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DESCRIPTION 

MEMORY CONTROL UNIT 

5 Field of the Invention 

The present invention relates to a memory control unit 

for controlling a Synchronous: Dynamic Random Access Memory 

(hereinafter abbreviated as "SDRAM11
). 

10 Background of the Invention 

Recently, SDRAM has come into use which allows burst mode 

data transfer of cache memory frequently used in personal 

computers to be performed at high speed synchronized with the 

clock speed. The .SDRAM allows for switching between 

15 multiple-bank continuous access mode and random access mode. 

20 

In the multiple-bank mode, two banks, bank 0 and bank 1 are 

used. The most significant bit (MSB) of the memory addresses 

of bank O is "0., " whereas the MSB of the memory address.es of . 

bank 1 is "1. " Bank O and bank 1 are accessed alternately 

by controlling the clock so that data in one of the banks can 

be read while a memory address for the other bank is obtained. 

Memory control unit for controlling the SDRAM, for 

example those described in, for example, Japanese Patent 

Laid-Open No. 8-111090 and Japanese Patent Laid-Open No. 
25 8-212170, are known. 

The memory control unit 11 for controlling SDRAM 

described in Japanese Patent Laid-Open No. 8-212170 comprises 

memory control means 12 and arbitration/wait signal 

generation means 13 as shown in FIG. 8 and controls accesses 

30 to a number of blocks 14 to 17 of the SDRAM 2. 

A memory address signal (MADD), a data signal (DATA)~ 

and a read/write control signal {RD/WR) are input 

respectively into memory control parts 18a to 18d 

corresponding to the respective blocks 14 to 17. 
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A memory access request signal (cs) from each block 14 

to 17 is input into the arbitration/wait signal generating 

means 13 and from which a wait signal (Wait) is returned to 

each block 14 to 17. 

5 The memory control part corresponding to the block which 

received a memory access enable signal (Enable) from the 

arbitration/wait signal generation means 13 controls the 

access to the SDRAM2 from the enabled block. 

An example of the read access timing for SDRAM 2 using 

10 the memory control unit 11 will be described below. In this 

example, it is assumed that SDRAM2 uses multiple-bank mode. 

Bank o is selected when the MSB of a memory address 

provided by a block is "O, " whereas bank 1 is selected when 

the MSB is "1." 

15 As shown in FIG. 9, the row address RO/column addresses 

CO pair of bank O and the row address Rl/column address Cl 

pair of bank 1 are alternately taken into the SDRAM according 

to the clock CK. Data DOO and DOl of bank 0 are output at 

a clock timing at which row address Rl and column address Cl 

20 of bank 1 are input. DOl is data which has an address following 

the address of DOO. This means that the two-word data can 

be output by one address input. When only one-word of data 

is required, data DOl is not required. 

The precharging of each bank is automatically performed 

25 at a time point at which the last data, that is, data DOl of 

two-word data is output. The same applies the precharging 

of bank l. 

In this way, bank O and bankl of the SDRAM are accessed 

alternately and seamlessly. 

30 For the memory control ·Unit of the conventional art, in 

the case where SDRAM uses multiple.;.;bank mode and a single block 

makes access to the SDRAM, bank O is continuously accessed 

if memory addresses for continuously accessing the same bank 

(for example, bank is set to 0) is continuously output from 

l:i 
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the single block. In such a case, no address can be output 
to bank O until the precharge operation on bank O ends. That 
is, there will be a wasted in which the SDRAM cannot be 
accessed • 

5 One solution to the problem may be to generate memory 
addresses in a single block if that single bank accesses the 
SDRAM so as to access bank O and bank 1 alternately. However, 
it is extremely difficult to correlate memory addresses 
provided from a plurality of blocks if the plurality of blocks 

10 access the SDRAM. Accordingly, the same bank can be 
continuously accessed because the memory addresses from the 
blocks are not correlated with each other. 

For example, when block B attempts to access block 0 
immediately after block A accesses block O, the same block, 

15 (block 0) is continuously accessed. No address can be 
provided to bank O until the precharge operation on bank O 
ends. This means that there is a wasted cycle in which the 
SDRAM cannot be accessed. 

An object of the present invention is to provide a memory 
20 control unit for preventing continuous accesses to the same 

bank of SDRAM to increase its processing speed. 

Disclosure of the Invention 
The memory control unit of the present invention is 

25 arranged so as to convert memory addresses provided from 
blocks into addresses such that the address inputs are 
alternated between the banks of the SDRAM. 

According to the present invention, a memory control unit 
is provided which prevents continuous accesses to the same 

30 bank of SDRAM to increase its processing speed. 
The present invention provides a memory control unit for 

controlling SDRAM which has a plurality of banks and allows 
for continuous access in multiple-bank mode in which address 
inputs to the banks are seamlessly alternated between the 
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banks of theSDRAM by precharging the banks individuallyi 

wherein the memory control unit is arranged so as to convert 

memory addresses ·from a block accessing to the SDRAM through 

the memory control unit into addresses such that the addresses 

5 are input to the banks of the SDRAM alternately. The memory 

addresses from the blocks are converted so as to be able to 

be input to the banks alternately between them even if the 

memory addresses which would otherwise cause continuous 

accesses to the sam:e bank of the SDRAM are provided by the 

10 blocks, thus the banks can be accessed always alternately. 

Therefore, a useless cycle in which the SDRAM cannot be 

accessed is eliminated, and commands can be continuously 

issued to the SDRAM to increase its processing speed. From 

the viewpoint of the blocks generating memory addresses, they 

15 can generate the memory addresses without paying attention 

to the banks. 

The present invention further provides a memory control 

unit for controlling SDRAM which is divided into at least two 

banks and allows for switching between multiple-bank 
20 continuous access mode and random access mode, said 

multiple-bank continuous access mode enabling address inputs 

to the banks to be seamlessly alternated by precharging the 

banks individually, characterized in that the memory control 

unit comprises an arbiter for arbitrating memory access 

25 requests from a plurality of blocks accessing the SDRAM 

through the memory control unit, a command generation block 

for generating a memory command to be issued to the SDRAM, 

an address conversion block for converting memory addresses 

from a block to which access right is given by the arbiter 

30 into row and column addresses so that the addresses are input 

to the banks of the SDRAM alternately, a data latch block for 

latching write data from a block to which access right is given 

by the arbiter or read data from the SDRAM to pass the data 

between the block and the SDRAM. Even if memory addresses 

-. 
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provided by the plurality of blocks are not correlated with 
each other, the same bank of the SDRAM is not continuously 
accessed, memory access in multiple-bank mode is easily 
assured, and commands can be continuously issued to the memory, 

5 resulting in increased processing speed. 
The present invention further provides a memory control 

unit for controlling SDRAM by pairing memory access units 
provided by each block in the respective banks so that the 
banks of the SDRAM are alternately accessed. A same single 

10 bank of the SDRAM is not contiquously accessed and a plurality 
of banks are accessed alternately. 

The present invention further provides a memory control 
unit, wherein the command generation block is arranged to 
generate a mask signal for disabling access data 

15 corresponding to an excess or deficiency of memory access from 
the block in the SDRAM if the memory access units provided 
by the block to which access right is given are not paired 

-in the respective banks. This eliminates the need for 
controlling a number of signals or re-specifying a burst 

20 length, which would be necessary in the conventional art. The 
memory access can be controlled simply by using the mask signal 
without changing the memory access units of the banks, 
resulting in simplified circuitry for memory control. 

25 Brief Description of the Drawings 
FIG. 1 is a block diagram showing the configuration of 

a memory control unit according to embodiment 1 of the present 
invention; 

FIG. 2 is a diagram for describing address conversion 
30 in an address conversion block according to embodiment 1 of 

the present invention; 
FIG. 3 is a timing diagram showing the timing of accessing 

to each bank according to embodiment 1 of the present 
invention; 
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FIG. 4 is a diagram for describing an example of address 

conversion which is different from embodiment 1; 

FIG. 5 is a diagram for describing an example of address 

conversion which is different from embodiment l; 

5 FIG. 6 is a timing diagram Showing a memory access unit 

for each block according to embodiment 2 of the present 

invention; 

FIG. 7 is a timing diagram showing different memory access 

units according to embodiment 3 of the present invention; 

10 FIG. 8 is a block diagram showing· a configuration of a 

memory control unit according to·a· conventional art; and 

FIG. 9 is a timing diagram showing the timing of accessing 

to each bank according to the conventional art. 

A memory control unit according to the present invention 

15 will be described" below with respect to specific embodiments. 

Embodiments 

(Embodiment 1 ) 

A memory control unit according to embodiment 1 shown 

20 in FIG. 1 controls SDRAM 2 having two banks O, 1 and allowing 

for continuous access in multiple-bank mode in which address 

inputs are seamlessly alternated between banks O and 1 by 

precharging the banks individually as in the conventional art. 

Unlike the conventional art, the memory control unit of 

25 embodiment 1 is arranged to convert memory addresses provided 

by blocks 4, 5 accessing SDRAM 2 through the memory control 

unit 3 as shown in FIG. 1 into addresses such that the converted 

addresses are iriput to bank O and bank 1 alternately. 

As shown in FIG. 1, the memory control unit 3 comprising 

30 an arbiter 6 for arbitrating memory access requests from- the 

plurality of blocks 4, 5 accessing the SDRAM 2, a command 

generation block 7 for generating a memory command to the SDRAM 

2, an address conversion block 8 for converting memory 

addresses from a block to which access right is given by the 

.. 
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arbiter 6 into row and column addresses sucl_l that the addresses 
are input to the banks of the SDRAM i alternately, a data latch 
block 9 for latching write data from a block to which access 
right is given by the arbiter 6 or read data from the SDRAM 

s 2 to pass the data between the block and the SDRAM 2. 
The blocks 4, 5 may be a computer which, for example, 

transfers data between a host computer and a microcomputer 
through SDRAM 2, or may be an error correction block which 
corrects erroneous data. 

10 Operations of the memory control unit 3 for writing data 
from the block 4 into the SDRAM 2 in multiple-bank mode will 
be described below. 

Here, it is assumed that the SDRAM 2 is programmed for 
a burst length of "2, " that is, when an address is specified, 

15 two wards of data, one for the specified address and one for 
the succeeding address, are accessed. 

20 

When the block 4 accesses the SDRAM 2, an address, data, 
and a control signal are provided to the SDRAM 2 through the 
memory control unit 3. 

The block 4 outputs a write request signal to the arbiter 
6 of the memory control unit 3. 

The arbiter 6 returns an enable signal to the block 4 
if no other block is accessing the SDRAM 2, or returns an enable 
signal to a block hav.l..ng a higher priority if the block 5 also 

25 outputs a request signal simultaneously with the block 4. In 
this example, it is assumed that the block 4 has the highest 
priority and enabled to access to the SDRAM 2 by the arbiter 
6. 

The arbiter 6 directs the address conversion block 8 to 
3 O obtain the memory address output from the enabled block 4, 

and directs the data latch block 9 to obtain the data to be 
written output from the block 4. At the same time, it directs 
the command generation block 7 to generate memory commands, 
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including Row Address Strobe (RAS) ;and Column Address Strobe 

(CAS). 

The address conversion performed in the address 

conversion block 8 will be described below. 

5 The address conversion block 8 converts the memory 

addresses received from the block 4 into addresses such that 

the converted addresses are input to bank O and bank 1 of the 

SDRAM 2 alternately. 

Because the SDRAM 2 is programmed for a burst length of 

10 "2," the memory address is incremented by two as it is output 

from the block 4, as shown in FIG. 2 (a) • The MSB of the memory 

address indicates a bank address. If the MSB is "0," then 

bank o would be selected and if it is "1," then bank 1 would 

be selected. Thus, bank O of the SDRAM 2 would be selected 

15 continuously because the MSBs of all the memory addresses 

before conversion shown in FIG. 2 (a) are "0" unless they are 

otherwise changed. · 

Therefore, the second bit from the least significant bit 

( LSB) of each of the memory addresses before conversion shown 

20 in FIG. 2 (a) is made to the MSB of the converted memory address, 

and the bits higher than a third bit before conversion is 

shifted toward the LSB by one bit, generating the converted 

memory address as shown in FIG. 2(b). 

As shown in FIG. 2(b), the MSBs of the resulting memory 

25 addresses alternate between O and 1. Thus, bank O and bank 

1 are always accessed alternately and the each block can 

generate memory addresses without taking care of the banks. 

In this way, the address conversion block 8 performs 

memory address conversion and generates row and column 

30 addresses based on the converted memory addresses shown in 

FIG. 2(b) to output them to the SDRAM 2. 

The data latch block 9 outputs each latched write data 

to the SDRAM 2 and the command generation block 7 outputs the 

memory commands mentioned above to the SDRAM 2. 
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Now, the access timing to each bank of the SDRAM 2 will 
. ·~-~.-.. 1.:.:. -~ .::.; ':_ ~d~:· 

be described belo\;i'; ,.,..\' 1~ 

As shown in FIG. 3, row address ROO and column address 

coo of bank O and row address RlO and column address Cl.O of 

5 a bank 1 are alternately obtained according to the clock CK. 

Data 000, DOl of bank O are output at clock timing at which 

row address RlO, column address ClO of the bank 1 are input. 

DO! is data of the address following ooo. This means that 

two words of data can be output by one address input. The 

10 precharge of each bank is automatically performed at a timing 

atwhichthelastdata, that is, dataDOl, 011, 003 ... oftwo-word 

data is output. The same applies to the precharging of bank 

1. 

Because of this arrangement, the memory addresses from 

15 the blocks can be converted so as to be input to the banks 

20 

.· 
alternately even if memory addresses which would otherwise 

cause continuous access to the same bank of the SORAM 2 are 

output from the blocks, thus preventing continuous access to 

the same bank. That is, the banks can be accessed always 

alternately, so that a wasted cycle in which the SDRAM 2 cannot 

be accessed is eliminated and commands can be continuously 

issued to the SORAM 2 to increase its processing speed. From 

the viewpoint of the blocks generating memory addresses, the 

memory addresses can be generated without taking care of the 

25 banks. 

In the description of embodiment 1 , the SDRAM 2 programmed 

for a burst length of "2" has been described by way of example. 

If the SORAM 2 is programmed for a burst length of "4" for 

example, the third bit from the LSB of a memory address before 

30 conversion shown in FIG. 4(a) is made to the MSB of the 

converted memory address shown in FIG. 4 (b) and the bits higher 

than the fourth bit from the LSB of the memory address before 

conversion are shifted by one bit toward the lower bits to 

generated the converted memory address as shown in FIG. 4 ( b) • 
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If the SDRAM 2 is programmed for a burst length of "1," 

the LSB of a memory address before conversion shown in FIG. 

5 (a) is made to the MSB of the converted memory address shown 

in FIG. S(b), and the bits higher than the second bit from 

5 the LSB of the memory address before conversion shown in FIG. 

S(a) are shifted ~Y one bit toward the lower bits, thus 

generating the converted memory address as shown in FIG. 5 ( b) • 

(Embodiment 2) 

A memory control unit according to embodiment 2 of the 

10 present invention is similar to embodiment 1 described above, 

except that a feature is added to the memory control unit 3 

of the embodiment 1 for pairing different banks as a unit for 

accessing by each block 4, 5 so that bank O and bank 1 are 

accessed alternately with each other to control the SDRAM 2. 

15 The memory control unit 3 controls the SDRAM 2 by pairing 

bank O and bankl as a memory access unit accessed by each block 

so that the banks are alternately accessed. For example, if 

the SDRAM 2 is programmed for a burst length of "2" in 

multiple-bank mode, the access unit of each block 4, 5 is four 

20 words so that each block uses two words for bank O and two 

words for bank 1 as a pair. 

Here, operations of the memory control unit 3 will be 

described in the case where a plurality of blocks (for example 

blocks 4, 5) access the SDRAM 2 in multiple-bank mode to write 

25 data from the blocks 4, 5 into the SDRAM 2. The SDRAM 2 is 

assumed to be burstlength "2" mode. 

Since the process is the same as embodiment 1 described 

above to the point where data from the command generation block 

7, the address conversion block 8, and the data latch block 

30 9 are output to the SDRAM 2, the description of which will 

be omitted here. 

Even if the block 5 accesses the SDRAM 2 immediately after 

the block 4 accesses the SDRAM 2 as shown in FIG. 6, the accesses 

are always alternated between bank O and bank 1 at the point 
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of switching from the block 4 to block 5, because each ·block 
accesses .four wor4's:';'as a unit by .pairincJ\t."Wo-word data for 
bank O and two-word data for bank 1. 

Thus, because of such a configuration even if the 
5 plurality of blocks 4, 5 access the SDRAM 2 and the memory 

addresses from the plurality of blocks 4, 5 are not correlated. 
with each other, continuous accesses to the same bank of the 
SDRAM 2 are prevented. That is, the banks are always accessed 
alternately, the generation of wasteful cycle which cannot 

10 access to the SDRAM 2 can be eliminated, and commands can be 
issued to the SDRAM 2 continuously, resulting in increased 
processing speed. 

(Embodiment 3) 

A memory control unit 3 according to embodiment 3 of the 
15 present invention is similar to that of embodiment i described 

above, except that a feature is added to the command generation 
block 7 of embodiment 2 for generating and outputting a mask 
signal which, if the memory access from the block is not to 
a pair of different banks, disables excess or short memory 

20 access data provided by a block to which access right is given 
in the SDRAM 2. 

Here, operations of the memory control unit 3 in the case 
where the block 4 accesses only bank o of the SDRAM 2 in 
multiple-bank mode and block 5 accesses bank 0 and bank 1 

25 continuously to write data from the blocks 4, 5 into the SDRAM 
2, as shown in FIG. 7. The SDRAM2 is assumed to be in 
burstlength "2" mode. 

The block 4 accesses two words as a unit, which is less 
than the memory access unit (four words) in embodiment 2 

30 described above. 

Whether a random address is accessed or data is accessed 
in two words as a unit by the block 4 as shown in FIG. 7 (b), 
the memory control unit 3 issues a memory command (WRITE) and 
addresses (RIO, ClO) corresponding to bank 1. 
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When a write operation is performed in this example, the 

command generation block 7 generates a mask signal which 

disables write data (DlO, Dll), which is short access data 

from the block 4, in the SDRAM 2. 

5 The write data (DlO, Dll) shown in FIG. 7 (b) may be any 

other value. 

The SDRAM 2 does not write data (DlO, Dll) in the interval 

in which.the mask signal is high. 

· In the conventional art, memory commands, including RAS 

10 and CAS and addresses, must be controlled so as not to be issued, 

that is, the memory command (WRITE) and the addresses ( Rl O, 

ClO} must be controlled not to be issued, as shown in FIG. 

7 (a) • Because memory commands are combination of a number 

of signals (/CS, /RAS, /CAS, /WE, and addresses) provided to 

15 the SDRAM 2 and all of these signals must be controlled or 
the burst length of the SDRAM 2 must be re-specified, the 

circuitry becomes considerably complicated in the 

conventional art. On the contrary, the memory control unit 

3 according to embodiment 3 eliminates the need for 

20 controlling a number of signals or re-specifying a burst 

length. The control can be simplified because it is 

accomplished by simply using the mask signal without changing 

the memory access unit. Accordingly the circuitry can be 

simplified. 

25 While in the description of the embodiments above 

operations for writing data from a block to the SDRAM 2 have 

been described, the similar effects can be obtained in the 

case where data read out from the SDRAM 2 is output to the 

block. 

Iii. 
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CLAIMS 
I If I/Ill ml/I Ill/I Ufil U 111 

C L N s * 

1. A memory control unit for controlling SDRAM (2) which 
has a plurality of banks and allows for continuous access in 

5 multiple-bank mode in which address inputs to said banks are 
seamlessly alternated by precharging said banks individually, 
characterized in that 

memory addresses provided by blocks ( 4, 5) accessing said 
SDRAM ( 2) through said memory control unit ( 3) are converted 

10 so that the addresses are input into the respective banks of 
the SORA~ (2) alternately. 

2. A memory control unit (3) for controlling SDRAM (2) 
internal of which is divided into at least two banks and allows 

15 for switching between a multiple-bank continuous access mode 
and a ·multiple-bank random access mode, said multiple-bank 
continuous access mode enabling address inputs to said banks 
to be seamlessly alternated by precharging said banks 
individually, characterized by comprising: 

20 an arbiter (6) for arbitrating memory access requests 
from a plurality of blocks (4, 5) accessing said SDRAM (2) 
through said memory control unit (3); 

a command generation block (7) for generating a memory 
command to said SDRAM (2); 

25 an address conversion block (8) for converting memory 
addresses from a block ( 4, 5) to which access right is given 
by said arbiter ( 6) into row and column addresses so that the 
addresses are input to the banks of said SDRAM { 2) alternately 
and output from said SDRAM (2); and 

30 a data latch block (9) for temporarily latching write 
data provided by a block ( 4, 5) to which access right is given 
by said arbiter { 6) or read data from said SDRAM ( 2) in order 
to pass the data between the block ( 4, 5) and said SDRAM ( 2) . 
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3 • The memory control unit according to claim 2, 

characterized in that said SDRAM ( 2) is controlled by pairing 

memory access units provided by each block (4, 5) in the 

respective banks so that the banks are alternately accessed. 

4. The memory control unit according to claim 2, 

characterized in that the command generation block (7) is 

arranged to generate a mask signal for.disabling access data 

corresponding to an excess or deficiency of memory access from 

10 the block ( 4, 5) in said SDRAM ( 2) if the memory access units 

provided by the block ( 4, 5) to which the access right is given 

are not paired in the respective banks. 

\ \11\11\ \\\I\\ Ill\\ \\1\1 \\ \II\ 
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