADV 
CLK signal and an external control signal /F T inputted from 
the external control signal input terminal FT# shoWn in FIG. 
1. Reference numeral 17 designates an operation element for 
carrying out the logical AND betWeen the external clock 
signal and the external control signal /FT inputted from the 
outside. Reference numeral 18a designates a sWitch (SW1) 
Which takes an on-state When the external control signal /F T 
takes an “H” value and an off-state When the external control 
signal /FT takes an “L” value. Reference numeral 18b 
designates a sWitch (SW2) Which takes an off-state When the 
external control signal /FT takes an “H” value and an 
on-state When the external control signal /FT takes an “L” 
value. 

[0053] NoW, the method for manufacturing the above 
synchronous semiconductor memory device is described. 

[0054] In a method for manufacturing the former synchro 
nous semiconductor memory device, as shoWn in FIG. 12, 
a Wiring connecting the counter enabling generator 104 and 
the counter 105 is formed. In the method for manufacturing 
the above synchronous semiconductor memory device, 
instead of the formation of the Wiring, as shoWn in FIG. 2, 
the AND operation element 16 is formed betWeen a Wiring 
for inputting the ADVCLK signal to the counter 5, and the 
Wiring is formed so that the ADVCLK signal is inputted to 
the counter 5 through the AND operation element 16, While 
a Wiring is formed for connecting the input portion of the 
AND operation element 16 and the terminal FT# of the 
package of the synchronous semiconductor memory device. 

[0055] Further, instead of forming the Wiring connecting 
betWeen the CLK signal and the output register 108 (or the 
input register 112) in the synchronous semiconductor 
memory device shoWn in FIG. 12, in the method for 
manufacturing the above device, as shoWn in FIG. 2, the 
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AND operation element 17 is formed betWeen the Wiring for 
inputting the CLK signal to the output register 8 (or the input 
register 12), and the Wiring is formed so that the CLK signal 
is inputted to the output register 8 (or the input register 12) 
through the AND operation element 17, as Well as a Wiring 
is formed so that the input portion of the AND operation 
element 17 and the terminal FT# of the package in the 
synchronous semiconductor memory device are connected 
to each other. 

[0056] Moreover, in addition to such fabrication, instead 
of forming the Wiring connecting the output enabling signal 
generator 109 and the output buffer 110 (or the input buffer 
111) in the synchronous semiconductor memory device 
shoWn in FIG. 12, in the method for manufacturing the 
above device, the sWitches 18a (SW1) and 18b (SW2) and 
a Wiring for connecting these sWitches to the output buffer 
10 (or the input buffer 11) are formed in the Wiring for 
inputting the OE signal to the output buffer 10 (or the input 
buffer 11), as shoWn in FIG. 2. Through the fabrication 
above, the synchronous semiconductor memory device 
according to the ?rst embodiment is manufactured. 

[0057] NoW, the operation of the synchronous semicon 
ductor memory device shoWn in FIG. 2 is described. 

[0058] First, the normal operation of the device Will be 
described. In the normal operation, the externally inputted 
/FT signal is alWays controlled to an “H” value. In a case 
Where the /FT signal takes an “H” value, the operation 
element 16 directly output the inputted ADVCLK signal, the 
operation element 17 directly output the inputted external 
clock signal, and the sWitch 18a (SW1) takes an on-state 
Whereas the sWitch 18b (SW2) takes an off-state, Whereby 
the synchronous semiconductor memory device operates in 
a manner similar to the former synchronous semiconductor 
memory device shoWn in FIG. 12. 

[0059] FIGS. 3A through 30 are timing charts shoWing 
the relations among the respective signals in the data reading 
operation in the normal operation of the synchronous semi 
conductor memory device shoWn in FIG. 2. FIGS. 3A 
through 30 shoW a case Where a read signal is inputted 
simultaneously With the ?rst pulse of the external clock 
signal. 
[0060] In the normal operation, in order to read out the 
data at a speci?c address of the SRAM core 7 to the outside, 
a read signal is inputted from the outside at ?rst. That is, the 
SAC# signal is set to an “L” value, the CE signal is set to 
an “H” value, and the SGW# signal is set to an “H” value. 
When the SAC# signal takes an “L” value, the SAC clock 
signal generator 14 generates an SACCLK signal Which 
includes pulses synchroniZing With the external clock signal 
and is outputted only for the period over Which the SAC# 
signal has an “L” value. 

[0061] When such signal is inputted, the counter enabling 
signal generator 4 generates the ADVCLK signal having 
three pulses synchroniZing With the 2nd, 3rd, and 4th pulses 
of the external clock signal, and inputs the thus generated 
signal to the operation element 16. Since the external control 
signal /F T is controlled to an “H” value, the ADVCLK signal 
itself is outputted from the operation element 16 to the 
counter 5. 

[0062] Upon the inputting of the read signal, the counter 
5 outputs the externally inputted loWermost place address 
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signal AOA1 to the decoder 6 in synchronism With the 
SACCLK signal (i.e., in synchronism With the 1st pulse of 
the external clock signal) Thereafter, the counter 5 generates 
address signals /AOA1, A0/A1 and /A0/A1 Which corre 
spond to the above loWermost place address signal in 
synchronism With the pulses of the ADVCLK signal (i.e., in 
synchronism With the 2nd, 3rd, and 4th pulses of the external 
clock signal). The signals generated in the counter 5 are 
sequentially outputted to the decoder 6. 

[0063] That is, as shoWn in FIG. 3], the output signal 2 
outputted from the counter 5 is sequentially set to AOA1, 
/AOA1, A0/A1, and /A0/A1 in that order in synchronism 
With the 1st pulse, 2nd pulse, 3rd pulse, and 4th pulse of the 
external clock, respectively. 

[0064] With such operation of the counter 5, mutually 
related four addresses are sent to the decoder 6 in synchro 
nism With the external clock signal in response to one read 
signal for data reading purpose. 

[0065] The decoder 6, based on the address signals AOA1, 
/AOA1, A0/A1, and /A0/A1 inputted from the counter 5 and 
an address signal Ai inputted from the address register 2, 
sequentially generates address signals AiAOA1, Ai/AOA1, 
AiA0/A1, and Ai/A0/A1 (i.e., output signal 3 in FIG. 3K). 
Further, the decoder 6 determines memory selection lines in 
the SRAM core 7 from these addresses, and sends an 
instruction to read out the data stored at the location corre 
sponding to the selection lines to the SRAM core 7. Upon 
receipt of the instruction, the SRAM core 7 outputs the data 
at the corresponding location to the output register 8 via the 
data bus RD. As a result, as depicted by the output signal RD 
in FIG. 3L, data A, A+1, A+2, and A+3 Which correspons to 
the respective addresses are sequentially outputted form the 
data bus RD. 

[0066] The output register 8 outputs the data inputted via 
the data bus RD to the output buffer 10 in synchronism With 
the external clock signal (i.e., in synchronism With the rise 
of the 2nd pulse) (output signal 4 in FIG. 3M). The output 
buffer 10 outputs the data held in the output register 8 to the 
outside only for the period over Which the OE signal remains 
an “H” value. As illustrated by the output signal OE in FIG. 
3N, the OE signal keeps the “H” value for the period from 
the rise of the 2nd pulse to the rise of the 6th pulse of the 
external clock signal. 

[0067] NoW, data Writing operation in the normal opera 
tion Will be described. In the data Writing operation, data 
inputted from the outside (i.e., from terminals DQa through 
DQd, hereinafter collectively referred to as DINDOUT 
terminal) is inputted to the input register 12 through the 
input buffer 11 in response to a Write signal. The input 
register 12 inputs the data to the SRAM core 7 in synchro 
nism With the external clock signal. Similar to the data 
reading process described above, an address for data Writing 
is inputted, Whereby the above data is Written to this address. 

[0068] As described above, in the normal operation, by 
providing an “H” value to the external control signal /FT, 
data corresponding to a plurality of addresses can be sequen 
tially outputted (or inputted) in synchronism With the exter 
nal clock signal for one read (or Write) signal similar to the 
synchronous semiconductor memory device shoWn in FIG. 
12. The device according to the ?rst embodiment, therefore, 
enables a fast data read/Write. 
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[0069] NoW, a description Will be given of the test opera 
tion of the synchronous semiconductor device according to 
the present embodiment. 

[0070] In the test operation, the externally inputted /FT 
signal in alWays controlled to an “L” value. In a case Where 
the /FT signal takes an “L” value, the output signal from the 
operation element 16 alWays takes an “L” value and the 
output signal from the operation element 17 alWays takes an 
“L” value as Well, While the sWitch 18a (SW1) is set to an 
off-state as Well as the sWitch 18b (SW2) is set to an on-state. 
Under the above condition, the data exchange betWeen the 
outside and the inside of the synchronous semiconductor 
memory device can be controlled by the Test OE signal 
inputted from the outside, thereby enabling an operation 
similar to the asynchronous semiconductor memory device, 
i.e., an operation in Which only one data is outputted for one 
read signal as Well as the data exchange betWeen the outside 
and the inside is performed in response to an signal inputted 
from outside. 

[0071] Since the device according to the ?rst embodiment 
operates in a similar manner as that of the asynchronous 
semiconductor memory device in the test operation, being 
not able to operate With the timing according to the external 
clock signal cycle used in the above normal operation in 
order to ensure a fast operation. Accordingly, the cycle of the 
external clock signal in the test operation should be made 
longer than that in the normal operation. Speci?cally, in the 
?rst embodiment, the cycle is set to 5 nsec in the normal 
operation, and 20 nsec in the test operation. 

[0072] FIGS. 4A through 4S are timing charts shoWing 
the relations among the respective signals in the data reading 
operation in the test operation of the synchronous semicon 
ductor memory device shoWn in FIG. 2. FIGS. 4A through 
4S shoW a case Where a read signal is inputted simulta 
neously With the ?rst pulse of the external clock signal. 

[0073] In the test operation, in order to read out the data 
at a speci?c address of the SRAM core 7 to the outside, a 
read signal is inputted from the outside at ?rst. That is, the 
SAC# signal is set to an “L” value, the CE signal is set to 
an “H” value, and the SGW# signal is set to an “H” value. 
When the SAC# signal takes an “L” value, the SAC clock 
signal generator 14 generates an SACCLK signal Which 
includes pulses synchroniZing With the external clock signal 
and is outputted only for the period over Which the SAC# 
signal has an “L” value. 

[0074] When such signal is inputted, the counter enabling 
signal generator 4 generates the ADVCLK signal having 
three pulses synchroniZing With the 2nd, 3rd, and 4th pulses 
of the external clock signal, and inputs the thus generated 
signal to the operation element 16. Since the external control 
signal /FT is noW controlled to an “L” value, the output from 
the operation element 16 for outputting a result of the logical 
AND operation betWeen the external control signal /FT and 
the ADVCLK signal alWays becomes an “L” value, and thus 
an “L” value is inputted to the counter 5. 

[0075] Upon the inputting of the read signal, the counter 
5 outputs the externally inputted loWermost place address 
signal AOA1 to the decoder 6 in synchronism With the 
SACCLK signal (i.e., in synchronism With the 1st pulse of 
the external clock signal). In the normal operation, pulses 
exist in the ADVCLK signal, but the ADVCLK signal 
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always has an “L” value after passing through the operation 
element 16 in the test operation. Thus, no address signal is 
generated from the counter 5 in response to the read signal. 
That is, in the test operation, only the externally inputted 
loWermost address is outputted from the counter 5 to the 
decoder 6 (output signal 2 in FIG. 4L). 

[0076] The decoder 6, based on the address signals AOA1 
inputted from the counter 5 and an address signal Ai (i.e., 
output signal 1 in FIG. 4K) inputted from the address 
register 2, generates an address signal AiAOA1 (i.e., output 
signal 3 in FIG. 4M). Further, the decoder 6 determines a 
memory selection line in the SRAM core 7 from the address, 
and sends an instruction to read out the data stored at the 
location corresponding to the selection line to the SRAM 
core 7. Upon receipt of the instruction, the SRAM core 7 
outputs the data at the corresponding location to the output 
register 8 via the data bus RD. As a result, as depicted by the 
output signal RD in FIG. 40, only data A corresponding to 
the address is outputted form the data bus RD. Incidentally, 
FIG. 40 shoWs the outputting of data B corresponding to the 
address (Aj/AOA1) that is to be outputted for the next read 
signal. 
[0077] Since CLK2 is an “L” value, the output register 8 
outputs the data inputted via the data bus RD to the output 
buffer 10 independently of the external clock signal. The 
output register 8 Will be described later in detail. The output 
buffer 10 outputs the data held in the output register 8 to the 
outside according to the Test OE signal. 

[0078] As mentioned above, the external control signal 
/FT alWays takes an “L” value in the test operation. Accord 
ingly, the sWitch 18a (SW1) is brought into an off-state as 
Well as the sWitch 18b (SW2) is brought into an on-state. In 
this case, the externally inputted Test OE signal causes the 
output buffer 10 to output the data held in the output register 
8 to the outside. In addition, since this Test OE signal is 
inputted from the outside, the Test OE signal may be any 
signal Which is not synchroniZed With the external clock 
signal, and thus the inputting/outputting of data betWeen the 
outside and the inside of the synchronous semiconductor 
memory device can be freely performed. 

[0079] In a data Writing operation, upon receipt of a Write 
signal, data inputted from the outside (i.e., from the DIND 
OUT terminal) is inputted to the input register 12 according 
to the Test OE signal. In this operation, the input register 12 
inputs the data to the SRAM core 7 independently of the 
external clock signal. Then, a Writing location is inputted in 
a manner similar to the reading operation described above, 
and the data is Written to this location. Further, output buffer 
10 outputs data from the inside to the outside When the Test 
OE signal is at an “H” value, but, conversely, the input buffer 
12 inputs data from the outside to the inside When the Test 
OE signal is at an “L” value. 

[0080] NoW, the output register 8 of the synchronous 
semiconductor memory device shoWn in FIG. 2 is 
described. 

[0081] FIG. 5 is a circuit diagram shoWing the output 
register 8 of the synchronous semiconductor memory device 
shoWn in FIG. 2. In the ?gure, reference numerals 8a, 8b, 
and 8c designate sWitches changeable to an on-state or 
off-state by CLK2 or the external control signal /FT. 

[0082] FIGS. 6A through 6M are timing charts shoWing 
the relations among the various signals for explaining the 
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operation of the output register shoWn in FIG. 5. Particu 
larly, FIGS. 6A through 6G shoW the relations among the 
various signals in the normal operation, While FIGS. 6H 
through 6M shoW the relations among the various signals in 
the test operation. When the external control signal, /FT is 
at an “H” value as shoWn in FIG. 6B (i.e., in the normal 
operation), the sWitch 8c (SW5) is put in an off-state, 
Whereby no data inputted from RD is outputted to Do 
through the sWitch 8c (SW5). 

[0083] In this process, since the pulse signal of CLK2 
repeatedly outputs “H” and “L” values, the sWitch 8a (SW3) 
and the sWitch 8b (SW4) alternately repeat the on- and 
off-states. During the operation, When CLK2 becomes an 
“L” value and the sWitch 8a (SW3) turns on, the data 
outputted from RD is sent through the sWitch 8a (SW3) to 
the inverter betWeen the sWitches 8a (SW3) and 8b (SW4) 
. The data, after being temporarily held by the inverter, is 
outputted from Do through the sWitch 8b (SW4) When 
CLK2 becomes an “H” value and the sWitch 8b (SW4) turns 
on. That is, in the normal operation, the signal is outputted 
from RD in synchronism With CLK2. 

[0084] In the test operation, since the CLK2 signal is 
caused to alWays take an “L” value by the operation element 
17 as shoWn in FIG. 6I, the sWitch 8b (SW4) alWays stays 
at an off-state, so the data outputted from RD is not outputted 
from Do through the sWitches 8a (SW3) and 8b (SW4). The 
external control signal /FT alWays has an “L” value at this 
stage, and thus the sWitch 8c (SW5) is alWays in an on-state, 
Whereby the data outputted from RD is outputted from Do 
through the sWitch 8c (SW5). Accordingly, in the test 
operation, the signal outputted from RD can be directly 
outputted to Do Without being synchroniZed With the clock 
signal. 
[0085] As described above, When the external control 
signal /FT is set to the “L” value in the test operation, the 
synchronous semiconductor memory device according to 
the ?rst embodiment operates in a similar manner to the 
asynchronous semiconductor memory device (i.e., in a man 
ner outputting the data corresponding to one address for one 
read signal). Accordingly, With the ?rst embodiment, a test 
can be made for any address, and the test pattern used in the 
former general-purpose asynchronous semiconductor 
memory device may be employed. 

[0086] FIGS. 7A through 7J are timing charts shoWing 
the signals in the normal and test operations of the synchro 
nous semiconductor memory device shoWn in FIG. 2. More 
particularly, FIGS. 7A through 7E shoW the signals in the 
normal operation, While FIG. 7F through 7J shoW the 
signals in the test operation. As shoWn in FIG. 7A through 
7E, in the normal operation, four pieces of data A, A+1, A+2, 
and A+3 corresponding to an externally inputted address 
signal A are sequentially and continuously outputted for one 
read signal (i.e., for the “L” value of SAC#). Further, in this 
operation, the output enabling signal OE remains at an “H” 
value for a period from the rise of the 2nd pulse to the rise 
of the 6th pulse of the external clock signal, during Which 
period the data is outputted to the outside. 

[0087] On the other hand, in the test operation, as shoWn 
in FIGS. 7F through 7J, only one piece of data A corre 
sponding to the externally inputted address signal A is 
outputted for one read signal (i.e., for the “L” value of 
SAC#). Thereafter, in the test operation, for the next read 
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signal and the read signal successive to it, only respective 
one piece of data B and C corresponding to the externally 
inputted address signals B and C are outputted. In addition, 
the externally inputted Test OE signal is used as the signal 
for controlling the data exchange betWeen the outside and 
the inside in the test operation. The Test OE signal can be 
made an “H” or “L” value With any timing, Whereby the 
timing of the inputting/outputting of data can be controlled 
With any timing. 

[0088] In this embodiment, an example has been shoWn in 
Which the assembling is made in a QFP package. HoWever, 
the present invention is not limited to the embodiment. The 
assembling can be made in other packages such as TQFP. 

[0089] Further, in this embodiment, the operation similar 
to that of the asynchronous semiconductor memory device is 
performed in the test operation by controlling the external 
control signal /FT. HoWever, the present invention is not 
limited to that embodiment. If an operation similar to the 
asynchronous semiconductor memory device is required, the 
operation may be carried out by controlling the external 
control signal /FT even in an operation other than the test 
operation. 

[0090] As mentioned previously, the ?rst embodiment 
enables to perform the normal operation and the test opera 
tion according to the external control signal. Particularly, the 
?rst embodiment in the normal operation sequentially out 
puts (or inputs) data corresponding to a plurality of mutual 
related addresses in synchronism With the external clock 
signal for one read (or Write) signal. Further, the ?rst 
embodiment in the test operation outputs (or inputs) data 
corresponding to only one address in response to the exter 
nally input signal for one read (or Write) signal. The ?rst 
embodiment, therefor, enables high speed read/Write opera 
tion in the normal operation, as Well as a test for respective 
addresses and utiliZation of the test patterns or the like used 
in the asynchronous semiconductor memory device in the 
test operation. 

[0091] Second Embodiment 

[0092] In the ?rst embodiment mentioned above, the result 
of the logical AND operation betWeen the external control 
signal /FT and the ADVCLK signal generated in the counter 
enabling signal generator 4 is inputted to the counter 4. In 
contrast, the second embodiment inputs a result of the 
logical AND operation betWeen the external control signal 
/FT and the signal Which Would be directly inputted to the 
counter enabling signal generator 4 in the ?rst embodiment. 
Since the remaining portions are similar to the ?rst embodi 
ment, the description of them Will be omitted. 

[0093] FIG. 8 is a circuit diagram shoWing the synchro 
nous semiconductor memory device practiced as the second 
embodiment. In FIG. 8, reference numeral 20a designates 
an operation element for outputting a result of the logical 
AND operation betWeen the CE signal and the external 
control signal /F T to the counter enabling signal generator 4. 
Reference numeral 20b designates an operation element for 
outputting a result of the logical AND operation betWeen the 
SACCLK signal and the external control signal /FT to the 
counter enabling signal generator 4. Reference numeral 21 
designates an operation element outputting a result of the 
logical AND operation betWeen the external clock signal and 
the external control signal /FT to the output register 8 and 
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the input register 12. Since the remaining portions are 
similar to that shoWn in FIG. 2, the description of them is 
omitted. 

[0094] The operation of the second embodiment Will be 
noW described. 

[0095] In the normal operation, the external control signal 
/F T is set to an “H” value. Then, the operation elements 20a, 
20b, and 21 output the CE signal, SACCLK signal, and 
external CLK signal, respectively, and an operation com 
pletely similar to that in the normal operation described in 
the ?rst embodiment is performed. 

[0096] In the test operation, the external control signal /F T 
is set to an “L” value. In this case, since the CE signal and 
the SACCLK signal, Which are inputted to the counter 
enabling signal generator 4, are both set to an “L” value by 
the operation elements 20a and 20b, the counter enabling 
signal generator 4 does not generate the ADVCLK signal 
synchroniZing With the external clock signal even if a data 
read signal (data Write signal) is inputted from the outside. 
Thus, the counter 5 outputs only the loWermost place 
address inputted from the outside in synchronism With the 
SACCLK signal to the decoder 6. Accordingly, an operation 
similar to that in the test operation described in the ?rst 
embodiment is performed. 

[0097] Further, although, in the ?rst embodiment 1, opera 
tion element 17 outputs the result of the logical AND 
operation betWeen the external clock signal and the external 
control signal /FT to the CLK buffer 15, the second embodi 
ment input a result of the logical AND operation betWeen the 
output of the CLK buffer 15b and the external control signal 
/FT to the input and output registers 8 and 12 instead of the 
operation element 17. The second embodiment, despite of 
the deference of the structure, enable a similar operation to 
that of the ?rst embodiment. 

[0098] As mentioned previously, the second embodiment 
enables to perform the normal operation and the test opera 
tion, according to the external control signal. Particularly, 
the second embodiment in the normal operation sequentially 
outputs (or inputs) data corresponding to a plurality of 
mutual related addresses in synchronism With the external 
clock signal for one read (or Write) signal. Further, the 
second embodiment in the test operation outputs (or inputs) 
data corresponding to only one address in response to the 
externally input signal for one read (or Write) signal. The 
second embodiment, therefor, enables high speed read/Write 
operation in the normal operation, as Well as a test for 
respective addresses and utiliZation of the test patterns or the 
like used in the asynchronous semiconductor memory 
device in the test operation. 

[0099] Third Embodiment 

[0100] In the ?rst embodiment mentioned above, a pin is 
provided for inputting the Test OE signal use only, and the 
Test OE signal is inputted through the pin. In contrast, the 
third embodiment uses an existing pin for inputting the Test 
OE signal during the test operation Without neWly providing 
a pin for the Test OE signal. 

[0101] FIG. 9 is a plane vieW of a QFP package of the 
synchronous semiconductor memory device practiced as the 
third embodiment of the present invention. As shoWn in 
FIG. 9, this package is provided With terminal’s Vdd and 
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Vddq to Which a power supply signal is inputted, Vss and 
Vssq to Which a ground signal is inputted, a terminal ZZ for 
inputting a signal for controlling the on-off state of all the 
input buffers, terminals SAO and SA1 to Which loWermost 
place address signals are inputted, a terminal SA to Which an 
address signal is inputted, terminals DQa, DQb, DQc, and 
DQd for inputting/outputting a data signal, terminals SE1, 
SE2, and SE3# to Which a chip enable signal is inputted, and 
terminal FT# for inputting an external signal for controlling 
the data read/Write format, respectively. In addition, there is 
not provided a terminal for inputting the Test OE signal for 
controlling the data exchange betWeen the outside and the 
inside of the package, such as that shoWn in FIG. 1. 

[0102] FIG. 10 is a circuit diagram shoWing a part of the 
inside of the package of the synchronous semiconductor 
memory device shoWn in FIG. 9. In FIG. 10, reference 
numeral 31 designates an input buffer for holding the signal 
inputted from the terminal ZZ shoWn in FIG. 9, and input 
ting it to the inside of the device. Reference numeral 32a 
designates a sWitch (SW6) Which turns on When the external 
control signal /FT has an “H” value, and turns off When the 
external control signal /FT has an “L” value. Reference 
numeral 32b designates a sWitch (SW7) Which turns on 
When the external control signal /FT has an “L” value, and 
turns off When the external control signal /FT has an “H” 
value. Reference numeral 33a designates a transistor having 
one end connected to a predetermined poWer supply and the 
other end connected to INTZZ, for causing the predeter 
mined poWer supply to be connected to INTZZ When the 
external control signal /FT is at an “L” value. Further, 
reference numeral 33b designates a transistor having one 
end connected to Test OE and the other end grounded, for 
causing Test OE to be grounded When the external control 
signal /FT is at an “H” value. 

[0103] FIGS. 11A through 11H are timing charts shoW 
ing the relations among the various signals for explaining 
the operation of the synchronous semiconductor memory 
device shoWn in FIG. 10. Particularly, FIGS. 11A through 
11D shoW the relations among the various signals in the 
normal operation (i.e., in a case Where the external control 
signal /FT is at “H”), Whereas FIGS. 11E through 11H 
shoWs the relations among the various signals in the test 
operation (i.e., in a case Where the external control signal 
/FT is at “L”). 

[0104] Since the external control signal /FT alWays has an 
“H” value in the normal operation, as shoWn in FIG. 11B, 
the sWitch 32a (SW6) shoWn in FIG. 10 becomes an 
on-state Whereas the sWitch 32b (SW7) shoWn in FIG. 10 
becomes an off-state. Thus, the signal inputted from the ZZ 
terminal is inputted to INTZZ via the input buffer 31 and 
SW6 (see FIGS. 11A and 11C). Conversely, the Test OE 
signal alWays stays at an “L” value because the sWitch 32b 
(SW7) is at an off-state. Further, at this stage, Test OE is 
grounded by the transistor 33b and ?xed stably to an “L” 
value. 

[0105] As shoWn in FIG. 11F, the external control signal 
/FT alWays has an “L” value in the test operation. Thus, the 
sWitch 32a (SW6) shoWn in FIG. 10 is put in an off-state 
While the sWitch 32b (SW7) shoWn in FIG. 10 is put in an 
on-state. As a result, the signal inputted from the ZZ terminal 
is intercepted by SW6, and is not inputted to INTZZ (see, 
FIGS. 11E and 11G). In this stage, INTZZ is connected to 
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the predetermined poWer supply by the transistor 33a 
thereby stably ?xed to an “H” value. In contrast, the signal 
inputted from the ZZ terminal becomes the Test OE signal 
through the sWitch 32b (SW7) because SW7 is at an on 
state, thereby enabling an inputting of the Test OE signal 
from the ZZ terminal. 

[0106] As mentioned previously, the third embodiment 
enables inputting of the Test OE signal from the existing pin 
in the test operation, Whereby a synchronous semiconductor 
memory device can be ef?ciently implemented Without 
neWly providing a pin for Test OE signal inputting purpose. 

[0107] The major bene?ts of the present invention 
described above are summariZed as folloWs: 

[0108] According to the ?rst aspect of the present inven 
tion, a synchronous semiconductor memory device sequen 
tially reads out from or Writes to a memory cell respective 
data corresponding to a plurality of addresses in synchro 
nism With a clock signal for one read signal or one Write 
signal. The synchronous semiconductor memory device 
includes a control circuit by Which control can be executed 
according to an externally inputted control signal so that 
only the data corresponding to one address is outputted from 
the memory cell or inputted to the memory cell for the above 
one read signal or the above one Write signal. Thus, not only 
a fast read/Write operation but also a read/Write operation for 
an individual address can be performed. 

[0109] According to the second aspect of the present 
invention, the synchronous semiconductor memory device 
further includes an address output unit for sequentially 
outputting a plurality of addresses in synchronism With a 
clock signal for one read signal or one Write signal. Further, 
the control circuit can control the address output unit so as 
to output only one address for the above one read signal or 
the above one Write signal. Thus, the device in the normal 
operation enables a high speed read/Write operation, by 
outputting or taking a plurality of date at once for the one 
read or Write signal, While the device in the test operation 
outputs or takes data corresponding to only one address for 
one data read or Write signal, thereby enabling a test for an 
individual address as Well as the utiliZation of the test pattern 
or the like used for the asynchronous semiconductor 
memory device. 

[0110] According to the third aspect of the present inven 
tion, the synchronous semiconductor memory device also 
includes an input/output circuit for controlling the data 
input/output betWeen the memory cell and the outside 
according to an output enabling signal Which is externally 
inputted. Thus, the device enables to control the data 
exchange betWeen the outside and the inside of a semicon 
ductor chip With any timing independently of the clock 
signal. 

[0111] According to the fourth aspect of the present inven 
tion, the synchronous semiconductor device further includes 
an input terminal for taking the output enabling signal from 
the outside. With the device, the output enabling signal can 
be inputted from the outside, thereby enabling the data 
exchange betWeen the outside and the inside of the semi 
conductor chip to be controlled With any timing. 

[0112] According to the ?fth aspect of the present inven 
tion, the output enabling signal is alloWed to be inputted 
from the existing terminal When an predetermined control is 




