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TITLE: DRAM SUPPORTING DIFFERENT BURST-LENGTH ACCESSES WITHOUT

CHANGING THE BURST LENGTH SETTING IN THE MODE REGISTER

TECHNICAL FIELD
[0001] This invention relates to computer systems and, more particularly, to burst modes used in DRAM
(Dynamic Random Access Memory).

BACKGROUND ART
[0002] DRAM (Dynamic Random Access Memory) devices often include a mode register. A value stored in

the DRAM device’s mode register controls the burst length of that DRAM device. Typically, the mode register
value is initialized to identify a particular burst length during initialization. A memory controller may update the
value stored in the register to change the burst length setting. However, modifying the burst length setting may be a
time consuming process. For example, to program the mode register, a memory controller may wait until all DRAM
accesses have completed and then issue a load mode register command by activating certain command signals (e.g.,
/CS (Chip Select), /RAS (Row Address Strobe), /CAS (Column Address Strobe), and /WE (Write Enable)) while
placing the proper op-code onto certain pins (e.g., the address and BAO pins). After issuing the load mode regiéter
command, the memory controller may have to wait a certain number of cycles before initiating new DRAM
accesses. Accordingly, changing the burst length setting in this manner may impose an undesirable performance
penalty on pending accesses.

[0003] A memory controller may receive access requests that have different burst lengths. For example, AGP
(Advanced Graphics Port) transactions may involve 32 byte blocks, while processor transactions may involve 64
byte blocks. In some DRAM devices, thirty-two byte block accesses may be satisfied in four bursts, while 64 byte
blocks may be satisfied in eight bursts. Since the DRAM burst length is fixed by the value stored in the mode
register, either bandwidth will be wasted (if burst iength is set to eight and 32 byte block transactions are being
performed) or the memory controller will have to reissue commands (if burst length is set to four and 64 byte block
transactions are being performed) for transactions having a particular length. However, it may be even more
inefficient to change the burst length in the burst mode register in order to handle transactions of a particular burst
length. Thus, it is desirable to be able to dynamically change the burst length on a per-access basis without having
to update the mode register.

[0004] Currently, data masking techniques exist to allow a memory device to mask certain data during write
accesses so that data of a burst length less than the burst length setting in the mode register is actually written to the
memory device. However, these data masking techniques do not support read accesses of different burst lengths,
nor do they support accesses having burst lengths greater than that specified in the mode register. Additionally,
these data masking techniques often specify which data to mask by using additional pins on the memory device,

which may be undesirable in some contexts.

DISCLOSURE OF INVENTION
[0005] Various embodiments of a memory device may be implemented to respond to and one or more

command encodings that specify different burst lengths than the burst length indicated by the current burst length
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setting for the memory device. In one embodiment, a memory device may include a memory array and a mode

register configured to store a value indicating a current burst length. The memory array may be configured to
perform a first burst access having a first burst length in response to receiving a first command encoding and to
perform a second burst access having a second burst length in response to receiving a second command encoding.
The second burst length does not equal the current burst length.

[0006] Various embodiments of a memory controller may be implemented to generate to and one or more
command encodings that specify different burst lengths than the burst length indicated by the current burst length
setting for a targeted memory device. For example, in one embodiment, a memory controller may include an
address signal generator configured to generate address signals in response to a memory access request and a
command encoder. In response to a memory access request, the command encoder may be configured to generate a
first command encoding if a burst access requested by the memory access request has a first burst length. If the
burst access requested by the memory access request has a second burst length, the command encoder may be
configured to generate a second command encoding. The command encoder may be configured to generate both the
first command encoding and the second command encoding when a burst length setting for a memory device
targeted by the memory access request has a first value, and thus at least one of the command encodings specifies a
burst length other than that indicated by the memory device’s current burst length setting.

[0007] A system may include a memory controller and a memory device. The memory controller may be
configured to generate a first command encoding in response to receiving a first memory access request having a
first burst length and to generate a second command encoding in response to receiving a second memory access
request having a second burst length. The memory device may be configured to perform a first burst access having
the first burst length in response to receiving the first command encoding and to perform a second burst access
having the second burst length in response to receiving the second command encoding. The second burst length is
different than a current burst length indicated by the burst length setting for the memory device.

[0008] One embodiment of a method may involve receiving a request for a memory device to perform a burst
access having a burst length. If the burst length is a first burst length indicated by a current burst length setting of
the memory device, a first command encoding may be provided to the memory device. If the burst length is a
second burst length that is not equal to the first burst length indicated by the burst length setting, a second command
encoding may be provided to the memory device. The ‘memory device performs the burst access having the first
burst length in response to the first command encoding and performs the burst access having the second burst length
in response to the second command encoding.

[0009] In some embodiments, a memory device may include a memory array and a mode register configured
to store a value indicating a current burst length. The memory array rhay be configured to receive an encoded
command that identifies a burst length. In response to receiving the encoded command, the memory array is
configured to perform a burst access having the burst length identified by the encoded command. The burst length

identified by the encoded command is different than the current burst length.

BRIEF DESCRIPTION OF DRAWINGS

[0010] A better understanding of the present invention can be obtained when the following detailed

description is considered in conjunction with the following drawings, in which:
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[0011] FIG. 1 illustrates one embodiment of memory system.

[0012] FIGs. 2A-2C show timing diagrams illustrating the operation of one embodiment of a memory system.
[0013] FIG. 3 is a flowchart of one embodiment of a method of operating a memory system.

[0014] FIGs. 4-5 are block diagrams of embodiments of computer systems that may include an embodiment of

a memory system like those shown in FIG. 1.

[0015] While the invention is susceptible to various modifications and alternative forms, specific
embodiments thereof are shown by way of example in the drawings and will herein be described in detail. It should
be understood, however, that the drawings and detailed description thereto are not intended to limit the invention to
the particular form disclosed, but on the contrary, the intention is to cover all modifications, equivalents and

alternatives falling within the spirit and scope of the present invention as defined by the appended claims.

MODE(S) FOR CARRYING OUT THE INVENTION

[0016] FIG. 1 shows one embodiment of a memory system 50 that includes a memory controller 100 and a
memory device 150. Memory controller 100 is configured to generate one or more different command encodings
instructing memory device 150 to perform accesses having burst lengths other than the burst lengths specified in a
mode register 154. Memory device 150 is configured to respond to the different command encodings by performing
accesses having the burst lengths specified in the command encodings, regardless of the burst length specified in the
mode register 154.

[0017] Memory device 150 may be a DRAM (Dynamic Random Access Memory) device such as DDR
DRAM (Double Data Rate DRAM), SDRAM (Synchronous DRAM), VDRAM (Video DRAM), RDRAM (Rambus.
DRAM), FCRAM (Fast Cycle RAM), etc. Memory device 150 may include multiple memory modules (e.g.,
SIMMs or DIMMs). Memory device 150 may include many memory elements in a memory array 152 that store
data values. Each memory element may store one or more bits of data. Read and write accesses are performed on
data values stored in the memory array 152.

[0018] ‘When memory controller 100 receives a memory access request from a device (e.g., a CPU or graphics
controller) across a system bus, it decodes the request and converts the system bus address to the appropriate
memory address for the memory device 150. The system bus address may be converted into the appropriate address
for the memory device (e.g., an address that specifies a bank and/or column) by an address signal generator 101 and
the appropriate command encoding indicating the type of access to be performed may be generated by a command
encoder103. The memory controller 100 supplies the appropriate address to the memory device 150 through
memory address signals 182. In the illustrated embodiment, there are two sets of address signals: BAO-BAI and
A0-All. Note that other embodiments may use different sets of and numbers of address signals. The memory
controller 100 also provides the appropriate command encoding to the memory device to indicate what type of
operation(s) should be performed at the specified addresses. Different command encodings are specified using
different values of a set of control signals 180. In the illustrated embodiment, the memory controller 100 controls
the values of at least four active-low control signals: /S (chip select), /CAS (column address strobe), /RAS (row
address strobe), and /WE (write enable) in order to generate the appropriate command encodings (note that other

control signal values may also be controlled).
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[0019] Accesses may be initiated by the memory controller 100 providing an active command encoding to the

memory device 150 via control signals 182. An active command may open (or activates) a page (e.g., a row) in a
particular bank for a subsequent access. The memory controller 100 provides address signals 182 to the memory
device 150 indicating which bank and page to activate. For example, the value of the BAO and BA1 signals may
select the bank, and the values of signals AO—~A11 may select the page. The activated page remains active (or open)
for accesses until a precharge command encoding is issued to that bank. A precharge command encoding is also
issued before opening a different page in the same bank.

[0020] After a page is opened, a read or write command encoding may be provided to the memory device 150.
A read command may be used to initiate a burst read access to an active page. The memory controller 100 may
provide certain values of address signals 182 with the read command in order to identify which data to output. For
example, the value of the BAO and BA1 inputs may select the bank to access, and the address provided on inputs
AO-A11 may select the starting location within the page (e.g., a column) for a burst read. Several different read
command encodings requesting burst reads of different burst lengths may be provided.

[0021] The memory controller 100 may generate values of command signals 180 to specify a write command
in order to initiate write access to an active page. Another set of address values may be provided with the write
command in order to select the data to be written. For example, the value of the BAO and BA1 inputs may select the
bank to access, and the address provided on inputs AO-A11 may select the starting column location for a burst write.
Several different write command encodings specifying different burst lengths may be provided.

[0022] Burst accesses start at a selected location and continue for a programmed or requested (as indicated by
the particular command encoding of a read or write command) number of bursts. A burst sequence may be
programmed to follow either a serial-burst sequence or an interleaved-burst sequence. Conventional DRAMs may be
programmed to read or write a burst of one, two, four, eight, or more bits. DRAM s also typically support pipelining,
which allows the DRAMs to accept address and control signals for a memory transaction while performing a
previous memory request.

[0023] A mode register 154 included in memory device 150 may be used to define the specific mode of
operation of the memory device. As mentioned previously, the mode register 154 may allow the selection of a burst
length setting. Additionally, the mode register 154 may allow the selection of a burst type (sequential or
interleaved), a CAS latency, and an operating mode. Thus, the mode register 154 settings may control how memory
array 152 performs accesses.

[0024] The mode register 154 may be programmed by memory controller 100 providing a mode register set
command to memory device 150. Values of the address signals 182 provided to the memory device 150 with the
mode register set command may indicate a new value to store in the mode register 154. For example, address bits
AO-A2 may be used specify the burst length when programming the mode register 154. The burst length specified
in the mode register 154 determines the maximum number of column locations accessible during a typical read or
write command. In one embodiment, burst lengths of 2, 4, or 8 column locations may be specified for both
sequential and interleaved burst types. The mode register 154 may be loaded with a new value when all banks are
idle and no bursts are currently in progress. After programming the mode register 154, the memory controller 100

may be required to wait for a specified time before initiating any subsequent operations.
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[0025] In order to allow accesses of different burst lengths to be performed without having to change the

mode register settings, memory device 150 may be configured to perform burst accesses of different burst lengths in
response to different command encodings. Each command encoding is generated as a specific set of control signal
values and indicates both a type of access to perform and a burst length. The command encodings may be selected
from unused combinations of existing control signal values (e.g., values of S, CAS, RAS, and WE) in many
embodiments so that another pin does not need to be added to memory device 150. Memory device 150 may be
configured to differentiate between the different command encodings and to respond to each different command
encodings by performing an access of the specified burst length. One command encoding may indicate that the
requested burst length should be determined by tﬁe burst length setting in the mode register 154.

[0026] Table 1 shows a list of some of the command encodings that may be provided to memory device 150

by memory controller 100 in one embodiment. ADDR includes address signals BAO-BA1 and AO-Al1l.

Table 1: Command Encodings

NAME (Function) S RAS | CAS | WE | ADDR
ACTIVE L L H H Bank/
(Select bank and activate row) Row
READ (Burst length = 8) L H H L Bank/
(Select bank & column, start READ burst) Col
READ (Burst length = mode register burst length) L H L H Bank/
(Select bank & column, start READ burst) Col
WRITE L H L L Bank/
(Select bank & column, start WRITE burst) Col
Mode Register Set L L L L Opcode
[0027] As shown in Table 1, an embodiment of a memory system may support two different read command

encodings. One read command encoding may specify a specific burst length (8) while the other encoding may
indicate that the burst length specified in the mode register 154 should be used. In an alternative embodiment, the
second encoding may indicate that a specific burst length (e.g., 4) should be used. Note that in this embodiment,
these command encodings may be specified without using additional control signals or additional address signals.
Also note that the memory device 150 performs burst accesses having the burst lengths specified in each command
encoding without data masking. This embodiment may be implemented for DDR II DRAM. For example, the read
command encoding specifying a burst length of 8 may be the command encoding used to specify a burst terminate
command in DDR L

[0028] Memory controller 100 may be configured to receive burst requests of different lengths from different
devices. Depending on the burst length of a request, the memory controller 100 may select which command
encoding to provide to the memory device 150. For example, AGP (Advanced Graphics Port) transactions initiated
by a graphics controller (e.g., graphics controller 408 in FIG. 4) may involve four bursts at a time, while processor
transactions may involve eight bursts. If a processor (e.g., CPU 10 in FIG. 4) initiates a transaction, the memory

controller 100 may output a command encoding requesting eight bursts from the memory device. If instead the
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graphics controller initiates a transaction, the memory controller 100 may output a different command encoding that

requests four bursts from the memory device. The memory device 150 may respond by outputting the number of
bursts requested in each command encoding, regardless of the current burst length setting in the mode register 154.
[0029] In some embodiments, the burst length setting of the mode register 154 may determine which different
command encodings may be generated by the memory controller 100. Some command encodings may be used
when the burst length setting has one value but may not be used if the burst length setting has another value. For
example, in one embodiment, different command encodings may be used to specify burst lengths greater than and
equal to the current burst length setting. Accordingly, in that embodiment, if the current burst length setting has a
maximum value, only one command encoding, which indicates a burst length equal to the current burst length setting
or which indicates that the current burst length setting should be used, may be provided to the memory device.
[0030] Note that in alternative embodiments, all of the different command encodings may be provided to the
memory device, regardless of the current burst length setting in the mode register. In some of these embodiments,
each command encoding may indicate a particular burst length (as opposed to one or more command encodings
indicating that the current burst length setting should be used). Note that in some embodiments, each command
encoding used to initiate a burst access may specify the burst length of the requested access. In such embodiments,
the burst length setting in the mode register may be irrelevant since each command encoding specifies a particular
burst length. Accordingly, some embodiments of a memory device may not provide a burst length setting in the
mode register.

[0031] In some embodiments, different command encodings may be available for both reads and writes. In
other embodiments, one command encoding (indicating that the current burst mode register setting should be used)
may be provided for writes and several command encodings (each specifying a different burst length or that the
current burst mode register setting should be used) may be provided for reads (or vice versa).

[0032] In one embodiment, an extra command pin may be added to the memory device 150 so that an
additional command line (e.g., in addition to S, RAS, CAS, and WE) may be used to define additional command
encodings (e.g., specifying different types of accesses (e.g., read or write) or specifying additional burst lengths). In
one such embodiment, command encodings may be used to specify burst lengths of two, four, eight, and/or sixteen.
The additional cornmand line may not be used as an address line. More than one additional command line may be
used to specify different burst access command encodings in some embodiments.

[0033] FIGs. 2A-2C show exemplary timing waveforms that may be generated in one embodiment of a
rhemory system. In these examples, CL (CAS Latency) = 4, AL (Active Latency) = 0, RL (Read Latency) = 4, and
WL (Write Latency) = 3. In these examples, the burst length setting in the mode register is assumed to be set equal
to 4 throughout each example. For example, in FIG. 2A, the burst length setting of the mode register is not modified
between the times that the BL = 4 read command and the BL = 8 read command are performed, nor is it modified
between the times that the BL = 8 read command and the BL = 4 command are performed.

[0034] FIG. 2A illustrates performance of a BL (Burst Length) = 4 read command followed by a BL = 8 read
command and another BL, = 4 read command. In this example, the BL = 4 read commands may be initiated by
providing a command encoding indicating that the current burst length setting should be used to the memory device.
The BL = 8 read command may be initiated by providing a command encoding indicating that a burst access having

a length of 8 (regardless of the current burst length setting) should be used. As this example shows, the memory
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device may respond to the commands by outputting a continuous stream of data, performing one access as soon as

the previous access has completed. Note also that each access is performed in a number of cycles corresponding to
the requested number of burst (e.g., performance of a BL = 4 command does not require more than 2 clock cycles).
FIG. 2B shows performance of a BL = 4 write command followed by a BL = 8 read command. FIG. 2C illustrates
performance of a BL = 8 read command followed by a BL = 4 write command.

[0035] FIG. 3 shows one embodiment of a method of operating a memory system. In this embodiment, a
request for a memory device to perform a burst access having a particular burst length is received at 301. If the
requested burst length is the same as the current burst length setting of the memory device (e.g., as specified in a
burst mode register), a first command encoding may be provided to the memory device, as indicated at 303-305.
The first command encoding may indicate that a current burst length settingshould be used. Alternatively, the first
command encoding may specifically indicate the burst length of the burst access to be performed by specifying a
burst length that is the same as the current burst length setting. In response to receiving the first command encoding,
the memory device performs a burst access having the requested burst length, as shown at 309.

[0036] If the requested burst length is not the same as the current burst length setting of the memory device, a
second command encoding may be provided to the memory device, as indicated at 303 and 309. The second
command encoding differs from the first command encoding by a value of at least one control signal. The second
command encoding indicates that a burst access having a specific burst length, which differs from the burst length
indicated by the current burst length setting, should be performed. In response to the second command encoding,
the memory device performs a burst access having the burst length specified by the second command encoding, as
indicated at 311. The first and second command encoding may both be used to specify the same type of access (e.g.,
read access). Additional command encodings may be used to perform accesses having burst lengths different from
that specified in the first and second command encodings and/or to perform accesses of a different type than that
specified in the first and second command encodings.

[0037] FIG. 4 shows a block diagram of one embodiment of a computer system 400 that includes a processor
10 coupled to a variety of system components through a bus bridge 402. Computer system 400 may include an
embodiment of a memory system like the ones illustrated in FIGs. 1-2. Note that the illustrated embodiment is
merely exemplary, and other embodiments of a computer system are possible and contemplated. In the depicted
system, a main memory 404 is coupled to bus bridge 402 through a memory bus 406, and a graphics controller 408
is coupled to bus bridge 402 through an AGP bus 410. Several PCI devices 412A-412B are coupled to bus bridge
402 through a PCI bus 414. A secondary bus bridge 416 may also be provided to accommodate an electrical
interface to one or more EISA or ISA devices 418 through an EISA/ISA bus 420. In this example, processor 10 is
coupled to bus bridge 402 through a CPU bus 424 and to an optional L2 cache 428. In some embodiments, the
processor 10 may include an integrated L1 cache (not shown). Processor 10 may also include an embodiment of a
memory controller 100 in some embodiments.

[0038] Bus bridge 402 provides an interface between processor 10, main memory 404, graphics controller
408, and devices attached to PCI bus 414. When an operation is received from one of the devices connected to bus
bridge 402, bus bridge 402 identifies the target of the operation (e.g., a particular device or, in the case of PCI bus
414, that the target is on PCI bus 414). Bus bridge 402 routes the operation to the targeted device. Bus bridge 402

generally translates an operation from the protocol used by the source device or bus to the protocol used by the
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target device or bus. In one embodiment, bus bridge 402 may include an embodiment of a memory controller 100 as

described above. .

[0039] In addition to providing an interface to an ISA/EISA bus for PCI bus 414, secondary bus bridge 416
may incorporate additional functionality. An input/output controller (not shown), either external from or integrated
with secondary bus bridge 416, may also be included within computer system 400 to provide operational support for
a keyboard and mouse 422 and for various serial and parallel ports. An external cache unit (not shown) may also be
coupled to CPU bus 424 between processor 10 and bus bridge 402 in other embodiments. Alternatively, the
external cache may be coupled to bus bridge 402 and cache control logic for the external cache may be integrated
into bus bridge 402. L2 cache 428 is shown in a backside configuration to processor 10. It is noted that L2 cache
428 may be separate from processor 10, integrated into a cartridge (e.g., slot 1 or slot A) with processor 10, or even
integrated onto a semiconductor substrate with processor 10.

[0040] Main memory 404 is a memory in which application programs are stored and from which processor 10
primarily executes. A suitable main memory 404 comprises DRAM (Dynamic Random Access Memory). For
example, a plurality of banks of SDRAM (Synchronous DRAM) or Rambus DRAM (RDRAM) may be suitable.
Main memory device 404 may be configured to respond to different command encodings specifying burst lengths
other than a burst length indicated by a current burst length setting.

[0041] PCI devices 412A-412B are illustrative of a variety of peripheral devices such as network interface
cards, video accelerators, audio cards, hard or floppy disk drives or drive controllers, SCSI (Small Computer
Systems Interface) adapters and telephony cards. Similarly, ISA device 418 is illustrative of various types of
peripheral devices, such as a modem, a sound card, and a variety of data acquisition cards such as GPIB or field bus
interface cards.

[0042] Graphics controller 408 is provided to control the rendering of text and images on a display 426.
Graphics controller 408 may embody a typical graphics accelerator generally known in the art to render three-
dimensional data structures that can be effectively shifted into and from main memory 404. Graphics controller 408
may therefore be a master of AGP bus 410 in that it can request and receive access to a target interface within bus
bridge 402 to thereby obtain access to main memory 404. A dedicated graphics bus accommodates rapid retrieval
of data from main memory 404. For certain operations, graphics controller 408 may further be configured to
generate PCI protocol transactions on AGP bus 410. The AGP interface of bus bridge 402 may thus include
functionality to support both AGP protocol transactions as well as PCI protocol target and initiator transactions.
Display 426 is any electronic display upon which an image or text can be presented. A suitable display 426 includes
a cathode ray tube ("CRT"), a liquid crystal display ("LCD"), etc.

[0043] It is noted that, while the AGP, PCI, and ISA or EISA buses have been used as examples in the above
description, any bus architectures may be substituted as desired. It is further noted that computer system 400 may be
a multiprocessing computer system including additional processors (e.g., processor 10a shown as an optional
component of computer system 400). Processor 10a may be similar to processor 10. More particularly, processor
10a may be an identical copy of processor 10. Processor 10a may be connected to bus bridge 402 via an
independent bus (as shown in FIG. 5) or may share CPU bus 224 with processor 10. Furthermore, processor 10a

may be coupled to an optional 1.2 cache 428a similar to L2 cache 428.
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[0044] Turning now to FIG. 5, another embodiment of a computer system 400 that may include a memory

system as described above is shown. Other embodiments are possible and contemplated. In the embodiment of
FIG. 5, computer system 400 includes several processing nodes 612A, 612B, 612C, and 612D. Each processing
node is coupled to a respective memory 614A-614D via a memory controller 616A-616D included within each
respective processing node 612A-612D. Additionally, processing nodes 612A-612D include interface logic used to
communicate between the processing nodes 612A-612D. For example, processing node 612A includes interface
logic 618A for communicating with processing node 612B, interface logic 618B for communicating with processing
node 612C, and a third interface logic 618C for communicating with yet another processing node (not shown).
Similarly, processing node 612B includes interface logic 618D, 618E, and 618F; processing node 612C includes
interface logic 618G, 618H, and 6181; and processing node 612D includes interface logic 618J, 618K, and 618L.
Processing node 612D is coupled to communicate with a plurality of input/output devices (e.g., devices 620A-620B
in a daisy chain configuration) via interface logic 618L. Other processing nodes may communicate with other I/O
devices in a similar fashion.

[0045] Processing nodes 612A-612D implement a packet-based link for inter-processing node
communication. In the present embodiment, the link is implemented as sets of unidirectional lines (e.g., lines 624A
are used to transmit packets from processing node 612A to processing node 612B and lines 624B are used to
transmit packets from processing node 612B to processing node 612A). Other sets of lines 624C-624H are used to
transmit packets between other processing nodes as illustrated in FIG. 5. Generally, each set of lines 624 may
include one or more data lines, one or more clock lines corresponding to the data lines, and one or more control
lines indicating the type of packet being conveyed. The link may be operated in a cache coherent fashion for
communication between processing nodes or in a non-coherent fashion for communication between a processing
node and an I/O device (or a bus bridge to an /O bus of conventional construction such as the PCI bus or ISA bus).
Furthermore, the link may be operated in a non-coherent fashion using a daisy-chain structure between I/O devices
as shown. It is noted that a packet to be transmitted from one processing node to another may pass through one or
more intermediate nodes. For example, a packet transmitted by processing node 612A to processing node 612D
may pass through either processing node 612B or processing node 612C as shown in FIG. 5. Any suitable routing
algorithm may be used. Other embodiments of computer system 400 may include more or fewer prdcessing nodes
then the embodiment shown in FIG. 5.

[0046] Generally, the packets may be transmitted as one or more bit times on the lines 624 between nodes. A
bit time may be the rising or falling edge of the clock signal on the corresponding clock lines. The packets may
include command packets for initiating transactions, probe packets for maintaining cache coherency, and response
packets from responding to probes and commands.

[0047]1 Processing nodes 612A-612D, in addition to a memory controller and interface logic, may include one
or more processors. Broadly speaking, a processing node includes at least one processor and may optionally include
a memory controller for communicating with a memory and other logic as desired. More particularly, each
processing node 612A-612D may include one or more copies of processor 10. External interface unit 18 may
includes the interface logic 618 within the node, as well as the memory controller 616. Each memory controller 616

may include an embodiment of memory controller 100, as described above.



10

L5

WO 2004/008329 PCT/US2003/021286
[0048] Memories 614A-614D may include any suitable memory devices. For example, a memory 614A-

614D may include one or more RAMBUS DRAMSs (RDRAM:s), synchronous DRAMSs (SDRAMs), static RAM, etc.
The address space of computer system 400 is divided among memories 614A-614D. Each processing node 612A-
612D may include a memory map used to determine which addresses are mapped to which memories 614A-614D,
and hence to which processing node 612A-612D a memory request for a particular address should be routed. In one
embodiment, the coherency point for an address within computer system 400 is the memory controller 616A-616D
coupled to the memory storing bytes corresponding to the address. In other words, the memory controller 616A-
616D is responsible for ensuring that each memory access to the corresponding memory 614A-614D occurs in a
cache coherent fashion. Memory controllers 616A-616D may include control circuitry for interfacing to memories
614A-614D. Additionally, memory controllers 616A-616D may include request queues for queuing memory
requests.

[0049] Interface logic 618A-618L may include a variety of buffers for receiving packets from the link and for
buffering packets to be transmitted upon the link. Computer system 400 may employ any suitable flow control
mechanism for transmitting packets. For example, in one embodiment, each interface logic 618 stores a count of the
number of each type of buffer within the receiver at the other end of the link to which that interface logic is
connected. The interface logic does not transmit a packet unless the receiving interface logic has a free buffer to
store the packet. As a receiving buffer is freed by routing a packet onward, the receiving interface logic transmits a
message to the sending interface logic to indicate that the buffer has been freed. Such a mechanism may be referred
to as a "coupon-based" system.

[0050] /O devices 620A-620B may be any suitable /O devices. For example, I/O devices 620A-620B may
include devices for communicating with another computer system to which the devices may be coupled (e.g.,
network interface cards or modems). Furthermore, /O devices 620A-620B may include video accelerators, audio
cards, hard or floppy disk drives or drive controllers, SCSI (Small Computer Systems Interface) adapters and
telephony cards, sound cards, and a variety of data acquisition cards such as GPIB or field bus interface cards. It is
noted that the term "I/O device" and the term "peripheral device" are intended to be synonymous herein.

[0051] Numerous variations and modifications will become apparent to those skilled in the art once the above
disclosure is fully appreciated. It is intended that the following claims be interpreted to embrace all such variations

and modifications.

INDUSTRIAL APPLICABILITY

This invention may generally be applicable to computer systems.

10
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WHAT IS CLAIMED IS:

4.

A method comprising:

receiving a request for a memory device (150) to perform a burst access having a burst length;

if the burst length is a first burst length indicated by a current burst length setting (154) of the memory
device (150), providing a first command encoding to the memory device; and

if the burst length is a second burst length that is not equal to the first burst length indicated by the burst
length setting (154), providing a second command encoding to the memory device (150);

the memory device (150) performing the burst access having the first burst length in response to the first
command encoding;

the memory device (150) performing the burst access having the second burst length in response to the

second command encoding.

The method of claim 1, wherein the burst access is a read access.

The method of claim 2, further comprising:

receiving a request for the memory device to perform a second burst access having a third burst length;

providing a third command encoding to the memory device if the third burst length is not equal to the first
burst length indicated by the burst length setting; and

the memory device performing the second burst access having the third burst length in response to the third

command encoding, wherein the second burst access is a write burst access.

The method of claim 1, wherein the memory device is a DDR (double data rate) Il DRAM (dynamic

random access memory) device.

5.

The method of claim 1, wherein said providing the first command encoding comprising controlling values

of a chip select signal, a column address strobe signal, a row address strobe signal, and a write enable signal, and

wherein said providing the second command encoding comprises controlling the values of the chip select signal, the

column address strobe signal, the row address strobe signal, and the write enable signal.

A memory device comprising:

a mode register (154) configured to store a value indicating a current burst length; and

a memory array (152);

wherein the memory array (152) is configured to receive an encoded command, wherein the encoded
command identifies a burst length;

wherein in response to receiving the encoded command, the memory array (152) is configured to perform a
burst access having the burst length identified by the encoded command, wherein the burst length

is different than the current burst length.

11
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7. The memory device of claim 6, wherein the memory array is configured to receive a second encoded

command identifying a second burst length and to responsively perform a second burst access having the second
burst length, wherein the second burst length is different than the burst length, and wherein the memory array is

configured to perform a read access in response to both the encoded command and the second encoded command.

8. The memory device of claim 6, wherein the memory device is a DDR (double data rate) II DRAM

(dynamic random access memory) device.

9. The memory device of claim 6, wherein the encoded command is received as values of a chip select signal,

a column address strobe signal, a row address strobe signal, and a write enable signal.

10. A system comprising:

a memory controller (100) configured to generate a first command encoding in response to receiving a first
memory access request having a first burst length and to generate a second command encoding in
response to receiving a second memory access request having a second burst length, wherein the
first command encoding identifies the first burst length and the second command encoding
identifies the second burst length; and

a memory device (150) coupled to the memory controller (100) and configured to perform a first burst
access having the first burst length in response to receiving the first command encoding and to
perform a second burst access having the second burst length in response to receiving the second

command encoding.

12



PCT/US2003/021286

WO 2004/008329

175

D
1o)siBay spoy

H

[z
Reiny Aiowspy

05)
90In8(] Alowspy

1}
SVO/ _:_
_ —
< ™ €0l
Svd/ _ “ Ispooug -t
< -
S/ ﬂ __ puewwo)
al =TV, __<..
cgl /
~veova ] Lot
_ “ lojelausg S
|
< AR jeubig ssaippy
00}

Isjjoluon Alowsy

} Ol

1senbay

$5900Y Alowusiy



000000000000000000000000000000

T T I A
mmmmmmm B me
J0RBO0BRRRRER0RE

FIG. 2A

XS T A I o

e S D =

S S T U

0 kD
Sl

FIG. 2C

mmmmmmm




WO 2004/008329

3/5

|

Receive request
for a memory device to
perfarm a burst access

301

Requested
burst access have
burst length other than
default burst length ?

303

Yes

PCT/US2003/021286

Provide a second
command encoding
specifying burst length of

Provide a first command
encoding to memory

device requested access fo
305 memory device
309

l l

Memory device

Memory device
responsively performs
burst access having the
default burst length
307

responsively performs
burst access having the
burst length specified in
the second command
encoding
311

FIG. 3



PCT/US2003/021286

WO 2004/008329

4/5

v Ol4

oz
Aejdsig
| egey |
_ shd 0cv 8Ly | ayoen z7 |
VSI3/VSI 8dlneQ VS L
7 -t
Jgjjouon _ L |
solyde. eQl
IO __ 10ss8001d |
mmmwm azly var | Y |
sng Alepuooes 9oIA8Q [0d eaneqd [0d sng dOV — g14
. ! o
[4t1% / 14474 0l
-ply  sngiod oBpug sng sng Ndo 10888001
faag sng H
3Sno 00% I\ Aoway 90v =
/preocghsy suons 71
vov

Alows| urepy




WO 2004/008329

5/5

PCT/US2003/021286

Memory Memory
614A 614B
618C i /616A 618D 1 /-6168
\ Me -~ 6184 ME - 618F
| 1 - 624A A
Processing Processing

L Node T = Node T

6812A [ 8248 6128

IF . \ IF . \
\ 6188 618E
624E — — 624F 624C — L — 624D
61861 y /618H 618J /618K
} IF 7 618l \ IF /| | -618L
\ A ez |1
Processing Processing | [ 110

L Node T L Node T Device

612C (824 612D '« | 620A

MC MC \
1 \ 616C i \ 616D
Memory Memory
614C 614D
/0
Device
./ 620B
400

FIG. 5




INTERNATIONAL SEARCH REPORT

Inte.onal Application No

PCT/US 03/21286

A. CLASSIFICATION OF SUBJECT MATTER

IPC 7 GO6F13/28

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 GO6F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A US 6 393 500 B1 (THEKKATH RADHIKA)
21 May 2002 (2002-05-21)
abstract

column 3, line 46 -column 5, Tine 49
column 6, line 26 -column 7, 1ine 45
column 14, 1ine 8 - Tine 38

figure 7

A US 5 754 825 A (HAUSAUER BRAIN S ET AL)
19 May 1998 (1998-05-19)
abstract

column 2, Tine 48 -column 3, line 21

A US 2001/010096 Al (HOLLUMS SCOTT ET AL)
26 July 2001 (2001-07-26)
page 1, paragraph 5 - paragraph 7

1-10

1-10

1-10

D Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

° Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

'L* document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

*Q" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed ipvention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-~
'm?gts, such combination being obvious to a person skilled
in the art.

"&" document member of the same patent family

Date of the actual completion of the international search

28 November 2003

Date of mailing of the international search report

09/12/2003

Name and mailing address of the ISA
European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016

Authorized officer

Rudolph, S

Form PCT/ISA/210 (second sheet) (July 1992)




INTERNATIONAL SEARCH REPORT

- nformation on patent family members

Int

ional Application No

PCT/US 03/21286

Patent document

Publication

Patent family

Publication

cited in search report date member(s) date

US 6393500 Bl 21-05-2002 NONE

US 5754825 A 19-05-1998 US 6438627 Bl 20-08-2002

US 2001010096 Al 26-07-2001 US 6236678 Bl 22-05-2001
US 2003196207 Al 16-10~-2003
AU 3346500 A 01-08-2000
AU 7095600 A 26-03-2001
EP 1142252 A2 10-10-2001
EP 1212865 A2 12-06-2002
EP 1125398 A2 22-08-2001
WO 0041511 A2 20-07-2000
Wo 0117167 A2 08-03-2001
Wo 0028712 A2 18-05-2000
us 6650624 Bl 18-11-2003

Form PCT/ISA/210 (patent family annex) (July 1992)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

