
1|||||||||||||ll|||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||| 
US 20020062433A1 

(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2002/0062433 A1 

SUZUKI (43) Pub. Date: May 23, 2002 

(54) MEMORY WITH ADDRESS CONVERSION (30) Foreign Application Priority Data 
TABLE 

Nov. o, 1998 (JP) ..................................... .. 315762/1998 

(76) Inventor: KAZUMASA SUZUKI, TOKYO (JP) 
Publication Classi?cation 

Correspondence Address: 
HELFGOTT & KARAS P C (51) Int. Cl.7 ................................................... .. G06F 12/10 
EMPIRE STATE BUILDING (52) US. Cl. ................................ .. 711/203; 711/159 
60TH FLOOR 

NEW YORK, NY 10118 (57) ABSTRACT 

( * ) Notice: This is a publication of a continued pros- _ _ 
ecution application (CPA) ?led under 37 Amemory includes a memory array and address conversion 
CFR 1_53(d)_ table. The memory array has a plurality of page memories 

addressed in accordance With a logical address on an address 
(21) Appl, N()_j 09/433,980 bus. The address conversion table converts the logical 

address assigned to the page memory into a physical address 
(22) Filed: Nov. 4, 1999 and outputs it to the page memory. 

-___'_—-__-—-—-_-—-—-_-__—.___‘_____________—____I 
l ADDRESS n2 MEMURYARRAYW MEMUHY' 18 }’V I CUNVEBSIUN . - 

i TABLE 20 21 : l 
. f : "~1 1 
I l ‘ I I 
i | I I 

i UL ‘ ' 

l 110' 5 ' 
| A l 
i ‘ I 
i CA8 BUFFER ~31] { 
l 1 I 

i ADDRESS DATA DISTRIBUTION LOGIC ~ | 

-— -----—-—--~—-2L-------_‘----_--a "\102 104 



Patent Application Publication May 23, 2002 Sheet 1 0f 6 US 2002/0062433 A1 

F’M?s ____ 'TiTMj?EM?iXili/WFMEIR/MP‘ 
CONVERSION 
TABLE 20 

11 

100 102 101 

F I G. 1 

103 H ______________ “Z152 '''''''''' "5/200 

2 ‘ = 5 
\ = ____ *1 Y f 100; 

MICHUPHUEESSOR B5 § our #1 um 21 i 

> 1B ‘ g“ l; i 
1013/ E i 1 ' y g 

101 E um ~1 am A 5 

\i w is I; i 
Hm” i i v it i 

; am #1 our (-1 ; 

"m a 16 i t a 

3 i v ii 3 
“my 5 OUT M OUT ~1 E 

__________ j ______ __ 



Patent Application Publication May 23, 2002 Sheet 2 0f 6 US 2002/0062433 A1 

it ‘‘‘‘ KEYS-s ____ ‘1T2- ____ 7MEM1miRKHi~_q/‘ 
CONVERSION , l 

} TABLEZU £21 _ {NH l130 ' ‘I i l "1 ~ I 

A l : . 

I L22 3 l 
I -->. ./ k l 

1 1H ‘ \ 111A ( \m Ef CASBKUFFER \30 |__,___ _ ____ ____________ ____ ________ _____l 

105/ \mn"\1u2 “101 
F I G. 3 

“mi ______________ __J_“FE.“K‘PFYFF¥EFUP"__\____ { , 141 

g l 81a ilk 40] 31h i i 

i l: 2 

85a 85b |——- §/142 



Patent Application Publication May 23, 2002 Sheet 3 0f 6 US 2002/0062433 A1 

+/1:12 91 
91 111111111 DRIVER in E 

1' 1' T ‘ / j -1 >- 4 >1 ~11 >- -0 ' 

1 i 5 H__" 

1311 g 1 ‘Ht 142 

X; L é é F l q héqkéqké?héHkciqlr?i 

r i i T “Tl: 

11111\ 1 f» i ~ ‘(r 1~ ~' '~ 1 114E; {I 
\\ 

1403 Hub an \143 = 37 

F I G. 5 

.F ____________ M3311 _____________ ‘WEMTJEYT ‘A 

1 ADDRESS 1111111133 113 11111101111111111111111 / 
- CUNVERSIUN 111315411 \ 1” ' 
1 11151121 21 : 1 
1 ' r41 E , -~11 1 
1 ~ 5 l 
I i E l 
I 11 : | : I 

i 11U\ 11 I / I - CASBUFFEB l 

| 111 k 3" 1 
\11111 "\1112 1111 



Patent Application Publication May 23, 2002 Sheet 4 0f 6 US 2002/0062433 A1 

I """"""""""""""""""""" '1 200 

H13 1 3 g 

2 5102 104 :/ 
MIEHUPHUEESSUH i 5 1} 1 5 

5 /1 / 1 

F I G. 7 

I'_'_11_1111EESF_'_1E '''' WEWWWY'WEWMW 1B 

1 CONVERSION Q If I TABLE 21 (21 3 NH i 

I ' ' 1 E 1 

i i‘ 5 ~ i 
1 7 ; I 
i 1111' * A | 

- 111' 1 1 
l A——» CA8 BUFFER ~30 ' I 
1 $1110‘ @1111‘ 1 
I " 511 - 
i ADDRESS 1111111 DISTRIBUTION LOGIC rd 1 
-—— ---------- ~21 ------------- --~ 

11\1112 1114 



Patent Application Publication May 23, 2002 Sheet 5 0f 6 US 2002/0062433 A1 

MICHUPRUCESSUH 

1c 
___________________________________ “ml 

ADDRESS PHYSICAL MEMORY CONVERSION ADDRESS "3 FMEMUBYARRAYWB I 

{TABLEZU ,21 {mama 41 I‘; H 
l I "“ 

V V I“ 

7" 1| i 
110 g A 

. i 

"it “ia?é‘iki? ''''''' “km ''''' “m” 



Patent Application Publication May 23, 2002 Sheet 6 0f 6 US 2002/0062433 A1 

W n ........................................... 2“ 5 5 5 5 
m ~ ~ ~ ~ 

1 | i I l v | I l I I | l | I I II- II _ 

W 4 Gm W 4 4 4 5 

_m _ I _ n‘ ‘.Y ‘.Y ‘v ‘Y 
.E F u 

_M n 

_ m w \ . mi m “19 

_ _ 

_ 

_||ll | | | l l I I I i l I L l l l I l l l I | l l l l l l l I 1 l | I l l I I l Il 

_ J \J \\i \ 

_ /a Tu i d; 

. 2 4 m m m m 

_ Kiwi}. m _ jm Q. 1 

. _m m w m M ‘ _TM| ?m?l MW 
_ M\ mm w w _ r “us _ r ....... IL 

FIG. 1 2 
PRIOR ART 



US 2002/0062433 A1 

MEMORY WITH ADDRESS CONVERSION TABLE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a memory inte 
grated circuit that forms the main memory of a computer 
system and, more particularly, to a memory With an address 
conversion table Which alloWs high-speed access to a main 
memory in a virtual memory. 

[0002] Generally, a computer system validates a plurality 
of processes simultaneously and executes them While time 
divisionally distributing the hardWare to the processes, 
thereby efficiently using the hardWare resources. A virtual 
memory is often used to provide the same program envi 
ronment to the processes. When the virtual memory is used, 
all processes can have an address space in the same range 
and independently address the memory. That is, the pro 
cesses actually access different memories. 

[0003] To realiZe such a virtual memory, address values 
must be converted betWeen the memory address (virtual 
address) on the program and the real address (physical 
address) of the memory to be actually addressed. 

[0004] In this case, When a table for address conversion is 
prepared on an external memory, a long time is required to 
look up the conversion table. This is because When the 
external memory is to be addressed, the address is converted 
into a physical address by looking up the external conver 
sion table, and after this, the target external memory is 
addressed. To shorten the memory access time, the address 
conversion table is prepared in the microprocessor. 

[0005] A conventional address conversion table is shoWn 
in, e.g., John L. Hennessy & David A. Patterson, “Computer 
Architecture a Quantitative Approach”, Second Edition 
1996, Morgan Kaufmann Publisher Inc., pp. 439-447. This 
address conversion table Will be described With reference to 
FIGS. 11 and 12. 

[0006] 
memory. 

[0007] In a memory 5 Which is conventionally used as a 
main memory, part of address data (to be referred to as an 
address hereinafter) input from an address bus 100 is sup 
plied to a memory array 10 to read out data to a CAS 
(Column Address Select) buffer 30. Subsequently, the 
remaining part of the address is supplied to the CAS buffer 
30. 

[0008] In a data read, data designated by an address is 
extracted from the CAS buffer 30 to a data bus 101. In a data 
Write, a value supplied to the data bus 101 is Written in a 
corresponding portion of the CAS buffer 30, and the value 
of the CAS buffer 30 is Written back to the memory array 10. 
As described above, the conventional memory 5 has no 
function of converting the value of the address bus 100. 

[0009] FIG. 12 shoWs the schematic arrangement of the 
main memory portion of a computer in use of the memory 
5 shoWn in FIG. 11. 

FIG. 11 shoWs the arrangement of a conventional 

[0010] Referring to FIG. 12, a microprocessor 2‘ has the 
64-bit data bus 101 as a memory bus. A plurality of 
memories 5 have 16-bit data buses 101a, 101b, 101c, and 
101d, respectively. The 64-bit data bus 101 on the micro 
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processor 2‘ side is divided into the 16-bit data buses 101a, 
101b, 101c, and 101a' and connected to the memories 5. 

[0011] The address bus 100 is commonly connected to the 
memories. In the microprocessor 2‘, an address is output 
from a core 60 as a virtual address (logical address) value. 
The logical address output from the core 60 is divided into 
a logical page address 120 and page offset address 121. The 
logical page address 120 is converted into a physical page 
address 122 by an address conversion table 61. The physical 
page address 122 and page offset address 121 are combined 
to generate a physical address Which is output to the address 
bus 100. In this Way, the physical address is supplied to the 
memories 5, and memory cells in the memories 5 are 
addressed. 

[0012] The address conversion table 61 in the micropro 
cessor has only several to several ten entries because of the 
limitations on the number of elements and chip area of the 
integrated circuit constructing the microprocessor. On the 
other hand, a main memory 200 formed from the plurality of 
memories 5 has a capacity of several ten Mbytes to several 
Gbytes and is divided into pages each having 64 to 512 
kbytes. For this reason, the main memory 200 requires a 
page table having several hundred to several ten thousand 
entries. 

[0013] The address conversion table 61 in the micropro 
cessor 2‘ can address only part of the main memory 200. A 
logical address that is not present in the address conversion 
table 61 must be converted into a physical address by 
looking up the page table prepared in the main memory 200. 
Hence, a long time is required to address the main memory 
200. 

[0014] Even if the microprocessor 2‘ can have a large 
address conversion table, the main memory 200 may be 
expanded, resulting in a shortage of entries of the address 
conversion table in the microprocessor. 

SUMMARY OF THE INVENTION 

[0015] It is an object of the present invention to provide a 
memory With an address conversion table capable of short 
ening the main memory access time. 

[0016] In order to achieve the above object, according to 
the present invention, there is provided a memory compris 
ing a memory array having a plurality of page memories 
addressed in accordance With a logical address on an address 
bus, and an address conversion table for converting the 
logical address assigned to the page memory into a physical 
address and outputting a physical page address to the page 
memory. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a vieW shoWing the arrangement of a 
memory according to the ?rst embodiment of the present 
invention; 

[0018] FIG. 2 is a vieW shoWing the schematic arrange 
ment of a main memory When the memory shoWn in FIG. 
1 is applied to a computer system; 

[0019] FIG. 3 is a vieW shoWing a memory obtained by 
adding an arrangement for reWriting the address conversion 
table to the memory shoWn in FIG. 1; 
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[0020] FIG. 4 is a circuit diagram of a memory cell of the 
address conversion table shoWn in FIG. 1; 

[0021] FIG. 5 is a vieW showing the detailed arrangement 
of the address conversion table shoWn in FIG. 1; 

[0022] FIG. 6 is a vieW shoWing the arrangement of a 
memory according to the second embodiment of the present 
invention; 
[0023] FIG. 7 is a vieW shoWing the schematic arrange 
ment of a main memory When a Rambus DRAM is applied 
to a computer system; 

[0024] FIG. 8 is a vieW shoWing the arrangement of a 
memory according to the third embodiment of the present 
invention; 
[0025] FIG. 9 is a vieW shoWing the schematic arrange 
ment of a main memory When a memory With distributed 
page entries is applied to a computer system; 

[0026] FIG. 10 is a vieW shoWing the arrangement of a 
memory according to the fourth embodiment of the present 
invention; 
[0027] FIG. 11 is a vieW shoWing the arrangement of a 
conventional memory; and 

[0028] FIG. 12 is a vieW shoWing the schematic arrange 
ment of a main memory When the memory shoWn in FIG. 
11 is applied to a computer system. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] The present invention Will be described beloW With 
reference to the accompanying draWings. 

[0030] FIG. 1 shoWs the schematic arrangement of a 
memory according to the ?rst embodiment of the present 
invention. Referring to FIG. 1, a memory 1 has a memory 
array 10, address conversion table 20, and CAS buffer 30. 
The memory array 10 is divided into a plurality of page 
memories (memory cells of one page; to be referred to as a 
page hereinafter) 11 of several ten to several hundred kbytes. 
In the address conversion table 20, entries 21 are allocated 
in correspondence With the pages 11 in the memory array 10. 

[0031] A logical address supplied to an address bus 100 is 
divided into a logical page address 110 and page offset 
address 111. For the logical page address 110, a page 11 in 
the memory array 10, Which corresponds to the logical page 
address 110, is checked by looking up the address conver 
sion table 20. 

[0032] When the logical page address 110 corresponds to 
one of the pages, one of address conversion table hit signals 
112 representing physical addresses (physical page 
addresses) changes to “1”. This activates the corresponding 
page 11 in the memory cell array 10 to alloW addressing data 
in the page 11. The page offset address 111 is supplied to the 
memory array 10 and CAS buffer 30 to determine data in the 
active page 11 in the memory array 10, Which is to be 
addressed. 

[0033] The data access operation is the same as that in the 
conventional memory 5 shoWn in FIG. 11. More speci? 
cally, in a read, the value of the memory to be accessed is 
read out to the CAS buffer 30 and then output to a data bus 
101. In a Write, the value is Written in the corresponding 
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portion of the CAS buffer 30, and then, the contents of the 
CAS buffer 30 are Written back to the memory array 10. 

[0034] When a page 11 corresponding to the logical page 
address 110 is present in the memory array 10, a hit signal 
102 is output from the address conversion table 20, as 
described above. If no corresponding page is present, the 
contents of the address conversion table 20 (i.e., the page 
conversion table) and data contents of the pages 11 in the 
memory array 10 are changed, and then, data are accessed 
again. 

[0035] To clarify the arrangement and indicate the 
arrangement common to all the folloWing embodiments, a 
mechanism for changing the address conversion table 20 is 
not illustrated in FIG. 1. 

[0036] FIG. 2 shoWs the schematic arrangement of a main 
memory portion using the memory 1 shoWn in FIG. 1. 
Referring to FIG. 2, the 64-bit data bus 101 is connected to 
a microprocessor 2, and 16-bit data buses 101a, 101b, 101c, 
and 101d are connected to a plurality of memories 1, 
respectively. 
[0037] The data bus of the microprocessor 2 may be a 32 
or 128-bit bus, though generality is not lost. The data bus on 
the memory 1 side can be any one of 1- to 32-bit buses, 
though the mention to only the 16-bit data bus does not 
negate generality. 

[0038] In the eXample shoWn in FIG. 2, the 64-bit data bus 
101 is divided into the 16-bit data buses 101a, 101b, 101c, 
and 101a' and connected to the memories 1. The address bus 
100 to Which a logical address is output is commonly 
connected to the memories 1. Each memory 1 receives this 
logical address and converts it into a physical address by 
looking up the address conversion table 20 in the memory 1 
such that a corresponding page in the memory array 10 can 
be addressed. 

[0039] When the address conversion table 20 has the 
target address, the hit signal 102 is output from the memory 
1. Each memory 1 has a hit signal terminal OUT. The 
outputs from the hit signal terminals OUT are input to a 
NOR circuit 3. When one hit signal 102 is output from the 
memories 1, the output from the NOR circuit 3 is at “0”. On 
the other hand, When no hit signal 102 is output from the 
memories 1, the output from the NOR circuit 3 is at “1”. 

[0040] The output from the NOR circuit 3 is supplied to 
the microprocessor 2 as an interrupt signal 103. When no hit 
signal 102 is output from the memories 1, the microproces 
sor 2 is noti?ed that the corresponding page 11 to be 
accessed is not present in a main memory 200. In this case, 
the microprocessor 2 eXecutes, e.g., an interrupt routine to 
exchange the pages 11. 

[0041] FIG. 3 shoWs the memory 1 shoWn in FIG. 1, 
Which has an arrangement necessary for page eXchange. For 
other embodiments to be described later as Well, the pages 
11 can be eXchanged by adding the same mechanism as in 
FIG. 3. 

[0042] Referring to FIG. 3, addresses different from those 
of the memory array 10 are allocated in the address con 
version table 20. A memory space or IO space may be 
allocated to the different addresses. To reWrite the contents 
of the address conversion table 20, an address conversion 
table look-up address 130 as another address is supplied 
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from the address bus 100 to the address conversion table 20. 
Similarly, an address conversion table data bus 131 is given 
from the data bus 101. 

[0043] In this arrangement, only When the address con 
version table 20 is to be reWritten, a selector 22 sWitches 
betWeen the address bus 100 and address conversion table 
data bus 131. This mechanism alloWs the microprocessor 2 
side to look up the address conversion table 20 as in 
addressing the memory array 10 of the memory 1. 

[0044] In the page reWrite routine of the microprocessor 2, 
the page 11 of the memory array 10, Which is to be replaced, 
is designated using the address conversion table 20. The data 
of the page 11 is Written back to a secondary storage device 
such as a hard disk (not shoWn) through the CAS buffer 30. 
Next, an address conversion table Write enable signal 106 is 
output to the address conversion table 20. An entry 21 to be 
reWritten in the address conversion table 20 is designated by 
the address conversion table look-up address 130, and a 
logical address is Written in the entry 21 to be reWritten, via 
the address conversion table data bus 131. With this opera 
tion, the address conversion table 20 is reWritten. 

[0045] When the address conversion table 20 can be 
looked up in the memory space or IO space, the same 
processing as in Writing a value in the memory or IO can be 
performed. For this reason, a Write enable signal for the 
memory or IO can be directly used as the address conversion 
table Write enable signal 106. 

[0046] Finally, the microprocessor 2 addresses the page 11 
in the memory array 10 using the logical address of the 
reWritten address conversion table 20, and Writes the data 
saved in the secondary storage device via the CAS buffer 30. 

[0047] As Will be described later, the address conversion 
table 20 has a register for registering a logical address in 
each entry 21 and a comparator for comparing the contents 
of addresses. The register and comparator may be formed 
from independent circuit elements. Alternatively, an 
arrangement such as the tag of a content-addressable 
memory may be used. 

[0048] FIG. 4 shoWs the arrangement of a memory cell 80 
of the address conversion table 20. Referring to FIG. 4, in 
the memory cell 80, PMOS transistors 81a and 81b and 
NMOS transistors 82a and 82b construct tWo inverters to 
hold data. NMOS transistors 83a and 83b Write data. NMOS 
transistors 84a, 84b, 85a, and 85b construct an XOR circuit 
(exclusive OR circuit) to compare contents stored in the 
memory cell 80 With the contents of a bit line. The PMOS 
transistors 81a and 81b and NMOS transistors 82a and 82b 
construct the above-described register. The NMOS transis 
tors 84a, 84b, 85a, and 85b construct the above-described 
comparator. 

[0049] In a data Write, a value to be Written is supplied to 
a bit line 140a, and the inverted value is supplied to a bit line 
140b. When a Word line 141 is set at a high potential, the 
data is Written through the NMOS transistors 83a and 83b. 
When data are to be compared, a match line 142 is pre 
charged to a high potential. A value to be compared is 
supplied to the bit line 140a, and its inverted value is 
supplied to the bit line 140b. When data comparison shoWs 
that the values coincide, the match line 142 is not dis 
charged. If the data do not coincide, the match line 142 is 
discharged. 
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[0050] When multiple bit data are to be compared, the 
same match line 142 is connected to memory cells for 
storing the plurality of bit data to be compared. The match 
line 142 is not discharged only When all data coincide. When 
even one bit data does not coincide, the match line 142 is 
discharged from the bit data. With this processing, multiple 
bit data can be compared. 

[0051] FIG. 5 shoWs the address conversion table 20 
using the memory cell 80 shoWn in FIG. 4. The memory 
cells 80 forming one entry 21 share the same Word line 141 
and match line 142. A precharge PMOS transistor 88 is 
connected to the match line 142. To generate the hit signal 
102, an OR circuit is constructed by a PMOS transistor 86, 
NMOS transistor 87, and inverter 89. 

[0052] To Write data in the memory cell 80, Write data is 
supplied to a Write comparison data line 132, and the Write 
data is supplied to the bit line of the memory cell 80 via a 
bit line driver 90. When the address of the entry 21 Where the 
data is to be Written is supplied to the address conversion 
table look-up address 130, and the address conversion table 
Write enable signal 106 is supplied, a decoder 91 sets the 
Word line 141 of the entry 21 Where the data is to be Written 
at a high potential. With this processing, the data is Written 
in the entry 21 in the address conversion table 20. 

[0053] To compare data of the memory cell 80, the match 
line 142 is precharged in accordance With a precharge signal 
143. The value to be compared is supplied to the Write 
comparison data line 132, and the comparison data is 
supplied to the bit line of the memory cell 80 via the bit line 
driver 90. The data of the memory cell 80 is compared. If 
one data coincides, only the match line 142 of the corre 
sponding entry 21 is set at the high potential, and the 
remaining match lines 142 are at the loW potential. The 
values of all the match lines 142 are ORed and output as the 
hit signal 102. The signal of the match line 142 can be output 
as the address conversion table hit signal 112 shoWn in FIG. 
1 directly or after adjustment of the timing. 

[0054] FIG. 6 shoWs the schematic arrangement of a 
memory according to the second embodiment of the present 
invention. 

[0055] In the embodiment shoWn in FIG. 1, the entries 21 
corresponding to all pages 11 can be integrated in the 
memory 1. HoWever, all entries 21 may not be integrated 
because of the chip area or the like. FIG. 6 shoWs an 
example for this case. 

[0056] In a memory 1A shoWn in FIG. 6, a physical page 
address 113 is extracted from a physical address table 40 ?rst 
by looking up an address conversion table 20. Entries 21 of 
the address conversion table 20 correspond to entries 41 of 
the physical address table 40 in a one-to-one correspon 
dence. If a value in coincidence With the given logical page 
address is stored in a certain entry 21 of the address 
conversion table 20, the physical page address 113 stored in 
the entry 41 corresponding to that entry 21 is extracted from 
the physical address table 40. 

[0057] This physical page address 113 has a value corre 
sponding to the upper portion (portion excluding the page 
offset address) of the normal address used to address a 
memory. This value is input to a memory array 10 to address 
a corresponding page 11. 
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[0058] When the address value of the corresponding page 
11 is registered in the address conversion table 20, a hit 
signal 102 is output from the address conversion table 20. 
When the address value of the corresponding page 11 is not 
registered in the address conversion table 20, the page 11 
may be present in the memory array 10 or not present in the 
memory array 10. These cases can be discriminated by 
looking up a page table (not shoWn) in a main memory 200. 

[0059] When the corresponding page 11 is present in the 
memory array 10, the corresponding entries of the address 
conversion table 20 and physical address table 40 are 
reWritten such that the page 11 can be addressed. When the 
corresponding page 11 is not present in the memory array 
10, the corresponding entries of the address conversion table 
20 and physical address table 40 are reWritten. After the 
reWrite, the corresponding page 11 of the memory array 10 
is designated using the reWritten entry of the address con 
version table 20, and the contents of the page 11 are 
registered such that the page 11 can be addressed. 

[0060] To replace the entries, an address space is allocated 
in the physical address table 40 as in address allocation in 
the address conversion table 20 shoWn in FIG. 3 such that 
the table can be looked up from a microprocessor 2 side by 
an interrupt routine. More speci?cally, to reWrite the entry 
21 of the address conversion table 20, an address conversion 
table Write enable signal 106 is output to the address 
conversion table 20, as in FIG. 3. The entry 21 of the 
address conversion table 20, Which is to be reWritten, is 
designated using an address conversion table look-up 
address 130, and a logical address is Written in the entry 21 
to be reWritten via an address conversion table data bus 131. 

[0061] To reWrite the entry 41 of the physical address table 
40, a Write enable signal (not shoWn) is output to the 
physical address table 40, as in the reWrite of the entry of the 
address conversion table 20. The entry 41 of the physical 
address table 40, Which is to be reWritten, is designated using 
a physical address table look-up address (not shoWn), and a 
physical page address is Written in the entry 41 to be 
reWritten via a physical address table data bus (not shoWn). 

[0062] A memory such as a Rambus DRAM (Dynamic 
Random Access Memory) has a bus commonly used as a 
data bus and address bus. The type of address or access is 
Written in a command packet. In this case, the memory to be 
accessed is determined by looking up the address in the 
command packet. 

[0063] FIG. 7 shoWs the arrangement of the main memory 
200 When the present invention is applied to such a Rambus 
DRAM. 

[0064] Referring to FIG. 7, the microprocessor 2 and 
memory (Rambus DRAM) 1 are connected via an address 
data common bus 104. A command packet and data packet 
are exchanged via the common bus 104. In this case as Well, 
the hit signals 102 are collected by a NOR circuit 3 and 
output as an interrupt signal 103 to the microprocessor 2. 

[0065] FIG. 8 shoWs the third embodiment of the present 
invention in Which the present invention is applied to a 
Rambus DRAM. 

[0066] In a memory 1B shoWn in FIG. 8, a command 
packet on a common bus 104 is distributed onto an address 
bus 100‘, and a data packet on the common bus 104 is 
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distributed onto a data bus 101‘ by an address data distri 
bution logic 50. The value of the address bus 100‘ is divided 
into a logical page address 110‘ and page offset address 111‘. 
The logical page address 110‘ is supplied to an address 
conversion table 20 to activate a corresponding page 11 in a 
memory array 10. 

[0067] The data in the memory array 10 designated by part 
of the page offset address 111‘ is read out to a CAS buffer 30. 
The data in the CAS buffer 30, Which is to be accessed, is 
designated by the remaining part of the page offset address 
111‘. 

[0068] The data read and Write are the same as in the 
conventional memory described above. In the arrangement 
shoWn in FIG. 8 as Well, a hit signal 102 is output When the 
target address is present in the address conversion table 20. 

[0069] As shoWn in FIG. 2, When one data bus 101 is 
divisionally connected to a plurality of memories 1, one 
page 11 is divisionally placed on the plurality of memories 
1. More speci?cally, When one page has 8 kbytes, and a data 
bus is divided into four buses, as shoWn in FIG. 2, the page 
is divisionally placed on four memories in units of 2 kbytes. 
For this reason, the number of pages per memory increases 
to result in a shortage of entries. 

[0070] To solve this, page entries are distributed to memo 
ries having the same page such that the memories have 
different page entries, as shoWn in FIG. 9. The physical 
address converted by the address conversion table 20 is 
transmitted to the three remaining memories via a back bus 
105. Since the address conversion table 20 is distributed to 
four memories, hit signals 102 need be extracted from all the 
memories and input to a NOR circuit 3. When not four but 
tWo page entries suf?ce, the tWo distributed page entries are 
connected via the back bus 105, and tWo hit signals are input 
to the NOR circuit. 

[0071] FIG. 10 shoWs the fourth embodiment of the 
present invention in Which entries are distributed via a back 
bus 105. A memory array 10, address conversion table 20, 
CAS buffer 30, and physical address table 40 are the same 
as in the embodiment shoWn in FIG. 2. 

[0072] Referring to FIG. 10, When the address conversion 
table 20 is hit, the memory array 10 is addressed using a 
value (physical page address) extracted from a correspond 
ing entry 41 in the physical address table 40. In addition, the 
extracted physical page address is output to the back bus 105 
via a three-state buffer 70. The three-state buffer 70 is 
controlled using a hit signal 102 from the address conversion 
table 20. 

[0073] When the address conversion table 20 is not hit, a 
physical page address supplied from the address conversion 
table in another memory via the back bus 105 is used to 
address the memory array 10. This sWitching is performed 
by controlling a selector 71 in accordance With the hit signal 
102. As a result, the same entry 41 can be shared by a 
plurality of memories by changing the loWer address (i.e., 
the page offset address) betWeen the memories. 

[0074] As has been described above, according to the 
present invention, the number of entries of the address 
conversion table can be increased. The reason for this is as 
folloWs. Conventionally, an address conversion table is 
prepared in one microprocessor, and the number of entries is 
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limited by the chip area. According to the present invention, 
however, a computer system has a plurality of memories. 
For this reason, even When each memory has only a small 
address conversion table, the total number of entries can be 
increased. 

[0075] When the capacity of the main memory is 
increased, the number of entries of the address conversion 
table can be increased. This is because since each memory 
has an address conversion table, the number of entries of the 
address conversion table increases accordingly When memo 
ries are added. 

[0076] As a consequence, the average time of access to the 
main memory can be shortened. When the capacity of the 
main memory is increased, the number of entries of the 
address conversion table also increases. In this case as Well, 
the average time of access to the main memory can be 
shortened. 

What is claimed is: 
1. A memory comprising: 

a memory array having a plurality of page memories 
addressed in accordance With a logical address on an 
address bus; and 

an address conversion table for converting the logical 
address assigned to said page memory into a physical 
address and outputting a physical page address to said 
page memory. 

2. A memory according to claim 1, Wherein 

the address conversion table has a plurality of entries 
storing logical addresses. 

3. A memory according to claim 2, further comprising 

an output terminal for outputting a coincidence signal 
When the logical address on the address bus, Which is 
used to address said memory array, coincides With a 
logical address stored in an entry of the address con 
version table. 

4. A memory according to claim 2, Wherein 

the number of entries of the address conversion table 
equals the number of page memories. 
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5. A memory according to claim 4, Wherein 

the number of entries of the address conversion table is 
smaller than the number of page memories, 

When the logical address stored in an entry of the address 
conversion table coincides With the logical address on 
the address bus, Which is used to address said memory 
array, the logical address stored in the entry of the 
address conversion table is converted and output to said 
page memory as a physical page address, and 

When the logical address stored in the entry of the address 
conversion table does not coincide With the logical 
address on the address bus, Which is used to address 
said memory array, another logical address is stored in 
the entry of the address conversion table to replace 
pages. 

6. A memory according to claim 2, Wherein 

each of the entries of the address conversion table com 
prises 

a register for holding a logical address, and 

a comparator for comparing the logical address held in 
said register With the logical address on the address bus, 
Which is used to address said memory array. 

7. A memory according to claim 6, further comprising 

address conversion means for, When the comparison result 
from said comparator indicates that the logical 
addresses coincide, converting the logical address into 
a physical page address and outputting the physical 
page address to said page memory. 

8. A memory according to claim 7, Wherein 

said address conversion means is constructed by a physi 
cal address table having a plurality of entries respec 
tively corresponding to the entries of the address con 
version table, and 

each entry of the physical address table stores a physical 
page address corresponding to a logical address. 


