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present invention relates to processor-based systens,

and nore particularly, to processor-based systens

having a nenory nodule with a nenory hub coupling
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%evices, 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.
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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.
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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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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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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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t thiersgistem 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.



| ane group 177 would result in the high-speed bus
system 134 not carrying any packet data during two

w@ersogionf the hi gh-speed system cl ock si gnal PCT/035)5/008865

Transaction T3 consists of 12 32-bit groups of data
DOD1 so that the first 7 3% bit groups of data
DO-D6 in transaction T3 (plus’the 32-bit command
header) would fill all 8 lanes of a fourth |ane group
1 RIMMARY IO THE, INMENTION- speed  bus system 134 woul d
be fully occupied. However, the remaining 5 32-bit
gre18) F s of datred¥ry Db Wil PemuBY medule Snéludé&s laaRpdem for
afifth |ane group 179. Therefore, data would not
bergaoamgememnfybm@ﬁaqtms Frangmitipd byl theumengrymaodulg 4 Theprganizing
periods _of . em.cl ac e t
8}’556’8 a()ﬁ%.wl.%&s EE% 1:1){ ary r%ear?ga}cgloiié g{lg nrqiacl@&s %%crh 3 Which Hl%ludes a
Skcaihfah€ dRhdef dn@Shatd, hﬂﬁc}t Aeydaiva ab@drdihledﬁlhnbé'tadf ddalbits. The
be achieved if all 8 lanes of _the high- speed bus
s PEARIRINEISYS(REY ereaniges hecpmmeagd headesan ti‘i%dﬁf@ria%gmaa% gach of
0 [
C S Y B R o e R ST TR ot  RERAIRY b parale
gmmp&ndmleaiwr dithaoripagalles detai Hitsc Fhez exgranieing. sysiem wgahlzmg the

b under st ood 't e sanme or,. simlar | e
XG50 S0 JTAb a1 O (e S SH LB B 85 LR Wit eltier command
pﬁ&ﬁ‘ﬁﬁ)% 8r ddt? %Ytl; Tﬁ?é’ SrghBizinBRYKEANIL ARHRE 8ferhBlE t8 convert each

system and net hod that oOrganrzées the data coupled to
oof ﬂledmermnupsyntmm‘sstmaﬂmfrrhmnys fou ragsnaissiom ifienpthe memory

P EAREA BRI Byt E et fianraB o arallel command

2Q001PERNISaPHIH ¥id 8RS/ 008865 7 SUMVARY OF THE
| NVENTI ON [018] A nmenory hub for a nenory nodul e

includes a systemfor organizing menory transactions

t BRIBADERRIPYIOROINTHN BRAWINGS The organi zi ng

system or gani zes the nenory transactions into packets

RPN, HEF 950 SBT3l g2

ohgiarbatraityr shatie roooplgdno Beseralhmemormlmduhe ddemganthemory hub
dat |nto | ane groups each of which includes a

UGG of | anes. Each of the |anes contains a
ptoml ity OF@% alikel schepn®ithghaRdRistRtihs oA dpproabh @hat has
data bits. The organi zi ng system organi zing the |ane
gbmmmromsed Hert orghmizing datacthptapneeupled tmartd fremdhemegpery modules
f| I I ed. \gg ﬁlther conmand header bits or data bits.
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eEUZI’I] Figure 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.
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paral | el command header bits or parallel data bits.
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mbdET AdS EinDESGRAP THON OF THB INMENTIONt ure. [ 020]
Figure 2 is a schematic diagramillustrating one
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that is coupled to and fromthe nenory nodul es shown
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260G 152 Qﬁéﬁ%&@é’ﬂs &n@ﬁ%ﬁldsﬁ@c@'f%ﬁlﬁ&v%mmts
HE | NVENTI ON [ 024] Enbodi ments of the present

| nméml signalay anddimagtpeetoeals haveaiad byerhslowndio dietadll in @rder to avoid
| ed t ever al hEIRL hub nodul es t hrough a

h}l ecgsIS%nlg ob %W&tree%lﬁync% s and a hi gh-speed upstream

bpoes] Mor e parmk@od af Formisipattedest § nidimory b ByR&RAtcording to

invention are directed to a systemand nethod in which

dane exgraple gt prssenb ipyntiop Widl aewphe gxplaingéavith reference to

e t

RS AT AR HP HAEES, RUBEE s 28iclos TR AR B 8t sovera

deiemiols aatessesedr fiparisictions! ame tdmnﬁcabvtbdhos: shJ:Mn i GFligure 2 for

under st andi r'}g of v rlci)%s errbog ant s of th

| BRVBRS . 1t the ditlgjeppesberbeiech GwE B # pagionnof an

t Aftifddral ﬁQﬂacﬁm 4 VRBIh 3R FIBRYe 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 D0O-D11.

[026] According to one example of the present invention, the groups of data
for the transactions TO-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

ot her instances, well-known circuits, contro
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detail in order to avoid wunnecessarily obscuring the

i nvention. [025] A nmethod of form ng packets for a

menory hub system accordi ng t8 one exanpl e of the

present invention will now be explained with reference
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Ptﬁ'EfdJ&iﬂ:Oﬁ)ﬁ/eﬁOﬁi&Giﬂle 9emdshnr&rbdnsns,}etmo 1B#guAe @result, the data
5Ly, transaction T2 again ionsists of only 5
thof thega ergpryosglstgnwltﬁngg hat only 6 lanes (the
nd headgpthet Wevanhige To IRe Abda orgiEdBHNOINid 2@ of Figure 3 is
transactlon T2) of a third |ane group 194 are fille
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S5 A5 S 6 el B AR BB gk scuk
apidcitifg dhfar Sém3IBe Phtaller RURrAf 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 |ane
of data is coupled through the high-speed bus system

wd Bbsdemsishg respective periods of the system cPODKS2005/008865
signal. [028] Wth further reference to Figure 3, the
next 8 groups of data D1-D8 of transaction T3 are
used to fill all 8 lanes of d%ourth Iane group 196 so
that the high-speed bus system 134 is fully utilized.
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Pﬁﬂvmﬁlaﬁdaadﬁde amtsalatﬁahmeotmﬂ@gmmdcmtﬁrametfaees 210,

27} e e Do ctplesE O BRG GREEREER: Hur  ng

| fo3k] al | zat TR 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 nenory devices

wdd@sspsthe manner shown in Figure 3 is shown P@I/US2005/008865

Figure 4. The menory hub 200 includes a downstream
receive interface 210, an wupstreamtransmt interface
212, an upstreamreceive intettace 214, and a
downstreamtransmt interface 216. The downstream
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menory nodul e 130 or the nenory hub controller 128
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.



WO 2005/ 089418 PCT/ US2005/ 008865 11 [033] In an
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devices 148 (Figure 1) to which it is coupled. Mre
specifically, each nenory interface 270a-d is
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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
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S@kiofyehib DO YF 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
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signa suc a8 addr ess
datefeshusgdscvigrmdicheity.i ke, for handling data transfers

FATIEE LT AT e
Bfie c@%ﬁ% ghgg Py &b So% ﬁ%n%'nﬁﬁlp%%@r 21{@ %ch-rﬁ%oﬂ@mdyby an

nodu are shown to the merory
Cobittatibh enit 228 The muhq:lnter 236 preats thealapl fon gne of the transactions

arran nt i [ h f h
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h!ﬁé”%\&ﬁﬁnanut québt 1230e T IBiedtRACiN 288 RhMRAudeome! Bakipexer to
may al so be used. For exanple, it may be possible to

ustect theu data- ahdo poramand disadsant for rtheitaskaction baged on a variety of

POTERS Ay AP g, 57 Aebiraicl it 35 1%, By POt A iSectons
]tﬁQt cOmpayY tré‘sgbﬂ@stﬁ&ﬁl a@¥ndtRYmAhfetoddg me@ded N30hiugh thereby
t he nenD controller 128 is selectlvely coupl ed

tteansméfisuch trangactenfovnstReE wndthe i>3® 224 (Bigyre B migrie ransmitting
(lgggépggns%@fqu gorﬁ?r Eﬁ?ﬁj d&kfﬁ% arﬁ?&leb?néfﬁﬁg' Wddule 130.

aren o one s
Conversely, the arbitration unit 238 may glve 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.



[041] One enbodi nent of the data organi zati on system
220 used in the nenory hub 200 of Figure 4 is shown

WO moGiogpaie 5. The data organi zati on system 220CTES2005/008865
al so be used in the nmenory hub controller 128 to
couple data to the high- speed downstream bus 222. The
portions of receive interfacd?® 210, 224 (Figure 4)
and a receive interface in the nmenory hub controller
1pfys) hat  capigdiffahile f%ﬂﬂl'léés dTaGHRshS ofde®Nthé hi@bitration unit 238
hi gh-speed buses 132, I34 is relatively _
ssq%@qtsg thef tangaations, sthel arthsatiapeaniypauses thegupltiplexer 336 tapiganize

. Pl vithi X e . )
B3Pl oler P ALt 1 s RRGrBlssloitol Bl iaRl gt tane
buifolip 248 30tht batput bEGE invidtpleke 238-aks fill@l. oThsland gbap 240 is then

that are to be coupl ed through t he hi gh-speed buses
1egupleraig a paralicinéo-gerad convertieZ4fh e HaR DSl Grangples 2 ffries of
2 in; . |

e, TR R QL e o U oy 1 e
2p4r5l1 1864418l GV drE? 288 /b9 B8 S Psterih £lavkhsegnaheandriy passed e one of
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”ﬁﬂ&%ﬁu@%& Bieslin®alh 1dnk %?&.gfm Ble enBRIBALY bARAMG Jf3fe high-
In 0] at a

any case, the groups are clocked into the
dsyicad budek 222, 2230s ntelggednsi ve to the core cl ock signal

Péhar  oa Tt RO . rREh BhEeiaid el Afopgr specir
t BabstatRnR U ahe 280t haVd fiRER NlestHBAE dfetdif Nforaperpdbes of

different Iengths. [043] Also included in the data .
oillyatmatioat iverousympdificatiansimay be spadgnvithepicesiaping fragpithe, spirit

T T 50, S AR BERRE Pl 6t

afhe@ppdnded ediry the core clock signal, interfaces
wi th a nunber of other conponents that provide the

information for the command headers, but these
conponents have been omtted fromFigure 5 in the
interests of brevity and clarity. [044] Data stored in
the data buffer 230 and the command headers stored in
the command queue 234 are coupled to a nultipl exer
236, which is controlled by an arbitration unit 238.
The nmul ti pl exer 236 selects the data for one of the
transactions stored in the data buffer 230 and

sel ects the correspondi ng command header from the
command queue 234. The arbitration unit 238 can cause
the nmultiplexer to




sel ect the data and command header for the transaction
based on a variety of algorithns. For exanple, the
w@edsng|ts on unit 238 nmay give priority to traPSHUS10051608865
that conprise responses from downstream nenory nodul es
130 and thereby transmt such transactions upstream
on the bus 224 (Figure 4) pri1<§r to transmtting | ocal
transactions from nmenory devices 148 in the nenory
nodWIRISL30. Conversely, the arbitration unit 238 may
give priority to transactions conprising |oca
respon%@ﬁtlsﬂa ygeAati vely, the arbitration unit 238 may
alternately transmt |local transactions and
downst ream &r upétmemonytmedidecoinpnising\bst si nply, the
arbitration it 238 could transnmit transactions in

nit
t he order tﬁaf“r"lﬂﬁ@)? DEROr eIy the nmenory hub
140. Al thoug mﬁ,ﬁ Ibh@kikp: unit 238 in each menory
hub 140 prepje?rab yﬁlg’ﬁe@t elsgi n the same manner, in
al ternati ve enbodnmanirg cédimllar boupiad todine memotysdévices;

di fference nenory hubs 140 may operate differently.

Ot her vari ati ons@t deast haeosesehns dpterfce founledi t9 atheofpemory
unit 2 dogic circuitry for inplenenting the

arbit r(g%t%ﬁgﬁﬁ?? will be apparent to one skilled in

the art. WO 20054t0 884l &nClrhhinzi0 Ot D88 6&oupldd [tO4the memory
Significantly, regardl ess of which order the

ar bi t r eauteoHe i trapgdt megiosy: trgnsagtonsy fprathe inggaoryiedule, each
arbitration unit causes the nmultiplexer 236 t0O.. .

or gant G&sT RSk Rk e MOt it sl b Mishsoppgises 2
t r ansagdrh@Bnd hehdtrtand! dath aROMgOh rlaBRenufb&USS 44@ Bits, each
the output of the multiplexer 236 are filled. The |ane
group R4Bniis intedace aolpliegl a clate prganidation tyyster icaganizing the

converter 244 iC . be, for exanple, .a.serjes of .
ahi Tt samardheadpran GFRinfaae FouRs BN IRCl Rl de g plorality
are t h@f‘laﬁvl:soé"iégs)f t ictPorltdlfs a Bﬂ{rglllﬁf‘dgf' r{;aa:rfh'lféﬁ Ebnand header bits

converter 244 e system clock and iIs
passedot paraied data bitshthe laghorgpezatiob sgstemAit 2aniZifgd theakane groups
expl ai ned abgve with reference to Figure 3. By .
fil1ingp Haf abrofithe langs dn soch e rgf?%éfegf%&ﬂpwﬁﬁcﬁﬂhtﬂhéommaﬂd

entire " ' -of 2t h igh- e -
R RO e
appr ecéctivefl édent of &l MAoProapedndol & segiabaaeamnés tiy lanes for

the invention have been descri bed herein for purposes
of il trapsmissiqrody (her iteusmitpiterfacas iceels ofayhodrapgyited lanes

1| Fusmisionhy e ggmiole |
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except as by

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.



t he appended cl ai ns. WD 2005/ 089418 PCT/ US2005/ 008865

16 CLAIMS What is clained is: 1. A nenory nodul e,
weopnsEisg: a plurality of menory devices; aPdI/Es2005/008865

menory hub, conprising: a nenory controller coupled to

the nmenory devices; at |east_ gne receive interface

coupled to the nenory contr&?ler; and at | east one

transmt interface coupled to the nmenory controller

to transmt, ne transactipns fromthe nor

nodul e, _eac‘h %sfﬂepof%f%?@aec é’%rci%@i \tl;i ggrﬁlélnﬁ\ﬁyat least one
ttF-REMAC it fze Cfpiprtbs WA GRLEAPHARESt InteANETRAY @8R Asream
and data having a variable nunber of data bits, each

ttraasitiintei faceegatch o £ whivhIcohiprigesatheldata orgaginatigm s ystam.
system organi zing the command header and data into
| ane groups each of which includes a plurality of

| anes each of ' Bt A 1 TRV )
command heéﬁermgpggn&gr pa§§f€ngggta b¥?§§tﬁﬁgﬁﬁg?gdevwes
aogmnise dynanic syrelbanacoesy aminzirpdetibes. | ane groups so

that all of the lanes in each |lane group are filled
with either coomand header bits or data bits, the

data organigzat | Oﬁw%ﬂéﬁ&%}rﬁ?&ﬂ@o?ﬁ%@?k&g}e}e@n th%%‘(ﬁrganizaﬁon

each of the’'l ane groups 0 a seria reamo

|sgstem dodfprisés: ansmi ssion by the transmit interface,

each of the transmtted [anes containing a plurality
of paral | ela datorgarizationdmit aypanizing theenommand header apddsta into

.. The meno dul.e .of cl ai m. erein_each of. the
anersFSwRECIRA g SR G Sdos R lfRlify SNEAR BB e iommand
IHREdHr @r @htaCthd !dﬂﬁal)r%!ﬂﬁz’aﬁ'bﬂ ufi61afizidghfe M8 SPoups QB Mt 8] of the
32 parallel bits of command header or data.
da6s ineghigmeprninse dikd eogsdther gotnmand 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 menory nodule of claim1l wherein the at |east
one transmt interface conprises an upstreamtransmt

w0 ndosng|ce and a downstream transmit interfacECEESIN0D008865
whi ch conprises the data organi zation system 5. The
menory nodul e of claim1 wher gl n the nmenory devices
conpri se dynam ¢ random acced menory devices. 6. The
menory nodul e of claim1 wherein the data organi zation

ey o e B o BBket G on e i bosfu B i for cach
W R0 tﬂaﬂ%'cﬁﬂgzaéle 2 thd HrRhhdd/hQled P %&mﬁa&%ﬁ&&sttb% output

a conman r or data, the data organi zation unit

op@trdsgonsiyettb enuldplexqycontpd sgmalshat al | of the [|anes
in each | ane group are fill egtWIth ei t her

d
header bi t sAbATbHERISNiNitcouRlsd tQ ap gk prg of @g@ngqffer and the
Fﬁdeﬁue?lg Y §dck vﬁ%ﬁgﬂﬁﬁm%fmaﬁ ivoand H&Q%g'cﬂzﬁ’%aﬁd headers
ser i a yvorhe

ream o anes t1or ransm Ssi on

t foa fiseTirinsactionk fset€d in/the Hae WUEToD rayid woshlaBd Qfuead, abdpettively, the
wherein the data organization wunit conprises: a data

,barbrt@tlogttmm bejng @@s@bteu tpegensrafe fthe cantsplusignals yespongiye to the

b ?HS% t8+ ggq??a\}g Gtsagdar?ir Eﬁﬁ?{uﬂaeagigrg B% %Qﬁé m gﬁ‘plexer to

1260 psdf%ﬂh&gda{taeﬁpﬁ SbMRAng DEREAEnd ﬁ@t@%ﬁatﬁ@zﬁst dne of
pI urality of the transactions, the conmand header for

ethe rapsactions to txnauputiporiofths mgltlpb@eﬂlere,ct i vel y passed
fromthe command queue with the data for the
correspondi ng transaction being passed fromthe data

buffer. 8. ghe rpmgy Hﬂﬂxﬂbgul%feiaﬁh@ fﬁnhmrﬁlﬂgfheparanel-

data organization unit further conprises:
niokderipl exeertarcompled td the vetpat pat bhthe dlaulaplskm thet plarallbhw serial
data buffer -for each of the transactions and t

COMVEHY PRSI PSTAIVE (1R ICanYeR HbC ClanfreRRlPy b (e Palwmort of the
4 18 h of th
tzrggﬁ ge%tgf%lﬁosggiw ﬁ?é%ﬁt?l pﬁgﬁg ‘bei ngagpe?abl eeto coupl e

the data for each of the transactions and the command

header for each of the transactions to an out put o
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 merrfory hub, comprising:
a memory controller coupled to the memory devices;
at least one receive interface coupled to the memory

controller; and



port responsive to multiplexer control signals; an

arbitration unit coupled to at | east one of the data
whodoseso4ard t he conmand queue to recei ve i nf oOPEEUSDING/008865

i ndicative of the data and command headers for the

transactions stored in the data buffer and conmmand

gueue, respectively, the ar Bi% ration unit bei ng

operabl e to generate the control signals responsi ve to

the information indicative of the d?ta and_comman
headers to cause?t HeShiAne; 2 upupled |tgn@e memory
rou eader

at 1 castNh B} ke ooy B .%E@Oiﬁ AR e Moty duodlic, cach
of t hetransniit Mt@RRE reRividdMmenP irinsabiiseat of Whidﬂﬂ ddmprises a
further conprising a parallel- to-serial converter

coupl eepmanhdicader pind gasp thaymgt hevapablei pirakar of dhte bits, each
par al | ri.al vert erative to

conver &aqsﬂlét fng?fgacﬁ rIBfC]B 1 4 ﬁ%a g)géab’%aggg SR tthf’ltels‘ operable to

nul ti phg¥size tH @nin SR tiedllerdnt &AM igfo &b }t)§ GHBDf which ddhains a
menory nodul e of claim1 wherein the data organization

uni t i predesermiged abinbert of mgroupsaomrmedet@mm@nase i gach of the
each | ane rou s t.hat ar upl.ed omthe

o gani SRCEOIPH RS A AL RY D Grratiel Pobirag Jader bitg or data
The MERRY ¥a I wher TS,

header and tHag?(f) rc%gﬁfﬁﬁ%%iat he ?F‘%ﬁg‘gﬁiaﬁgns cg ri gglately
a menofojlopad ket a &ib-grdupresontayning ckither addmnnals dmg: forathe first

plurality of menpry devices; and a nenp
conpr i 1aetion erethsrspmmand: header feroy ﬁP‘é’det féaftsh@%?ﬁ) that each

devi C fgmu}ggsf r@g@*wlap Sl £55b EodeMfle! Afifer CBHRIAT Adalits or

PCT/ USE#4bitd) QigSadia olddniratibre sstend fiertter doisigidpetablestof @ggut each
coupled to the menmory controller to transmt nenory

t r ans aPdAEdH? ana sarial sieaany of thosuh-gtoupsach  transmit
interface receiving nenory transactions each of which
conprises a command header and data having a variable
nunber of dpfa bIieSmeMasmolildd$ Elaim! 2t Whér8fCeach of the groups
including a data organi zation systemthat is operable
tqe@mprise 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 predeterm ned nunber of
waeamsgsaups of a predeterm ned size, each of tPET/US2005/008865
sub-groups containing a plurality of parallel command
header bits or data bits, each sub-group containing
data for a first transactlonf%klng i mredi ately
foll owed by a sub-group containing either additiona
data for the first . transaction. or the connand head

for a seconddateprgansatign uay oganizingthp cogpgng header P]“f@%}a into
[

ot Mo it SRR LB S GBI it

besmhand hézaiaf or dMa,ahé Path omntzan@t onip oxg‘andatgahagrcmps so that all

serial stream of the sub- gro 13. The nenory nodul e

off Bieungroupstia casin gwup wr%ﬁlle(ﬁyltar%thsrscor%ﬁ@# b@@%b@tﬁ?r data

E‘Q%B ups. 14. The nmenory nodul e of claim 12 wherein

edth the sub- groups conprise 32 parallel bits of

conmand heag&fargfel @ﬁﬁéﬁal tonvelRP coRVERAiNg RREHLE tRE gfdupk MThto a

12 wherein the at | east one transmt | nterface

cearjal stsemsn afthe peh-geaps for dravsmissipm by tHedransmidntgriace.

downstream transmt interface each of which conprises

the data organi zati on system 16. The nenory nodul e of

claim12 whegei nthde Y nfd@leC &F f‘a@fﬁprmsamsﬂafaﬁmtﬁe data

random access nenory devices. 17. The nenory nodul e of

cbngiamidxﬂam\ﬂuétmmpﬁshe data organi zati on system

WD 2005/ 089418 PCT/ US2005/ 008
8?32:1: sati oAd eﬁa.bp%rr ﬁaﬁ}m&wﬁ@ec@lﬁ% 8 m@%ef hsﬁransacﬂons
dﬁltea%'tz{]fo? ead] SPHR t‘f‘zﬂﬁ%&:tﬁgs W@]!n Ile e&%éﬁ?‘ Hasséd o g{ ﬂ-le d&fa buffer;

gr oups contail nr ng er a ~conmman
oandlat a, the data organlzatlon un|t organi zi ng the
groups so that all of the sub-groups in each grou

are filled dicemmand ﬁmue@&ﬁmﬁesmeﬁwnwmd léﬁad@ratfar a plurality
e%}; ﬁh ratnﬁ%ctlgar a hlee lco%i%aﬁc? rﬂe?alier gﬁhe Qvﬁgﬁsh&%ns being

réups In serla reamo
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18. The menory nodul e of claim 17 wherein the data
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 sation unit conprises: a data buffer storing
respective data for a plurality of the transactions,

wo besadsi4as f or each of the transactions being PCT/US2005/008865
sel ectively passed fromthe data buffer; and a
command queue storing respectjve command headers for a
plurality of the transactiorns, the command header for
each of the transactions being selectively passed

fromthe co ueue W th thi for th

L BB B G oo o Pt SaBubh pdrimend et and data

bPJr a?feast]o%e of B tHRRLYnERANE 8ul?{lt Sdrébfthd %ul%ﬁl@ie?' n the
organi zation unit furth conpri ses:

nultlplexer coupled to receive the data stored in the

data buffer for each of the transactions and the

conmand head@rs $hermgmpry meduic, i plgingub efurther Cléﬁ’@ﬁlsmg a
PR 80l B bR BRI o

cmaﬁ chpager bémg @@falﬁvefto tdoBvért eHes giolip Gt ghé Guipllt port of the
outi_)t port responsive to nultiplexer control

tolexer gvo aserial sieanp af thaisub-gtwpbed to at | east one
of the data buffer and the comand queue to receive
informati on indicative of the data and command headers

for the trappact TROSnRiRHEImoBuleh®fdafaimbulf alheédéi the data
command queue, respectively, the arbitration unit

betigagizatey whl ie configyeatde tt ery e noorbter of lascsgmadash lane groups that
responsi to.t i nf ormati.on indjcativ at a

afrg ceaﬁﬁifra gé*@?&%‘”é&ﬂ% duringeeach Cyslp Pgﬁ 8{0 % -

2005/ 089418 PCT/ US2005/ 008865 21 couple a group of

sub- groups containing either data or a command header

and data f22. at Theas¢magemoflulehef tctains &2 twlsrsint thet b@emmand
out put port of the multiplexer. 20. The nenory_ nodul e

oheaépraemdf@ for paghent ﬂafo'ﬁg}sa@m@ CEMPHSE HMEWOLY, PACkel: | al

converter coupled to the output port of the
mul tipl exer, the parallel- to-serial converter being

operative t®3.conXe&fata drinightiod Bysaém| snprisingit port of
the nultiplexer into a serial streamof the

sub gr oups. a data Wﬁ@lmrlyﬂtn‘ifémlémgfa eqmamand heager ped data for
zat | 0

L Ty 00 et Bitioh T et AU i P whftfnctudes o

plurality of lanes each of which contains a plurality of parallel command header bits
or paralle] 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.



are coupled fromthe data organi zati on during each

cycle of a clock signal. 22. The nenory nodul e of
w@b@snsdl2s wherei n the command header and dat apdDUS®a® 008865

of the transactions conprise a nmenory packet. 23. A

data organi zati on system coqprising: a data

organi zati on unit organi zi ng command header and data

for each of a plurality of nenory transaction into

| ane groups,each_of -which includes a Iur

| anes each oF whkedatsareanizaton %’F"ﬁ%‘? ?ﬁ ﬁ'&%%?l’q gach of the
CoRERBhpRsa s Baﬁllélsmts%c&ﬁfrﬁh& ﬁéad@fa&ada?é ts, the data

organi zation unit organi zing the |ane groups so that
all of the lanes in each |ane group are f|IIed with

ei ther conmand header bits or data b|
par al | el - t RSser i Hie dabmurgpmgaiopsystem:qf s “@a”éh%?he{ pRIprising:

e, 97 Oun%s ddih Buffer SleFlsrRE FAM for bk AR (26 hoRlrions,
Bon shetsorBp Ay e it

whi ch cont al is® a ura conm
khé Ya@rfopedchl dfethe dﬁh@acﬁbﬁssbelﬂér sel&hﬁze@aﬁa%saf fomi thatdafrbuffer;
system of claim23 wherein each of the |[|ane groups
codpri se eight | anes WO 2005/ 089418 PCT/ US2005/ 008865

22 25. The data o an| za{é) .on_system of

oherain oo CtsfnBiEaE HorfR shet bR S rtdds fora plurality

Jr aRMIBAGCHGRIGhe WontAiml héfder T &dhoPEARIAMBAs being
system of claim23, further conprising: a data buffer

selectivady pessed drom ehd a;pmnfaa)d quepd withl fheydatd forhthe corresponding
transacti ons, ch of the transactions
B@“ﬁﬁ’@glb@@&%ea ef he data buffer; and a
command queue storlng respectlve conmand headers for a
plurality of the transactions, the command header for
each of the?7rarBecddtoosganmiation sgstdre aificlainy2@asbkadn the data
fromthe coonmand queue with the data for the
c%gq"éé%‘éﬁépﬂémltqréﬂ@ﬁﬂﬁson bei ng passed fromthe data

buf fer. %Hﬁl ?&Eﬁc&{ qbzrgée'l\%nthéﬁ? ﬂk@& 11{3 @'(ﬂ}azlﬁlffer for
vvherelnthe oy organi zation unit further conprise

aathibf the |tﬁ%@[ct16ﬂs“ﬂkﬁﬁe comh@é ihesdekdgordatin tigt dﬁhﬁﬂaﬂd’lqueue for

the data buffer 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
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 command headers
stored in the command queue for each of the
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the data for each of the transactions and the command
header for each of the transgctions to an output port
responsive to nultiplexer control signals; an
arbitration unit coupled to at | east one of the data
buffer and the command queue to receive information
i ndicative of the data and command headers for the

transactiopg. st argécdssortbaseddsenubhprisiagd conmand
gueue, respectively, the arbitration unit being
oper abl e t &ptpsAEsOn @fln&épff-@ﬁﬁs%bussl gnal s responsive to

the information indicat f,the da c

headers to? c%geént??énﬂﬂ g?gﬁ%rgt (t)lge E)%C%P T qu system

96r9 ePhavihd Qﬁénﬂﬁ?a’id@ﬁc@p&@mmnd header and data for
east one of the transactions to the output port

of the nul &i Jehsome ine devine cotepled tor e penphararieyicsira of the
of claim23 wherein the data organization unit is
SYSHE GRENCE t o vary the nunber of |anes in each |ane
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Eﬁl’énus&&ﬂﬁyeE)OSSGS 23 29. A processor-based system

conprising: a processor having a praqcessor

syst em congt spstene dataptarges Gevﬂ??ec%l’{?gég &y pﬂl@‘efatl ﬁnge port
em, caont e haV| ng a peripheral device port; at

Pg%tsy%ﬁmcongglyrd%nw ce coupled to the peripheral

devi ce por & n@mdri@ub systadier emrjﬂdfdﬂoltbafproatssblelast one
out put device coupled to the Eﬁgrl pheral device {)t of 1
the syst empbuplitysifinesmorymadaiescoppied ipythg f%%‘?ré{g@ controller

evij e coupl ed to eri I ort of the
gvgf ATt OBh P%Ieﬁ‘gfogtgﬁﬂg Hrr@ﬁ@‘e (%}Hé ‘ol I er coupl ed
to the processogplmfgl @fﬂ{eﬁ{@yuéﬁc@faﬂmmry nodul es
coupled to the nmenory hub controller by at |east one

bus, each of the menwyhubhowmpssingonpri si ng: a

plurality of memory dev'rgoer?/ coﬁatr(ﬂler 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 menory hub, conprising: a nenory controller coupled
to the nmenory devices; a receive interface coupled to
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transmt interface coupled to the menory controller
through the bus systemto transmt nenory transactions
fromthe nenory nodule to t 44 menory controller, the
transmt interface receiving nennry transacti ons each

of which conprises a command he er and data havi ng
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par al | el dapagalisl cemmané heagdenbity eranerallel d@a bitsy st em

- organizing the lane groups so that all of the lanes in
each lane group are filled with either command header

bits or datszp, bi tphe % 106esIGL BasiPs iR 08 8Rh 89 wherein each of the
PCT/ US2005/ 008865 4 organi zatlon system being

Opne giohips ¢ammroa eight lamagh of the | ane groups into a
serial streamof the lanes for transm ssion by the
transmt interface, each of the transmtted | anes
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bits or parall el a bits. 30.” The processor-based
Siysdseompiise Bapaalél bifsef eommaad heagler dbihdata.l ane gr oups
conprise eight |lanes. 31. The processor-based system
of claim29 wherein each of the |anes conpri se 32
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emor clarm wherein ?ﬁ

processor-based sys
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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
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transmt interfaces including a respective one of the

data organi zati on systens. 33. The processor-based

system of claim29 wherein t He nmenory devices

conpri se dynam c random access nenory devices. 34. The

processor - based _system of claim?29 wherejn the data .
or gani zat i ohP¥pHelmseapsoNERter canyeRng @Fb&ﬁ thedpnegroups nto a
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containing either a command header or data, the data
organi zation unit organi zing the |ane groups so that

al | of the 33.aneth¢ presgeder-based gyistsup ohrcdaim Pt ewhegpinhthe data

ei t her commt%ﬁeader bits or data bits; and WD
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converter coamgbhitBOstSitdreShectit@ditanst 24518RBy bNthe trénsactions,
serial stream of the |anes for transni ssion by the

t thardata for ieacteof thedran3sction$ beipg celestsmly bassed! frops therdatd buffer;
claim 34 wherein the data organization unit

C rises: a data buffer storing respective data for a
plurality o ghaR ' :
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command headers for a plurality of the transactions,

t yedectivehirarnased oy the somsmand geue vaith thendafa ph e sarssgonding
i vel , d ith th
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fromthe data buffer. 36. The processor-based system

of claim 35, wherein the data organization unit
further condfri seBhe arasasspr-prsed evystenmupf elimo3, eilegreia the data
t he data storlﬁﬁ in the data buffer for each of the

t PEALA ORI TURber REIPESYand headers stored in the

command queyguitflexcP 8GkpIQS tol fREeild MRSRAGE 4t6He8 in Hata buffer for
mul ti pl exer being operable to couple the data for each

odach lo€ therteams antions and thedtotrimeanddieadansl storesdida thd commandqedue for

t he trans [ n .
each of the terlgr}sagtlno%s,t t eerlnulgggjlteggrtbemg 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 multiplexer control signals; an

arbitration unit coupled to at | east one of the data
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i ndicative of the data and command headers for the

transactions stored in the data buffer and command

gueue, respectively, the arBftration unit bei ng

operable to generate the control signals responsive to

the .information indicative of the data and comran
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38. The processor - based system of claim34 wherein the
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C si gha e processor-based system of claim

29 vvherel n the comTand header and data for each of

the transactions conprl se a nmenory packet. A
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or data bijt
each of which mcludes 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
organi zing the comand header and data into groups
W@ 0up/08|es or gani zi ng t he command header and BeX/asSions/a@sses
groups each of which contains eight sub-groups. 42.
The met hod of claim40 wherein the act of organi zing
the command header and data2into groups containing a
predet ermi ned nunber of sub- groups conprises the
command header and data so that each sub-group
conprises 32 parallel bits of command header or dat a.
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command header bits or parallel data bits. 46. The
$-hod of claim 44 wherein the act of organizing the
command header and data into | ane groups conprises
organi zi ng the command header and data into |ane
groups eachsof Whe etetieadfalais 4ai foftherl cangsising Convidreing each of
net hod of claim44 wherein the act of organi zing the
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| ane conpri ses 32 parallel bits of command header or
data. 48. The nethod of claim44, further conprising
varying t hdé. nuffbermeshod af sk atierdimitke getoefporganizing 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.



