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(57) ABSTRACT 
A system, includes a controller comprising a plurality of first 
external terminals configured to supply a command and an 
address, and communicate a data, and communicate a strobe 
signal related to the data; and a semiconductor memory 
device including a plurality of second external terminals 
corresponding to the plurality of first external terminals, at 
least one of the plurality of first external terminals and at 
least one of the plurality of second external terminals each 
being capable of supplying an information specifying a 
length of a preamble of the strobe signal before the semi 
conductor memory device communicates the data between 
the controller and the semiconductor memory device, the 
semiconductor memory device further including a preamble 
register configured to be capable of storing the information. 
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SEMICONDUCTOR MEMORY DEVICE, 
METHOD OF CONTROLLING READ 

PREAMBLE SIGNAL THEREOF, AND DATA 
TRANSMISSION SYSTEM 

REFERENCE TO RELATED APPLICATIONS 

0001. The present application is a Continuation applica 
tion of U.S. patent application Ser. No. 15/266,129, filed on 
Sep. 15, 2016, which is a Continuation application of U.S. 
patent application Ser. No. 15/137,583, filed on Apr. 25. 
2016, now U.S. Pat. No. 9,466,354 which issued on Oct. 11, 
2016, which is a Continuation application of U.S. patent 
application Ser. No. 14/940,692, filed on Nov. 13, 2015, 
which is a Continuation application of U.S. patent applica 
tion Ser. No. 14/738,764, filed on Jun. 12, 2015, now U.S. 
Pat. No. 9,208,852 which issued on Dec. 8, 2015, which is 
a Continuation application of U.S. patent application Ser. 
No. 14/518,797, filed on Oct. 20, 2014, now U.S. Pat. No. 
9,082,482 which issued on Jul. 14, 2015, which is a Con 
tinuation application of U.S. patent application Ser. No. 
13/832,448, filed on Mar. 15, 2013, now U.S. Pat. No. 
8,867,252 which issued on Oct. 21, 2014, which is a 
Divisional application of U.S. patent application Ser. No. 
13/621,061, filed on Sep. 15, 2012, now U.S. Pat. No. 
8,811,052 which issued on Aug. 19, 2014, which is a 
Continuation application of U.S. patent application Ser. No. 
13/465,826, filed on May 7, 2012, which is a Continuation 
application of U.S. patent application Ser. No. 127656,060, 
filed on Jan. 14, 2010, now U.S. Pat. No. 8,199,546 which 
issued on Jun. 12, 2012, which is based on and claims 
priority from Japanese patent application No. 2009-010251, 
filed on Jan. 20, 2009, all of which are incorporated herein 
by reference in their entirety. 

TECHNICAL FIELD 

0002 The present invention relates to a semiconductor 
memory device, a method of controlling a read preamble 
signal thereof, and a data transmission system. In particular, 
the data transmission system relates to a preferred data 
transmission system that transmits data between a controller 
Such as a memory controller or the like, and a device to be 
controlled, that is controlled by the controller, such as a 
semiconductor memory device or the like, that is to be 
controlled by the memory controller. 

BACKGROUND 

0003. The increasing capacities and faster speeds of 
semiconductor memory devices including dynamic RAM 
are remarkable. In particular, with regard to DDR SDRAM 
(Double Data Rate Synchronous DRAM), internal opera 
tions are pipelined and given commands are sequentially 
executed by synchronizing with a clock from outside, and in 
addition, high speed operation of a system is realized so as 
to be able to perform data transfer at a rate of double the 
clock frequency. With the abovementioned DDR SDRAM 
and the like, a DLL (Delay Locked Loop) circuit is used, an 
internal circuit is operated by synchronizing with the clock 
provided from outside, and high speed data transfer is 
realized. 
0004 FIG. 1 is a timing diagram when a read command 

is executed in this DDR SDRAM. In FIG. 1, “CK' is a 
system clock signal provided by a memory controller to a 
CK terminal of the DDR SDRAM, and "/CK' is an inverted 
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signal thereof provided to a /CK terminal. In FIG. 1, the CK 
signal is shown by a full line, and /CK is shown by a broken 
line. Furthermore “Command” indicates a command given 
by the memory controller to the DDR SDRAM, and “Bank 
Add' and “Col Add’’ indicate a bank address and a column 
address at that time. In addition, when a read command has 
been inputted, data outputted from a DQ terminal (data 
terminal) of the DDR SDRAM, and a data strobe signal 
outputted from a DQS terminal (data strobe terminal) are 
indicated by “DQ and “DQS”. With regard to the data 
strobe signal, in addition to the DQS signal, a /DQS signal 
that is an inverted signal thereof is outputted from a /DQS 
terminal, but this is omitted in FIG. 1. 
0005. Furthermore, in addition to a standard DQS output 
signal, the drawing also shows fastest and slowest timing for 
when output timing of the DQS signal varies. Moreover, 
CAS latency is CL-6, and Additive Latency is AL-0. 
0006. In FIG. 1, first, at a rising edge at timing TO, a read 
command is given to the DDR SDRAM. In a standard DDR 
SDRAM, since a DLL is built in, phases of the system clock 
signals CK and /CK provided from the memory controller 
side, and the phase of a signal outputted from the DDR 
SDRAM to the DQS terminal, match. As described above, 
with the CAS latency CL of 6, since the additive latency AL 
is 0, after the DQS terminal outputs one cycle at low level 
as a read preamble in advance, it rises in Synchronization 
with rising of the system clock of a sixth clock, T6. 
Thereafter, toggle operation is repeated in Synchronization 
with the system clock until burst output is completed. At this 
time, data is outputted in Synchronization with rising and 
falling of the DQS terminal, from the DQ terminal. Since the 
DQS signal outputted from the DDR SDRAM is made 
synchronous by a DLL circuit with the system clock signals 
CK and (CK provided from the memory controller side, 
there is little phase shift. ADQS signal line is a bidirectional 
signal line, with cases of output as a data strobe signal from 
the DDR SDRAM to the memory controller side, and cases 
of output as a data strobe signal from the memory controller 
side to the DDR SDRAM. Therefore, where data is not 
outputted in either type of case, there is a high impedance 
state, with an intermediate potential, according to a termi 
nation resistance. 

0007. Therefore, with regard to a DDR SDRAM speci 
fication, when data is outputted, prior to the data output, a 
low level preamble signal is outputted for a one cycle period 
of the CK signal. For example, as shown in FIG. 1, when the 
DDR SDRAM outputs read data, a read preamble signal is 
outputted from the DQS terminal one cycle beforehand, and 
this read preamble signal is received in the memory con 
troller, and a state of waiting for the read data reception is 
entered. 

0008. A mismatch of falling and rising edges of the DQS 
terminal and the /DQS terminal of the DDR SDRAM with 
respect to falling and rising edges of the CK terminal and the 
/CK terminal is specified as toQSCK. With a case where a 
value of this tOSCK is 0 (an ideal case), as tOSCKtyp, 
a minimum value of variation is indicated as t|DQSCKmin, 
and a maximum value is indicated as tOSCKmax. In a 
normal DDR SDRAM, since a DLL circuit is used and the 
phase of the DQS signal is matched with the system clock, 
there is little variation. In FIG. 1, with regard to a time 
period from tS to te, the preamble signal is outputted in cases 
of both tdOSCKmin and tdOSCKmax. Therefore, in the 
memory controller, it is possible to relatively easily detect 
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the preamble signal, and in that regard, with an average 
period to Kave of the system clock CK as 1875 ps, if 
tDQmin is -300 ps and t|DQSCKmax is 300 ps, a time 
period from tS to te is 1275 ps, according to Expression (1). 
However, in actuality, since there is a propagation delay in 
wiring from the DDR SDRAM to the memory controller, 
and a variation thereof, this type of accurate time length does 
not OCCur. 

1875 ps-300 ps-300 ps=1275 ps 

0009 FIG. 2 is a control flow diagram of the memory 
controller when a read command is executed. With regard to 
the memory controller, after outputting a read command in 
step S11, and after waiting CAS latency—one cycle in step 
S12, a gate detecting the DQS signal is opened in step S13, 
and the read preamble signal is detected. If timing of 
opening the gate is made at a time at which a propagation 
delay is added to a time-period from the abovementioned is 
until te, even in a case where the toCSCK varies, ideally it 
is possible to detect the preamble signal in one time (step 
S14). In a case where the preamble cannot be detected, since 
there is some sort of abnormality, there is a transition to 
abnormality processing (step S15). On the other hand, in a 
case where the preamble signal is normally detected, there 
is a transition to detection processing of a toggle edge (step 
S16). In a case where the toggle edge could be detected, with 
regard to a memory read operation, since the DQS signal and 
the DQ signal change at the same time, the DQ signal is 
taken up in an intermediate time until the next edge at which 
DQ signal change has become stable (step S18). An opera 
tion from the toggle edge detection of step S16 until the DQ 
signal of step S18 is taken up is repeated until the data is 
completed, and at the completion of the data, the read 
operation is finished (step S19). Patent Document 1 
describes a circuit in which a read preamble signal is 
generated in the DDR SDRAM. In the abovementioned 
description, it is assumed throughout that the DDR SDRAM 
has a built-in DDL circuit, and that the phase of the DQS 
output signal matches the phase of the CK signal with good 
accuracy. 
0010. On the other hand, there is a demand for reduction 
in power consumption in semiconductor memory devices, 
not limited to devices such as notebook PCs that operate on 
batteries, but also in the area of servers and the like. 
However, since the clock must always be operated at high 
speed, the DLL is a cause of power consumption increase. 
With regard to this, there is a description on page 37 of 
Non-Patent Document 1, of providing a DLL OFF mode in 
which the DLL is turned OFF, in a DDR3 SDRAM, which 
is the latest specification of the abovementioned DDR 
SDRAM. According to Non-Patent Document 1, there is a 
description that, the DLL OFF mode is used with the CAS 
latency CL-6, and the DQS signal when a read operation is 
performed is generated from a timing signal one cycle 
before, with regard to a DLL ON mode. 

Expression (1) 

Patent Document 1 
O011 JP Patent Kokai Publication No. JP-P2008 
1983.56A 

Non-Patent Document 1 
0012 JEDEC STANDARD DDR3 SDRAM Specifi 
cation, JESD79-3B, April, 2008, JEDEC Solid State 
Technology Association, page 37 
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SUMMARY 

0013 The entire disclosures of Patent Document 1 and 
Non-Patent Document 1 are incorporated herein by refer 
ence thereto. The following analysis is given by the present 
invention. As mentioned above, there is a description of 
providing a DLL OFF mode, in a DDR3 SDRAM. However, 
since there are various problems in semiconductor memory 
devices using a high speed data transfer rate as in the DDR3 
SDRAM, it is considered that in actuality the DLL OFF 
mode is hardly used. One reason for this is that, as described 
below, with conventional memory controllers, it is difficult 
to detect a read preamble signal with Suitable timing to 
receive head data of read data without error. 
0014 FIG. 3 is a timing diagram in which output of the 
read data is started in the DDR3 SDRAM. As described 
above, according to Non-Patent Document 1, in the DLL 
OFF mode a DQS signal is controlled, with an edge of a CK 
signal one cycle earlier than a CK signal specified by CAS 
latency, as a reference. In FIG. 3, since the CAS latency 
CL=6 similar to FIG. 1, in the DLL OFF mode the DQS 
signal is generated, with an edge of a clock T5 one cycle 
before T6 that is the sixth cycle after receiving the read 
command, as a reference. 
0015. However, since it is not possible to adjust the phase 
of an internal clock so that the phase of the CK signal 
matches the phase of the DQS signal, by the DLL circuit as 
in the DLL ON mode, the internal clock has a phase delay 
with regard to the CK signal. This phase delay appears as a 
phase delay time t OSCK (DLL OFF mode) of the DQS 
signal with respect to the CK signal, and a numerical value 
thereof is 2000 ps to 5000 ps approximately. That is, the 
tDQSCK (DLL OFF mode) is a number larger by an order 
of magnitude or more than a t)OSCK (DLL ON mode) 
when the DLL is ON as described already, and since an 
internal clock necessarily has a phase delay with respect to 
the CK signal provided from outside, there is a difference in 
that the toOSCK (DLL OFF mode) is a positive number. As 
may be understood easily from FIG. 3, for a toCSCKmin 
where the phase delay is Smallest, a read preamble time 
period is already ended, and at timing at which a toggle 
operation is entered, for a t)OSCKmax where the phase 
delay is largest, it is still before transmission of the read 
preamble. 
0016. In this type of case, there exists no timing at which 
the read preamble signal can be assuredly detected even 
when the delay time-period of a DDR SDRAM such as 
timing from ts to te as shown in FIG. 1 varies. In this type 
of case, the memory controller cannot normally read the read 
data, in control flow shown in FIG. 2. If an attempt is made 
to correctly receive read data output timing variations as 
shown in FIG. 3 by the memory controller, a control flow 
diagram as in FIG. 4 is necessary. In FIG. 4, processing of 
step S14 of FIG. 2 is replaced by loop processing of step S24 
and step S21. That is, in order to correctly read the read data 
in a case oftDQSCKmin, a gate must be opened before the 
tDQSCKmin starts the toggle operation (step S13), and a 
detection operation of the read preamble must be entered 
step S24). However, with this timing, since the toCSCKmax 
has not yet reached transmission timing of the read pre 
amble, the preamble signal cannot be detected in the first 
detection, and with this only, abnormality processing cannot 
be performed. Processing waits until it is possible to detect 
the preamble, and in a case where the read preamble signal 
cannot be detected even at timing at which the t|DQSCKmax 
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should enter the read preamble time-period, for the first time 
it is possible to perform abnormality processing. 
0017. That is, for a controller on a side that controls the 
DDR SDRAM, it is considered necessary to perform a 
design change from detection processing for a conventional 
read preamble signal. Furthermore, since high speed in 
detection of the DQS signal is required, implementation by 
software is difficult, and it is considered that a dedicated 
DLL OFF mode DQS detection circuit is necessary. 
0018. According to a first aspect of the present invention 
a system includes controller includes a plurality of first 
external terminals configured to Supply a command and an 
address, and communicate a data, and communicate a strobe 
signal related to the data; and a semiconductor memory 
device including a plurality of second external terminals 
corresponding to the plurality of first external terminals, at 
least one of the plurality of first external terminals and at 
least one of the plurality of second external terminals each 
being capable of Supplying an information specifying a 
length of a preamble of the strobe signal before the semi 
conductor memory device communicates the data between 
the controller and the semiconductor memory device, the 
semiconductor memory device further including a preamble 
register configured to be capable of storing the information. 
0019. Furthermore, according to another aspect of the 
present invention, a system includes a semiconductor 
memory device and a controller, the semiconductor memory 
device includes a first external provided configured to 
receive a read command, a second external terminal pro 
vided to output a data strobe signal in response to the read 
command, the data strobe signal including a read preamble 
and a toggle transition following to the preamble, a third 
terminal provided to output a read data in synchronization 
with the toggle transition of the data strobe signal, and a read 
preamble register that includes a bit area to store an infor 
mation specifying a length of the read preamble of the data 
strobe signal, the controller including a fourth external 
terminal provided to output the read command, a fourth 
external terminal provided to receive the read data, a fifth 
external terminal provided to receive the data strobe signal 
related to the read data, and a sixth external terminal 
provided to be capable of outputting the information speci 
fying the length of the read preamble. 
0020. The meritorious effects of the present invention are 
Summarized as follows. 

0021. According to the present invention, it is possible to 
provide a semiconductor memory device in which a con 
troller that reads read data can transmit data easily without 
the occurrence of missing head data. Furthermore, a data 
transmission system can perform transmission of data at 
high speed without leakage of received data. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

0022 FIG. 1 is a timing diagram for when a read com 
mand is executed in a conventional semiconductor memory 
device. 

0023 FIG. 2 is a control flow diagram of a memory 
controller when a read operation is performed in a conven 
tional semiconductor memory device. 
0024 FIG. 3 is a timing diagram for when a read com 
mand is executed in a case assuming non-usage of a DLL 
circuit in a conventional Semiconductor memory device. 
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0025 FIG. 4 is a control flow diagram of a memory 
controller in a case assuming non-usage of a DLL circuit in 
a conventional semiconductor memory device. 
0026 FIG. 5 is a configuration diagram of an overall data 
transmission system (memory system) according to one 
exemplary embodiment of the present invention. 
0027 FIG. 6 is a configuration diagram of an overall 
semiconductor memory device according to one exemplary 
embodiment of the present invention. 
0028 FIG. 7 is a configuration diagram of a DQS (data 
strobe signal) output control circuit vicinity of the semicon 
ductor memory device according to one exemplary embodi 
ment of the present invention. 
0029 FIG. 8 is a control flow diagram of a DQS output 
control circuit of a semiconductor memory device according 
to one exemplary embodiment of the present invention. 
0030 FIG. 9 is a functional configuration diagram of a 
read preamble register of a semiconductor memory device 
according to one exemplary embodiment of the present 
invention. 
0031 FIG. 10 is a timing diagram for a memory system 
(data transmission system) according to one exemplary 
embodiment of the present invention. 

PREFERRED MODES 

0032 Modes of the present invention are described mak 
ing reference to the drawings as necessary. The drawings 
cited in the description of the modes and reference symbols 
of the drawings are shown as an example of the modes, and 
are not intended to limit variations of the modes of the 
present invention thereby. 
0033. A semiconductor memory device 1 of a mode of 
the present invention, as shown in FIG. 6 for example, 
operates in Synchronization with a system clock CK pro 
vided from outside, outputs a data strobe signal DQS from 
a data strobe terminal 22 when a read command is executed, 
and outputs read data DQ in Synchronization with the data 
strobe signal DQS, and includes: a read preamble register 73 
that specifies length of a read preamble to be outputted prior 
to output of the read data, and a data strobe signal output 
control unit 32 that starts operation according to receipt of 
the read command, and outputs a read preamble signal of the 
length specified by the read preamble register 73 prior to 
timing of starting output of the read data determined in 
advance, followed by outputting a data strobe signal DQS to 
the data strobe terminal 22, from the timing of starting 
output of the read data. Since it is possible to change the 
length of the read preamble by the read preamble register, 
the semiconductor memory device does not have a synchro 
nizing circuit such as a DLL, PLL or the like, and even in 
a case where output timing of the data strobe signal varies, 
it is possible to lengthen the read preamble signal length 
according to this variation. Therefore, it is possible to 
assuredly start detection of the data strobe signal in the read 
preamble time-period. Furthermore, since it is possible to 
change the read preamble length from a relationship of size 
of the variation and clock frequency, there is no risk of 
lengthening the read preamble more than necessary and of 
lowering transmission efficiency of the data. 
0034) Furthermore, the semiconductor memory device 1 
of a mode of the present invention, as shown in FIG. 6, 
further includes: a DLL circuit 24, and a DLL selection 
circuit 31 that switches between a DLL selection mode in 
which phase is adjusted with respect to a system clock CK 
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using the DLL circuit 24 and read data is transmitted, and a 
DLL non-selection mode in which read data is outputted 
with the system clock as reference, without using the DLL 
circuit 24, and changes a reference of the number of clocks 
of the system clock, from the read command being inputted, 
to starting output of the read data, in the DLL selection mode 
and the DLL non-selection mode. Therefore, the number of 
system clocks CK from the read command being inputted 
until starting output of the read data in the DLL non 
selection mode may be different from the number of clocks 
thereof in the DLL selection mode. In the DLL non-selection 
mode, since the phase of an internal clock generated from 
the system clock is necessarily delayed, the phase of a data 
strobe signal generated from this delayed internal clock is 
also delayed. Therefore, it is possible to select a preceding 
edge as an edge of a clock that is a reference for starting read 
data output so as to compensate for this phase delay. The 
data preamble signal is outputted further preceding the 
timing of starting this read data. 
0035. Furthermore, in the semiconductor memory device 
1 according to a mode of the present invention, as shown in 
FIG. 6 for example, the read preamble length prior to the 
read data output is the length specified by the read preamble 
register 73 when the DLL selection circuit 31 is in the DLL 
non-selection mode, and is a fixed length that does not 
depend on the value of the read preamble register when the 
DLL selection circuit 31 is in the DLL selection mode. That 
is, when it is possible to select the DLL selection mode and 
the non-selection mode, in the DLL selection mode, since 
there is little phase error of the data strobe signal with 
respect to the system clock, the read preamble length may be 
fixed. However, in the DLL non-selection mode, when the 
DLL circuit is not used, since variation of phase delay of the 
data strobe signal becomes large with respect to the system 
clock CK signal, it is possible to change the read preamble 
time-period in accordance with a relationship between this 
variation and the clock frequency. 
0036 Furthermore, the semiconductor memory device 1 
according to a mode of the present invention, as shown in 
FIG. 6 for example, further includes: the DLL circuit 24, and 
the DLL selection circuit 31 that switches between a DLL 
selection mode in which the phase is adjusted with respect 
to the system clock CK using the DLL circuit 24 and read 
data is outputted, and a DLL non-selection mode in which 
read data is outputted with the system clock CK as reference, 
without using the DLL circuit 24; wherein the length of the 
read preamble prior to read data output is the length speci 
fied by the read preamble register when the DLL selection 
circuit 31 is in the DLL non-selection mode, and is a fixed 
length that does not depend on the value of the read 
preamble register when the DLL selection circuit 31 is in the 
DLL selection mode. 

0037. Furthermore, in the semiconductor memory device 
1 according to a mode of the present invention, as shown in 
FIG. 6 for example, the data strobesignal output control unit 
32 performs toggle output of the data strobe signal DQS 
from the data strobe terminal 22 based on the system clock 
CK until completion of output of the read data, outputs a 
postamble signal after the output of the read data is com 
pleted, and thereafter puts the data strobe terminal in an 
output high impedance state, to complete output processing 
of the read data. 

0038. In addition, a method of controlling a read pre 
amble signal of the semiconductor memory device 1 accord 

May 4, 2017 

ing to a mode of the present invention operates in Synchro 
nization with the system clock provided from outside, 
outputs the data strobe signal DQS from the data strobe 
terminal 22 when the read command is executed, and 
outputs the read data DQ in synchronization with the data 
strobe signal DQS, has a DLL selection mode in which the 
phase is adjusted with respect to the system clock CK using 
the DLL 24 circuit and the read data is outputted, and a DLL 
non-selection mode in which the read data is outputted with 
an internal clock as a reference, without using the DLL 
circuit, and the read preamble signal is outputted from the 
data strobe terminal 22 prior to output of the read data, 
wherein the read preamble signal length is lengthened with 
respect to the system clock period of the DLL non-selection 
mode more than the DLL selection mode. That is, if the DLL 
is OFF in the DLL non-selection mode, it is possible to 
reduce power consumption, but variation of output timing of 
the read data becomes large. However, by lengthening the 
read preamble signal length with respect to the system clock 
period in the DLL non-selection mode, a memory controller 
can Suitably select a starting time for detection of the data 
strobe signal. Since the read preamble signal length is 
lengthened with respect to the system clock period in the 
DLL non-selection mode, it is possible for the read preamble 
to be recognizable by a data reception side, without largely 
decreasing or changing system clock frequency in the DLL 
non-selection mode with respect to the DLL selection mode. 
Read data transmission speed in the DLL non-selection 
mode does not decrease greatly with respect to the DLL 
selection mode. 

0039. Furthermore, in the method of controlling a read 
preamble signal of the semiconductor memory device 1 
according to a mode of the present invention, as shown in 
FIG. 6 and FIG.9 for example, the read preamble register 73 
specifying the read preamble signal length to the semicon 
ductor memory device 1 is provided and the read preamble 
signal length is controlled by a setting value of the read 
preamble register 73. If an arrangement is such that the read 
preamble register can be set from the memory controller, it 
is possible to determine a suitable read preamble length 
giving consideration to variation and the like of start timing 
for data transmission in the semiconductor memory device 
1. If the read preamble length is long, it becomes easy for the 
memory controller to detect data transmission start timing of 
the read data, but if the read preamble length is unneces 
sarily long, lowering of transmission efficiency results. 
0040. Moreover, in the method of controlling a read 
preamble signal of the semiconductor memory device 1 
according to a mode of the present invention, the larger the 
CAS latency, which is the number of clocks of the system 
clock from giving a read command until starting output of 
first data, the longer the read preamble signal length is set. 
A phase shift between the system clock and the data strobe 
signal becomes relatively large as the frequency of the 
system clock becomes high and the transmission rate 
increases. Therefore, in order that the memory controller 
correctly detects start timing of the transmission of the read 
data, it is desirable that the more the system clock frequency 
is increased and latency is raised, the longer the read 
preamble length is set. 
0041. A data transmission system 50 according to a mode 
of the present invention, as shown in FIG. 5 for example, 
includes: a controller 2; a controlled device 1 to which 
system clocks CK0 to CK3 are supplied and which responds 
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to an instruction from the controller 2 to perform input and 
output of data with respect to the controller 2; transmission 
data lines DQ0 to DQ63 that connect the controller 2 and the 
controlled device 1 and perform input and output of data; 
and transmission clock lines DQS0 to DQS7 that are bidi 
rectional and that connect the controller 2 and the controlled 
device 1, and when the controller 2 performs input of data 
from the controlled device 1, the transmission clock lines 
DQS0 to DQS7 send transmission clocks generated by the 
system clocks CK0 to CK3 to the controller 2 from the 
controlled device 1 in Synchronization with a transmission 
data transmitted to the transmission data lines DQ0 to 
DQ63; and further includes a preamble length resister 73 
that determines length of a preamble signal to be outputted 
to the transmission clock lines DQS0 to DQS7 prior to the 
controlled device 1 starting transmission of data to the 
controller 2; wherein the controller 2 sets the preamble 
length register 73 of the controlled device beforehand, and 
decides a time from giving an instruction of data input to the 
controlled device, to starting detection of the transmission 
clock transmitted by the controlled device, giving consid 
eration to a frequency of the system clock, a set value of the 
preamble length register, a response time of the controlled 
device with respect to the instruction of the controller, and 
a variation of phase delay of the transmission clock output 
ted by the controlled device with respect to the system clock. 
The semiconductor memory device can be considered to be 
the controlled device that responds to the instruction from 
the controller, to perform input and output of data with 
respect to the controller. Furthermore, a memory system 
configured from the memory controller and the semicon 
ductor memory device can be considered as a data trans 
mission system that performs data transmission between the 
controller and the controlled device that performs input and 
output of data in Synchronization with the instruction given 
from the controller, with system clock synchronization. The 
controller starts detection of the transmission clock at a 
preferable timing, giving consideration to variation of phase 
delay and the like, of the transmission clocks outputted by 
the controlled device with respect to the system clock. 
0042. Furthermore, in the data transmission system 50 
according to a mode of the present invention, as shown in 
FIG. 5, the controller 2 gives consideration to the frequency 
of the system clocks CK0 to CK3 and the phase delay 
variation, sets the preamble length register 73 so that trans 
mission time-period of the preamble signals overlap in a 
case of maximum variation and a case of minimum varia 
tion, and even when the variation is minimum, detection of 
the transmission clock transmitted by the controlled device 
is started before the transmission time-period of the pre 
amble signal ends. By the controller starting sensing of the 
transmission clock signal at a timing at which the preamble 
signal is outputted even if there is a phase shift of the 
transmission clock outputted by the controlled device, it is 
possible to detect an initial edge of the transmission clock 
that is the start of data transmission, relatively easily and 
accurately. For example, if detection of the transmission 
clock signal is started from before preamble signal trans 
mission, a transmission clock line has a high impedance 
unstable state even if a termination resistance or the like is 
present. If the controller starts detection of voltage level of 
the transmission clock line in this state, there is a risk of 
mistakenly detecting noise as a toggle signal of the trans 
mission clock. 
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0043. Furthermore, the data transmission system 50 
according to a mode of the present invention starts detection 
of the transmission clock transmitted by the controlled 
device after a start of a transmission time-period of the 
preamble signal even if the variation is maximum. If sensing 
of the preamble signal (transmission clock line) is started 
after a creation time-period of the preamble signal has 
started even when the transmission clock signal phase delay 
variation is largest (largest delay), there is no mistaken 
detection of noise when the transmission clock line is in a 
high impedance state, as a transmission clock and edge. 
0044) Moreover, the data transmission system 50 accord 
ing to an embodiment of the present invention starts detec 
tion of the transmission clock signal a fixed time-period 
before a transmission time-period of the preamble signal 
ends, in a case where variation is minimum. For example, if 
activating a gate for detecting the transmission clock 
increases a power consumption of the controller, it is pref 
erable to delay a starting of detection of the transmission 
clock signal as much as possible. If this is done, the 
abovementioned detection starting time occurs. If the detec 
tion starting is delayed more than as described above, a risk 
occurs that an initial edge cannot be recognized. A detailed 
description is given below according to an exemplary 
embodiment, making reference to the drawings. 

EXAMPLE 1. 

0045 FIG. 5 is a configuration diagram of an overall 
memory system according to an example of the present 
invention. FIG. 5 is a 64-bit parallel read-write memory 
system. A semiconductor memory device 1 is an 8-bit 
parallel read-write device, and 8 semiconductor memory 
devices 1 are connected in parallel to perform 64-bit parallel 
reading and writing. Furthermore, in the memory system of 
FIG. 5 a configuration is assumed in which 2 ranks of the 
semiconductor memory devices 1 are mounted on each of 
two DIMMs (Dual Inline Memory Module). That is, the 
configuration is of a total of 4 ranks of semiconductor 
memory devices. DIMM1 Rank-1, DIMM1 Rank-2, 
DIMM2 Rank-1, DIMM2 Rank-2, and each rank further 
includes 8 semiconductor memory devices 1. The total 
number of semiconductor memory devices 1 mounted is 4 
(ranks)x8–32. In FIG. 5, only 3 semiconductor memory 
devices 1 among the 8 semiconductor memory devices 1 that 
are connected in parallel are illustrated. Signals that control 
these 32 semiconductor memory devices 1 are given by a 
memory controller 2, and data input and output are per 
formed with respect to the memory controller. 
0046. In FIG. 5, the memory controller 2 is directly 
connected to each semiconductor memory device 1, but a 
PLL or buffer register may be disposed for each DIMM 
between the memory controller 2 and the semiconductor 
memory devices 1, and the configuration may realize Syn 
chronization of timing with the memory controller for each 
DIMM, with what is called a Registered DIMM or a Fully 
Buffered DIMM (FBDIMM). Moreover, the memory con 
troller 2 may be an LSI circuit having a dedicated memory 
control function, and a CPU may directly control memory. 
Furthermore, the memory controller 2 may be configured of 
a plurality of LSI circuits. 
0047. In FIG. 5, ADR and CMD are address and com 
mand signals, and are linked in common to the semicon 
ductor memory devices 1 of each rank from the memory 
controller 2. The command signal CMD includes a row 
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address strobe signal /RAS, a column address strobe signal 
/CAS, and a write enable signal /WE. Signals DQ0 to DQ63 
are bidirectional data input-output signals used in read-write 
data transfer and the like between the memory controller 2 
and the semiconductor memory devices 1. Since the semi 
conductor memory devices 1 are assumed to be 8-bit parallel 
input-output devices, in order to cover 64 bits of DQ0 to 
DQ63, 8 semiconductor memory devices 1 are connected in 
parallel. The DQ0 to DQ63 data input-output signals are also 
commonly connected to each rank. Furthermore, signals 
DQS0 to DQS7 and signals /DQS0 to /DQS7, each being a 
differential data strobe signal, are strobe signals of data to be 
transferred from the memory controller 2 to the semicon 
ductor memory devices 1 when performing a write opera 
tion, and from the semiconductor memory devices 1 to the 
memory controller 2 when performing a read operation, and 
are bidirectional input-output signals. Since the data strobe 
signals DQS and /DQS outputted by the semiconductor 
memory devices 1 when performing a read operation are 
synchronous with a read data change point, when used as a 
strobe signal on the memory controller 2 side, they are used 
by shifting phase at timing at which a data signal can be 
latched. These data strobe signals DQS0 to DQS7 and 
/DQS0 to /DQS7 are also commonly linked to the semicon 
ductor memory devices of each rank. However, independent 
DQS signals and /DQS signals are linked respectively to the 
8 Semiconductor memory devices 1 that are connected in 
parallel in each rank. 
0048. Furthermore, clock signals CK0 to CK3 and (CK0 
to /CK3, clock enable signals CKE0 to CKE3, chip select 
signals /CS0 to /CS3, and built-in termination resistance 
control signals ODT0 to ODT3 are signals outputted from 
the memory controller 2 to the semiconductor memory 
devices 1, and separate signals are independently outputted 
for each rank. The clock signals CK0 to CK3 and /CK0 to 
/CK3 are signals given as system clocks to the semiconduc 
tor memory devices 1, and read-write commands and the 
like given to the semiconductor memory devices 1 by the 
memory controller 2 are also given in Synchronization with 
the system clock. The clock enable signals CKE0 to CKE3 
are signals that determine whether a clock CK is valid or 
invalid. In a case where a CKE has a high level with a rising 
edge of the clock CK, a Subsequent CK rising edge is valid. 
Otherwise, the subsequent CK rising edge is invalid. With 
respect to the chip select signals /CS0 to /CS3, for a low 
level, a command input is valid. When /CS0 to /CS3 have a 
high level, a command is ignored; however, operation is 
continued. Using the chip select signals, a command is given 
to a semiconductor memory device 1 of an arbitrary rank, 
among the semiconductor memory devices 1 of the plural 
ranks, and selective access is possible. Furthermore, when a 
value of a termination resistance built into each of the 
semiconductor memory devices 1 is not infinite, the built-in 
termination resistance control signals ODT0 to ODT3 can 
perform ON-OFF control of the termination resistance. 
0049. In FIG. 5, each semiconductor memory device 1 is 
provided with a read preamble register 73. As described in 
detail later, by each of the semiconductor memory devices 1 
being provided with the read preamble register 73, it is 
possible to change the length of a read preamble signal 
outputted to the data strobe signal lines DQS0 to DQS7 and 
/DQS0 to /DQS7 prior to read data output. If it is possible 
to increase length for a system clock period of a read 
preamble signal of each semiconductor memory device 1, 
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even if there is variation in phase shift with regard to the 
system clock of the data strobe signals DQS0 to DQS7 and 
/DQS0 to /DQS7 outputted by each semiconductor memory 
device 1 when a read command is executed, the memory 
controller 2 can set the read preamble length to a length at 
which it is possible to detect easily and without error the data 
strobe signals DQS0 to DQS7 and /DQS0 to /DQS7 out 
putted by the semiconductor memory devices when a read 
command is executed. 

0050. The memory controller 2 includes a memory con 
trol unit 4 that gives a command to a semiconductor memory 
device 1, sets a mode register or the like of the semicon 
ductor memory device 1, and performs input and output of 
read-write data. Furthermore, the memory controller 2 
includes a DQS signal detection start time determination 
unit 5 and a preamble length determination unit 6. The 
preamble length determination unit 6 gives consideration to 
variation of delay time of the DQS signals with regard to the 
system clock of the semiconductor memory device 1 when 
a read command is executed, and determines the read 
preamble length. Based on the length determined by the 
preamble length determination unit 6, the memory control 
unit 4 sets the read preamble length in the read preamble 
register 73 of the semiconductor memory device 1. The 
preamble length determination unit 6, in FIG.3 for example, 
determines the length of the read preamble so that a time 
period (for example, the time-period ts to te in FIG. 1) 
occurs in which the read preamble time-period oftDQSCK 
max overlaps the read preamble time-period of t)QSCK 
min. Values oftDQSCKmax and tOSCKmin of the semi 
conductor memory device and frequency of the system clock 
CK are known in advance. 

0051. Furthermore, at system start-up time or for each 
fixed time interval, the memory controller 2 may perform a 
data read test for the semiconductor memory device 1, may 
measure t OSCK values, and may determine the preamble 
length according to measured values of the t|DQSCKmax 
and tOSCKmin that have been thus measured. The deter 
mined read preamble length is set in the read preamble 
register 73 by the memory control unit 4. 
0.052 The DQS signal detection start time determination 
unit 5, based on the read preamble length set in the read 
preamble register 73, the values of the toCSCKmax and 
tDQSCKmin, and the frequency of the system clock CK, 
makes a DQS signal detection start time determination so as 
to start detection of the DQS signal before an initial edge (at 
timing te in FIG. 1) in a case oftDQSCKmin, and based on 
this determination the memory control unit 4 starts detection 
of the DQS signal. The DQS signal detection start time is 
desirably after starting output of the read preamble signal in 
a case oftDQSCKmax (at timing after tS in FIG. 1). If it is 
possible to start detection of the DQS signal betweents and 
tein FIG. 1, in Subsequent processing it is possible to receive 
read data in a procedure the same as processing flow of FIG. 
2, as shown in FIG. 2. Moreover, the DQS signal detection 
start time determined by the DQS signal detection start time 
determination unit 5 desirably starts at as delayed a time as 
possible, within a time-period from ts to te in FIG. 1. Since 
power consumption increases in the time during which a 
gate is open in order for the memory controller to detect the 
DQS signal, if the detection start time is delayed, the power 
consumption of the memory controller can be decreased by 
a corresponding amount. 
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0053 Since, among functions processed by the memory 
controller 2, a process requiring real time (detection of DQS 
signal, reading of data, and the like) cannot easily be carried 
out by Software processing, a dedicated circuit is provided. 
But in the DQS signal detection start time determination unit 
5. if time from giving a read command to starting the DQS 
signal detection is determined in advance, this time may be 
set thereafter in the memory control unit 4, so that real time 
processing is not required in the DQS signal detection start 
time determination unit 5 or the preamble length determi 
nation unit 6. 

0054 Next, FIG. 6 is an overall configuration diagram of 
a semiconductor memory device 1. In FIG. 6, 10 is a 
memory cell array, 11 is a row decoder that decodes a row 
address and drives a selected word line, 12 is a sense 
amplifier, 13 is a column decoder that decodes a column 
address and selects a selected bit line, 14 is a command 
decoder that receives as input a prescribed address signal 
and a command signal (chip select /CS, row address strobe 
/RAS, column address strobe /CAS, write enable /WE) and 
decodes a command, 15 is a control logic part, 16 is a 
column address buffer?burst counter, 17 is a mode register 
that receives addresses A0 to A13 and signals BA0, BA1, 
and BA2 for bank selection (selection of one from among 8 
banks), 18 is a row address buffer, 19 is a refresh counter 
circuit that counts up when a refresh control signal REFC, 
and outputs a count output as a refresh address, 20 is a clock 
generator, 21 is a data input-output terminal (DQ terminal) 
for inputting and outputting read-write data to and from the 
outside, 24 is a DLL circuit, 25 is a data input-output unit 
that uses a clock given by a DLL or a clock generated from 
an external clock and performs input and output of data 
between the DQ terminal and the memory cell array 10. 
0055 Moreover, the mode register 17 is provided with, in 
addition to the read preamble register 73, a CAS latency 
specification register that specifies CAS latency, which is 
omitted from FIG. 6, and a DLL selection register that 
switches between a DLL selection mode and a DLL non 
selection mode. Output of this DLL selection register is 
inputted to a DLL selection circuit 31, and selection is 
possible as to whether to use a clock whose phase is adjusted 
by the DLL circuit 24, as an internal clock inputted to the 
DQS output control circuit 32, or to use an internal clock 
whose phase, which has not been adjusted by the DLL 
circuit 24, is delayed, as it is, as a clock of the DQS control 
circuit 32. When a setting is made to the DLL non-selection 
mode, the DLL circuit 24 is OFF, and it is possible to reduce 
power consumption consumed by the DLL circuit 24. In 
addition, when a setting is made to the DLL non-selection 
mode, a power Supply of the DLL circuit may be arranged 
to automatically turn off. Furthermore, in a case where the 
DLL selection mode and the non-selection mode are 
dynamically Switched, since time is required from when the 
DLL is put ON to a locked state in which the DLL is stable, 
in a case where the DLL non-selection mode is switched to 
the DLL selection mode, first a switch is made from a 
DLL-OFF to a DLL-ON state, there is a waiting period until 
the DLL locks (for example, the CK signal is 512 clocks), 
and Switching may take place automatically from the DLL 
non-selection mode to the DLL selection mode. 

0056. Moreover, a DQS output control circuit 32 that 
controls output of a strobe signal DQS outputted when data 
is read and a DQS output buffer 33 are provided, and when 
a read command is executed, timing is adjusted by the DQS 
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output control circuit 32, and after a read preamble signal 
whose length is specified by the read preamble register 73 is 
outputted, a DQS signal amplified by the DQS output buffer 
33 is outputted from the DQS terminal 22. In addition, data 
is outputted from the DQ terminal 21 in synchronization 
with output of the DQS signal. Furthermore, when a write 
command is executed, a data strobe signal is received from 
the DQS terminal 22, and data is taken in by a data 
input-output unit 25 from the DQ terminal in synchroniza 
tion with the DQS signal adjusted by the DQS input buffer 
34. 

0057 FIG. 7 is a circuit block diagram of the DQS output 
control circuit 32 and vicinity thereof. The DQS output 
control circuit 32 receives a supply of an internal clock from 
the DLL selection circuit 31, to operate. In addition, an 
output signal of the read preamble register 73, a read flag not 
shown in the drawings, and an output signal of a CAS 
latency specification register are received by the DQS output 
control circuit 32; the read flag is an internal flag that is set 
when a read command is inputted, and is reset when output 
of the read data ends. Furthermore, an output signal of the 
DQS output control circuit 32 is also a timing control signal 
of read data output of the data input-output unit 25, in 
addition to the DQS output buffer circuit 33. 
0058 FIG. 8 is an operation flow chart of the DQS output 
control circuit 32. The DQS output control circuit 32 starts 
processing by detection of the read flag set when the read 
command is inputted (step S31). When setting of the read 
flag is detected, a count of the internal clock is started (step 
S32). A count of the internal clock is continued until read 
preamble signal output timing, decided by the read preamble 
register 73 prior to the read data output start timing decided 
in advance by the CAS latency specification register, is 
reached (step S33), and when the internal clock is counted 
until preamble signal output timing, output of the preamble 
signal is started (step S34). The DQS output control circuit 
32 continues the count of the internal clock, and when the 
output timing of the read data decided by the CAS latency 
specification register is reached (step S35), toggle output of 
the DQS signal is started. Together with the DQS signal 
toggle, the read data is outputted from the DQ terminal (step 
S36). This toggle operation continues until read data output 
of a prescribed burst length is completed (step S37). When 
the data output of the prescribed burst length is completed, 
a postamble signal is outputted (step S38), and when output 
of the postamble signal is completed (step S39), the DQS 
terminal returns to a high impedance state, and output 
processing of the read data is completed (step S40). 
0059 FIG. 9 is a functional configuration diagram of the 
read preamble register 73. As shown in FIG. 9, if the read 
preamble register 73 is a register of a 3-bit configuration, it 
is possible to select a maximum of 8 read preamble lengths. 
In FIG. 9, by a setting of the read preamble length register, 
the read preamble length is from 5 selections, from 1 system 
clock 1 period (1 to cK) to 5 periods (5 to K). In addition, the 
read preamble length can be selected not for each 1 period 
of the system clock but in half period units. 
0060 FIG. 10 is a timing diagram when the read com 
mand is executed in a case where a bit AZ-0, a bit Ay-O, and 
a bit AX=1 are set to the read preamble register specification 
value of FIG. 9, with the same conditions as in FIG. 3, and 
the read preamble length is an amount of 2 system clock 
periods (2 t0K). Since an average period of the system clock 
tCK is to Kave=1875 ps, the read preamble length 
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tRPRE=2.0 to K=3750 ps. Furthermore, since a time differ 
ence of tQSCKmax and t|DQSCKmin is 
tDQSCKwindow-tDQSCKmax-tDQSCKmin-3000 ps, 
then tPPREDtDQSCKwindow. If this relationship of 
tRPREDtDQSCKwindow is satisfied, in a time of tRPRE 
tDQSCKwindow only, a t|DQSCKmax preamble is entered 
before the t|DQSCKmin preamble finishes. That is, if the 
length of time in which preamble times oftDQSCKmax and 
tDQSCKmin overlap is tse, Expression (2) below holds. 

itse=tRPRE-(tDOSCKmax-il OSCKmin) 

0061 That is, the preamble length determination unit 6 of 
the memory controller may determine the read preamble 
time-period tRPRE so that tse-0. In this regard, in FIG. 10, 
tse=3750 ps-3000 ps–750 ps. Therefore, in this time-period 
it is desirable that the memory controller 2 starts detection 
of the DQS signal at timing betweents and te in FIG. 10. The 
DQS signal detection start time determination unit 5 of the 
memory controller 2 determines the DQS signal detection 
start time so as to start detection of the DQS signal at timing 
after tS and up to te. 
0062. In the abovementioned exemplary embodiment, 
considering the memory controller 2 as a controller that 
controls data transmission, the semiconductor memory 
device 1 as a controlled device that responds to an instruc 
tion from the controller to perform input and output of data 
with respect to the controller, a DQ bus as a transmission 
data line that connects the controller and the controlled 
device and performs input and output of data, a DQS signal 
line as a bidirectional transmission clock line that connects 
the controller and the controlled device and when the 
controller performs input of data from the controlled device, 
transmits a transmission clock generated by the system clock 
to the controller from the controlled device and transmits 
input data in Synchronization with a transmission clock to 
the data transmission line, and a read preamble register as a 
preamble length register that decides the length of the 
preamble signal outputted to the transmission clock line 
prior to the controlled device starting transmission of the 
data to the controller, the present invention is clearly not 
limited to the memory system 50 and can be applied to a data 
transmission system for transmission between a controller 
and a controlled device outside of the semiconductor 
memory device. 

Expression (2) 
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0063. An additional mode of the present invention, a 
method of controlling a read preamble signal of a semicon 
ductor memory device includes: operating in Synchroniza 
tion with a system clock provided from outside, outputting 
a data strobe signal from a data Strobe terminal when a read 
command is executed, and outputting read data in Synchro 
nization with the data strobe signal, having a DLL selection 
mode in which phase is adjusted with respect to the system 
clock using a DLL circuit, to output read data, and a DLL 
non-selection mode in which read data is outputted with an 
internal clock as a reference, without using the DLL circuit, 
and outputting the read preamble signal from the data strobe 
terminal prior to output of the read data; wherein length of 
the read preamble signal is lengthened with respect to the 
period of the system clock in the DLL non-selection mode 
more than in the DLL selection mode. 

0064. It should be noted that other objects, features and 
aspects of the present invention will become apparent in the 
entire disclosure and that modifications may be done without 
departing the gist and scope of the present invention as 
disclosed herein and claimed as appended herewith. 
0065. Also it should be noted that any combination of the 
disclosed and/or claimed elements, matters and/or items 
may fall under the modifications aforementioned. 
What is claimed is: 

1. A method for transferring data from a first semicon 
ductor device to a second semiconductor device comprising: 

setting desired preamble length information in a register, 
wherein the desired preamble length information is a 
selected one of a plurality of possible preamble lengths: 

providing a preamble having a duration specified by the 
desired preamble length information followed by a 
toggle signal having a burst length on a data strobe 
terminal of the first semiconductor device; 

providing data in Synchronization with the toggle signal 
on a data terminal of the first semiconductor device; 

receiving the preamble and the toggle signal on a data 
strobe terminal of the second semiconductor device; 
and 

receiving the data on a data terminal of the second 
semiconductor device. 
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