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Field of the Invention

The present invention relates to the field of computer systems.
Specifically, the present invention relates to improving memory
subsystem performance for burst memory accesses in a computer
system.

. Description of Related Art

In some computer systems, memory devices or other types of
devices including memories may be accessed by particular devices
using a burst mode access. Burst mode accesses generally provide for
multiple data units (bits, bytes, WOrds, or quadwords for example) to be
read from or written to the memory using one memory access command,
thus decreasing memory access latencies. In some cases, a burst
access is performed when a single memory access instruction, such as
a burst READ or a burst WRITE, is received by the memory device along
with a sequence of addresses to be accessed.

Some memory devices or devices including a memory array
have an automatic address increment mechanism to generate the
addresses of the memory locations to be accessed during a burst
access. In this case, the burst access command from a requesting
device need only include a starting address indicating a memory
location at which the burst access is 1o begin. The.automatic increment
mechanism then increments the least significant bits of the starting
address in a particular sequence to generate the addresses of the
remaining memory locations to be accessed during the burst access.
The number of subsequent memory addresses generated by this
automatic increment logic and the order in which they are accessed is -
determined in some cases by a burst length indicator and a burst



Some nenory devices or devices including a nenory array have an

automati c address increnent nechanismto generate the addr esses of
the nenory |l ocations to be accessed during a burst access. In this
case, the burst access conmand from a requesting devi ce need only
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synchr onous dynaniap automatic address increment mechanism is a synchronous dynamic
random access memory (SDRAM) device. Different types of integrated
circuit devices as well as different bus protocols are optimized for or
require different burst address increment sequences. SDRAMs include
a programmable mode register which provides for either linear (also
reterred to as sequential), or interleaved (also referred to as toggle
mode) burst memory accesses. The linear or sequentiat increment

©.sequence:increments an address in sequential-order to-linearly access

the number of data items indicated by the burst length set in a register or
hardwired in the computer system. For example, given a starting
address of 1001 (binary) and a burst length of four data items, a linear
address increment sequence would increment the starting address to
access memory locations 1010, 1011 and 1100 in that order.

The toggle address increment sequence is referred to as a toggle
sequence because the sequence is such that the value of the least
significant bit toggles from a value of "0" to a value of "1". Thus, the
sequence may be sequential in some cases, but in many cases, the
toggle sequence is nonsequential or non-linear. Using the same
example, given a starting address of 1001 and a burst length of four
data items, a toggle address increment sequence would increment the
starting address to access memoty locations 1000, 1011, and 1010 in
that order. '

To switch between the address increment modes, however, the
SDRAM mode register-must be reprogrammed each time a different
type of address increment sequence (sequential or toggle mode) is
required. The SDRAM mode register is programmabie on the fly and
thus can accommodate changing address increment requirements,
however the delay incurred each time the address increment mode is
changed is significant.



random access nmenory (SDRAM device. Different types of integrated
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- -and PCI memory accesses. For example, some SDRAMs require two

clock cycles to program the mode register, and two idle clock cycles
foliowing programming of the mode register before another memory
access request may be processed. Thus, a four clock cycle penalty is
incurred each time the SDRAM mode register is re-programmed to
provide a different address increment sequence for a burst access.
Other devices which include both sequential and non-sequential
automatic address increment modes are subject to the same issues.
Thus, it is desirable 10 provide a means for automatically

incrementing the memory address for a burst access to meet the
requirements for both sequential and toggie mode burst accesses,
without incurring the clock cycle penalty associated with re-

. programming automatic increment control logic of the memory device.

SUMMARY OF THE INVENTION

A method and apparatus for controlling sequential and toggle
- mode burst access operations to a memory in a computer system using
toggie mode automatic increment logic is described. The invention
controls the order in which locations of the memory are accessed during
a memory burst access operation wherein the burst access sequence is
determined by an order in which a burst access starting address is
incremented. The computer system includes toggle increment lagic for



WD 97/ 24847

PCT/ US96/ 11928 : - 3-

For exanple, in a particular conputer systemincluding a high
performance processor on a host bus, and other agents on a peripheral
bus such as ayG@hpkii¢p. all burst accesses to the main menorypqsa8ehes
host bus nmay require an interl eaved nenory address increnent

sequence, and all burst access requests fromthe PCl bus may require a
sequential nmenory address increnent sequence. I'n this case, the node
regi ster of the SDRAM nust be reprogramred frequently to provide the
correct nenory address increnent sequence cdntrol depending on the
source of a burst access request. Thi s programm ng and
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BRIEF DESCRIPTION OF THE DRAWINGS
- Figure 1 is a high level block diagram illustrating a. computer
"gystem in accordance with one embodiment of the invention.
Figure 2 is a block diagram illustrating the memory controlier
and main memory arrangement of one embodiment of the invention.
Figure 3A is a table illustrating an example of sequential and
interleaved increment sequencaes for a burst length of two data items.
Figure 3B is a table illustrating an example of sequential and
interleaved increment sequences for a burst length of four data items.
Figure 3C is a table illustrating an example of sequential and
interleaved increment sequences for a burst length of eight data items.
Figure 4 is a flow diagram illustrating the method of one
embodiment of the invention.
.Figure 5 is a flow diagram illustrating the method of one
embodiment of the invention for a burst length of four data words.

DETAILED DESCRIPTION OF THE INVENTION

‘The invention provides memory access control logic for
controliing sequential and toggle mode burst access sequences using
toggle automatic address increment logic. In the following description,
numerous specific details are set forth in order to provide a thorough
understanding of the invention. However, it will be appreciated by those
skilled in the art that the invention may be practiced without these



progranm ng automatic increnent control |ogic of the nmenory device.

SUWWARY OF THE | NVENTI ON A nmet hod and apparatus for controlling
sequential and toggle mode burst access operations to a nmenory in a
conput er system using toggl e node autonatic increnent logic is
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menory are accessed during a nmenory burst access operation wherein
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incrementing the starting address in a toggle sequence. The nenory
access control | ogi@pasific aelails e ethesrinsiapces weliimownRlemants have petleen ng

a burst access I equ@éderibeTh detdillif tordéiviocavoid Bbédifing 4hé inveieAs starting:
address indicating a first nenory |ocation to be accessed in response to

the burst access request. The rrermry access control Iogl c of the
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system of the invention comprises a host bus 100 for communicating
information, a processor 101 for processing intormation and a cache
memory 104 for storing fraquently and/or recently used information for
the processor 101. The processor 101 is coupled to the host bus 100 via
a processor control and data bus 102 and a processor address bus 103.
In one embodiment, the processor 101 is an Intel Architecture
Microprocessor such as is manufactured by Intel Corporation of Santa

- -Clara, California, the corporate assignee of the invention, however,

other processor architectures may also be used in accordance with the
invention. The cache memory 104 may be configured within the same
integrated circuit device package as the processor 101 or within a
separate integrated circuit device package.

The computer system of one embodiment also inciudes a read-
only memory (ROM) 105, or other non-volatile storage device, for storing
fixed information and instructions for the processor 101. The ROM 105
of one embodiment stores a basic input/output system (BIOS) program
for initializing and configuring the computer system upon start-up or
reset of the computer system.

Also coupled to the host bus 100 via a host control bus 106 and a
host address bus 107 is a memory controller 108 for controlling
accesses (such as memory READ and WRITE operations), as well as
memory refresh operations, to a main memoty 109. The main memory
109 stores information and instructions for the processor 101 during
operation of the computer system and is coupled to the memory
controlier 108 via a memory bus 1 10 which includes both memory
address and memory control signal lines. The memory controiler 108 of
one embodiment is also coupled to a peripheral bus 111 such as a
Peripheral Component Interconnect (PC1) bus via peripheral control bus




determning that the first device requires a |inear increnent sequence.
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a table illustrating an exanple of sequential and i nterl eaved
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host bus, such as the processor 101, or the peripheral bus 111. Agents
on gither bus which are capable of performing burst accesses to and
from the main memory 109 or other memory device in the computer may
require or be optimized for burst accesses using a particular memory
address increment sequence. in one example, it is necessary to
increment the starting address of a burst access request from the
processor 101 in a toggle mode to generate the addresses of memory
locations to be accessed during the burst access operation. Similarly,
all memory burst access requests originating from agents on the
peripheral bus 111 in one example, require the memory address for the
access to be incremented in a linear increment sequence for
subsequent data items accessed during a burst access operation.
Examples of linear and toggle mode address increment sequences
which may be utilized to control such burst accesses are described in
more detail below in reference to Figures 3A, 3B, and 3C.

The memory controller 108 of one embodiment includes smart
increment control logic 117 which operates to controt the address
increment sequence during a burst access to the main memory 109,
The smart increment control logic of the invention controls toggle
increment mode logic on a memory or on a device including a memory
to provide a particular increment sequence as determined by the type of
increment sequence required (toggle or linear), the starting address
provided with the burst access request, and the burst length (the
number of data items to be retrieved during the burst access) set in the
memory controlier 108 or other fogic within the computer system. The
smart increment contro! logic 117 of the invention accomplishes this
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el ements have not been described in detail in order to avoid
obscuring the invention. Overvi ew of the Conputer System of One
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systemin accordance with one enbodi nent of the invention. The
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119 operates to control the flow of data to and from the main memory
- 109 in response to data access or transfer requests received by the
memory controller 108. In this manner, the address and data flows
associated with the main memory 109 are somewhat separated to
provide for more efficient operation. In some embodiments, data to and
from the main memory 109 is transferred to the host bus over the host
data bus 120, however data to and from the main memory 109 is
transferred to the peripheral bus 111 through the memory controller 108
and over peripheral address/data bus 113. The functionality of the
memory controller 108 and the data path unit 119 are integrated mto
one integrated circuit component in some embodiments.
it is appreciated by those skilled in the art that other computer
systems may also be used in accordance with the invention. Similarly, it
is appreciated by those skilled in the art that the computer system
illustrated in Figure 1 may include additional components not illustrated
in Figure 1, or may be configured without components, such as the
penpheral bus 111, that are |llustrated in Figure 1.

Figure 2 illustrates the memory controller and main memory
arrangement of one embodiment of the invention. Although the
invention is described with reference to a main memory array including
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be arranged differently in other embodiments. The memory units 201-
203 are synchronous dynamic random access memory (SDRAM)
devices in a dual in-line memory module (DIMM) configuration in one
embodiment. Each of the SDRAM memory units 201-203 inciudes a
corresponding mode register 201A-203A. The mode registers 201A-
203A are programmable:registers for:controlling specific features

related to the operation of each SDRAM memory unit 201-203. The

made registers 201A-203A are programmed to provide certain desired
operating characteristics either during configuration of the computer
system or on the fly during operation of the computer system as
changes in operating characteristics are required.

The mode registers of one embodiment, such as the mode
register 201 A are 12 bits wide with bits 2:0 indicating the number of
words that will be input or output in a burst READ or WRITE cycle, aiso
referred to as the "burst length”. The burst length of one type of SDRAM
memory unit is programmable to 1, 2, 4, or 8 data words, or to burst a full
page of memory. In one embodiment, bit 3 indicates the mode, either
linear or toggle mode, in which the starting memory address is
automatically incremented during a burst access sequence of 1, 2, 4, or
8 data words. in one embodiment, for a full page burst length, only a
linear increment sequence is available.. The toggle or interleaved
address increment mode is often used by high performance processors
for a faster cache line fill, for example. The toggle mode is used to
alternate between banks of memory such that one bank can be
accessed while the other is precharging and thus, less delay is incurred
in processing the burst access.

bl e of perform ng burst accesses



address increnent sequence. In one exanple, it is necessary to

increment the starting address of a burst access request fromthe
processor 101 in a toggle node to generate the addresses of nenory

| ocations to be accessed during the burst access operation. Simlarly,

all nmenory bur syoewmess requests originating fromagents on tRETAUS6/11928
peri pheral bus 111 in one exanple, require the nenory address for the
access to be-increnented in a linear increnment sequence for

subsequent data itens accessed during a burst access operation.

Exanpl es of linear and toggle node address increnent sequences whi ch
may be utilized to control such burst accesse® are described in nor e
detail below in reference to Figures 3A, 3B, and 3C The
menory controller 108 of Thadoagip inaremant made igitiusenabled by seﬁ'f"ﬁélﬂ%rrent

control logic 117 wapphopriaed bit @ ah SDRANMMbDE heyistersecsas mode reglstement
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register or eisewhere in the computer system. The toggle sequences
are described below with reference to Figures 3A, 3B, and 3C.
~ The difference between the linear and toggle increment
sequences directed by the linear and toggle modes set in the mode
" register, is illustrated in Figures 3A, 3B, and 3C for burst lengths of 2, 4,
and 8 data items respectively. For example, Figure 3B shows the
differences between the linear and toggle mode address increment
sequences for a burst length of 4 data words. The column 301 indicates
the value of the least significant two bits of the starting address provided
with a burst access request, aiso referred to herein as the data item
starting address. The numbaers indicated throughout Figure 3B are
binary numbers, but are shown in decimal notation for ease of
illustration and readability.
The particular toggle or linear increment sequence provided by
the SDRAM increment control logic, for example, depends on the data
item starting address determined by the value of a predetermined
number of least significant bits of the starting address, wherein the
specific number of bits is determined by the burst length. The column
302 shows the linear increment sequence of the two least significant
bits for a burst access starting address having:least significant bits with
a value corresponding to the number indicated in'column 301. Similarly,
the toggle increment sequence of the two least significant address bits
for a burst memory access with the corresponding data item starting
address is shown in column 303. It should be noted that the linear and
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repr ogram a node regi ster or other.such logic to switch back and
forth between | i near and toggle increnment nodes. In this manner, the
smart increment | control logic of the invention helps to reduce or
elimnate th ' I ncurred when changi ng address i”gﬁﬁﬂﬁﬁk es.
The operatioﬁwgs%ﬁﬁwy the smart increnment control logic 11 eggﬁgbed
in nmore detail bel ow with reference to Figures 2, 3 and 4.

Still referring to Figure 1, in one enbodinment, a data path unit 119
Is also coupled to the host bus 100 via the host data bus 120, and to
the main nmenory 109 via the nenory data busigt22. The data path unit

119 of one enbodi ment receives control signals fromthe nmenory
control ler 108 ovgjggldmcraigrtsedpiencefiridata e stailing Baarekebs ap8ldnd i t
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to the peripheral rdpte ingrot4BE nidt NZG’IWWsmHtIerjuﬂ&ﬁfordufferelﬁtnd over
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appreci ated by thagaresébs having Neadi Sighificdn dits abbartowwu@re also systens
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Controll er and Ml rangenen
register 201A controls how many clock cycles must elapse before the

data from a data access operation will be available on the memory data
bus 122 after an access operation is initiated. The value sat for the
CAS# latency is a function of the speed grade or access time of the
SDRAM device and the clock frequency of the computer system clock.
The operation of the CAS# signal and other SDRAM control signais are
well-known to those of ordinary skill in the art and are readily available
in data sheets from SDRAM manufacturers such as NEC Corporation.

As mentioned above, the mode registers 201A-203A may be
configured during set-up or configuration of the computer system, or on
the fly as needed when changes in operating conditions are required.

The Memory Controller of One Embodiment

Referring back to Figure 2, the memory controller 108 of one
embodiment is described in more detail. The smart increment control
logic 117 includes combinatorial logic 211 and control logic 213 for
controlling the toggle increment logic to provide both linear and toggle
mode increment sequences as d_escribed' in more detail below. Along
with the smart increment controi logic 117, the memory controller 108
includes address latches 204 for latching incoming addresses from the
host address bus 107 and the peripheral address and data bus 113. In



Enbodi ment Figure 2 illustrates the nmenory controller and main
nmenory arrangenent of one enbodi nent of the invention. Al though the

i nvention is described with reference to a main nenory. array i ncl udi ng
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particul ar types and nunbers of nenory devices, it will be appreciated
by those of ordinary skill in the art that other nenory arrays including
different types and nunbers of menory devices nmay al so be used in
accordance with the invention. The Main Menory Array

The main nmenory 109 of Figure 2 includes mem’.)ﬂ7 unlts 201- 203 whi ch
correspond to nenory array rows in Fi 8ure 2, but be arranged
differently in ot helonersoRpdi@ant theredressdaighes 204 PEMde for pipelining Q?

synchronous -dynani cmand@rao@eﬁe FequEstloyintabé\Wroughput ol ee rjuests. a dual

in-1ine nmenory nDduI ach of
t he SDRAM nenory uni ts %ﬁ%g&ﬂ&@&g&ﬁg Q&d&t&?%th the m&ﬁp&déﬁge regl ster
201 A-203A. The nod&eseiyadbythe addreas latches 205hare f&F@"ﬁﬁ’@yrtHPrﬁmﬁ"b registers
for controlling speddrementedmrotfogic 117 froe tHeclkibst contes! byse10s anditid each

SDRAM menory unit 2Q:2081 {8irol bus 112. Address decode logic 205 coupled to the
address {atches 204 decodes incoming addresses to determine
whether associated instructions, such as memory access instructions,
are destined for the main memory 109, the cache memory, or another
computer system component.

Once the address decode logic 205 determines that an address
associated with the access request is in the main memory 109, the
address is decoded by an address-t0-memory unit decoder 206 into row
and column address components identifying the particular memory unit
of memory units 201-203, and the precise iocation being accessed in
the particular memory unit. The address-to-memory unit decoder 206
decodes incoming addresses to determine the memory location being
accessed based in part on information stored in configuration registers
208 in the memory controller 108.

The configuration registers 208 include memory unit boundary
registers 210. In one embodiment, a memory unit size determination
routine is part of the BIOS stored in the BIOS ROM and executed on
power-up or restart of the computer system. The size determination
routine determines the storage capacity of each of the memory units in
the main memory array and stores the information in the memory unit
boundary registers 210 in the form of starting and ending addresses for
each of the memory units in one embodiment. In an alternate
embodiment, information is stored in the memory unit boundary
registers 211 based on input provided by the computer system user,
either via input to a configuration routine, or by setting hardware
switches in the computer system. The configuration registers 208 may
also include additional configuration registers storing different types of
information which are not discussed herein.



node regi sters 201A- 203A are progranmed to-provide certain desired
operating characteristics either during configuration of the conputer
systemor on the fly during operation of the conputer system as

changes in operating characteristics are required. The node
regi sters of ghdaedi ment, such as the node registe e 12
bits wide wt Its 2:0 indicating the nunber of V\Drdéc?%é?‘ﬁ\xﬁsl be
i nput or output in a burst READ or WRI TE cycl e, al so referred to as
the "burst length". The burst |ength of one type of SDRAM menory

unit is programmable to 1, 2, 4, or 8 data words, or to burst a full
page of nenory. In one enbodinent, bit 3 int2cates the node, either
l'inear or toggle node, in which the starting nmenory address is

automatical ly incr errenmecinélaaaréssmﬂtﬁénm nieRibp Heeesd rebuesdt frém Of

8 ‘dat d | t t |
i near increment &4 %&ﬁfﬁw‘@%&@gﬁé’%s 10%pt “1%0%51933@5 el e ffa'out
address i ncrenent l#sde decoded by the addiegsiiogremenyfusitrdeeodep 206 ctheor s

for a faster cacheddréis isifbrwardiéd tethagthan inthéméRintro 1$78Pb tO

thi te the other 1 dNgEHBRoPyf W&ﬁ&wﬁ‘] ROGSRS oy Aperdiihs. fhe spart ccoessed
processing the buriRgremesteentrol logic 117\n@sses eamnal of the operation on to the
PCT/ US96/ 11928  SDRAM state machine 214. The SDRAM state machine 214 operates to

provide all of the required control signals for SODRAM memory
operations to the SDRAM memory units 201-203 over the memory
control bus 218. During burst accesses, the SDRAM state machine 214
operates in the same manner, however the operation of some of the
control signals may be altered based on input from the smart increment
control logic 117 as described in more detail below.

Addresses of the memory locations being accessed are
transferred to the main memory array 109 over the memory address bus
216 during both burst and non-burst memory access operations. Data is
transterred to and from the main memory over the memory data bus
122, through the data path unit 119. in one embodiment, data is
transferred to and from the processor over the host data bus 120 orto
and from the peripheral bus through the memory controller 108 over the
peripheral address and data bus 113. Transfer of data to and from the
main memory is controlled by the memory controller 108 by control
signals transmitted to the data path unit 119 over the memory data
control bus 125.

The Smart | { G LLogic of the Invent

During burst memory access operations, the smart increment
control logic 117 of the invention assumes control of some of the
memory access control signals to provide for automatic incrementing of
a burst access starting address in cooperation with the toggle automatic
increment control logic of the SDRAM memory units 201-203. In this
manner, the smart increment control logic of the invention operates to
control the sequence of a burst access to memory. As discussed above,
the smart increment control logic 117 controls automatic incrementing of



The'toggl e increment node is thus e'nabl ed by setting the appropriate

bit in an SDRAM node regi ster such as node registers 201A-203A in
Figure 2, in one enbodiment. Programm ng an SDRAM node register to
provide a toggle increnment sequence enables toggle i ncrement | ogic
201 B-203B on tveompms47i cul ar SDRAM nmenory unit bei ng acdeyAsde1 Vs
toggle increment |ogic 201 B-203B increnents a .. burst access starting
address according to the toggle nbode sequences, with the particular
sequence being determ ned by the starting address provided with the
burst access and the burst length set in the de regi ster or

el sewhere in the conputer system The toggl e S€quences are descri bed
bel ow with reference to Figures 3A, 3B, and 3C The difference

between the |inear &cAddsess o providenketh linear and iqpgle iNcEemPPLSIQUPNESS ¢ he
| inear and toggl e mMging thetioggletditomaticincrementmaie btan SDRAML ustrated in

Figures 3A 3B, and 3C fﬁor&“@vﬁﬁ tlllgggﬁ\%&a%r{%iog?‘c 211 agd tﬁ@%oﬁtrgf;lﬁglc'éﬁm

respectively. For example rence etween

the |inear and toggl"é“‘ih)%e@éﬁ:ﬁ%% desgrihad bajew, the smayk incEemant ¢ontrol logis st
| ength of 4 data worid7.of Dhe mbwm&einclwdiascaafegtster 212 fdristorirgy the bakstt he

boral Sedne  aquesShelh WiatiL priaRfad e 1 Aod pedsf B9 znon alhed” =
starting address. Ti¢enfigiration of the eqrnputer RysiemHin one mrghad mSBf eﬁ%ﬁed on the
bi nary nunbers, but parst Ia’fgmmoredahemewtdgmatm the Hata ifes etarfing address

Il lustration andre rt r e or |linear
i ncrenent sequence prow dﬁ%é'gom an '"°°{'h%9 gﬁéng‘%%cr%ﬁtsé% %@‘29@0 | ogi c, for
exanmpl e, depends on reqrements ‘of the deyige 0t bys fromgwhigh the sews'épnwné@dbm he
val ue of a predet er snig@tincrementreontrel logic dperates o getdrimine indicoatroifthehe

starting address, ﬁrﬁbﬁa&c{lﬁss mcreméﬂ@%éjdeﬁc@iﬂ?téneﬁurﬁf aRidss. tb?h&'ﬁ'ﬁa m ned

by the burst Iength | hear i ncrenen
sequence of the two MeMaY ¥Ynificant bits for a burst access
starting address having Thesmat fnorémeantoritol g 117 of the inventitinudetermines

corresponding to th‘%vHHt'ﬁ@r% dééﬂﬂh%aé\/%ﬂ bid tS&éIHrHil? &ddrﬁbg‘(ﬁd&éh%nbs?%uencéhe

toggl e i ncrenent se nce ant a

n
o0 bur et manor y dRGEEc Ry the valia of e RseRRIPHYNG A tisE & it Sipficant
address i s shown i n bitslontm c86f3ol switching belween moeait ridrattoghie mhode ircrement

sequences to duplicate a required linear increment sequence in
rasponse to a particular burst access request received by the memory
controller 108. In one embodiment, the determination of whether to use
a toggle or linear increment sequence is based on the source of the
burst access request, but may be determined in another manner in other
embodiments. For example, certain devices may include a code
accompanying the burst access request or encoded within the request
indicating whether the particular device requires a linear or toggle mode
address increment sequence for a burst access. it should be noted that
the word "requires” in reference to the burst access increment sequence
may not necessarily be an architectural requirement of the device, but is
also used to indicate a higher performance operating condition, or a
constraint imposed by the computer system designer.

The operation of the smart increment control logic 117 of the
invention is described herein using a burst length of 4 data words as an
example. It will be appreciated by those of ordinary skill in the art that
the smart increment logic of the invention also operates with larger and
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~toggle increment sequences for data itemstarting addresses of 0 and 2
are identical in the case where the burst length is set to 4 words.

The |i near anqvéw I ncrement sequences for a burst |engt hg?:tl‘lo%gluszs
words ‘and a burst length of 8 words are simlarly illustrated 1 n Frgures

3A and 3C respectively. As shown, the linear and toggle increnent
sequences for a burst length of 2 words are identical and thus,
reprogramm ng of the node register 201 Ais not required for different
types of accesses requiring different increngnt nodes. The |inear and
t oggl e node automatic increnment sequences for burst access starting

addresses havi ng |gmaller bugsti lbhgtAS|tFUitte; WHlGthe Burst RAgthis YetcAbe®in the
The 1 ermi ning. bi ¢ CONER Y b e B! pusBodes 8 dedcBlo. 9l dids, Sreia >
| at ency of a cont ruitssSuemas memory bifs; bytes and pages:mey gisel be traesfemed in -

signal controls thebaiéhiabédds ard/cotitrolati by the nidifincRirtera\contrbl iogid 17 node

regi ster 201 A congy ny clock cycles nust el apse before the
data froma data a%ééﬁézn%g‘ﬁf’gﬁ on will be available on the nenory data

bus 122 after an accesslhspeperatiemot ane ambodinaent of ike seeitdnerement contrel
CAS# | atency i.s a |pgigCitti708 iffstratirl intAGck dibgfn RrmAincRIgaret 4."ForPurbdses of

SDRAM devi ce and tjagefliBhKit id SRR inthis' dant Bk MY Mihon? Stcess
requests originating from the peripheral bus, a PCI bus in this example,
require the memory address to be incremented in a linear manner for a
burst memory access. Further, in this example, all memory access
requests originating from the processor 101 or the host bus require that
the memory address is incremented in a toggle or non-linear fashion for
a burst memory access. Thus, in the embodiment illustrated in Figure 4,
the required address increment sequence is determined by the source
of the burst access request, in this case the host bus or the peripheral
bus from which the burst access request is received.

The method of one embodiment of the invention for controlling
burst memory accesses using only a non-linear or toggle memory
address increment mode begins at step 401. In step 403, a main
memory burst access request is received by the memory controlier.
Then, in parallel in one embodiment, the source of the burst access
request is identified in step 405 and the data item starting address of the
burst access request is identified in step 407. The data item starting
address is the value indicated by a predetermined number of least
significant bits of the starting address for the burst access provided
along with the burst access request. The predetermined number is
based on the burst length set in the SDRAM mode register and the
smart increment control fogic.

In decision block 408, it is determined whether the memory
access request originated from the PCI bus. If so, then at step 413, the
burst memory access begins and is executed in accordance with the
non-linear increment mode programmed into the SDRAM mode
registers of the main memory. The method then ends at step 415.



The operation of the CAS# signal and other SDRAM control signals are

wel | -known to those of ordinary skill in the art and are readily avail abl e
in data sheets from SDRAM manuf acturers such as NEC Cor porati on.
As nentioned above, the node registers 201 A-203A may be confi gured

during set-up sosempa8d47gur ati on of the conmputer system or on PCT/USY/9 | y
as needed when changes in operating conditions are required.

The Menory Controller of One Enbodi nent : Referring back to
Figure 2, the nmenory controller 108 of one enbodi ment is described in
nore detail. The smart increnment control | ogic 117 i ncl udes
conbinatorial logic 211 and control logic 2145 or controlling the

toggle increnent logic to gaow de both |inear and t oggl e node
i ncrement sequencesRateriag dackicdeqision DIockA08; if thereguestissey fromthe BCI h t he

srmart i ncrement CO“bﬂ@'théﬁﬁh @teﬁlﬁ)s basedreAMe sty address idddtified in stepc! udes

address | atches 204 e host

address bus 107 and4{)ﬁ er| m?'#"q";'%@g?@gé’ @ﬁﬁ g 'i)\{??'“k'&gﬁ tt?rmmes WO
97/ 24847 . whether the linear and non-linear increment sequences fprihatisos/ 11928
-11- one enbpaiticalr stdritgy 4SS ard theamse. 30sb, theélV indstep @1 3pthecturst ng

Verory Y S R e Ao h@*ﬁ@ﬁ%ﬁé 58%%92%?8@%%93“

recei ved by the addinesemeat made conupliadby thecpastieulay SDRAM memory unit being
accessed in the main memory. If, at decision block 408 the linear and

toggle mode increment sequences are not the same for that particular
address, then in step 411, the smart increment logic controls the
memory address increment sequence by alternating between particular
non-linear increment sequences corresponding to different data item
starting addresses to duplicate the desired linear increment sequence.
The smart increment control iogic of the invention does this by
manipulating the starting address using the combinatorial fogic and also
by controlling the memory access control signals using the control logic
213. In this manner, data in memory locations can be ignored if
necessary to duplicate the linear access sequence. The method then
ends at step 415..

A more specific example of the operation of the smart increment
logic of the invention is described with reference to Figures 2, 3 and 5.
In this example, the burst length in both the SDRAM mode registers and
the smart increment control logic has been set to 4 words. The linear
and toggle increment sequences are the same as those discussed with
reterence to Figure 3B.

Referring to Figure 5, the memory address increment control
operation for a burst length of four data words begins at step 501. A
memoty access request is received by the memory controlier 108 from
either the host control bus 106 or the peripheral control bus 112 at step
502 along with a burst access starting address on the corresponding
address bus - either the host address bus 107 or the peripheral
address/data bus 113. In this embodiment, the source of the request is
identified by the bus from which the request was received at step 503. In



i ncrement control logic 117 fromthe host control bus 106 and the

peri pheral control bus 112. Address decode | ogic 205 coupled to the
address | atches 204 decodes incom ng addresses to determ ne whet her
associ ated instructions, such as nmenory access instructions, are
destined for WhaARlp nenory 109, the cache nenory, or anoth

conput er system conponent. Once the address deCOdéU?OQIC 205
determ nes that an address associated with the access request is in
the main nenory 109, the address i s decoded by an address-to-nenory
unit decoder 206 into row and col uim address conponents identifying
the particular nmenory unit of menory-tH ts 201- 203, and the precise
| ocation being accessed in the particular nenory unit. The

addr ess-t o- menory otteart ertibodictaant 20 required ingrenttet sequentegag bl dstesnined
determ ne the ne ¥n ﬂﬁﬂﬂh&ﬂhéﬁ“ ng accessed based in part on
information stored in configuration reqgist 208 in the nmenory
control | er 108. At dems'%'aloebﬁﬂﬁg&mwat acgeissrequest gid P?kﬂ"!ﬂ!’éatﬁenor y
unit boundary from ¢ige pemmranmxs 11, @RCEbIoM this'éxamplepthenyin thist si ze

determ nation | ROM and
execut ed on exa r="u g&(grg% es ?‘h #B?ﬁe cOo é@p{gg&' At"?tlaﬁ]%oih@é& ze

det er mi nati on valm&mﬁéweée%strﬁmanhed%reés §°éHlﬁa§tﬁﬂW9cﬂddé%‘f‘§ﬂsof t he
nMenory units in  deternihéd iiicatingthé datd ity stating addmssst fethiséape g on i n

e R oo e MEA B Aesd 't odd g b8k Mt ol "1

an altemate bitgthegayse the bypsblepgth isset to %’Pbﬂé@ wardsh Eherdme leasting t

boundary L egigrificant bitd dtbmeskaarngl adurésphugi uhigiddy defivie onerpiifosr system
r, t er |

e are  C ! Nlaald ok ol e Wi S0 1A 0P ROt S RmaRBLI 0O

208 may al sdh@ Startiae aﬁeﬁsﬁl'ﬁ aat'whﬁuwmiar&m*@dm @?’se"é’f"!ﬂ'ﬁ" ng
different types ofassuming that sherbarsolength offoar wordst is dhesers fedorrespend.to

the length of a cache memory or other memory line. Once the data item
starting address has been determined, then in step 509, the toggie
increment sequence for that data item starting address is executed and
the burst access sequence ends at step 510.

Referring back to decision block 505, if the burst access request
is from the PCl bus (the peripheral bus 111}, then in step 511, the value
of the two least significant bits of the starting address, or the data item
starting address is determined in step 511. At decision block 513, if the
data item starting address is 0 or 2, the toggle and linear increment
sequences are the same as is illustrated in Figure 3B. Then, in step 514,
the particular toggle increment sequence corresponding to the data item
starting address is used to control the burst access, and the sequence
ends at step 510. In this manner, no delay is incurred tor a burst access
initiated by an agent on the peripheral bus as would be seen if the
mode register of the SDRAM being accessed had to be reprogrammed
to provide a linear increment sequence.

Referring back to decision block 513, if the value of the data item
starting address is not 0.or 2,-then in decision block 515, it is determined
whether the value of the data item starting address is 1. i so, then at
step 517, the data item starting address is combinatorially changed with
the combinatorial logic to a data item starting address of 0 and at step
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Once the address of the incom ng nenory access request from ei t her
the host address bus 107 or the peripheral address and data bus 113
i s decoded by wom7aesress-to-nmenory unit decoder 206, the PCTAISSR/1A928 | S
forwarded to the smart increment control logic 117 of the I nventi on.
During non-burst access nenory operations, the snart I ncrement
control logic 1 17 passes control of the operation on to the SDRAM
state machi ne 214. The SDRAM state nmachi ne 214 operates to provi de
all of the required control signals for SDRAIWTrermry operations to

t he SDRAM nenory units 201-203 over the nenory control bus 218.

During burst access2t, thﬂ@m@mmt@%mrememsmuenw iusadtaeontrel t he
sdme nmanner, hO\l\BVEthetH”agrm'ﬂﬁg of therburét 40eeBs.dh deision block 620 if te urgnal s nmay

be altered based o t c 117
as described in m%&%@#?pﬁ%{eﬁn '5:/% RERD OPG%{O%% wggg%tsa 'ge?’q%%&sﬁéﬁl%

| ocati ons bei ng accbedudstaccess operationrpontroliediby the ?QQQ'\%!WI’?@W%PO&WQ? 109
over the nenory addogasddiditem startméjdﬂ@bﬁsld”f@ li@ﬂ‘ghohw $ oA8 @mibvdirhevitSthe '

Terory over the medipt Agkasael Jetdlitem is iggbtéif By §Ef5§q\9t'§9§ﬂ§?sﬁ%§ﬁ%hﬁeﬂw%hg
I'n one enbodi ment, $iabal which indicates thatrvalid data is aihther pesinhenal asldmasidda over
the host data bus lgis 013 iPresponse f'thelbiRsh ddeess eaqualee Lsinglthe cbRr6IUSGict he

e of 0t St o 1 0 e ament ol RA e 9 b6%RariHE stAMYRe] >

menory control | er 1wechinec I instep 527, the burst access is completed according to
the toggle increment sequence for a data item starting address of 0.
Referring back to decision block 521, if the operation is not a burst
READ operation, then at step 523, for a burst WRITE access, the first
data item is also ignored. In one embodiment, the data item is ignored
by asserting a DQM signal of the SDRAM being accessed using the
control logic of the smart increment logic, such that the first data item is
not written to the particular SDRAM being accessed. Then in step 527,
the burst access is completed under the control of the SDRAM toggile
increment sequence for a data item starting address of 0 and the burst
access ends at step 510. Thus, for a linear increment sequence with a
data item starting address of 1, a one clock penalty is incurred as the
first data item is ignored in one embodiment. This one clock penalty is
much lower than the four clock cycles required to reprogram the
SDRAM mode register to provide an automatic linear address increment
sequence and wait until data can be transferred again. In this manner,
the memory access performance for burst accesses is significantly
improved. _

Referring back to decision block 515, if the value of the data item
starting address is not 1, then at step 531, the value of the data item
starting address is 3. At step 533, the toggie increment sequence for a
data item starting address of 3 is used to control the beginning ofthe
burst access. At step 535, after one data item is accessed, another burst
access cycle is started.with a data item starting address of 0 by
combinatorially changing the value of the two least significant bits and



signals transmtted to the data path unit 119 over the nenory data

control -bus 125. The Smart Increnment Control Logic of the
I nvention. During burst nenory access operations, the snart
|Pc[ﬁnent control logic 117 of the invention assunes control of some
0 e _ ccess control signals to provide for aupefrpés

I ncrenenti ng FiHhabat a burst access starting address in cooperatdi‘g}]”sm th
the toggle. automatic i ncrement control. logic of the SDRAM nenory
units 201-203. In this manner, the smart increnent control |ogic of
the invention operates to control the sequence of a burst access to
menory. As discussed above, t he smartyg.ncrenent control |ogic 117
controls automatic increnenting of WO 97/ 24847

PCT/ US96/ 11928 : i an -
address to provid éh%“o?%“tf‘,’"r?d by tgg dporres\gondmﬁ to%gle increment seddence. Data

< ear togygl e 1 Ngrenent s . [
the toggl e aut omaftPs mﬂéﬁﬁ rm@dol? éﬁ'egé%kﬂﬁe |gnore%%ye£]§s%?tm H}?g \l/J\AS!t Eg'
t he conbi nat ori al cbmecrcdrttiol sighaishasiog the contraldogic ziepending onswhethed the at es

as described bel oy, L ieiIREND 41 WIRTE. TREbeesd tA8h ends at step 51001n hie

enbodi ' :
s programmed | nt 3shea BB SR AarRLY & INFuTad 0 9hS amiideient in stalifBIAE LT
of the conputer swetem bursimecesssatiuence. ABabove,dhistdelay in processiag theengt h
stored in the regigi&actdés rédestidligwer tHanstha tbirElo@dgémity incurred by
reprogramming the SDRAM mode register to provide an automatic
linear address increment sequence.

Along with the increased burst access efficiency provided by the
invention as described above, the invention also offers the advantage of
reducing test costs associated with SDRAMSs. If only the toggle
automatic address increment mode is used for burst accesses, testing of
the SDRAM in the linear increment mode is not required. Further, silicon
space in future versions of SDRAM devices can be saved by not having
to include the control logic associated with the linear automatic address
increment sequence.

Although the above method is described with reference to a burst
length of 4 data words, it will be appreciated by those of skill in the ant
that the other burst lengths are within the scope of the invention.
Whereas many alterations and modifications of the invention may occur
to one of ordinary skill in the art after having read the foregoing
description, it is to be understood that the particular embodiments
shown and described by way of illustration are in no way intended to be
considered limiting. Therefore, references to details of various
embodiments are not intended to limit the scope of the claims which in
‘themselves recite only those features regarded as essential to the
invention.



determ ned froman incom ng burst access request, and the

requi renments of the device or bus fromwhich the request originated, the
smart increment control |ogic operates to deternmi ne and-control the
correct address increnent sequence for a burst access to the main

menory 109. wO097/24847 The smart increnent control |ogic 11Parfusséingzs

I nventi on determ nes whet her to use the avail abl e toggl e node address
I ncrement seguence “indicated by the value of the_predeterni ned nunber
of |east significant bits or to control sw tching between one or nore
t oggl e node i ncrenent sequences to duplicate a refrﬂlllﬂﬂﬂumﬂn l“l

I ncrenment sequence in response to a part®rcul ar bu l] IL
recei ved by the nmenory control l er.108. In one embodi nént*

det ermi nati on of whWhatis claimagbis: a toggle or linear incr errent sequence

i s”based on the source of, t hean ap ara'ﬂ&ﬁﬁirc%ﬁﬁ@lﬁﬁg wmhn Micmat‘atms of
determ ned in anot her_nmanner in r} s E??
certain devices nayaln?ﬁfV%é"z?%%Bu ersyste%gﬁﬁgﬁ% 3HoH agg%e@ss
request or encoded operation.the ordejubaing eltheraimearc;udehgr amsgieuorwefethe

Cequence Tor & burstos ?82‘96"*“’”%"” e Siliehcl) htich a bufét Sceass Ry
'requires" in ref erE‘E@SS?EF 'ﬂ‘fée'Bﬁ'l’? QUUPHIRE ?yesﬁ%’ﬂt'"glga’ﬂgﬁ%g'e may

not necessarily be terementilogictiar uﬂcremqmtmgeweaddresswmetqggﬂecsequgme,itlse
al so used to indi cahgparafiisiesrhpR§ih§or mance operating condition, or a
constraint inposed by the co ut er

operation of the smart incre 't"pHE)ﬁ%'/? &Rr rPBﬁY'Bgfleq"ratf aggess request ai"H\?ent i on
i s described her ei nstagingaddress from adgvice if the chmputensystem stherstarting :

exanple. It will beamgemcnéaﬁmgbdﬂishma& I8 HioR 36 beSdddebsedirl feBpahde fohat
the smart increnment th %rgt ggcésrs]?'e&@e\é?m lon"al so operates with |arger and
logic for determining whether the device requires a linear
‘or toggle address increment sequence for the burst access; and
sequence control logic for controlling the toggle increment
logic to increment the starting address in a linear sequence in response
to the determining logic determining that the first device requires a
linear address increment sequence.

2. The apparatus as set forth in claim 1 wherein the memory
is a synchronous dynamic random access memory (SDRAM).

3. The apparatus as set forth in claim 2 wherein the toggle
increment logic is configured on the SDRAM.

4. The apparatus as set forth in claim 3 wherein the SDRAM
includes a mode register having a burst length field storing information
indicating a number of memory locations to be accessed during a burst
access operation. _ '

5. The apparatus as set forth in claim 4 wherein the toggle
increment logic increments an address in one of a plurality of toggle
increment sequences, the particular toggle increment sequence being
selected by the burst length and a value of a predetermined number of
least significant bits of the address. :

6. The apparatus as set forth in claim 5 wherein the required
linear increment sequence for the burst access is determined by the

This Sheet Has Been Re laced .
I [T SHEE T e
- REPLACED



WD 97/ 24847 .

PCT/ US96/ 11928 -14-

smal l er burst lengths. Further, while the burst length is described in the
context of data words for the purposes of description, other sizes of data

units, such bits, bytes and pages, may al so be tra 3ok N
a bur st acce3§ gﬁggéontrolled by the smart increnent control 5g?§ﬂ%?%

of the invention. The operation of one enbodi nent of the smart
i ncrenent control logic 117 is illustrated in bl ock|ugh

Figure 4. For purposes of il lustration, it is assuwllmmﬂnmﬂmmm e
that all main nenory access request s-ap-i gi nati ng from thetpeti pher*al
bus, a PCl bus in this exanple, require the nmenory address to be

Lﬂf;egg$?e' naﬁl lbuRR ¥ngiR el a {Alle df a predetorrhitledmumber cldeastsigiicanber , i n
requests or| I nating fromthe

processor 101 or Pﬁenﬁﬁ{etagﬁﬁ'%r%%ﬁé t hat g rrem)? address is

i ncrenented in a toggl & or Wbﬂappﬁeaéusaa§ﬁtf9ﬁhf'6|cla'mGfuw%w%d'ﬂ%r'ﬂ%

access. Thus, in thecdnbiagionany chhhgigtine ealue of he predetermined nuhiberioéqui red

d
access request, | heUATkeDt bIEOE ol apbis 3 tbRf apaor e STl 2,
whi ch the burst apiwalityrafdoggle incremsntiseauences to duplicate thereaqwiadhineagf one
enbodi ment of t he jhdrdfvent ggq{,@ﬁcecontrol l'ing bur st _menory accesses

using only a non- Ilnear or pPp ¥setforth lﬁq:gg' S0 aDde
begl ns at step 401. In step Y & access're uest
i's received by t heontrablogiccionceniraling the memOBhEWSt ?ﬁcﬁﬁsﬁ%ﬂqré‘m" fughthat
enbodi nent, the squmemory abbesd & paicars memory locatignds igriared ifethe tdgghel i n

SLep 405, and L. Selmk Bl e IRG Sl sl 1 ool o BEARRS |
t he val ue i ndi cat eahdthedogationds aotRrieeptignwhieh [;frqqyg ed to %e accessed
during the burst access operation.

9. The apparatus as set forth in claim 1 wherein the computer
system includes a processor communicating with the memory over a
host bus and onae or more petipheral devices communicating with the
memory on a peripheral component interconnect (PCI) bus and wherein
the determining logic determines that a linear access order is required if
the burst access request from the device is received from the PCl bus
and a toggle access order is required if the burst access request from
the device is received from the host bus.

10. A method for controliing the order in which locations of a
memory in a computer system are accessed during a burst access
operation, the order being either a linear order or a toggle order, the
order being determined by a sequence in which a burst access starting
address is incremented, the computer system including toggle
increment logic for incrementing an address in a toggle sequence, the
method comprising the steps of:

receiving a burst access request and a burst access starting
address from a device, the starting address indicating a first memory
location to be accessed during the burst access operation performed in
response to the burst access request;

determining if the device requires a linear or a toggle address
increment sequence for the burst access; and

[
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significant bits of the starting address for the burst access provided
al ong with the burst access request. . The predeterm ned nunber is
based on the burst length set in the SDRAM node regi ster and the

smart increnment control |ogic. I n decision block 408, it is

det er m ned whetvweprisgse nenory access request origi nat ed HOTOIS96/11928PCl
bus. If so, then at step 413, the bur st mem)ryg}l';ﬁTS_S_PgQi,_rLS._aJld—J—5
executed in accordance with the non-|inear i.ncr nmode pr ogr anmed

e L R T

PCT/ US96/ 11928
Referring back to decision block 408, if the request i s not fromthe PCl
bus, then in step 409, beanitoling tﬂedogg&rlncmmeatimg&m incgeareentithel stasting ep

407, the smart 'ncraamksmatmbr keqiéncalit fh%evraéeiatde@émdﬁé@maﬁﬁea

V\/net her the |inear :}’ég |near | ncrement sequences for that

particular starti ng St Jpaese ﬁg HEME®- 1t so, then in step 413, the

bur st access i s exttut elhamathed agseﬂonhen nla:mlmnmeremthedggmry is
addr ess I ncr egRIYDHIANE control l ed by the part | cul ar SDRAM nenory unit
bei ng accessed in |on bl oc 0

| i near and t oggl e %de%ﬁpﬁg‘?ﬁ X?;@ﬁ{f@ﬁg Ho‘f’h?rﬁ@ f}89$'8r t hat
particul ar adtnceargent lngie is coatigyresn the SDBAMmart i ncrement | ogic
controls the 13.  The method as set forth in claim 12 wherein the SDRAM

includes a mode register storing a burst length indicating a number of
memory locations to be accessed during a burst access operation.

14. The method as set forth in claim 13 wherein the toggle
increment logic increments an address in one of a plurality of toggle
increment sequences as selected by the burst length and a value of a
predetermined number of least significant bits of the address.

t5. The method as set forth in claim 14 wherein if the device is
determined to require a linear access sequence, the required linear
address increment sequence is determined by the burst length and a
value of a predetermined number of least significant bits of the starting
address. _

16. The method as set forth in claim 15 further including a step
of combinatorially changing the value of the predetermined number of
least significant bits of the starting address to select one or more of the
plurality of toggle increment sequences to duplicate the required linear
increment sequence. -

17. The method as set forth in claim 16 further inciuding a step
of controlling the memory burst access operation such that a memory
access to a particular memory location is ignored if the toggle increment
logic increments the starting address to access the location and the
location is not a location which is required to be accessed dunng the
burst access operation.

. . 18. The method as set forth in claim 10 wherein the computer
system includes a processor communicating with the memory over a
-host bus and one or more peripheral devices communicating with the
memory on a PCl bus, and wherein the step of determining is

I
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menory address increnent sequence by alternating between particul ar
non-1inear increnent sequences cherent data item
starting addresses to duplicate esired linear increnent sequence.
The smart increnent control |ogic ' ﬂnuu“Ldoes this by

mani pul ating $Re+5i@s t1 ng address \mmmm“““ torial | opbprsdidindg SO

by controlling the nemory access control tsitnat s using the control |ogic
213. In thi.ss manner, data in nenory | ocations can be ignored if

necessary to duplicate the |linear access sequence. The nethod then

ends at step 415. A nore specific exanple of the operation of
the smart increnent | ogic of the inve2®@+ on is described with
reference to Figures 2, 3 and 5. in this exanple, the burst length in

both the SDRAM noegsporgiveiitresauttde of the aédbes 3equdst torderemaite thatitheol | ogi c

has been set to 4 Sggilagl]'ip& égiﬂgmg{%bcassoréé}gﬁhggmr& %?gﬁﬁe%guences

are the sane as t CuUssS erence

Referring to Fi gurecaived fiemibad?Gl busoand 3 1oggle aneans orear if e burst acegss, at i on
for a burst |engt heghest®/fecdived frém dfe Retibis. at step 501. A menory

access request is receigged t r t. . A ei t her
the host control bus 1dé orqﬁﬁﬁ%@ﬁ&%e%g&@o'hgr‘%ﬁB%gﬁ‘fgégg%e g%"esE)

502 along with a Hength isiesssiata werds agd theipregetepminadnumberailgash ng
address bus - eit ynifidaft BRS detsthising thae!9all@ Ts wo.t he peri pher al

"dent i ti ed by the bus Pom OrPOTPRAL Tanmt B CC " d o step 503, 1n
WO 97/ 24847 a processor;
PCT/ US96/ 11928 a host bus coupled to the processor for communicating

information;

a memory coupled to.the host bus;

a peripheral bus coupled to the memory;

toggle increment logic coupled to the memory, the host bus and
the peripheral bus for incrementing an address in a toggle increment
sequence; and _

logic coupled to the memory for controliing the sequence of a
burst access to the memory in response to a burst access request and a
burst access starting address received from the host bus or the
peripheral bus, the logic controliing the toggle increment logic to
increment the starting address in a linear increment sequence if the
burst access request is received from the peripheral bus.

21.  The computer system as set forth in claim 20 wherein the
peripheral bus is a peripheral component interconnect (PCl) bus.

22. The computer system as set forth in claim 20 wherein the
particular toggle increment sequence selected by the toggle increment
logic is determined by a burst length set in a burst length register
coupled to the memory and a value of a predetermined number of least
significant bits of the starting address. .

23. The computer system as set forth in claim 23 wherein the
memory control logic of the invention aiso includes combinatorial logic
for combinatorially changing the starting address to select one or more
toggle increment sequences to duplicate a linear increment sequence.
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-16- ot her enbodi nent the required increnent sequence may be

determ ned i n anot her manner. At decision block 505, if
t he burst access request did not originate fromthe peripheral bus
111, a PCl bus in this exanple, then in this exanpl e, a toggle

i ncrenent sequepe@iMsr equi red. At step 507, the val ue ofcrirsvehives

| east significant address bits of the starting address is det er m ned
indicating the data itemstarting address. In this case, the dat a

itemstarting address is determ ned using the two | east significant

bits because the burst length is set to four ta words. The two | east
significant bits of the starting address thu; ni quely define one of four
data words as a starting point for the burst access with the remai nder of
the starting address indicating the particular cache line, for exanple,
assuming that the burst length of four words is chosen to correspond to
the length of a cache memory or otier nmenory line. Once the data item

starting address has been det ggq; then in step 509, t t oggl e
Em ss i $jepecut ed and
t

1

i ncrenent sequence for that
t he burst access sequence ends {e §10. Referring back to
deci sion bl ock 505, if the bur]s e%%equest is frpmthe PCl bus
(the peripheral bus 111), theH ijn stepd1l 1, the vajue of the two
| east significant bits of thejsgartjn “address, or fhe daia item
starting address is determ nedgfin & ep ST AT degqrsion bgle 513, if the
data itemstarting address is |@]or sthe toggle gnd,|ineg®lincrenent
sequences are the sanme as is :J fusg®Tediin Figurq 383 Thed| in step 514,
the particular toggle increne se@le rrdjglggg@ ghe data item
starting address is used to cqntrol t e>purst 4ssg &tz he sequence
ends at step 510. In this manrne no @glmy is ingcdrr §fo B burst access
initiated by an agent on the pge yld be seep if the
node regi ster of the SDRAM beiin be reprogrpnmed
2> ...1&
e d T << ﬂ
28 2 I\%§§ 5w
gggg g&‘%’s = 4 é'ﬁ%g: Hgg
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to provide a linear increnment sequence. Referring back to
deci sion block 513, if the value of the data item starting address
is not O or 2, then in decision block 515, it is determ ned whet her
the value of the data itemstarting address is 1. If so, then at

step 517, th Bagsbem starting address is conbinatorially Eﬂyﬂﬁgﬂuﬁfth
the conbinatorial logic to a data itemstarting address of 0 and at step
WD 97/ 24847. -

PCT/ US96/ 11928 -17- 519,
t he correspondi ng toggl e i ncrenent sequenceuks used to control t he
begi nning of the burst access. In decision ock 521, if the burst

access operation is a READ operation, the first data item accessed by

t he burst access operation,controlled by the toggle increnent sequence

for a data iten1startingg?ﬂ§ress of O, is ignored. In one enbodinent, the
first accessed data item%g—i ying the assertion of a control
signal which indicates th validéyata is dn the peripheral address/data
bus 113 in response to t st ess request using the control |ogic

of the smart increnment control ne nism-t te
machi ne 214. In step 527, the bur §& access }s conpl eted according to
t he toggl e increnent sequeg 421 a data Itemstarting address of O
B
Jom T

Referring back to decision 521, if the operation is not a bur st
READ operation, then at st 523 for—=aburpt—V s, the first
B
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data itemis also ignored. In one ehbodinent, the data itemis ignored
by asserting a DQV signal of the SDRAM bei ng accessed using the
control logic of the smart increnent logic, such that the first data item

S not witten to the particul ar SDRAM bei ng accessed. Then in step
527, t hguJy#hadaraccess i s conpl eted under the control ofCEE%IRRY)
toggl e I ncrenment sequence for a data itemstarting address of 0 and
the burst . access ends at step '510. Thus, for a linear increment
sequence with a data itemstarting address of 1, a one clock penalty
Is incurred as the first data itemi§%gnored i n one enbodi nent. This
one clock penalty is much | ower than ( e four clock cycles required
to reprogramthe SDRAM node regi ster to provide an autonmatic |inear
address increnent sequence and wait until data can be transferred
again. In this manner, the nmenory access perfor r bur st

accesses is significantly STARTING' | OMNEAR INGREMENT 10@&&3 B¥ i ng back to
deci si on bl ock 515, if the val AROR t he SERUENCE ¢ ol artli ng address is

not 1, then at step 531, the jal@e of the0data item 91 _stadrting address

Is 3. At step 533, the toggl ¢ i ngrenent saguence a,o ata item
starting address of 3 is used gl nni ng : bur st
access. At step 535, after one data itemis accessed, another burst
access cycle is sF!Gi.th itemstarting address of 0 by

conbi natorially changing the value of the two | east significant bits and

WO 97/ 24847
PCT/ US96/ 11928

STARTING | LINEAR INCREMENT | TOGGLE INCREMENT
ADDRESS SEQUENCE SEQUENCE

0 0,1,2,3 0,1,2,3

1 1,230 1,0,3,2

2 2,301 2,301

3 3,0.1,2 3210

FiG. 3B

STARTING | LINEAR INCREMENT | TOGGLE INCREMENT
ADDRESS SEQUENCE SEQUENCE

0 0.1,2,34,5,6,7, 0,1,2,3,4,5,6,7,
1,2,3,4,56,7,0 1.0,3,2,5,4,7,6
2,3,4,5,6,7,0,1 2,3,0,1,6,7,4,5
3,4,5,6,7,0,1,2 3,2,1,0,7,6,54
4,5,6,7,0,1,2,3 4,5,6,7,0,1,2,3
56,701,234 5,4,7,6,1,0,3,2
6,7,0,1,2,3,4,5 6,7.4,52,3,0,1
7.0,1,2,3,4,5,6 7,6,5,4,3,2,1,0

~Njojon L~ lWI|NV] -
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- 18- then controlled by the corresponding toggle increnent sequence.

Dat a itenms beyond the required burst length are ignored by asserting
t he correct control signals using the control |ogic dependi ng on

whet her the access is a READ or a WRITE. The access then ends at step
510. In this woomdape, a one clock penalty is incurred in ONEESIbFRHhent
in starting the second burst access sequence. As above, this delay in
processi ng t-he burst access request is {ower than the four clock
penalty incurred by reprogramm ng t he SDRAM node regi ster to provide
an automatic | i near address increnent,gequence. Al ong
with the increased burst access efficiency ovi ded by the i nvention

as described above, the invention also offers the advantage of

reduci ng test costs associated with SDRAMs. If only the toggle

automati c address increnent node is used for burst accesses, testing of
the SDRAM in the |linear increpe iregds Further, silicon
space in future versions of $ 4dved by not havi ng

to include the control |ogic |adEEs }i near autonatic address
i ncrement sequence. Ok swdve nethod is described
with reference to a burst Jpnnrh of 4 dat rdgs it will be
appreci ated by those of skil ECEIVE BURST MEMORY ACCESS hts ﬁe ot her bur st

l engths are within the scope m%ﬁ@lﬂﬁmﬁ?mwﬂmm Wher eas nany
alterations and nodifications of the inyention nmay occur to one of
ordinary skill in the art aftgrnaving read the tqregoing
description, it is to_be hat
shown and descri B8 m Bfsoukdewst rlat i o ended to be

considered limting. ] PERESS REQUEH | rious
enbodi nents are not intended olimt the scope off the clainms which in

odi nts

t hensel ves recite only those to the
i nvention.
413
f
ACCESS MEMORY ACCORDING
TO NON-LINEAR INCREMENT
ADDRESS SAME FOR SEQUENCE FOR STARTING
TWO MODES ADDRESS
?

ALTERNATE BETWEENNON- |V
LINEAR INCREMENT SEQUENCES
TO DUPLICATE LINEAR
INCREMENT SEQUENCE FOR
GIVEN STARTING ADDRESS

-t

415
CEND )
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-19- 1. (Amended) An apparatus for controlling the order in which
| ocations of a menory in a conputer systemare accessed during a burst
access operation, the order being determ ned by a sequence in which a
burst access starting address is increnented, the conputer system

i ncl udi ng t oggyg obmdeaeMENt lOgic to increnment an address in BCHOHEAW8
sequence, the apparatus conpri sing: an i nput bus to receive burst
access requests and corresponding starting addresses froma plurality of
devices in the conputer system each starting address indicating a first
menory | ocation to be accessed in response t he correspondi ng bur st
access request, each of the plurality of lces requiring either a |inear
or a toggle address increnment seguence;

BEGIN MEMORY ADDRESS INCREMENT 501
CONTROL FOR BURST LENGTH OF FOUR
RECEIVE MAIN MEMORY ACCESS REQUEST s 52
IDENTIFY SOURCE OF 503
MEMORY ACCESS REQUEST
Y 505
IS
NO ~REQUEST FROM
{ PG PCI BUS
IDENTIFY VALUE OF TWO
LEAST SIGNIFICANT srrsI — ”
v 500 | LEAST SIGNIFICANT BITS
L OF STARTING ADDRESS
RUN TOGGLE INCREMENT !
SEQUENCE FOR THAT
VALUE
|
¥ ¢
TOGGLE AND LINEAR
INCREMENT SEQUENCE
ARE THE SAME. RUN NO
TOGGLE INCREMENT ) } 531
SEQUENCE vES s
517 VALUE IS THREE
COMBINATORIALLY CHANGE
NS ALY CHRNGE L™ v
I 3 START TOGGLE INCREMENT
519 | SEQUENCE FOR VALUE OF 3
START TOGGLE INCREMENT |« ——T———53-5
SEQUENCE FOR 0 s
AFTER ONE CLOCK CYCLE,
COMBINATORIALLY CHANGE
~STARTING ADDRESS TO 0
-, | v 531
FOR WRITE YE S T ORCLE NCREMENT
DISABLE WRITE IGNORE THE 825
FOR H&RESJ DATA] | FIRST DATA ITEM SEQUENCE FOR0
1 v 539
51 STOP SEQUENCE AFTER
sl o7 OUR DATA ITEMS READ
COMPLETE INCREMENT SEQUENCE |5

FIG. 5 G-



.and sequence cont r'bi | ogi c 'coﬂpl ed to the I nput bus and to be -

£o"Pl meremont - AHRERNG AL TEEbRGRT kel 0L °Leéﬁaﬁ%ﬁ9§. s e R 1o 0

burst access request from a device requiring a linga [ ncrerrent
seque Fire apparattus—as set—fortir—mctarmtrheretrr—tie
menor liosua mmwmmmgnmmmmdﬁwmammmmmry ( SDRAM) . 3.

The appmmet—ﬁmd-arwz—vmem—rhe-rom]ﬁcnenr togrT
s configuregt @ehkial RAtdMds mentioned in the abstract do not mclude ‘a‘reference s1gn
between parentheses (PCT Rule 8.1(d)).

- Memory access control logic (108) for controlling sequential and toggle mode burst
o accesses to a memory (109) in a computer system using teggle mode automatic
increment logic (201B). The memory access control logic (108) controls the
sequence in which locations of a memory are accessed during a memory burst
access operation wherein the burst access sequence is determined by an order in
which a burst access starting address is incremented. Toggle increment logic
(201B) for incrementing a starting address in a toggle sequence is included in the
-~} eomputer-system—An-input bus (106) receives a burst access request and a burst

access starting address indicating a first memory location to be accessed in
- response to the burst access request from a device in the computer system.

Additional-logic (117) determines whether the device requires a linear increment

sequence or a toggle increment séquence for the burst access. Control logic (213)

controls the toggle increment logic (201B) to increment the starting address in a
linear sequence in response to determining that the device requires a lmear

increment sequence. -
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4..; ¢Amended) The apparatus as set forth in claim3\ e
I ncl udes a mode tegi ster having a burst length field }[NJEPL@ S Pl

| engt h i ndi catg [ m menory | ocations to bg Jaccessed durifpgfa
burst access ; “ . 5. (Anmended) The gpparb® MAR t{forth
: PPe

in claim4 whereicn thet tbggte increment |ogic incremgnts an addres n-one
of a plurality of toggle address increnqﬂb_sequencas, t he partrecutar
toggl e address increnent sequence being sél ected bi urst | engt
indicated in the node register and a val ue of redeterm ned nu of

a L
| east si gnificandl. bi t éAatended) ad\y appanatusoier qon&mﬁimﬁhed?rder in whichg
(Amended) The apparatus as set forth in claim5 wherei Hé&f}e reaui red |inear
addr ess i nclogations SEGUBRMOTY iR aLAURRYIEE SYgMm /Fe3CCess g HERL access
. . . b

e e, e e RS e oSBT it
cast 190t oS S BRSPS RAR e

SEquence.  jhcremented, the computer system including toggle increment logic fer

vigw

| incrementing] o increment an address in a toggle sequence, the apparatus
comprising:
an input bus [fer-reeeiving] to receive [a] burst access [roquest] requests
and [a] corresponding starting [address] addresses from a plurality of [deviee]

devices in the computer system, fthe] each starting address indicating a first

memory location to be accessed in response to the corresponding burst access

request, each of the plurality of devices requiring either a linear or a toggle
address increment sequence; '

sequence control logic Hereentrelling] coupled to the input bus and to be
coupled to the togale increment logic to control the toggle increment logic to

\ increment the starting address in a linear sequence in response to fthe-

ires] a burst access

request from a device requiring a linear address increment sequence.

2. The apparatus as set forth in claim 1 wherein the memory is a

synchronous dynamic random access memory (SDRAM).

3. The apparatus as set forth in claim 2 wherein the toggle increment

logic is configured on the SDRAM.
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7. ( Amended) The apparatus as set forth in claim®6 furm;pgmgm

| ogi ¢ for conbi natar_l_acl—-l—y—eharrgr‘ng"f*h"- val ue of the prie

| east significant bits g address to sel gct
plurality of toggle “ m ma“r“t sequences to d pI

| i near address i ncr 8. (Ame

IEPEACEMENT-S %Efr

one or nore
i c&f?eMARélW%q
ddqd) The appar at

set forth in claim7 further |ncI ud| ng control |ogic doupled to the

u

"

q
J

sequence control logic and to be coupl ed_gg-the
-21- toggle increnment logic to control the nmenory burst

of
t he
ed

as

‘access operation

such that a menogy aCfl&ﬁ%nHédP TRE tdppakatls HR"Evt Yohh dtiain 3 Whbasintes
og

the toggl e increnent

f

Ic increnments the starting address to access the

| ocati on arSDRAM linclatiesa medeatgistartiaving a bupst lengibsiald [sterirg]in stoee Aur st

access operatlon

burst length [irfermatien] indicating a number of memory locations to be

accessed during a burst access operation.

5. (Amended) The apparatus as set forth in claim 4 wherein the

- toggle increment logic increments an address in one of a plurality of toggle
address increment sequences, the particular toggle address increment
sequence being selected by the burst length indicated in the mode register and
a value of a predetermined number of least significant bits of the address {0 be

incremented.

6. (Amended) The apparatus as set forth in claim 5 wherein the

required linear address increment sequence for a_device requiring a linear

address increment sequence during [the] a burst access is determined by the
burst length indicated in the mode register and a value of [a the predetermined

number of least significant bits of the starting address corresponding to the burst
access request from the device requiring a linear address increment sequence.

7. (Amended) The apparatus as set forth in claim 6 further including
logic for combinatorially changing the value of the predetermined number of
least significant bits of the starting address to select one or more of the plurality

of toggle address increment sequences to duplicate the required linear address

increment sequence.

8. (Amended) The apparatus as set forth in claim 7 further including

control logic coupled to the sequence control logic and to be coupled to the
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9. (Arended) The apparatus as set forth in clai m ¥wieET but er
systemincludes a processor comunicating with the WQ%Hmt bus

and one or nore peripheral devices conmmunicating w tjh |t he nmenory
peri pheral conpone nnﬂ mm PCl) bus, and wher g ng MARéﬁ?‘)acc Ss
order is required H“mm requests fromth evices couplleg to
the PCl bus and a toggfe 'acdess ofder is required fo rst-access requests
fromthe processor coupled to the host hysg. 10. _(Anended).

met hod for controlllng the order in which locations "of a nenory in a
conput er syleggle buces it ] Herteontrollingt thas mepeonytburst acdessor der
being either a Irnear order or a toggle order, the order being determ ned
by a sequenererationisiush thabamemary aceess tara pﬁglmrreemqm logatiendsnignarad t he
conput er system | ncI udi ng to?gl e.increment logic for increnmenting an

address i n hihelgagle amram ogig incremests thengianing.addnges t@@&ﬁ%S%rhe
recei vi ng st acc?I 3 Cl%!fs d.a hurst. access startr addr es from
a first de\?lPEQ 1om, af’ﬁet € t@ﬂ?ﬁ%@'@*‘?ﬁ‘ﬂ? %&F’e‘g ALHEELONg a

Lgrfgrggolr%urlw(‘)gc étoac%%sg%%%?gfo%.du“ ng the bur st access operation

9. (Amended) The apparatus as set forth in claim 1 wherein the
computer system includes a processor communicating with the memory over a
host bus and one or more peripheral devices communicating with the memory

on a peripheral component interconnect (PCI) bus, and wherein fthe:

determining-logic-determines-thal] a linear access order is required fifthe] for
burst access [request] requests from the [device-is-received-from)] devices
coupled to the PCl bus and a toggle access order is required [i-the] for burst

access [request] requests from [the-deviee-isreeeived-from] the processor
coupled to the host bus.

10. (Amended) A method for controlling the order in which locations
N - of a memory in a computer system are accessed during a burst access

operation, the order being either a linear order or a toggle order, the order
being determined by a sequence in which a burst access starting address is
incremented, the computer system including toggle increment logic for
incrementing an address in a toggle sequence, the method comprising the
steps of:

receiving a burst access request and a burst access starting address
from a first device in the computer system, the starting address indicating a first
memory location to be accessed during the burst access operation performed in

response to the burst access request;
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response to the burst access request; REPLACEMENT SHEET
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det er m ni ng whet he ' Lumnme requires a linear of & tmg{ﬁ dr sk
i ncrenent sequenﬂcen!m‘?“mum cess operation: and controlling
the toggle increment |ogilc to i*ncfenent the starting addfe$s—iw—a—tinresa
sequence if the first device is determned to require a ki near burst

access sequence. 11. The net hod &2-set forth in~ctarmm IO Wher el n
the menory is an SDRAM 12. (Anended) The nethod as set forth in
cl ai m 11 wher ei ndetRymipingyith whetherthefirsidevice sequiras g lineyr ona tegglepRrAM
13. (Amendegzj The, met hod, as set fforth Ln claim12 wherein the
address increment sequence for the burst access gperation; and
controlling the toggle increment logic to increment the starting address in
a linear sequence if the first device is determined to require a linear burst

access sequence.

11.  The method as set forth in claim 10 wherein the memory is an

. SDRAM.
\/
12. (Amended) The method as set forth in claim 11 wherein the
toggle increment logic is [eenfigure] configured on the SDRAM.
13. (Amended) The method as set forth in claim 12 wherein the
SDRAM includes a mode register [etoring] to store a burst length indicating a
number of memory locations to be accessed during a burst access operation.
14. (Amended) The method as set forth in claim 13 wherein the
U toggle increment logic increments an address in one of a plurality of toggle

address increment sequences [as-selested-by] depending on the bufst' length
indicated in the mode reqister and a value of predetermined number of least

significant bits of the address to be incremented.

15. (Amended) The method as set forth in claim 14 wherein if the first

device is determined to require a linear [aceoss] address increment sequence,

the required linear address increment sequence is determined by the burst

length and a value of [a} the predetermined number of least significant bits of

the starting address.
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SDRAM i ncl udes a node register to store a burst length indicating a nunber

of menory | ocations to be accessed during a burst acce _ PA—
14. (Anended) The nethod as set forth in claim 13 whe Ewéﬁééﬁ@

i ncrement | ogicii ess in one of a plurgljty of toggle:;
addr ess incremhtﬂmmﬂmnﬂmgmihg on the burst | engt

nmode regi ster ahd & val e &f pPretlet er m ned nunber of |
of the address to be increnented. 15. (Anende{d)

forth in claim14 wherein if the first deesee is deterpined to require

st significant

TONHAR1999 I

¢
S

Q

t he
its
et

| i near address increnent sequence, the required |linear address increnent
sequence is determ ned by the burst Iength and a val ue of the predeterm ned

number of | east H.gni{Arended) t Themethe asmtufe@hamleagsﬁfurtherlncludmg
*C L H S *i

(Anmended) hetepedieembinateniallyghanging theavalpenfthe me@eteﬂamsﬁ pgmber of
least significant bits of the starting address to select one or more of the plurality

of toggle address increment sequences in order to duplicate the required linear

address increment sequence.

17. (Amended) The method as set forth in claim 16 further including
a step of controlling the memory burst access operation such that a memory

" access to a particular memory location is ignored if the toggle increment logic

increments the starting address to access the location and the location is not fa—

tocation-whieh-is] required to be accessed during the burst access operation.

18. (Amended) The method as set forth in claim 10 wherein the
computer system includes a processor communicating with the memory over a
host bus and [fene-er-mere] at least one peripheral [deviees] device,
communicating with the memory on a PCI bus, and wherein the step of
N\ determining is responsive to a source of the burst access request to determine
that the device requires a linear access order if the burst access request is
received from the PCI bus and a toggle access order if the burst access request

is received from the host bus.

19. The method as set forth in claim 15 wherein the burst length is four

data words and the predetermined number of least significant bits determining

the value is two.

20. (Amended) A computer system comprising:
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a 'step of conbinatorially changing the value of the predetern . ned_nu
| east significant_hits of the starting address to sel ec \ TESHHEETt he
plurality of toggle address increnment sequences in ordqr

required |inear ‘a equence. 171 {( Anended) e
rre?hod as set fortmmﬂﬂﬂllummmnuﬁhgr including a stqp of18dﬂﬁ3&9ﬁn
the nmenory burst ‘acdes$ operhtidn *such that a nenory accdss to a
particular nenory location is ignored if -2he toggle incrgenent |ogic
increments the starting address to access the |ocation apd the.lgecat+of—ts
not required toalproeesswrsed during the burst access operation. 18.
(Amended) The nethod as set forth in claim 10 wherein the conputer system
i ncl udes a procesdwst bosmniptad totheprocesser for communieatirg infomating and  at
| east one peripheral device comunicating with the nmenory on a PCl bus,
and wherein the 8tepmery caupledipihedoskbugisponsi ve to a source of the burst
access request to deferm ne that the device requires a |linear access order
if the burst acc@&er&ﬂ@gbuﬁ goupled o Mg menaes¥s he POl bus and a toggl e

access order 1T Ao MctonEnt Bgic codpiSato the memory, the host bus and the

peripheral bus Herinerermenting] to increment an address in a toggle increment

sequence; and

logic coupled to the memory Her-eentrelling] to control the sequence of a
burst access to the memory in response to a burst access request and a burst
access starting address received from the host bus or the peripheral bus, the
logic controlling the toggle increment logic to increment the burst access
starting address in a linear increment sequence if the burst access request is

received from the peripheral bus.

21.  The computer system as set forth in claim 20 wherein the

peripheral bus is a peripheral component interconnect (PCI) bus.

N\ 22. (Amended) The computer system as set forth in claim 20 wherein
Fthe] a particular toggle address increment sequence selected by the toggle
increment logic is determined by a burst length set in a burst length register
coupled to the memory and a value of a predetermined number of least

significant bits of the burst access starting address.

23. (Amended) Tﬁe computer system as set forth in claim [23-

9] 22 further

including combinatorial logic coupled to the toggle increment logic to [Fe¥]
combinatorially [ehenging] change the burst access starting address to select
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is received fromthe host bus. 19. The nmethod as set forth in

claim15 wherein the burst length is four data words and the predeterm ned

nunber of |east significant bits determ ning the value is two, 2

(Amended) A conputer system conpri sing: EﬁQACEMFNW' SP.EET
-4 : - 24- a pro e'=°f";

host bus coupted 10 the processor for comruni cating inforjngtion; a
menory coupl e a peripheral bus c :‘ ag MBRtﬂgg
menory;, BMH ml Iog| c coupked to the nmenoyy}, the host _hi

and the peri p usMtosintrenent an address in a togg|e increnent

one or more toggle address increment sequences jn order to duplicate a linear

address increment sequence.
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sequence; and + l'ogi ¢ coupled to the nmenory to conﬂﬂ@lw?ﬁe sequence of
a burst access to the nenory in response to a burst access request and a

burst access starting address received fromthe host bus or the_peripheral
bus, the- logic controlling the toggle increment logic to incr .‘,‘." 2\ t he
burst access st% address a_linear Gﬁ uence i\GMPEE bur st
access request i 'igel ved fro WWW&E L 21.%%*The

co rrpu§1 iy YRTBRANORAL AMLICATION f»hﬂ e uﬁmem ﬁ%mmmmh TREATYSPET)
p ri p & \.,uupou\,nc —-At-eeoh TCC\. \I‘WlETIUﬁU}

conput er <§V§?@?ﬁ%"'§&ﬂmﬁml b claim 20 MWM‘%WWBHW t oggl&'dna"ms‘w
b
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(57) Abstract -

Memory access control logic (108) for controlling sequential and toggle mode burst accesses to a memory (109) in a computer system
using toggle mode automatic increment logic (201B). The memory access control logic {108) of the invention controls the sequence in
which Iocations of a memory are accessed during a memory burst access operation. whercin the burst access sequence is determined by
an order in which a burst access starting address is incremented. Toggle increment logic (201B) for incrementing a starting address in a
toggle sequence is included in the computer system in which the memory access control logic of the invention is used. An input bus (106)
receives a burst access request and a burst access starting address indicating a first memory location to be accessed in response to the burst
access request from a device in the computer system. Additional logic (117) determines whether the device requires a linear increment
SEqUENCE or & toggle increment sequence for the burst access. Control logic (213) controls the toggle increment logic (201B) to increment
the starting address in 2 linear sequence in response to determining that the’ devxce requires a linear increment sequence.
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I ncl udi ng conbi nat ori al

| ogic coupled to the toggle increnent logic to

conbinatorially change the burst access starting address to sel ect
one or nore toggle address increnent sequences in order to duplicate a

| i near address increnent sequence.
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