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(57) ABSTRACT 

A DLL circuit generates a control clock specifying an 
operating timing of a data output buffer according to an 
external clock. The DLL circuit includes a replica delay time 
adjusting section and a phase control section. The phase 
control section controls such that a feedback clock and the 
external clock becomes in phase. The replica delay time 
adjusting section adjusts a delay time of the feedback clock 
behind the control clock according to an operating condition 
serving as a factor for changing a processing time of the data 
output buffer. 
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SYNCHRONOUS SEMICONDUCTOR MEMORY 
DEVICE PERFORMING DATA OUTPUT IN 

SYNCHRONIZATION WITH EXTERNAL CLOCK 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a synchronous 
semiconductor memory device and more particularly, to a 
synchronous semiconductor memory device including a 
DLL (Delay Locked Loop) circuit for operating in synchro 
niZation With an external clock. 

[0003] 1. Description of the Background Art 

[0004] Requirements for a high speed operation of a 
synchronous semiconductor memory device have been lev 
eled up in recent years and in order to cope With such 
leveled-up requirements, a synchronous semiconductor 
memory device has been developed that performs data 
input/output in synchroniZation With an external clock, 
Which is represented by an SDRAM (Synchronous Dynamic 
Random Access Memory). In a synchronous semiconductor 
memory device, a DLL circuit for generating a control clock 
in synchroniZation With an external clock is included and 
data input/output is performed at timings in synchroniZation 
With the control clock generated. 

[0005] As a typical example of a speci?cation for a 
synchronous semiconductor memory device, there is an 
access time tAC for de?ning a time period from an output 
timing determined according to an external clock till data is 
actually outputted. Generation of the control clock in the 
DLL circuit, therefore, is required be performed so as to 
satisfy a speci?cation of the access time period tAC. 

[0006] FIG. 13 is a timing chart for describing a data 
output operation in a general synchronous semiconductor 
memory device. 

[0007] Referring to FIG. 13, a synchronous semiconduc 
tor memory device performs a data output operation, taking 
in a read command supplied externally at a timing in 
synchroniZation With an external clock EXTCLK Which 
repeats a combination of a high level (hereinafter simply 
referred to as H level) and a loW level hereinafter simply 
referred to as L level) in a constant cycle. 

[0008] At a time point t0, a read command READ for 
instructing a read operation is inputted according to a 
combination of signal levels of command control signals 
represented by a column address strobe signal EXTZCAS in 
synchroniZation With a rise timing of the external clock 
EXTCLK. 

[0009] If a setting value of a column latency of the 
synchronous semiconductor memory device is tWo clock 
cycles (CL=2), data output to the outside is requested at a 
time point t1 When tWo clock cycles of the external clock 
EXTCLK elapse after a time point t0. Hence, a difference 
betWeen a time point at Which data is actually outputted and 
the time point t1 is requested to satisfy a speci?cation for the 
access time tAC. 

[0010] A DLL circuit included in the synchronous semi 
conductor memory device delays the external clock EXT 
CLK by one clock cycle or a plurality of clock cycles to 
generate a feedback clock FBCLK. That is, the DLL circuit 
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performs phase control such that the feedback clock FBCLK 
and the external clock EXTCLK become in phase With each 
other. 

[0011] A data output buffer performing data output to the 
outside operates in response to a control clock DLLCLK 
generated by DLL. In the inside of the DLL circuit, a phase 
of the feedback clock FBCLK lags behind the control signal 
DLLCLK by a replica delay time Tdr. 

[0012] Therefore, if the replica delay time Tdr is deter 
mined in correspondence to a data processing time in the 
data output buffer, a timing at Which data is actually out 
putted from the data output buffer can be made closer to the 
time point t1. 

[0013] On the other hand, as one of general operating 
conditions for a synchronous semiconductor memory 
device, a Word organiZation indicating the number of bits of 
data communicated With the outside in a one time data 
input/output operation is set. In the present speci?cation, a 
setting of a Word organiZation in Which N bit data (N is a 
natural number) is communicated in a one time data input/ 
output operation is expressed by “><N” hereinafter. 

[0014] In FIG. 13, shoWn is a case Where the replica delay 
time Tdr in the DLL circuit is set so as to be equal to a buffer 
processing time Tdb (X4) in a case of a Word organiZation 
x4. In this case, an access time tAC When a Word organi 
Zation is ><4 can be set to tAC=0. 

[0015] As shoWn in FIG. 13, hoWever, if a setting of the 
Word organization is altered and the number of bits com 
municated in a one time data input/output operation 
increases, a processing time in the output buffer increases. 
That is, When the Word organiZation is set to x8 and x16 in 
tWo Ways, processing times Tdb (x8) and Tdb (x16) become 
longer than a processing time Tdb (x4) in a case of a Word 
organiZation ><4 by ATdb1 and ATdb2, respectively. 

[0016] This is because as the number of bits of data 
outputted in one time increases, a tendency arises that an 
operating current of the data output buffer increases and With 
the increase in the operating current, an operating poWer 
source voltage of the data output buffer falls. 

[0017] On the other hand, in a prior art DLL circuit, it has 
been common that the replica delay time is set to a ?xed 
value; therefore, there Was a problem since an access time 
varies if an operating condition represented by a Word 
organiZation alters. 

[0018] That is, as shoWn in FIG. 13, if a replica delay time 
Tdr in the DLL circuit is adjusted in correspondence to a 
case of a Word organiZation ><4, there has arisen a problem 
that changes in the processing time ATdb1 and ATdb2 shoW 
up as changes in the access time tAC, as they are, Without 
being compensated in a case Where Word organiZations are 
set x8 and x16, respectively. 

[0019] In general, setting of the Word organiZation is 
performed by Wire bonding in an assembly step; therefore, 
a prior art con?guration in Which a replica delay time Tdr in 
a DLL circuit is ?xed in a fabrication process of a chip has 
had dif?culty securing an proper access time While securing 
a degree of freedom in setting of the Word organiZation. 

[0020] On the other hand, a con?guration is also con 
ceived in Which stability of an operating poWer source 
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voltage of a data output buffer is raised such that a process 
ing time in the data output buffer does not alter even if the 
Word organization is altered. In this case, hoWever, stabili 
Zation capacitor With large capacitance is required to be 
provided to the operating poWer source voltage, Which 
places a burden on a layout design. 

SUMMARY OF THE INVENTION 

[0021] It is accordingly an object of the present invention 
to provide a con?guration of a synchronous semiconductor 
memory device capable of performing data output at a 
proper timing according to setting of an operating state 
represented by a Word organiZation. 

[0022] The present invention Will be summariZed as fol 
loWs: The present invention is a synchronous semiconductor 
memory device operating in synchroniZation With an exter 
nal clock and includes: a data output buffer circuit; and a 
control clock generating circuit. The data output buffer 
circuit performs an output operation of read data to the 
outside, requiring a processing time corresponding to an 
operating condition. The control clock generating circuit 
generates a control clock activating an output operation of 
the data output buffer circuit according to an eXternal clock. 
The control clock generating circuit includes: a delay circuit 
for delaying the eXternal clock to generate the control clock; 
a delay control section controlling a delay time in the delay 
circuit according to a phase difference betWeen the eXternal 
clock and a feedback clock; and a replica delay time 
adjusting section, provided betWeen the delay circuit and the 
delay control circuit, and for delaying the control clock by 
a replica delay time corresponding to the processing time to 
generate the feedback clock. The replica delay time adjust 
ing section adjusts the replica delay time according to an 
operating condition. 

[0023] Therefore, a main advantageous point of the 
present invention is that an operating timing of the data 
output buffer circuit can be set, re?ecting a change in the 
processing time of the data output buffer circuit correspond 
ing to an operating condition. As a result, a data output 
timing can be properly set in each of various operating 
conditions. 

[0024] The foregoing and other objects, features, aspects 
and advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a schematic block diagram shoWing an 
overall con?guration of a synchronous semiconductor 
memory device according to a ?rst embodiment; 

[0026] FIG. 2 is a block diagram representing a con?gu 
ration of a DLL circuit shoWn in FIG. 1; 

[0027] FIG. 3 is a circuit diagram representing a con?gu 
ration of a delay adjusting circuit shoWn in FIG. 2; 

[0028] FIG. 4 is a timing chart describing a data output 
timing of the synchronous semiconductor memory device 
according to a ?rst embodiment; 

[0029] FIG. 5 is a circuit diagram representing a delay 
adjusting circuit according to a second embodiment; 
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[0030] FIGS. 6A and 6B are structural vieWs for describ 
ing a structure of a sWitch section shoWn in FIG. 5; 

[0031] FIG. 7 is a circuit diagram representing a con?gu 
ration of a delay adjusting circuit according to a third 
embodiment; 
[0032] FIG. 8 is a circuit diagram representing a con?gu 
ration of a delay adjusting circuit according to a fourth 
embodiment; 
[0033] FIG. 9 is a circuit diagram representing a con?gu 
ration of a delay adjusting circuit according to a ?fth 
embodiment; 
[0034] FIG. 10 is a circuit diagram representing a con 
?guration of a delay resistor according to a siXth embodi 
ment; 

[0035] FIGS. 11A and 11B are structural vieWs for 
describing a structure of a sWitch section shoWn in FIG. 10; 

[0036] FIG. 12 is a circuit diagram representing a con 
?guration of a delay resistor according to a seventh embodi 
ment; and 

[0037] FIG. 13 is a timing chart for describing a data 
output operation of a general synchronous semiconductor 
memory device. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0038] Detailed description Will be given of embodiments 
of the present invention beloW With reference to the accom 
panying draWings. Note that the same symbols used in the 
folloWing description indicate the same or corresponding 
constituents. 

[0039] First Embodiment 

[0040] Referring to FIG. 1, a synchronous semiconductor 
memory device 1 according to the ?rst embodiment 
includes: a memory array 10; an address terminal 12; a 
command control signal terminal 14; a control circuit 15; a 
clock terminal 16; and a data terminal 18. 

[0041] The memory array 10 includes a plurality of 
memory cells MC arranged in the form of a matriX. Word 
lines are disposed correspondingly to respective roWs of 
memory cells and bit lines are disposed corresponding to 
respective columns of memory cells. In FIG. 1, typically 
shoWn is arrangement of a Word line WL and a bit line BL 
of one memory cell. 

[0042] To the address terminal 12, inputted are an address 
signal constituted of address bits EXTADD (0) to EXTADD 
(n), Where n is a natural number, and for performing address 
selection in the memory array 10. To the command control 
signal terminal 14, inputted are eXternal signals: a roW 
address strobe signal EXTZRAS, a column address strobe 
signal EXTZCAS, a Write enable signal EXTZWE and a 
chip select signal EXTZCS. 

[0043] To the clock terminal 16, an eXternal clock EXT 
CLK is inputted. Through the data terminal 18, data EXTDQ 
is communicated With the outside. The number N (N is a 
natural number) of bits of data EXTDQ supplied/received in 
a one time input/output operation is determined according to 
the setting of a Word organiZation. A Word organiZation in 
the synchronous semiconductor memory device 1 can be 
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selectively set, for example, by a bonding option in an 
assembly step. In the synchronous semiconductor memory 
device 1, a Word organization can be selectively set to any 
of X4, x8 and x16. 

[0044] The control circuit 15 controls all of operations of 
the synchronous semiconductor memory device 1 according 
to the group of signals inputted thereto. To the control circuit 
15, inputted is a bonding option voltage VBO determined 
according to the presence or absence of bonding coupling 
betWeen a prescribed bonding pad and a prescribed voltage 
terminal. 

[0045] The control circuit 15 outputs a Word organiZation 
setting signal SWS re?ecting a set Word organiZation 
according to the boding option voltage VBO When poWer is 
turned on. The Word organiZation setting signal SWS is 
constituted of a signal of one bit or a plurality of bits. 

[0046] The synchronous semiconductor memory device 1 
further includes: an address buffer 20; a roW decoder 22; a 
column decoder 24; a sense ampli?er and an input/output 
circuit 30; a data input buffer 40; and a data output buffer 50. 

[0047] The address buffer 20 generates a roW address RA 
and a column address CA according to an address signal 
inputted to the address terminal 12 to transmit the roW 
address RA and the column address CA to the roW decoder 
22 and the column decoder 24, respectively. 

[0048] The roW decoder 22 selectively activates a Word 
line WL of the memory array 10 according to the roW 
address RA to perform roW selection. The column decoder 
24 performs column selection in the memory array 10 
according to the column address CA. 

[0049] The sense ampli?er and input/output control circuit 
30 performs read/Write of data on a memory cell selected by 
an address signal through a bit line BL corresponding to a 
memory cell selected by the column decoder 24. 

[0050] The data input buffer 40 catches data EXTDQ 
inputted to the data terminal 18 from the outside at a timing 
in synchroniZation With the internal clock CLK to output the 
data EXTDQ to the sense ampli?er and input/output control 
circuit 30. 

[0051] The data output buffer 50 outputs read data trans 
mitted from the sense ampli?er and input/output control 
circuit 30 to the outside through the data terminal 18 in data 
read. 

[0052] The synchronous semiconductor memory device 1 
further includes a CLK buffer 60; and a DLL circuit 100. 

[0053] The CLK buffer 60 generates an internal clock 
CLK in response to the external clock EXTCLK inputted to 
the clock terminal 16. The internal clock CLK is transmitted 
to the control circuit 15; the address buffer 20; the data input 
buffer 40 and others. By controlling operating timings of the 
internal circuits in response to the internal clock CLK With 
the control circuit 15, the synchronous semiconductor 
memory device 1 can be operated in synchroniZation With 
the external clock EXTCLK. 

[0054] The DLL circuit 100 generates a control clock 
DLLCLK on the basis of the external clock EXTCLK 
inputted to the clock terminal 16. A phase of the control 
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clock DLLCLK is controlled by the DLL circuit 100 such 
that the access time tAC satis?es the speci?cation for data 
output timing. 

[0055] Referring to FIG. 2, the DLL circuit 100 includes: 
a clock buffer 105; a delay circuit 110; a clock driver 120; 
a replica delay time adjusting section 130; a clock buffer 
135; and a phase control section 140. 

[0056] The clock buffer 105 receives the external clock 
EXTCLK from the clock terminal 16 to perform buffering. 
The delay circuit 110 delays output from the clock buffer 
105 by a delay time corresponding to a delay control signal 
SDL. Setting of the delay time in the delay circuit 110 can 
be performed in a discrete form or in a continuous form. 

[0057] The clock driver 120 receives output of the delay 
circuit 110 to generate the control clock DLLCLK. The 
control clock DLLCLK is transmitted to the data output 
buffer 50. 

[0058] The data output buffer 50 receives supply of an 
operating poWer source voltage VDDQ to operate. A data 
output processing by the data output buffer 50 is activated at 
a timing responsive to the control clock DLLCLK. Asetting 
of a Word organiZation in the synchronous semiconductor 
memory device 1 is transmitted to the data output buffer 50 
by a Word organiZation signal SWS. A processing time Tdb 
required for data output processing in the data output buffer 
50 alters according to the setting of a Word organiZation. 

[0059] The replica delay time adjusting section 130 
adjusts a delay time of the feed back clock FBCLK behind 
the control clock DLLCLK according to the setting of a 
Word organiZation. 

[0060] The replica delay time adjusting section 130 
includes: a ?xed delayed replica circuit 150; and a delay 
adjusting circuit 200. The ?xed delayed replica circuit 150 
delays the control clock DLLCLK by a ?xed replica delay 
time Tdr to output the delayed control clock to a node N1 as 
the feedback clock FBCLK. The ?xed replica delay time Tdr 
is a ?xed value set in correspondence With a processing time 
of the data output buffer 50 in a case Where a Word 
organiZation is set to the minimum number of bits in a 
selectable range (a case of a Word organiZation x4 for the 
synchronous semiconductor memory device). 

[0061] The delay adjusting circuit 200 is coupled to the 
node N1 and adjusts the feedback clock FBCLK to further 
delay an adjusted replica delay time Tdm. The adjusted 
replica delay time Tdm is set variably according to the Word 
organiZation signal SWS. 

[0062] The clock buffer 135 performs buffering of the 
feedback clock FBCLK. 

[0063] The phase control section 140 includes: a phase 
comparator circuit 160; a counter 170; and a decode circuit 
180. 

[0064] The phase comparator circuit 160 compares, in 
phase, the external clock EXTCLK and feedback clock 
FBCLK transmitted through the clock buffers 105 and 135, 
respectively, With each other. The phase comparator circuit 
160 activates a control signal DN for reducing a delay time 
in the delay circuit 110 When the feedback clock FBCLK 
lags behind the external clock EXTCLK in phase, While on 
the other hand, the phase comparator circuit 160 activates a 
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control signal UP for increasing a delay time in the delay 
circuit 110 When the feedback clock FBCLK leads the 
external clock EXTCLK in phase. 

[0065] The counter 170 generates a count value CNT 
according to the control signals DN and UP selectively 
activated by the phase comparator circuit 160. For example, 
the count value CNT is incremented one by one in response 
to activation of the control signal DN and decremented one 
by one in response to activation of the control signal UP. 

[0066] The decode circuit 180 generates a delay control 
signal SDL for setting a delay time in the delay circuit 110 
according to a count value CNT from the counter 170. With 
such a phase synchronous loop formed, a delay time of the 
delay circuit 110 is controlled such that a phase difference of 
the feedback clock FBCLK from the external clock EXT 
CLK is Zero. 

[0067] Referring to FIG. 3, the delay adjusting circuit 200 
includes: a node N1 to Which the feedback clock FBCLK 
transmitted; a transistor sWitch T1 and a delay capacitor C1 
coupled in series betWeen the node N1 and the ground 
voltage Vss. The delay adjusting circuit 200 further includes 
a pair of a transistor sWitch T2 and a delay capacitor C2 
connected in parallel to a pair of the transistor sWitch T1 and 
the delay capacitor C1. With MOS capacitors formed, for 
example, by capacitors of ?eld effect transistors as the delay 
capacitors C1 and C2, both the delay capacitances can be 
ef?ciently distributed on the semiconductor substrate. 

[0068] The Word organization setting signal SWS shoWn 
in FIG. 2 is a 2 bit signal for indicating Which of Word 
organiZations of X4, x8 and x16 is set. The 2 bits constituting 
a Word organiZation setting signal SWS is expressed as 
SWS(1) and SWS(2), respectively. In the synchronous semi 
conductor memory device 1, in a case of a Word organiZation 
><4, both of the SWS(1) and SWS(2) are deactivated; in a 
case of a Word organiZation of X8, not only are the SW5 (1) 
activated, but also the SW5 (2) is deactivated; and in a case 
of a Word organiZation of ><16, both of the SWS(1) and the 
SWS(2) are activated. 

[0069] Hence, in the case Where a Word organiZation is ><4, 
the transistor sWitches T1 and T2 are both turned off. In the 
case Where a Word organiZation is ><8, the transistor sWitch 
T1 is turned on, While the transistor sWitch T2 is turned off. 
In the case Where a Word organiZation is ><16, the transistor 
sWitches T1 and T2 are both turned on. 

[0070] Therefore, in cases Where Word organiZations are 
set to x4, x8 and x16, a delay capacitance added to the node 
N1 by the delay adjusting circuit 200 are set to 0, C1 and 
(C1+C2), respectively. 
[0071] Capacitance values of the delay capacitors C1 and 
C2 are designed such that the adjusted replica delay time 
Tdm (><N) given by the delay capacitors C1 and C2 satisfy 
the folloWing formula (1), using a ?xed replica delay time 
Tdr and a processing time Tdb (><N) in the data output buffer 
50 in a case Where a Word organiZation are set to ><N. 

[0072] As described already, the ?xed replica delay time 
Tdr is determined in correspondence to a processing time 
Tdb (><4) of a data output buffer in a case of a Word 
organiZation of X4. Furthermore, in a case of a Word 
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organiZation of X4, the transistor sWitches T1 and T2 are 
both turned off; therefore, Tdm (><4)=0. 

[0073] Hence, a total sum of delay times by the replica 
delay time adjusting section 130, that is a phase lag of the 
feedback clock FBCLK behind the control clock DLLCLK 
can be properly set by the adjusted replica delay times Tdm 
(x8) and Tdm (x16) given by the delay capacitors C1 and 
C2, even if the Word organiZation is altered, in correspon 
dence to increments of a processing time Tdb of the output 
buffer 50 (ATdb1 and ATdb2 shoWn in FIG. 13) in cases 
Where Word organiZations are set to x8 and x16, respec 
tively,. 

[0074] In FIG. 4, shoWn is a timing chart describing a data 
output timing of the synchronous semiconductor memory 
device 1 according to a ?rst embodiment. Setting of a 
column latency is tWo clock cycles (CL=2) in the synchro 
nous semiconductor memory device 1 as Well. 

[0075] Referring to FIG. 4, a read command READ, as is 
similar to the case of FIG. 13, is caught in synchroniZation 
With a rise timing of the external clock EXTCLK at a time 
point t0. In correspondence to this, requested is data output 
at a time point t1 When a 2 clock cycles time of the external 
clock EXTCLK elapses. 

[0076] As described already, the DLL circuit 100 performs 
phase control such that the external clock EXTCLK and the 
feedback clock FBCLK are synchroniZed With each other. A 
phase of the feedback clock FBCLK lags behind that of the 
control clock DLLCLK for instructing an operating timing 
of the data output buffer 50 by a delay time Tdr+Tdr (><N) 
given by the replica delay time adjusting section 130 shoWn 
FIG. 2. 

[0077] As shoWn in FIG. 4, processing time periods of the 
data output buffer 50 corresponding to the cases of respec 
tive Word organiZations of X4 and x16 are Tdb (x4) and Tdb 
(x16) and the processing time period becomes longer as the 
number of bits of a Word organiZation increases. 

[0078] HoWever, on one hand, in a case of a Word orga 
niZation of X4 bit, the adjusted replica delay time Tdm set by 
the replica delay adjusting section 130 is set to Tdm (><4)=0 
in correspondence to the Word organiZation setting signal 
SWS re?ecting setting of the Word organiZation, While on 
the other hand, in a case Where a Word organiZation is set to 
x16 and a processing time in the data output buffer 50 
increases, an increase to Tdm (x16) is performed. 

[0079] Hence, a delay time of the control clock DLLCLK 
behind the feedback clock FBCLK can be properly adjusted, 
re?ecting a change in processing time of the data output 
buffer 50 corresponding to a Word organiZation; therefore, 
an data output timing can be properly maintained even if 
setting of a Word organiZation alters. As a result, a margin of 
an access time tAC in connection to a data output timing can 
be secured. 

[0080] Second Embodiment 

[0081] Description Will be given of a variation of circuit 
con?guration of a delay adjusting circuit in the folloWing 
embodiment. 

[0082] Referring to FIG. 5, in a delay adjusting circuit 210 
according to the second embodiment, the transistor sWitches 
T1 and T2 are connected betWeen the node N1 and each of 
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respective nodes N2 and N3. The transistor switches T1 and 
T2 are turned on in response to activation of SWS(1) and 
SWS(2), respectively, constituting delay time setting signals 
as is similar to the delay adjusting circuit 200 shoWn in FIG. 
3. 

[0083] BetWeen the node N2 and the ground voltage Vss, 
a plurality of sub-delay capacitors C11, C12 and C13 are 
provided and sWitch sections are provided in series With the 
respective sub-delay capacitors. For example, the sWitch 
sections SW1, SW2 and SW3 are provided betWeen the 
nodes N2 and N3, betWeen nodes N2 and N4 and betWeen 
nodes N2 and N5, respectively. 

[0084] The sub-delay capacitors C1, C12 and C13 are 
provided betWeen the node N3 and the ground voltage Vss, 
betWeen the node N4 and the ground voltage Vss and 
betWeen the node N5 and the ground voltage Vss. 

[0085] The sub-delay capacitors C11, C12 and C13 and 
the sWitch sections SW1, SW2 and SW3 constitute a portion 
corresponding the delay capacitor C1 shoWn in FIG. 3. 

[0086] FIG. 6A is a top plan vieW of the sWitch sections 
SW1 to SW3 provided on a semiconductor substrate. 

[0087] Referring to FIG. 6A, interconnects 212, 214, 215 
and 216 are formed in the same interconnection layer on the 
semiconductor substrate correspondingly to the nodes N2, 
N4, N5 and N6. 

[0088] Regions corresponding to the sWitch sections SW1, 
SW2 and SW3 are secured betWeen the interconnects 212 
and 214, betWeen the interconnects 212 and 215 and 
betWeen the interconnects 212 and 216, respectively. 

[0089] FIG. 6B is a sectional vieW taken along line P-P‘ of 
FIG. 6A. 

[0090] Referring to FIG. 6B, the interconnect 212 corre 
sponding to the node N2 is formed in an interconnection 
layer 217. The interconnect 212 is electrically coupled to a 
source/drain region 218 of the transistor sWitch T1 through 
a contact hole. Though not shoWn, the other source/drain 
region of the transistor sWitch T1 is electrically coupled to 
an interconnect corresponding to the node N1 through a 
contact hole. 

[0091] The interconnect 214 corresponding to the node N4 
is disposed in the same interconnection layer 217 as is the 
interconnect 212 and electrically coupled to a gate 219 of a 
MOS transistor constituting the sub-delay capacitor C11. A 
region corresponding to the sWitch section SW1 is secured 
in the same interconnection layer 217 as are the intercon 
nects 212 and 214 betWeen the interconnects 212 and 214. 
The sWitch sections SW2 and SW3 are provided in a similar 
Way. 

[0092] With such a structure adopted, a delay capacitance 
value added to the node N2 can be altered by selecting the 
presence or absence of interconnect formation in the inter 
connection layer 217 in the sWitch sections SW1 to SW3. 
While in FIG. 6A, shoWn is an eXample in Which an 
interconnect SL2 is formed only in the sWitch section SW2, 
in this case only the sub-delay capacitance C12 is added to 
the node N1 in response to turning-on of the transistor 
sWitch T1. 

[0093] Such selection of the presence or absence of inter 
connect formation in each of the sWitch sections SW1 to 
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SW3 can be altered With ease by setting a mask pattern for 
forming an interconnection layer in a fabrication process. 

[0094] Therefore, if capacitance values of the sub-delay 
capacitors C11 to C13 are designed to be values different 
from each other, ?ne adjustment of a capacitance value of a 
delay capacitor actually fabricated can be achieved by a 
change of a mask pattern even When the capacitance value 
of a delay capacitor actually fabricated is greatly deviated 
from a design value compared With the con?guration of the 
delay adjusting circuit 200 shoWn in FIG. 3. 

[0095] The delay capacitance C2 provided correspond 
ingly to the transistor sWitch T2 can also be of structure 
similar to the case of the delay capacitor C1. 

[0096] As a result, more of a margin of a data output 
timing can be secured so as to cope With dispersions of 
parameters occurring in a fabrication process. 

[0097] Third Embodiment 

[0098] Referring to FIG. 7, a delay adjusting circuit 220 
according to the third embodiment is different from the delay 
adjusting circuit 210 shoWn in FIG. 5 When compared in 
that fuse elements F1 to F3 are disposed instead of the 
sWitch sections SW1 to SW3. The other portion of the 
con?guration is similar to a corresponding portion of the 
con?guration of the delay adjusting circuit 210; therefore no 
detailed description is repeated. 

[0099] The fuse elements are bloWn according to a bloW 
input from the outside to perform electrical disconnection 
betWeen corresponding interconnects. Fine adjustment of a 
delay capacitance value in the delay adjusting circuit 220 is 
performed by selection of the presence or absence of a bloW 
input for each of the fuse elements F1 to F3. 

[0100] Hence, in the delay adjusting circuit 220, ?ne 
adjustment of a capacitance value of delay capacitor can be 
performed, re?ecting a result of a Wafer test in a process 
subsequent to formation of interconnection, While securing 
a higher degree of freedom. 

[0101] Note that the fuse elements F1 to F3 each are 
shoWn as a typical eXample of a so-called program element, 
in Which electric coupling or non-coupling betWeen corre 
sponding tWo interconnects can be set from the outside in a 
non-volatile manner. Hence, so-called anti-fuse elements or 
the like can also be used each of Which has a reverse 
characteristic of that of the fuse element: for eXample, a 
change occurs from a non-coupling state to a coupling state 
by bloW input. 

[0102] Note that in the second and third embodiments, it 
is only by Way of eXample that the number of sub-delay 
capacitors provided correspondingly to one transistor sWitch 
is three and ?ner adjustment to cope With dispersions of 
parameters in fabrication process can be achieved by dis 
posing a plurality of sub-delay capacitors and corresponding 
sWitch sections or program elements so as to be provided to 
one transistor sWitch. 

[0103] Fourth Embodiment 

[0104] Referring to FIG. 8, a delay adjusting circuit 230 
according to the fourth embodiment is different from the 
delay adjusting circuit 200 shoWn in FIG. 3 When compared 
in that diodes D1 and D2 are disposed instead of the delay 
capacitors C1 and C2, each of Which is a MOS capacitor. 
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The other portion of the con?guration is similar to a corre 
sponding portion of the con?guration of the delay adjusting 
circuit 200; therefore, no detailed description is repeated. 

[0105] In the delay adjusting circuit 230, delay capacitors 
are formed by PN junction capacitors of the diodes D1 and 
D2. With such a con?guration as Well, delay capacitors can 
be ef?ciently formed on a semiconductor substrate. 

[0106] Fifth Embodiment 

[0107] Referring to FIG. 9, a node N11 is electrically 
coupled to the output side of a ?xed delayed replica circuit 
150. A node N12 is electrically coupled to the input side of 
a clock buffer 135. The delay adjusting circuit 240 is 
disposed betWeen the nodes N11 and N12. 

[0108] The delay adjusting circuit 240 includes transistor 
sWitches T11 to T13 and delay resistors R1 and R2. 

[0109] The transistor sWitch T11 is directly coupled 
betWeen the nodes N11 and N12 Without a speci?c delay 
resistor interposing betWeen the transistor sWitch and a 
node. The transistor sWitches T12 and T13 are electrically 
coupled betWeen the nodes N11 and N12 With delay resistors 
R1 and R2 interposing betWeen each of the respective 
transistor sWitches T12 and T13 and the nodes N11 and N12. 

[0110] The delay resistors R1 and R2 can be ef?ciently 
arranged on a semiconductor substrate, for example, by 
using interconnects formed in an interconnection layer, P/N 
diffused resistances and others. 

[0111] In the ?fth embodiment, the Word organization 
setting signal SWS is a signal having three bits for indicating 
Which of Word organiZations of X4, x8 and x16 is set, 
Wherein the three bits constituting the Word organiZation 
setting signal SWS are expressed SWS(a), SWS(b) and 
SWS (c), respectively. In the ?fth embodiment, only the 
SWS(a) is activated in a case of a Word organiZation of X4, 
only the SWS (b) is activated in a case of a Word organi 
Zation of x8 and only the SWS (c) is activated in a case of 
a Word organiZation of x16. 

[0112] The transistor sWitches T11, T12 and T13 are 
turned on/off in response to SWS(a), SWS(b) and SWS(c), 
respectively, constituting the Word organiZation setting sig 
nal SWS. 

[0113] Therefore, in a case of a Word organiZation of X4, 
only the transistor sWitch T11 is turned on; in a case of a 
Word organiZation of x8, only the transistor sWitch T12 is 
turned on; and in a case of a Word organiZation of x16, only 
transistor sWitch T13 is turned on. 

[0114] Hence, delay resistors selectively connected 
betWeen the nodes N11 and N12 by the delay adjusting 
circuit 240 are set to 0, R1 and R2 (R2>R1) in correspon 
dence to cases Where a Word organiZation is set to x4, x8 and 
x16, respectively. 

[0115] Resistance values of the resistors R1 and R2 are 
designed such that the formula (1) is satis?ed as is similar to 
the delay capacitors C1 and C2 in FIG. 3. 

[0116] Hence, a total sum of delay times by the replica 
delay time adjusting section 130, that is a phase lag of the 
feedback clock FBCLK behind the control clock DLLCLK 
can be properly set by the adjusted replica delay times Tdm 
(x8) and Tdm (x16) given by the delay capacitors R1 and 
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R2, even if the Word organiZation is altered, in correspon 
dence to increments of a processing time Tdb of the output 
buffer 50 (ATdb1 and ATdb2 shoWn in FIG. 13) in cases 
Where Word organiZations are set to x8 and x16, respec 
tively,. 

[0117] Sixth Embodiment 

[0118] FIG. 10 is a circuit diagram representing a con 
?guration of a delay resistor according to a sixth embodi 
ment. In FIG. 10, typically shoWn is a con?guration of the 
delay resistor R1 shoWn in FIG. 9. 

[0119] Referring to FIGS. 9 and 10, both ends of the delay 
resistor R1 are connected to respective nodes N13 and N14. 
The node N13 is coupled to the transistor sWitch T12 and the 
node N14 is coupled to the node N12. 

[0120] A plurality of sub-delay registers R11, R12 and 
R13 are connected betWeen the node N14 and a node N15, 
betWeen the node N14 and a node N16, and betWeen the 
node N14 and a node N17, respectively. SWitch sections are 
provided in series With the respective sub-delay resistors 
R11, R12 and R13. For example, sWitch sections SW11, 
SW12 and SW13 are provided betWeen the nodes N13 and 
N15, betWeen the nodes N13 and N16, and betWeen the 
nodes N13 and N17, respectively. 

[0121] FIG. 11A is a top plan vieW of the sWitch sections 
SW11 to SW13 provided on a semiconductor substrate. 

[0122] Referring to FIG. 11A, interconnects 253, 254, 
255, 256 and 257 are formed in the same interconnection 
layer on the semiconductor substrate in correspondence to 
the respective nodes N13, N14, N15, N16 and N17. 

[0123] Regions corresponding to the sWitch sections 
SW11, SW12 and SW13 are secured betWeen interconnects 
253 and 255, betWeen interconnects 253 and 256, and 
betWeen interconnects 253 and 257, respectively. 

[0124] FIG. 11B is a sectional vieW taken along line Q-Q‘ 
in FIG. 11A. 

[0125] Referring to FIG. 11B, the interconnect 253 cor 
responding to the node N13 is formed in an interconnection 
layer 258. The interconnects 254 and 257 are formed in the 
same interconnection layer 258 as is the interconnect 253 
and are electrically coupled to respective both ends of the 
sub-delay resistor R13 through contact holes. The sWitch 
sections SW11 and SW12 are also fabricated in a similar 
manner to the case of the sWitch section SW13. 

[0126] With such a structure adopted, a delay resistance 
value connected betWeen the nodes N1 and N2 can be 
altered in response to turning-on of the transistor sWitch T12 
through selecting the presence or absence of formation of 
interconnection in the interconnection layer 258 in the 
sWitch sections SW11 to SW13. While in FIG. 11A, shoWn 
is an example in Which the interconnect SL12 is formed only 
in the sWitch section 12, in this case only the sub-delay 
resistor R12 is connected betWeen the nodes N1 and N2 in 
response to turning-on of the transistor sWitch T12. 

[0127] Such selection of the presence or absence of for 
mation of interconnection in each of the sWitch sections 
SW11 to SW13 can be altered With ease by setting a mask 
pattern for forming an interconnection layer in a fabrication 
process. 
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[0128] Hence, if resistance values of the sub-delay resis 
tors R11 to R13 are designed so as to be different from each 
other, a resistance value of a delay resistor actually fabri 
cated can receive ?ner adjustment of the resistance value 
itself by alteration of a mask pattern even When being 
deviated from a design value When compared With the case 
of the delay adjusting circuit 240 shoWn in FIG. 9. 

[0129] The delay resistor R2 disposed in correspondence 
to the transistor sWitch T13 can be also of structure similar 
to the case of the delay resistor R1. 

[0130] As a result, a more of margin for a data output 
timing can be secured, further coping With dispersions of 
parameters occurring a fabrication process. 

[0131] Seventh Embodiment 

[0132] Referring to FIG. 12, a delay resistor according to 
the seventh embodiment is different from the delay resistor 
according to the sixth embodiment shoWn in FIG. 10 When 
compared in that fuse elements F11 to F13 are used instead 
of the sWitch sections SW11 to SW13. The other portion of 
the con?guration is similar to a corresponding portion of the 
con?guration of the delay resistor shoWn in FIG. 10; there 
fore, no detailed description is repeated. 

[0133] The fuse elements are bloWn by bloW input from 
the outside to perform electrical disconnection betWeen 
corresponding tWo interconnects as is similar to the case of 
the fuse elements F1 to F3 shoWn in FIG. 7. Fine adjustment 
of a delay resistance value of a delay resistor according to 
the seventh embodiment is performed by selection of the 
presence or absence of bloW input to each of the fuse 
elements F11 to F13. 

[0134] Therefore, in a con?guration according to the sev 
enth embodiment, ?ne adjustment of a delay capacitance 
value of a delay capacitor can be performed in a step 
subsequent to formation of interconnection, re?ecting a 
result of a Wafer test While securing a higher degree of 
freedom. 

[0135] Note that each of the fuse elements F11 to F13 is 
shoWn as a typical example of a so-called program element 
similarly to the case of the fuse elements F1 to F3. There 
fore, so-called anti-fuse elements and others can also be 
employed. 

[0136] Note again that in the sixth and seventh embodi 
ments, it is by Way of example only that the number of delay 
resistors provided correspondingly to one transistor sWitch is 
three, there can be arranged a plurality of delay resistors, 
Which is not speci?c to any number, and corresponding 
sWitch sections or program elements to one transistor 
sWitch, thereby enabling ?ner adjustment to cope With 
dispersions of parameters of a fabrication process. 

[0137] Note still again that While a Word organiZation is 
selectively set to one of X4, x8 and x16 in the synchronous 
semiconductor memory device 1 according to the embodi 
ments of the present invention, a select range of Word 
organiZations can be further extended. In such cases as Well, 
the present invention can be applied if the Word organiZation 
setting signal SWS is properly set such that a selected Word 
organiZation can be uniquely indicated. 

[0138] Furthermore, While in the embodiments of the 
present invention, a Word organiZation is taken up as a 
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typical example of an operating condition altering a pro 
cessing time of the data output buffer 50, the present 
invention can also be applied by taking up a different 
operating condition that serves as a factor changing the 
processing time. In such a case as Well, a similar effect can 
be achieved, if a selected operating condition can be indi 
cated by providing a control signal corresponding to the 
Word organiZation setting signal SWS. 

[0139] Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by Way of illustration and example only and is not to be 
taken by Way of limitation, the spirit and scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 
1. A synchronous semiconductor memory device operat 

ing in synchroniZation With an external clock comprising: 

a data output buffer circuit for performing an output 
operation of read data to the outside requiring a pro 
cessing time corresponding to an operating condition; 
and 

a control clock generating circuit for generating a control 
clock activating said output operation of said data 
output buffer circuit according to said external clock, 

said control clock generating circuit including: 

a delay circuit for delaying said external clock to 
generate said control clock, 

a delay control section controlling a delay time in said 
delay circuit according to a phase difference betWeen 
said external clock and a feedback clock, and 

a replica delay time adjusting section, provided 
betWeen said delay circuit and said delay control 
circuit, and for delaying said control clock by a 
replica delay time corresponding to said processing 
time to generate said feedback clock, and 

said replica delay time adjusting section adjusting said 
replica delay time according to said operating con 
dition. 

2. The synchronous semiconductor memory device 
according to claim 1, Wherein said operating condition sets 
the number of bits of data communicated in a one time data 
input and output operations. 

3. The synchronous semiconductor memory device 
according to claim 1, Wherein said replica delay time adjust 
ing section comprises: 

a ?xed delay circuit for delaying said control clock by a 
?xed ?rst delay time; and 

a delay adjusting section for further delaying said control 
clock by a second delay time according to said oper 
ating condition. 

4. The synchronous semiconductor memory device 
according to claim 3, Wherein said operating condition sets 
the number of bits of data communicated in a one time data 
input and output operations and 

said ?rst delay time is set in correspondence to said 
processing time in a case Where said number of bits is 
set to the minimum. 
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5. The synchronous semiconductor memory device 
according to claim 1, Wherein said replica delay time adjust 
ing section comprises: 

a delay capacitor for delaying said control clock; and 

a sWitch circuit electrically coupled betWeen a node 
transmitting said control clock and said delay capacitor, 
and 

said sWitch circuit is turned on or off according to said 
operating condition. 

6. The synchronous semiconductor memory device 
according to claim 5, Wherein said delay capacitor includes 
a capacitor formed by a ?eld effect transistor. 

7. The synchronous semiconductor memory device 
according to claim 5, Wherein said delay capacitor com 
prises: a PN junction capacitor formed on a semiconductor 
substrate. 

8. The synchronous semiconductor memory device 
according to claim 5, Wherein said delay capacitor com 
prises: 

a plurality of sub delay capacitors formed on a semicon 
ductor substrate; 

a plurality of ?rst interconnects electrically coupled to 
said plurality of sub delay capacitors, respectively, and 
formed in the same interconnection layer on said semi 
conductor substrate; 

a second interconnect formed in said same interconnec 
tion layer and coupled to said node through said sWitch 
circuit; and 

a third interconnect selectively formed in at least one of 
a plurality of regions of said same interconnection 
layer, corresponding to betWeen each of said plurality 
of ?rst interconnects and said second interconnect. 

9. The synchronous semiconductor memory device 
according to claim 5, Wherein said delay capacitor com 
prises: 

a plurality of sub delay capacitors formed on a semicon 
ductor substrate; 

a plurality of ?rst interconnects electrically coupled to 
said respective plurality of sub delay capacitors; 

a second interconnect coupled to said node through said 
sWitch circuit; and 

a plurality of program elements electrically coupled 
betWeen of said plurality of ?rst interconnects and said 
second interconnect, respectively, and 

selection of electrical coupling or non-coupling in said 
plurality of program elements betWeen corresponding 
one of said plurality of ?rst interconnects and said 
second interconnect is externally set in a non-volatile 
manner. 

10. The synchronous semiconductor memory device 
according to claim 1, Wherein said replica delay time adjust 
ing section comprises: 
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a plurality of delay resistors connected in parallel betWeen 
a ?rst node to Which said control clock is transmitted 
and a second node from Which said feedback clock is 
generated; and 

a plurality of ?rst sWitch circuits provided corresponding 
to said plurality of delay resistors, respectively, and 
turned on or off according to said operating condition, 
and 

each of said ?rst sWitch circuits is electrically coupled 
betWeen one of said ?rst and second nodes and a 
corresponding one of said plurality of delay resistors. 

11. The synchronous semiconductor memory device 
according to claim 10, Wherein said replica delay time 
adjusting section further comprises: a second sWitch circuit 
coupled directly betWeen said ?rst node and said second 
node and turned on or off according to said operating 
condition. 

12. The synchronous semiconductor memory device 
according to claim 10, Wherein each of said plurality of 
delay resistors comprises: 

a plurality of sub delay resistors formed on a semicon 
ductor substrate; 

a plurality of ?rst interconnects electrically coupled to 
said plurality of sub delay resistors, respectively, and 
formed in the same interconnection layer on said semi 
conductor substrate; 

a second interconnect formed in said same interconnec 
tion layer and coupled to said one of said ?rst and 
second nodes through said ?rst sWitch circuit; and 

a third interconnect selectively formed in at least one of 
a plurality of regions of said same interconnection 
layer, corresponding to betWeen each of said plurality 
of ?rst interconnects and said second interconnect. 

13. The synchronous semiconductor memory device 
according to claim 10, Wherein each of said plurality of 
delay resistors comprises: 

a plurality of sub delay resistors formed on a semicon 
ductor substrate; 

a plurality of ?rst interconnects electrically coupled to 
said plurality of sub delay resistors, respectively; 

a second interconnect formed in said same interconnec 
tion layer and coupled to said one of said ?rst and 
second nodes through said ?rst sWitch circuit; and 

a plurality of program elements electrically coupled 
betWeen each of said plurality of ?rst interconnects and 
said second interconnect, and 

selection of electrical coupling or non-coupling in said 
plurality of program elements betWeen corresponding 
one of said plurality of ?rst interconnects and said 
second interconnect is externally set in a non-volatile 
manner. 


