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FIG. 1
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FIG. 4
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MEMORY INTERFACE CONTROL CIRCUIT

REFERENCE TO RELATED APPLICATION

[0001] This application is based upon and claims the ben-
efit of the priority of Japanese patent application No. 2009-
164672, filed on Jul. 13, 2009, the disclosure of which is
incorporated herein in its entirety by reference thereto.
[0002] The present invention relates to a memory interface
control circuit. More specifically, the invention relates to a
memory interface control circuit for reading and writing data
from and to a memory such as a DDR SDRAM (Double Data
Rate Synchronous Dynamic Random Access Memory).

BACKGROUND

[0003] As an IT (Information Technology) rapidly
progresses, a transmission rate of data on a transmission path
has become increasingly higher. For that reason, it is
demanded that an electrical circuit included in a device con-
nected to the transmission path include a function of perform-
ing large-scale and high-speed processing. Accordingly, cir-
cuit design which uses a DDR SDRAM has been frequently
carried out.

[0004] Inthe DDR SDRAM, a data strobe signal (DQS) is
used so as to inform a receiver of a timing for transferring
data. The DQS is a bi-directional strobe signal, and functions
as an operation reference clock for data input/output when a
read/write operation is performed.

[0005] In view of data transfer between a memory read
control circuit and the DDR SDRAM, it is a common practice
to carry out design so that an internal circuit in the memory
read control circuit is adjusted in consideration of an external
transmission delay. Accordingly, there arises the need for
carrying out customized design in consideration of a timing
for each application even in a same circuit configuration.
Then, a memory read control circuit having versatility, which
does not need customized deign according to a product and
performs a mask operation of the DQS, has been invented by
the inventor of this application (refer to Patent Document 1).
[0006] In such a memory read control circuit, it is deter-
mined that a data strobe signal has repeated a predetermined
number of times of transitions based on information on the
number of data reads, and a mask signal is thereby set to a
mask state. Accordingly, the data strobe signal is stably mask-
controlled irrespective of the number of data reads. As a
result, the need for customized design for each product is
eliminated. Versatile circuit design therefore becomes pos-
sible.

[Patent Document 1]

[0007] TP Patent Kokai Publication No. JP-P-2009-37287A
SUMMARY
[0008] The entire disclosures of the above Patent Docu-

ment 1 is herein incorporated by reference thereto.

[0009] The following analysis is given by the present inven-
tion.
[0010] The memory read control circuit described in Patent

Document 1 has a versatile circuit configuration which
accommodates successive read commands as well. However,
when switching from a read mode to a write mode is made,
just switching from the read mode to the write mode may
cause a bus fight (bus collision, bus competition) with respect
to the data strobe signal in the write mode to occur. For this
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reason, it is necessary to design a write-side circuit in con-
sideration of a switching period of time so that the DQS is
transferred from a memory write control circuit to the
memory after completion of transfer of the DQS from the
memory to the memory read control circuit. This switching
period of time is affected by an external delay or the like.
Thus, the need for individually designing the write-side con-
trol circuit arises. The memory read control circuit therefore
lacks versatility.

[0011] Thus there is much to be desired in the art.

[0012] According to one aspect of the present invention,
there is provided a memory interface control circuit, that
comprises:

[0013] aninput/output circuit which transmits and receives
a data strobe signal to and from a memory;

[0014] aread control circuit which determines that the data
strobe signal associated with a memory read, received from
the input/output circuit has repeated a predetermined number
oftimes of transitions based on information on the number of
data reads, and then sets a mask signal to a mask state; and
[0015] a write control circuit which controls a transmission
timing of outputting the data strobe signal associated with a
memory write from the input/output circuit, based on a tem-
poral positional relationship between a data strobe output
request signal associated with the memory write and the mask
signal.

[0016] The meritorious effects of the present invention are
summarized as follows.

[0017] According to the present invention, a transmission
timing of the data strobe signal is controlled based on a
temporal positional relationship between the data strobe out-
put request signal and the mask signal. Thus, when switching
from a read to a write is made, the need for considering a delay
caused by an external factor is eliminated. For that reason,
versatile circuit design becomes possible.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] FIG. 1 is a circuit diagram of a memory interface
control circuit according to an example of the present inven-
tion;

[0019] FIG. 2 s a circuit diagram showing an example of a
data strobe signal generation circuit;

[0020] FIG. 3isacircuit diagram showing an example of an
output control signal generation circuit;

[0021] FIG. 4 is a first timing chart showing an operation of
the memory interface control circuit in the example of the
present invention; and

[0022] FIG. 5is asecond timing chart showing an operation
of'the memory interface control circuit in the example of the
present invention.

PREFERRED MODES

[0023] A memory interface control circuit in an exemplary
embodiment of the present invention includes an input/output
circuit (e.g. 10 in FIG. 1), aread control circuit (e.g. 20 in FIG.
1), and a write control circuit (e.g. 30 in FIG. 1). The input/
output circuit transmits and receives a data strobe signal (e.g.
DQ@S in FIG. 1) to and from a memory. The read control
circuit determines that the data strobe signal associated with
a memory read, received from the input/output circuit has
repeated a predetermined number of times of transitions,
based on information on the number of data reads and sets a
mask signal (e.g. MS in FIG. 1) to a mask state. The write
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control circuit controls a transmission timing of outputting
the data strobe signal associated with a memory write from
the input/output circuit, based on a temporal positional rela-
tionship between a data strobe output request signal associ-
ated with the memory write and the mask signal.

[0024] The write control circuit in the memory interface
control circuit may perform control so that when a first timing
of transition of the data strobe output request signal from an
active state to an inactive state is temporally before a second
timing of transition of the mask signal from the mask state to
a mask cancellation state, the data strobe signal associated
with the memory write is delayed by a predetermined period
of time. When the first timing is temporally after the second
timing, the write control circuit may perform control so that
the data strobe signal associated with the memory write is
output without alteration, without being delayed.

[0025] The predetermined period of time may be a period
corresponding to one cycle of the data strobe signal, in the
memory interface control circuit.

[0026] The write control circuit in the memory interface
control circuit may include a data strobe signal generation
circuit which generates the data strobe signal associated with
the memory write by activation of the data strobe output
request signal, and an output timing adjustment circuit which
controls the delay of the data strobe signal generated by the
data strobe signal generation circuit, according to whether or
not the mask signal is in the mask cancellation state.

[0027] In the memory interface control circuit, an output
portion of the input/output circuit may be constituted from a
tristate buffer. The write control circuit may further include an
output control signal generation circuit which generates a
timing signal that controls the tristate buffer by activation of
the data strobe output request signal. The output timing
adjustment circuit may perform control using the timing sig-
nal so that the tristate buffer becomes active when the data
strobe signal generated by the data strobe signal generation
circuit is output from the tristate buffer.

[0028] The read control circuit in the memory interface
control circuit may include a data strobe detection circuit
which detects a preamble of the data strobe signal output from
the memory, a mask circuit which allows the data strobe
signal to be masked by the mask signal, and a mask control
circuit. The mask control circuit receives the information on
the number of data reads associated with a request of reading
data from the memory, determines that the data strobe signal
has repeated a predetermined number of times of transitions
after the preamble based on information on the number of
data reads, and performs control so that the mask signal is set
to the mask state.

[0029] According to the memory interface control circuit as
described above, the read control circuit outputs the mask
signal to a write side, thereby notifying a timing of switching
from a read operation to a write operation to the write side.
When the data strobe signal is output after switching to the
write operation has been made, the write control circuit deter-
mines by the mask signal whether or not the read operation
has been completed, and outputs the data strobe signal which
is delayed as necessary so that a bus fight may be avoided.
Accordingly, the need for considering an external delay asso-
ciated with the write operation is eliminated. Versatility may
be thereby provided.
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[0030] A detailed description will be given below in con-
nection with an example, with reference to drawings.

First Example

[0031] FIG. 1 is a circuit diagram of a memory interface
control circuit in an example of the present invention. Refer-
ring to FIG. 1, the memory interface control circuit receives a
clock signal CLK1 from an outside (user circuit) not shown,
and a command signal CMDI associated with a read request/
write request, which is synchronous with the clock signal
CLK1, and outputs to a memory such as a DDR SDRAM a
clock signal CKO and a command signal CMDO synchro-
nous with the clock signal CKO. The memory interface con-
trol circuit receives read data not shown and a data strobe
signal DQS which indicates a timing for the read data, corre-
sponding to the command signal CMDO. The memory inter-
face control circuit further outputs to the memory write data
not shown and the data strobe signal DQS which indicates a
timing for the write data. The memory interface control cir-
cuit further receives a clock signal CLK2 having twice the
speed of the clock signal CLK1, a reset signal RST, a signal
DQSIEN indicating a duration of the data strobe signal DQS,
and a data strobe output request signal DQOEN. The memory
interface control circuit includes an input/output circuit 10, a
read control circuit 20, and a write control circuit 30.

[0032] The input/output circuit 10 is a circuit which
receives and outputs the data strobe signal DQS from and to
the memory. The input/output circuit 10 includes a resistance
element R1 with one end thereof connected to the ground, a
buffer circuit BUF1 with an input thereof connected to the
other end of the resistance element R1, and a buffer circuit
BUF2 with an output thereof connected to the other end of the
resistance element R1. The buffer circuit BUF1 receives and
buffers the data strobe signal DQS from the memory and
outputs the buffered data strobe signal DQS to the read con-
trol circuit 20. The buffer circuit BUF2 is constituted from a
tristate buffer. When an enable signal OEN is high, the buffer
circuit BUF2 receives and buffers the data strobe signal DQS
output from the write control circuit 30, and outputs the
buffered data strobe signal DQS to the memory. When the
enable signal OEN is low, the buffer circuit BUF2 causes its
output to be in a high-impedance state.

[0033] The read control circuit 20 includes an up/down
counter 14, flip-flop circuits FF1, FF2, and FF3, AND circuits
ANDI1, AND2, and AND3, and an OR circuit OR1. The
flip-flop circuit FF1 receives the signal DQSIEN indicating
the duration of the data strobe signal DQS and performs
retiming in response to the clock signal CLK1. The AND
circuit ANDI takes a logical product of an output signal of the
flip-flop circuit FF1 and a negative logic of the clock signal
CLK1, and outputs the logical product to an up signal input
terminal UP of the up/down counter 14. Two input terminals
of the OR circuit OR1 are connected to an output terminal
OUT of'the up/down counter 14 and an output terminal (Q) of
the flip-flop circuit FF1, and outputs a mask control signal
MSC obtained by taking a logical sum of outputs of the output
terminals OUT and (Q) to a set terminal (S) of the flip-flop
circuit FF2.

[0034] Aninputend of the buffer circuit BUF1 is grounded
(pulled down) through the resistance element R1. The buffer
circuit BUF1 receives the data strobe signal DQS from the
memory and outputs the data strobe signal DQS to a clock
input terminal of the flip-flop circuit FF3 and one input ter-
minal of the AND circuit AND2. A D terminal of the flip-flop
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circuit FF3 is connected to a (high-level) power supply. The
flip-flop circuit FF3 causes an output signal DET to go high at
a rise of the data strobe signal DQS and outputs the output
signal DET to one input terminal of the AND circuit AND3.
[0035] In the flip-flop circuit FF2, an output of the AND
circuit AND2 is connected to a clock input terminal of the
flip-flop circuit FF2. A D terminal of the flip-flop circuit FF2
is grounded. The flip-flop circuit FF2 outputs a mask signal
MS to the other input terminal of the AND circuit AND2 and
the write control circuit 30 from a Q terminal thereof. An
output terminal of the AND circuit AND2 is connected to the
clock input terminal of the flip-flop circuit FF2 and the other
input terminal of the AND circuit AND3. An output of the
AND circuit AND3 is connected to a down signal input ter-
minal Down of the up/down counter 14. The reset signal RST
is supplied to a reset terminal (R) of each of the flip-flop
circuits FF1 and FF3.

[0036] The write control circuit 30 includes a data strobe
signal generation circuit 11, an output control signal genera-
tion circuit 12, and an output timing adjustment circuit 13.
[0037] Next, details of the data strobe signal generation
circuit 11 will be described. FIG. 2 is a circuit diagram show-
ing an example of the data strobe signal generation circuit 11.
The data strobe signal generation circuit 11 includes flip-flop
circuits FF11 to FF13, an AND circuit AND4, and an inverter
circuit INV11. The AND circuit AND4 takes a logical prod-
uct of a signal obtained from an output (Q) of the flip-flop
circuit F11 through the inverter circuit INV11 and the data
strobe output request signal DQOEN and outputs the logical
product to a D terminal of the flip-flop circuit FF11. The
output (Q) of the flip-flop circuit FF11 and an output (Q) of
the flip-flop circuit FF12 are respectively connected to D
terminals of the flip-flop circuits FF12 and FF13. The flip-flop
circuit FF13 outputs a data strobe signal DQS0 from an output
terminal (Q) thereof. The clock signal CLK2 is supplied to
respective clock terminals of the flip-flop circuits FF11 to
FF13 and the reset signal RST is supplied to respective reset
terminals (R) of the flip-flop circuits FF11 to FF13.

[0038] The data strobe signal generation circuit 11 having
such a configuration is reset by the reset signal RST. Then, the
data strobe signal generation circuit 11 performs retiming of
the data strobe output request signal DQOEN using the clock
signal CLK2 and delays the data strobe output request signal
DQOEN, thereby generating the data strobe signal DQS0
from which the data strobe signal DQS at a time of a write
operation is generated. The data strobe signal generation cir-
cuit 11 outputs the data strobe signal DQSO0 to the output
timing adjustment circuit 13.

[0039] Next, details of the output control signal generation
circuit 12 will be described. FIG. 3 is a circuit diagram show-
ing an example of the output control signal generation circuit.
The output control signal generation circuit 12 includes flip-
flop circuits FF14 to FF17, a NAND circuit NAND1, an
inverter circuit INV12, and an OR circuit OR2. A D terminal
of the flip-flop circuit FF14 receives the data strobe output
request signal DQOEN, and an output (Q) of the flip-flop
circuit FF14 is connected to a D terminal of the flip-flop
circuit FF15. An output terminal (Q) of the flip-flop circuit
FF15 is connected to a D terminal of the flip-flop circuit FF16.
The OR circuit OR2 takes a logical sum of the respective
outputs (Q) of the flip-flop circuits FF14 and FF15 and an
output (Q) of the flip-flop circuit FF16, and outputs the logical
sum to a D terminal of the flip-flop circuit FF17. The flip-flop
circuit FF17 outputs an output request signal Pre_OEN from
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an output terminal (Q) thereof. The NAND circuit NAND1
takes a logical product of a signal obtained by logically invert-
ing the output (Q) of the flip-flop circuit FF16 by the inverter
circuit INV12 and an output (Q) of the flip-flop circuit FF14,
and outputs a signal obtained by logically inverting the logi-
cal product as a differential signal DIF. The clock signal
CLK1 is supplied to a clock terminal of the flip-flop circuit
14, and the reset signal RST is supplied to a reset terminal (R)
of' the flip-flop circuit 14. The clock signal CLK2 is supplied
to respective clock terminals of the flip-flop circuits FF15 to
FF17, and the reset signal RST is supplied to respective reset
terminals (R) of the flip-flop circuits FF15 to FF17.

[0040] The output control signal generation circuit 12 hav-
ing such a configuration is reset by the reset signal RST. Then,
the output control signal generation circuit 12 performs
retiming of the data strobe output request signal DQOEN
using the clock signals CLK1 and CLLK2 and delays the data
strobe output request signal DQOEN, thereby generating the
output request signal Pre_ OEN from which the enable signal
OEN is generated and the differential signal DIF, and output-
ting the output request signal Pre_OEN and the differential
signal DIF to the output timing adjustment circuit 13.

[0041] Next, details of the output timing adjustment circuit
13 will be described. Referring to FIG. 1, the output timing
adjustment circuit 13 includes flip-flop circuits FF4 to FF6,
AND circuits AND6 and AND?7, inverter circuits INV1 and
INV2, an exclusive logical sum circuit EXOR1, and a selector
SEL1. The AND circuit AND6 outputs the enable signal OEN
to a control terminal of the buffer circuit BUF2 and one input
terminal of the AND circuit AND7. The enable signal OEN is
a logical product between a signal MSB and the output
request signal Pre_OEN. The signal MSB is obtained by
inverting the mask signal MS by the inverter circuit INV1.
The flip-flop circuit FF5 receives an output (Q) thereof ata D
terminal thereof through the inverter circuit INV2. The flip-
flop circuit FF5 receives the differential signal DIF at a set
terminal (S) thereof, and connects the output terminal (Q) to
the other input terminal of the AND circuit AND7 and one
input terminal of the exclusive logical sum circuit EXOR1.
The other input terminal of the exclusive logical sum circuit
EXOR1 is connected to an output terminal of the AND circuit
AND7. An output terminal of the exclusive logical sum cir-
cuit EXOR1 is connected to a clock terminal of the flip-flop
circuit FF6. A D terminal of the flip-flop circuit FF6 is con-
nected to the (high level) power supply. An output terminal
(Q) of the flip-flop circuit FF6 is connected to a control
terminal of the selector SEL1. The selector SEL1 selects the
data strobe signal DQSO0 or a signal obtained by delaying the
data strobe signal DQSO through the flip-flop circuit FF4
according to the level of the enable signal OEN, and outputs
the selected signal to the buffer circuit BUF2. The clock
signal CLK2 is supplied to clock terminals of the flip-flop
circuits FF4 and FF5. The reset signal RST is supplied to reset
terminals (R) of the flip-flop circuits FF4 and FFé6.

[0042] The outputtiming adjustment circuit 13 having such
a configuration is reset by the reset signal RST. Then, the
output timing adjustment circuit 13 receives the data strobe
signal DQSO0, output request signal Pre_OEN, differential
signal DIF, mask signal MS, and clock signal CLK2, and
controls a transmission timing of outputting the data strobe
signal DQSO0 to the buffer circuit BUF2, based on a temporal
positional relationship between the output request signal Pre_
OEN and the mask signal MS. When the output timing adjust-
ment circuit 13 outputs the data strobe signal DQSO0 to the
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buffer circuit BUF2, the output timing adjustment circuit 13
causes the enable signal OEN to go high so that the buffer
circuit BUF2 becomes active.

[0043] Next, an operation of the memory interface control
circuit will be described. FIGS. 4 and 5 are timing charts each
showing an operation of the memory interface control circuit
according to the example of the present invention.

[0044] Referring to FIGS. 4 and 5, when the memory inter-
face control circuit performs a read operation, the memory
interface control circuit receives the signal DQSIEN indicat-
ing the duration of the data strobe signal DQS from the user
circuit. That is, a segment during which the signal DQSIEN is
high is equivalent to a length corresponding to the number of
pulses of the input data strobe signal DQS, which is herein
equal to the number of read commands. A logical product
between the clock signal CLLK1 and an output of the flip-flop
circuit FF1 is taken by the AND circuit ANDI1 so that an UP
side of the up/down counter 14 performs counting for the
period of segment during which the signal DQSIEN is high.
The up/down counter 14 takes out and receives the signal
indicating the number of pulses of the data strobe signal DQS
using the clock signal CLK1, and performs counting for the
period of the segment during which the signal DQSIEN is
high. When the data strobe signal DQS is received from the
memory, the flip-flop circuit FF3 goes high at an initial pulse
of the data strobe signal DQS at which the data strobe signal
DQS goes high from low. Counting by a Down side of the
up/down counter 14 is then started.

[0045] Then, the number of received pulses of the data
strobe signal DQS is subtracted from the value of counting for
the period of the segment during which the signal DQSIEN is
high. During the period in which the resulting value is not
zero, the signal MSC is high. Thus, the flip-flop circuit FF2 is
set, and the mask signal MS goes high.

[0046] Then, when the last pulse of the data strobe signal
DQS for the closing stage of the read operation is received, an
output of the up/down counter 14 assumes zero. Setting of the
flip-flop circuit FF2 is released, and the mask signal MS goes
low at a fall of the data strobe signal DQS. The inverted signal
MSB of the mask signal MS is supplied to the AND circuit
ANDSG.

[0047] Whenthe memory interface control circuit performs
a write operation, the memory interface control circuit
receives the data strobe output request signal DQOEN from
the user circuit. Then, the data strobe signal DQS0 and the
enable signal OEN are generated from the data strobe output
request signal DQOEN. In this case, the flip-flop circuit FF4
which delays the data strobe signal DQS0 by one bit (which
corresponds to one cycle of the clock signal CLLK1 or a period
of time corresponding to one cycle of the data strobe signal
DQS) is provided. The selector SEL.1 operates so that the data
strobe signal DQS0 is output without alteration or with a
delay by one bit i.e. under switching-over between two
modes.

[0048] The enable signal OEN is generated by taking the
logical product of the inverted signal MSB and the output
request signal Pre_OEN. The output control signal generation
circuit 12 generates the differential signal DIF from the data
strobe output request signal DQOEN. In the output timing
adjustment circuit 13, the differential signal DIF is supplied
to the set terminal of the flip-flop circuit FF5. Only during the
period in which setting is released, the flip-flop circuit is
toggled using the clock signal CLK2 to generate a pulse.
Then, a logical product between this pulse and the enable
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signal OEN is output from the AND circuit AND7. The exclu-
sive logical sum circuit EXORI1 takes an exclusive logical
sum between this logical product and the output pulse of the
flip-flop circuit FF5.

[0049] When a rise timing of the output request signal
Pre_OEN is before a rise timing of the inverted signal MSB as
shown in FIG. 4, the exclusive logical sum circuit EXOR1
outputs a high level. Then, an output of the flip-flop circuit
FF6 goes high, and an output of the selector SEL1 is switched
to 1, thereby delaying (shifting) the data strobe signal DQS0
by one pulse. A bus fight is thereby avoided.

[0050] Ontheotherhand, when the rise timing of the output
request signal Pre_OEN is after the rise timing of the inverted
signal MSB as shown in FIG. 4, the exclusive logical sum
circuit EXOR1 outputs a low level. Then, the output of the
flip-flop circuit FF6 is also low, and the output of the selector
SEL1 is switched to 0. Then, itis determined that the bus fight
can be avoided without delaying (shifting) the data strobe
signal DQSO0 by one bit, and the data strobe signal DQSO0 is
output without alteration.

[0051] As described above, the write control circuit 30
receives the mask signal MS generated by the read control
circuit 20. When the rise of the output request signal Pre_
OEN is before the rise of the inverted signal MSB of the mask
signal MS, the write control circuit 30 causes the data strobe
signal DQSO0 to be delayed by one bit. When the rise of the
output request signal Pre_OEN is after the rise of the inverted
signal MSB, the write control circuit 30 causes the data strobe
signal DQSO0 not to be delayed by one bit and to be output
without alteration. The bus fight is thereby avoided. In the
memory interface control circuit including the write control
circuit 30 as described above, an external delay associated
with a write operation does not need to be considered. Versa-
tility can be thereby provided.

[0052] The disclosure of the Patent Document listed above
is incorporated herein by reference. Modification and adjust-
ment of the exemplary embodiment and the example are
possible within the scope of the entire disclosure (including
claims) of the present invention, and based on the basic tech-
nical concept of the invention. Various combinations and
selections of various disclosed elements are possible within
the scope of the claims of the present invention. That is, the
present invention of course includes various variations and
modifications that could be made by those skilled in the art
according to the entire disclosure including the claims and the
technical concept.

What is claimed is:

1. A memory interface control circuit, comprising:

an input/output circuit which transmits and receives a data
strobe signal to and from a memory;

a read control circuit which determines that the data strobe
signal associated with a memory read, received from the
input/output circuit has repeated a predetermined num-
ber of times of transitions based on information on the
number of data reads, and then sets a mask signal to a
mask state; and

awrite control circuit which controls a transmission timing
of outputting the data strobe signal associated with a
memory write from the input/output circuit, based on a
temporal positional relationship between a data strobe
output request signal associated with the memory write
and the mask signal.

2. The memory interface control circuit according to claim

1, wherein
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the write control circuit performs control so that when a
first timing of transition of the data strobe output request
signal from an active state to an inactive state is tempo-
rally before a second timing of transition of the mask
signal from the mask state to a mask cancellation state,
the data strobe signal associated with the memory write
is delayed by a predetermined period of time; and

when the first timing is temporally after the second timing,
the write control circuit performs control so that the data
strobe signal associated with the memory write is output
without alteration, without being delayed.

3. The memory interface control circuit according to claim

2, wherein

the predetermined period of time corresponds to one cycle
of the data strobe signal.

4. The memory interface control circuit according to claim

2, wherein

the write control circuit comprises:

a data strobe signal generation circuit which generates the
data strobe signal associated with the memory write by
activation of the data strobe output request signal; and

an output timing adjustment circuit which controls the
delay of the data strobe signal generated by the data
strobe signal generation circuit, according to whether or
not the mask signal is in the mask cancellation state.

5. The memory interface control circuit according to claim

4, wherein
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an output section of the input/output circuit comprises a
tristate buffer;

the write control circuit further comprises an output control
signal generation circuit which generates a timing signal
that controls the tristate buffer by activation of the data
strobe output request signal; and

the output timing adjustment circuit performs control using
the timing signal so that the tristate buffer becomes
active when the data strobe signal generated by the data
strobe signal generation circuit is output from the tristate
buffer.

6. The memory interface control circuit according to claim

1, wherein

the read control circuit comprises:

a data strobe detection circuit which detects a preamble of
the data strobe signal output from the memory;

a mask circuit which allows the data strobe signal to be
masked by the mask signal; and

a mask control circuit which receives the information on
the number of data reads associated with a request of
reading data from the memory, determines that the data
strobe signal has repeated the predetermined number of
times of transitions after the preamble based on the
information on the number of data reads, and performs
control so that the mask signal is set to the mask state.
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