WO 2005/ 050941 PCTI US20041 037285 DATA ACCUMULATI ON BETWEEN DATA PATH AND
MEMORY DEVICE BACKGROUND 5 Fig. 1 illustrates a prior art nenory system
known i nformally as Ranli nk, which was proposed as a standard by the

Institute of Electrical and El ectronics Engi neers (I EEE) ard was
desi gnat ed Y4Q 20058894 d 1596. 4- 1996 and is known formall yp%Tﬂﬁ@%?andar d

for H gh-Bandw dth Menory Interface Based on Scal abl e Coherent Interface
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interfaces and memory devices.
The purpose of the RamLink system is to provide a processor with high-speed
access to the memory devices. Data is transferred between the memory controller and
20  modules in packets that circulate along the RingLink. The controller is responsible for
generating all request packets and scheduling the return of slave response packets.
A write transaction is initiated when the controller sends a request packet including
command, address, time, and data to a particular module. The packet is passed from
module to module until it reaches the intended slave, which then passes the data to one of
25  the memory devices for storage. The slave then sends a response packet, which is passed
from module to module until it reaches the controller to confirm that the write transaction
was completed.
A read transaction is initiated when the controller sends a request packet including
éommand, address, and time to a module. The slave on that module retrieves the
30  requested data from one of the memory devices and returns it to the controlier in a
response packet, which is again passed from module to module until it reaches the

controller.,
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WD 2005/ 050941 PCT1US20041037285 Fig. 2 illustrates a p!ri or art RanlLink
slave interface circuit. In the circuit of Fig. 2, source-synchronous
strobing is use to clock the incom ng data signals. That is, a strobe
signal, which accorTPani es the incomng data signals, is used to sanple the

i nconi ng ddY&200594¥&4ci rcuit of Fig. 2 uses a phase-| ockdF HEBRRIEY to
generate a stable local clock signal 5 froma reference clock signal that is
distributed to other slave interface circuits. The local clock signal is
used to recl ockigt hdlusistgoa pgorkat RasLigh alavemteaface oirenioild thawidudttof ¥g. Ri tter as
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of a nmenory interface systemaccording to the inventive pri ncig es of this
pat ent . Firge circuitiof fig. 2atsessa phesetasked loen{Plds) ta eosase ¢ stabledpeal slockFighalg to t he
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addi tional, e | e ephhodi pents of a nenory system nenory nodul es, and
nmenor y buf}‘l"éﬁgqgﬁisﬁ?‘gﬁ?}bgﬁquﬁgamnventi ve principles of this patent. 20 Fig.

7 illustrates another exanple enbodi nent of a menory buffer according to the
inventive principles of this patent. Fi %FeB illustrates an enbodi rent of a
redrive circuit accordi RRIEE RERCRIBVEON QFeTHEBORAWANGSS of this patent. Fig.

9 illustrates a I . I rding to the inventive
pri nc??g)l es 25§1gf ?ﬂﬁxggétgg?éﬁga@@ﬁ%%ﬁﬂo@%&@s anot her enbodi nent of an
|/ O cel | accor Bighpillustriteea privieart RaaLinRslane Inpdrase ofrctifai s patent. Fig. 11

illustrates angt her.. enbodi nen f an I/ O cel| acgcording to the inventive
princi pl es of ?ns@ﬂbla%tﬁ%an@eﬁ igent p§ a memogy Pigriace SEe é?“éﬁifﬁ% tﬁent of an

VO cel | aggeniletRintPidsRedigyagiti ve principles of this patent. Fig. 13
illustrates an enbodinment of a fail-over circuit according to the inventive
principl es of Figi 4ilpatrates an embodiment of a memory module according to the inventive

15  principles of this patent.
Fig. § illustrates another embodiment of a memory module and an embodiment of
a memory buffer according to the inventive principles of this patent.
Fig. 6 illustrates additional example embodiments of a memory system, memory
modules, and memory buffers according to the inventive principles of this patent.
20 Fig. 7 illustrates another example embodiment of a memory buffer according to the
inventive principles of this patent.
Fig. 8 illustrates an embodiment of a redrive circuit according to the inventive
principles of this patent.
Fig. 9 illustrates an embodiment of an I/O cell according to the inventive principles
25  of this patent,
Fig. 10 illustrates another embodiment of an I/O cell according to the inventive
principles of this patent.
Fig. 11 illustrates another embodiment of an I/O cell according to the inventive
principles of this patent.
30 Fig. 12 illustrates another embodiment of an I/O cell according to the inventive
principles of this patent.
Fig. 13 illustrates an embodiment of a fail-over circuit according to the inventive

principles of this patent.



2 WD 2005/ 050941 PCT/ US2004/ 037285 Fig. 14 illustrates another enbodi nent
of a fail-over circuit operating in a normal nobde according to the

inventive principles of this patent. Fig. 15 illustrates another enbodi nent
of a fail-overoosiopdei t operating in a fail-over npde ackCr/Ub2004/G36285he
inventive principles of this patent. 5 Fig. 16 illustrates an enbodi nent of

a nenory buffer with bit [ane fail-over capability according to the

inventive pri n@@h@ﬁhﬁfr%tw&fotm%ﬁf% infehof alfil ohvbusichRloBerafify RIPRHMENt of a

menory controller with bit lane fail-over capability according to the

i nvent i ve nndeaedopding taothe inviestiyspransiplesif ghis pgent! | ustrat es an enbodi ment of a
met hod for inp ' i at . | ¢ e
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this patent. Figs. t hrough 23 illustrate exanpl e epbodi ts of status
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Inciples of t Fig. 25 illustrates an enbodi nent of a
pol | i ng oper at Figa 1adbsiratenan ¢mbadimeitof e memozy contioller itk ditdanet fhiloverat ent .

Fig. 26 il]lustrates an odi nent of a neapry nodule utilizing data

accurul at i°81??%‘1%a%?8£‘ﬁ?%§%e frge?thve? HIWQFF ng‘l%ﬁ’qt‘?{g'i ples of this patent. Fig.
27 il1ustrat es Fgnos ffstredadenbitimenit of a R foNRspitRedihg pRimetHpasitment of a
menory buffer utilizing data accunul ation according to the inventive

pri ncilPl eatgrny prcerding-4p dha inventiye ppigciples okthispatest- anot her exanpl e enbodi ment
of a menory bu Fq b ok 2 d i i
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enbodi mentwithfthainvestive paincipted iofithid patétte | nventive principles of this patent.

Fig. 30 illustrate n e e enpbodi nent ,0of. a sche for delivering a CRC
code across n%?ﬂsifﬂtgr%gggggllhg%g%ém e_teﬁlbf’ E*CPH\PEﬁ{;?E‘Vé’aJFﬁnﬁB} ples of this
patent. 3Qcddr@ancdwith kheibb e prirfipREbOdisaRht,0f a frame transfer scheme
incorporating early CRC delivery and distributed CRC codes according to

vari od8 i nvent Fige 2pilluseates arserppodimen of a memory agent according to the inventive
principles of this patent.

Fig. 25 illustrates an embodiment of a polling operation according to the inventive
principles of this patent.
Fig. 26 illustrates an embodiment of a memory module utilizing data accumulation
20  according to the inventive principles of this patent.
Fig. 27 illustrates another embodiment of a memory module and an embodiment of
a memory buffer utilizing data accumulation according to the inventive principles of this
patent.
Fig. 28 illustrates another example embodiment of a memory buffer utilizing data
25  accumulation according to the inventive principles of this patent.
Fig. 29 illustrates an example embodiment of a frame according to the inventive
principles of this patent.
Fig. 30 illustrates an example embodiment of a scheme for delivering a CRC code
across multiple frames according to the inventive principles of this patent.
30 Fig. 31 illustrates an embodiment of a frame transfer scheme incorporating early
CRC delivery and distributed CRC codes according to various inventive principles of this

patent.



patent. 3 WD 2005/050941 PCT/ US2004/037285 Fig. 32 ill ustrates an

enbodi nent of a nenory agent, in this exanple assuned to be a nenory nodul e
or buffer, according to the inventive principles of this patent. Fig. 33

il lustrates exarTB)I e enbodi nents of two possible bit | ane mappi nﬁs accordi ng
to the inv&f A0 Sﬂ?ﬂlnci ples of this patent. 5 DETAI LED BESARPPHOERThi s

pat ent enconpasses nunerous inventions that have independent utility. In
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devi sed in accordance with the inventive ?ri nci ples of this patent. Thus,
the i nve#cpsdingipithcinpensiye griaciplgs of thisinateat.t o t he specific details disclosed
herein, Fig. 3 illustrates an enbodi nent of a nenory interface system
according to the 15 inventive principles of this patent. The system of Fig.
3 includes a nmenory control | eDEFAILERDESERIPTIONr e menory nodul es 52 t hat
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arranged to transfer, data, to and/qr from one or re of the paths. For
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path is tfn%&?tfv%ﬁ:ﬁ‘ﬁ@pfe@at% G TRYt¥d Semb %ciﬁ%téﬁ@ﬁ%cfo&&ﬂhér&ﬁ. nmenory device is
transferred to the I nbound path. One or nore buffers may be di sposed between

one or nore neligrYillustvitessan eahpdionent of a memenointerface piestens accphdingriodhe es and
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controller and links, or they may be realized in_any other
unidirectional links. The channel has an outbound path that inchides one or more

outbound links 54, and an inbound path that includes one or more inbound links 56. Each
module may be capable of redriving signals from link to link on the outbound path and

20  fromlink to link on the inbound path. Each module may also be capable of selectively
disabling any redrive features, for example, if the module detects that it is the outermost
module, or responsive to a command from the memory controller.

Each module includes one or more memory devices 58 arranged to transfer data to

and/or from one or more of the paths. For example, the module may be arranged such that

25  data from the outbound path is transferred to a memory device, and data from the memory
device is fransferred to the inbound path. One or more buffers may be disposed between
one or more memory devices and one or more of the paths. The modules and controller
are not limited to any particular mechanical arrangement. For example, the modules may
be fabricated on substrates separate from the rest of the system, they may be fabricated on

30  acommon substrate with the controller and links, or they may be realized in any other
mechanical arrangement. The modules are also not limited to any particular type of
memory device, €.g., read only memory (ROM), dynamic random access memory
(DRAM), flash memory, etc.



mechani cal arrangenent. The nodules are also not |imted to any particul ar
type of nenory device, e.g., read only nenory (ROM, dynam c random access
menory (DRAM, flash nenory, etc. 4 WO 2005/050941 PCT/ U52004/ 037285 Fig.
4 illustrates an enbodi nent of a nmenory nodul e according to the inventive
princi pl esWor2095158%4pat ent . The nodul e of Fig. 4 includegCF%§”WQHWP$%
circuits 60 and 62 to receive signals on unidirectional |inks 54A and 56A,
and redrive the signals on wunidirectional |inks 54B and 56B, respectively.
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detects that it is the outermost module, the outbound redrive circuit receives incoming
20 signals on link 54A but does not redrive them. Likewise, the inbound redrive circuit only
drives link 56B with signals corresponding to data received from the memory device(s),
and/or other signals that may be generated internally by the module. Alternatively, even if
the module detects that it is not the outermost module, it may be constructed so that it is
capable of operating as though it is the outermost module (for example, in response to a
)5 command from a memory controller), in which case it may ignore signals received on
inbound link 56A, and it may not redrive signals onto outbound link 54B.
Fig. 5 illustrates another embodiment of a memory module and an embodiment of
a memory buffer according to the inventive principles of this patent. The module of Fig. 5
includes a memory buffer 64 having two redrive circuits 60 and 62 to receive signals on
}0  unidirectional links 54A and 56A, and redrive the signals on unidirectional links 54B and
56B, respectively. The memory buffer also includes a memory interface 66 arranged to
transfer data to and from one or more memory devices 58. The buffer may be capable of

detecting if it is the last agent on a channel and selectively disabling any redrive features
5



i ncludes a nenory buffer 64 having two redrive ci rcuits 60 and 62 to receive
signals on 10 unidirectional |inks 54A and 56A, and redrive the signals on
unidirectional links 54B and 56B, respectively. The nenory buffer al so

i ncl udes a rrermr% interface 66 arranged to transfer data to and fromone or
nore menor YWASWO4ES. The buffer may be capable of dePetPSPYPF285t is the
| ast agent on a channel and selectively disabling any redrive features 5 WO

20051050941 PCT/ US2004/ 037285 accordingly. The buffer may be capabl e of
oper at i ngaardihgiyghe buffer rhdyebd capablagdperating as thohginited thedaseagantond i s not,
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they all mght ricated on a single integrated circuit. The circuit
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components may be fabricated together on a common integrated circuit, or they all might
20  be fabricated on a single integrated circuit. The circuit board or boards, if any, may be
capable of being plugged into sockets on a motherboard, fabricated integral with a
motherboard, or arranged in any other way. There may not be a circuit board, for
example, if the components are fabricated as part of a multi-chip module. A memory
buffer according to the inventive principles of this patent may be used to interface devices
25 other than memory devices to a channel. For example a memory buffer according to the
inventive principles of this patent may be used to interface an I/O controller or a bridge to
a channel.
Additional embodiments of apparatus according to the inventive principles of this
patent are described with reference to “inbound” and “outbound” paths, links, redrive
30 circuits, etc. to facilitate an understanding of how the apparatus may be utilized in a

memory system such as the embodiment shown in Fig. 3. These apparatus, however, are

not limited to any particular arrangement of unidirectional links, to the particular



|
a channel . Additional enbodinents of apparatus according to the inventive
principles of this patent are described with reference to "inbound" and
"out bound" paths, links, redrive 30 circuits, etc. to facilitate an
understand&r;? of how the apparatus nmay be utilized in a rrermr‘i/ system such
as the enbd¥! #E¥P5%%own in Fig. 3. These apparatus, howdRfFefUS2P@32H vt
limted to any particul ar arrangenent of unidirectional links, to the
particular 6 WD 20 05 /0 5 09 4 1 PCT/US2004/ 037285 arrangenents shown for
t r ansf er r amaygelatms fowuefon ridsferting Rata betdeat thelinks anslothencircoitryt or taagy of t he

i mpl enent atjon details shown. Fig. 6 illustrates additional exanple

enbodi Uen?ftsth%f’n emf?%%gémw‘?mmry modul es, and nenmory buffers
according to tig 6 MuswitedRIdRIInACxMBR eafboliithcntdviiaaémo’y JpeibRY femort 0 Fig. 6,
one or nore nenory nodul es 52 are based on printed circuit boards having
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nmodul ez ( b ' r . : | gcuit board
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adopt ed f bavingwntwodiingers lomg bath aidpd & onheddal thivrdatr avddad atlime mepenty frodulBoubl e
Data Rate dynam c random 10 access nenot dul es. The
nodul es afmg@f%%@ﬂgw ge 3 cofpchiron aggt?)exf HFC%VPQ%QQQIPM ty-type
DRAM suc hcéﬁpmoﬂﬁéwstén.%%ﬁiﬁgf&ﬁtfa&& By Sé‘ﬁ&bp?&gf& fheiiedudd, & t he

menory devices froma channel thal interfaces the nodules to the nenory

cont r ol | eexag@]e thin DEMM formafaster pegddor Boutde Date RathB{PDRR) dyndmiasaidoins wi red i n

a poi nt -to-point r t . with an 15 outbound path that includes outbound
i nksmﬂ, ac&ﬁ rréer@o?'%ggun prgl?(lildq%shat i ncl udes inbound 1inks 56. The |inks may

3ef :c npl errenlt edThd mdlsumra'xtb bﬁiulat&i dgh artriodnddvides 58) %ﬂ emm;ﬂé,g:gninwﬁtlyatyﬁet agle
ifferential signals. In enbodi nents. of Fig. 6, addj ti onal signa
lines ar DR sychras DR Pgﬁ’g\’[s. em%rg’é‘%ﬁ?é%?ﬁ ‘garcéé’éctd&?q 159 ?ﬁeamez%ﬁn?%, and
the like. g4 m&%&,ﬁﬂaﬁﬁa tﬁ&eﬁﬁ{:ﬂf&@ th@ﬁ-x‘f‘odﬁ%%ﬁ@ nfdndt) cogtdr 5 WG dat a sent

over the channel. ternatively, however, y nunber of additional signal
| i nes nmayalberefiseed to as & hpstehathagoelhs Wiredini aprint-to-posft errengement wishasi gnal REF

CLK is.generated by. a.cl.ock synthesizer 7 distri,bu t.0 .t he .host , and
modul 55 R AP i s ST ek S a5l Bl Gr S intiiha
quasi - asyRgRrsenqus liskemky pginslbasmed withparaielluatddet o bR lakeasisd BGK Si gnal s
are used to 25 sanple and redrive incomng data. Because a comon reference

cl ock is welage diffeeential signals.

In the embodiments of Fig. 6, no additional signal lines are used for functions such
as command, reset, initialization, and the like. Instead, these functions are encoded
20  directly in the data sent over the channel. Alternatively, however, any number of
additional signal lines may be used to implement such functions.
A reference clock signal REF CLK is generated by a clock synthesizer 76
distributed to the host and modules, maybe through a clock buffer 78. This facilitates a
quasi-asynchronous clocking scheme in which locally generated clock signals are used to
25  sample and redrive incoming data. Because a common reference clock is available at each
agent, data signals may be clocked without any frequency tracking. Alternatively, a local
clock signal may be generated independently of any reference clock. As another
alternative, a synchronous clocking scheme such as source synchronous strobing may be
used.
30 In one possible embodiment, the host initiates data transfers by sending data,
maybe in packets or frames (terms used interchangeably here), to the innermost module on
the outbound path. The innermost module receives and redrives the data to the next

module on the outbound path. Each module receives and redrives the outbound data until
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B o !
agent, data signals may be cl ocked w thout any frequency tracking.
Alternatively, a local clock signal may be generated i ndependently of any
ref erence clock. As another alternative, a synchronous cl ocking schenme such

as source nchr onous strobing may be used. 30 In one pgssible di nment
the host iMq %88 ata transfers by sendi ng dat a, my%ﬁ?@k"é‘é’gﬁ or

frames (terns used interchangeably here), to the innernost nodule on the
out bound path. The innernost nodul e receives and redrives the data to the
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detecting (or being instructed) that it is_the outernost,K nodule and
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al I i nbougenipe] tHeHoboMeibe Skasighated 36 HitGitSandAcheultadll MBbihd dutt@end may be
allowed to initiate data transfers. Frames 10 of data may be configured to

carry confinbanstareadilteraativeleny agephmgy be pllawed tp fnitistadpfadrnsiersy Srames

I nf or y@wt i | 0L s ald | | : , @%.]ﬁ, I nation
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conmmand f ereordnfonnationaindiedizatiomdiskee idié patgrishetc. oot dnywochbjreation thenenft ar get nodul e
responds by i di ately sendjn response frane back to.the host along the
i nbound p%%l’mcgﬂﬁays]ﬂ?cllm ﬂn@ﬁe&f{)ﬁgﬁ&?ﬁ“ﬁ}eﬁé}‘ﬁ@sf arget cHpaar frgme o HBtEt edrive
the comrepdddls aldBg &2 dubtRuRd bRaUiRd tﬁgéthnodhn rgdbotﬁﬁél%fiﬁﬁﬁéd{ﬁe@@ﬂﬂhg@m , the

target nodule receives the comand franme an hen redrives the command
frame on rehronsufioe harkgathe boghalang the inhored paskt Imyygly pe embedizient diet he comuand

frame< it [Niti frane ,rﬁ%ge ' than an idle

frama}5 ontak%keﬁ?%ggaﬂ% ‘%gfﬁ%g‘@rﬁ‘ee “{oél"'g'fe".l no uqngﬂ%\gl#tpguﬂﬁaﬁ t he response frane

reaches 20 it sInianhtiemativeeebodérment,the tdrget gridulevetieies theasonrpargeftand 4nd r esponse
t he response frame sent by

into the inbound data stream e.g., by replacing
the outer%%fe%ﬁﬁ?ﬁ}ﬁ%CWHn‘fﬁémﬁaﬂ outbayRHP s“awaéhwgtﬁmsrewél&ﬁe. Fig. 7
L1 ustr at @eeipR b &S mBHA RhrRe, SRR spBhiseFr AR TRy bdHthfg RGE WAiA9 to the

idle frame) on the inbound path. The target module waits until the response frame reaches

20  its inbound receiver. The target module then mergers its response into the inbound data
stream, e.g., by replacing the response frame sent by the outermost module with the target
module’s true response frame.

Fig. 7 illustrates another example embodiment of a memory buffer according to the
inventive principles of this patent. The memory buffer of Fig. 7 includes an outbound

25 redrive circuit 60 to receive and redrive signals on an outbound path including links 54A
and 54B, and an inbound redrive circuit 62 to receive and redrive signals on an inbound
path including links S6A and 56B. A memory interface 66 interfaces the buffer to one or
more memory devices, which may be through a memory bus 68. The memory interface
may include read and/or write buffers such as FIFO buffers. Data from the outbound path

30  is coupled to the memory interface, which may be through a deskew circuit 70 which
eliminates skew between bits of data if the outbound path has more than one bit lane. A
pattern generator 72 may be used to generate status patterns to transmit onto the inbound

path, for example, if the buffer happens to be the outermost agent on a channel, in which
8



inventive principles of this patent. The nenory buffer of Fig. 7 includes an
out bound 25 redrive circuit 60 to receive and redrive signals on an out bound
path including links 54A and 54B, and an inbound redrive circuit 62 to
recei ve an ' signals on an inbound path includi and 56B.
A nenory iﬂ%%ﬁﬁ%@%gg6 interfaces the buffer to one or Eg?ghﬁéﬁggééﬁeV|ces
whi ch may be through a nenory bus 68. The nenory interface may include read
and/or wite buffers such as FIFO buffers. Data fromthe outbound path 30 is
coupl ed tf@Sfb Hecrermap by np sigosls heiag regkived oningoming inb@ingHink 5¢dsiew circuit 70

whi ch S nore
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patterns1henmbam3ﬂﬁhv@mhmuthe i nbound path, for exanple, |f t he buffer
happens to be fhe outernn%t agent.. on a channel, in which WO 20 5/050941
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enbodi ment of Fig, 7 is_to be used in_a channel systemin 15 which data for
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real i zed r I SS as
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fuI
redrive FE’Eﬁf‘%P %aea@meﬂéﬂ%o{m 1%%%??‘&@%’6 weww caﬁfh? €opaf ent . The

circuit ociesfév@cu&wfephém@&mgrasta%nsrafeqnﬁoﬁﬁalbétﬁ%aweh(e fd) cells 74, each of
whi ch receives an input data signal RX't it may redrive as an output data

Fig. 8 illustrates an embodiment of a rednve circuit according to the inventive

20  principles of this patent. The circuit of Fig. 8 includes one or more input/output (I/O) cells
74, each of which receives an input data signal RX that it may redrive as an output data
signal TX. Alternatively, an I/O cell may substitute or merge a read data signal RDX into
the output data signal. A write data signal WDX may be taken from the input data signal,
either before or after it is redriven as the output data signal.

25 The “X” in any of the above signal names indicates that it might be one of multiple
similar signals depending on the number of I/O cells in the redrive circuit. For example, a
redrive circuit having nine bit lanes would have nine I/O cells with input data signals
named RO, R1...R8. In a redrive circuit with only a single I/O cell, the data input signal
would be RO or simply R. The term RX is used to refer generically to any or all of the

30  input data signals.

The term “write data” is used for convenience to indicate any data being taken
from the data stream traveling through the I/O cell. This does not imply, however, that

write data must be directed to a memory interface or memory device. Likewise, “read
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signal TX. Alternatively, an /O cell may substitute or nmerge a read data
signal RDX into the output data signal. A wite data signal WDX may be
taken fromthe input data signal, either before or after it is redriven as
t he out put winteasesogrial . 25 The "X' in any of the above SQIAH2004431385
indicates that it mght be one of nultiple simlar signals depending on the
nunber of I/Ocells in the redrive circuit. For exanple, a redrive circuit

havi ng ni ggy t}bfersjt%réﬁ? dm%a@mﬁyﬁ t61Heq/ £4H, B8 read emta Hlayréehhtemmlysl gnal s
named RO, R naredrive circuit wth only a Single I/O°cell, the
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data t hat trén%mllt C}@aé DelipR GGhd reféi‘éﬁcercﬁﬁﬁls LIRIPYLROTR b pRAE 3lb¥k Sour ce,
not just a menory device or nenory Interface. Referring again to Fig. 8, a

cl ock gengmatator 830 Imemepassible embodmivat, tixdre plhat"eu nhlasﬁcﬂoclsmgméﬁl EC(P(BCland a

t i t K, S | F 5 CLK
The ol ockPGa s B Sistord 1 dekdes SRR e iomThe FEeR) A8 FHafRitler at os e
transmt %chﬁgnas}\ﬁemﬁérlrﬂé@oefhen@aﬂdeff@(emm@hmko sang@hndRiz CLK, and a

phase clock generator 84. In one possible enbodi nent, there are four phase
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and/ or t cadjestezkiatrespenkeitd ilerphhsd adf@al oﬁihemipusdgmailgnalsm(thl s enbodi ment, the
phase cl ock a t sm.t clock signa tabl S aIS| thesnsethat
they are not nl'gﬁj %@é‘ﬁat?weéé’d’g %‘tf’tali ﬁé a%fé’ffﬁf‘g Qﬁ@‘eb‘?‘w{l & PSR ®Sdat a

si gnal s Ra¢thisipdtent Akéc@ﬁzbf%ﬁ%naqmgeari@%weatda@fmg%m RKQind @bdrivaGecArddiang to the
inventive princi.ples of this patent. A receiver 86 is arranged to receive a

data b gneignakXXindespenseito @ sampling clegkesignabSE; 'grhasamphngrvquksﬁmﬁbé to a

sanpl i ng gn y a

Sl i ng EqnBlsa e GhF o BRER0, RO BIART oo BB ol B AL Bl 2

cl ock si geladk sugnaﬂ aspspuhee ﬁoahwaa@igﬁaiwt gﬂas}ntRXataélgwanW@)dﬁiagbsmmml VDX may
be taken _fromthe input or the out ceiver 86. |If taken fromthe

0
out put of TeR&Re @By dhe oot R FRpIve GF.I&HI@ pRdhe auprh HghetestikeTgs gnal  SC may
be used agowlin ¥y, 9ShE ¥npltheXidRRGnd §FHay be used as, or to derive, a strobe signal

20  for the write data. The input to the sampling clock generator may be taken from points

other than the input of the receiver as shown in Fig, 9. For example, it may be taken from
the output of the receiver as well,
Fig. 10 illustrates another embodiment of an I/O cell according to the inventive
principles of this patent. In the embodiment of Fig. 10, the sampling clock generator 88 is
25  implemented with an interpolator 90 and a receiver tracking unit (RTU) 92. The
interpolator generates the sampling clock signal by interpolating between a number of
phase clock signals PCX (in this case four signals that are 90 degrees out of phase) in
response to a tracking signal from the receiver tracking unit. The receiver tracking unit
observes the data signal RX and adjusts the tracking signal so that the sampling clock
30 signal causes the receiver to sample and redrive the data signal at an appropriate time.
Thus, the sampling clock signal may dynamically track the data signal.
In one possible embodiment, the receiver tracking unit observes transitions in the

data signal RX by over sampling the data signal and adjusting the sampling clock signal to
10



20 for the wite data. The input to the sanpling clock generator may be
taken frompoints other than the input of the receiver as shown in Fig, 9.
For exanple, it may be taken from the output of the receiver as well. Fig.
10 illustrates anot her enbodi ment of an UO cell accordi ventive
pri nci pl es%’tﬂz"f’ﬁ?s 94|5at ent. In the enbodi nent of Fig. 10%Th§2@gﬁ%)lzégng cl ock
generator 88 is 25 inplenented with an interpolator 90 and a receiver
tracking unit (RTU) 92. The interpol ator generates the sanpling clock signal
by i nt er pampid ang redrivsakadaa sﬂgnﬁ«atthefcentahtfsbe ddtoeye, s¢.gatahemiday(domtt hi s case

f our S|g als that .are 90 deqrees.o tracki ng
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and adj usdthérghdnhtie B@ﬁpbﬂ'thgrechweﬂ@sshgmln Fig. 10l (FOAEx 2001510529 4¢ taken
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dat a eye, frpmghe output Of Be FEeRREE 25 WP between transitions in the data signal.

The sanpling cAQgkySERRAGIN Iﬁﬁcém%cbﬁﬁ! 546 hedinvednBOB pfindip1es of thitpatBRASUT €S
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one of the nenor shown 1 n ost may periodically send
training §1gxmhels1kewtse thheutstrhdsd modulean Rig. Ihms@etioépailymgnd fremingsiramapse an edge
densiLSy that .is adequate to assure that the receiver tracking unit observes
enough’ t r 3He e BADARAPhe data signal to be able to adjust the sanpling

clock signal .piki KeigetestAAStherdEbdMxaént GPEM /O dell abt@ding toray id@htivdi cal |y
send training frames 15 onto the inbound path. Fig. 11 |Ilustrates anot her
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patent. Tlth%fe?@??sdddq@(ﬁ] fn t%g dEﬂaQIgn;‘ljpa'ths. 'ﬁierﬂuh@f o4 91a§ B@B Jl?ttar A:\}ogdange mhﬁ'fﬁ a

compensation buffer that compensates for voltage and temperature induced effects. The

20  buffer resynchronizes the data signal TX to a transmit clock signal TC. The transmit clock
signal is stable in the sense that its phase is not adjusted in response to the data signal the
way the sample clock signal SC is.

In the embodiment of Fig. 11, the buffer is capable of operating in either a pass-
through mode, or a redrive mode in response to a mode signal. In pass-through mode, the

25  signal passes through without being sampled and redriven. In redrive mode, the signal is
sampled and redriven in response to the clock signal. This enables the I/O cell to operate
in different redrive modes. In one possible embodiment, the buffer operates in pass
through mode if the mode signal is asserted. This is referred to as resample mode and may
result in a shorter latency because the data signal is being redriven by the same clock that

30 isused to sample the data. When the mode signal is not asserted, the buffer operates in
redrive mode, so the data is resynchronized to the transmit clock. This is referred to as
resync mode and may result in a longer latency but may reduce jitter. The I/O cell may be

designed into a memory buffer or module that has an input for receiving the mode signal.
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buffer 94 is added in the data signal path. The buffer 94 nay be a jitter
avoi dance or drift conpensation buffer that conpensates for voltage and
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expense of [onger latency. Alternatively, a registered l'lag may be used on

t he rrerrorsmphng wnit §6 ambaltermination it 38. rErsampling umusamplcﬂrthc imcoménglda®@ cel |

Itsel f. to.control i |, .10.ERQ...12. il lustrates an .enbodi nment
of “art | SR I Ehpebiio RS e P REFk oE Soaihid e sl e B IO R i n the
enbodi mendespahsdto @hasb%lodl&k@gxfaﬁqmnv e sanplilg AskBentRebrd dha terfirfian ﬁmRX and TX

are differential signals and are shown traversing the edge of an integrated

circuit deviges W‘Fréﬁtl%lﬁmlﬁ%méép‘ﬂ corygrinihe diffrential daja STEH@J IpleEsngls- 86
i ncl udes éi’xdecfﬁ rr'i ng tgg?go@%c@!a{i%ﬁ? E&ﬁnﬁgngﬁfoh%fféPM cl98ks &'z_all?aem%@éésphéerw uni t

sanples the In si gna response to a sa ock si gnal
SC whi ch dithertbeseangilmg dbyckisignal PO loas stable Gansmit clock signal TC., Amultlplexer

20 100 selectively couples data signals from either the buffer 94 or a serializer 102 to a

transmit latch 104. Read data signals RDXJ0...n] are received at the I/O cell at serializer
102. Another multiplexer may be disposed between buffer 94 and transmit latch 104 with
one input connected to the buffer and another input connected to an output of the
interpolator.

25 When the VO cell needs to merge read data into the data stream, the multiplexer
selects its input that is coupled to the serializer so that the transmit latch clocks the read
data out of the I/O cell in response to the transmit clock signal TC. Otherwise, the
multiplexer selects the data signal from the buffer which is then redriven by the transmit
latch. The transmit data signal is converted back to a differential signal by transmitter 106

0 before being driven onto the next unidirectional link. Write data is taken from the output
of the transmit latch, collected in a deserializer 108, and then routed to a deskew circuit,

bit lane fail-over mechanism, or other circuitry. The deserializer may also provide a bit
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response to phase clock signals fromthe sanpling clock generator. The
termnation unit provides differential term nation and converts the
differential data signal into a single- ended signal. Ajitter avoi dance or
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cl ock si gp‘gps’%"’%“g stable transmt clock signal TC. A nultiplexer 20 100
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sonme of the |n entive principles of this patent, a deskew circuit may be
i nt egr at eftbri fitegedrivequthsve radrive g ulrwul’s@chuttaﬂmtﬁ'ﬁtmélelqndrmedu‘éﬁ ciggut. | anes of the

desk d Th | h
bi & anc<h ity EareRad o *Bah’s BIN piSREbRe ke St 8pR B, oong a

pat h. Al tififepratdd\yftbYhe leaM@Y Efcuitdn el EH BYsdparattirém tl@&fédﬁdeb pghd. Forhe i nventive
principles of this patent may be separate fromthe redrive paths
example, in the embodiment of Fig. 12, one or more deskew latches may be located at the

Q)

20 output of serializer 102 and/or the input of deserializer 108.

The embodiments of methods and apparatus for deskewing signals separately from
redrive paths as described above are exemplary only and are not limited to these specific
examples. Moreover, the principles relating to deskewing signals separately from redrive
paths according to this patent are independent of other inventive principles of this patent.

25  For example, just as the embodiments of redrive circuits illustrated in Figs. 9-12 are not
limited to use in memory systems having separate outbound and inbound paths, so too
may the principles relating to deskewing signals separately from redrive paths according
to this patent may be used with other types of memory architectures utilizing
unidirectional links, e.g., an architecture that utilizes a ring-type arrangement of links such

JO  as RamLink,

Some of the inventive principles of this patent relate to coping with failed bit lanes.
For example, any of the unidirectional links between any of the agents shown in the

embodiments of Figs. 3, 4, 5, 6 or 7 may have more than one bit lane. According to the
13
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15 For exanple, in the enbodinent of Fig. 7, a deskew circuit is shown
separate not only fromthe redrive paths in redrive circuit 60, but also
fromthe entire redrive circuit. Alternatively, a deskew circuit according
to the inventive principles of this patent nay be integPrated mtog
redrive ci MEQ#PS ”%ﬁ 1 still be separate fromthe redrive 04931285 exanpl e,
I n the enbodi mnent of Fig. 12, one or nore deskew | atches nmay be | ocated at
the 20 output of serializer 102 and/or the input of deserializer 108. The
enbodi neningemive peihtiphts ofithds papama roae usrnfomaglmw bcgreshrgned mﬁxeﬂnarlateel y from

redrive paths, a ri bed above e exenpl a d are n t ted to
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agents s howsodimentiof a r@hiyodlrcmhtlﬁ fof piEipgees ofillugtration oply, buttherinyendmee nore t han
one b | ane. Accor di /05 941 .PCT/ US20 4/ 7285
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controller (host%}ﬁlrmdu buffer, etc, _may be capable of redirecting one

or more siupher e UFAREsd ressive ar@ﬁ@kww&mlgwalunmavwwl Heles Fagh ed at

ei ther or %ﬁ' cting a 5
failed bl?lpﬁggle el t %P agﬁljtl %/%e}lé%ﬁx@ﬂﬁ? LWI t egglsﬁf%lagdﬁtaglsﬁ%e%qgﬁot her agent,
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from ot her aen Fi stra an e Il -over circuit
accor i ngiEly é’r%'ﬁgbanﬂ}”{?éty?fr lﬁ@?eﬁl Hb gg@ﬂ‘ﬁ &Tﬂéﬁg %%Tover circuit
110 Of Fi @reuk3s infpl SHEHEH Alaandltiplekdt lﬁ?mg%ﬂ@@f%@&ﬂhulﬁbleﬁeﬂ Selfch¥e1pi reui t 112
for purposes of illustration onl but "t he inventive 10 principles are not

limted tBachswitgh has afirpt isputidoupledto onedhit lere aridragrend input clogplfzmo 4nai | - over
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112 i ncl anes rrange o recerve &?lve signal s
on uni di resatiodimedt showrkis. FigalGHs shown with six switches to service six bit lanes but any

20 number switches and bit lanes may be used, and the switches may be arranged in various
configurations other than the adjacent bit lane configuration as shown.

During a normal mode of operation, each of the switches directs the signal from its
first input to its output as shown in Fig. 14 so that write data signals WD0, WD1, WD2,
WD3, WD4, and WDS are directed to outputs OUT0, OUT1, OUT2, OUT3, OUT4, and

15 OUTS, respectively. In such an embodiment, one of the bit lanes, for example, the bit lane
corresponding to WDS, may be used for error checking the data on the other bit lanes.

If a bad bit lane is detected, the multiplexer may operate in a fail-over mode in
which one or more of the switches are manipulated to map out the bad bit lane. For
example, if the bit lane associated with WD3 does not operate properly, the multiplexer

i0  switches may redirect write data signals WD4 and WD5 to outputs OUT3 and OUT4,
respectively as shown in Fig. 15. In this mode, one bit lane worth of signal capacity is

lost. If one of the bit lanes had been designated for error checking, signals originally
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bit lane is enbodied as an 1/0 cell 114 having a receiver 116 and a
transmtter 118. A fail-over circuit refers to a circuit that is capable of
redirecting one or nore 15 signals to or froma plurality of bit lanes. In
t he enbodi nent of Fig. 13, the fail-over circuit is inp] t a

mul ti pl exerVR&WARY?¢he or nore nul tipl exer switches 120. Pg%ﬁ@wﬁgﬁﬁﬁéh has a
first input coupled to one bit |ane and a second i nput coupled to an

adj acent bit lane so that it may redirect signals fromeither bit lane to
its out puintenilltdafor@tdimdi hitdene miobareroutdd qyer the errer sheokimganehansi the emprt ches to
service sjx %ﬂ Iﬁ§ b§t an 0 nunber switches and bit |anes may be used,
and the 3%98 %gh PP éﬁ I n various configurations other than the

adj acent bit Imm&& bBhe &il-over abaih@ibe E3iipleddo @ nivdidTRlinterpste, tofa oper ati on,
each of the switches directs the signal fromits first |%t to its output

as shown nlnmmygdevm ergotofer cipuire Indheebediment ofibiiy. 1Grh ver cipgyt isvipg,  and
VD5 ar t Igglg dade OUTS,

respec |ve0%8% suc ?%ﬁlléteréﬂ) Qcm%t(];ﬁren %Pk?e tg%mfgtﬂ%t for exanple, the
bit | ane cmumtr ésfadnﬂenglrmnt Mdmgmyt}ieenmede prouciies afithisipetcki mgy bhie data on

t he ot her | anes f | ane i s detected, the nultiplexer my

oper at e | FALPe It Sipele EBERSS st ogt BH T aiotseTispisieh Sid iRt

mani pul at gehtdhOiréRBo posividie bad bit lane. For exanple, if the bit lane
associated with WD3 does not ogerate properly, the nmultiplexer ;0 switches

may redirect vwiheembpdimensiofafaikovansirawitshoms ip His i3 AN wHple oY,
| f signal
rosnef Sl sPR BB osP i rtfe Afhchdl B RSB el o ARE RS O o

checki ng, akogiived 1o the ingenitivelpyinciples \ﬁﬁhi’ﬂﬁ&h@ﬁﬁ?% aﬁﬁge%a&@rﬂs’fﬁ?dﬁﬁbﬁﬁ theé nt ended
for the bad bjt |ane may b rer ut ed O\élﬁlj f he g{Jror checkltgg | ane, and the
error ch@Resid lf‘iﬁ’ﬁe?’llﬁl‘i" BPE‘QBTS Torpvouistpssome 1gputs tat FFSRIYE over

circuit nRy4 Hﬁactﬁb'muﬁﬂaléﬁr ﬁvmm 'b?}ﬁ*élfré}ﬁ%’as H&nﬁlhp[é%@iosrvﬁtcﬂé’sv bf®eacR! 1O
other circuitr e enbodi nent [-over circuit is 5

shown sepefthe EOf qetlsrmiali dayeaimuitiplaxier bagween tbc:tecmtverrmwl teansroittse td menggthet ed i nt o

or' el et 0 el BVerafUikintd &Eb bl TR Bielenfret STRIRKS o

shown, buguBipleer S#d PRGBSI Eter S A6 AndBeraltbtibtive; bR embadimeavbflLiBildiver al so
possi bI e. The enbodinent of a fail-over circuit shown in Fi g..13 is arranged

t o coupl ecifguitiagcordingdethe inventive prencinles ofdhis patent megberartgsged for At er nat i vel vy,

an enbodi f v nci pl es
o ST, Bl YD B E b CARTE B ot HERLLBr B
circuitry.
20 A memory buffer, memory module, memory controller (host), or other agent

having bit lane fail-over capability may also have various capabilities for detecting failed
bit lanes, redirecting signals, mapping out bad bit lanes, and the like according to the
inventive principles of this patent. For example, an agent having the embodiment of a fail-
over circuit shown in Fig. 13 may be designed so that it can detect a failed bit lane, e.g., by

!5 observing a test data pattern sent by another agent, and redirecting signals to map-out the
failed bit lane. Alternatively, the agent may be designed so that it may map out a failed bit
lane in response to a command from another agent, for example, a memory controller that
instructs one or more agents on a memory channel. Alternatively, the agent may have
both capabilities.

0 Fig. 16 illustrates an embodiment of a memory buffer with bit lane fail-over
capability according to the inventive principles of this patent. The embodiment of Fig. 16
is similar to that of Fig, 7 but also includes a fail-over circuit 122 coupled between the

deskew circuit 70 and the memory interface 66. Alternative embodiments are possible.
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opposite direction, in which case the outputs OUTX woul d becone I nput s that
receive read data, the nultiplexer switches nay be referred to as
derul ti pl exer switches, and each of the 1/0 cells nmay have a nulti pl exer

bet ween thgﬁé%’ﬁﬂ%i&ﬁt and transmtter to nerge the 15 re%'x?@slzﬁ’mféﬂ thea

fail-over o the bit lane. Thus a nultiplexer

mul tipl exer and a denultiplexer. As another alternative, an enbodiment of a
fail-over circuit according to the inventive principles of this patent may
be arr andgéd examplpithe ik exer cineril majabedisnased bewegnethe r IVbucucmhﬁé@l%tg@I menory

devi ce, e cﬂ(':cgnte&j Fﬁﬁy b? hntgérl%g& int& { %gdrrwe%lrcftuq ﬁ}év o) %m?ﬁ{fotf% genory

nodul e, neNoOry Ian all-over
capabi | i tatsoniagiuddsaaothay failvavet amltdapasbmdhl ik Blﬁﬁmf coupttdibeotdenghd ai | ed bi t

| anes, redirecting signals, t.bad bit | anes and he l.i ke
accor di ngelgplexer H a0 dpAT KPS iTEyY ?E%%H'F \yglcbfnaﬁ’ﬁ? bedniggratedapto @%%Yee an agent
having t r@rcﬁﬂ’@?%z{ﬁ?@& 1rP$t & #s! Thé’ih%fnogy‘ bt rof F&O\I‘@ 2§ aﬁbﬁiaﬁ&% pay be

desi gned so that can et ect a fail bit lane, e.g., by !'5 observing a
t est dat cengwdiedras a seemorpynaginlst mewhiglyease ;hean@tnwrerdnueﬁ“cqmagepéacgduh}'s to map-out
the failed bit. |ane. Aternatively, the agent nay be designed so that it
may map olii %ryfdeliC%d bit Jlane in response to a command from anot her agent,

for exanple, éFlgTHFTQﬂ\YstféQd’QtaﬁQHdem{ehﬁéfa &by oh&o Revith biRhefalgeet S on a
menory channel . Alternatively, the agent may have both capab| lities. ;0

Fig. 16 itapehilityaeecsding te fAgaryentive Prpciplesafifb patsnt flhe opnirellasiof Figak® f ai | - over
capab | The

enbodi mn%ﬁclﬂ?&%ﬁﬁioﬂ%%&r?d {é‘ggﬁ'ﬂrﬁﬁ ?él{%cﬁ&}aﬁﬁ{ﬂpﬁ#%%és fi? aglg ﬁgﬁg\})ﬁ %cl udes a

fail - overplanah@wf&nté_%emwhmh,ad thie embedimiehte inchieis Iaenmrl:uer cfitransmfiteasmhdtahe nmenory
interface 6 er.nati ve enbodi ments ar 15 V\D 051050941

PCT/ uszodwi‘g’ﬁ%@celﬁ%? rESPSRbYeL: VP&F‘FC“&\%S& 4&1’1%“3 RNP g0 ghes Bs ed

bet ween tihgeshiftheliverifdes 06 hncﬁﬁzaa?éé édﬁeelyd%h@wnﬁabaﬁwn& ofpir'g i1, teeneilbe
integrated into the redrive ci rch he enbodi ment of Fig. 16 also

i ncl udes evebeirmits frgishown eepacate &gmtthqtzmk mtﬁrfahe&, butsheymay sligsnasiyelydieneen t he

mul tipd exe ve rCU|t n rated into
t he r]g’ldr {ggr agwatﬁﬂ%e IP%I(? esa(r:fr 558%& 1fﬁm3¥ h"é FoR ﬁ:ho r@% an%ﬁgd hlt gasg’rlgof Fig.
16 may alwichedst tel fiillo@er crensingd nap odt e failey bimaiw. eaddwibnalﬂy eh case the

menory interface is replaced by a nempry device. Fi 17 |Ilustrates an
enmbodi merditeprirge Yvéh%?fgﬂt’@@)‘ﬁlt way besapable 9 15puing afemmand thy directsanpgsnttet v

accordi n%ﬁﬁ)o&riefaﬂéa"b‘?ﬂ%é’e principles of this patent. The controller of Fig.
17

Additional fail-over methods and apparatus according to the inventive principles of

20 this patent will now be described in the context of an exemplary embodiment of a
complete memory channel system including additional embodiments of a memory
controller (host), memory modules, and memory buffers according to the inventive
principles of this patent. None of the components, however, are limited to this exemplary
system or any of the details described therein.

25 The exemplary system includes an embodiment of a host having fail-over
capabilities such as those described with reference to Fig. 17 and embodiments of one or
more memory modules having buffers with fail-over capabilities such as those described
with reference to Fig. 16. In this example, the host and modules are arranged in a channel
configuration having outbound and inbound paths such as that shown in Fig. 7, although

30 the system may only include one module.

In this example, the host and modules are interconnected with a system
management bus known as “SMBus”, which is a serial bus system used to manage

components in a system. However, the use of SMBus is not necessary to the inventive
16



10 includes outbound and i nbound unidirectional link interfaces 126 and 128
having a plurality of bits |anes which, in this enbodi nent, include a nunber
of transmtters and a nunber of receivers, respectively. Fail-over circuits
130 and 132 are coupled to the bit lanes in the interf 128,
respectivewmf’ﬂost"?l enbodi ment of Fig. 17, the fail- O\?e%ﬁﬁ{:s%(r?ogﬁ)?'{lgs are
shown separate fromthe link interfaces, but they may alternatively be 15
integral with the interfaces. The controller may be capabl e of detecting a
fail ed bipridciphes,ofithis patents indetber foims dfabhmmeation bawetrscameyonastp maytet he
failed bit | anﬁ. .Adgli ti onal ld% or ag#ttgr natli vely, the controller may be
capabl e ofsehJRUPRE e sprmery FRes! PP BEPEIES agent to rmap out a failed bit
| ane. Addi ti ongh ethBodimeNest ar‘fﬁétﬁ&ﬂﬁccaﬂihgga R iatehdiva pEinciglel of this gkt forventi ve
principles of, 20 this patent will now be described in the context of an
exenpl ar ydetephBg PRAEMAPRING aut aci8Hesl it Bnpintbe gxeamplary sy stem pressedsas felln g

addi Ui pnay SERACIHRNE S (Qf pAdEgREh IR SHheurb i blon, THERE phiRelylses. and
menory buifters according to the rnventive principles of thris patent. None
of the corpanging redrivsraiing tie eutbounid tpett biydhd huffer exeagt mogule sytsltiem or any of

the details described therein._?5 The exe a system i ncl udes an
enbodi menfeaghes tepytermastmagyle: aThe-%\tF@?wsteygﬁiﬁtf‘%} ﬁr&métﬁ@ﬁe%gaq%%e%fgscri bed

wi th ref epiena€of e ki NGh SRRAGAHERNS RcllePi RrivdiiSho MERbYuPdul es
havi ng bﬁlélfreagsow%hbfgg?clig%%er capabi gi?lti%g S?JCh as t“f,mse escri b%d W th

r ef er encepatiobythg bufifer on each masulexuntipit ecachdsgheloast. Berdhosband ths buffers anr anged i n

a chapnel , configurati Vi out bou and.jnbgund hs ch hat
Shownl . e GRS s s BRI R BRIt bR IGPOM e PRAEP RS g Riph ™)

t hi s exanpldbecki foeplopatbitlage opdations ThE Bit ldheeincthe idotedland dutbcung pathem
managenment bus known as "SMBus", which is a serial bus systemused to nanage

conponent Bay be tgsted sonemireniBiever, the use of SMBus is not necessary to the

nvent i ve 16 Y020084 80041 RATAYSI0RMOLART, uRoBhRhER tRsNiBhs pat ent
and ot her fornms of comrunication betwe conponents may-be used, including
t he menoranddhby mahsmittitesa tehetsefeAneesyver the charinebioriienbosaf Suechraeethidd fmoeor di ng t o

the inventiv tinciples,of this, patent for detecti and nmappi ng.out a
fail el biTey beitjated dadhe l&’g’ﬁﬂ’i“gmh Ey g‘i"é’tﬁ%‘?’&% é‘&tﬂ’té‘ﬁ?a@] e Ot moRLlendt nost
transm t Sar§y, B meRAUhAF Rs@Ifs i@ RfHRakibd intARE dfh if M6 ivsubepaH. Pahdresdiie test
pattern is” received and redriven along the outbound path by the buffer on

each nodufremgpehimodule aredransraiited rrdundandy op snorerthenoae bt lasieoufadedrbit lanaodul e
then tr ang %ﬁl?elftotigt%}fex%%ihﬂegoﬂfﬁg‘?ﬁecxjesults.

Once the host receives the results, it may issue a configuration command to the

20 modules, through the SMBus, over the channel, or through any other form of
communication. The configuration command instructs the modules which, if any, bit
lanes are bad and should be mapped out. The modules respond to the configuration
command by manipulating one or more fail-over circuits to redirect signals around bad bit
lanes, if any, and reconfiguring any internal functionality to accommodate the loss of a bit

!5 lane. For example, if one bit lane was designated for error checking data, the buffer or
module may disable error checking functions.

The embodiments of fail-over methods and apparatus described above are
exemplary only, and the inventive principles of this patent are not limited to these specific
examples. The principles of fail-over methods and apparatus according to this patent have

i0  been described with reference to a memory system having separate inbound and outbound
paths such as the embodiment of Fig. 3, but the principles may also be applied to any
memory architecture utilizing unidirectional links, for example an architecture that utilizes

a ring-type arrangement of links such as RamLink.
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manner so that the idle pattern changes over time. For example, the memory controller

!0 and modules may change the idle pattern according to a predetermined sequence each time
an idle frame is sent and/or received. An embodiment of such a method according to the
inventive principles of this patent is illustrated in Fig. 18. Thus, if the memory controller
sends a read command frame (158) and receives a response frame (160) having the current
idle pattern (162), it may resend the same read command (164). If the second response

5 frame (166) contains the same pattern as the first (168) , it interprets the pattern as actual
read data (170). If, however, the pattern in the second response frame matches the
permuted idle pattern (168), the memory controller knows that the first response frame
vs"as an idle frame (172).

According to the inventive principles of this patent, the status information sent in

0  status patterns may be idle patterns, alert patterns, and other status information such as
command error information from a module, thermal overload information from a module,
and information that indicates that a module has detected the presence of another module

on the outbound path of memory channel. Some types of status patterns may be
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to the inventive principles of this patent, the status patterns nay be
pernmuted over tine. For exanple, referring to Fig. 3, the nenory controller
50 may send franmes having data patterns such a read commands to one or nore
of the modWY@3M59504Hi ch respond by 10 sending franmes hRGHESHUOTBAt t erns
such as read data back to the controller. It may be useful for the one or
nore of the nodules to send a frane having an idle pattern back to the

menory Coﬂﬁﬁléﬁléxﬁéd asfdéin;ﬂéfﬁdﬁﬁrﬁ?attémé teor BRAH 16, anaternpdtteab{vehi¢tomagbe i eve read

data from menory device 58 fast enough. A predeterm Eoda a pattern may
be desi gna‘{eééo &%tlf&ﬁn agmtefﬁa%rf@ﬂﬁn@aw)ﬁaﬂy bg implefge 8 §H’P ol l er receives
the idle e 4880 891 r ciidle, TRy Cause
probl ens, Pﬁﬁoé\gx\ﬁ}%%to'f%?Mﬁgﬁt ct'ua gé&%l{fgﬂge{t ern n(ggnsr?z) nrgtch t he

desi gnat e@llovdhga pEtToey agenAtDcuse dherﬂgmb(pattére gemaraint foy édlp pnchelepspatierdf Thehi s

patent, the apabl e
of perdut Psr‘?gor}t%ﬂ’é‘p?émeg aﬁéﬁ '{113? P.af?sﬁns el%eok?e(??’g%?l Fve q{ri)ﬁgﬁutg%y Raﬁg{ﬁ a%en ?dl e
pattern chggoes over tinme. For exarrpl e, the menory controller !0 and nodul es
may change the idle pattern according to a predeterm ned sequer]ce each tinme
an idle frame Agneseony agenipetordiag i the énventivenrinethleFe this patenpiapay-A 8% 0 d
according to | rehyed in Fig.
3. rhus. 4ol inrbbE R et &) Bl of PEIEA Bty et OROTT L
recei ves arréiii RGEHS ﬁaftaﬂﬂie Sudio®}echriquengay beusetirl e ab alterddtafepmsmmxlmf(nlefm) it
may resend the samessrg%idd command (164). If th secon res(ﬁé)nse 5 frane

(166) 1@ ontvay isdistingy asiaispatiey. ggwmpq » {0 J9REPEPEYs t he
pattern agys?é}ﬁsuééch flaafds Qﬁﬁﬁloﬁém a CRE cb&%xﬁrsed Ed\ﬁleélaﬂn%eﬁtegﬁty offe second

response frane matc es the nuted 1dle pattern (168), the nenory
cont r ol | edatkiroths fialet t he fi rst response frane vvas an idle frame (172).

According he .ipventive pringcipl of, this nf ormati on
sent in 6¢° %‘Fé’tnﬁéo B’ﬁtl?‘ée?’ﬁge ]%é?f Ig%soqtgﬁlé PRIgRG 3P}$ P%dn{ &Qgtlﬁ ﬁog‘ﬁu}; nd ot her
status i nfeHdRd WRihg TR céde wiBtOFNBe thatdnddind mt@uusrpitte@m Th@mawﬁﬁgdgd:m t her nal
overload information froma nodule, and information that indicates that a

modul & hasaydheadrtemretitbe Fame aneaatys frame rathsr thanadaia rame RETSMCMVIRd pat h of
merory ch E%ﬁig@p&ﬁm@ég’% nc? é)éﬁl% AhHRe B ?E{tﬁar Hit1allE Y% aﬂzkﬁ{@\@atgo@@ugﬁggdfl

PCT/ US2004/ as co enentary pattérns. For exanple, an
al ert pat systeam (sWaperhe m!bqpetmmg meﬂailmyenmodé,yhmgeagmagemﬁ TRy oatyrutrhzcandl tion)
may be i Ienente S th | ement,_ of an.i.dle patter This may
simplify IPF&}I Engeigt B?]t o%ra?m%} AV télpctle. ,Ixs used herein, R tertn &R

refers not only to a cyclical redundancy check, but also to any other type of error checking

20 scheme used to verify the integrity of a frame or pattern.

Although the principles of status pattern permuting and handling according to the
inventive principles of this patent are applicable to any type of memory agent, and are
independent of other inventive principles of this patent, some additional aspects will be
described with respect to a memory buffer such as the embodiment shown in Fig. 7 and in

25  the context of a system such as the embodiment shown in Fig. 6. Referring to Fig. 6, if the
memory buffer 64 is the outermost agent on a memory channel, it may be capable of
constantly transmitting permuting idle status frames on the inbound link 56B whenever it
is not sending data that the host has requested from any memory devices attached to the
memory interface 66.

30 Fig. 19 illustrates an embodiment of a permuting pattern generator in accordance
with the inventive principles of this patent. The embodiment of Fig. 19 is a 12-bit linear-
feedback shift register (LFSR) with a polynomial of x'? + x” + x* +x + 1. The initial

state may be set to 000000000001, and the LFSR cycles through 22 - 1 states (4095
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ternatively it may be implemented with programmable logic, or as an algorithm in a

processor or other programmable state machine that may be used to oversee and/or
20  implement the logic in the memory interface or other functionality of a buffer or other
memory agent that utilizes permuting status patterns.

Some additional inventive principles of this patent relate to utilizing more than one
bit lane to detect the presence of a memory agent on a memory link. For example, in the
embodiment of a memory buffer shown in Fig. 7, the buffer may be capable of detecting

25  whether there is another memory agent coupled to the outbound link 54B. This may be
accomplished by utilizing a single bit lane in the link to test for the presence of another
memory agent. If there is more than one bit lane in the link, however, more than one of
the bit lanes may be used to detect the presence of another memory agent according to the
inventive principles of this patent. This may prevent the existence of a bad bit lane from

30 interfering with the presence detect operation.

For convenience, the inventive principles of this patent relating to utilizing more
than one bit lane to detect the presence of a memory agent will be referred to individually

and collectively as redundant presence detect. Redundant presence detect may be applied
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presence e applie
memory agent is coupled to the bit lane during a presence detect event, its transmitter on

20  that bit lane will force the bit lane to the presence detect logic level.

If the inner agent detects the presence detect logic level on two of the three bit
lanes, it knows that the outer agent is present and it may leave all or a portion of its outer
port enabled. (In this example, the outer port includes the link interface for the outbound
link 54B and the link interface for the inbound link 56A.) If the inner agent fails to detect

25  the presence detect logic level on at least two of the three bit lanes, it may decide that an
outer agent is not present and it may disable all or a portion of its outer port. The inner
agent may be capable of reporting the presence or absence of an outer agent to another
agent, for example to a memory controller in response to a status check command.

An agent utilizing redundant presence detect may also be capable of signaling a

30 presence detect event to another agent. For example, if a reset event is communicated to
the buffer of Fig. 7 through a reset command on the outbound path, this command may be
relayed to an outer agent, if any, by redrive circuit 60. This may place both agentsin a

presence detect mode.
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WO 2005/ 050941 PCT/ US2004/ 037285 to any type of nmenory agent having a |ink
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interface, in 5 this case a receive |link interface. Redundant presence
detect may be applied to either of these |link interfaces, as well as either
of the |ink i mRedwidanepreded6e detect so@rdingtarthe inverfive psinsindesraliiis patemtily. 17
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illustration only, and the inventive principles are not limited to these details of the memory

agent nor to the particulars of the memory channel shown in Fig. 6. These principles may
also be applicable to other memory channel architectures such as the RamLink
architecture shown in Fig. 1.

25 Each port of a memory agent according to the inventive principles of this patent
has one or more link interfaces. In the embodiment of Fig. 24, each port has both a
receive link interface and a transmit link interface. The inner port 136 has a receive link
interface 140 which may be one or more receivers that are part of a redrive circuit 60, and
a transmit link interface 142 which may be one or more transmitters that are part of

30 another redrive circuit 62. The outer port has receive and transmit link interfaces 144 and
146, respectively, which are also part of redrive circuits 62 and 60, respectively. Link
interfaces 140 and 146 may be coupled to outbound links 54A and 54B, respectively, and

link interfaces 142 and 144 may by coupled to inbound links 56B and 56A, respectively.
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presence detect node. 21 WD 2005/ 050941 PCT/ US2004/ 037285 Redundant
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t hat ele(l)r e rle%%tég%u% ugr;lt elétgggway 3%&%%celm¥e%r€g§gﬁtﬁ Irnglgrl éefirnb?t lThe’se

desi gnat i ;pwst magoily hayeus posies liok intérface ot @ tarisonit iniskfpce.and t he i nventive

principles are, not limted to.these details .of the nor t nor to the
particul ars pfA F}?g‘oﬁé?ﬁ?%ac(?ﬂ&%tﬁ@%w%ﬁvﬁ pf‘—‘?‘a?lle%?ftﬁsepsaéé%fl?’%%?pl es my
al so be afphile ahictectifg HefRéseiB BN ohBARARbryARetioneeiE BF #5 poits Bndils niage Ranli nk
architecture shown in Fig. 1. 25 Each port of a nmenory agent according to

t he i nverheoapable pifekipg sl agtions dspending onrthe PisHREICe PT #RSERCE QT3ROS er f aces. In
t he od] Fi %ﬁr e%ﬁh ' ' ' ace and
a trglgm' gﬁ%ﬂ?%%r}ltt Igrg]f QEe! 1'?The |§ﬁ5er& aggx?cto?ﬁ%2ﬁén§1 93’9%‘%"2’5‘4\/%{11‘?%@5% erface
140 whi chormportivgh oflis ooter part & anether memsrytdpatt isnet ppeseht aifthesporedit mag bei r cui t

60, and a tran mtilaj&g{éinterfac 142 ich may be on e transmtters

or no
that are ﬁﬁa?tileﬁ reB?ft HREPSCRESHITiAPRETET P -qutqgg_ggnm%a% EREHr P has recei ve
and transgghipldth% rmidridey bafstled fifodRGts inner port. The memory agent of Fig. 24 may

be capable of performing a presence detect operation which may include signaling a

20  presence detect event to a potential outer agent on the outer port. It may also be capable of
performing a fast reset operation.

Some additional inventive principles which may facilitate hot add/removal in
accordance with this patent application will be described in the context of an example
embodiment of a memory system. The example embodiment will be described with

25  reference to the memory agent of Fig. 24 in the context of a memory system such as the
embodiment of Fig. 6. In this example embodiment, it will be assumed that the memory
agent of Fig. 24 is used to embody one or more of the buffers in Fig. 6, which in turn are
part of modules having memory devices. All of these details, however, are for purposes of
explanation only, and the inventive principles are not limited to these details.

30 In the example system, the memory agents may be capable of executing fast reset
operations, full reset operations, and/or various polling or presence detect operations. In
the example system, a minimum number of clock transitions may be necessary to keep the

derived clocks on each bit lane locked to the data stream. Thus, the memory controller (or
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146, respectively, which are also part of redrive circuits 62 and 60,
respectively. Link interfaces 140 and 146 may be coupl ed to out bound |i nks
54A and 54B, respectively, and |link interfaces 142 and 144 may by coupl ed
to i nboun and 56A, respectively. 22 WO 2005/
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exanpl e, HE”H@%WHP? agent of Fig. 24 may be capable of disabling all or a

portijgn of it ?nﬁiéte%mgﬁrs&st?r{l RO REN fla @Elﬁ@ié’ orfgEAs sh@aﬂ%‘f‘z&ﬁ?ﬁﬁﬁtall%f the

pOI’t It my be capab rep orti n resence or absence of an outer
agent t o tlagehsondlyesitanndl ¢in thlmcaamble mtodulgs hgrmgbuff,emﬁtm@lﬂrarreaemtmgh its
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of perform ng a fast reset operation. Sone additional inventive principles
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these details, however, are for purposes of
cancellation, and the like. Aﬁer the calibration operations are performed, the host may

20  then signal the buffers to transition to the fast reset operation.

A fast reset operation may bypass certain operations performed during a full reset
such as calibration operations. A fast reset operation may begin with a presence detect
operation. During a presence detect operation, each buffer on the channel may place a
current on the three LSB inbound Rx bit lanes to force the bits to zero if they are not

25  connected to an outer agent. Also during a presence detect operation, each buffer may
drive the three LSB inbound Tx bit lanes to one. Each buffer may then check its three
LSB inbound Rx bit lanes, and if it detects ones on two of the three lanes, it may leave its
outer port enabled and update a status register accordingly. If the buffer does not detect
two ones, it may assume that there is no outer agent, disable all or a portion of its outer

30  port, configure itself to perform the functions of the outermost agent on the channel,
and/or update a status register accordingly. A host may follow a similar presence detect
operation to determine if any agents are on the channel. The buffers may relay the status

information to the host in status frames in response to status requests from the host.
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detect Qq e tion ng &, presence det .ect pa 5 ctp buffer on the
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20  outbound Tx bit lanes to send a reset to a potential new agent on its outer port. The agent

may then transition to a hot calibration operation at 152,

At 152, the agent may drive ones onto the three LSB outbound Tx bit lanes to force
a potential new agent through a full reset including calibration operations, since a newly
detected agent would presumably need to be calibrated. The agent may then transition to a

25  hot detect operation at 154.

At 154, the agent may drive zeros onto the three LSB outbound Tx bit lanes and
place a bias current on the three LSB inbound Rx bit lanes to force the bits to zero of they
are not connected to an outer agent. The agent may then check the three LSB inbound Rx
bit lanes, and if it detects at least two ones, it may decide at 155 that an outer agent is

30 present and transition to a hot agent present operation at 156. Otherwise, the agent may

decide at 155 that an outer agent is not present and transition back to the sleep operation at
148.
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LSB i nbound Rx bit lanes, and if it detects ones on two of the three |anes,
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calL ot | ARG 1 M55 05%. e TR FESEh afplt PrESGPO! ¥ e
20  may then send a poll command to the previous outermost agent, which then may cycle
through a polling operation such as the one described above with reference to Fig. 25.
After the polling operation, the previous outermost agent may report the presence of a new
outer agent. The host may then detect the presence of the new agent and issue a fast reset
command to bring the new agent into operation and retime the entire channel. After the
25  new agent is operational, the host may interrupt the system firmware to report that the new
agent is operational. Alternatively, the host may wait for the system firmware to query the
host to determine if the new agent is operational. The system firmware may then
configure the host to accommodate any new hardware presented by the new agents such as
new memory devices that may be present if the agent was a memory module or buffer.
30 A hot removal sequence according to the inventive principles of this patent may
begin when a user informs the system that a specific agent on a memory channel is to be
removed. The system may remove a corresponding host address range from a system

map. If the system uses mirroring, the system may remap the host address ranges to agent
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25 hot detect operation at 154. At 154, the agent may drive zeros onto the
three LSB outbound Tx bit |anes and place a bias current on the three LSB

i nbound Rx bit lanes to force the bits to zero of they are not connected to
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enpl gys LB& FRYBE Yerswehiem of Fig. 6. The inventive principles illustrated

by these additional enbodinents, however, are not limted to the specific
det ai | s descr Adwtireplase s¢quencefacgording tathd isvegtienprinciplenefidhisgateot mye i nvent i ve

principles.of . thi.s,patent may begin .when a.user ends a_new ggent onto
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y then ca
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Chen dot SieRtERuoNFet aBE it R o iR plenind Piodunct s e prevatse |

outermost agent to enable its outer port in response to the next reset, and wait for a poll

command. Firmware may then instruct the host to send a poll command to the previous
20 outermost agent which may then perform a polling operation such as the one described
above with reference to Fig. 25, thereby initializing the new agent. The previous
outermost agent may then report the presence of a new outer agent. The host may then
detect the presence of the new agent and issue a fast reset command to bring the new agent
into operation and retime the entire channel. After the new agent is operational, the host
25  may interrupt the system firmware to report that the new agent is operational.
Alternatively, the host may wait for the system firmware to query the host to determine if
the new agent is operational.
Some of the inventive principles of this patent relate to accumulating data between
a data path and a memory device. Fig. 26 illustrates an embodiment of a memory module
30  utilizing data accumulation according to the inventive principles of this patent. The
module 174 of Fig. 26 includes one or more memory devices 180 and a redrive circuit 176
to receive one or more signals on point-to-point link 178A, and then redrive the signals on

point-to-point link 178B. A data accumulator 182 is disposed between the redrive circuit
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command to bring the new agent into operation and retine the entire channel.
After the 25 new agent is operational, the host may interrupt the system
firmvare to report that the new agent is operational. Alternatively, the
host may wgbtwdsmsodshe system firmvare to query the hospctosthed/ersgsne if the
new agent is operational. The systemfirmvare may then configure the host
to accommopdat e any new hardware presented by the new agents such as new

devi th t if th dul
b 161 . 300 ATRON Beivea AT el ER B oA BRe 1ok LB DR PURlA e p s of
this pat exdre Bi%ﬁals 6 Bbift- ORIt ink SIBB Al 0 e iRl R dikab-ppirg Bigki f i ¢ agent

on a mem)rggc annel is to be renoved. The system may renpve a correspondi ng
host addri88B. Imthifecmbodiment.dhe peint-torpgint links ang shewn pswidiseotiongldinks:ibHYy, t he
system : . - . { 26 WD 2005/ 050941

PCT/ US20 /l&%%%%E)n?ﬁ:lp@%érgig%@ﬁg%/{soﬁ@?h&ﬁeﬁg&}aﬁgﬁ&éopy or nove data fromthe
host &ddr ess MThadeatataccunididor 182anat beonrst-in, fiet-oal FEAydan sthahed or ditye syst em

may then poll until, | out st.andi trapsacti ons are co eted. The system
oyt hon oBieG bweOf svisBle:avBl SURCh " Eusisk a0 o eHaT g By UTY Fifsi de of ¢ he
agent t o phfdwiBiMRHalcAA FoRreRB8ple N Merfd 'Hf\éitcgh@ﬁ MRighlbahdwidieb@stout er most

agent on the channel, thereby causing i i sable its outer port and
assume t meodefmaydie used fop thetthemenytdevico $80. abferhandwidtingf thadstepatirformedst reset s.

(A full reset would .overnide this ¢o nd. ). Th temmay.then initiate a
{ast - r es ot fo SRReisA ks Ty B SETRE Rurte e YR B v { hces 1 or
conpaoeniosdertd Rdi&ih Counfgoet esiserlpBGS Biid mardifectasd &18 dfRyatinpedstsli sconnect
power to the selected agent and notify the user that the 10 agent may be

renpved. TREMSMOrg §e¥es howeNro Ty Recd & teeiye daa atfallibandwidth B BrapRci pl es” of
this pat : ' : RS ' ve IS

conpl gt egp&%ﬂ@yﬂls%r?gﬁfwggg uglﬂﬁﬁg\%tdg%gm | r?tg ,g@g@g?tg?%gﬂgggﬁkﬁ ggrr%ved and
t hen i nf amantelascuydatedrat d ratalesseharhtat budserateand theagemoryhieyicbesd thetded. The

runni ng te t hen epar e, t host for the newy 15 repl aced conponent
and suppl%ﬁ%é&aﬁ%"‘?’??@”ﬁ@&&&ﬁ%ﬁ@rﬂuﬁf%’%temfi rnware may then cause the
host 150 send gheavABRGI P, DHS Wt Biifed o A ARG aAGfitinehPof €t 1S know t hat
it should no |onger assune that it is the outernpst agent. This may cause

t he prevmbidiectinnaklinks of anjyeasticulas amangament fos trgugferingdeta to and/esomdle t o t he
next res . |t~ 5.0 . CQY | . n instruct the
host to g%dﬁlggggf)o [ Dcaf(t)an%%rgnc}&? gb‘{vﬁlé%p;grﬁg{\}lg gﬁcgiv%g%ﬁai%st@pgﬁee?{t Ri ch may
t hen per henmoradpatdsil80 tlepeghadataccamalatond 82, et the dirdetisrdonkitbe rebayed, Wi t h

reference to,Fi.g.,25, thereby initializing the new agent, The previous
an ad(flztuglal gata accumuFat IS may%e added between the redrlvegcucult and merr)nory

20  devices. Likewise, if the optional second redrive circuit 184 is included, data may flow
may be either to or from a memory device. One or more data accumulators may be
included between the second redrive circuit and the memory devices to accumulate write
data to a memory device and/or read data from a memory device.

Fig. 27 illustrates another embodiment of a memory module and an embodiment of

25  amemory buffer utilizing data accumulation according to the inventive principles of this
patent. The module 174 of Fig. 27 includes a memory buffer 188 having two redrive
circuits 176 and 184, and a memory interface 190 arranged to transfer data to and from
one or more memory devices 180. As with the module of Fig. 26, only one of the redrive
circuits is needed in the buffer of Fig. 27. The memory interface 190 includes a data

30 accumulator 182 which may be arranged to accumulate data as it flows between the
redrive circuit 176 and memory devices 180. Data flow may be in either direction, and an

additional accumulator may be included to accommodate data accumulation in both
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out ernost agent may then report the presence of a new outer agent. The host
may then detect the presence of the new agent and issue a fast reset
command to bring the new agent into operation and retinme the entire
channel . AvDabnosiok®@4new agent is operational, the host 2BCTvE§2004132285upt t he
systemfirmvare to report that the new agent is operational. Alternatively,
the host may wait for the systemfirmvare to query the host to determne if

the new agent is er at..gnal . Sone. of . t he.d nventi rincipl . hi s
batent  aeons L RBE i B i ara B et H TS S e BBl ) G ce.
Fig. 26 ightausdunail@orsaiaydsieulided & inkhfade WRHTHeyseO®drivedireuiti | i zi ng data
accunul ation accordi ng_ to the mventwgﬁgrl nciples of this patent. The

nodul e 174 of Fig @8 ilhgiratayanothes exameple pmhegime rperpry buEST WISHFNEMA redri ve
circuit ; | ' I hint uBel ¢ ofifiRkgl78A, and
t hen redgllgcggl u{lﬂlghg}gﬁrﬁaﬁg ‘Pd;%e %Vgﬁﬁ{ﬁ@c%%nﬁ?ﬂp?ﬁﬁ%Y%g%xﬁgﬂat a0 aégurrul at or
182 i § dissyroiado et nEig. 7,/tat thedndmvery diterfacet66 iludaOa FIPG/YH00AE data

PCT/ US2004/ 037285, ..an ry deyice. An t.ional second redrive circuit
Toa i 5 aRFHTRACT 92280 T D JHe rard g el 590 RoRE RIS, poi nt 11 nk 186
and r edr ijfleinBRtaSo DM Wil ndR B deb@itiR@ With rbfefdfce #R@RboliindnbbSFignI®di ment ,
the point-to-point |inks are shown as unidirectional |inks, but the

i nvent i véuiphe puepiveprineiplasef this patens arenet limitgs tetbesesleddils| i nks. 5 The data
accunul ator 182. [ =] e . re or any

ot her type of %H?tﬁg%?@“gﬁf%ﬁ&%?d’ﬁ’ﬁf Irgélfgq'ﬁékﬁé@%t? aé@é%ﬁéggﬁjﬁ% ator may

al | ow0f owhateaerdistaritate the sithdaidgath Happergxtabp bpsrating @ nOnye eimugh eriiadatng a

hi gh- bandwi dt h bur st de may be used for the nenor vi ce 180. The

bandwi dtpﬁwumwgteéa%alaggwr#@?%we G TRATS fMIeEI0nN Aliges fﬂglﬁ%arstF4tﬁ Oy be |ess

than the n{&l{o?% phgte e tREFIFONRImASE ﬁnidﬂta%g?tﬁfedﬁémtﬂ% rﬁ@xﬂb‘rlﬁigiepfce acount,

power consunption, and manufacturing and operating costs. menory

devi ce, lfdhewetratenang leneadide the dataqiov to s ferEng the r¢adisiatadwitlt deconshregniveper

operation.in St de.. .B ilizing a data accumul ator, wite data from

t he datacﬁﬁ?lﬁg&@ﬁvgﬁ%@%@%ﬁﬁt ed at a rate less than the burst rate of the

nenoiy devi ceThéewgitd FIFO malehd smkeattddsol thet inRRkyuraldte ¢fulaple blustsfofl | bur st

rate. 15 The nodul e of Fi%;t 26 is not limted to any particul ar arrangenent
a

of  uni didpta@ripBiedurstingkhe dia tarymereryidevicer This ploywihe seadr writerdthst er ri ng - dat a
Lo and! OfmeloyTbidim drEid éBalfy fodd'ahibriid o9er asmﬁﬁtg%@tfﬁlpgéaégp[}gaéiohg Mde redrive

circuit to the one or nbre nenory devlces ata accunul at or
182, but wrieFIHO mey also be carlstiudied scethetr alditionalatath malyib¢ loadad intbatha FERE unrul at or s

may be agv?u gdgtgtls e?r?g éeql%erreg (g tlh\ﬁne%llorr}g 'dtle\}icea} n&iggl%o“r/sy the depth of the FIFO to

20  be smaller than the number of transfers in a burst. As a further refinement, a data pre-

accumulator may be located ahead of the write FIFO and set up to speculatively capture
write data from the data path without regard as to whether the data is intended for this
particular memory buffer 64. Once the target memory buffer is identified, the data in the
pre-accumulator may be transferred to the write FIFO if this memory buffer was the

25  intended recipient, otherwise it may simply be discarded.

As with the other memory modules and/or buffers disclosed in this patent, the
embodiments of memory modules and buffers described with reference to Figs. 26-28 are
not limited to any particular mechanical arrangements, and may be used to interface
devices other than memory devices to a channel.

30 Some additional inventive principles of this patent application relate to
transmitting frames with early delivery of a CRC code for a portion of the frame. Fig. 29
illustrates an example embodiment of a frame according to the inventive principles of this

patent. In this example, the frame is 10 bits wide and 12 transfers long, but any other
29



20 devices. Likewi se, if the optional second redrive circuit 184 is

i ncluded, data may flow nay be either to or froma nenory device. One or
nore data accurul ators may be included between the second redrive circuit
and the nR@oYsde4sces to accunulate wite data to a pemwsyoosiearcsse and/ or
read data froma nenory device. Fig. 27 illustrates another enbodi nent of a
menory nodul e and an enbodi nent of 25 a nenory buffer utilizing data

accurul at.i,on cording. to the,ipnventive principles of. th,s patent. The
modul e 199 oaflgl%“ﬁ{h '?7—9}’?18?6%3&6 ’t?’?é‘&her V“g’ﬂ?&gﬁe%fg%mﬂ%ﬂ% rtpg ¥ho redrive

Ci rcui t SrahdfBrrédirsd, 8dH ovredchyth 8 Biidin)thd rdlveidémifed b9 Gandfectgesic.t Thé fransf er data
to and from one or nore menor y devices 180. As with the npdul e of Fig. 26,

Wi
only onds egmplefed waem theedits ép o kls arestransierred The firstfaynrowes SBeWEly. 27, "The
menory i 90 i Ol 1 i c be
arrangeéﬂz%&gﬁ@%geﬁ%g%g? tgﬂggﬂtfgﬁggaf ?ﬁkﬁ?gﬁoggf%e%aﬁ#hghﬁgél %gagf@:fuit 176 and
menosy des/framsiskefigndded as 4 $esondiportitreofithe &amber direction, and an additi onal
accunul at or .be jpncluded_to acco te.data accunul atjon in.both 28 WO
20051 050041 BONTResbRamS 5t Soieaet L BSodt Mk GRPEEIeeRPELHOTSEC KR rod | ve
circuit id8fichBy hlacedid b erdF tIRY frdThY, eA@Qetiihg QB¢ inveive pneipiesl oftias s maybe
included to interface with the second redrive circuit. Fig. 28 illustrates

anot her pejeabgl(Reeastsdoridafirgporioneis fpmeumayere transferred hefosmeanpletigunul at i on

accor di L avent | 1.NCi ' ent . 64 of Fig.
26 5 i o7 alelerhilf b G, R 58t Snplechi BorBh.his oditf aleb B2, U oc' 2
FI FQOt y egROwildves tHairemody agui tativing iR franeltoerfor khedkythefitse pottidabathaccumul at or
194. Sone possjble inp]enentation details will n be descriped with

refer encf@%éndenfﬁ%ﬂ%ﬁqgwtﬂﬁ% aWSP}OnB%HOHt‘}ﬁ’EtaFWa\é\i‘ﬁTFWSb ?ﬁeﬁﬁq e of this
pat ent gL gidaQif thd MhER dofpidigse details. Wite data fromthe first redrive
circuit 60 is accunulated’in the wite FIFO at 10 whatever data rate the

out bound pat Fohegapmie if thisgechnppe a8 usad) with 2 "@meryagentdiaving iapparajus that | s

accunul at it may, he wittenst ne Qr _nore nmenpry. devices foull burst
ot s imdfS YeVie¥uph bR IRy B0Gs Bbm BB IR SEMEE R e e | U7 P
t he 15en@osntal inf§ batplackd i the Wirs boftivh ©f thafehniep Walle & dafalpayldad mapbeor to
transferring the read data to the second redrive circult 62 through

mul ti pl ekased inthe secondh goxfjons Early dedivieryofithe €Bhor the disd pedionllowst can
acCUM| abaris tn b Srelit? bnf foceiV i A fARE tot&ro?gﬁiclﬁ}' BPcdiaftiindnd Bt TETOLY

devi ce. s allows t ad-wri rea menor s turn arou penalty to
be anor tporea oftterframanambierwart itvio iatBR Aerhiyt befors.théldeta payloddan fid<ecorely al so be

constructlg-td so _that. additional data may be | oaded into the FIFO
portion1s received.

20 The CRC code for the first portion may be included as part of the first portion of

the frame. It may be placed at the end of the first portion, distributed throughout the first
portion, contained only partly in the first portion, or transferred in any other suitable
manner such that it is received before the end of the second portion. The CRC code for
the first portion may be combined with other CRC codes to create compound codes, or
25  may be the result of compounding with other codes both within and outside of the frame.
As used herein, the first portion need not be literally first in the frame, but may
also be any portion that is received earlier than a later portion. Likewise, the second
portion may be the next portion after the first, but there may also be other portions
between the first and second portions or after the second portion, and the first and second
30  portions might even overlap, so long as the effect is that a CRC for the first portion may be
transferred early so that error checking of the first portion may begin before the frame is

completely transferred.
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while data is being delivered to the nenory device. This allows the depth of
the FIFOto 20 be smaller than the nunber of transfers in a burst. As a
further refinement, a data pre- accunul ator may be | ocated ahead of the
wite Fl RQoaoshoseisi up to specul atively capture wite dHarasionaoes’8se dat a
path without regard as to whether the data is intended for this particular
menory buffer 64. Once the target nenory buffer is identified, the data in

t he re-acc b S rred t te. Fl menory
P o U e b AL 8 A b0 LR by Terory
As with oftie sectdndlpoﬁwﬁpdi%trtmcbdltmugmdt the sémhﬂ posiod] mlkaiﬁ&ﬂ)nil}npdl‘t)n ia patent,

the enbodi nents of nmenory nmodul es nd buffers descri bed reference to
Fi gs. 260e§CoRAPortion, of fransferrpdiip amygt ﬁaﬁ“’c@%ﬁp‘&m% Sﬁ?@&ﬁw enents, and

may be Lh%g,d; f dYRIHDE channel 30
Some addi ti gﬁéa}ldn%%grﬁt@‘fo\% gﬁb‘ﬁc%?ﬁnegisﬁ%; H{aglégv pater#lrggglinﬁggtn?égr}% relate to

t ran§mi tconpounded with thdrﬁl?eiéccbqudE(bthmevaySof a CRC code for a portion of the

frame. Fig. ustra nment .o fra cor ing to
the inventiv rehe&v, B?t c[yﬁ l%a)l(mgﬁ?(gﬁfynm fqpﬁr\)utg&gﬁ%%y qﬁ?ﬁﬁf me is 10
bits wi céefoamcmaggma@f@wtdmmymewe@wom freme29 WO 2005/ 050941

PCTI US2004/ 037285 w dth and |l ength may be used. The bits in the row

i dentified aSomeadditiapal n@v'enay%prlqcp;& is pRfentiapplicatiog relaigdQIongpniEiNg bits in
the row dﬁtﬁ’@c}de&h&gsﬁﬁuﬁl e eggg ;?_?]ﬂﬁ%tratg" xa e eﬂlﬁo&ﬁ%lo?ﬁed when the

bits inrow™1 aretr |rst our “r ows own in shading)
ar e l@esisgeatecfdr delivetinga O&C axle acfoss multiplerfranms acfording td tlmnm;ent/i;h& l e the

remai nder, of 5 frame_is.designated as eca on.of th rame.
prior amfin T’Pgﬁng saﬁ?é‘?"érl%% Bfé a%@i@? o@ F&IQ%?&@&%W@? lr‘?Bg L ent i re
franme iagy biket wRIH ndleAG %a@tbetda&i erfé btk it 18 rbw JeRtifiA8 8Pk sHsRY “O°Oark he
|nvent|ve principles of thi patent, a CRC code for theflrst portion of a

frame mdpngferred Bk f@llm Wéh@)blés io dhepiowt idengified a9 trpmsders’l Aty Bheefiemeeegi nni ng,
the tr aQ?éo?ﬁé)l&g(% Wﬂgn ﬁl%%?t@gn f(ﬁ& ‘t]TIQ e Ja{ﬁsi%rrg@rﬁ{e ﬁﬂl{zs 1?1 F\fg %f 10 CRC al | ows

t he meno recerving error chec hée flrs portion of the
frars, afadsfamf mqadaitiylljae@uhrﬁanid NilZjeig teanyfetrad firsqbllonedionfranadd t herein,

PO A SR WG NN 7K e e S

devi ces trdidiitidn oPRAMEIH RS rdw ik Rife® %‘Hﬁﬂs%ﬁ 4‘@*&&\}3& Rel” offrddiiV1, 15 command

may be placed in the first portion of the frane | e a data payl oad may be
pl aced iAnothgepertionnfiths6RG oede fonframe Nel is\whown sfadedin fora: Nowbitthslyfin r st

portion b%l l‘&Wﬁrough “7” in rows “0” through “1” and in bits “9” through “6” in rows *“2”
20  through “3”.
The CRC code for frame N-1 (which is shown distributed over frames N-1 and N)
may be intended for error checking all of frame N-1, just a portion of frame N-1, orallor a
portion of some other frame. Multiple CRC codes (or portions of CRC codes) for
different portions of frame N-1 may also be contained in the same frame or combined with
25  CRC codes (or portions of CRC codes) from other frames to create compound CRC codes.
The inventive principles of this patent application relating to organizing CRC
codes across multiple frames are independent of those inventive principles relating to early
delivery of CRC codes. These different principles may be combined, however, thereby
giving rise to additional inventive principles. Fig. 31 illustrates an embodiment of a frame
30  transfer scheme incorporating early CRC delivery and distributed CRC codes according to
various inventive principles of this patent. Numerous implementation details will be

described by way of example, but the inventive principles are not limited to these details,
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apparatus in the nenory agent receiving the frane to error check the conmand
in the first portion of the frame and forward it to a DRAM chip before the
data payload in the second portion is received. 20 The CRC code for the
first portg@®mosmoefie i ncluded as part of the first porticambosobhes frame. It
may be placed at the end of the first portion, distributed throughout the
first portion, contained only partly in the first portion, or transferred

i n any ot her t abl e ngr i S receiVﬁ.&)}. ef are end of the
second portiof?% m@?fﬁmf %l%f%g? qa?%?mﬂ?)}sﬁ%w Psb‘@%%ﬂ‘i)mw with

ot her CRgas@d€Rnk hndRAENAA5RardadHgsfollowed by fayhee Thefifsefout fovaf
corrpoundl ng wth other codes both within and outside of the frane. As used

her ei n, amp Ns1 apsoanee ageimabifrasidy designpied ey a firsy peitiogrand il h@rerfﬁrémiéo bEt may
|so b L
a so be ?sg% g@ﬁn}ngd‘np&nlﬁgﬁ.b”gﬁet %&(}Sﬁr"ms R akifehril &'&@Qgﬁ-ﬁé@%ﬁ sddB | kew se,

t he secon next portron a | T st tnhere may
al so e mtdmeﬂlhmefehemsoashhédﬂepombe f| rst and second portlons or after the

second porti and the first Con I| ons .m e Qverlap, so
l ong as the eﬂee‘if’fmp@dtﬂ?é?o%n 1"tsl’"? C‘?q‘lln lﬂgmagﬂnﬁ‘h@‘eﬁémﬁansferred
ear | y Soﬁélhattwoeardﬂﬁ’ironﬁrb%%w&nﬂﬁnd iﬁ?orfdaﬁ&{ orf¥dnhd eeﬁdbdh%q eblgfl@ je the frane
S onpletely transferred. 30 WD 2005/ 050941 PCT/ U520047 037285 A second

CRC codeﬁﬂdrmﬂ@%@tm@mdﬂ&ﬁlchﬁkmnﬂh@fdlmﬁd@ pThPoﬁZhQ] flfﬂé end of the
second. pef 4oty o) R4 LB R RGN ENREAS §ESRPYRALL O GATAZ ned onl y

party In O n an er S e manner .

The s@cofield phivids@ror aayctmwefwr@gﬂ acrdsblme@@pondcmrm]lamab:[lm]eﬁd‘ldsarre nmay
cover the entire frane, CRC codes in

Coher s ks da BarGon SEIGR) 72 Vi ik the B[@Hahﬁslﬁdyhlelﬁr@e baEsedbut also to
any ot hefortab{&’lg dﬂ’afl rﬁful 2ds, 8&&&%@&@&1&5@ feP e cerdnfd eﬁo?ﬁ‘oﬂ SHeprity of a
1t1 ona | es OF

frame. Sone a I hvent 1 ve princ hi s’ patent application
rel at e t bit comypmindiGR{ cl@é@lmorﬂestlﬁﬁdras§£[M]t iBpghet of tlmr@sbuslarglocaed inl | ustrates

an exa e ' . a chene eliveri cod r 0ss

i ¢ ot o FERR L TR inthagte L G P Pimed The el Bt B qeRed B ene. 1

t hi SlﬁxaFEPQ ;0] &efdrviliiEh is$hd#n budsRle \of B8 fARR id Bid BaBEERES tHiPpHiodstthe any ot her
width and [ ength_may be used. The bits in the rowidentified as transfer "O0"

are trafft bﬁunewﬂlr ber lgtched #1d C@munfiﬁdtm@ aPRE cpde inHzamel (theaeki fama). as
e ke AT Ao R PP R (R, e
frame N-CRE22[24:0f oothsf data éIRCf’ ) ussgenerhteﬂ frowettiec BY-bitrdateeBN.1:0]. A 14-bit CRC
(referred to as CRC14[13:0] or the “command CRC”) is generated from the 26-bit “A”
20  command F[1:0]aC[23:0]. Eight bits of the 22-bit data CRC are used directly as
FE[21:14] and are located in the 10th bit lane (bit lane “9”) of the current frame. The
remaining 14 bits of the 22-bit data CRC become FE[13:0] and are combined with the 14-

bit CRC generated from the 26-bit “A” command in the next frame using a bit-wise
exclusive-or (XOR) function to create the compound checksum aE[13:0] which will be

25  transmitted in the next frame. The compound 14-bit checksum aE[13:0] in the current
frame is generated by an XOR operation of the “A” command 14-bit CRC from this
frame, with the latched FE[13:0] generated from the 72-bit data of the previous frame.

To decode a frame at the receiving memory agent, a 14-bit command checksum

CRC14[13:0] is generated from the 26-bit command, and a 22-bit data checksum

30 CRC22[21:0] is generated from the 72-bit data in the current frame. CRC22[13:0] is
latched as FE[13:0] for future compound CRC checks in the next frame. A test compound
checksum TESTaE[13:0] is generated through a bitwise XOR of FE[13:0] from the

previous frame with the new aE[13:0] from the current frame. If the generated test
32



A portion of a CRC code for frame N1 is shown shaded in frame NI
arbitrarily in the position of bit "9" in the rows identified as transfers
"4" through "11" of franme N-1. Another portion of the CRC code for frane
N-1is shay(\p” in frame N arbitrarily in bits "9pciifs9stdfas72ds i n rows
"0" through ﬁé)@sg%ﬂ in bits "9" through "6" in rows "2" 20 through "3". The
CRC code for frane N1 (which is shown distributed over frames N-1 and N)

may be intended for error checking all of frameﬁgkci,(, 'uihﬁgoportion of frame
N-1, or campowpd eheckwim TBST e 13:8hmaishesdthe somapaund phe F‘tﬂ“é‘ Dlcodes (or
portion mﬁt%‘& i hef | OFAP CamBnahl bf RYuRémO be
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CRC codefsgmd.r om ot her franes to create conpound CRC codes. The inventive

principles of _this pateni application relaiin [ gani zi C_codes
across mul tipl %cofni‘rg%ﬁb‘eéie cﬁﬁrdggéHfa%lﬁttﬁ%Jfﬁi’%%éfa?an@%ﬁﬁ § e%g}ls%ﬁ% ‘es

r el atsl nghé 94-BRTcbihmadle cheekEum Ok (IH0 360)dRAeratbl G5 Hb binesrr 26-tir dorahandes may be
conbi ned, however, thereb iving rise to additional inventi vewgr hnm pl es.
Fig. 31is NQ&er\aﬁle@eanW@«E\éw&rﬁqm cugrent fzanie, SryTeby gFarating g Fspi whic

I ncor por.atin I [ Ve LSk CRC codes according to

vari ous 1|gl {)/rgﬁ%r?@éo %‘F%‘*gﬁgﬁéﬁ@ f{(ﬂﬁglegjzg%éé#s% Uner ous i npl enent ation details
wi || be descrd gd tHeyfaviegetadtion éthel 72-bits wif dith éransfereett intke qurient frpes are not
limted to these details. 31 WD 2005/050941 PCT/ US2004/ LLn the

exanpl e BHBdAhEsmifedryigh 313&1#@3@%%15%@3«56%&@%% R34 Tna 12
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first four rows o rame N-1 are once again arbitrarily designated as a
first pothei7dbitanfidat iransfesreddn gherqurentoframassis dhre whemia acpdrameomtveshe | ast four

rows are arbitrari.ly si.gnat a.secand porti ] referred
to as the dat f%??iagﬁl%'dﬂﬁ%(ﬁﬁag%}g@tob of)hoﬁlg i ‘gn oh cgﬁgglsthgﬁeﬁ?qt\;ﬂa&e cgglr?’rmnd
i nf or mat hedfAulted], biethaGhe 3281t dafal it ki, préviousdfihhd éouidbe faulted. Af conpurise
i nformation or frame tq}{ﬁe encoding in the F[1:0]  field ,a({;d a la-bit
conpoundfaaitin the darsmitted REL2 &l 43 ppetial gheclsug ipdicatgsthaiche 324t dafadndhe and t he
F[ 1: fﬁr%lgyé"fr%ljge P&ud BE Bluiteg to collectively as the "A" command. The

leld p

aE[ 13: 0] rovides error detection coverage across the F[1:0],
aC] 23: 0] and Hig ABRCOF thei “Al”commank enaydtearhpaket apsoonras thedfirst 4 Fatsfers obf data in

the B[71;0]. field whi b d . for.additional d
ext enbi o oA PG e poradpin(Rp oA PRREGRE 2 3¢ VR IR CRe
checksunitBn Waltirgdorthe rzhaddddd b thsi fiitte t0fardvee TAR hédhenigmemiyosatidd in the

FE[ 21:14] field in frame N-1 (the current franme). The other 14 bits are
| ocat ed §tipngK&RC protection of the 72 data bits of the previous frame while reducing latency in

=t

20 the delivery of the “A” command in the current frame.

The inventive principles are not limited to number or position of bits shown in the
embodiment described with respect to Fig. 31. The first and second portions of each
frame have been referred to as command and data portions, but any type of information
may be transferred in each portion, and the data portion may contain additional

25 commands, command extensions, etc. The tasks described do not necessarily need to be
performed in order described. Thus, the embodiment of Fig. 31 may be modified to
accommodate different system requirements or circumstances.

Some additional inventive principles of this patent relate to the use of variable
mapping for testing lanes. Fig. 32 illustrates an embodiment of a memory agent, in this

30  example assumed to be a memory module or buffer, according to the inventive principles
of this patent. The memory agent 134 of Fig. 32 includes a receive link interface 140
which may have one or more receivers and a transmit link interface 142 which may have

one or more transmitters. A loopback unit 196, which may be a multiplexer as shown here
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15 FE[13:0] field which is shown outside of the frane in Fig. 31 because
this portion of the checksumw ||l be |atched and conpounded with a CRC code
in frame N (the next frane). To generate a frame at the transmtting nmenory

agent, a & Mbdoskddr (referred to as CRC22[21: 0] or theptdaksoodiGids is
generated fromthe 72-bit data B[71:0]. A 14-bit CRC (referred to as

CRC14[ 13: 0] or the "conmmand CRC') is generated fromthe 26-bit "A" 20

comand F[]1:0] a ht bits 22-bit data CRC a used directly
T o1 bibir Ve v tigE S e T APRGE hIech 0| BARE eI N S RGNS of 1

current yhhdebit Fes sd MERhE mthobfadehl BaPfettahéni? Baifidg sdqichcédtecdipgione FE[ 13: O]
and are conbined with the 14- bit CRC generated fromthe 26-bit "A" command

in the hoRtaMeanEy emitiolerbagk to the sentroligras retupmeseguenoRony thedrsmibitt o cr eat e
rame. TRASC oﬁéﬁr@g@)ﬁﬁg@ﬁ npteott0b SR s o AR oINS B Bfeacthe 12 1!
genefat ethppings nh@@ﬁtmnerrmiy anlyet thehretuinSeqoatentodddmtifipnot ciRCwhethen t hi s
R TCINT CONTERT ERTTAL
Dt o el T oo by e, et from the 7oobit dat N 5 e

current franghe @R@Q@E@Bﬁ dFig. §2 i atoawe\wﬂas rdcam_an@]ransnnt Yink intesfacesnpound CRC

checks in .the ecksu 13 0] is

qoner st GAvibR R oatiFlend. bitthe AORRY BhpciBRE BT RORECS L e wi e
t he jpewpatici@i dnfi, hld€ingdtfaced br tied @Elankd. t he generat ed test 32 WO
2005/ 050941 PCT/ US2004/ 037285 ler)ound checksum TESTaE[ 13: 0] matches the

conpound che&ke dAillisirates grample embodiments ofvapassibledif lavgmapningte, t here are no
he detection

o " 1 aul PR j¢the SRERRRE VbR Bl THE RMBpnd eI RE 12 120 bre

command assheekfou pupiaiek4{f 11B1sGhtiqeondy, dhat thefmemoryagemtinas &01bit 2mebirttheormand i s

XORed with.the ne E[ 13: fromthe curr, fra her eb erating a

eoul t FFCER Bk TR AT bif R G CHOE RS Ik, RREFRPBREI o 1 - are.

To gbar lodpBokf i redidthLB bafil selitcesdedtived Afthé Riwar v @B Sfth@fbckife t he

current frame, FE[21:14] transmtted with the current frane is conpared
with t héithengs torbe 2lepsmit hit lanes spshélias each of theowrrefivebiblanesiarediteated b cur r ent

f f t

t ;ng err eopqgEFRJESr(i:‘I]il't @@P?‘%%ﬁ%%ﬁg%‘gg gbngtrfvﬁl mr%% Hﬁe nex{% ‘%lré%(r%rﬁan %?r ?ves A

f au: é | ppdr[fid bty of the ireckive it s ateoietarshittedXo tieommkipte transinftditdamesent franme
cou

A training sequence may contain a mapping indicator to instruct the memory agent

20  which mapping to use. A training sequence may also contain various groups of bit
transmissions that provide test parameters to the memory agent or that provide electrical
stress patterns that test the signal integrity of each bit lane. Each of the bit lanes may
receive the same training sequences, or different bit lanes may receive different sequences,
for example, sequences having different electrical stress patterns.

25 The training sequences received by the memory agent may be retransmitted
without modification so that they function as the return sequences, or the memory agent
may modify the sequences or create entirely different sequences. For example, the
memory agent may retransmit most of the training sequence as the return sequence while
modifying only a small group within the sequence to provide identifying or status

30  information to the memory host.

If memory agents having multiple ports and variable mapping capabilities
according to the inventive principles of this patent are utilized, for example, in a multiple-

agent configuration such as that shown in Fig. 3, the agents may be constructed so that
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be faulted, and that the 72-bit data in the previous frane could be faulted.
A conparison fault in the transmtted FE[21:14] partial checksumindicates
that the 72-bit data in the 15 previous frane could be faulted. The CRC of
the "A" cogypangdsmy; be checked as soon as the first 4 tpensiRifiodss t he
frame are received and the information in the "A" conmmand may be used
imediately wthout waiting for the remainder of the frame to arrive. This
mechani sm rovide stron protectjon of the 72 data bits, of the
previ ouso‘?lgg#edpwoét 3SR RIP °S|Cfg?cl&%l§/ol?%an%wgﬂ%%hﬂé’lﬂie\?ég‘if’t%‘?l’eﬁ’?%m'%" command
in the cy{skemb ' j grinciples are not limted to nunber or
posi ti on%?lﬁgi ?ésmgﬁgem%&?%%tﬁ%ﬁgtgﬁgﬁg@;ﬁent described with respect to Fig. 31.
The first andTeewshadipents desesbest hezein may be mndifirshin apyaegement axd defpit 0 as
conmmand e} . .any. f. f .1 nf O e transferred
in each %@g‘%‘ﬂ?ﬁﬁar@‘%ﬁ?ﬁ‘gﬁ% ngﬁtb\%rp%f’ %lﬁﬁgm&%d&ﬁ?% ho d“lﬂfuil%gé']]@% commands,
comrafid syotiifiosticns are @ingidertdeo fatiskithinltheGoopead tittofotlowimpadsissari |y need to be
performed in order described. Thus, the enbodi ment of Fig. 31 nay be
nodified to accommopdate different systemrequirenents or circunstances.
Some additional inventive principles of this patent relate to the use of
variable mapping for testing lanes. Fig. 32 illustrates an enbodi nent of a
menory agent, in this 30 exanple assuned to be a nmenory nodul e or buffer,
according to the inventive principles of this patent. The nenory agent 134
of Fig. 32 includes a receive link interface 140 which may have one or nore
receivers and a transmt |link interface 142 which may have one or nore
transmtters. A | oopback unit 196, which nay be a nultiplexer as shown here
33 WD 2005/ 050941 PCT/ US2004/ 037285 or other type of redirection device, is
capabl e of selectively mapping receive bit lanes to transmt bit |anes so
that the nmenory agent may retransmt training sequences received froma
menory controller back to the controller as return sequences on the transmt
bit |anes. By selectively remapping receive bit lanes to transmt bit | anes
using different 5 mappings, the controller nmay anal yze the return sequences
to identify not only whether there is a failed bit |ane, but also whether
the failure is on a receive or transmt data path as well as which receive
or transmt bit position has failed. The enbodi ment of Fig. 32 is shown wth
a receive and transmt |link interfaces having unidirectional bit |anes, but
the inventive principles are not limted to this 10 particul ar configuration
of interfaces or types of |anes.
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Fig. 33 illustrates exanple enbodi nents of two possible bit |ane mappi ngs
according to the inventive principles of this patent. The mappi ngs shown in
Fig. 33 assune, for purposes of illustration only, that the nmenory agent
has 10 bit lanes in the receive link interface and 14 bit lanes in the
transmt link interface. Using mapping A, the 15 | oopback unit redirects the
traini ng sequences received on the |ower five bits of the receive bit |anes
to the transmt bit |anes such tHdAIM&ch of the lower five bit lanes is
redirected to nmnultiple transmt bit |anes. Using mapping B, the training
sequences received on the wupper five bits of the receive bit |anes are
retransmiltt edAIREMOTE mﬁﬁlluiei‘-‘ﬁrf@“tsmﬁhsm t bit lanes. A training sequence my
contain A 1:nd 1.0, L r t C Al mappi ng
o use, ATrarun GRMGETOkiE LITHIHAL o 0 FERADERR M, andicilce
t r ansm ssignal $ntatsatondrpoint-depdi@stinigar aneters to the nenory agent or that
provide electrical , stress patterns that test the signal .integtity of each
bit |ane. EachS@Pnd Frelriyp cirpuiblodecrive ?eée’é‘{ yena! fromsa rd?ﬁoé‘i‘tﬁf"r?g”gi‘é]ﬁences, or
differ e”Encpﬂehrib@ﬂ%§igH@%_nraeféﬁhYJ%in@Utcf-f)&hﬁl'Mk;Sequence& for exanple, sequences
having different electrical stress patterns. 25 The training sequences
recei ved by taememonpdsvicegend nay be retransmitted without nodification so
that they functjon as t retu seguenges. or_ t.he menor ent nay nodify
t he sequencesaoqa%c?cég?lggg%t "rOPB[e@ l%ﬁ%??eélr {Irgh pRGLINE sdreu oa?/ld gtg% 6t he
menory agewiée.nay retransmt nost of the training sequence as the return
sequence while nodifying only a small group within the sequence to provide
identifying or status 30 information to the nenory host, If nenory agents
havi ng tipl i [ - it es.  a j to the
venti vk pr | hon ol ARk Kb & RRR DR dnc o FRin SRR AN
mul ti pl eunidgectiongldiks.gur ati on such as that shown in Fig. 3, the agents may
be constructed so that 34 WD 2005/ 050941 PCT1US2004/ 037255 only the
out er nost agent provi des | oopback operation, while the other agents operate
in a pass-t hAQH&ho@Qﬁ@d\ﬂélﬁé_cBﬁli? toed i 0 whBRlirRh Mata atb@melaRdb
descri bed herein may be nodified in arrangenent and detail w thout
depart i ng FiF@atredtere; nventi ve principles. Accordingly, such changes and 5
nodi fications are considered to fall within the scope of the foll ow ng
clainms. 35 CLAIMS 1. A nenory nodul e conpri sing:

4. A memory module according to claim 1 wherein the memory device is coupled to

the second redrive circuit.

5. A memory module according to claim 4 further comprising a second data

accumulator coupled between the memory device and the second redrive circuit.

6. A memory module according to claim 1 wherein the memory device has a burst

bandwidth that is greater than the bandwidth of the redrive circuit.

7. A memory module according to claim 1 wherein the data accumulator is

constructed and arranged to accumulate data from the redrive circuit.

8. A memory module according to claim 1 wherein the data accumulator is

constructed and arranged to accumulate data to the redrive circuit.
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a first redrive circuit to receive a signal froma first point-to-point link
and redrive the signal on a second point-to-point link; a second redrive
circuit to receive a second signal froma third point-to-point link and
redrive the signal on a forth point-to-point link; a nenory device; and a
data accumul at or coupl ed between the first redrive circuit and the nenory
device. 2. A nenory nodule according to claiml| wherein the point-to-point
| inks conmprise wunidirectional links. 3. A nmenory nodul e according to claim
1 wherein the data accunul ator conprises a FIFO structure. 4. A nenory
nodul e agcor dAmgarmcﬁycbhﬁ’exrnohpni@mlgei n the menory device is coupled to the
second redrive_circ du e according to claim4 further
Al 2

conpri si ng a $5E0A Hﬁﬁﬁc“%@%ﬂﬁﬁWEP senl demha iR intiep vi ce and
t he secog@np@g&ggﬁaph{§gkgmjgmmAOQ%nquknDdule according to claim1 wherein
the menory device has a burst bandw dth that is greater than the bandw dth
of the redrivasesprdrgdrive Zircyit togaeive ansdondesigiad drogi mthindppodntdppomt Vinler ei n t he

data accu tor nst r,uct n rran cunmul ate data fromthe
redrive %Qﬂgﬁlvamgsaﬁﬁ ﬁb@ﬁmﬁﬁgﬂﬁgp%g 8H’ %ql% aiml| wherein the data

accunul at or i $ menut$tihteefaesl caupledtd ateg Eiekt tredraxéccimalltatveqeehaﬁ ahd eneénftgy redri ve
circuit. 36 9. A nenory buffer conprising: a first redrive circuit to

receive Hﬂ¢ﬁ¥§9m§W§ﬁ&Pdﬂ@ﬂ%%ﬁ#@¥%t poi nt-to-point link and redrive the
signal on a second point-to-point link; a second redrive circuit to receive
a second signal froma third point-to-point link and redrive the second

si gnal oh0.a fAun¢rhorydiuffier hacopbngto ¢laink9 waiairathegwiontto-poine tihlscengpoupl ed to
the first redrlvq ircuit, wherein the nmenory interface conprises a data
accurul abyfiredignal s v huffer according to claim9 wherein the

poi nt-to-point links conprise wunidirectional links. 11. A nenory buffer
according to claim9 wherein the data accunul ator conprises a FlIFO
structurél. A memory buffer according to claim 9 wherein the data accumulator comprises a

FIFO structure.

12. A memory buffer according to claim 9 further comprising a second data

accumulator coupled between the memory interface and the second redrive circuit.

13. A memory system comprising:

a memory controller;

a memory agent having first and second redrive circuits; and

a first point-to-point link arranged to transmit a signal from the controller to the
first redrive circuit of the memory agent;

wherein the memory agent comprises a data accumulator coupled to the first

redrive circuit.

14. A memory system according to claim 13 wherein the point-to-point links

comprise unidirectional links.

15. A memory system according to claim 13 wherein the data accumulator comprises

a FIFO structure.
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12. A menory buffer according to claim9 further conprising a second data
accunul ator coupl ed between the nenory interface and the second redrive
circuit. 13. A nenory systemconprising: a nmenory controller; a nenory
agent having first and second redrive circuits; and a first point-to-point
link arranged to transmt a signal fromthe controller to the first redrive
circuit of the nenory agent; wherein the nenory agent conprises a data
accurrul ator coupled to the first redrive circuit. 14. A nmenory system
according to claim 13 wherein the point-to-point links conprise

uni di r ecté.onal méméry. sy&t&m #ccnehing 1o dyist énfatteorcdinpgsing aceaomd p@ntatoer ei n t he
data accunu st ruct ur e, ry system

accor o nEPTbIY ARt G TR SRS L Hfghen G el W e e B ot ne 11 ik
arranged to transmt a signal fromthe nenory agent to the controller. 17. A
menory sgsten1accord|ng to claim 13 wherein the nenory agent further
conprises’a sécoAmoasysteme cgpriliagde danplldavieseinhibie seemay agsal ifWeneei rcuit .

18. A ne ceiving a first

st gnal "ocoaptieer BB Bl A BulTERPIat, B e SRSRI kBB CE! OB T (1
second point-to- p0|nt link; receiving a second 5|gnal on a third

poi nt - t o- poi nt redr|V|n t he second signal on a forth point-to-point
link; aé uwﬁd??tgﬁifﬂfPP%a%aamPW%%gﬁ%t °CMPEINGi gnal ; and delivering the

wite data to.R.i08 rﬂfst_@;‘?%ﬂa?@naf-i%tg&n%%% Isxstemaccording to claim18

wherein the point-to-point |Inks ri'se unidirectional links. 20. A

met hod accor diedgving tiod ﬁiismlgr&lmtnersmondacmtjtm}bcanulng and delivering the wite
data conprises accunul ati.n I|ver|n the.wite data in a FIFO
Sequence. 21, FRCHEERSEI SRR fy® AP AN W her compri oi ng

accurul ating fe@ﬂdmg@ﬁeasefzérﬁirﬁ@ﬂamﬁ)fdft}ﬂﬁ)\{ritft&poﬂﬂﬂﬂnkt ransmtting the read data
as the second signal. 38
accumulating write data from the first signal; and

delivering the write data to a memory device.

19. A memory system according to claim 18 wherein the point-to-point links

comprise unidirectional links.

20. A method according to claim 18 wherein accumulating and delivering the write

data comprises accumulating and delivering the write data in a FIFO sequence.
21. A method according to claim 18 further comprising:

accumulating read data from a memory device; and

transmitting the read data as the second signal.
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