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transf err edrdfeeieeen the system nenory and the processor. The nenory
controller is often part of a systemcontroller, which also includes bus
bridge circuitry for coupling the processor bus to an expansi on bus, such as
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[002] The present invention relates to processor-based systems, and more
particularly, to processor-based systems having a memory module with a memory

hub coupling several memory devices to a processor or other memory access device.

BACKGROUND OF THE INVENTION

[003] Processor-based systems, such as computer systems, use memory
devices, such as dynamic random access memory (“DRAM”) devices, as system
memory to store instructions and data that are accessed by a processor. In a typical
computer system, the processor communicates with the system memory through a
processor bus and a memory controller. The processor issues a memory request,
which includes a memory command, such as a read command, and an address
designating the location from which data or instructions are to be read or to which
data or instructions are to be written. The memory controller uses the command and
address to generate appropriate command signals as well as row and column
addresses, which are applied to the system memory. In response to the commands
and addresses, data is transferred between the system memory and the processor.
The memory controller is often part of a system controller, which also includes bus
bridge circuitry for coupling the processor bus to an expansion bus, such as a PCI

bus.



2 [004] Although the operating speed of nenory devices has continuously

I ncreased, this increase in operating speed has not kept pace with bgi@aﬁes
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referred to as a bus bridge.

[006] The system controller 110 contains a memory hub controller 128 that
is coupled to the processor 104. The memory hub controller 128 is also coupled to
several memory modules 130a-n through a bus system 134. Each of the memory
modules 130a-n includes a memory hub 140 coupled to several memory devices 148
thrdugh command, address and data buses, collectively shown as bus 150. The
memory hub 140 efficiently routes memory requests and responses between the
controller 128 and the memory devices 148. Computer systems employing this
architecture can have a higher bandwidth because the processor 104 can access one
. memory module 130a-n while another memory module 130a-n is responding to a
prior memory access. For example, the processor 104 can output write data to one
of the memory modules 130a-n in the system while another memory module 130a-n
in the system is preparing to provide read data to the processor 104. The operating
efficiency of computer systems using a memory hub architecture can make it more
practical to vastly increase data bandwidth of a memory system. A memory hub
architecture can also provide greatly increased memory capacity in computer

systems.



architecture can also provide greatly increased nenory capacity in conputer
systens. 2 2 DEC 2006 WD 2005/089418 PCT/ US2005/ 008865 3 [007] Thz mt ﬁd@
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packer | ol devissimhin olia el T RBRLd B PeLR P doRRhd ke
command headgid-orl{ fleHfdeiss LEHROMEY. esponding to a menory command, such as a
wite or a read command, identifying bits that specify the nmenory nodule to
which the rdBQfst is A memory hub architecture can greatly increase the rate at which data
can be stored in and retrieved from memory because it allows memory requests in
each of several memory modules 130 to be simultaneously serviced. In fact, a
memory system using several memory modules each containing a memory hub can
collectively transmit and receive data at such a high rate that the bus system 134 can
become the “bottleneck” limiting the data bandwidth of the memory system.
[009] Two techniques have been used to maximize the data bandwidth of
memory systems using a memory hub architecture. First, rather than using
traditional address, data and control buses, the address, data and control bits for each
memory request or “transaction” are sent together in a single packet. The packet
includes a command header followed by read or write data. The command header
includes bits corresponding to a memory command, such as a write or a read
command, identifying bits that specify the memory module to which the request is
directed, and address bits that specify the address of the memory devices 148 in the
specified memory module that is being accessed with the request. The command
header may also specify the quantity of read or write data that follows the command
header. The use of a packetized memory system allows the memory hub controller
128 to issue a memory request by simply transmitting a packet instead of

transmitting a sequence of command, address and, in the case of a write request,
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| ocated closer to the nenory hub controller 128. [011] One approach to
form ng packandvifrofanereony systerabhusing2 memonahutharshitecture is to implement the

bus system 134 using separate high-speed “downstream” and “upstream” buses (not

shown in Figure 1). The high-speed downstream bus couples data from the memory
hub controller 128 to the memory modules 130 and from the memory modules 130
to memory modules 130 located further away from the memory hub controller 128.
The high-speed upstream bus couples data from- memory modules 130 to the
memory hub controller 128 and from the memory modules 130 to memory modules
130 located closer to the memory hub controller 128.

[011]) One approach to forming packets for a memory hub system that has
been proposed will now be explained with reference to Figure 2 in which several 32-
bit groups of data from each of several memory accesses or “transactions’” are shown
in the right hand side of Figure 2. Transaction TO consists of 7 32-bit groups D0-D6
of data, which are coupled to a data organization unit 160 on a 96-bit bus 162. The
bus 162 is therefore capable of coupling three 32-bit groups of data to the data
organization 162 each cycle of a core clock CCLK signal, i.e., a clock signal that is
used internally in the memory hubs 140. Transaction T1 also consists of 7 32-bit
groups D0-D6 of data, and it is coupled to a data organization unit 160 on a 64-bit
bus 164, which is capable of coupling two 32-bit groups of data to the data
organization 162 each CCLK cycle. Transaction T2 consists of only 5 32-bit groups
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clock signal as well as the width of the bus 134. The system may be designed so
that vérious internal busses of various widths may be coupled to the data
organization unit 160. As a result, a memory hub 140 may be designed with a core
clock frequency dictated by advances in technology or specific characteristics of a
system, and the system clock frequency may have been dictated by its own unique
design restraints. In the embodiment shown in Figure 2, the system clock signal has
a frequency of eight times the frequency of the core clock.

. [013] Each packet includes a 32-bit command header followed by the 32-
bit groups of data in the transaction. The 32-bit groups, known as “lanes,” which are
clocked out of the data organization unit 160 in parallel. The groups of lanes for
each of the transactions TO-T3 are also shown in Figure 2. The number of lanes of
data clocked out of the parallel-to-serial converter 174 for each period of the system
clock signal will depend on the width of the high-speed bus system 134 (in this
example, 32 bits).

[014] Although the use separate downstream and upstream buses and
memory packets organized as explained with reference to Figure2 would be

instrumental in increasing the data bandwidth to and from the memory modules 130,
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packet data during two periods of the high-speed system clock signal.

[015] Transaction T3 consists of 12 32-bit groups of data D0-D11 so that
the first 7 32-bit groups of data D0O-D6 in transaction T3 (plus the 32-bit command
header) would fill ail 8 lanes of a fourth lane group 178. As a result, the high-speed -

bus system 134 would be fully occupied. However, the remaining 5 32-bit groups
of data D7-D11 would occupy only 5 of 8 lanes of a fifth lane group 179. Therefore,
data would not be coupled through the high-speed bus system 134 for 3 periods of
the system clock signal. As a result, the data bandwidth of the memory system may
be significantly less than the data bandwidth that could be achieved if all 8 lanes of
the high-speed bus system 134 were always filled.

[016] Although the data organization method has been described with
respect to a computer system having specific bus widths, groups of data having
specific sized, etc., it will be understood that the same or similar problems would
exist for computer systems having other design parameters. \
[017] There is therefore a need for a system and method that organizes the
data coupled to or from memory modules in a memory hub system in a manner that

allows the full capacity of one a high-speed memory bus system to be utilized.
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BRIEF DESCRIPTION OF THE DRAWINGS

[019) ° Figure 1 is a block diagram of a computer system having a memory
hub controller that is coupled to several memory modules having a memory hub
architecture.

[020] Figure 2 is a schematic diagram illustrating one approach that has
been proposed for organizing data that is coupled to and from the memory modules
shown in Figure 1.

[021] Figilre 3 is a schematic diagram illustrating one approach for
organizing data for coupling to and from the memory modules shown in Figure 1

according to one example of the present invention.

[022] Figure 4 is a block diagram of a memory hub that is capable of
reorganizing data as shown in Figure 3, which may be used in the memory modules
of Figure 1.

[023] Figure 5 is a block diagram of a data organization system that can be

used in a memory hub controller, the memory hub of Figure 4 or some other

memory hub design.



of the lane groups into a serial streamof the |anes for transm ssion from
the nmenory hub. Each of the transmtted | anes contains either a g::gjz)%&m
of parallel command header bits or parallel data bits. BRI EF DES @]:
THE DRAW NEXWH489418. Figure 1 is a bl ock diagram of a SHHVI2R05/08888F em havi ng
a nenory hub controller that is coupled to several nenory nodul es having a
menory hub architecture. [020] Figure 2 is a schematic diagramillustrating
one approach that has been proposed for organizing data that is coupled to
and fromthe C 0 10 Fig [021] Figure 3 is a

schemati c dim ----- sSsameic organi zi ng data for

coupling to and fromthe nenory nodul es shown in Figure 1 according to one
exanpl e of tW&4br esentEmhodiments of thegpresentinyeptionare dirgeted fo-k memegy B¥E of a

menory hub thakolisr C3051RY €t°f (o F-YalWd d i ?‘p@% N L6 3, which
may be used In tohe Crregnglr% tr?g Sl‘léerglo of F gl'i}?% %toarg§3 |gurae Séhlggslégd bl ock
di agram of adawyatstrean hasnambha high-speesitupstreamabusc dviotegarticukadly] embodimpemts ¢f hub

controller, the nmenpry hub of FELqure 4 or sone athe neno h design. 2 2
b 2006 WS RBRDBaH Rt e RS o8 doenTan w5l iiirihed Brebkh PRI OF T

| NVENTI ON [O&QLniEéH)Pﬂbmtb% &upldaetoP RS 86\WnsitraX Narldo BpFe@md biRe tRdtHap a
menory hub controller coupled to several nenory hub nodul es through a

hi gh- speed shbslantiallyaath dfube capdcity ofithhbuspearg utiized: cCertabudetailsaresqiderth cul arl vy,

enmbodi nrents of _the present iaventio re.directed to _a,system et hod in
whi ch dat a al?e owo{ragggolv%%d ap?'i’ IFICP% ugge %%P%aoetfg“?%ug 8‘8%‘!‘{*\98%8@% upstream
buses so t hainveritiohs (Howdval, litywill be €léartth@n€ skifed inytheburttthat thelfi@entidneman i | | zed.
Certain detajls are set forth below to provide a sufficjent understanding
of various ePRRFasticsdathgpt these particylendstails: Ipigthey instanpes, Wellikngwn eirgliis, t o one

skilled in to@adf dighdi@and RfitgdPrefcbR Rat®ot been shown in detail in order to avoid

unnecessarily obscuring the invention.

[025] A method of forming packets for a memory hub system according to
one example of the present invention will now be explained with reference to
Figure 3. As shown in Figure 3, several 32-bit groups of data from each of several
memory accesses or “transactions” are identical to those shown in Figure 2 for
purposes of illustrating the differences therebetween except that a portion of an
additional transaction T4 is shown in Figure 3. As before, transaction TO consists of
7 32-bit groups of data D0-D6, transaction T1 also consists of 7 32-bit groups of
data DO0-D6, transaction T2 consists of 5 32-bit groups of data D0-D4, and
transaction T3 consists of 12 32-bit groups of data D0-D11.

[026] According to one example of the present invention, the groups of data
for the transactions T0-T4 are clocked into a data organization unit 180 (explained
with reference to Figure 5) responsive to the core clock signal, where they are re-
organized into respective packets. In the example of Figure 3, each packet also
includes a 32-bit command header CH followed by the 32-bit groups of data in the
transaction. As before, the 32-bit groups or lanes are clocked out of the data
organization unit 180 in parallel and then converted to serial data by a parallel-to-
serial converter 182 responsive to the system clock signal.

[027] Transactions TO and T1, which each consists of the command header
plus 7 32-bit groups of data D0-D6, occupy all 8 lanes of the first lane group 190

and the second lane group 192, respectively, in the same manner as explained above



be practiced without these particular details. In other instances,

wel | -known circuits, control signals, and timng protocols have noh Z'b@ﬁ:n
shown in ({&hail in order to avoid wunnecessarily obscuring the invent4 , 2006
[025] A net REWSIP%%r ni ng packets for a menory hub syst BET/ES265MN88E t 0 one
exanpl e of the present invention wll now be explained with reference to
Figure 3. As shown in Figure 3, several g2-bit groups of data from each of
several nmenory accesses or "transactions" are identical to those shown in
Figure 2 form&ggposes of. illustrating the differences therebetween except

that a porti PICEETCe iRytiietreoh abimileglsBRsaasian 12 2eginstonsistsiof oplyqus&bs.  As
bef ore, {1 ansafiph 6N HONRDA 5! hatOhnly & 13Rslire SEAEA Rbasidk B P52 b

transaction Ti also consists o t groups o ta , transaction
T2 consi sts @foups 80d4ta in tansagtion AR) dfd third@unegrowyntP4 are filehicHowever,3hednsi st s

o emont  overtRaiE R oeflandebo T80 oo SoieTaRdat e B’ 1"
present inve ) 0] r | e

cl ocked i nt OFguedd aredihsedd AAd B thdRoknndaBd hefdeplCH BRPithe HrkiB 2 6it B Rp o to
Figure 5) responsive to the core clock signal, where they are re- organi zed

i nto respect deta Dfhkdransactipn {T3e Asampiuli, dfull-lageoé data ie geupleh direughathe o

I ncl udes a 32-hi .CH fol | . - bi roups of data in
t he transacﬁll ohsﬁe%g?%?rgﬁggﬁ{em%‘feﬁqetc{lgérl\ﬁe&lﬁgySttlﬂﬁgﬁsg%lgﬁtogﬁéllgg ked out of
the data or (28] zat i onWith furth&OrefenerpanéFigake 3inte hétr8 goayeof édda D1-Beri al
data by a pa]ro?l |l el -to-_serial converter 182 respgonsive to the system cl ock

ﬁi ggal. [927 *rﬁraﬁagt&tﬂ%ﬁ%eqseié%éllﬂlwa%ﬁfeé@ﬁﬂbmglgg%10‘16%0 atd anpq
eader  plus 1917§h35§%§i' !;nhsgsfﬁééﬁlslﬁf fsdf?ﬂ@ Uiz g?%ﬁﬁ’é{mﬁ 3 f%n{as;\%ﬁrﬁ ﬂ&t&‘e Irst

| ane ‘group 1 e “second [ane”group 13 respective e sane
manner as ex P9 hie forattansectpn2TDER pRo& in\® M) Jde8erd1® 1PETI SigRiIRaith)8865 9

with reference to Figure.2. Simlarly,_transacti T2 aj n..consj of only
5 32-bi 1 gr BORSeBrhALIRinE BAves T e SADE ramnss ot AR SR IRE Rl uer ol us
the 5 32-Dbit coimaniPReadbr OHtaAditRe fifsBU) SAGht 2Bupbdf dafa [50-DB fofltHeaR@saptionp 194
are filled. However, the 3 'subsequent lanes of the third |ane group 194

that were | efff Jmbkgmanners the cemmapd beasier angd data for 2 ragreory{Ensagtion AMay8l by t he
comand headﬁﬁmg&i'at%ﬂﬂfotllg%s fthé ﬁ&ta‘?i%o_rg'at pr%’r%sé)cftion so that the high-speed bus

system 134 is fully utilized. Therefore, assuming there is data from a memory
transaction that is waiting to be coupled through the high-speed bus system 134,
there are never any idle periods in the bus system 134. As a result, the data
bandwidth of the memory system is maximized.

[029] Another advantage to the data organization unit 180 of Figure 3 is
that the number of lanes of data in each lane group 190-198 can be configured based
on the frequency of the CCLK signal and the frequency of the system clock SCLK
clocking data from the parallel to serial converter 182 as well as the width of the
external bus 134 and possibly other factors. Therefore, a memory hub 140 may be
designed with a CCLK frequency dictaged by advances in technology or specific
characterists of an system, and the SCLK frequency may be dictated by it own
design constraints, thus changing the frequency ratio of CCLK to the frequency of
SCLK. Additionally, some memory hubs 140 may be designed with a wider bus
134 than others. However, the ability to vary the number of lane groups clocked out
of the data organization unit 180 each CCLK cycle can accommodate these changes

without changing circuitry within the memory hub 140. The data organization unit



data DO for transaction T3. As a result, a full |lane of data is coupled

t hrough.the high-speed bus system 134 during respective periods of hg&@
systemclock signal. [028] Wth further reference to Figure 3, t hel 2406
groups of YAYSHIMB of transaction T3 are used to fil PCEUS205DeAes of a
fourth |Iane group 196 so that the high-speed bus system 134 is fully
utilized. The remaining 3 | anes carryi ngodata D9-DiI for transaction T3 are
placed in a fifth |ane group 198. Significantly, however, the remaining 5

| anes in the fifth ane group 198 are filled with the 32-bit command header
CH and t he -f i1B& gambgprogrammedtopentpift ackpecifiooumber ofr landsecach A cydaby T4, I n

|l i ke manner, _t. C header and ta for a.oeppry transaction al ways
i medi ately 13%1 })emlgg%ﬁ%’gq&?sgt% u&ﬁf‘ﬁ rﬁ’o&ci rngr%lgglﬁa&n'so t hat the hi gh-speed
bus system (630]i s ful Ojte dkdnhple 6fla mERREEhEY 200 tAStSdalionghnliZeedata écupialt@ from a

menory transaction that is waiti ng to be coupl ed through the high-speed bus
system 134, 2ahgpm tedneraomyrdexiegs 1A dn s maprer sROWR D Figurs gsis showmdan As a
result, the @ata4b ' t : &%bx‘n' 2 Anot her
advant age to the da?gg\girléggn' gg‘tbi%ﬁ ﬁ%ﬁ?é%%g&g#l |gﬁrregagé F%ﬁ%ﬁa%l%t e nunber
of | anes of dpdtmamn tresspit | iateefage AR, 1:@0-upSfeamamedeevec onterfager @d4paséda on t he

frequency of ,the CCLK signal and e frequency of the systemclock SCLK
cl ocki ng” dat SOYPG RN Péﬂthz?cet?igsﬁl? ‘i‘ﬂ"%ﬁ%&r‘?"&vei’é@y@? 11§49 he width
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may be desi gestroliet 12 8orvindpstréins mehddy inbaule ABGieThe upiamwameaeceivditerface ity to
vary the nunber, of | ane glroups_ cl ocked out _ of thg data organi zati on unit
0

180 each CCLKltyased to£quple datainig dhememeyanedits ks irog;a daymstream msmogy
circuitry w fhhmat [ MY Ty t: i Zat| | DEC
2006 WO 200%1}3 8@53?@‘ pCT E;StggBagréét%gg’g?%g%fgngﬁégﬁﬁ'ﬁ@p%% Fdéén"#‘sé@‘%%a output a
speci fic nunber off theamemarpcmo@deK 13§ cloe abydowsstidaah| reemegnspodule hl3s t hr ough
an 110 port gyg“d%&ntiy?' é:atlplséga:[nlm YWhinsmit interface 212 includes a data organization

system 220 that organizes a command header and data prior to being coupled to a

high-speed upstream bus 224. The structure and operation of one example of the
data organization system 220 will be explained with reference to Figure 5.

[031] The interfaces 210-216 are coupléd to a switch 260 through a
plurality of bus and signal lines, represented by buses 228. The buses 228 are
conventional, and include a write data bus coupled to the receiver interfaces 210,
224 and a read data bus coupled to the transmit interfaces 212, 222.

[032] The switch 260 is coupled to four memory interfaces 270a-d which
are, in turn, coupled to the memory devices 160 (Figure 1). By providing a separate
and independent memory interface 270a-d for each set of memory devices 160, the
memory hub 200 avoids bus or memory bank conflicts that typically occur with
single channel memory architectures. The switch 260 is coupled to each memory
interface through a plurality of bus and signal lines, represented by buses 274. In
addition to coupling the interfaces 210-216 to the memory interfaces, the switch 260
can also couple the memory interfaces 210-216 to each other to allow memory
packets to be coupled downstream or upstream through the memory module 130 to

either another memory module 130 or the memory hub controller 128.



[ 030] One exanple of a nenory hub 200 that can organi ze data coupled to and
fromthe nmenory devices 148 in the manner shown in Figure 3 is shovxg i?
Figure 4. The nmenory hub 200 includes a downstreamreceive interfac ZQ B,zuoén
upstr eam t‘Y%ﬁ@ﬁ’P@ﬂ%t erface 212, an upstream receive | nPE€FPS985/G08865 and a
downstreamtransmt interface 216. The downstreamreceive interface 210 is
used to couple data into the nmenory m)qtfle 130 fromeither the nenory hub
controller 128 (Figure 1) or an upstream nmenory nodul e 130. The upstream
transmt interface 212 is used to couple data fromthe nenory nodule 130 to

ei ther the mi®Hy hub It entembodiarent 8 ther prsent inventienn eselnpremnary diEdace30. The

t . . . _ oo
modul o 130" 1 P B SBEAR adp folnl Silinch SRS FaSE Bl g PRASORY
transmt intebhpled Blde ispecificatly; each enypary dteifaceO2M0aaf istspeciaipyradaptedodul e 130

to a downstream nenory nodule 130. . Significant]y, the upstreamitransmt
i nterface 21P/9Vidq gcelve the sperifiasignals Tessivedsgud ganeratad, respgctiyelyaby Hss a

commend_headsgerffi) dgaLa 1 rich iPRIBHHIELURIB Ik Syeor Al TRIE SipR" ©am bus

224. The structure and operation of one exanple o ata organi zation
syst em 220 wichpablre of xppesatingd witht menwierdemives t l#8Foperatings .at | différbntThedock

I nterfaces 210-216. are, coupled.to a switch. 260,31 hrou a. plurality of bus
and signal i gg?nc}eépr‘%ssgﬁ?sélﬁ’ B perey 3 _aceph%‘}%tjgbsgr%@eéygces%oanlif)ént i onal ,
and include o ich@gdatimt hatsy 6@UPREthet iRterfabe bEGREY She hithRIy AGBR081dd 224
and a read data bus coupled to the transmt interfaces 212, 222. [032] The

swi tch 260 i snezearp|degiced (48 roupleddpythe rmemeryckuwb 200)and itprevidesap enoren t ur n,

coupl ed {0 t g, pHMR M AGH 6B, B0 (A Gy Hhoio ARY) lehlcg separate and

i ndependent nenory interface 2 nory devi ces 160, the
menory hub 2Q@343voi ds hé switcinBG00say beank of @ whriétg bf cdvehtidnapockdréiafercur Wit h

si ngl e channel mory.architectures. The itch 260 is coupled to each
menory | ntetdF‘é{{‘gpepﬁ}r/"btﬁaé‘ﬁ' efobF’ﬁﬁ“&??’ﬁV %”f‘t"g‘&é ARy b8 35reps-bar sedich pEA S s ent ed
by buses 274 of kfuitigiektird HRAD dbhot Prdlidd thel date! 1@&&r6f6&ﬁﬁec2i%9¥?a},€a tsd b nenory
interfaces, the swtch 260 can also couple the nenory interfaces 210-216 to

each ot her t éwith by newertheless gamcdouple thebusanterfagss d40-3bGrseach afthgmemeryr eam
thr ough, the SRIBAL: 296U CTRI0AS, 2l ARERAE LR ARR 0SB Ul SndH) 87 T he
determine which memory accesses should receive priority over other memory '
accesses. Bus arbitration performing this function is well known to one skilled in
the art.
[035] With further reference to Figure 4, each of the memory interfaces
270a-d includes a respective memory controller 280, a respective write buffer 282,
and a respective cache memory unit 284. The memory controller 280 performs the
same functions as a conventional memory controller by providing control, address
and data signals to the memory devices 148 to which it is coupled and receiving data
signals from the memory devices 148 to which it is coupled. However, the nature of
the signals sent and received by the memory controller 280 will correspond to the
nature of the signals that the memory devices 148 are adapted to send and receive.
The cache memory unit 284 includes the normal components of a cache memory,
including a tag memory, a data memory, a comparator, and the like, as is well
known in the art. The memory devices used in the write buffer 282 and the cache
memory unit 284 may be either DRAM devices, static random access memory

(“SRAM”) devices, other types of memory devices, or a combination of all three.
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I nvention, each nmenory interface 270a-d is specially adapted to ch ﬁlﬁ%o\é
devi ces 148 % :Elgure 1) to which it is coupled. Mre specifically, ;
menory i nte? fUE8M¥a - d is specially adapted to provi dBCHESROPHWESSSe t he
specific signals received and generated, respectively, by the nenory
devices 148 to which it is coupled. Als the nmenory interfaces 270a-d are
capabl e of operating with nmenory devices 148 operating at different clock
frequencies. As a result, the nenory interfaces 270a-d isolate the processor
104 from chERGEEmOres anymay all of thesamaniasy idavieest ascwelbas $eepthemheomporenty hub 200
and nenory Y. des a
nore cont ropfeﬁéﬁgﬁvc%é%nrﬁnegﬁ qgutvﬁ‘ﬁ%%’ bﬁ%mnéerneoniﬁéﬁ ev%cséagllaclja éﬁe d%(”%?égnt erface.
[034] The sw{@36h 260 cdhe wbﬁteam)ffcﬂZSZam\eachmbmoqumfavemommuséﬂtoh&ml naft er

devel oped svmt hes. For e, the switch 260 _nmay be a cr ss bar switch or
a set of rru]wﬂ eaussisw lflffaqr%rq‘lﬂ?“ﬁrbﬁmgﬁ”ﬂ% iy hlaeVétFmof COEMTEt i vity as

a cross-bar 1m&q&u@%twﬂ%‘f€c¥ Et%%%§staﬁ@n&;mf9bev1wevewtue%éﬁé @eice10- 216
to each of the nenor intertaces 470a-d. The swtch may al so I nclude

arbitration L4t whichtthe vaite request idalirectad mebudyi @hvxmagmrymacwass@sresmoul d

receive pr|0r|t oV ot her no accesses. Bu arbitr tia erfqrmng
this functioffd Pét %F‘ k‘ﬁ%‘ﬁnb{gga %%2 &?‘?‘P@@ PYPUMUARCS, FEVETR 0 WE e gﬂuﬁs‘qf urt her
reference t ordobiged &oth theaAtcR 260N &hivhRAY bé MtersharsAsSwitR FORE &gumsl dees a
respective rrermry controller 280, a respective wite buffer and a

respective cEHbsRIUsRikHARPlig thenp Bucaciriof theamemgrycdavices 1#% in SEmeRssrwihowh t he

sanme functio foréhn &%n])é r roI
addr ess andg@a;ﬁa Sl gita 2&1%&89%% %E@%‘“ﬁ%\%ﬂc@ ?E%R%(tg%wﬁ]:ﬁ E{aﬁ?e is coupl ed
and receivi ngardaimores:ﬂ@maitly ﬁromeﬂhmcaﬂdaymnﬂmﬁtd&seaﬂﬁﬁitb@umﬂouﬂdm drei s

t he signals ent an re e nenory

coupl ed. Howeve the nature. o
control | er 28" Il%&b?lggﬁ%m&‘frow’f‘ﬁéeq“%&?ﬁ?é Y aTh I% ?ﬁ ‘c?cﬂe menory

devices 148 @&ﬁlﬁﬂ%@&@ﬂr&dﬁcéﬁﬁﬁo@‘f&a& &y Rince ToR &aﬁé},@s %ngvéiﬂﬁ}st 284
i ncludes the normal conponents of’ a cache menory, including a tag nenory, a

dat a menory, paorpngeardiess of theirhranelogicekorders is wel |  known in the art. The
menory devi CF0§7iJsed | nl"ﬁchfelsevvcr)f Ehe ct%lélflg Er'hrem%%lz 4 (¥8t4h1% ga%ﬁhrgemory interface

270a-d allows the processor 104 to receive data responsive to a read command

directed to respective memory devices 148 without waiting for the memory devices
148 to provide such data in the event that the data was recently read from or written
to that memory devices 148. The cache memory unit 284 thus reduces the read
latency of the memory devices 148a-d to maximize the memory bandwidth of the
computer system. Similarly, the processor 104 can store write data in the cache
memory unit 284 and then perform other functions while the memory controller 280
in the same memory interface 270a-d transfers the write data from the cache
memory unit 284 to the memory devices 148 to which it is coupled.
[038] Further included in the memory hub 200 may be a self-test module
| 290 coupled to the switch 260 through a test bus 292. The self-test module 290 is
further coupled to a maintenance bus 296, such as a System Management Bus
(SMBus) or a maintenance bus according to the Joint Test Action Group (JTAG)
and IEEE 1149.1 standards. Both the SMBus and JTAG standards are well known
by those ordinarily skilled in the art. Generally, the maintenance bus 296 provides a
user access to the self-test module 290 in order to set memory testing parameters and

receive test results, For example, the user can couple a separate PC host via the



menory unit 284 may be either DRAM devices, static random access rrermry

(" SRAM') devi ces, other types of nenory devices, or a conbination 022 0

t hr ee. ﬁg 006 WD 2005/089418 PCTNS2005/ 008865 12 Furt her nor ér(;yz 06
all of th #P devi ces as well as the other conponBGE/ES200HQE8ESn t he
cache nmenory unit 284 may be either enbedded or stand-al one devices. [036]
The wite buffer 282 in each nmenory intgyface 270a-d is used to store wite
requests while a read request is being serviced. In such a system the

processor 104. can iSSu wite request, t system nmenory devjce even if
t he menory d‘@@‘f‘?@ancf}gs ﬁﬁﬁme&we ﬂé“cl(ﬁrtl’{“@gg @%P‘gpgls that arsrapplisdtodh y

Servicing a Remery Wvided 18, rs&ﬁuarrﬂuﬁsmmlwe M'tﬁ@ré?é{f\feeﬁmﬁé%b&%ér?r abl'y

accurul ates several wite requests received fromthe switc 60, which may
be i nt er sper dgtlsihatiare eacivedfomsbememory deyichs bfueanttieycoapletl tethePlmst o each
of the nmenor eV| G 148.in guence wi thout any intervening read
requests. yﬂﬂb |]ﬁﬁ%%adlcfm§s%§qete requests in this manner, they can be nore

effici ently osgicessed RirtheCindRieym the RRIR hath 20@ ?'\UelatEMA'Eﬁ@ﬁ@ﬂwS are
avoi ded. The ability to buffer wite requests to allow a read request to be

serviced cafpupleddo glileeﬁ‘ﬂt%h e theeughenbisy 288 adhe 2MAcSpsinend®S enables thguest s ca
n be given fﬂﬂérﬁ&gcfﬁﬁ)' o troym&?egl?l%)aéégozsdag b e 16CHBAGH %%: ?lth {ngx?18g [037]

The use of t nmenory uni each menory inter ace d all ows
t he pr ocessadevicdst 14%tor mothiey bcdtaxirainrthspmmsrw@e\m@ \altlncnmmtemammfroxﬂ itheect ed to

respecti ve nenor I ces 148 wi t hout wai for the )ry device 148 to
provi de suc I‘Prﬁ%ﬁsé qﬁx ﬁg ey estalﬂéurﬁti ﬁﬁ%ﬂé‘&%ﬁ%ﬁ%ﬁéﬂ SIS or

witten t0 fifRatsuBREPIdrés \doafs, &ﬁ§bu§5§'eanﬁmé%mfa¥dlhﬁg dat# B4nskdiyiin 1 educes
the read latency of the nenory devices 148a-d to maxi m ze the menory

bandwi dt h ofthe kystenz memorsr Cenventional BMw loperatjonstwill krayoekys thosel erdingsily st or e

wite data i 4 t hen rform other functions
while the nme W‘%ﬁ}?ta%oﬁaflge“ﬂ%%m ’iQtﬁ&P}%g‘ gﬁg Zi%%l nterface 270a-d
transfers thedgyite dathe rhémemyt IIﬁGdlﬂésC 030 afgeshoin ¢buipled26dAthie OméMerynRIBDT Yy

devices 148 to which it is coupled. [038] Further inc¢luded in the nmenory hub
200 may be &o8Eplerd@8in apainl-to-painicoupling Arrngementdn Khighcsach portioR A theh a t est

bus 292. The}uétﬁkﬂee& Bides rf?fj,uilﬁ a?eg&ubl%d only between two points. However, it will be

understood that other topologies may also be used. For example, it may be possible
to use a multi-drop arrangement in which a single downstream bus (not shown) and
a single upstream bus (not shown) are coupled to all of the memory modules 130. A
switching topology may also be used in which the memory hub controller 128 is
selectively coupled to each of the memory modules 130 through a switch (not
shown). Other topologies that may be used will be apparent to one skilled in the art.
[041] One embodiment of the data organization system 220 used in the
memory hub 200 of Figure 4 is shown in Figure 5. The data organization system
220 can also be used in the memory hub controller 128 to couple data to the high-
speed downstream bus 222. The portions of receive interfaces 210, 224 (Figure 4)
and a receive interface in the memory hub controller 128 that capture the memory
packets from the high-speed buses 132, 134 is relatively straightforward, and the
design of a suitable system is well within the ability of one skilled in the art.

[042] The data organization system 220 includes a data buffer 230 that
receives the 32-bit groups of data that are to be coupled through the high-speed
buses 132, 134. In the case of the data organization system 220 in the memory hub
controller 128, the source of the data may be the processor 104 (Figure 1) or any



further coupled to a maintenance bus 296, such as a System Managenent Bus
(SMBus). or a nmai ntenance bus according to the Joint Test Action G’O?IE Dﬁéﬁg@ﬁ)
and | EEE &%4? é”? ndards. Both the SMBus and JTAG standards are we

by those orairt P%“& skilled in the art. Generally, the Pal/HPXAuM8¥Sphus 296
provides a user access to the self-test nodule 290 in order to set nmenory
testing paraneters and receive test reggults. For exanple, the user can
coupl e a separate PC host via the 2 2 DEC 2006 WD 2005/089418

PCT/ U8200510 865 13 nmmintenan us to set the relatiye tim n bet ween
si gnal s t hat®'3¥ &"UPPYi2eest e‘???eclnﬁ%‘r‘iﬂsfﬂ @Glr%eé'éoqﬁ@d“g ﬁba%Fft‘a

i ndi cative Qfrigindee fr6tahd M%mBWé%ﬂ:e?ﬂS/‘ﬁﬁHe m%hﬁ%a dﬁl@@h@élefrérﬁ%ﬁét}i@xd from
the nenory devices 148 can bé coupled to the PC host via the maintenance

bus 296. [ 039amenymadile lieclludewlcasp, thér gronpefrdataare clookedinto the data bierengi ne

the  monbry F0ea00e 5k B0 00 ubek AT of intFa & ekt GRS o e

menory  deviaglssschéfaticllgnshbWarinl Kig@tispthel datd Rord®iDhe day ibatdeh dort
i nterventi on fromthe processor 104, The bus 288 includes a plurality of

convent i onal gﬁf§nth"1’?§%°tla?ﬁjaf§P§ﬁ‘£ferenF1eﬁ§§s such as address, control, data
buses, and tb%‘ T35 ﬂﬂ:’ﬂﬂl‘e{i N8 H2 48l 58 ﬁﬁia‘?iroﬁ |ygtlemt E?? 3¢ %“3 ry.

Convent i onal operat I ons we known by ose o nari ed in the
art can be iquphednwdichby atsinall DhEeethag mreQ&G co{nﬂm]i hﬁrtemﬁxrrﬂrqmandul es 130

Coupt i ng. ar ARG hEe FOTBATARiia AR ol Sork by B Sofcurigil 150, 134

are coupl ed lﬁﬂamceb%vrﬁ@ Rub& cﬁ%tﬂérsooniﬂ@ﬁﬁi@ﬂrat piovitie! the RiforrHatibar foF aRd t hat
ot her topol ogies nay al so be used. For exanple, it nay be possible to use a

mul ti-drop domamagdrheaders,bupithash camppreptschays\irese omitied fromy Rigureshawihe and  a

singl e upstr are coupled to all of the nenory nodul es
130. A swi tlg fgﬁg% B%Sﬁ%a@(pﬁay al so be used in which the nmenory hub

C(r)]ntrolhl er Jos4jis selmt&stmeﬂmﬂﬁldaiaeﬁiffeﬂzmﬁtbécdﬂiﬁalimmaﬂyrsmﬂlwms 130
through a swtch (not shown). O her topol es that wll be
appar ent t o tBheeramand gigue 434 HES cqppled tq iy tlpgm t°°BtF° feﬁg’yd‘&t a

or gani zat i onyBkshGH IAE8USER thiltipleger 236 selects the data for one of the transactions

stored in the data buffer 230 and selects the corresponding command header from

=

the command queue 234. The arbitration unit 238 can cause the multiplexer to
select the data and command header for the transaction based on a variety of
algorithms. For example, the arbitration unit 238 may give priority to transactions
that comprise responses from downstream memory modules 130 and thereby
transmit such transactions upstream on the bus 224 (Figure 4) prior to transmitting
local transactions from memory devices 148 in the memory module 130.
Conversely, the arbitration unit 238 may give priority to transactions comprising
local responses. Alternatively, the arbitration unit 238 may alternately transmit local
transactions and downstream or upstream transactions. Most simply, the arbitration
- unit 238 could transmit transactions in the order that they are received by the
memory hub 140. Although the arbitration unit 238 in each memory hub 140
preferably operates in the same manner, in alternative embodiments the arbitration
units in difference memory hubs 140 may operate differently. Other variations in
the operation of the arbitration unit 238 and logic circuitry for implementing the

arbitration unit will be apparent to one skilled in the art.



menory hub 200 of Figure 4 is shown in Figure 5. The data organi zation
system 220 can also be used in the nenory hub controller 128 to ccexﬁ)gg 2®£a
to the high- speed downstream bus 222. The portions of receive int E:
210, 224 8\@@‘[9?’8894)8 and a receive interface in the nendET/USRBS/W8%6Sr ol | er
128 that capture the nmenory packets fromthe high-speed buses 132, 134 is
relatively straightforward, and the degg’ gn of a suitable systemis well
within the ability of one skilled in the art. [042] The data organi zation
system 220 includes a data buffer 230 that receives the 32-bit groups of
data that arl46b be covugnifdantly; gegpndlesseohivdichs peded the iasbi¢ratige unit3238 | n t he

case of the I [on s i ey hu 0 er 128,
t he source o%?%cﬂset%ég%géa%mﬁa{’/ﬂsbgl % %@‘I‘T%{r{%% ség%s&%%e( 'g[;lg?/eé(erl?mo{f% ar%&% 2 DEC
2006 WO 200fhe @8Rxhk8d Reade/@2d 0514 G61a86 beldcfed wARadtionsaThyt AlClagGSofdence. | n
the case of the rrermr?;%rmdul es 130, the data nany, Qriginate fromthe nenory

devi ces 148 &up B0 atehopytpuin themultiplexer 2305 dilerbt The langrgionp ¢40isdhiee 130. 1 n
any case, th af ¢ e i LAt ] M s

responsi ve t(gou? Legqg%rp g;aélgg{g%egfr‘lgcr?%%&ggg?’n‘@?’lg}é{deag bg’gﬁgrergcﬁgclg’lﬁ @%ﬁ%o& gure 5.
As al so schshifitregisteisythstharerloaded Angparaleb, Theedatiatiee tienradetkied dubefddt a buf f er

230 f diff t ti f diff t | engths. [043] Al
"ol uded | n PRSP GaEDE: T O PR AL R B A8 whi ch
is a snall bmf:fhegh-%;ead biEde® 23, 403€ af SXPIRAGH NRAESHith feiredddqo MBEREY, BiAckets.

The cormandmgu_eue 34, which is also clocked by the core clock signal,

i nterfaces wiling all ofithsdanesfin gachdanecgraym A the qntize dgia bandyddihraf thehighnat i on
for the co h 1t hese conponents have been omtted from Figure
5in the ig%ﬁg?dejg?sgggﬁg%giq{tﬂl/&%ﬁd clarity. [044] Data stored in the data
buffer 230 ajedé}f he corpramdth eekbhgSit Ovididbe Rppiebiatedotan nddthguigi epetdic ar e
coupled to a nmultiplexer 236, which is controlled hy an _arbitration unit
238. The nul embadiments 2ofs thee imveption Hiave Jbegnt descahed dfereimefof r BNBAeE| Bhs

stored 10 { huladn O] 6 a6 e Smbdiew RS SRARRAEL Hebrt ARBTRA, header
from the com%n Ig]’ueué)%% 4. %s%e %srsﬁllafr atsrlnon un?t 238 ca% cause the

mul ti pl exer and scepd efcthe tilvention. a Asctdinghynthednyventide s Hofrlimited excaptsaschyi on based

on a variety, ol ended claims.




al gorithns. For exanple, the arbitration unit 238 may give priority to
transactions that conprise responses from downstream nenory nodul e§ ]D?@ﬁ@d
thereby transmt such transactions upstreamon the bus 224 (Figure 42) r4%or
to transmi¥PiM§/0894%al transactions from menory devi ces PERAS2045/008865nenor y
nodul e 130. Conversely, the arbitration unit 238 may give priority to
transactions conprising |local responsegg Alternatively, the arbitration
unit 238 nay alternately transmt |ocal transactions and downstream or
upstreamtransactions. Mst sinply, the arbitration wunit 238 could transmt
transacti ons GLAIM% or der that they are received by the nenory hub 140.

Al t hough the ar bi Wl‘?artis%i}ﬁ@jigs‘238 in each nmenory hub 140 preferably
operates in the sane manner, In alternative enbodi nents the arbitration
units in difference rre;mry hubs 140 operate differently. O her
variations in the operati oﬁ‘nbefm‘wgmﬁ%? f‘ﬁ'ﬁwsﬂﬂg'uni t 238 and logic circuitry
for inplementing the aphidlitpbf M8mURY devitkd; lane apparent to one skilled in
the art. 2 2 D EC 2006 WO 2005/ 089418 PCT/ US2005/ 008865 15 [ 045]
Significantly, regardl @swmofy bwb, compnisieg: t he arbitration unit 238 selects

the transactions, the arbitration unit caus Sdiogffl mul tirgl exer 236 to
organize the command headet MERGryLonHORe cop EBICTPTY AEHESSEt i on so t hat

all lanes of a lane group g4@.at JhberRbilPUint@fact hg()@'ﬁdt I8! &%C'm are
filled. The lane group 240 is then coupled to a par el -to-seria
converter 244, whcattroltery atk, for exanple, a series of shift registers that
are |l oaded in parallel. The d;ta are then,cl,ocl§ed out of t

he

paral | el -to-serial convertelt Zast Bye t FRNSQYLs duERIRqeo RUREG Y they EMAY passed
to one of the hi ghtSNEED RMS ngé, g | Siod ference
to Figure 3. By filli ﬁlg al g‘?“t%%éo anes?atiqﬁme)gcrg3 f%ﬁ’ge‘gp upog\%%i?ealt&ﬁe entire
dat a bandw dt h of tradsmihingdrfacs peeidingusasor® 2tansdtfidnd eachtof wldedconfihéd a Fr om t he
foregoing it will be apprecjate hat, .al t hough_ specific_ enbodi nents of the
i nvention have be%‘?{n@é‘é‘ﬁpf"#@ﬂaﬁ r‘%‘f‘hhﬂ?g FuVfirdls ngmber of data Bits, iech var i ous
nmodi fications may i 1.h Vi afl i he | axﬁ‘%]ﬂ pe of
the i nvention. Acgglfsg?ﬁg §,véfhglld?urc11v n!tai %%Q?%r%%g%gu&)pms%gég{ exgep %:tﬁgy t he
appended cl ai ms. command header and data into lane groups each of which includes a plurality

of lanes each of which contains a plurality of parallel command header bits
or parallel data bits, the data organization system organizing the lane groups
so that all of the lanes in each lane group are filled with either command
header bits or data bits, the data organization system being operable to
convert each of the lane groups into a serial stream of the lanes for
transmission by the transnﬁt interface, each of the transmitted lanes

containing a plurality of parallel command header bits or parallel data bits.

2. The memory module of claim 1 wherein each of the lane

groups comprise eight lanes.

3. The memory module of claim 1 wherein each of the lanes

comprise 32 parallel bits of command header or data.



2 2 DEC 2006 WO 2005/089418 PCT/ US2005/ 008865 16 CLAI M5 What is clai ned
Is: 1. A rrem)ry nodul e, conprising: a plurality of nenory devices; Zpg 21106
menory hub i sing: a nenory controller coupled to the nenory d% %

at | east n@@ﬂ?e interface coupled to the nenory CcRERPBOI0886ANnd at

| east one transmt I nterface coupled to the nenory controller to transmt
menory transactions fromthe nenory nodqugl e, each transmt interface

recei ving menory transactions each of which conprises a conmmand header and
data having a variable nunber of data bits, each transmt interface

i ncluding a data orga#i zat The mamdére moedulanif Zlde 1 hehersipnihenst keadme and data
into | ane groups, each of which includes a plurality of |anes each of which
contains a Fgaggraqt,npgﬁrf@q;e GaMATises| arc HpsHEeAR Ffé%é? infpiface and padewnsiieamat a bit s,

he d h Il of th
anes 1 n cachipdf s SERE ARGt b fun SRR S Flacer b1 ts o dara

bits, the data organi zati on system bei ng operable to convert each of the
| ane groups into a serial streamof the lanes for transm ssion by the
transmit interface, eéch oﬂ"h‘t memornmedile o€ dlaim dexhereinthaimemogy devitesr al i ty of
paral l el conmand @ﬁ‘ s or parallel data bits. 2. The nenory nodul e of
claim1 wher8FR7 & agxfcrtaﬂ O A0FESS THFIBRIS deWGthr i se ei ght | anes. 3. The nenory
nodul e of claim 1 wherein each of the lanes conprise 32 parallel bits of
commnd header or data. 2 2 DEC 2006 WD 2005/089418 PCTI US2005/ 008865 17

6. The memory module of claim 1 wherein the data organization

system comprises:

a data organization unit organizing the command header and data into
lane groups each of which includes a plurality of lanes containing either a command
header or data, the data organization unit organizing the lane groups so that all of the
lanes in each lane group are ﬁlléd with either command header bits or data bits; and

a parallel-to-serial converter converting each of the lane groups into a

serial stream of the lanes for transmission by the transmit interface.

7. The memory module ‘of claim 6 wherein the data organization
unit comprises:

a data buffer storing respective data for a plurality of the transactions,
the data for each of the transactions being selectively passed from the data buffer;
and

a command queue storing respective command headers for a plurality
of the transactions, the command header for each of the transactions being
selectively passed from the command queue with the data for the corresponding

transaction being passed from the data buffer.

8. The memory module of claim 7, wherein the data
organization unit further comprises:
a multiplexer coupled to receive the data stored in the data buffer for

each of the transactions and the command headers stored in the command queue for



4. The nmenory nodule of claim1 wherein the at | east one transmt interface
conprises an upstreamtransmt interface and a downstream transmt EC
interface _each of which conprises the data organi zati on system 5. 'l?fZeD 2008
menory nmodt? %0508%18 m 1 wherein the nenory devices coREFUSH0HYI8865 ¢ r andom
access nmenory devices. 6. The nenory nodule of claim1l wherein the data
organi zation systemconprises: a data gyganization unit organizing the
command header and data into |ane groups each of which includes a plurality
of lanes containing either a command header or data, the data organization
unit organi zédef of fige raR8ctbngURS muRipldRt béihh opérablQo chaflethd duts &itkabipne group
are filled wth either conmand header bits or data bit's; and a

par al | el - t o- @feth¢ trensaotions ané thecommantd ihagder furteach of the tlansaetionsdaps outpud a
serial stream of the. | anes tf or tranS{n'.ssilqn by the transmt interface. 7.
The menory mbdtiCPUEIVEIQMHIPIGREIBIR! Sig8%at 2~ or gani zation unit conprises:
a data buffer storing fesbmRatiby Bnifldbuplddio & 104sHbAE bE M1e0cfat4 berrdTAQSRET | ONS,
the data for each of the transactions being selectively passed fromthe data
buffer; andconnahqrede tueoeves information esladyve vEthe diatarand dosaiad heders a
plurality of the transactjions, the c nd header for each of the

transacti ons}%é}f%tﬁansé"é’P@EF‘ingIIQ %&@%g‘%&ﬂdtwmwae’dﬁmﬁét‘WEX’ % he dat a
for the corr i g ok i i PASS fer. 8. The
menory rmdul%ﬁo Hc gllgl rtn$7 2 rzél?lﬁqct) %ghﬁgtteaﬁgo%ggélf gfg&%lgﬁre%%ﬁlv?ﬁ ttﬁéer

conpri ses: ainfdriatiompindicativecofitht datatand cemmiand heddersdtatcaussithe anhltiplexehéo dat a
buffer for each of the transactions and the command headers stored_ in the
command queu®Uplsra e group o gigher gty asommpnd hepder rnd daafonatdats ongof each of

t he transactghg%Sagmsgyt}ﬁg,%%ﬁﬁéﬁgﬁhgg\a@ﬁ%ﬁpl e to couple the data for each

of the transactions an of each of the transactions to
an out put

9. The memory module of claim 8 further comprising a parallel-
to-serial converter coupled to the output port of the multiplexer, the parallel-to-serial
converter bemg operative to convert the lane group at the output port of the

multiplexer into a serial stream of the lanes.

10.  The memory module of claim 1 wherein the data organization
unit is configurable to vary the number of lanes in each lane groups that are coupled

from the data organization during each cycle of a clock signal.

11.  The memory module of claim 1 wherein the command header

and data for each of the transactions comprise a memory packet.

12. A memory module, comprising:
a plurality of memory devices; and
a mem'ory hub, comprising:
a memory controller coupled to the memory devices;
at least one receive interface coupled to the memory

controller; and



port responsive to nultiplexer control signals; an arbitration unit coupled
to at |l east one of the data buffer and the comand queue to recei \;ﬁ D
information indicative of the data and comand headers for the tr %aé? ?0(%15
stored i nMWOHEPHSHuf f er and command queue, respect i velGE/U2A/00886H t r at i on
unit being operable to generate the control signals responsive to the
information indicative of the data and mmand headers to cause the

mul ti pl exer to couple a |lane group of éither data or a command header and
data for at |east one of the transactions to the output port of the
mul i plexer. 9. The memory ooy ol ashahit fidided NefupRATRY | Bk NelefoRar al | el -
to-serial converter coupled to the output port of 8 mul tipl exer, “the

par al | el -t o- ser i alontrgltarte rttagsmid enangpry ranssctiomes frmnaha\nﬁeﬁﬁory meoduteneagiy oup at
the output port of the, multiplexer into a serial streamof the |anes. 10.
The nmenory nodul éraBFmBII%{PFfi‘CP IGRRAYIBE FICMIQEY Hansacunng gach ok whish comprisssa

conf i gurabl e to Vary ey aiEbel Alial AR bTVEAGR LARS-AOURS dillakad ©

coupled fromt he a organi za Ion g each cyc cloCk signal. 11.

The menory nodul aragbmitliffeffade ibRIARIgN Gite GgaRAKION ReACArthataidbpdabR foor each
of the transactions conprise a rrermry packet. 12. A nenory nodul e,
conprising: a plaigamaetthe gommandhheaderaand daty intongroupsasg of CO&@Wﬁr& SI ng: a

"ntortace coupl o TR RgtF o SEPRbRPEST SFhen mifdied ed 868 Caouss

PCT/ US2005/ 00886 uB-grouph cb@taﬁﬁngom@hhmysmﬁarallm esthaRd Geatiek s o datee menory
controller to transmt nenory transactions fromthe nenory nodul e, each

transmt interfaditsreaclsub-grgupeonipipingdatasare iﬁmya@mtrrpmbemmmne@@tnbn ses a
command header a dat aV| riable nu f. dat
pamam MEader « auaIRL o U6k efbup abosnRe DR oo AR b € 3R ot e 1o

transaction or the command header for a second transaction so that each

group is filled with sub-groups containing either command header bits or
data bits, the data organization system further being operable to output each

group of data as a serial stream of the sub-groups.

13.  The memory module of claim 12 wherein each of the groups

comprise eight sub-groups.

14.  The memory module of claim 12 wherein each of the sub-

groups comprise 32 parallel bits of command header or data.

15.  The memory module of claim 12 wherein the at least one
transmit interface comprises an upstream transmit interface and a downstream

transmit interface each of which comprises the data organization system.

16.  The memory module of claim 12 wherein the memory devices

comprise dynamic random access memory devices.

17.  The memory module of claim 12 wherein the data

organization system comprises:



organi ze the command header and data into groups each of which contains a
predet er m ned nunber of sub-groups of a predeterm ned size, each of tZE];L
sub-groups _containing a plurality of parallel comrand header bits oz A006
bits, eacHVQaYW§$%Ub containing data for a first transaRET/EROBEIOIESS

i medi ately followed by a sub-group containing either additional data for
the first transaction or the conmand hgader for a second transaction so
that each group is filled with sub-groups containing either conmand header
bits or data bits, the data organi zation system further being operable to
output each group of gald, atféil b or égﬁﬁﬂé;lh@fcofnﬁﬁnﬁlﬁgé&}%ﬁ)éata' o, The
menory nodul e of claim 12 ereln each t groups conprise el ght

sub- groups. gebups leachmefreihychnindiudes ofphahlity noflthe viubrgeoupsemntuinifg teitkersaib-
groups conprise 32 parallel bits of commnd header or data. 15. The nenory
modul e of cl S9Amasd Rﬁ’é?’e‘?rrﬂaf%gle&atal PEANZagAR unit OESBIANRE thagreupasethabdlbri ses” an

upst ream t r apsfd.ted: | : [%}ﬁﬁlﬂ; {0t h of
whi ch conpri gg{sﬁkisﬁfé%}dpg"? g?tg?%cy?%% ig-g\rmls%élé{; fgﬁlth%]s. e %%?rabd(?{/g%scoﬁufaggof claim
12 wherein tbgs;ardory devices conprise dynam c random access nmenory

devices. 17. The menory nodul e of claim 12 wherein the data organization
system conpri ses: 2 2 Dpaaligetg-sengh ovetawI9nIgtingCrreis2f By goRESaNte(R a dat a

or gani zati on { i Zi t he conmand header and data into groups each
of Wi on | et db e BtkrbolR GO 3R 35 e BRPIChRAS ner o' command
header or data, the data organi zation unit organizing the groups so that all
of the sub-groups in each group are filled with either command header bits
or data bits; and a pkal | Bie tmemenyi aodyvlenvadr todaime oy ewhereig deechdatd t he
groups into a__serial streamof the sub-groups for transm ssion by the
transmt int SHEPRERHONMILCOMRISESyry nodul e of claim 17 wherein the data

a data buffer storing respective data for a plurality of the transactions,

the data for each of the transactions being selectively passed from the data buffer;
and

a command queue storing respective command headers for a plurality
of the transactions, the command header for each of the transactions being
selectively passed from the command queue with the data for the corresponding

transaction being passed from the data buffer.

19. The memory module of claim 18, wherein the data
organization unit further comprises:

a multiplexer coupled to receive the data stored in the data buffer for
each of the transactions and the command headers stored in the command queue for
each of the transactions, the multiplexer being operable to couple the data for each
of the transactions and the command header for each of the transactions to an output
port responsive to multiplexer control signals;

an arbitration unit coupled to at least one of the data buffer and the
command queue to receive information indicative of the data and command headers
for the transactions stored in the data buffer and command queue, respectively, the
arbitration unit being operable to generate the control signals responsive to the

information indicative of the data and command headers to cause the multiplexer to



organi zation unit conprises: a data buffer storing respective data for a
plurality of the transactions, the data for each of the transacti og D?E'zdﬂ@
selectively passed fromthe data buffer; and a command queue stori g
respective woRRaghspgaders for a plurality of the transggld§oodshe command
header for each of the transactions being selectively passed fromthe
command queue with the data for the corresponding transaction being passed
fromthe data buffer. 19. The nenory nod#l e of claim 18, wherein the data
organi zation unit further conprises: a multiplexer coupled to receive the

data stored in the data huffer for each of the transactions and the conmand
headers st or e§°fR° ?ﬁ@@d’%ﬁﬂ YRS Gentpipgns e@é?f afg ory 3 command-header 4nd datay, o

mul tipl exer beiig1aRdnd BE fheltRn&RHMsSo IRRut fort O th&Rfllipi@fr.t he transactions
and the command header for each of the transactions to an output port

responsive to nultiplexer control signals; an arbitration unit coupled to at
| east one of the data buyffer.and the co&ggn{% ueueu{o recei ve information
o

i ndicative of the data and c Top Yo0s] Y 19 Turher - COMPRSING 3 od i n

the data buff @hraRéltoGerATRBAY L HRpled &5 he Ghipheport of the€ muiphixer, Me faralépi t  bei ng
operable to generate the control signals responsive to the information

i ndi cative of ta-srsialj genverterdbeingnonerati veeteoeonsert thecgrgup at ithe outputi poreqltheto 2 2

DEC 2006 WO 2025/ 089418 PCT/ SZOO%/tﬁeO%gGS 21 couple a group of sub-groups
e

cont ai ni ng ei Pﬁl?pla(gfgl%?sglaég HOURd data for at |east one of the

transactions to the output port of the nultiplexer. 20. The nmenory nodul e of
claim119 further conprising a parallel-to-serial_ converter coupled to the
out put port of the nult?hl exBie memoryamadpls| -oft glaigar ilZ] whereiter ther dpai ng

operative to v [ B uAb1 D & aRUh P MR oF s - j Lnto a
seri al stream&g&lﬁ%n?%}g‘? ou g 261t ar‘ﬁ’g rrerrntl)ryorr% u?ltgngﬁ‘mc@fjg}?%ﬁk@ﬁ%aeﬂﬁei n
the data or gampledtfioontheniata drganizatibn duningdaeh cycle af yclotlesignakber of sub- gr oups
in each group that are

22. The memory module of claim 12 wherein the command

header and data for each of the transactions comprise a memory packet.

23. A data organization system, comprising:

a data organization unit organizing a command header and data for
each of a plurality of memory transaction into lane groups each of which includes a
plurality of lanes each of which contains a plurality of parallel command header bits
or parallel data bits, the data organization unit organizing the lane groups so that all
of the lanes in each lane group are filled with either command header bits or data
bits; and

a parallel-to-serial converter converting each of the lane groups into a
serial stream of the lanes each of which contains a plurality of parallel command

header bits or parallel data bits.

24.  The data organization system of claim 23 wherein each of the

lane groups comprise eight lanes.



coupled fromthe data organi zati on during each cycle of a clock signal. 22.
The nmenory nodul e of claim 12 wherein the conmand header and data EQ%E%%&E
of the transactions conprise a nmenory packet. 23. A data organi zati

system cOWPrI0S%418 a data organi zation unit organi zi ngPET/ESNPHMWEsHeader and
data for each of a plurality of nmenory transaction into | ane groups each of
which includes a plurality of |anes eagh of which contains a plurality of
paral | el command header bits or parallel data bits, the data organi zation
unit organizing the lane groups so that all of the lanes in each | ane group

are filled wth eithensconmmpdaAcageizalb Systim BEISm D3 whereft6heR of the
paral l el -to-serial converter converting each of the |ane groups into a

serial st redanesfcompdsd 32 ysalledbits of comtmand header e data.a plurality of parall el
command header bits or parallel data bits. 24. The data organi zati on system
of claim 23 wherein each of the |ane groups conprise eight lanes. 2 2 DEC

2006 WD 2005/ 089418 /U %@@g t jzation system
of claim 23 wherein eggll- of%%tgﬁg{a%? nesn%ﬁsr%lrglﬁrsoef-%%npar’ %ﬁ%@m comand
header or data. 26. Thelathbuffepstgring rspéctine 8ats farr phiralityadfithe@anshatiohkier
conprising: _a data buffer storing respective data for a plurality of the
transact i onshe datadorgeach of she Eansactions peiagselgetivebt passed Femnije dat el y
passed fromthe data buffer; and a command queue storing respective command
headers for a plurality of the transactions, the command header for each of

the transactions bei ng cofitiad iqused storftgegect vesBiriniard Headers tr uduielityd t h t he
data for the corresponding transaction being passed fromthe data buffer.

27. The dat ®fotgatiansagtions iescemmend cieaden f5, caghepkithe ttraasagtiors bsingani zat i on
uni t further fé?tﬁ%@t BERed ol tle' DrSk&ld SRR WAt B 85 B el DFredingt Ored 0

the data buffer
transaction being passed from the data buffer.

27.  The data organization system of claim 26, wherein the data
organization unit further comprises:

a multiplexer coupled to receive the data stored in the data buffer for
each of the transactions and the command headers stored in the command queue for
each of the transactions, the multiplexer being operable to couple the data for each
of the transactions and the command header for each of the transactions to an output
port responsive to multiplexer control signals;

an arbitration unit coupled to at least one of the data buffer and the
command queue to receive information indicative of the data and command hea_ders
for the transactions stored in the data buffer and command queue, respectively, the
arbitration unit being operable to generate the control signals responsive to the
information indicative of the data and command headers to cause the multiplexer to
couple a lane group of either data or a command header and data for at least one of

the transactions to the output port of the multiplexer.

28.  The data organization system of claim 23 wherein the data
organization unit is configurable to vary the number of lanes in each lane groups that

are coupled from the data organization during each cycle of a clock signal.



each of the transactions and the comand headers stored in the conmand queue
for each of the transactions, the nultiplexer being operable to cotﬁl he
data for e\%g)r} (/)f t he transactions and the conmand header for each of 006
transactio PEORR IR Ut put port responsive to nultipl ex@®CTABAM05008865 gnal s;
an arbitration unit coupled to at |east one of the data buffer and the
command queue to receive information ingdicative of the data and command
headers for the transactions stored in the data buffer and conmand queue,
respectively, the arbitration unit being operable to generate the control
signals responsive to the information indicative of the data and commuand
headers to cause the | tiplexer to couple a |lane group of either data or a
command header and da[&lt f of* DAPCEpWEDAsCY §¥StEM, COMMISiNBansact i ons to the out put

port of the multipl exghmc %Drgg%r%d‘fﬁ@cegg&%gg.zati on system of claim 23

wherein the data orgahization u s confi'gurable to vary the nunber of

| anes in each | ane graupsteihabontrélles csupRdeto fthe mrob&@sstatbas, Of@anystahi on
during each cycle of a clock si gnal . 22 DEC 2006 WD 2005/089418

PCTI US2005/ 0o8sdist bayinpmperiphgiabdeviesqorthased system conprising: a processor

havi ng a processor bug; system control | er . .caupled. to the processor bus,
the system controll e?t lﬁ%\t/lo %mg%éefvilcﬁhcgpgll%da%g]e ee%BB?I?I, Eleavlmelpeoéts?ts tgﬁe i nput
devi ce coupkwsenh Goritib@leRer i pheral device port of the systemcontroller; at

| east one output device coupled to the peripheral device port of the system
controller; at |east ¥reastoncmoupwdayice denplasktodhripdrindietaddevies prat ofther al

devi ce port gf t%ﬁ@ﬁgstem controller; and a nenory hub controller coupled
to the procé%se&?c O plurality of memory nodul es coupled to the nenory

2”& Efglt {?'y' g][ ng%f;atg%;@gréé;?ﬁ% E%?age%@ﬁ@e Bbupld¥to TR PEpHERA b fige ORPT I Si NQ:
of the system controller; and
a memory hub controller coupled to the processor bus;
a plurality of memory modules coupled to the memory hub controller
by at least one Bus, each of the memory modules comprising:
a plurality of memory devices; and
a memory hub, comprising:

a memory controller coupled to the memory devices;

a receive interface coupled to the memory controller
through a bus system; and

a transmit interface coupled to the memory controller
through the bus system to transmit memory transactions from the
memory module to the memory controller, the transmit interface
receiving memory transactions each of which comprises a command
header and data having a variable number of data bits, the transmit
interface including a data organization system organizing the
command header and data into lane groups each of which includes a
plurality of lanes each of which contains a plurality of parallel
command header bits or parallel data bits, the data organization
system organizing the lane groups so that all of the lanes in each lane

group are filled with either command header bits or data bits, the data



a nmenory hub, conprising: a nenory controller coupled to the nenory devi ces;
a receive interface coupled to the nenory controller through a bus h

and a transmt interface coupled to the nmenory controller through Ziiﬁ §@k

system t o WP AWM &enory transactions fromthe nenor yP@HUS085908864he nenory
controller, the transmt interface receiving nenory transactions each of

whi ch conprises a command header and a having a vari abl e nunber of data

bits, the transmt interface including a data organization system

organi zing the command header and data into | ane groups each of which

includes a plurality . i L I

parallel comand heaﬁéméﬁﬁgﬁgﬁﬁgpgﬁgwrgg% gooﬁlltn'? gr?é%%eoqlé%{ %L%%g%f zation
syst em or-gani zi ng t he ih@ng sefislufifeamoot that laAdsl forftrdnbmissivacky ithe eail ane
group are filled with either conmand header bits or data bits, the data 2 2
DEC 2006 WD 2005/ 08941%gripesT| aadp s§5the dpwemitted lapgsyeentainingon pyrahiwnehei ng
operable to convert e the | ane.gr i serial stream of the

| anes for .transm ssi oﬂ"’%%l/l%[ ?‘loelmﬁ?ngﬂhseﬁfl% b?tlgﬁ{s%arr%lge?:g?t%gg%h of the transmtted

| anes containing a plurality of parallel conmand header bits or parall el
data bits. 30. The processor-based systemof claim29 wherein each of the

| ane groups conprise 0ght TherpsecesRr-basedsygemod viaim- Wawbereyeachwf dfe cl ai m 29
wherein eachl of the |anes ¢ rise 32 parallel bits of command header or
data. 32. Thén%?88@¥§ﬂygﬁ3§@§p@??ten1of claim 29 wherein the bus system
conprises a downstream bus for coupling nmenory transactions transmtted by
the nmenory nodul es away fromthe nmenory controller and an upstream bus for
coupl i ng nmenory transadti ofddetpreqessor-based spstemind clamodSy wherdinl exsh obdleer d t he

nmenory controll er, and erein.the transmt.interface conpri ses an upstream
Ty lanes comp%se 33"9aral‘leel %lts ote comman%lq}eader or data. P P

32. The processor-based system of claim 29 wherein the bus
system comprises a downstream bus for coupling memory transactions transmitted
by the memory modules away from the memory controller and an upstream bus for
coupling memory transactions transmitted by the memory modules toward the
memory controller, and wherein the transmit interface comprises an upstream
transmit interface coupled to the upstream bus and a downstream transmit interface
coupled to the downstream bus, each of the upstream and downstream transmit

interfaces including a respective one of the data organization systems.

33.  The processor-based system of claim 29 wherein the memory

devices comprise dynamic random access memory devices.

34.  The processor-based system of claim 29 wherein the data
organization system comprises:

a data organization unit organizing the command header and data into
lane groups each of which includes a plurality of lanes containing either a command
header or data, the data organization unit organizing the lane groups so that all of the

lanes in each lane group are filled with either command header bits or data bits; and



transmt interface coupled to the upstream bus and a downstreamtransmt
interface coupled to the downstream bus, each of the upstream and
downstreamtransmt interfaces including a respective one of the datzaUEC 2006
or gani zat i OR 248U 33. The processor-based system of PETASHINMSHSer ei n t he
menory devices conprise dynam c random access nenory devices. 34. The
processor-based system of claim?29 whergin the data organi zation system
conprises: a data organi zation unit organi zing the command header and data
into |ane groups each of which includes a plurality of |anes containing
either a conmmand head dat.a. bzat | i [ zing the
| ane groups so that al fﬁ%r?ﬁﬁlﬂgkﬁaéﬁgx?eﬁgﬁ%ggf]ﬁﬁghge&gdrtgg%ﬂg% gro? P??@d} wth
ei t her commusaiahsirdaroflihé¢ hines fodl ab@ntissiay, byaheltransthiCinterfA0€6 WO 2005/ 089418
PCTI US2005/ 008865 25 a parallel-to-serial converter converting each of the
| ane groups into a serial streamof the |lanes for transm ssion by the
transmt interface. 3 Th roc of - S of gl aim 34 .wherein the
data organization uni S'COﬁTp}?el gr@é’g%%%r'%ag?i%gﬁ?%egrteg%lg} iB%gwb%]%leEhtei c\f;aéa data for
a plurality efgatiBgtionnmiteafiprests, the data for each of the transactions
bei ng sel ectively passed fromthe data buffer; and a comrmand queue storing
respective command heatidata baffer storimgaesppstivp datgffor wpluraliin obde itgnsactiense command
header for egch, of .the transactiops hein sel ectivel agsed fromthe
comand queuRWaFnof ﬁ%Chd%ft e%ﬂsatcﬁ%nscoet“f%%%e&ﬁﬁ?qﬁé’assteﬁéﬁ’gﬁi}le’l ah‘éf?]%g passed
fromthe datghwduffer. 36. The processor-based system of claim 35, wherein
the data organization unit further conprises: a nmultiplexer coupled to
recei ve the data st or excammarvqusat stohing fespective coramend béadetsdor a plueadityt i ons and
t he command headers stored [n the cqonuand queue for. ~each of.the .

of Bt UANTENON e dhe SOTRoPeHED 1 CBoH AipiE THSSEAM 198 cach  of

transacti ons,

t prb [ ansact {fRAva) hakidl FAATTRE dofiRARE QbR wiRGhe Ahtal BF the BRFAPSIAHE O an

transaction being passed from the data buffer.

36.  The processor-based system of claim 35, wherein the data
organization unit further comprises:

a multiplexer coupled to receive the data stored in the data buffer for
each of the transactions and the command headers stored in the command queue for
eaéh of the transactions, the multiplexer being operable to couple the data for each
of the transactions and the command header for each of the transactions to an output |
port responsive to multiplexer control signals;

an arbitration unit coupled to at least one of the data buffer and the
command queue to receive information indicative of the data and command headers
for the transactions stored in the data buffer and command queue, respectively, the
arbitration unit being operable to generate the control signals responsive to the
information indicative of the data and command headers to cause the multiplexer to
couple a lane group of either data or a command header and data for at least one of

the transactions to the output port of the multiplexer.

37.  The processor-based system of claim 36 further comprising a

parallel-to-serial converter coupled to the output port of the multiplexer, the parallel-



port responsive to nultiplexer control signals; an arbitration unit coupled
to at |l east one of the data buffer and the comand queue to receiv
information indicative of the data and command headers for the traﬁgzgg{:iz%s
stored i n Wh&OHW9418uf f er and command queue, respecti veRGI/U$29ES/008§65i t r at i on
unit being operable to generate the control signals responsive to the
information indicative of the data and gomand headers to cause the

mul ti pl exer to couple a |lane group of "either data or a command header and
data for at |east one of the transactions to the output port of the

mul tipl exer -to%Zrial-EBﬁve?l%Pﬁé?ﬁgQ}gérmqg coehae Rhe ?&b% 8 Ju?:Hutt Egﬁ of fHIPr! SIng a
paral l el -to-serial converte oupled to the output port ot the multiplexer,
t he paral | elm#ltiglefrGntd@G6rial\death 05(H834%4.8 PCTI US2005/ 008865 26 to-seri al
converter being operative to convert the |ane group at the output port of
the nmultiplexer into a serial streamof the |anes. 38. The processor-based
system of cl ai m 34 whggein . j [ dni k0 fq ble to
vary the nunber of Iag'g's |pg}5ﬁ&%%ﬁgg§gergg{}%€eﬂ{ Rg{lwﬁ&&% (Y@llf’g e(}h%d(%%]the dat a
or gani zat i ororghhizatign @me &Mﬁ%ﬁaﬂé v} Bekusibgnet 1ane3 In eddhbai @o@sIhit- based
system of claim29 wherein the conmand header and data for each of the

t ransact i onsreenwpladdrom theslataroygarazakien duringeacicyale elaiclogk sigeghsmi tting nenory
transacti ons each of which conprises a conmand header and a vari abl e anount
of data, the nmethod conprising: organizing the conmand header and data into
groups each of which 3g90nt gh&SpRcOEGdfs@l NiysRfh NIMREIimOR29s Waretipume of a
predeterm ned size, each of the sub-groups containing a plurality of

paral | el corpesmind dgatisr ang data for eaphrof thy transacsiquhcomprise grmaemory packet.-ni ng dat a
for a first transaction being i mediately foll owed by a sub-group
containing either additional data for the first transaction or the conmand
header for a second tﬁ@.nsaﬁm%oéw&ﬁ?shﬂ@iﬂg'?n&%&%‘@rahs%cfibﬂs'e%@hM%vhi.cﬁllb-QFOUIOS
cont ai ni ng either command header bits or data bits; and transmtting each
group of datcampsises axomingdnd dicadenandd vartablesaniougt ofgrta, theauéthod cathpriding: ncl udes

the plurality of par aklrg%llizfn%mtggggmgﬁ%i %ad%ir Fax?d dita ?r?tto agrcl))dptssehch of which
contains a predetermined number of sub-groups of a predetermined size, each of the
sub-groups containing a plurality of parallel command header bits or data bits, each
sub-group containing data for a first transaction being immediately followed by a
sub-group containing either additional data for the first transaction or the command
header for a second transaction so that each group is filled with sub-groups
containing either command header bits or data bits; and
transmitting each group of data as a serial stream of the sub-groups

each of which includes the plurality of parallel command header bits or data bits.

41.  The method of claim 40 wherein the act of organizing the
command header and data into groups comprises organizing the command header

~and data into groups each of which contains eight sub-groups.

42.  The method of claim 40 wherein the act of organizing the
command header and data into groups containing a predetermined number of sub-
groups comprises the command header and data so that each sub-group comprises

32 parallel bits of command header or data.



41. The nethod of claim40 wherein the act of organizing the command header
and data into groups conprises organi zing the command header and d?zzm#zbg%
groups each of which contains eight sub-groups. 42. The net hod of ctai

wher ei n t N6 2050894185, gani zi ng the command header and dBEHUSHPLO0§ISUpS
containing a predeterm ned nunber of sub- groups conprises the command
header and data so that .each sub-group,gonprises 32 parallel bits of
command header or data. 2 2 DEC 2006 2005/ 089418 PCT/ US2005/ 008865 27
43. The nethod of claim40, further conprising varying the quantity of
sub-groups in each group. 44. A nethod of transmtting nmenory transactions
each of which conprises a command header and a vari abl e anobunt of data, the
met hod conprising or4hani zTing nidtleodc of uiaid  #@afizthencdmpaisiagi varping athe gr oups
each of which contaips a plurality of |lanes of a predeterm ned size, each
of the Ianeguwm%€WBW%sﬂW ISP of parallel conmand header bits or data
bits, the | ane groups being organizing so that all of the lanes in each

| ane group are filled with either comand header bits or data bits. 45. The

met hod of cl ai m 44 f u44.her Aensthod &f tR@smittivgememogy eathctivns ehdleof whieh gr oups
into a serial streamof the | anes each of which contains a plurality of
paral | el coReFaPriFeha seramapgd headgr angha varjable amquat pf daja, themethed cpmpHEag of cl ai m

44 wherein B&%m%g tﬂé c&ﬁxggﬁﬂ %%?ﬁgr inlaedataC %ﬁ% é&%ﬁ% ggcgg}qgwtﬁﬁi goqitgﬁé) a | ane

groups conpri-ses 6rgani Zi ng the connan ne" groups

each of whi plirdtionbflafiés ¢f agfttddiéiiifsed stke, eabhof MRS lanck dhtadhing phitalwherei n t he
act of organizing the conmand header and data into | ane groups each of

whi ch cont ap#relle] comahad headen difs ondath dits,che lang ggoups bgingsuganizing a¢ ahg t he
and h dat t hat el i Llel . hits of
Commmnd hoattLpt BF et ifeahf 1ang o 3ie e i RARE dyfinand bl Biss st g

varyi ng thepjtqunber of | anes in each | ane group.

45.  The method of claim 44 further comprising converting each of
the lane groups into a serial stream of the lanes each of which contains a plurality of

parallel command header bits or parallel data bits.

46.  The method of claim 44 wherein the act of organizing the
command header and data into lane groups comprises organizing the command

header and data into lane groups each of which contains eight lanes.

47.  The method of claim 44 wherein the act of organizing the
command header and data into lane groups each of which contains a predetermined
number of lanes comprises organizing the command header and data so that each

lane comprises 32 parallel bits of command header or data.

48.  The method of claim 44, further comprising varying the

number of lanes in each lane group.



