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PROCESSING MEMORY REQUESTS THAT 
TARGET MEMORY BANKS 

BACKGROUND 

0001. The invention relates to processing memory 
requests that target memory banks. 
0002 Many current computer system memory architec 
tures use Synchronous random access memories (Synchro 
nous RAMS) Such as Synchronous dynamic random access 
memories (SDRAMs), SyncLink dynamic random access 
memories (SLDRAMs), Rambus dynamic random access 
memories (RDRAMs) and double data rate (DDR) SDRAM 
memories. The SyncLink Standard has been assigned the 
tentative designation of IEEE-1596.7 by the Microprocessor 
& Microcomputer Standards Committee (MMSC) of the 
Institute of Electrical and Electronics Engineers (IEEE). The 
Rambus(R standard is published by Rambus, Incorporated of 
Mountain View, Calif. 
0003. In addition to providing inherently faster operation 
than previous types of memories, Synchronous RAM may 
generally be organized into memory banks 12, as depicted in 
FIG. 1. BankS represent a physical compartmentalization of 
memory Space, where each bank may correspond to a unit or 
array of physical memory. A bank may be further divided 
into pages, where a page is typically defined in terms of a 
row address. All those memory locations in a bank having a 
common row address are said to be on the same page of 
memory. 

0004 One feature of banked memory systems is that 
consecutive memory access operations to a common page 
may be performed faster than consecutive memory acceSS 
operations directed to different pages within the same bank. 
For example, referring to FIGS. 1, 2, 3 and 4, to write data 
to a memory location of an idle bank 12a, a memory 
interface 10 (of a bridge, for example) may drive lines of a 
memory buS 11 at time To with Signals that indicate a 
command to activate a page (of the memory bank 12a) that 
contains the memory location. Afterwards, the page is 
deemed “open.” Next, the memory interface 10 may finish 
Signals (at time Ts) that indicate a write command and the 
column address of the memory location. Subsequently, the 
memory interface 10 may furnish Signals that indicate the 
data to be written to the memory location. 
0005. If additional data is to be written to another 
memory location in the open page, then the memory inter 
face 10 furnishes Signals that indicate another write com 
mand, the address and the data, as described below. How 
ever, for purposes of writing data into another page of the 
bank 12a, the memory interface 10 must first close the bank 
12a via a precharge operation and then activate the bank 12a 
(via an activate command) to open the other page before 
proceeding as described above. 
0006 The memory interface 10 typically determines 
whether the next command to be issued to a particular 
memory bank conflicts with a current state of the bank. For 
example, the memory interface 10 may receive a memory 
write request. However, before the memory interface 10 
communicates a write command to the memory Store data in 
the targeted bank, the memory interface 10 determines if a 
bank conflict exists so that the memory interface 10 may 
take the appropriate action before performing the request. AS 
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an example, the targeted memory bank may be precharging 
and thus, cannot perform the write request. Unfortunately, 
the bank conflict checks may consume a significant amount 
of time and generally limit the Speed in which a Sequence of 
memory access operations may be performed. 

SUMMARY 

0007. In one embodiment, a method for use with a 
computer System includes determining whether a memory 
bank is idle and receiving a request to perform a pending 
operation with the memory bank. If the memory bank is idle, 
the pending operation is performed with the memory bank 
without determining whether the pending operation conflicts 
with a state of the bank. 

0008. In another embodiment, a memory interface for use 
with at least one memory device that includes a bank 
includes a first circuit, a Second circuit and a third circuit. 
The first circuit is adapted to indicate whether the bank is 
idle, and the Second circuit is adapted to determine whether 
a pending operation with the bank is in conflict with a State 
of the bank. The third circuit is adapted to perform the 
pending operation with the bank without using the Second 
circuit if the first circuit indicates the bank is idle. 

0009 Advantages and other features of the invention will 
become apparent from the following description, from the 
drawing and from the claims. 

BRIEF DESCRIPTION OF THE DRAWING 

0.010 FIG. 1 is a schematic diagram of a memory Sub 
System of the prior art. 
0011 FIGS. 2, 3 and 4 are waveforms of memory bus 
Signals of the prior art. 
0012 FIG. 5 is a schematic diagram of a computer 
System according to an embodiment of the invention. 
0013 FIG. 6 is a schematic diagram of a bridge circuit of 
the computer system of FIG. 5 according to an embodiment 
of the invention. 

0014 FIG. 7 is a schematic diagram of a memory inter 
face of the bridge of FIG. 6 according to an embodiment of 
the invention. 

0015 FIG. 8 is a flow diagram illustrating operation of 
the memory interface. 

DETAILED DESCRIPTION 

0016 Referring to FIG. 5, an embodiment 30 of a 
computer System in accordance with the invention includes 
a north bridge 34 that Serves as an interface to communicate 
data between buses of the computer system 30. For example, 
the north bridge 34 may receive pending requests (read and 
write requests, for example) for operations to be performed 
with a System memory 44. The pending requests may target 
memory banks 39 of the system memory 44 that are active 
and memory banks 39 that are idle. For an active bank 39, 
before performing an operation to fulfill a particular request, 
the north bridge 34 determines if the pending operation 
conflicts with a current state of the bank 39. 

0017 For example, the pending request may be a write 
request to write data to a particular page of a targeted bank 
39. However, another page of the targeted bank 39 may be 
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open, a condition that requires the north bridge 34 to take the 
appropriate action before filling this request. Thus, for this 
Scenario, the north bridge 34 determines that a bank conflict 
exists and remedies the problem by first precharging the 
targeted bank 39 (to close the open page). Subsequently, the 
north bridge 34 activates the targeted bank 39 to open the 
targeted page, and then the north bridge 34 performs a write 
operation to the targeted bank 39 satisfy the write request. 

0.018. Another example of a bank conflict may be the 
following. The north bridge 34 may receive a write request 
that targets a particular bank 39 that is currently precharging. 
For this scenario, the north bridge 34 determines that a bank 
conflict exists and remedies the problem by waiting until the 
precharging is complete. Subsequently, the north bridge 34 
activates the targeted bank 39 to open the targeted page and 
performs a write operation to Satisfy the write request. Many 
other Scenarios that cause bank conflicts are possible. 
0019. Unfortunately, the bank conflict checks that are 
performed by the north bridge 34 may consume clock cycles 
and thus, may increase the latency between Successive 
memory operations. However, the north bridge 34 reduces 
the number of bank conflict checks by tracking which banks 
39 of the system memory 44 are idle. More particularly, in 
Some embodiments, the north bridge 34 includes register 
bits 106 that indicate which banks 39 are idle and thus, also 
indicate which banks are active. Because a bank conflict 
does not occur if the targeted bank 39 is idle, the north 
bridge 34 does not perform a bank conflict check if the 
appropriate bit 106 indicates that a particular targeted bank 
39 is idle. As a result, the north bridge 34 eliminates some 
of the bank conflict checks, thereby reducing latency oth 
erwise incurred between Successive memory operations due 
to these checks. In some embodiments, the number of bits 
106 equals the number of banks, and each different bit 106 
indicates whether a different associated bank is idle. In other 
embodiments, the number of bits 106 is less than the number 
of banks, and each different bit 106 indicates whether a 
different group of the banks is idle. 
0020. Other arrangements are possible, and the grouping 
of the banks depends on the timing of the system 30. For 
example, for higher frequency memory buses, the banks 
may be grouped in fewer groups, as compared to lower 
frequency memory buses. The timing of the memory bus 41 
may be programmed via configurations registers (not 
shown) of the north bridge 34 and may be used to determine 
the particular grouping that is used. 

0021 Referring to FIG. 6, in some embodiments, the bits 
106 are part of a memory interface 92 of the north bridge 34. 
The memory interface 92 communicates via a memory bus 
41 with the system memory 44 to perform typical memory 
operations, Such as read, write and refresh operations, for 
example. The memory interface 92 may also perform bank 
conflict checks and Skip conflict checks for banks that are 
idle. The memory interface 92 may be coupled to other buses 
of the computer system 30 via multiplexing circuitry 96. In 
this manner, a local bus interface 90 (coupled to a local bus 
33), an Accelerated Graphics Port (AGP) bus interface 98 
(coupled to an AGP bus 43) and a Peripheral Component 
Interconnect (PCI) bus interface 94 (coupled to a PCI bus 
38) may all be coupled together via the multiplexing cir 
cuitry 96. The AGP is described in detail in the Accelerated 
Graphics Port Interface Specification, Revision 1.0, pub 
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lished on Jul. 31, 1996, by Intel Corporation of Santa Clara, 
Calif. The PCI Specification is available from the PCI 
Special Interest Group, Portland, Ore. 97214. 
0022 Referring to FIG. 7, in some embodiments, the 
memory interface 92 may include a control unit 120 that 
controls a memory bus interface 112 that communicates with 
the memory bus 41, as described below. The memory bus 
interface 112 includes command buffers 117, data buffers 
102 and address buffers 104 to collectively store pending 
requests that are communicated to the memory interface 92 
via the multiplexing circuitry 96. The control unit 120 may 
also be coupled to the register bits 106. 
0023 For a particular request, the control unit 120 first 
determines which bank 39 is to be accessed. Next, the 
control unit 120 follows a procedure 200 that is depicted in 
FIG.8. First, the control unit 120 determines (diamond 202) 
whether the targeted bank 39 is idle. If so, the control unit 
120 instructs the bus interface 112 to activate (block 203) the 
targeted bank 39 and Subsequently perform the requested 
operation on the memory bus 41. However, if the bank 39 is 
not idle, the control unit 120 performs (block 204) a conflict 
check to determine if the pending request conflicts with a 
current state of the targeted bank 39. 
0024. In this manner, in some embodiments, the control 
unit 120 may determine the state of the bank by examining 
the contents of a timing chain memory 123, a memory that 
Stores indications of the most recent operations that have 
been performed with the bank 39. Thus, if the timing chain 
memory 123 indicates, for example, that the targeted bank 
39 is precharging, then a bank conflict exists. The control 
unit 120 may also determine if a bank conflict exists by 
examining the contents of a page Status memory 122. For 
example, if the page that is targeted by the request is closed 
then the open page of the bank 39 must be closed (i.e., the 
bank must be precharged) and the closed page must be 
activated before the requested operation is performed. 
0025 Thus, if the control unit 120 determines (diamond 
206) that a bank conflict exists, the controller takes (block 
208) the appropriate action. Afterwards, the control unit 210 
interacts with the bus interface 112 to perform (block 210) 
the pending request. The control unit 120 updates the timing 
chain memory 123, the page Status memory 122 and the bit 
registerS 106 after each operation. 
0026. After the bus interface 112 transmits a command to 
a bank 39 to precharge (and thus, deactivate) the bank39, the 
control unit 120 waits for a predetermined amount of time 
for the precharge to occur and then Sets the appropriate bit 
to indicate that the bank is idle. Conversely, when the control 
unit 120 activates a bank 39, the control unit 120 clears the 
appropriate bit to indicate that the bank 39 is active. Other 
arrangements are possible. 

0027 Referring back to FIG. 7, besides the components 
mentioned above, the buS interface 112 may also include an 
address encoder 110 to generate for example, row, column 
and bank Select Signals, and Strobe generation logic 114 to 
generate, for example, clock, CAS, RAS and data Strobe 
Signals. 

0028 Referring back to FIG. 5, besides the north bridge 
34 and the system memory 44, the computer system 30 may 
include a display controller 45 that is coupled to the AGP bus 
43 and generates signals for a display 47. The PCI bus 38 
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may be coupled to a modem 46 and a south bridge 36 that 
provides an interface to an input/output (I/O) expansion bus 
40, a CD-ROM drive 50 and the hard disk drive 48. An I/O 
controller 54 may be coupled to the I/O bus 40 and receive 
input data from a mouse 56 and a keyboard 58. The I/O 
controller 54 may also control operations of a floppy disk 
drive 52. 

0029. In this context of this application, the term “pro 
ceSSor” may generally refer to at least one central processing 
unit (CPU, microcontroller or microprocessor, as just a few 
examples. The phrase “computer System” may refer to any 
type of processor-based System, Such as a desktop computer 
or a laptop computer, as just a few examples. Thus, the 
invention is not intended to be limited to the illustrated 
computer System 30, but rather, the computer System is an 
example of one of many possible embodiments. 
0030. While the invention has been disclosed with 
respect to a limited number of embodiments, those skilled in 
the art, having the benefit of this disclosure, will appreciate 
numerous modifications and variations therefrom. It is 
intended that the appended claims cover all Such modifica 
tions and variations as fall within the true Spirit and Scope of 
the invention. 

What is claimed is: 
1. A method for use with a computer System, comprising: 
determining whether a memory bank is idle; 
receiving a request to perform a pending operation with 

the memory bank; and 
if the memory bank is idle, performing the pending 

operation with the memory bank without determining 
whether the pending operation conflicts with a State of 
the bank. 

2. The method of clam 1, further comprising: 
if the memory bank is not idle, determining whether that 

State of the bank conflicts with the pending operation; 
and 

performing the pending operation with the memory bank 
based on Said determination of whether another State of 
the bank conflicts with the pending operation. 

3. The method of claim 1, further comprising: 
changing a logical State of at least one bit to indicate that 

the memory bank is idle when the memory bank 
becomes idle. 

4. The method of claim 1, wherein the pending operation 
conflicts with the state of the bank if the bank needs to be 
closed before performance of the pending operation. 

5. The method of claim 1, wherein the pending operation 
conflicts with the state of the bank if clock cycles need to 
elapse before performance of the pending operation to 
permit completion of another operation. 

6. A computer System, comprising: 
a memory device including a bank, and 
a memory interface coupled to the memory device, the 
memory interface adapted to: 
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determine whether the bank is idle, 
receive a request to perform a pending operation with 

the memory bank, and 
if the memory bank is idle, perform the pending opera 

tion with the memory bank without determining 
whether the pending operation conflicts with a State 
of the bank. 

7. The computer system of claim 6, wherein the memory 
interface comprises: 

a circuit adapted to determine whether the pending opera 
tion conflicts with the state of the bank and perform the 
pending operation with the memory bank based on Said 
determination of whether the pending operation con 
flicts with the state of the bank. 

8. The computer System of claim 6, further comprising: 

a circuit adapted to change a logical State of at least one 
bit to indicate that the memory bank is idle when the 
memory bank becomes idle. 

9. The computer System of claim 6, wherein the pending 
operation conflicts with the state of the bank if the bank 
needs to be closed before performance of the pending 
operation. 

10. The computer system of claim 6, wherein the pending 
operation conflicts with Said another operation if clock 
cycles need to elapse before performance of the pending 
operation to permit completion of Said another operation. 

11. A memory interface for use with at least one memory 
device that includes a bank, the memory interface compris 
ing: 

a first circuit adapted to indicate whether the bank is idle; 
a Second circuit adapted to determine whether a pending 

operation with the bank is in conflict with a state of the 
bank, and 

a third circuit adapted to perform the pending operation 
with the bank without using the second circuit if the 
first circuit indicates the bank is idle. 

12. The memory interface of claim 11, further comprising: 
a register coupled to the first circuit and adapted to 

indicate whether the bank is idle. 

13. The memory interface of claim 12, wherein the 
register is further adapted to indicate whether at least one 
other bank is idle. 

14. The memory interface of claim 11, wherein the 
pending operation conflicts with the State of the bank if an 
additional operation needs to be performed with the memory 
bank before the performance of the pending operation. 

15. The memory interface of claim 11, wherein the 
pending operation conflicts with Said another operation if 
clock cycles need to elapse before performance of the 
pending operation to permit completion of Said another 
operation. 


