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(57) ABSTRACT 

A multi-bank memory array architecture utilizing topologi 
cally non-uniform blocks of sub-arrays and input/output 
(“I/O”) assignments in an integrated circuit memory device. 
By using non-uniform blocks of multiple identical sub 
arrays, non-uniform assignments of blocks to banks and/or 
non-uniform assignments of I/Os to blocks, it is possible to 
optimiZe the dimensions of the chip and the placement of the 
I/Os With respect to the package pads. In this manner, the 
granularity of the building blocks of sub-arrays is improved 
While the ?exibility in I/O assignment is also improved 
leading to more ef?cient and ?exible chip layouts. 

Row=XYYY 

BANK ; 302 

r 2 1 

312 3102/‘ \ TOPOLOGICALLY 
1 NON-UNIFORM BLOCKS OF 

— SUB-ARRAYS 

C Row=XYYYl/ N 7» i 303 

314 E5 5 318 



Patent Application Publication May 20, 2004 Sheet 1 0f 6 US 2004/0095796 A1 

t< 8.5 F at 

F o . 

vow v _‘ n 

0 wow m 

................................................... ..?.mm¢.mmm§ N9 M626 



Patent Application Publication May 20, 2004 Sheet 2 0f 6 US 2004/0095796 A1 

t< 3.2m | 

32% N12,; 
m A v 

SN / r65 wort 

m o: . F 

2N 
\ §z<m 

‘ 

8N 



Patent Application Publication May 20, 2004 Sheet 3 0f 6 US 2004/0095796 A1 

mom 



Patent Application Publication May 20, 2004 Sheet 4 0f 6 US 2004/0095796 A1 

55 
5.25 

LL ______ ,. 

DP4 [@ DP4 

412 414 

DP4 @ DP4 DP4 IE1 DP4 DP4 E! DP4 



Patent Application Publication May 20, 2004 Sheet 5 0f 6 US 2004/0095796 A1 

0: 
w 

5 2'1 
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, "LL 

8' | woamomssaaoav |\ 
<r w 00 

O (.0 0 
<1‘ 2 q. 

k 

416 



Patent Application Publication May 20, 2004 Sheet 6 0f 6 US 2004/0095796 A1 



US 2004/0095796 A1 

MULTI-BANK MEMORY ARRAY ARCHITECTURE 
UTILIZING TOPOLOGICALLY NON-UNIFORM 
BLOCKS OF SUB-ARRAYS AND INPUT/OUTPUT 
ASSIGNMENTS IN AN INTEGRATED CIRCUIT 

MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates, in general, to the 
?eld of integrated circuit devices incorporating semiconduc 
tor memory components such as static random access 
memory (“SRAM”), dynamic random access memory 
(“DRAM”), electrically programmable read only memory 
(“EPROM”), ferroelectric random access memory 
(“FRAM”), Flash memory and the like. More particularly, 
the present invention relates to a multi-bank memory array 
architecture utiliZing topologically non-uniform blocks of 
sub-arrays and input/output (“I/O”) assignments in an inte 
grated circuit memory device. 

[0002] Many types of relative large, commodity memory 
devices are currently available including those types listed 
above. Regardless of con?guration, the primary purpose of 
the memory device is to store data. Functionally, data may 
be Written to the memory, read from it and, in the case of 
dynamic random access memory, periodically refreshed to 
maintain the integrity of the stored data. Each cell of a 
memory array serves to store a value or charge representa 
tive of either a logic level “1” or “0”. 

[0003] In the design of semiconductor memories, the 
memory cells are typically arranged into sub-arrays With 
roW select circuitry on one side of the sub-arrays and data 
sensing circuitry on the tWo sides orthogonal to the roW 
select circuitry. The overall memory is, in turn, built up into 
multiple banks of multiple sub-arrays in a uniform arrange 
ment. HoWever, such an arrangement serves to constrain the 
overall integrated circuit chip to then be of certain dimen 
sions in the “X” and “Y” directions as determined by the siZe 
of the sub-arrays and the uniform arrangement of the sub 
arrays into memory banks. While these constraints may not 
necessarily present a problem, there are instances Where, for 
a given technology and package de?nition, they can present 
a problem. 

[0004] A presentation and paper given at the 2002 Inter 
national Solid State Circuits Conference (“ISSCC”) entitled: 
“The On-Chip 3MB Subarray Based 3rd Level Cache on an 
ItaniumTM Microprocessor” by Don Weiss, John J. Wuu and 
Victor Chin describes a technique for utiliZing multiple 
memory sub-arrays to build up the SRAM cache memory in 
a microprocessor through the use of a non-uniform sub-array 
placement. The so-called sub-arrays therein contemplated 
are specially designed, complete and relatively small 
SRAMs and each “sub-array” is dedicated to speci?c 
memory output bits, e.g. bits 0-7, With all of those speci?c 
bits (0-7) stored in the same “sub-array”. 

[0005] In contrast, With large commodity memory 
devices, it is simply not practical to have a single sub-array 
store all occurrences of speci?c memory output bits. In these 
types of devices, multiple sub-arrays are required. The 
design presented in the foregoing ISSCC description is 
intended for embedded microprocessor memory and is 
decidedly not a multi-bank design for use in packaged 
memory products With the associated siZe and pad place 
ment constraints such designs impose. 
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SUMMARY OF THE INVENTION 

[0006] Disclosed herein is a multi-bank memory array 
architecture utiliZing topologically non-uniform blocks of 
sub-arrays and I/O assignments. By using non-uniform 
blocks of multiple identical sub-arrays, non-uniform assign 
ments of blocks to banks and/or nonuniform assignments of 
I/Os to blocks, it is possible to optimiZe the dimensions of 
the chip and the placement of the I/Os With respect to the 
package pads. In this manner, the granularity of the building 
blocks comprising multiple sub-arrays is improved While the 
?exibility in I/O assignment is also improved leading to 
more ef?cient and ?exible chip layouts. 

[0007] Particularly disclosed herein is an integrated circuit 
memory device Which comprises a memory array having at 
least one memory bank. The memory bank, in turn, com 
prises a plurality of blocks of sub-arrays Wherein at least one 
of the plurality of blocks of sub-arrays is topologically 
non-uniform With respect to others of the blocks. 

[0008] Further disclosed herein is a method for organiZing 
a memory array layout in an integrated circuit device. The 
method comprises: partitioning the memory array into a 
plurality of blocks of sub-arrays With at least one of the 
blocks being topologically non-uniform With respect to 
others and arranging the plurality of blocks of sub-arrays 
such that data bit locations assigned to respective ones of the 
blocks of sub-arrays are substantially proximate to corre 
sponding input/output lines of the memory array. 

[0009] Still further disclosed herein is an integrated circuit 
memory device comprising an array of memory cells formed 
into a plurality of memory banks. The memory device 
comprises at least one memory bank, With the memory bank 
further comprising a block of sub-arrays of the memory cells 
having a ?rst on-chip area. At least one other memory bank 
comprises tWo or more additional blocks of sub-arrays of the 
memory cells, With each of the additional blocks of sub 
arrays having a lesser on-chip area than the ?rst on-chip 
area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The aforementioned and other features and objects 
of the present invention and the manner of attaining them 
Will become more apparent and the invention itself Will be 
best understood by reference to the folloWing description of 
a preferred embodiment taken in conjunction With the 
accompanying draWings, Wherein: 

[0011] FIG. 1 is a simpli?ed block diagram of a conven 
tional integrated circuit memory device including a memory 
array comprising four topologically uniform banks of 
memory cells arranged in uniform sub-arrays and indicating 
hoW a representative pair of I/Os must be routed to all four 
banks; 
[0012] FIG. 2 is a further simpli?ed block diagram of a 
conventional integrated circuit memory device including a 
memory array made up of tWo separate subgroups of four 
uniform half-banks of memory cells and further indicating 
hoW each of a representative pair of I/Os may be routed to 
all of the memory half-banks in each of the sub-groups; 

[0013] FIG. 3 is a comparative block diagram of a rep 
resentative integrated circuit memory device in accordance 
With the present invention Wherein the architecture utiliZes, 
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With respect to at least one of the groups of memory banks, 
one or more topologically non-uniform blocks of sub-arrays 
and I/O assignments; 

[0014] FIG. 4A is a more detailed block diagram of a 
particular implementation of an integrated circuit memory 
device in accordance With the present invention for use, for 
example, in the implementation of an 8M><32 (256 MB) 
device; and 

[0015] FIGS. 4B and 4C illustrate in greater detail the I/O 
assignment scheme for the particular implementation of a 
memory device in accordance With the representative 
embodiment of the present invention shoWn in the preceding 
?gure. 

DESCRIPTION OF A REPRESENTATIVE 
EMBODIMENT 

[0016] With reference noW to FIG. 1, a simpli?ed block 
diagram of a conventional prior art integrated circuit 
memory device 100 is shoWn. The memory device 100 
includes a memory array 102 comprising four uniform banks 
1040 through 1043 of memory cells arranged in uniform 
sub-arrays 114. Each of the banks 104 include associated 
roW select circuitry 106 and oppositely disposed data sens 
ing circuitry 108 for accessing the sub-arrays thereof. As 
illustrated, a pair of data input/output (“I/O”) lines (or 
“DQ”) 110 and 112 are shoWn and each line (or groups of 
lines) must be routed to all of the banks 104 in the memory 
array 102. Note that the entire roW and column address ?elds 
are associated With each bank 104. 

[0017] Stated another Way, in the design of conventional 
semiconductor memory devices 100, the memory cells are 
arranged in uniform groupings With the roW select circuitry 
106 on one side of the sub-arrays and the data sensing 
circuitry 108 on the tWo sides orthogonal to the roW select 
circuitry 106. The overall memory device 100 is, in turn, 
built up into multiple banks 104 of multiple sub-arrays in a 
uniform arrangement as shoWn With each bank 1040 through 
1043 of the memory array 102 being identical to each of the 
other banks 104. 

[0018] With reference additionally noW to FIG. 2, a 
further simpli?ed block diagram of another conventional 
prior art implementation of a memory device 200 is shoWn. 
The memory device 200 includes a memory array 202. The 
individual banks 0-3 are subdivided into tWo uniform groups 
of blocks of sub-arrays 204, 206. Each group includes 
one-half of banks 0-3 (2080-2083 in group 204 and 2100 
2103 in group 206). In the case of this implementation, the 
sub-division is done on the basis of the I/Os. That is, one 
group 204 is associated with U0 A212 and the group 206 is 
associated With the I/O B 214. Further, the tWo sub-divisions 
are equal in the arrangement of the half-banks and the 
sub-arrays Within the half-banks and in the silicon area that 
Will be occupied by the tWo sub-divisions. In the prior art, 
any subdivision of the banks is alWays uniform and the 
speci?c I/Os are dedicated to speci?c sub-divisions of the 
banks. The entire roW address ?eld is associated With each 
half-bank in each sub-group. 

[0019] This prior art arrangement shoWn in FIGS. 1 and 
2 constrain the overall integrated circuit chip to be of certain 
dimensions in the X and Y directions determined by the siZe 
of the sub-arrays and the uniform arrangement of the sub 
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arrays into banks 104 or half-banks 208, 210 respectively. 
This constraint is normally not a problem, but for a given 
technology and package de?nition, it can become so given 
the siZe of the device and the design rules employed. 

[0020] In a conventional multi bank memory device 100 
(FIG. 1) or 200 (FIG. 2), the overall memory array is 
created by assembling multiple, uniform sub-arrays into 
uniform blocks by placing the sub-arrays side-by-side in a 
contiguous array. The sub-arrays Within each block may all 
be assigned to a single bank or to multiple banks, but the 
format and physical dimensions of all the blocks are iden 
tical. Further, the distribution of the I/O assignments across 
the blocks is uniform, that is, there are the same number of 
blocks accessed for each I/O. 

[0021] With reference additionally noW to FIG. 3, a 
comparative block diagram of a representative integrated 
circuit memory device 300 in accordance With the present 
invention. The illustrative memory device 300 shoWn 
includes a memory array 302 comprising a pair of sub 
groups 304 and 306, Where each sub-group represents one 
half of banks 0-3. As shoWn, the sub-group 304 may be of 
a conventional design Wherein each of the memory half 
banks 3080 through 3083 are topologically uniform in con 
?guration and include conventional I/O mapping. 

[0022] As also shoWn, the sub-group 306 includes four 
memory half-banks 3100 through 3103 of which 3100 and 
310, are uniform in the same manner as memory half-banks 
3080 through 3083 of group 304 Which are accessed by I/O 
A line 320. In accordance With the present invention hoW 
ever, at least one of the memory banks (in the illustrative 
embodiment shoWn, tWo memory banks) 3102 and 3103 is 
con?gured into topologically non-uniform blocks of sub 
arrays With the former being formed into tWo sub-array 
blocks 312 and 314 While the latter is formed into tWo 
sub-array blocks 316 and 318. The roW address ?eld of bank 
2 and bank 3 are split betWeen tWo sub-array blocks in 
contrast to the prior art in Which the full roW address ?led is 
associated With all blocks of sub-arrays. In this manner, the 
I/Os to the sub-arrays of group 306 may be advantageously 
arranged to access particular portions of certain of the banks 
3102 and 3103 through I/O B line 322. 

[0023] In accordance With the technique of the present 
invention, a given I/O line (or group of I/O lines) on the 
integrated circuit chip has, or could have, a bank/sub-array 
block arrangement different than that of the other I/O lines. 
As illustrated, I/O Aline 320 may access the four banks 3080 
through 3083 in a conventional “matched” situation While 
I/O B line 322 may be routed to its four bank 3100 through 
3103 addresses by actually accessing ?ve (or more) topo 
logically non-uniform block destinations. For banks 2 and 3 
(3102, 3103), depending upon the roW address, the routing of 
I/O B line 322 for bank 2 (3102) may be to either sub-array 
block 312 or the sub-array block 314 of bank 2. Similarly, 
access to bank 3 (3103), may be to the sub-array block 318 
or sub-array block 316. In a representative implementation 
of the present invention, the highest order roW address may 
be used to determine Which part of the tWo blocks 312, 
314/316, 318 of 3102 or 3103 respectively should be 
accessed. 

[0024] For a given I/O line 322 Within a bank, its particu 
lar path is de?ned When the roW address is latched. Only the 
path of interest is enabled for the selected bank 310 and the 
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other path for the same bank is not enabled. By not requiring 
all the banks 310 to be of equal block con?guration and have 
equal I/O mapping, the integrated circuit die aspect ratio can 
be adjusted to ?t any package siZe. 

[0025] With reference additionally noW to FIG. 4A, a 
more detailed block diagram of a particular implementation 
of an integrated circuit memory device 400 in accordance 
With the present invention for use, for example, in the 
implementation of an 8M><32 (256 MB) device using 0.14 
um design rules. The eXemplary memory device 400 com 
prises, in pertinent part, a memory array 402 including four 
banks of memory cells denominated “0”, “1”, “2” and “3” 
comprising a number of topologically non-uniformly placed 
blocks of sub-arrays and Wherein the data bit assignment 
numbers are indicated in the various sub-array blocks. For 
eXample, the upper leftmost block of sub-arrays of bank “0” 
includes data bit numbers 12-15 and 24-27 out of 32. Each 
of the blocks of sub-arrays of each of the banks “0”, “1”,“2” 
and “3” includes associated roW select circuitry 404 and data 
sense circuitry (not shoWn). 

[0026] The memory device 400 further comprises a con 
trol block (“CONBLK”) 406 and an address/control block 
408. The U0 lines to the various sub-arrays of the banks “0”, 
“1”, “2” and “3” are grouped into a number of regions, one 
of Which is denominated DQ<0:7> 410, adjoining the loWer 
left edge of the memory array 402. DQ<8:15> 412 adjoins 
the upper edge While DQ<16:23> 414 is at the opposite 
loWer edge. The U0 lines denominated DQ<24:31> 416 
adjoin the upper left edge of the memory array 402. 

[0027] With reference additionally noW to FIGS. 4B and 
4C illustrate in greater detail the I/O assignment scheme for 
the particular implementation of a memory device 400 in 
accordance With the representative embodiment of present 
invention shoWn in the preceding ?gure. Corresponding 
structure to that illustrated in the preceding FIG. 4A is like 
numbered and the foregoing description thereof shall suf?ce 
herefor. 

[0028] In these ?gures, the arrangement of the blocks of 
sub-arrays for the banks “0”, “1”, “2” and “3” are grouped 
in accordance With the method of the present invention. In 
particular, bank “0” has been arranged into ?ve topologi 
cally non-uniform blocks of sub-arrays as shoWn. Further, it 
can be seen that the banks “1”, “2” and “3”, While compris 
ing topologically uniform blocks of sub-arrays, are never 
theless arranged in a topologically non-uniform fashion in 
order to also optimiZe placement of the U0 lines. In particu 
lar, the I/O lines have noW been more effectively routed to 
the various blocks of sub-arrays as illustrated With the 
blocks containing the sub-arrays comprising data bit num 
bers 0-7 being advantageously positioned for access through 
DQ<0:7> region 410; the data bit numbers 8-17 being 
advantageously positioned for access through DQ<8:15> 
region 412; the data bit numbers 16-23 being advanta 
geously positioned for access through DQ<16:23> region 
414 and the data bit numbers 24-31 being advantageously 
positioned for access through DQ<24:31> region 416. As 
indicated, each of the I/O lines access tWo blocks of the 
sub-arrays of banks “1”, “2” and “3” but three blocks of the 
sub-arrays of bank “0”. Thus, unlike in conventional 
devices, the distribution of the I/O assignments across the 
blocks is non-uniform in that a differing number of blocks 
are actually accessed. 
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[0029] In accordance With the method of the present 
invention, by not constraining all blocks of sub-arrays to be 
the same and by building the banks up out of non-uniform 
and non-contiguous assemblies, or blocks, of sub-arrays, the 
X and Y dimensions of the chip can be effectively optimiZed 
to meet package constraints for the memory device 400 
Without undue integrated circuit die siZe change or perfor 
mance penalties. 

[0030] While there have been described above the prin 
ciples of the present invention in conjunction With speci?c 
memory device types and architectures, it is to be clearly 
understood that the foregoing description is made only by 
Way of eXample and not as a limitation to the scope of the 
invention. Particularly, it is recogniZed that the teachings of 
the foregoing disclosure Will suggest other modi?cations to 
those persons skilled in the relevant art. Such modi?cations 
may involve other features Which are already knoWn per se 
and Which may be used instead of or in addition to features 
already described herein. Although claims have been for 
mulated in this application to particular combinations of 
features, it should be understood that the scope of the 
disclosure herein also includes any novel feature or any 
novel combination of features disclosed either explicitly or 
implicitly or any generaliZation or modi?cation thereof 
Which Would be apparent to persons skilled in the relevant 
art, Whether or not such relates to the same invention as 
presently claimed in any claim and Whether or not it miti 
gates any or all of the same technical problems as confronted 
by the present invention. The applicants hereby reserve the 
right to formulate neW claims to such features and/or com 
binations of such features during the prosecution of the 
present application or of any further application derived 
therefrom. 

What is claimed is: 
1. An integrated circuit memory device comprising: 

a memory array comprising at least one memory bank, 
said at least one memory bank comprising a plurality of 
blocks of sub-arrays and Wherein at least one of said 
plurality of blocks of sub-arrays is topologically non 
uniform With respect to others of said plurality of 
blocks of sub-arrays. 

2. The integrated circuit memory device of claim 1 
Wherein said at least one of said plurality of blocks of 
sub-arrays is of lesser topological area than said others of 
said plurality of blocks. 

3. The integrated circuit memory device of claim 1 further 
comprising: 

an input/output line associated With each data bit number 
designated for a block of sub-arrays of said memory 
array. 

4. The integrated circuit memory device of claim 3 
Wherein said input/output lines are assigned in a topologi 
cally non-uniform arrangement of blocks of sub-arrays With 
respect to said memory array. 

5. The integrated circuit memory device of claim 3 
Wherein a subset of said input/output lines access a ?rst 
number of said plurality of blocks of said sub-arrays and at 
least one other of said input/output lines access a second 
differing number of said plurality of blocks of said sub 
arrays. 

6. The integrated circuit memory device of claim 5 
Wherein said ?rst number of said plurality of blocks of said 
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sub-arrays is an even number and said second differing 
number of said plurality of blocks of said sub-arrays is an 
odd number. 

7. The integrated circuit memory device of claim 1 
Wherein said at least one of said plurality of blocks of 
sub-arrays represents a portion of said at least one memory 
bank. 

8. The integrated circuit memory device of claim 1 
Wherein said at least one of said plurality of blocks of 
sub-arrays represents a portion of said at least one memory 
bank and a portion of another memory bank. 

9. The integrated circuit memory device of claim 1 
Wherein said memory array comprises dynamic random 
access memory cells. 

10. A method for organiZing a memory array layout in an 
integrated circuit device comprising: 

partitioning said memory array into a plurality of blocks 
of sub-arrays, at least one of said plurality of blocks of 
sub-arrays being topologically non-uniform With 
respect to others of said plurality of blocks of sub 
arrays; and 

arranging said plurality of blocks of sub-arrays such that 
data bit locations assigned to respective ones of said 
blocks of sub-arrays are substantially proximate to 
corresponding input/output lines of said memory array. 

11. The method of claim 10 Wherein said at least one of 
said plurality of blocks of sub-arrays is of lesser topological 
area than said others of said plurality of blocks of sub-arrays. 

12. The method of claim 10 further comprising: 

initially partitioning said memory array into a plurality of 
memory banks. 

13. The method of claim 12 further comprising: 

further partitioning said plurality of memory banks into 
said plurality of blocks of sub-arrays. 

14. The method of claim 10 further comprising: 

providing access to a ?rst number subset of said plurality 
of blocks of sub-arrays through said input/output lines; 
and 

further providing access to a second differing number 
subset of said plurality of blocks of sub-arrays through 
at least one other of said input/output lines. 
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15. An integrated circuit memory device comprising an 
array of memory cells formed into a plurality of memory 
banks, said device comprising: 

at least one memory bank, said memory bank comprising 
at least one block of sub-arrays of said memory cells 
having a ?rst on-chip area; and 

at least one other memory bank comprising tWo or more 
additional blocks of sub-arrays of said memory cells, 
each of said additional blocks of sub-arrays having a 
lesser on-chip area than said ?rst on-chip area. 

16. The integrated circuit memory device of claim 15 
Wherein said at least one memory bank comprises a plurality 
of partial memory banks, each of said plurality of partial 
memory banks having said ?rst on-chip area. 

17. The integrated circuit memory device of claim 15 
Wherein said at least one other memory bank comprises a 
plurality of partial memory banks. 

18. The integrated circuit memory device of claim 17 
Wherein at least one of said additional blocks of sub-arrays 
having a lesser on-chip area than said ?rst on-chip area 
comprises memory cells of at least tWo other partial memory 
banks. 

19. The integrated circuit memory device of claim 15 
further comprising: 

an input/output line associated With each data bit number 
designated for a sub-array block of said at least one 
memory bank and said at least one other memory bank. 

20. The integrated circuit memory device of claim 19 
Wherein said input/output lines are in a topologically non 
uniform arrangement With respect to said memory array. 

21. The integrated circuit memory device of claim 19 
Wherein a subset of said input/output lines access a ?rst 
number of said blocks and additional blocks of said sub 
arrays and at least one other of said input/output lines access 
a second differing number of said blocks and additional 
blocks of said sub-arrays. 

22. The integrated circuit memory device of claim 15 
Wherein said memory cells comprise dynamic random 
access memory cells. 


