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SYNCHRONOUS SEMCONDUCTOR 
INTEGRATED CIRCUIT DEVICE CAPABLE OF 

TEST TIME REDUCTION 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to semiconductor 
integrated circuit devices and in particular to a Semiconduc 
tor integrated circuit device operating Synchronously with an 
external clock signal. More specifically, the present inven 
tion relates to e.g. a Synchronous Semiconductor memory 
device operating Synchronously with an external clock Sig 
nal. 

0.003 2. Description of the Background Art 

0004. With the recent improvement in the operating 
speed of microprocessors (MPUs), synchronous DRAM 
(SDRAM) and the like operating synchronously with a clock 
Signal have been used to achieve rapid access to dynamic 
random access memory (DRAM) and the like used as a main 
memory device. 

0005 The operating speed of recent semiconductor inte 
grated circuit devices other than the SDRAM described 
above have also been Significantly improved with the 
improvement of the microfabrication technology, designing 
technology and the like therefor. 
0006 During the process for manufacturing semiconduc 
tor integrated circuit devices such as DRAMs or prior to 
Shipping the products, a So-called tester device is used to 
estimate the electrical characteristics of the products to 
determine whether the products are defective and ensure 
their reliability. 

0007. However, the improvement in the operating speed 
of the SDRAM and the like described above also requires 
the operating Speed of the tester device to be improved to 
correspond to the operating Speed of the device to be tested 
and this tends to increase the testing cost. 
0008. 3. Description of the Background Art 

0009 FIG. 21 is a schematic block diagram showing an 
entire configuration of a conventional SDRAM 2000 having 
a capacity of 1 Gbit. 

0010 SDRAM 2000 includes: an internal control clock 
generation circuit 8 receiving an external clock signal ext 
..CLK via a clock input terminal 2 and a clock input buffer 
4 and outputting an internal clock Signal int.CLK, a mode 
decoder 22 receiving via input buffers 12 to 20 the control 
Signals Supplied via an external control Signal input terminal 
10 to output internal control Signals, an input terminal 22 
receiving a reference potential Vref for determining whether 
an input signal is of high level or low level; a mode register 
46 responsive to an address Signal Supplied via an address 
Signal input terminal 30 and to a control Signal for Setting 
and holding the information for an operation mode of 
SDRAM 2000, such as data on burst length; and a row 
address buffer/column address buffer 32-38 receiving 
address signals A0 to A12 Supplied via address signal input 
terminal 30 and controlled by mode decoder 22 to respec 
tively receive a row address and a column address Supplied 
in time division manner. 

May 2, 2002 

0011 SDRAM 2000 also includes: a self-refresh timer 54 
controlled by mode decoder 22 to output a clock controlling 
a Self-refresh operation while a Self-refresh mode is Set, a 
refresh address counter 56 controlled by self-refresh timer 
54 to output an address Signal provided during a Self-refresh 
period; a multiplexer 58 receiving an output from refresh 
address counter 56 and an output from row address buffer 
32-38 and selectively outputting the output from row 
address buffer 32-38 during a normal operation and the 
output from refresh address counter 56 during the period of 
the self-refresh mode; a bank address buffer 51 receiving 
bank addresses BAO to BA2 supplied via address signal 
input terminal 30, a bank decoder receiving an output from 
bank address buffer 51 and outputting a designated bank 
address, a row predecoder 62 predecoding a row address in 
a designated bank, a burst address counter 60 receiving an 
output from column address buffer 51 and outputting a burst 
address depending on a set burst length while a burst mode 
is designated; and a column predecoder 64 receiving an 
output from burst address counter 60 and predecoding a 
column address in a Selected bank. 

0012 SDRAM 2000 also includes: memory array blocks 
100, 110, ..., 120 respectively corresponding to banks 0 to 
7; row decoders 102,112, ..., 122 respectively provided for 
the memory array blockS or banks, responsive to an output 
from bank decoder 66 and an output from row predecoder 62 
for Selecting a row in their respective banks, column decod 
ers 104, 114, . . . , 124 provided for their respective banks, 
receiving an output from column predecoder 64 to Select a 
column in their respective banks, input/output circuits 106, 
116,..., 126 provided for their respective banks, Supplying 
read data to a global I/O bus G-I/O and supplying written 
data from global I/O bus G-I/O to their respective memory 
array blocks, a read/write register 84 holding written data 
supplied to the global I/O bus and read data transferred from 
the global I/O bus; and a data input/output terminal 70 
provided for read/write register 84 via bidirectional input/ 
output buffers 72 to 82 for externally transmitting and 
receiving input/output data DQ0 to DQ31. 

0013 FIG. 22 are timing charts for representing an 
operation of the conventional SDRAM 2000 shown in FIG. 
21. 

0014. It is assumed that at time t0 (not shown) when 
external clock signal eXt.CLK rises, Signals /CS and /RAS 
that each attain an active low level and an activated bank 
address that is designated activates the operation of the 
corresponding bank. 

0015. Furthermore, in response to an address signal Sup 
plied at time to an operation is effected to select the 
corresponding row. 

0016. Then, at time t1 when external dock signal ext 
..CLK rises, a write operation is designated in response to 
signals /CS, /CAS and /WE of active low level. In response 
to an address signal Supplied at time t1, data are Successively 
written (or a burst write operation is effected). More spe 
cifically, a signal WRITE indicative of the write operation in 
SDRAM 2000 attains an active high level and burst address 
counter 60 also outputs an internal address int.ADD depend 
ing on the designated burst length. 
0017 Responsively the written data supplied at a data 
input/output terminal DK at time T1 is latched by write 
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register 84 provided in SDRAM 2000 and is transmitted to 
a selected memory array block via a global I/O bus D/I/O. 
The written data, transmitted via an I/O line pair M-I/O in 
the memory array block, is transmitted to a bit line pair BL 
in response to that column Select Signal YS corresponding to 
a memory cell column Selected in response to internal 
address Signal int. Add which is activated Synchronously 
with a write clock signal WCLK generated in SDRAM 
2000. 

0.018 Responsively, the data is written in a selected 
memory cell. 

0019. Thereafter, the data supplied to data input/output 
terminal DK Successively at times t2, t3 and ta are similarly 
written in memory cells Successively Selected. 

0020 For a read operation, signals ICS and/RAS that are 
activated at time té (not shown) when external clock signal 
ext. CLK rises, activate a bank Selected in response to a bank 
address Signal. 

0021. Then at time t7 when external clock signal ext 
..CLK rises, the read operation is designated in response to 
signals /CS and/CAS of active low level, and in response to 
an address signal Supplied at time t7 an operation is effected 
for Selecting the corresponding column. In response to the 
address Signal Supplied at time t7, burst address counter 60 
Successively outputs burst addresses for a designated burst 
length of e.g. four. 

0022. In SDRAM 2000, in response to a read clock signal 
RCLK described a corresponding memory cell is Selected 
and the data read is read via I/O line pair M-I/O and global 
I/O bus G-I/O and held in read write register 84. The read 
data corresponding to a column address Supplied at time t7 
is output to data input/output terminal DQ at time t9. 

0023 Thereafter, similarly the data read from the burst 
addresses designated by burst address counter 60 are Sup 
plied to data input/output terminal DQ at times t10, t11 and 
t12 Successively. 

0024. With the write and read operations of conventional 
SDRAMs effected as described above, increasing the fre 
quency for effecting a test operation of SDRAM 2000 
requires increasing an external clock frequency generated at 
the tester. This not only complicates the configuration of the 
tester but requires an expensive tester device. 

0.025 In other words, there has been a disadvantage that 
the testing cost is increased in the process for manufacturing 
SDRAM 2000. 

SUMMARY OF THE INVENTION 

0026. An object of the present invention is to provide a 
Synchronous Semiconductor integrated circuit device 
capable of reducing a testing cost associated with improve 
ment in the operating Speed of a device to be tested. 
0027. To sum up, the present invention is a synchronous 
Semiconductor integrated circuit device operating in 
response to an external clock signal, externally receiving a 
control Signal and externally transmitting and receiving data, 
the Synchronous Semiconductor integrated circuit device 
including an internal Synchronization Signal generation cir 
cuit, an internal circuit and a data input/output circuit. 
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0028. The internal synchronization signal generation cir 
cuit is controlled by the control Signal to generate in a first 
operation mode an internal clock signal corresponding to the 
external clock signal and in a Second operation mode an 
internal clock signal activated in Synchronization with acti 
Vation of the external clock and also attaining an active State 
N times during one cycle of the external clock, wherein N 
is a natural number and larger than two. 

0029. The internal circuit is controlled by the control 
Signal and Synchronized with the internal clock Signal to 
apply a predetermined process to the external data. 

0030 The data input/output circuit is synchronized with 
the internal clock signal to output the data from the internal 
circuit. 

0031. Therefore a main advantage of the present inven 
tion is that Since the internal circuit in the Second operation 
mode operates in Synchronization with an internal clock 
Signal which attains an active State N times during one cycle 
period of the external clock signal, a test operation provided 
in the Second operation mode allows reduction of testing 
time and hence testing cost. 
0032. 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 

0033 FIG. 1 is a schematic block diagram showing a 
configuration of a Synchronous Semiconductor memory 
device 1000 according to a first embodiment of the present 
invention. 

0034 FIG. 2 is a schematic block diagram showing a 
configuration of the internal clock adjustment circuit 200 
shown in FIG. 1. 

0035 FIG. 3 is timing charts for representing an opera 
tion of SDRAM 1000. 

0036 FIG. 4 is a schematic block diagram showing a 
configuration of a DLL circuit 300 included in internal clock 
adjustment circuit 200. 

0037 FIG. 5 is a schematic block diagram showing a 
configuration of a clock cycle conversion circuit 400 
included in internal clock adjustment circuit 200. 

0038 FIG. 6 is timing charts representing changes in 
clock signals CLK1 to CLK8 output from CDLL circuit 300. 

0039 FIGS. 7-10 are first to fourth timing charts for 
representing operations of internal clock adjustment circuit 
200 in a test mode. 

0040 FIG. 11 is a schematic block diagram showing a 
configuration of a clock generation circuit 350 outputting 
clock signals CLK1 to CLK8. 

0041 FIG. 12 is a schematic block diagram showing a 
configuration of a delay circuit 3.04. 

0042 FIG. 13 is a circuit diagram showing the configu 
ration of delay circuit 3.04. 
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0.043 FIG. 14 is a schematic block diagram showing a 
configuration of a Synchronous Semiconductor memory 
device 1200 according to a second embodiment of the 
present invention. 
0044 FIG. 15 is timing charts for representing a write 
operation of Synchronous Semiconductor memory device 
1200. 

004.5 FIG. 16 is timing charts for representing a read 
operation of Synchronous Semiconductor memory device 
1200. 

0.046 FIG. 17 is a schematic block diagram showing a 
configuration of an internal clock signal adjustment circuit 
500 according to a third embodiment of the present inven 
tion. 

0047 FIG. 18 is timing charts for representing an opera 
tion of internal clock signal adjustment circuit 500. 
0.048 FIG. 19 is a schematic block diagram showing a 
configuration of a DLL circuit 600 included in an internal 
clock signal adjustment circuit according to a fourth 
embodiment of the present invention. 
0049 FIG. 20 is timing charts for representing an opera 
tion of DLL circuit 600. 

0050 FIG. 21 is a schematic block diagram showing a 
configuration of a conventional Synchronous Semiconductor 
memory device 2000. 

0051 FIG. 22 is timing charts representing an operation 
of conventional Synchronous Semiconductor memory device 
2000. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0.052 First Embodiment 
0.053 FIG. 1 is a schematic block diagram showing a 
configuration of a Synchronous Semiconductor memory 
device 1000 according to a first embodiment of the present 
invention. 

0054 SDRAM 1000 includes: an external clock signal 
input terminal 2 receiving complementary clock signals 
ext.CLK and ext./CLK applied externally; clock input buff 
erS 4 and 6 buffering the clock signals Supplied to external 
clock terminal 2, an internal control clock Signal generation 
circuit 8 receiving outputs from clock buffers 4 and 6 to 
generate an internal control clock signal; an internal clock 
adjustment circuit 200 which receives the internal clock 
Signal to output the output from internal control clock 
generation circuit 8 as an internal clock signal int. CLK in a 
normal operation mode and to respond to the internal control 
clock signal in a test mode operation to output an internal 
clock signal int. CLK higher in frequency than the internal 
control clock signal; and a mode decoder 22 receiving via 
input bufferS 12 to 20 an external control Signals Supplied via 
an external control signal input terminal 10. 

0.055 External control signal input terminal 10 receives a 
Signal CKE, a chip Select Signal /CS, a row address Strobe 
Signal /RAS, a column address Strobe Signal /CAS, and a 
write control signal /WE. Signal CKE is a signal for indi 
cating that inputting a control Signal to a chip is allowed. 
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Without activating this signal, inputting a control Signal is 
not permitted and SDRAM 1000 does not operate. 
0056 Signal /CS is a signal for determining whether a 
command Signal is input. At a rising edge of the clock signal 
with Signal /CS attaining an active low level, a command is 
determined depending on a combination of the levels of the 
other control Signals. 
0057 Signal /RAS is a signal for indicating an operation 
of row-associated circuitry and Signal /CAS is a signal for 
indicating activation of an operation of column-associated 
circuitry. Signal (WE is a signal for determining whether an 
operation is the write operation or the read operation. 
0058 Mode decoder 22 responds to the external control 
Signals to output internal control Signals for controlling an 
operation of an internal circuit of SDRAM 1000. Mode 
decoder 22 outputs e.g. signals ROWA, COLA, ACD, PC, 
READ, WRITE, APC and SR as the internal control signals. 
Signal ROWA is a Signal indicating that a row-related access 
is effected. Signal COLA is a Signal indicating that a 
column-related access is effected. Signal ACT is a signal 
indicative of word-line activation. 

0059 Signal PC is a signal indicative of a precharge 
operation to indicate the end of an operation of the row 
asSociated circuitry. Signal READ is a signal for indicating 
the read operation for the column-associated circuitry. Sig 
nal WRITE is a signal for indicating the write operation for 
the column-associated circuitry. 
0060 Signal APC indicates an auto-precharge operation. 
When a burst cycle ends with the auto-precharge operation 
designated, a precharge operation Starts automatically. Sig 
nal SR is a Signal for indicating a Self-refresh operation. 
With the initiation of the self-refresh operation a self-refresh 
timer operates, and then when a predetermined time elapses, 
a word line is activated to initiate a refresh operation. 
0061 SDRAM 1000 also includes a self-refresh timer 54 
Starting to operate when signal SR designates a Self-refresh 
mode, for indicating that the refresh operation is initiated or 
a word line is activated when a predetermined time has 
elapsed since the initiation of the operation of Self-refresh 
timer 54, and a refresh counter 56 responsive to the indica 
tion from Self-refresh timer 54 for generating an address 
Subject to the refresh operation. 
0062 SDRAM 1000 also includes: a reference potential 
input terminal 22 receiving a signal VREF Serving as a 
reference for determining whether an input Signal is of high 
level or low level; a mode register 46 which holds the 
information for a predetermined operation mode depending 
on a combination of an address signal Supplied via address 
Signal input terminal 30 and the external control Signal 
described above, Such as the data on burst length, the 
information on whether the test mode has been designated, 
as will be described hereinafter; a row address latch 48 
receiving an address signal via address Signal input buffers 
32 to 38 and holding an input row address at the timing at 
which the row address is input; a column address latch 50 
receiving address Signals A0-A12 and holding a column 
address at the timing at which the column address is input; 
a multiplexer 58 receiving an output from refresh address 
counter 56 and an output from row address latch 48 and 
selectively outputting the output from row address latch 48 
in the normal operation and the output from refresh address 
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counter 56 during the Self-refresh operation; a row prede 
coder 62 receiving an output from multiplexer 58 for pre 
decoding a row address, a burst address counter 60 referring 
to the column address held in column address latch 50 to 
generate an internal column address depending on the burst 
length data from mode register 46; a column predecoder 64 
receiving an output from burst address counter 60 and 
predecoding a corresponding column address, a bank 
address latch 52 receiving via input buffers 40-44 bank 
addresses BAO-BA2 supplied to the address input terminal 
and holding a designated bank address value; a bank decoder 
66 receiving an output from bank address latch 52 and 
decoding a bank address; memory array blocks 100, 
110, . . . , 120 operating as banks 0-7, each being a unit 
independently capable of the read/write operation; row 
decoders 102, 112, . . . , 122 responsive to an output from 
bank decoder 66 and an output from row predecoder 62 for 
Selecting a row or word line in their respective banks, 
column decoders 104,114, ..., 124 responsive to an output 
from column predecoder 64 for Selecting a column orbit line 
pair in their respective banks; I/O ports 106, 116,..., 126 
supplying on global L/O bus G-I/O the data read from a 
Selected memory cell in a Selected bank in the read operation 
and Supplying the written data transmitted on bus G-I/O to 
their respective banks in the write operation; a read/write 
register 86 which in the write operation holds externally 
Supplied written data and Supplies the externally Supplied 
written data to bus G-I/O and in the read operation holds the 
read data transmitted from bus G-I/O; and bidirectional 
input/output buffers 72-82 for communicating input/output 
data DQ0-DQ31 between read/write register 86 and data 
input/output terminal 70. 
0.063 FIG. 2 is a schematic block diagram showing a 
configuration of internal clock adjustment circuit 200 shown 
in FIG. 1. 

0.064 Internal clock adjustment circuit 200 includes: a 
transmission gate 204 receiving an output from internal 
control clock generation circuit 8 and controlled by a test 
mode signal TM output from mode register 46 to turn on 
while the test mode is designated or signal TM is of high 
level and signal?TM is of low level; a transmission gate 206 
receiving the output from internal control clock generation 
circuit 8 and turning on while signal TM is of inactive low 
level; an internal Synchronization Signal generation circuit 
202 receiving an output from transmission gate 204 and 
generating an internal clock signal higher in frequency than 
the external clock signal; a transmission gate 208 receiving 
an output from internal Synchronization signal generation 
circuit 202 and outputting the output from internal Synchro 
nization signal generation circuit 202 as an internal clock 
Signal int.CLK while signal TM is activated; and a trans 
mission gate 210 outputting an output from transmission 
gate 206 as internal clock signal int. CLK while signal TM is 
inactivated. 

0065. In other words, while the test mode is designated, 
internal clock adjustment circuit 200 outputs as internal 
clock Signal int.CLKa clock signal higher in frequency than 
external clock signal eXt.CLK that is generated by internal 
Synchronization Signal generation circuit 202. When Signal 
TM is inactive, internal clock adjustment circuit 200 outputs 
as internal clock signal int. CLK a signal having the same 
frequency as external clock signal eXt.CLK output from 
internal control clock generation circuit 8. 
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0066. It should be noted that internal synchronization 
Signal generation circuit 200 may be e.g. a phase locked loop 
(PLL) circuit combined with a frequency divider to generate 
a frequency N times that of external clock signal eXt.CLK 
that corresponds to a frequency-dividing ratio N with respect 
to the frequency of external clock signal eXt.CLK, wherein 
N is a natural number, or internal Synchronization Signal 
generation circuit 200 can be configured based on a DLL 
circuit to generate an internal clock Signal int.CLKN times 
greater in frequency than external clock Signal eXt. CLK, as 
will be described hereinafter. 

0067 FIG. 3 shows timing charts for schematically rep 
resenting an operation of the FIG. 1 SDRAM 1000 in the 
test mode. 

0068. It is assumed that internal clock adjustment circuit 
200 in SDRAM 1000 generates an internal clock signal 
int.CLKeight times greater in frequency than external clock 
Signal eXt.CLK generated by an external tester. 
0069 More specifically, if the clock supplied by the 
external tester has a frequency of approximately 20 MHz, 
internal clock signal int. CLK in SDRAM 1000 has a fre 
quency of approximately 160 MHz for operation. This 
allows a margin test to be rapidly conducted using an 
inexpensive tester. Furthermore, the test time can also be 
significantly reduced since the internal circuitry of SDRAM 
1000 operates rapidly. 

0070 Referring to FIG.3, at time t1 when external clock 
signal ext. CLK rises, activation of the SDRAM is indicated 
in response to activated Signals /CS and /RAS. It is assumed 
that prior to time t1, the test mode has been designated 
according to a level combination of a command Signal (the 
external control Signals) and an address signal. 
0071 At time t1 a row address is fed and held in row 
address latch 48. Then, at time t2 the write operation is 
designated in response to signals /CS, /CAS and /WE that 
are active at an activation edge of internal clock signal 
int.CLK. Meanwhile, a column address is also input and its 
value is held in column address latch 50. While in the 
operation at time t2 the external clock Signal itself does not 
act as a trigger in inputting a command, a control Signal can 
be activated at a rising edge of the internal clock to designate 
the write operation. In designating the write operation as 
described above, Setting a burst-write mode of operation 
allows the write operations in the Subsequent cycles to 
proceed with burst test counter 60 automatically increment 
ing a column address within SDRAM 1000. 
0072 By the designation of the write operation, signal 
WRITE as a flag signal for indicating an internal write 
operation attains an active State. 
0073. Thereafter, data that is externally changed accord 
ing to a transition of a writing clock signal WCLK generated 
in SDRAM 1100 is fed to SDRAM 1000 in response to a 
rising edge of internal clock WCLK. Thus the external tester 
is only required to change written data and the load thereon 
can be significantly reduced. 

0074. In the read operation, at time t6 command ACT for 
activating a word line is input in response to Signals /CS and 
RAS that are active at a rising edge of external clock signal 
ext.CLK. At this time point, an address designating a word 
line is input simultaneously. Then at time t7 the read 
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operation is designated in response to activated Signals /CS 
and /CAS. Meanwhile a column address is designated and 
held in column address latch 50. Depending on the address 
held in column address latch 50, burst address counter 60 
generates an internal address. A word line is activated and 
the data read from a Selected memory cell and amplified by 
a Sense amplifier is read Synchronously with read clock 
RCLK generated in SDRAM 1000 and the data is held in 
read/write register 86 and output Successively to data input/ 
output terminal 70. In other words, while in this example the 
external clock does not act as a trigger in inputting a 
command, command data, address data and input/output 
data are Supplied at rising points of the internal clock that are 
accompanied with activation of Signal /CS indicative of 
command inputs So that a command Signal and an address 
Signal are incorporated in response to the low-to-high tran 
Sitions of the internal clock. If a Setting for a burst-read mode 
of operation is also Set, the read operations after time t7 are 
provided with a column address internally incremented 
automatically. 

0075. It is assumed that the tester device receiving the 
read data is Set to generate a Strobe Signal in an interleave 
operation. The Strobe Signal is generated to Synchronize with 
external clock signal eXt.CLK and have an activation period 
N times the cycle of external clock signal ext.CLK. In this 
example, the tester generates a plurality of Strobe Signals in 
one cycle and SDRAM 1100 outputs read data in response 
to the internal clock signal. Thus, if the tester changes the 
Strobe Signal according to the cycle of the internal clock 
Signal, read data and an expected value can be compared 
with each other. 

0.076. In this example, the strobe signal generated at the 
tester is generated in accordance with the internal clock 
signal in SDRAM 1100. It should be noted, however, that 
Since in this example it has been clear to the tester that 
internal clock signal int. CLK operates in the cycle of 1/N of 
external clock signal ext. CLK, the interleave operation (i.e. 
an operation which activates the Strobe a plurality of times 
in one cycle) provided at the tester allows generation of the 
Strobe Signal described above. 
0077. In the interleave operation, a plurality of long-cycle 
waveforms are laid on one another to produce a short-cycle 
waveform. 

0078. In the description provided above, an SDRAM is 
used as an exemplary device to be tested. However, if the 
Semiconductor integrated circuit device produces internal 
clock Signal int. CLK N times greater in frequency than 
external clock Signal eXt.CLK, an operating-frequency mar 
gin test for a group of internal circuits can be simultaneously 
conducted using a low frequency tester. In other words, the 
test method as described above provides a method allowing 
an inexpensive low-frequency tester to be employed for 
testing an operation of SDRAMs as well as general Semi 
conductor devices at high frequency. 
007.9 FIG. 4 is a schematic diagram showing a configu 
ration of a DLL circuit included in the FIG. 2 internal 
Synchronization Signal generation circuit 202. 

0080 DLL circuit 300 includes: a variable delay circuit 
302 receiving a clock signal CLK having the same cycle as 
the external clock signal that is Supplied from internal 
control clock generation circuit 8 via transmission gate 204, 
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and outputting clock Signal CLK delayed by a delay time 
controlled by a delay control circuit 330 described herein 
after, a phase comparator circuit 320 comparing the phase of 
clock signal CLK and the phase of an output from delay 
circuit 302, and activating a signal UP if the phase of the 
output from variable delay circuit 302 delays as compared 
with that of signal CLK and activating a signal DOWN if the 
phase of the output from variable delay circuit 302 is 
advanced as compared with that of Signal CLK, and delay 
control circuit 330 receiving signals UP and DOWN from 
the phase comparator circuit to control the delay time of 
delay circuit 302. 
0081 Variable delay circuit 302 also includes: delay 
circuits 304-316 connected in series, each having a delay 
time controlled by delay control circuit 330; and delay 
circuits 318-320 receiving and outputting an output from 
delay circuit 316 to phase comparator circuit 320. Between 
delay circuits 318 and 320 are connected nine delay circuits 
in series, including delay circuits 318 and 320, although they 
are not shown in the figure. 
0082) That is, variable delay circuit 302 includes 16 delay 
circuits 304-320 in total. 

0083. Hereinafter a signal supplied to an input node of 
variable delay circuit 302 is represented as a signal CLK1, 
a signal output from delay circuit 304 as a signal CLK2, and 
the signals respectively output from delay circuits 306–316 
as signals CLK3-CLK8, respectively. 
0084 FIG. 5 is a schematic block diagram showing a 
configuration of a clock cycle conversion circuit 400 
responding to signals CLK1-CLK8 output from delay circuit 
300 to output a clock signal that is synchronized with 
external clock Signal eXt. CLK and has a multiplied version 
of the frequency of external dock signal eXt.CLK. 
0085. Hereinafter it is assumed that the signals output 
from variable delay circuit 302 and signal-CLK are in 
perfect Synchronization with each other or the Sum of the 
delay times of delay circuits 304-320 corresponds to one 
cycle of clock cycle CLK. 
0086. In this example, the delay for each delay circuit is 
Set at the delay time equal to /16 of the cycle of Signal CLK. 
0087 More specifically, signal CLK1 is the same in 
phase as Signal CLK, Signal CLK2 is delayed as compared 
with signal CLK by /16 of the cycle of signal CLK, and 
similarly signal CLKi(i=3 to 8) is delayed as compared with 
signal CLK by i/16 of the cycle of signal CLK. 

0088 Clock cycle conversion circuit 400 includes a first 
logical operation circuit 402 receiving signals CLK1-CLK8, 
a Second logical operation circuit 404 receiving an output 
from the first logical operation circuit 402, and an exclusive 
OR gate EX7 receiving an output from the Second logical 
operation circuit 404 and outputting an internal clock signal 
having a converted clock cycle. 
0089. The first logical operation circuit 402 includes: a 
Switch SW1 controlled depending on the cycle conversion 
data designated by mode register 46, to receive Signal CLK5 
and a ground potential; an exclusive-OR operation circuit 
EX1 receiving an output from SW1 and signal CLK1; a 
Switch SW2 controlled depending on the cycle conversion 
data, to receive signal CLK3 and the ground potential; a 
Switch SW3 controlled depending on the cycle conversion 



US 2002/005.1404 A1 

data, to receive Signal CLK7 and the ground potential; an 
exclusive-OR operation gate EX2 receiving an output from 
switch SW2 and an output from Switch SW3; a switch SW4 
controlled depending on the cycle conversion data, to 
receive signal CLK2 and the ground potential; a Switch SW5 
controlled depending on the cycle conversion data, to 
receive signal CLK6 and the ground potential; an exclusive 
OR gate EX3 receiving an output from Switch SW4 and an 
output from Switch SW5; a Switch SW6 controlled depend 
ing on the cycle conversion data, to receive signal CLK4 and 
the ground potential; a Switch SW6 controlled depending on 
the cycle conversion data, to receive signal CLK4 and the 
ground potential; a Switch SW7 controlled depending on the 
cycle conversion data, to receive signal CLK8 and the 
ground potential; and an exclusive-OR gate EX4 receiving 
an output from Switch SW6 and an output from Switch SW7. 
0090 The second logical operation circuit 404 includes 
an exclusive-OR gate EX5 receiving an output from exclu 
sive-OR gate EX1 and an output from exclusive-OR gate 
EX2, and an exclusive-OR gate EX6 receiving an output 
from exclusive-OR gate EX3 and an output from exclusive 
OR gate EX4. Exclusive-OR gate Ex7 receives an output 
from exclusive-OR gate EX5 and an output from exclusive 
OR gate EX6. 
0.091 FIG. 6 shows timing charts representing a wave 
form of each of signals CLK1-CLK8 indicated in FIGS. 4 
and 5. 

0092 AS has been described above, signal CLK1 is the 
same in phase as Signal CLK, and signal CLKi is delayed as 
compared with signal CLK by i/16T, wherein T represents 
the cycle of Signal CLK. 
0093. Hereinafter a description is provided of an opera 
tion in which clock cycle converter circuit 400 produces 
from Signal CLK having the same cycle as external clock 
Signal eXt. CLK an internal clock signal having /16 of the 
cycle of Signal CLK. 

0094. It is assumed in this example that Switches SW1 
SW7 are Switched to select signals CLK2-CLK8, respec 
tively. 

0.095. In this example the signal output from exclusive 
OR gate EX1 is an exclusive-OR of signals CLK1 and 
CLK5 and thus has a frequency twice that of signal CLK1 
and is the same as Signals CLK1 in the timing of activation, 
as represented in FIG. 7. 
0.096 Meanwhile, the signal output from exclusive-OR 
gate EX2 has a cycle twice that of Signal CLK and is delayed 
with respect to an activation edge of Signal CLK by /ST. 
0097. The signal output from exclusive-OR gate EX3 has 
a cycle twice that of Signal CLK and is delayed with respect 
to an activation edge of Signal CLK by /16T. 
0098. The signal output from exclusive-OR gate EX4 has 
a frequency twice that of Signal CLK and is delayed with 
respect to an activation edge of Signal CLK by %16T. 

0099] The signal output from exclusive-OR gate EX5 is 
an exclusive-OR of an output signal from exclusive-OR gate 
EX1 and an output Signal from exclusive-OR gate EX2, and 
thus has a frequency four times that of Signal CLK and has 
an activation edge aligned with that of Signal CLK, as shown 
in FIG 7. 
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0100 Meanwhile, the signal output from exclusive-OR 
gate EX6 is an exclusive-OR of an output from exclusive 
OR gate EX3 and that from exclusive-OR gate EX4, and 
thus has a frequency four times that of Signal CLK and is 
delayed with respect to an activation edge of Signal CLK by 
/16T. 

0101 Thus the signal output from exclusive-OR gate 
EX7 is an exclusive-OR of an output from exclusive-OR 
gate EX5 and that from exclusive-OR gate EX6 and thus has 
a frequency eight times that of Signal CLK and has an 
activation edge aligned with that of Signal CLK, as repre 
Sented in FIG. 7. 

0102) The above description is provided with respect to 
an operation producing an internal clock signal having a 
frequency eight times that of Signal CLK. 

0103). However, when a clock cycle conversion circuit 
400 has e.g. switch circuits SW1, SW2, and SW3 set to 
respectively select clock signals CLK5, CLK3 and CLK7 
and Switch circuits CW4, SW5, SW6 and SW7 all set to 
Select the ground potential, the level of the output from 
exclusive-OR gate EX6 is fixed at low level. Thus the signal 
output from exclusive-OR gate EX7 is identical to the signal 
output from exclusive-OR gate EX5. FIG. 8 shows a 
transition in level of the output from exclusive-OR gate EX5 
or EX7 when Switch circuits SW1-SW7 are set as described 
above. As is similar to the description provided with refer 
ence to FIG. 7, Such a Setting results in the output Signal 
from exclusive-OR gate EX5 having a frequency four times 
that of Signal CLK. 
0104 Similarly, FIG. 9 shows output waveforms when 
Switch circuit SW1 is only set to select signal CLK5 and the 
other Switch circuits SW2-SW7 are all set to select the 
ground potential level. 

0105. In this example the level of the output from exclu 
sive-OR gate EX2 is also fixed at low level and the level of 
the output from exclusive-OR gate EX5 matches that of the 
output from exclusive-OR gate EX1. Meanwhile, the level 
of the output from exclusive-OR gate EX6 is also fixed at 
low level and the level of the signal OUT output from 
exclusive-OR gate EX7 thus matches that of the signal 
output from exclusive-OR gate EX1. 
0106) As shown in FIG. 9, the signal OUT in this 
example has a cycle twice that of Signal CLK. 
0107 FIG. 10 shows output waveforms when switch 
circuits SW1-SW7 are all set to select the ground potential. 
0108. In this example, the output level of each of exclu 
sive-OR gates EX2, EX3, EX4 and EX6 is fixed at low level. 
Furthermore, the level of the output from exclusive-OR gate 
EX1 is equal to that of signal CLK1. The respective output 
levels of exclusive-OR gates EX5 and EX7 are equal to that 
of exclusive-OR gate EX1 and the resultant output Signal 
OUT thus has a level equal to that of signal CLK1. 
0109 Thus the output signal OUT in this example has a 
frequency equal to that of clock signal CLK1. 
0110 Thus, controlling the operation of Switching Switch 
circuits SW1-SW7 depending on the values set in mode 
register 46 allows generation of internal clock signal 
int. CLK having a frequency one to eight times that of an 
external clock signal. 
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0111. If an internal clock signal is only required to have 
the frequencies equal to and twice greater than that of an 
external clock signal, there is only required a configuration 
having the exclusive-OR gate EX1 and Switch circuit SW1 
shown in FIG. 5. If an internal clock signal is required to 
have the frequencies one to four times that of external clock 
Signal, there is only required a configuration having exclu 
sive-OR gates EX1, EX2 and EX5 and Switch circuits SW1, 
SW2 and SW3. 

0112) In general, if internal clock signal int.CLK is 
required to have a frequency N times that of external clock 
Signal eXt.CLK, the clock cycle conversion circuit can be 
configured of (N-1) exclusive-OR gate circuits and (N-1) 
Switch circuits. 

0113. According to the configuration described above, a 
relatively simple circuit configuration allows generation of 
an internal clock Signal Synchronized with external clock 
Signal eXt.CLK and having a frequency equal to the external 
clock signal eXt. CLK frequency multiplied by an integer. 
0114. It should be noted that in the description provided 
above, signals CLK1-CLK8 are produced by DLL circuit 
300 for generating a Signal Synchronized with an external 
clock signal. 
0115 However, internal clock signal int.CLK can be 
produced with a simpler circuit configuration if the internal 
clock signal is only required to transition in a cycle shorter 
than that of the external clock Signal and the internal clock 
Signal is not necessarily required to have a waveform 
obtained by equally dividing the cycle of the external clock 
Signal. 

0116 Seven delay circuits 304-316 connected in series, 
which receive a Signal CLK having a cycle equal to that of 
the external clock signal, may respectively output signals 
CLK2-CLK8 while clock signal CLK may serve as signal 
CLK1. 

0117. A configuration of Such a clock generation circuit 
350 as described above is shown in FIG. 11. In this example, 
delay circuits 354-366 each provide a delay time which is 
not controlled with respect to the phase of the external clock 
signal. Thus delay circuits 354-366 each provide a fixed 
delay time. 
0118. In this example also, if delay circuits 354-366 each 
has a Sufficiently short delay time, an internal clock signal 
which is activated eight times can be produced during one 
active period or one cycle period of external clock signal 
ext. CLK. 

0119) Such an internal clock signal allows a rapid data 
write operation and the like. 
0120 FIG. 12 is a schematic block diagram showing a 
configuration of delay circuits 304-316 in the DLL circuit 
shown in FIG. 4, and FIG. 13 is a circuit diagram for more 
Specifically illustrating the configuration of the delay circuit 
shown in FIG. 12. 

0121. As shown in FIG. 12, a representative delay circuit 
304 is configured of inverters 3042 and 3044 in two stages 
that are connected in Series. 

0122). As shown in FIG. 13, inverter 3042 includes 
p-channel MOS transistors P11 and P12 and n-channel MOS 
transistors N11 and N12 which are connected successively 
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between a power Supply potential Vcc and a ground poten 
tial. The gates of p- and n-channel MOS transistors P12 and 
N11 receive an input signal to delay circuit 304. The gate of 
p-channel MOS transistor P11 receives a control signal CP 
from delay control circuit 330 and the gate of n-channel 
MOS transistor N12 receives a control signal CN from delay 
control circuit 330. In other words, the value of the current 
supplied to inverter 3042 increases as the level of signal CP 
decreases. Similarly, the charge current Supplied to inverter 
3042 increases as the level of signal CN increases, and the 
level of the discharge current from inverter 3042 increases 
as the level of Signal CN decreases. 
0123 That is, the operation speed of inverter 3042 
improves as the level of signal CP decreases and the level of 
Signal CN increases, and the operation Speed of inverter 
3042 decreases as the level of signal CP increases and the 
level of signal CN decreases. 
0.124. Inverter 3044 has a configuration similar to that of 
inverter 3042. 

0.125 Thus the delay time of delay circuit 304 is con 
trolled depending on the levels of signals CP and CN from 
delay control circuit 330. 
0.126 The configuration as has been described above 
allows SDRAM operating in synchronization with external 
clock signal eXt. CLK in the normal operation to be operated 
according to an internal clock Signal which is N times faster 
in frequency than external clock signal eXt.CLK while an 
operation in the test mode is designated. Thus, if the 
frequency of the external clock signal is reduced in the test 
mode period, the operation of SDRAM 1000 can be tested 
So that the load on the tester and hence the testing cost can 
be reduced. 

0127. The testing-cost reducing effect can generally 
apply not only to a test operation for the SDRAM as 
described above but to that for Semiconductor integrated 
circuit devices which operate in Synchronization with exter 
nal clock signal eXt. CLK. 

0128 Second Embodiment 
0.129 FIG. 14 is a schematic block diagram showing a 
configuration of a SDRAM 1200 according to a second 
embodiment for the present invention. 
0130. The configuration of SDRAM 1200 is basically 
Similar to that of SDRAM 1000 shown in FIG. 1. 

0131 Accordingly, the identical portions are labeled by 
the same reference characters and a description thereof will 
not be repeated. 

0132) The configuration of SDRAM 1200 differs from 
that of the FIG. 1 SDRAM 1000 according to the first 
embodiment in the control of Synchronization operations 
with respect to a mode decoder and a mode register and in 
a data hold operation of read/write register 86. 
0133) More specifically, for SDRAM 1200 according to 
the Second embodiment, the operation of feeding external 
control Signals and address Signals is effected Synchronously 
with external clock Signal eXt. CLK, whereas the operation of 
Writing data in a Selected memory array block and the 
operation of reading data from a Selected memory array 
block are controlled by internal clock signal int.CLK which 
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is faster than external clock signal eXt.CLK generated by 
internal clock adjustment circuit 200, as will be described 
hereinafter. 

0134 FIG. 15 shows timing charts for representing the 
write operation in SDRAM 1200 shown in FIG. 14. 
0135) It is assumed that prior to time t1 a test mode is 
designated by a combination of a command Signal and an 
address Signal. 

0136. At time t1, a command ACT indicative of word 
line activation is Supplied in response to Signals /CS and 
/RAS that are active at a rising edge of external clock signal 
ext.CLK. Simultaneously a row address is also Supplied. 
0.137 Then, at time t2, the write operation is designated 
in response to signals ICS, /CAS and /WE that are active at 
a rising edge of external clock Signal eXt.CLK. Simulta 
neously a column address is also designated and written data 
is also supplied to data input/output terminal 70. The Sup 
plied column address is fed to column address latch 50 and 
burst address counter 60 Successively increments and thus 
outputs an internal address signal int. ADD depending on the 
preset burst length. Meanwhile, read/wrote register 86 holds 
the written data fed at time t2, and continues to output the 
same data to global I/O bus G-I/O during the burst-write 
period. For SDRAM 1200, in response to internal write 
clock signal WCLK having the same cycle as internal clock 
Signal int.CLK and depending on the addresses Successively 
output from burst address counter 60, the written data from 
global I/O bus G-I/O is transmitted to a main I/O line pair 
M-I/O running over a selected memory array block. In 
response to activation of a column Select Signal YS respond 
ing to internal address Signal int. ADD to Select a corre 
sponding column, the written data is transmitted to the bit 
line pair corresponding to the Selected column of memory 
cells. Thereafter, the written data Supplied to data input/ 
output terminal 70 at time t2, a time point at which a 
command indicative of the write operation is input, is 
repeatedly written in Successively Selected memory cells. 
0.138. Thus, outputting command data, outputting address 
data and outputting written data are all only required to be 
synchronized with external clock signal ext. CLK. Thus the 
load on the tester device can further be reduced as compared 
with that on the tester device in the first embodiment. 

0.139. In other words, the test operation can be effected 
using a tester device having Simpler configuration. 
0140 FIG. 16 shows timing charts representing a read 
operation in the FIG. 14 SDRAM 1200 according to the 
Second embodiment in the test mode. 

0.141. It is also assumed in this example that the test mode 
is designated by a combination of a command Signal and an 
address Signal. 
0142. As is similar to the write operation represented in 
FIG. 15, a command ACT is supplied at time t1. 
0143 At time t2, the read operation is designated in 
response to Signals /CS and /CAS that are active at a rising 
edge of external clock signal eXt.CLK. Simultaneously, a 
column address for the reading operation is also Supplied to 
SDRAM 1200. In response to designating the read operation 
at time t2, the burst address counter outputs internal address 
int. ADD depending on the preset burst length. Thereafter, 
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the data which is read in response to activation of read clock 
RCLK generated in response to internal clock signal 
int. CLK in SDRAM 1200 and is amplified by a sense 
amplifier is transmitted via main I/O line pair M-I/O on the 
memory array and global I/O bus G-I/O to data input/output 
terminal 70. For the example represented in FIG. 16, 
Successively reading data out to the external is started at time 
point tak, i.e. when the internal clock signal int. CLK cycle 
has elapsed since time t2. 
0144. In this example, Such read data and an expected 
value can be compared be means of that Strobe Signal 
generated through an interleave operation at the tester which 
has a cycle twice that of the external clock signal. 
0145 Thus the load on the tester can be significantly 
reduced and a rapid operation test can be conducted using a 
Simply configured and inexpensive tester device. 
0146) Third Embodiment 
0147 FIG. 17 is a schematic block diagram showing a 
configuration of an internal clock signal adjustment circuit 
500 according to a third embodiment of the present inven 
tion. 

0.148. For example, the internal clock adjustment circuit 
can be substituted for internal clock adjustment circuit 200 
of SDRAM 1000 according to the first embodiment. Fur 
thermore, the internal clock adjustment circuit can be used 
as a circuit for generating an internal clock Signal for the test 
mode period for more general Synchronous Semiconductor 
integrated circuit devices. 
0149 Internal clock adjustment circuit 500 includes: a 
one-shot generation circuit 502 receiving Signal CLK equal 
in cycle to external clock Signal eXt. CLK and generating a 
one-shot pulse signal; an RS flip-flop circuit 504 set depend 
ing on an output from one-shot generation circuit 502; an 
oscillation circuit 506 Starting an oscillation operation in 
response to activation of an output from RS flip-flop circuit 
504; a counter circuit 508 counting a clock signal output 
from oscillation circuit 506; and a one-shot generation 
circuit 510 receiving a count output from counter circuit 508 
and generating a one-shot pulse signal when a predeter 
mined number of count operations are completed; wherein 
the output level of RS flip-flop circuit 504 is reset in 
response to an output signal from one-shot generation circuit 
510. 

0150. One-shot generation circuit 502 includes a delay 
circuit 5022 receiving signal CLK, delaying the received 
Signal for a predetermined time and outputting the delayed 
signal, and an NAND circuit 5024 receiving an output from 
delay circuit 5022 and signal CLK. 
0151 Clock generation circuit 506 includes an NAND 
circuit 5062 having one input node receiving the output from 
RS flip-flop circuit 504, and a delay circuit 5064 receiving 
an output from NAND circuit 5062, delaying the received 
output for a predetermined time and outputting the delayed 
received output. An output from delay circuit 5064 is 
coupled with the other input node of NAND circuit 5062. 
0152 Counter circuit 508 includes T flip-flop circuits 
5082, 5084 and 5086 in three stages that are serially con 
nected. Hereinafter, an input signal to counter circuit 508 
will be referred to assignal CLK8, an output from T flip-flop 
circuit 5082 as signal CLK4, an output from T flip-lop 
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circuit 5084 as clock signal CLK2, and an output signal from 
T flip-flop circuit 5086 as signal CLK1. 

0153. One-shot generation circuit 510 is similar in con 
figuration to one-shot generation circuit 502. 

0154 FIG. 18 shows timing charts for representing an 
operation of internal clock adjustment circuit 500 shown in 
FIG. 17. 

0.155. At time t1, one-shot generation circuit 502 
responds to activation of clock signal CLK to output a signal 
N1 of one-shot pulse which attains an active low level for a 
predetermined period of time. 

0156 Responsively the output from RS flip-flop circuit 
504 is set and clock generation circuit 506 starts to output 
the clock Signal. At time t2, in response to a transition of 
signal CLK8 from high level to low level the output from T 
flip-flop circuit 5082 transitions to an active state. Thereaf 
ter, Signal CLK4 transitions at the frequency twice that of 
signal CLK8. 

O157 Then, in response to the transition of signal CLK4 
from high level to low level at time tá, signal CLK2 as the 
output signal from T flip-flop circuit 5084 attains an active 
State. 

0158. Thereafter, signal CLK2 transitions at the cycle 
twice that of signal CLK4, that is, the cycle four times that 
of signal CLK8. 

0159. Then, at time t8, signal CLK1 attains an active State 
in response to a transition of Signal CLK2 from high level to 
low level. 

0160 Thereafter, signal CLK1 transitions at the cycle 
twice that of Signal CLK2, that is, the cycle eight times that 
of signal CLK8. 

0.161. At time t9 when signal CLK1 attains a low level 
after Signal CLK8 is activated eight times, one-shot genera 
tion circuit 510 responsively outputs a pulse signal having a 
predetermined period of activation time and the output level 
of RS flip-flop circuit 504 is reset responsively. At this time 
point, the oscillation operation of oscillation circuit 506 
Stops. Then, when Signal CLK again attains an active State 
at time t10, operations similar to those provided during times 
t1 through t9 are responsively repeated. 

0162 Through the operations as described above, inter 
nal clock adjustment circuit 500 outputs clock signal CLK8 
activated eight times, clock signal CLK4 activated four 
times and clock signal CLK2 activated twice during one 
cycle period of clock Signal CLK having the same cycle as 
external clock signal eXt.CLK. 

0163. By applying any of these clock signals as internal 
clock signal int. CLK, an internal circuit of a Semiconductor 
integrated circuit device can be operated at a higher fre 
quency than external clock signal eXt.CLK in the period of 
the test mode. Thus rapidly operating Semiconductor inte 
grated circuit devices can be tested at lower testing cost. 

0164. Fourth Embodiment 
0165 FIG. 19 shows a configuration of a DLL circuit 
600 included in an internal clock adjustment circuit accord 
ing to a fourth embodiment of the present invention. 
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0166 The internal clock adjustment circuit according to 
the fourth embodiment is different from the internal clock 
adjustment circuit according to the first embodiment in the 
configuration of the DLL circuit. 
0167. In DLL circuit 600 according to the fourth embodi 
ment, a phase comparator circuit compares the phase of 
clock signal CLK having the same cycle as external clock 
Signal eXt.CLK with a looped Signal RCLK and outputs 
either a signal UP or a signal DOWN depending on whether 
the phase of Signal RCLK is advanced or delays with respect 
to that of Signal CLK. An output from phase comparator 
circuit 320 is supplied to delay control circuit 300 to 
Simultaneously adjust the delay time of each of delay 
circuits 604-620 to synchronize the phases of signals CLK 
and RCLK with each other. 

0168 AS has been described above, if an external test 
device is used to test a Synchronous Semiconductor memory 
device, generally the operation of the Synchronous Semicon 
ductor memory device is tested in Synchronization with an 
external clock Signal Supplied from an external tester. How 
ever, if an internal clock signal is adapted to be higher in 
frequency than the external clock signal from the tester So 
that a Synchronous Semiconductor memory device capable 
of rapid operation can be tested using an inexpensive 
System, a Synchronization operation that is provided with the 
internal clock adjustment circuit configured as described in 
the first embodiment results in the disadvantage as described 
below. 

0169. In the normal operation an internal clock signal for 
the test operation is not generated and variable delay circuit 
602 only has delay circuits 604 and 606 connected to the 
loop of DLL circuit 600. 
0170 In other words, in the normal operation the time for 
which the external clock signal is delayed in the DLL circuit 
is only required to correspond to approximately one cycle of 
the external clock signal. Accordingly, if the frequency of an 
external clock signal is equivalent to the operating frequency 
of an SDRAM or the like, the external clock signal is only 
required to be delayed in the DLL circuit by a relatively 
Short period of time. 
0171 Since the total amount of delay of delay circuits 
604 and 606 corresponds to the amount of delay correspond 
ing to one cycle of external clock signal eXt.CLK, the delay 
time for each delay circuit is Set at 72 of the cycle of external 
clock signal eXt.CLK. 
0172 Such a delay time for each delay stage is adjusted 
by signals CP and CN output from delay control circuit 330. 
0173 By contrast to such a normal operation, let us 
assume that while an SDRAM or the like enters the test 
operation mode with the operating frequency of the SDRAM 
or the like larger than the frequency of external clock signal 
CLK from a test device, only delay circuits 604 and 606 are 
still connected to the loop of DLL circuit 600 to effect a 
Synchronization operation with external clock signal CLK. 
In this example, the delay time required for the Synchroni 
Zation operation can exceed the range of the delay control 
data of the DLL circuit and the synchronization between 
external clock signal CLK and the output signal from the 
DLL circuit may thus not be achieved. 
0.174 Furthermore, the test operation mode requires the 
potential levels of control signals CP and CN to be signifi 
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cantly varied even when the Synchronization operation can 
be effected. In other words, a period of time is required 
between Setting test mode and initiating the test mode 
operation. 
0.175. Furthermore, increasing the respective varied 
widths of signals CP and CN output from delay control 
circuit 330 requires a complicated configuration of delay 
control circuit 330. 

0176). Accordingly, the DLL circuit of the fourth embodi 
ment provides the operation as described below to overcome 
the disadvantages described above. 
0177 Hereinafter, in order to simplify the description, the 
frequency of external clock signal CLK in the test operation 
mode is % of that of external clock signal CLK in the normal 
operation. 

0178 More specifically, it is assumed in FIG. 19 that in 
the normal operation, Switch circuit SW11 is set to be 
connected to an interconnection 630 while Switch circuit 
SW1n (the Switch circuit for changing the connection of the 
output from the last-stage delay circuit 620) is set to connect 
interconnection 630 and phase comparator circuit 320 
together. 
0179 Phase comparator circuit 320 compares the phase 
of the external clock signal CLK that is delayed by delay 
circuits 604 and 606 with the phase of external clock signal 
CLK to Synchronize the phases of the two signals with each 
other. 

0180 External clock signal CLK supplied from the tester 
device in the test mode of operation has half the frequency 
or twice the cycle of external clock signal CLK in the normal 
mode of operation. In this example, Switch circuits SW11, 
SW12, ..., SWi..., SW1n in variable delay circuit 302 
are controlled by signalsTMD1, TMD2, ..., TMDi, ..., 
TMDn from mode register 46 to have their connection 
changed as described below. 
0181 More specifically, switch circuit SW11 is set to 
connect an output node of delay circuit 606 to an input node 
of delay circuit 608. 
0182 Switch circuit SW12 is set to connect an output of 
delay circuit 610 to interconnection 630. Switch circuit 
SW1n is set to connect interconnection 630 to phase com 
parator circuit 320. 
0183 Meanwhile the other switch circuits SW13 to 
SW1n-1 are each set to provide the connection to an input 
node of the Subsequent delay circuit to decrease the parasitic 
capacitance of interconnection 630 and reduce any Signal 
delay on interconnection 630. 
0184. In other words, phase comparator circuit 320 com 
pares the phase of the external clock signal CLK delayed by 
delay circuits 604, 606, 608 and 610 with the phase of 
external clock Signal CLK to Synchronize the phases of the 
two signals with each other. 
0185. That is, the period of external clock signal CLK in 
the test mode of operation is doubled as compared with that 
of external clock signal CLK in the normal mode of opera 
tion the totaled amount of delay in variable delay circuit 602 
in the test mode of operation is also required to be doubled 
as compared with that of delay in variable delay circuit 602 
in the normal mode of operation. Accordingly, the number of 
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the delay circuits included in the delay loop within variable 
delay circuit 602 is also doubled. 
0186. Since switch circuits SW11-SW1n are controlled 
as described above, the delay time of each of delay circuits 
604-610 in the normal mode of operation may be almost 
equal to that of each of delay circuits 604-610 in the test 
mode of operation. 
0187. In other words, this means that the values of signals 
CP and CN output from delay control circuits 330 to control 
the value of the operating current for each delay circuit 
described with reference to FIG. 13 may be almost 
unchanged between the normal mode of operation and the 
test mode of operation. 
0188 That is, if external clock signal CLK has a long 
cycle in the test mode of operation, Such an event can be 
prevented that the delay time required for the Synchroniza 
tion operation that exceeds the range of the delay control 
data of the DLL circuit results in external clock signal CLK 
and the output signal from the DLL circuit failing to 
Synchronize with each other. 
0189 Furthermore, in shifting to the test mode of opera 
tion the time required to achieve the Synchronization opera 
tion can be reduced and the configuration of delay control 
circuit 300 can also be simplified. 
0.190 FIG. 20 shows timing charts for illustrating an 
operation for generating an internal clock signal in the test 
mode of operation that is doubled in frequency as compared 
with an internal clock Signal provided in the normal mode of 
operation. 
0191 It should be noted that the configuration which 
allows the internal clock signal int.CLK doubled in fre 
quency to be produced from signals CLK1 and CLK2 
respectively input to delay circuits 604 and 606 in variable 
delay circuit 602 of DLL circuit 600 shown in FIG. 19 is 
Similar to the configuration of clock cycle converter circuit 
400 provided in the first embodiment and described with 
reference to FIG. 5. 

0.192 That is, internal clock signal int.CLK is the exclu 
sive-OR of signal CLK1 synchronized with external clock 
Signal CLK and Signal CLK2 delayed with respect to Signal 
CLK1 by one fourth of the cycle of external clock signal 
CLK. 

0193 From times t1 to t2, signal CLK1 is of high level 
and Signal CLK2 is of low level and internal clock signal 
int. CLK is thus of high level. 
0194 From times t2 to t3, signal CLK1 is of high level 
and Signal CLK2 is of high level and internal clock signal 
int. CLK is thus of low level. 

0.195 Thereafter, internal clock signal int.CLK similarly 
transitions at the frequency twice that of external clock 
Signal CLK. 
0196. If in the test mode of operation the frequency of 
internal clock signal int.CLK is higher than that of external 
clock signal CLK, Switch circuits SW11-SW1n are switched 
in response to test mode signals TMD1, TMD1, . . . , 
TMDi, ..., TMDn supplied to the DLL circuit, respectively, 
to Set the number of the delay Stages connected in the delay 
loop to correspond to the ratio between the cycle of the 
external clock signal CLK and that of internal clock signal 
int. CLK. 
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0197) The values of test modesignalsTMD1-TMDn vary 
depending on how mode register 46 is Set. 
0198 For an increased ratio of the frequency of internal 
clock signal int. CLK to that of the external clock signal, the 
FIG. 19 DLL circuit 600 in the test mode of operation has 
an increased number of the delay circuits included in the 
delay loop and the control Signals are thus not required to be 
Significantly changed in potential level. 

0199 AS has been described above, this means that the 
time taken between Setting the test mode and Starting an 
operation in the test mode can further be reduced. Further 
more, signals CP and CN output from delay control circuit 
330 can also be reduced in the width of variance and the 
configuration of delay control circuit 330 can also be sim 
plified. 

0200 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 integrated circuit device 

operating in response to an external clock signal, receiving 
a control Signal, and transmitting and receiving data to and 
from an external, comprising: 

an internal Synchronization signal generation circuit con 
trolled by said control signal to generate an internal 
clock signal corresponding to Said external clock signal 
in a first mode of operation and an internal clock signal 
activated Synchronously with activation of Said exter 
nal clock and attaining an active State N times during 
one cycle of Said external clock in a Second mode of 
operation, N representing a natural number and being 
larger than two; 

an internal circuit controlled by Said control Signal and 
Synchronizing with Said internal clock signal to apply a 
predetermined process to Said data, and 

a data input/output circuit Synchronizing with Said inter 
nal clock Signal to output data from Said internal circuit. 

2. The Synchronous Semiconductor integrated circuit 
device according to claim 1, further comprising: 

a control signal input circuit Synchronizing with Said 
internal clock signal to receive Said control signal; and 

an address signal input circuit Synchronizing with Said 
internal clock signal to receive an address Signal; 
wherein Said internal circuit includes 

a memory cell array having a plurality of memory cells 
arranged in a matrix, 

a Select circuit responsive to Said control signal and Said 
address Signal to Select a corresponding memory cell, 
and 

a read/write circuit transmitting and receiving data 
between said Selected memory cell and Said data input/ 
output circuit. 

3. The Synchronous Semiconductor integrated circuit 
device according to claim 2, further comprising a mode 
holding circuit holding mode-indicating information indica 
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tive of which one of Said first and Second modes of operation 
is designated in response to Said control Signal and Said 
address Signal, wherein Said internal Synchronization signal 
generation circuit responds to Said mode-indicating infor 
mation to Set a frequency of an internal clock signal output 
therefrom. 

4. The Synchronous Semiconductor integrated circuit 
device according to claim 1, further comprising: 

a control Signal input circuit Synchronizing with Said 
external clock signal to receive Said control Signal; and 

an address Signal input circuit Synchronizing with Said 
external clock signal to receive Said address Signal from 
external; wherein Said internal circuit includes 

a memory cell array having a plurality of memory cell 
arranged in a matrix, 

a Select circuit responsive to Said control Signal and Said 
address Signal to Select a corresponding memory cell, 
and 

a read/write circuit transmitting and receiving data 
between Said Selected memory cell and Said data input/ 
output circuit. 

5. The Synchronous Semiconductor integrated circuit 
device according to claim 4, further comprising a burst 
counter responding to an externally Supplied address Signal 
to produce Synchronously with Said internal clock Signal an 
internal address by a number of bits corresponding to a 
predetermined burst length, wherein: 

Said Select circuit responds to Said internal address Signal 
to Select a corresponding memory cell; and 

Said read/write circuit in Said Second mode of operation 
holds data fed upon a specific activation of Said exter 
nal clock signal and Supplies Said written data to Said 
read/write circuit Synchronously with activation of Said 
internal clock signal. 

6. The Synchronous Semiconductor integrated circuit 
device according to claim 4, further comprising a mode 
holding circuit holding mode-indicating information indica 
tive of which one of Said first and Second modes of operation 
is designated in response to Said control Signal and Said 
address Signal, wherein Said internal Synchronization signal 
generation circuit responds to Said mode-indicating infor 
mation to Set a frequency of an internal clock signal output 
therefrom. 

7. The Synchronous Semiconductor integrated circuit 
device according to claim 1, wherein Said internal Synchro 
nization signal generation circuit produces in Said Second 
mode of operation and internal clock signal Synchronizing 
with Said external clock signal and having a frequency N 
times a frequency of Said external clock, N representing a 
natural number and being larger than two, and wherein Said 
internal Synchronization Signal generation circuit includes a 
phase locked loop circuit for Synchronizing Said external 
clock signal and Said internal clock signal with each other. 

8. The Synchronous Semiconductor integrated circuit 
device according to claim 1, wherein; 

Said internal Synchronization Signal generation circuit 
comprises a Synchronization delay clock generation 
circuit outputting Said internal clock signal in Said 
Second mode of operation; 
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Said Synchronization delay clock circuit includes a vari 
able delay circuit receiving Said external clock signal 
and outputting a signal delayed by a delay time depend 
ing on a level of a delay control Signal; 

Said variable delay circuit has a plurality of delay circuits 
connected in Series, each providing a delay time con 
trolled by Said delay control Signal; and 

Said Synchronization delay clock circuit further includes 
a phase comparator circuit receiving an output from Said 

variable delay circuit and Said external clock Signal for 
phase comparison, 

a delay control circuit outputting Said delay control Signal 
having a level for controlling the output from Said 
variable delay circuit and Said external dock signal So 
as to be Synchronized with each other, depending on a 
result from Said phase comparison, and 

a cycle converting circuit producing Said internal clock 
Signal based on a result of exclusive OR operations on 
pairs of Signals among a plurality of delay output 
Signals from Said plurality of delay circuits and Said 
external clock signal. 

9. The Synchronous Semiconductor integrated circuit 
device according to claim 8, wherein: 

Said variable delay circuit includes 2" delay circuits, m 
representing a natural number; and 

Said cycle converting circuit includes an exclusive-OR 
gate effecting an exclusive-OR operation on two sig 
nals among the plurality of delay output signals from 
Said delay circuits and Said external clock signal, one of 
Said two signals being delayed as compared to the other 
of said two signals by a delay time provided by 2" 
Said delay circuits. 

10. The Synchronous Semiconductor integrated circuit 
device according to claim 8, wherein: 

Said variable delay circuit includes 2" delay circuits, m 
representing a natural number; 

Said cycle converter circuit includes first to m-th logical 
operation circuits, 

said first logical operation circuit has 2" exclusive-OR 
gates, each effecting an exclusive-OR operation on two 
Signals among the plurality of delay outputs from Said 
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delay circuits and Said external clock signal, one of Said 
two signals being delayed as compared to the other of 
said two signals by a delay time provided by 2" said 
delay circuits, 

said i-th logical operation circuit has 2" exclusive-OR 
gates, each effecting an exclusive-OR operation on two 
signals among outputs from 2" exclusive-OR 
gates of a (i-1) th logical operation circuit, one of Said 
two signals being delayed as compared to the other of 
said two signals by a delay time provided by 2" said 
delay circuits, and 

Said exclusive-OR operation circuit of Said m-th logical 
operation circuit outputs Said internal clock signal. 

11. The Synchronous Semiconductor integrated circuit 
device according to claim 8, wherein Said variable delay 
circuit further includes means receiving Said external clock 
Signal for changing a number of Said delay circuits included 
in a path followed to output a signal delayed by a delay time 
depending on the level of Said delay control Signal. 

12. The Synchronous Semiconductor integrated circuit 
device according to claim 1, wherein: 

Said internal Synchronization Signal generation circuit 
comprises a Synchronization clock generation circuit 
outputting Said internal clock signal in Said Second 
mode of operation; 

Said Synchronization delay clock generation circuit 
includes a flip-flop circuit Set in response to activation 
of said external clock signal, 

a clock pulse generation circuit oscillating a clock of a 
predetermined cycle in response to activation of an 
output from Said flip-flop circuit, and 

a counter circuit activating an output in response to a 
predetermined frequency of activation of an output 
from Said clock pulse generation circuit; 

Said flip-flop circuit is reset in response to the output from 
Said counter circuit; and 

either one of the output from Said clock pulse generation 
circuit and the output from Said counter circuit is output 
as Said internal clock signal. 


