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MEMORY CONTROLLER AND MEMORY 
CONTROL METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a memory control 
ler and a memory control method. In particular, the present 
invention relates to a memory controller supporting a burst 
transfer and a memory control method based on a burst 
transfer. 

[0003] 2. Description of the Related Art 

[0004] In recent years, a DRAM (Dynamic Random 
Access Memory) capable of data inputting/outputting in 
synchronization With a clock signal, so-called an SDRAM 
(Synchronous DRAM) has become a mainstream of the 
RAM, since it alloWs for incorporation of a high-speed 
large-capacity memory into the system. The SDRAM has a 
burst mode in Which data are input/output successively and 
is con?gured to enable the data input/output at a high-speed. 
In order to fully utiliZe such a high-speed access perfor 
mance of the SDRAM, an interface circuit is necessary for 
connection With the SDRAM. 

[0005] For example, Japanese Laid Open Patent Applica 
tion JP-P2005-141682 discloses a high-speed memory 
access control device Which controls access to a high-speed 
memory supporting a burst access. Described in the patent 
document is a case Where a designated number of Words are 
successively input/output by the burst access and there exists 
a page boundary of the memory during the burst access. 

[0006] The high-speed memory access control device has 
an exceptional access information determining means, an 
address generating means, a sWitch control means and a 
timing control means. Based on the number of burst Words 
and an access start address supplied from the outside, the 
exceptional access information determining means judges 
that the burst access is an exceptional access extending over 
successive tWo pages. In addition, the exceptional access 
information determining means determines the number of 
access Words to be burst accessed With respect to each of the 
tWo pages. The address generating means generates a start 
address of the high-speed memory from Which the burst 
access is started for each page. In addition, the address 
generating means changes the start address for sWitching the 
page to be accessed from the initial page to the next page. 
When it is judged that the burst access extends over the 
successive tWo pages, the sWitch control means controls the 
timing of changing the start address by the address gener 
ating means, based on the determined number of access 
Words. The timing control means controls the access timing 
such that the burst access to the high-speed memory is 
started after the exceptional access information determining 
means judges the exceptional access and determines the 
number of access Words. 

[0007] An SDRAM is used as, for example, a main 
memory of a microprocessor system. FIG. 1 is a block 
diagram schematically shoWing a typical microprocessor 
system. A data Writing operation in the microprocessor 
system based on a burst transfer Will be described With 
reference to FIG. 1. 

[0008] As shoWn in FIG. 1, the microprocessor system is 
provided With a CPU (Central Processing Unit) 11, a DMAC 
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(Direct Memory Access Controller) 12, an input/output unit 
(I/O) 18, an SDRAM controller 17 and an SDRAM 20. The 
CPU 11, the DMAC 12, the SDRAM controller 17 and the 
input/output unit 18 are often integrated on one chip due to 
improvement in the integration degree of integrated circuits. 
In many cases, the microprocessor system is composed of 
tWo chips of a chip 10 and the SDRAM 20. 

[0009] The CPU 11, the DMAC 12, the SDRAM control 
ler 17 and the input/output unit 18 are connected With each 
other through a bus 15. The CPU 11 accesses the SDRAM 
20 that is the main memory, executes a program, receives 
data from the input/output unit 18, and outputs data to the 
input/output unit 18. The DMAC 12 controls data transfer 
betWeen memories and betWeen memory input/ output units 
Without through the CPU 11. The SDRAM controller 17 
controls the access to the SDRAM 20 by the CPU 11 or the 
DMAC 12. 

[0010] As shoWn in FIG. 2, the SDRAM controller 17 
includes a command buffer 91, a data Write counter 97, a 
burst length judgment circuit 95, a burst timing control 
circuit 96, a data buffer 98 and a data read counter 99. A case 
of data Writing to the SDRAM 20 Will be mainly explained 
hereafter. 

[0011] The command buffer 91 receives a command 
PCMD from the CPU 11 or the DMAC 12 through the bus 
15. Also, the command buffer 91 receives a burst length PBL 
of a data to be transferred and an address PADR of a memory 
indicating the transfer destination, together With the com 
mand PCMD. The received command PCMD, the received 
burst length PBL and the received address PADR are output 
to the burst timing control circuit 96. At the same time, the 
received burst length PBL is output also to the burst length 
judgment circuit 95. 

[0012] The data Write counter 97 makes a count of the 
number of Write data PDATA received by the data buffer 98, 
based on a data valid signal DVALD. The count value 
WCNT is output to the burst length judgment circuit 95. The 
burst length judgment circuit 95 makes a comparison 
betWeen the count value WCNT from the data Write counter 
97 and the above-mentioned burst length PBL from the 
command buffer 91. If the count value WCNT becomes 
equal to the burst length PBL, the burst length judgment 
circuit 95 instructs the burst timing control circuit 96 to 
initiate a burst transfer. 

[0013] In response to the instruction to initiate the burst 
transfer, the burst timing control circuit 96 controls a timing 
of the data transfer to the SDRAM 20. The burst timing 
control circuit 96 issues to the SDRAM 20 a command 
SCMD in accordance With a protocol for the data transfer, 
speci?es a transfer destination address SADR, and instructs 
the data buffer 98 to output the data. Here, the burst timing 
control circuit 96 can detect completion of the data transfer 
by referring to a count value RCNT obtained by the data read 
counter 99. The number of data that can be burst transferred 
at a time is previously set in a mode register of the SDRAM 
20. When the burst transfer continues, the burst timing 
control circuit 96 issues the command every number of data 
that can be burst transferred at a time. 

[0014] Based on the data valid signal DVALD, the data 
buffer 98 receives the Write data (transfer data) PDATA 
Which are supplied through the bus 15 and are to be Written 
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to the SDRAM 20. The received Write data PDATA are once 
stored in the data buffer 98. Then, the Write data PDATA are 
output as data DQ to the SDRAM 20 in response to the 
instruction of the burst timing control circuit 96. 

[0015] The data read counter 99 makes a count of the 
number of data output by the data buffer 98, and outputs the 
count value RCNT to the burst timing control circuit 96. 
Further, the data read counter 99 may output a read address 
to the data buffer 98. 

[0016] FIG. 3 is a timing chart shoWing an example of the 
data Writing operation. Referring to FIG. 3, an operation of 
the SDRAM controller 17 Will be explained. It should be 
noted that the SDRAM controller 17, the bus 15 and the 
SDRAM 20 operate in synchronization With a clock CLK. A 
data Width of the data supplied to the SDRAM controller 17 
through the bus 15 is equal to a data Width of the data 
transferred from the SDRAM controller 17 to the SDRAM 
20. Each of reference numerals t0 to t21 (see (a) in FIG. 3) 
denotes a cycle of the clock CLK and is used for explaining 
timing. Further, a case is considered Where the burst length 
that the SDRAM 20 can receive at a time is set to “4”. 

[0017] A command PCMD: WR, Which is an instruction to 
Write data to the SDRAM 20, is output to the bus 15 together 
With a burst length PBL: 8 and an address PADR (see (b) and 
(c) in FIG. 3). At the clock rising in the cycle t0, the 
command buffer 91 receives the command PCMD: WR, the 
burst length PBL: 8 and the address PADR. 

[0018] During a period from the cycle t1 to the cycle t8, 
the data valid signal DVALD indicates that the Write data 
PDATA on the bus 15 is valid (see (e) in FIG. 3). During the 
period from t1 to t8, the data buffer 98 receives the Write data 
PDATA: D0 to D7 (see (d) in FIG. 3). Here, the data Write 
counter 97 makes a count of the number of the received 
Write data PDATA by counting the number of risings of the 
clock CLK during the period from t1 to t8 When the data 
valid signal DVALD is activated (see (f) in FIG. 3). 

[0019] In the present example, the speci?ed burst length is 
“8”. When the count value WCNT obtained by the data Write 
counter 97 becomes equal to “8”, namely, at the cycle t8, the 
burst length judgment circuit 95 instructs the burst timing 
control circuit 96 to initiate the data transfer to the SDRAM 
20. In response to the instruction to initiate the data transfer, 
the burst timing control circuit 96 outputs to the SDRAM 20 
a command SCMD: ACT Which instructs the SDRAM 20 to 
start operation. Here, the burst timing control circuit 96 
outputs the command SCMD: ACT such that the SDRAM 
20 can receive it at the cycle t10 (see (f) and (h) in FIG. 3). 

[0020] The burst timing control circuit 96 stands by until 
the operation of the SDRAM 20 becomes ready. 

[0021] Then, the burst timing control circuit 96 outputs a 
command SCMD: WR instructing the data Writing such that 
the SDRAM 20 can receive the command SCMD: WR at the 
cycle t13 (see (h) in FIG. 3). In response to the instruction 
by the burst timing control circuit 96, the data buffer 98 
starts outputting of the stored Write data (DQ: D0 to D7) 
from the cycle t13. The SDRAM 20 receives the command 
SCMD: WR at the clock rising in the cycle t13. From the 
clock rising in the next cycle t14, the SDRAM 20 receives 
the Write data (DQ: D0 to D7) in synchronization With the 
clock CLK (see (h) and (i) in FIG. 3). In synchronization 
With the data output instruction for the data buffer 98, the 
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data read counter 99 makes a count of the number of data 
output from the data buffer 98 (see (g) in FIG. 3). 

[0022] When the data DQ: D3 that is the fourth Word is 
output at the cycle t17, the count value RCNT obtained by 
the data read counter 99 becomes equal to the burst length 
“4” set in the mode register of the SDRAM 20. At the same 
time (cycle t17), the burst timing control circuit 96 outputs 
to the SDRAM 20 another command SCMD: WR instruct 
ing the data Writing of the next four Words. Since the second 
command SCMD: WR is output at this timing, the SDRAM 
20 is able to receive data successively Without receiving a 
neW address. 

[0023] The output of the second command SCMD: WR 
means that all commands necessary for the data transfer of 
the burst length “8” instructed to the SDRAM controller 17 
are completely output. Therefore, the command buffer 91 
can receive the next command PCMD. In the present 
example, the command buffer 91 can receive the next 
command PCMD at the cycle t18. 

[0024] As for the former data transfer, the count value 
RCNT obtained by the data read counter 99 becomes “8” at 
the cycle t21. Therefore, the data read counter 99 noti?es the 
burst timing control circuit 96 that the last data DQ: D7 is 
output. Thus, the data transfer is completed at this point of 
time. 

SUMMARY OF THE INVENTION 

[0025] The present invention has recognized the folloWing 
points. According to the above-described data transfer 
instructed by the CPU 11 or the DMAC 12, the SDRAM 
controller 17 initiates the data Writing With respect to the 
SDRAM 20 after receiving all the transfer data PDATA (D0 
to D7) of the speci?ed burst length (“8”). Therefore, a 
signi?cant time lag occurs betWeen the instruction by the 
CPU 11 or the DMAC 12 and the initiation of the data 
Writing With respect to the SDRAM 20. 

[0026] In a ?rst aspect of the present invention, a memory 
controller is provided. The memory controller has a control 
unit and a data buffer con?gured to store a transfer data. The 
control unit receives the transfer data from a transmission 
circuit and executes a burst transfer of the transfer data to a 
reception circuit. The transmission circuit transmits a ?rst 
data of a ?rst bit length for a ?rst burst times by a burst 
transmission. An amount of the transfer data from the 
transmission circuit is equal to a product of the ?rst bit 
length and the ?rst burst times. The reception circuit 
receives a second data of a second bit length for a second 
burst times by a burst reception. When an amount of the ?rst 
data received by the control unit becomes equal to or more 
than a product of the second bit length and the second burst 
times, the control unit transfers the received ?rst data as the 
second data to the reception circuit, regardless of a number 
of the ?rst data received by the control unit. 

[0027] In a second aspect of the present invention, a 
memory controller is provided. The memory controller is 
provided With a data buffer, a command split circuit, a burst 
length table and a burst timing control circuit. The data 
buffer is con?gured to store a transfer data of a ?rst burst 
length. The ?rst burst length is speci?ed for every burst 
transfer. The command split circuit is con?gured to split a 
command indicating a burst transfer With the ?rst burst 
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length into commands each indicating a burst transfer With 
a split burst length, in accordance With a predetermined 
second burst length supported by a memory and burst 
transferred in response to one command issuance. The burst 
length table is con?gured to store the split burst length. The 
burst timing control circuit is con?gured to control a timing 
of a burst transfer of the transfer data such that the transfer 
data stored in the data buffer is burst transferred to the 
memory by the split burst length stored in the burst length 
table. 

[0028] In a third aspect of the present invention, a memory 
control method is provided. The memory control method 
includes: (A) storing a transfer data of a ?rst burst length in 
a data bulfer, Wherein the ?rst burst length is speci?ed for 
every burst transfer; (B) splitting a command indicating a 
burst transfer With the ?rst burst length into commands each 
indicating a burst transfer With a split burst length, in 
accordance With a predetermined second burst length sup 
ported by a memory and burst transferred in response to one 
command issuance; (C) storing the split burst length in a 
burst length table; and (D) controlling a timing of a burst 
transfer of the transfer data such that the transfer data stored 
in the data buffer is burst transferred to the memory by the 
split burst length stored in the burst length table. 

[0029] According to the present invention, the above 
mentioned time lag in the burst data transfer is reduced. As 
a result, the time necessary for the burst data transfer can be 
reduced as a Whole. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] The above and other objects, advantages and fea 
tures of the present invention Will be more apparent from the 
folloWing description taken in conjunction With the accom 
panying draWings, in Which: 

[0031] FIG. 1 is a block diagram schematically shoWing 
an example of a microprocessor system using an SDRAM as 
a main memory; 

[0032] FIG. 2 is a block diagram shoWing a con?guration 
of a conventional SDRAM controller; 

[0033] FIG. 3 is a timing chart shoWing an example of an 
operation of the conventional SDRAM controller; 

[0034] FIG. 4 is a block diagram shoWing a con?guration 
of an SDRAM controller (memory controller) according to 
an embodiment of the present invention; 

[0035] FIG. 5 is a schematic vieW shoWing a burst length 
table according to the embodiment of the present invention; 

[0036] FIG. 6 is a timing chart shoWing an example of an 
operation of the SDRAM controller according to the 
embodiment of the present invention; and 

[0037] FIG. 7 is a timing chart shoWing another example 
of an operation of the SDRAM controller according to the 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0038] The invention Will be noW described herein With 
reference to illustrative embodiments. Those skilled in the 
art Will recogniZe that many alternative embodiments can be 
accomplished using the teachings of the present invention 
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and that the invention is not limited to the embodiments 
illustrated for explanatory purposed. 

[0039] FIG. 1 is a block diagram schematically shoWing a 
microprocessor system according an embodiment of the 
present invention. The microprocessor system uses an 
SDRAM as a main memory. More speci?cally, the micro 
processor system is provided With a CPU (Central Process 
ing Unit) 11, a DMAC (Direct Memory Access Controller) 
12, an input/output unit (I/O) 18, an SDRAM controller 17 
and an SDRAM 20. 

[0040] The CPU 11, the DMAC 12, the SDRAM control 
ler 17 and the input/output unit 18 are often integrated on 
one chip due to improvement in the integration degree of 
integrated circuits. In many cases, the microprocessor sys 
tem is composed of tWo chips ofa chip 10 and the SDRAM 
20. The CPU 11, the DMAC 12, the SDRAM controller 17 
and the input/output unit 18 are connected With each other 
through a bus 15. The SDRAM 20 is connected to the 
SDRAM controller 17. 

[0041] The CPU 11 accesses the SDRAM 20 that is the 
main memory, executes a program, receives data from the 
input/ output unit 18, and outputs data to the input/ output unit 
18. The DMAC 12 controls data transfer betWeen memories 
and betWeen memory input/ output units Without through the 
CPU 11. The SDRAM controller 17 controls the access to 
the SDRAM 20 by the CPU 11 or the DMAC 12. That is, the 
SDRAM controller 17 is a memory controller for controlling 
the access to the SDRAM 20. The CPU 11 or the DMAC 12 

(transmission circuit) can transmit data (transfer data) to the 
SDRAM controller 17 through the bus 15, and the SDRAM 
controller 17 can Write the transfer data to the SDRAM 20 
(reception circuit). Further, the SDRAM controller 17 can 
retrieve data (transfer data) from the SDRAM 20 (transmis 
sion circuit) and transfer the transfer data to the CPU 11 or 
the DMAC 12 (reception circuit) through the bus 15. In the 
present embodiment, the SDRAM 20 and the SDRAM 
controller 17 support the burst access (burst transfer). 

[0042] FIG. 4 is a block diagram shoWing a con?guration 
of the SDRAM controller 17 according to the present 
embodiment. As shoWn in FIG. 4, the SDRAM controller 
(memory controller) 17 has a command buffer 31, a preced 
ing command split circuit 32, a burst length table 33, a burst 
length judgment circuit 35, a burst timing control circuit 36, 
a data Write counter 37, a data buffer 38, and a data read 
counter 39. For simplicity reason, the explanation is made 
herein considering that a data Width of the bus 15 is identical 
With a data Width of the SDRAM 20. Further, the SDRAM 
controller 17 is of course provided With a readout side circuit 
for reading data from the SDRAM 20, explanation thereof is 
omitted here. A Write side circuit for transferring data to the 
SDRAM 20 Will be explained hereafter. 

[0043] The command buffer 31 receives a command 
PCMD from the CPU 11 or the DMAC 12 through the bus 
15. Also, the command buffer 31 receives a burst length PBL 
of a data to be transferred and an address PADR of a memory 
indicating the transfer destination, together With the com 
mand PCMD. The command buffer 31 holds the command 
PCMD, the burst length PBL and the address PADR. The 
command PCMD, the burst length PBL and the address 
PADR are output to the burst timing control circuit 36. At the 
same time, the command PCMD, the burst length PBL and 
the address PADR are output also to the preceding command 
split circuit 32. 
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[0044] The data buffer 38 receives Write data (transfer 
data) PDATA supplied from the CPU 11 or the DMAC 12 
through the bus 15, and stores the received Write data 
PDATA. The Write data PDATA input to the data buffer 38 
is loaded to the bus 15 together With a data valid signal 
DVALD indicating validity of the Write data PDATA, in 
synchronization With a clock. That is, the data buffer 38 
receives the Write data PDATA based on the data valid signal 
PVALD. 

[0045] Therefore, the data Write counter 37 can make a 
count of the number of Write data PDATA received by the 
data buffer 38, based on the data valid signal DVALD. More 
speci?cally, the data Write counter 37 counts the number of 
clocks in a period during Which the data valid signal 
DVALD is activated. The count value WCNT is output to the 
burst length judgment circuit 35. Moreover, in response to 
an instruction from the burst timing control circuit 36, the 
data buffer 38 transfers the stored data PDATA as data DQ 
to the SDRAM 20. It should be noted that the data buffer 38 
according to the present embodiment can be realiZed in 
various forms. For example, the data buffer 38 is realiZed in 
a form of the FIFO (First-In First-Out). 

[0046] The preceding command split circuit 32 splits the 
command PCMD into a plurality of split commands. The 
command PCMD indicates a burst transfer With the burst 
length PBL (?rst burst length), While the split command 
indicates a burst transfer With a split burst length. The burst 
length PBL is a burst length of the transfer data to be 
transferred to the SDRAM 20 and is speci?ed for every burst 
transfer. Here, the SDRAM 20 supports a burst transfer With 
a predetermined SDRAM burst length (second burst length) 
and can receive data of the SDRAM burst length in response 
to every one command. The SDRAM burst length is prede 
termined and stored in a mode register of the SDRAM 20. 
Based on the SDRAM burst length, the preceding command 
split circuit 32 splits the command PCMD into the split 
commands. In other Words, the preceding command split 
circuit 32 splits the burst length PBL (?rst burst length) into 
split burst lengths, in accordance With the SDRAM burst 
length (second burst length). The burst length PBL, Which 
indicates the number of data that the transfer source outputs 
in accordance With one command, is split into the split burst 
lengths each indicating the number of data that the SDRAM 
controller 17 transfers to the SDRAM 20 in response to one 
command issued for the SDRAM 20. As described above, 
the preceding command split circuit 32 determines the split 
burst length based on a ?rst data Width With Which the 
transfer data PDATA is transmitted to the data buffer 38 and 
a second data Width With Which the transfer data DQ is 
transferred from the data buffer 38 to the SDRAM 20. The 
preceding command split circuit 32 stores the split burst 
lengths in the burst length table 33. 

[0047] It should be noted here that the burst transfer With 
respect to the SDRAM 20 generally starts from a burst 
boundary such as an address 0, an address 8, an address 16 
or the like in the SDRAM 20. HoWever, When the start 
address of the burst transfer of the transfer data is different 
from the burst boundary, the preceding command split 
circuit 32 speci?es the data length from the start address to 
the burst boundary as the ?rst split burst length. In other 
Words, the preceding command split circuit 32 determines 
the ?rst split burst length such that the data from the start 
address to the burst boundary is transferred in one burst 
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transfer. The data after the burst boundary are split in 
accordance With the above-mentioned SDRAM burst length. 
In this manner, the split burst lengths are determined based 
on not only the SDRAM burst length but also the above 
mentioned address PADR (start address). Therefore, the split 
burst lengths are not necessarily equal to each other. The 
preceding command split circuit 32 splits the command 
PCMD by referring to the burst length PBL, the address 
PADR and the SDRAM burst length. 

[0048] The burst length table 33 receives the split burst 
lengths from the preceding command split circuit 32 and 
stores them. FIG. 5 schematically shoWs an example of the 
burst length table 33 according to the present embodiment. 
ShoWn in FIG. 5 is a case Where the burst length PBL is split 
into n split burst lengths. In this case, the split burst length 
group includes the ?rst split burst length, the second split 
burst length, . . . , the n-th split burst length that are stored 

in the order of use. When a data transfer of a split burst 
length is completed, the next split burst length is moved up. 
Alternatively, the burst length table 33 has a pointer Which 
indicates a split burst length to be used, and the position 
indicated by the pointer is changed. 

[0049] The burst length judgment circuit 35 makes a 
comparison betWeen the count value WCNT obtained by the 
data Write counter 37 and each split burst length stored in the 
burst length table 33. If the count value WCNT becomes 
equal to or more than the split burst length, the burst length 
judgment circuit 35 instructs the burst timing control circuit 
36 to initiate a burst transfer. In other Words, When as much 
data as can be burst transferred to the SDRAM by one 
command are stored in the data buffer 38, the burst transfer 
is initiated. 

[0050] In response to the instruction to initiate the burst 
transfer, the burst timing control circuit 36 controls a timing 
of the data transfer to the SDRAM 20. More speci?cally, the 
burst timing control circuit 36 controls the data transfer such 
that the transfer data DQ stored in the data buffer 38 is burst 
transferred to the SDRAM 20 by every split burst lengths 
stored in the burst length table 33. The burst timing control 
circuit 36 issues to the SDRAM 20 a command SCMD in 
accordance With a protocol for the data transfer, speci?es a 
transfer destination address SADR, and instructs the data 
buffer 38 to output the data. Here, the burst timing control 
circuit 36 can detect completion of the data transfer by 
referring to a count value RCNT obtained by the data read 
counter 33. The SDRAM burst length, namely, the number 
of data that can be burst transferred at a time is previously 
set in the mode register of the SDRAM 20. When the burst 
transfer continues, the burst timing control circuit 36 issues 
the command every number of data that can be burst 
transferred at a time. 

[0051] The data read counter 39 makes a count of the 
number of data output by the data buffer 38, and outputs the 
count value RCNT to the burst timing control circuit 36. 
Further, the data read counter 39 may output a read address 
to the data buffer 38. 

[0052] FIG. 6 is a timing chart shoWing an example of the 
data Writing operation. Referring to FIG. 6, an operation of 
the SDRAM controller 17 Will be explained. It should be 
noted that the SDRAM controller 17, the bus 15 and the 
SDRAM 20 operate in synchronization With a clock CLK. 
The data Width of the data supplied to the SDRAM control 
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ler 17 through the bus 15 is equal to the data Width of the 
data transferred from the SDRAM controller 17 to the 
SDRAM 20. Each of reference numerals t0 to t21 (see (a) in 
FIG. 6) denotes a cycle of the clock CLK and is used for 
explaining timing. Further, a case is considered Where the 
SDRAM burst length that the SDRAM 20 can receive at a 
time is set to “4”. 

[0053] First, a protocol of the data Writing to the SDRAM 
20 Will be explained brie?y. The SDRAM controller 17 
Which controls the access to the SDRAM 20 outputs to the 
SDRAM 20 a RAS (RoW Address Strobe) signal, a CAS 
(Column Address Strobe) signal, a CS (Chip Select) signal, 
a WES (Write Enable) signal, an address signal and the like. 
By a combination of these signals, a command for the 
SDRAM 20 and its parameter are determined. Each of these 
signals is not shoWn in FIG. 6, and only a timing of the 
command is shoWn. For example, a command corresponding 
to CS=“L”, RAS=“L”, CAS=“H”, and WE=“H” is a com 
mand: ACT Which instructs to initiate the memory operation. 
In this case, the SDRAM controller 17 outputs a roW address 
and instructs the SDRAM 20 to take in the roW address. A 
command corresponding to CS=“L”, RAS=“H”, CAS=“L”, 
WE=“L” is a command: WR Which instructs to take in a 
column address and Write data. In this case, the SDRAM 
controller 17 outputs the column address. 

[0054] Next, a procedure of the data Writing to the 
SDRAM 20 in accordance With the burst transfer Will be 
explained. The SDRAM controller 17 outputs a command: 
ACT indicating the initiation of the access to the SDRAM 
20, and at the same time, gives a roW address (a part of the 
address signal) to the SDRAM 20. Next, the SDRAM 
controller 17 outputs a command: WR indicating the initia 
tion of the data Writing operation, and at the same time, gives 
a column address (a part of the address signal) to the 
SDRAM 20. After a stand-by time set by a CAS latency, the 
Write data are transferred to the SDRAM 20. The Write data 
are transferred in synchronization With the clock CLK. In a 
DDR type or the like, another strobe signal may be used in 
order to transfer at a further high speed. In the present 
example, the data transfer of a simple type Will be described. 

[0055] The instruction of the address from the SDRAM 
controller 17 to the SDRAM 20 is not necessary While the 
Write data is being transferred, Which contributes to 
improvement of the transfer speed. The number of data (the 
SDRAM burst length) transferred in response to one Write 
command SCMD: WR is set in the mode register of the 
SDRAM 20 previously. Explanation for procedures of set 
ting the number of data in the mode register is omitted here. 

[0056] Next, referring to FIG. 6, an example of the data 
Write operation based on the burst transfer With respect to the 
SDRAM 20 by the SDRAM controller 17 Will be explained. 

[0057] A command PCMD: WR, Which is an instruction to 
Write the data to the SDRAM 20, is output to the bus 15 by 
the CPU 11 or the DMAC 12. Here, the command PCMD: 
WR is output together With a burst length PBL: 8 and a Write 
destination address (start address) PADR. At the clock rising 
in the cycle t0, the command buffer 31 receives the com 
mand PCMD: WR, the burst length PBL: 8 and the Write 
destination address PADR (see (b) and (c) in FIG. 6). 

[0058] The command, the burst length and the address 
taken in the command buffer 31 are output to the preceding 
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command split circuit 32. The preceding command split 
circuit 32 splits the input command, namely, splits the burst 
length PBL into appropriate split burst lengths. The preced 
ing command split circuit 32 stores the split burst lengths in 
the burst length table 33, as shoWn in FIG. 5. 

[0059] Considered in the present example is a case Where 
the Write destination address (start address) PBL is consis 
tent With a burst boundary. Moreover, the burst length PBL 
is “8” and the SDRAM burst length is “4”. Therefore, the 
?rst split burst length of “4” and the second split burst length 
of “4” are stored in the burst length table 33. In this case, the 
transfer data of the burst length of “8” Will be divided into 
tWo data of the burst length of “4”, and respective of the tWo 
data Will be separately burst transferred to the SDRAM 20, 
as described later. The ?rst split burst length of “4” is ?rst 
output to the burst length judgment circuit 35. After the data 
of the ?rst split burst length is burst transferred to the 
SDRAM 20, the second split burst length of “4” is output to 
the burst length judgment circuit 35. 

[0060] MeanWhile, the data buffer 38 takes in the transfer 
data (Write data) supplied from the CPU 11 or the DMAC 12. 
More speci?cally, during a period from the cycle t1 to the 
cycle t8, the data valid signal DVALD indicates that the 
Write data PDATA on the bus 15 is valid (see (e) in FIG. 6). 
Respective of the Write data PDATA (D0 to D7) of the burst 
length PBL (8) are successively transmitted to the SDRAM 
controller 17 by a burst transmission. During the period from 
t1 to t8, the data buffer 38 receives the Write data PDATA: 
D0 to D7 (see (d) in FIG. 6). The amount of the data supplied 
to the data buffer 38 is equal to a product of the bit length 
of each Write data and the number of transmission times (8). 

[0061] While the data buffer 38 receives the Write data 
PDATA: D0 to D7, the data Write counter 37 makes a count 
of the number of the received Write data PDATA by counting 
the number of risings of the clock CLK during the period 
from t1 to t8 When the data valid signal DVALD is activated 
(see (f) in FIG. 6). The burst length judgment circuit 35 
compares the count value WCNT output from the data Write 
counter 37 and the ?rst split burst length stored in the burst 
length table 33. 

[0062] In the present example, the ?rst split burst length is 
“4”. When the count value WCNT obtained by the data Write 
counter 37 becomes equal to “4”, namely, at the cycle t4, the 
burst length judgment circuit 35 instructs the burst timing 
control circuit 36 to initiate the data transfer to the SDRAM 
20. In addition, the burst length judgment circuit 35 instructs 
the burst length table 33 to output the next split burst length, 
i.e., the second split burst length. Furthermore, the burst 
length judgment circuit 35 instructs the data Write counter 37 
to reset the count value WCNT (see (f) in FIG. 6). The data 
Write counter 37 instructed by the burst timing control 
circuit 36 resets the count value WCNT. Then, the data Write 
counter 37 continues counting from the Write data PDATA: 
D4 in the similar Way. 

[0063] In response to the ?rst instruction at the cycle t4 to 
initiate the data transfer, the burst timing control circuit 36 
outputs to the SDRAM 20 a command SCMD: ACT Which 
instructs the SDRAM 20 to start operation. In the present 
example, the burst timing control circuit 36 outputs the 
command SCMD: ACT such that the SDRAM 20 can 
receive it at the cycle t6 (see (f) and (h) in FIG. 6). According 
to the present embodiment, as described above, the burst 
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timing control circuit 36 initiates the burst transfer of the 
transfer data at the time When the amount of the transfer data 
stored in the data buffer 38 becomes equal to that corre 
sponding to the ?rst split burst length. 

[0064] The burst timing control circuit 36 stands by until 
the operation of the SDRAM 20 becomes ready. Then, at the 
cycle t9 When the SDRAM 20 becomes ready, the burst 
timing control circuit 36 outputs a command SCMD: WR 
instructing the data Writing (see (h) in FIG. 6). At the same 
time, the burst timing control circuit 36 instructs the data 
buffer 38 to output the stored Write data from the cycle t9. 
In response to the instruction by the burst timing control 
circuit 36, the data buffer 38 starts outputting of the stored 
Write data DQ: D0 to D7. The SDRAM 20 receives the 
command SCMD: WR at the clock rising in the cycle t9. 
From the clock rising in the next cycle t10, the SDRAM 20 
receives the data output from the data buffer 38 in synchro 
niZation With the clock CLK (see (h) and (i) in FIG. 6). The 
data read counter 39 makes a count of the number of data 
output from the data buffer 38 (see (g) in FIG. 6). 

[0065] While in the data Write counter 37, the count value 
WCNT becomes equal to “4” again at the cycle t8. The count 
value WCNT of “4” is equal to the above-mentioned second 
split burst length. Therefore, at the cycle t8, the burst length 
judgment circuit 35 instructs the burst timing control circuit 
36 to initiate the second data transfer to the SDRAM 20. 
HoWever, at this timing, the burst timing control circuit 36 
has not yet instructed the foregoing ?rst data transfer (see (f) 
and (h) in FIG. 6). Thus, the second data transfer initiation 
instruction from the burst length judgment circuit 35 is put 
into a hold state. 

[0066] The burst timing control circuit 36 outputs the 
second data transfer initiation instruction immediately 
before the completion of the ?rst data transfer to the 
SDRAM 20. Namely, the burst timing control circuit 36 
outputs to the SDRAM 20 another command SCMD: WR 
instructing the next burst data Writing simultaneously With 
the output of the data DQ: D3, i.e., at the cycle t13 (see (h) 
and (i) in FIG. 6). Furthermore, the count value RCNT by 
the data read counter 39 is reset in order to be ready for the 
next burst data transfer (see (g) in FIG. 6). Therefore, the 
burst transfer to the SDRAM 20 is continued Without 
interruption and thus the SDRAM 20 is able to receive the 
Write data successively. During a period from the cycle t14 
to t17, the data DQ: D4 to D7 are transferred from the data 
buffer 38 to the SDRAM 20. At the cycle t17, the count value 
RCNT by the data read counter 39 becomes “4” again, Which 
means the completion of the burst data transfer correspond 
ing to all of the split burst lengths stored in the burst length 
table 33. Thus, the burst data transfer is completed at this 
point of time (cycle t17). 

[0067] According to the present embodiment, as described 
above, the data Writing operation of the SDRAM 20 is 
initiated at the time When the amount of Write data taken in 
the data buffer 38 satis?es the split burst length, even though 
all of the Write data (D0 to D7) is not yet supplied to the data 
buffer 38. Therefore, the time lag betWeen the instruction by 
the CPU 11 or the DMAC 12 and the initiation of the data 
Writing With respect to the SDRAM 20 is reduced as 
compared With the conventional technique. In the conven 
tional technique, the burst transfer of the Whole transfer data 
is completed at the cycle t21, as shoWn in FIG. 3. On the 
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other hand, in the present example, the burst transfer of the 
Whole transfer data is completed at the cycle t17, as shoWn 
in FIG. 6. In this manner, the time necessary for the burst 
data transfer can be reduced as a Whole. 

[0068] Moreover, the output of the second command 
SCMD: WR at the cycle t13 means that all commands 
necessary for the data transfer of the burst length “8” 
instructed to the SDRAM controller 17 are completely 
output. Therefore, the command buffer 31 can receive the 
next command PCMD. In the present example, the com 
mand buffer 31 can receive the next command PCMD at the 
cycle t14, Which is earlier than the timing (t18) in the 
conventional technique. 

[0069] FIG. 7 is a timing chart shoWing another example 
of the data Writing operation of the SDRAM controller 17. 
In the present example, the Write start address is not present 
at the burst boundary and is different from the burst bound 
ary. For example, the Write start address is shifted by 
2-Words from the burst boundary. Referring to FIG. 7, an 
example of the data Writing operation based on the burst 
transfer Will be explained. 

[0070] A command PCMD: WR, Which is an instruction to 
Write the data to the SDRAM 20, is output to the bus 15 by 
the CPU 11 or the DMAC 12. Here, the command PCMD: 
WR is output together With a burst length PBL: 8 and a Write 
destination address (start address) PADR. At the clock rising 
in the cycle t0, the command buffer 31 receives the com 
mand PCMD: WR, the burst length PBL: 8 and the Write 
destination address PADR (see (b) and (c) in FIG. 7). 

[0071] The command, the burst length and the address 
taken in the command buffer 31 are output to the preceding 
command split circuit 32. The preceding command split 
circuit 32 splits the input command, namely, splits the burst 
length PBL into appropriate split burst lengths. The preced 
ing command split circuit 32 stores the split burst lengths in 
the burst length table 33. In the present example, the Write 
start address is different from the burst boundary. Therefore, 
the data length (2-Words) from the Write start address to the 
burst boundary is set to the ?rst split burst length. In the 
present example, the ?rst split burst length is set to “2”. 

[0072] With the ?rst split burst length of “2”, the address 
reaches the burst boundary. Therefore, the remaining burst 
length is split in accordance With the SDRAM burst length 
(“4”) that is set in the mode register of the SDRAM 20. In 
the present example, the second split burst length is set to 
“4”. Here, 2-Words are still remaining and thus the third split 
burst length is set to “2”. Thus, the data transfer is executed 
over three times. The ?rst split burst length of “2”, the 
second split burst length of “4” and the third split burst 
length of “2” are stored in the burst length table 33. The ?rst 
split burst length of “2” is ?rst output to the burst length 
judgment circuit 35. 

[0073] MeanWhile, during a period from the cycle t1 to the 
cycle t8, the data valid signal DVALD indicates that the 
Write data PDATA on the bus 15 is valid. During the period 
from t1 to t8, the data buffer 38 receives the Write data 
PDATA: D0 to D7 (see (d) and (e) in FIG. 7). The data Write 
counter 37 makes a count of the number of the received 
Write data PDATA by counting the number of risings of the 
clock CLK during the period from t1 to t8 When the data 
valid signal DVALD is activated (see (f) in FIG. 7). The 
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burst length judgment circuit 35 compares the count value 
WCNT output from the data Write counter 37 and the ?rst 
split burst length stored in the burst length table 33. 

[0074] In the present example, the ?rst split burst length is 
“2”. When the count value WCNT obtained by the data Write 
counter 37 becomes equal to “2”, namely, at the cycle t2, the 
burst length judgment circuit 35 instructs the burst timing 
control circuit 36 to initiate the data transfer to the SDRAM 
20. In addition, the burst length judgment circuit 35 instructs 
the burst length table 33 to output the next split burst length, 
i.e., the second split burst length. Furthermore, the burst 
length judgment circuit 35 instructs the data Write counter 37 
to reset the count value WCNT (see (f) in FIG. 7). The data 
Write counter 37 instructed by the burst timing control 
circuit 36 resets the count value WCNT. Then, the data Write 
counter 37 continues counting from the Write data PDATA: 
D2 in the similar Way. 

[0075] In response to the ?rst instruction at the cycle t2 to 
initiate the data transfer, the burst timing control circuit 36 
outputs to the SDRAM 20 a command SCMD: ACT Which 
instructs the SDRAM 20 to start operation. In the present 
example, the burst timing control circuit 36 outputs the 
command SCMD: ACT such that the SDRAM 20 can 
receive it at the cycle t4 (see (f) and (h) in FIG. 7). 

[0076] After that, the burst timing control circuit 36 stands 
by until the operation of the SDRAM 20 becomes ready. 
Then, at the cycle t7 When the SDRAM 20 becomes ready, 
the burst timing control circuit 36 outputs a command 
SCMD: WR instructing the data Writing (see (h) in FIG. 7). 
At the same time, the burst timing control circuit 36 instructs 
the data buffer 38 to output the stored Write data from the 
cycle t10 after tWo dummy data (dm) as much as 2-Words 
from the Write start address to the burst boundary are output 
(see (i) in FIG. 7). The SDRAM 20 receives the command 
SCMD: WR at the clock rising in the cycle t7. From the 
clock rising in the next cycle t8, the SDRAM 20 receives the 
tWo dummy data (dm) and the data output from the data 
buffer 38 in synchronization With the clock CLK (see (h) and 
(i) in FIG. 7). It should be noted that the dummy data (dm) 
from the Write start address to the burst boundary are not 
actually Written into the SDRAM 20. The data from D0 are 
Written into the SDRAM 20. 

[0077] The data read counter 39 makes a count of the 
number of data output from the data buffer 38 (see (g) in 
FIG. 7). When the Write data DQ: D0 is output, the count 
value RCNT becomes “1”. When the data DQ: D1 is output, 
the count value RCNT becomes “2”. The data read counter 
39 is reset When a command SCMD: WR for the SDRAM 
20 is issued. 

[0078] While in the data Write counter 37, the count value 
WCNT becomes equal to “4” at the cycle t6. The count value 
WCNT of “4” is equal to the above-mentioned second split 
burst length. Therefore, at the cycle t6, the burst length 
judgment circuit 35 instructs the burst timing control circuit 
36 to initiate the second data transfer to the SDRAM 20. 
HoWever, at this timing, the burst timing control circuit 36 
has not yet instructed the foregoing ?rst data transfer (see (f) 
and (h) in FIG. 7). Thus, the second data transfer initiation 
instruction from the burst length judgment circuit 35 is put 
into a hold state. 

[0079] The burst timing control circuit 36 outputs the 
second data transfer initiation instruction immediately 
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before the completion of the ?rst data transfer to the 
SDRAM 20. Namely, the burst timing control circuit 36 
outputs to the SDRAM 20 another command SCMD: WR 
instructing the next burst data Writing simultaneously With 
the output of the data DQ: D1, i.e., at the cycle t11 (see (h) 
and (i) in FIG. 7). Furthermore, the count value RCNT by 
the data read counter 39 is reset in order to be ready for the 
next burst data transfer (see (g) in FIG. 7). Therefore, the 
burst transfer to the SDRAM 20 is continued Without 
interruption and thus the SDRAM 20 is able to receive the 
Write data successively. During a period from the cycle t12 
to t15, the data DQ: D2 to D5 are transferred from the data 
buffer 38 to the SDRAM 20. At the cycle t15, the count value 
RCNT by the data read counter 39 becomes “4”. 

[0080] Similarly, the burst timing control circuit 36 out 
puts the third data transfer initiation instruction immediately 
before the completion of the second data transfer to the 
SDRAM 20. Namely, the burst timing control circuit 36 
outputs to the SDRAM 20 still another command SCMD: 
WR simultaneously With the output of the data DQ: D5, i.e., 
at the cycle t15 (see (h) and (i) in FIG. 7). Furthermore, the 
count value RCNT by the data read counter 39 is reset in 
order to be ready for the next burst data transfer (see (g) in 
FIG. 7). Therefore, the burst transfer to the SDRAM 20 is 
continued Without interruption and thus the SDRAM 20 is 
able to receive the Write data successively. 

[0081] During a period from the cycle t16 to t17, the data 
DQ: D6 to D7 are transferred from the data buffer 38 to the 
SDRAM 20, folloWed by the dummy data transfer. At the 
cycle t17, the count value RCNT by the data read counter 39 
becomes “238 Which is equal to the third split burst length. 
Thus, the burst data transfer corresponding to all of the split 
burst lengths stored in the burst length table 33 is completed. 
The transfer of the dummy data is executed till the burst 
boundary and is ?nished at the cycle t19. As compared With 
the conventional technique, the time necessary for the burst 
data transfer can be reduced as a Whole according to the 
present example. A great time reduction can be attained by 
the circuit according to the present embodiment. 

[0082] In the present embodiment, it is considered that the 
data Write counter 37 is reset after the split burst length is 
counted. As the data to be stored in the burst length table 33, 
split position of the burst data may be used instead of the 
split burst length. In this case, the data Write counter 37 
executes the counting continuously Without being reset. 
When the number indicating the position of the split burst 
data is set as the burst length in the burst length table 33, the 
con?guration of the burst length judgment circuit 35 is 
simpli?ed. Also, in the foregoing example, the data Write 
counter 37 is designed to count the number of the data 
transfer times. Alternatively, the data Write counter 37 may 
be designed to detect the amount of the data transfer. 

[0083] Explained in the present embodiment is the case 
Where the data Width of the bus 15 (the data Width of the data 
PDATA) is equal to the data Width of the SDRAM 20 (the 
data Width of the data DQ). HoWever, the tWo data Widths 
can be different from each other. For example, let us 
consider a case Where that data Width on the CPU 11 side is 
64 bits (8=23 bytes) and the data Width on the SDRAM 20 
side is 32 bits (4=22 bytes). Further, on the SDRAM 20 side, 
4-Words (32 bits/Word) are burst transferred in response to 



US 2007/0162654 A1 

one command SCMD: WR. When the burst length on the 
CPU 11 side is 8-Words (64 bits/Word), the transferred bytes 
are 64 bytes. 

[0084] On the SDRAM 20 side, 4-Words (=16 bytes) are 
burst transferred in response to one command SCMD: WR. 
Therefore, the command SCMD: WR is issued for four 
times With respect the SDRAM 20, and a total of l6-Words 
(32 bits/Word) are burst transferred to the SDRAM 20. 

[0085] Normally, the data Width is designed to be 21 bytes 
(i=0, 1, . . . ). The SDRAM burst length is also 21 (j=0, l, . 
. . ) such as 2, 4 or the like. Since the data transfer speed on 
the bus 15 is high, the data buffer 38 is designed based on 
the data Width of the bus 15. The data Width of the data 
transferred through the bus 15 is 2In bytes. When the number 
of the data transfers is given by “B”, the amount of the Write 
data supplied to the data buffer 38 are given by “B><2m 
bytes”. On the other hand, the data Width of the SDRAM 20 
(the data DQ) is 2n bytes. In this case, the data DQ is read 
out from the data buffer 38 every data Width “2” bytes”. 
when the SDRAM burst length is 21', the SDRAM 20 
receives data of “2n+j bytes” by one burst Writing. Therefore, 
if the Write start address in the transfer destination is present 
on the burst boundary, the number of the Write commands 
SCMD: WR issued With respect to the SDRAM 20 is given 
by “the burst length><2m/2n+j (the burst length><2m_n_j). 

[0086] This means that the number of Write bytes can be 
counted if the data Write counter 37 of the data buffer 38 
includes a counter for counting the burst length and a m-bit 
counter. It also means that the number of read bytes can be 
counter if the data read counter 39 includes a j-bit counter 
for counting the SDRAM burst length and an n-bit counter. 
Therefore, if 2n+j is set to the burst length table 33 and the 
number of bytes (2m><B) of the stored data is compared, the 
burst length judgment circuit 35 can judge Whether or not the 
data transfer to the SDRAM 20 can be initiated. In other 
Words, the data stored in the data buffer 38 is up to 2m><B 
bytes, and When the amount of the stored data becomes 
equal to or more than 2”“ bytes, the data transfer to the 
SDRAM 20 can be initiated. The number of transfers “B” in 
this case can be given by “B§2n+j/2m=2n+j_m”, and the 
folloWing cases are considered: 

n+j>m.' (l) 

[0087] In one-time data transfer through the bus 15, the 
burst transfer to the SDRAM 20 is not possible. When the 
data transfer to the data buffer 38 through the bus 15 is 
executed for B=2n"j_In times and the data is store, it is 
instructed to initiate the burst transfer to the SDRAM 20. For 
example, in the foregoing embodiment Where the data Width 
of the bus 15 and the data Width of the SDRAM 20 are 
identical, the command SCMD: WR With respect to the 
SDRAM 20 is initiated When the count value WCNT 
obtained by the data Write counter 37 becomes B=2j. Since 
j=2 in the foregoing example, it is understood that the 
initiation takes place every B=4. 

[0088] The data Width of the bus 15 is sufficiently large. 
The burst transfer to the SDRAM 20 as many as 2m_n_J times 
is possible for one-time data transfer through the bus 15. 

[0089] Since the data transfer speed of the bus 15 is high, 
the data buffer 38 is designed based on the data Width of the 
bus 15. Therefore, conversion of the data Width is executed 
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When the data read out from the data buffer 38 is transferred 
to the SDRAM 20. In a case Where the data Width of the 
SDRAM 20 is narroWer than the data Width of the data 
buffer 38, the data readout from the data buffer 38 are 
transferred to the SDRAM 20 in plural times. Such an 
operation can be realiZed by providing a multiplexer having 
a data Width corresponding to the data Width of the SDRAM 
20. On the other hand, in a case Where the data Width of the 
SDRAM 20 is Wider than the data Width of the data buffer 
38, a plurality of data readout from the data buffer 38 are 
combined and then transferred to the SDRAM 20. Such an 
operation can be realiZed by providing a register for holding 
the read data till the next readout. Furthermore, if the 
transfer destination address is different from the burst 
boundary, the dummy data transfer can be realiZed by 
providing a counter for counting the offset value of the 
address With respect to the burst boundary. The timing of 
reading out the transfer data from the data buffer 38 is 
determined by this counter. That is, the counter starts count 
ing from the initiation of the burst transfer to the SDRAM 
20, and When the count value reaches the offset value, the 
data transfer from the data buffer 38 is initiated. Thus, the 
data stored in the data buffer 38 is transferred to the SDRAM 
20 after the dummy data transfer. 

[0090] It is preferable that information indicating the 
respective data Widths is set as necessary in the preceding 
command split circuit 32 and the burst timing control circuit 
36. An external terminal may be provided for specifying the 
information indicating the respective data Widths. A register 
may be provided for storing the information indicating the 
respective data Widths. A register for storing setting condi 
tions of the data Widths may be provided so as to alloW 
setting by commands from high-level devices. 

[0091] In the present embodiment, the command buffer 
31, the preceding command split circuit 32, the burst length 
table 33, the burst length judgment circuit 35, the burst 
timing control circuit 36, the data Write counter 37, the data 
buffer 38, and the data read counter 39 function as a “control 
unit”. The control unit receives the transfer data from a 
transmission circuit and executes a burst transfer of the 
transfer data to a reception circuit. The transmission circuit 
such as the CPU 11 or the DMAC 12 transmits a ?rst data 
of a ?rst bit length for a ?rst burst times by a burst 
transmission. The amount of the transfer data from the 
transmission circuit is equal to a product of the ?rst bit 
length and the ?rst burst times. The reception circuit 
receives a second data of a second bit length for a second 
burst times by a burst reception. When the amount of the ?rst 
data received by the control unit becomes equal to or more 
than a product of the second bit length and the second burst 
times, the control unit transfers the received ?rst data as the 
second data to the reception circuit, regardless of a number 
of the ?rst data received by the control unit. 

[0092] As described above, according to the present 
embodiment, the burst transfer to the SDRAM 20 can be 
initiated at a timing When the data amount that can be burst 
transferred to the SDRAM 20 is taken in the data buffer 38. 
Therefore, the above-described “time-lag” is reduced as 
compared With the conventional circuit Which initiates the 
burst transfer after all the transfer data are taken in the data 
buffer. Furthermore, since the data on the CPU 11 side are 
taken While Writing the stored data into the SDRAM 20, the 
capacity of the data buffer 38 can be designed to be smaller. 
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[0093] It is apparent that the present invention is not 
limited to the above embodiment and may be modi?ed and 
changed Without departing from the scope and spirit of the 
invention. 

What is claimed is: 
1. A memory controller comprising: 

a control unit con?gured to receive a transfer data from a 
transmission circuit and execute a burst transfer of said 
transfer data to a reception circuit, Wherein said trans 
mission circuit transmits a ?rst data of a ?rst bit length 
for a ?rst burst times by a burst transmission, an 
amount of said transfer data from said transmission 
circuit is equal to a product of said ?rst bit length and 
said ?rst burst times, and said reception circuit receives 
a second data of a second bit length for a second burst 
times by a burst reception; and 

a data buffer con?gured to store said transfer data, 

Wherein When an amount of said ?rst data received by said 
control unit becomes equal to or more than a product of 
said second bit length and said second burst times, said 
control unit transfers said received ?rst data as said 
second data to said reception circuit, regardless of a 
number of said ?rst data received by said control unit. 

2. The memory controller according to claim 1, further 
comprising a register con?gured to store information indi 
cating said ?rst bit length and said second bit length. 

3. The memory controller according to claim 1, further 
comprising an external terminal through Which said ?rst bit 
length and said second bit length are speci?ed. 

4. A memory controller comprising: 

a data buffer con?gured to store a transfer data of a ?rst 
burst length, Wherein said ?rst burst length is speci?ed 
for every burst transfer; 

a command split circuit con?gured to split a command 
indicating a burst transfer With said ?rst burst length 
into commands each indicating a burst transfer With a 
split burst length, in accordance With a predetermined 
second burst length supported by a memory and burst 
transferred in response to one command issuance; 

a burst length table con?gured to store said split burst 
length; and 

a burst timing control circuit con?gured to control a 
timing of a burst transfer of said transfer data such that 
said transfer data stored in said data buffer is burst 
transferred to said memory by said split burst length 
stored in said burst length table. 

5. The memory controller according to claim 4, 

Wherein When an amount of said transfer data stored in 
said data buffer becomes equal to or more than that 
corresponding to said split burst length, said burst 
timing control circuit initiates said burst transfer of said 
transfer data. 
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6. The memory controller according to claim 4, 

Wherein When a start address of a destination of said 
transfer data is different from a burst boundary, said 
command split circuit speci?es a data length from said 
start address to said burst boundary as said split burst 
length. 

7. The memory controller according to claim 4, 

Wherein said command split circuit determines said split 
burst length based on a ?rst data Width With Which said 
transfer data is transmitted to said data buffer and a 
second data Width With Which said transfer data is 
transferred from said data buffer to said memory. 

8. The memory controller according to claim 7, further 
comprising a register con?gured to store information indi 
cating said ?rst data Width and said second data Width. 

9. The memory controller according to claim 7, further 
comprising an external terminal through Which said ?rst data 
Width and said second data Width are speci?ed. 

10. A memory control method comprising: 

(A) storing a transfer data of a ?rst burst length in a data 
buffer, Wherein said ?rst burst length is speci?ed for 
every burst transfer; 

(B) splitting a command indicating a burst transfer With 
said ?rst burst length into commands each indicating a 
burst transfer With a split burst length, in accordance 
With a predetermined second burst length supported by 
a memory and burst transferred in response to one 
command issuance; 

(C) storing said split burst length in a burst length table; 
and 

(D) controlling a timing of a burst transfer of said transfer 
data such that said transfer data stored in said data 
buffer is burst transferred to said memory by said split 
burst length stored in said burst length table. 

11. The memory control method according to claim 10, 

Wherein When an amount of said transfer data stored in 
said data buffer during said (A) step becomes equal to 
or more than that corresponding to said split burst 
length, said burst transfer of said transfer data is 
initiated in accordance With said (D) step. 

12. The memory control method according to claim 10, 

Wherein in said (B) step, When a start address of a 
destination of said transfer data is different from a burst 
boundary, a data length from said start address to said 
burst boundary is speci?ed as said split burst length. 

13. The memory control method according to claim 10, 

Wherein in said (B) step, said split burst length is deter 
mined based on a ?rst data Width With Which said 
transfer data is transmitted to said data buffer and a 
second data Width With Which said transfer data is 
transferred from said data buffer to said memory. 

14. The memory control method according to claim 13, 
further comprising: (E) externally specifying said ?rst data 
Width and said second data Width. 


