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WD 2005/ 050599 PCT/ US2004/ 036964 BUFFERED MEMORY

MODULE WTH I MPLICIT TO EXPLICI' T MEMORY COMVAND
WEXPARSISEN FI ELD OF THE | NVENTI ON 5 Thi s pr esePET/US2004/036964

invention relates generally to nenory systens,

conponents, and nethods, and nore particularly to

BUFYEREDP MEMORYMOD ULE WA T IMPLICITUN @ EXMRICKISMEMORY
expand inplicit commands into explicit comrands

directed at menmor YCOMMAND FXRANSIQNDry nodul e.
BACKGROUND 10 Conventional conputer nenory subsystens
are often inplenmented using nenory nodul es. A conputer

circuit board is I ' ssor havi ng an
i nt egrated nenDFﬁiﬁgﬂﬁpgfﬁ%4ﬁ$%€N§g§éfed to a
separate nmenory controller, connected by a nenory bus
t ollyp presentinyeitive relpips serAIlY (I BAPPTYSYPlCE A08H05FYS, and
(the bus nmay al so connect to additional nenory

methpéy, and entré pamioulatlgdo Gmctibmality farbuffetedamethory Syatudes that can
menory is 15 configured according to the nunber of and

expaid BhFESt Coapagidsinfexphéit baiBENdIdtbdtedsat noney tiedcdsion the
the electrical connectors. As processor speeds have

bacheased, menory bus speeds have been pressured to
memtﬂél pgl?lnt that the nmulti-point (often referred to as

"mul ti-drop"”) nenory | onger remains

viable. Referring to %%‘aggﬂ?btjm)e current sol ution

uses a "point-to-point" 20 nenory bus nodel e oyin

bu PETEEH OB FBFP U HFeEy S?'?Wﬁ?@‘é%‘é? Ci,tenam&’g%%’ﬁ[%ugng ’%emory

system 100 conprises a host processor 105 .
modwenmdysonuten girewt beasd & dssembled ndid aprecese® lgiving ag integrated

menory controller 110 that couples the host processor
membry saaitiollens op esupidiktoad sepératt msomyrconaxieptorfmeried pgtienemory

menory). Menory controller 110 conmuni cates with a

bus tb bhé br Blétd REREry MBETIEY1MREHAl SonhéBoRCHRSusandY Ay sh@est to
poi nt -t o- poi nt ‘bus 112. A second buffered

additional memory permanently mounted on the circuit board). System memory is

configured according to the number of and storage capacity of the memory modules

inserted in the electrical connectors.

As processor speeds have increased, memory bus speeds have been pressured to
the point that the multi-point (often referred to as “multi-drop”) memory bus model no
longer remains viable. Referring to Figure 1, one current solution uses a “point-to-point”
memory bus model employing buffered memory modules. In Figure 1, a computer system
100 comprises a host processor 105 communicating across a front-side bus 108 with a
memory controller 110 that couples the host processor to various peripherals (not shown
except for system memory). Memory controller 110 communicates with a first buffered

memory module 120 across a high-speed point-to-point bus 112. A second buffered

memory module 130, when included in system 100, shares a second high-speed point-to-
1



10

15

20

25 menory nodul e 130, when included in system 100,

shares a second hi gh-speed point-to 1 WO 2005/ 050599
WEUDSSB04/ 036964 point bus 122 with first neEREI/YS2004/036964

nodul e 120. Additional high-speed point-to-point buses

and buffered nmenory nodul es, such as buses 132 and 142

point B TBRTR VirdTBibu 26 niodid1eard, A&ﬁﬂionﬁﬁlﬂg@%ﬁ@é@b@iﬁﬂt&ﬁdﬁhﬂﬂuses
e

menory nodule 130 to further increase t system

s IR b 5 P LEPRTSIPLY Rl o
146 ; h. - Si
50, YRS SRR Sl L0 B PR R oo

plurality of nmenory devices (Dynam ¢ Random Access
capacinory Devices, or "DRAMs" |ike DRAM 144, are shown)
connect to nenory nodule buffer 146 through a nenory
d Buifferedonem¢myanodiie il isryHea of theimemarypmedilge Agnemory
addressable read/wite nenory for system 100. Fi gures

moduRsnudifed (MIMBhDW, conaeqetiodviel1%0 kda ho-siledmsindey vhamnel MBPeand a
possi bl e physical appearance for a Dual In-Iline

downdYRIR HeMBAHLBnADIMY) ACHBAAI B herRbry TRITIY (lgﬁﬂ&ﬁlﬁ: RakH8m

A set of card edge connectors 148 provi de ectrical

Accesg %n%x{ygﬂexflge;s &Q%RRM%& liEQBRA(M"Ygﬁt & glgi)%gggcér?ﬁegﬁ t8 femory

hanne reference and power supply

[ ls, etc. .15 MMB 146.i5 centrally.lacated on on
moduf, T 14 Bl amommony e e an i RS 1L BrbroBam

devi ces 144. Ten nore DRAM devi ces occupy the opposite
addressablle redd/ywotunemaewofor sygim 1B conducts al | nenory

transactions with the DRAMs. As an exenplary nenory

t Fansésla and@bsshder reapacdiselyiimtoprandisidervews sue pdBhlaplecscal

to access a nmenory address corresponding to physi cal

appealtRiFB ot 4 DEATLH NG MERHE Nodiksl IHIRIMS @mb&8iméht FE iMYory module
request is issued to nenory controller 110, which then

140. A%flsr c%rﬁg%%&gg%cg%% 188 PRFideHITRADA Yol RALR dhfbst-8Hdk and
downstream memory channels, reference and power supply voltages, clock signals, etc.
MMB 146 is centrally located on one side of module 140, flanked on each side by four
DRAM devices 144. Ten more DRAM devices occupy the opposite side of module 140.
MMB 146 conducts all memory transactions with the DRAM:s.

As an exemplary memory transfer, consider a case in which processor 105 needs to
access a memory address corresponding to physical memory located on memory module
140. A memory request is issued to memory controller 110, which then sends a command,
addressed to memory module 140, out on host memory channel 112, The MMB of
buffered memory module 120 receives the command, retimes it, if necessary, and resends

it on memory channel 122 to the MMB of buffered memory module 130. The MMB of

buffered memory module 130 next receives the command, retimes it, if necessary, and

2
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buf fered nenory nodul e 120 recei ves the conmand,
retimes it, if necessary, and resends it on nenory
W@ Rwan#ISIN22 to the MVB of buffered nmenory node@BUIZB04/036964
The MMVMB of buffered nenory nodul e 130 next receives
the command, retines it, if necessary, and 2 WD

resend$@%h chsahel 8208 MIAS 6865dn mefiRid sndduledNOTEVIDAB 146
channel 132 to MVB 146 on nenory nodul e 140. MVB 146

detecﬁ%@c%éc&rﬁﬁﬁn& ﬁ%n@&m de%o&gsrlﬁ Gh@EahQnitd a DRECIAARSmand

, and transmts a mrand  and signaling to trﬁe

b uf f er... When the conmand
a““%?%i%&’qu M q%rgﬁ}gi%y_[%tggffg wite conmand, the 5
nd incl udes a wite address a i S acconpani ed by
¢ Rl bt coBuedwHed Bhmeophaed ulsagsé%é Wik gogaRd; the
of the sane "wi dth" as the nenory, where width
commaagdringludass: wiite addngsdoand is ficdonpenisfl byathe detade bamaittende dlapt
when a wite to a single address is initiated. Wen
addrebd) eTloodmmizchfitlessand “hydie aothy memlety e whéfe wiltlarapessents the
command, the command includes a read address, and the

numb@E8Pbivs d‘fQﬁltH tBatlaPe RIRAGHRE alvprifed Hiholah@reRas ﬁlﬁﬁe@t Behen
read address 10 a few cl ock cycl es later. Sone DRAMs

the cc?ﬂﬁgﬁ@gyﬁe%l tg):rlﬁ%ﬁé@ r@@&@@[ 4(]015 %ast% co‘é@fgttaﬁ%, ﬁﬁ% go:n dﬁé B}%&ﬁes a

oper

read ;{(@(r:%:g,\f/q%ﬁéﬁe {r)]grrngltél ]ilqlﬁ rlg E | on, qag g)or\gf%—tgsdaf ci om t%e rc:adS address

mul ti-cycle operation. For instance, in a
afveCéQFﬂi%i%é f3fetni dth burst wite, wite data i s supplied
to the nodul e DRAMs 15 during four successive clock
c\SoinesDRAMEs aaahoddRAMIffes suppentt burst wvrge’bamel fhvestwedd’e
data in four successive addresses beginning with the

operatibhd, EWhES b ®8t-opdratéont CpablEEITAVE 16t €lilvBs HBUSE opdrech, the write
each DRAM reads data from four successi ve addr esses

or rea@lr’a‘éld}é'séﬁw g htﬁ tgél&t%lgg ; al1B%ss foPY'm f5bRatfd o%r

cycles. n cases er 146 nust dnprehen
t L { {
e B YRR LR bR et Bl o

during four successive clock cycles, and each DRAM is expected to store the write data in

O-.

four successive addresses beginning with the write address. In a four-memory-width burst
read, each DRAM reads data from four successive addresses and transmits the data during
four successive clock cycles. In both cases, buffer 146 must comprehend the burst length
in order to appropriately direct burst data between its DR AMs and host-side memory

channel 132.

BRIEF DESCRIPTION OF THE DRAWING
The embodiments may be best understood by reading the disclosure with reference

to the drawing, wherein:
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20 channel 132. BRI EF DESCRI PTI ON OF THE DRAW NG The
enbodi nrents may be best understood by reading the
waeleshysere with reference to the draw ng, WhRGCEUSR0048036964
WO 2005/ 050599 PCT/US2004 /0 3 6 9 6 4 Figure 1
illustrates a prior art conputer system Figures 2a

a 6 1iilnhsustek atpeiot hig comysleElstaagpear ance of a fully
buffered Dual Inline Mnory Mdule (DOMV); Figure 3

q 1 | . H . .
g %Eﬁgg% ieac dl 0% GRS @e &322362%2 {i?{)/é‘ardﬁ'ég ot & Al §18ffSred Dual Inline

with two e banks of "nenory

devi.ces; & e 4 shows the internal architecture of a
Mem%ﬁf;?@ﬁﬁm)buffer according to an enbodi nent of

the present invention; and Figure hows nmenor .

rdEHre 3 Sehereatically deniet Pve H‘ﬁ%?%én@fl‘?lfs 3&%&%&%&%@ with two

inmplicit menory commands. 10 DETAI LED DESCRI PTI ON OF
respediie tEMBOD VNS dEicss;descri ption details vari ous

conmput er systens, nenory conponents, and nethods for

| MdeeRRhowgthein@tnat architduame oy a aemuendodulsituffa according to
buffered nenory subsystem Prior art nenory access

an enfRITRANE ST GRProEniGhXAGhedigzed as "explicit" menory
commands, in that each command contai ns full

A L P e
though it could be argued that a burst operation

memery P Bnplicit addressing for all but the first

- width of dat t hi dd i i licit
bocaus DETATGER DESCRIPEIQNO BN EMBORIMENTS he

context of the present application, an "inplicit"
c Gimsaded el dettils venves gongputar|slystems, memory components, and

methods for implementing “implicit” memory commands using a buffexred memory
subsystem. Prior art memory access commands can be characterized as “explicit” memory
commands, in that each command contains full addressing and explicit data expected by a
DRAM (if the command is one in which data is expected). Even though it could be
argued that a burst operation contains implicit addressing for all but the first memory-
width of data, this addressing is explicit because it is a fully-formed DR AM command. In
the context of the present application, an “implicit” command does not contain a fully-
formed DRAM command, but is instead a command directed to a memory module buffer,
instructing the memory module buffer to form one or more fully-formed DRAM
commands to perform memory operations.

The buffered memory architecture can be exploited in this manner to improve
system performance for many tasks. In Figure 1, memory channel 112 and/or front-side

bus 108 often become the bottleneck to increased performance. When the number of

4
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formed DRAM command, but is instead a command directed

to a nmenory nodul e buffer, 20 instructing the nenory
worwasspuf fer to formone or nore fully-for neRCTIRIZD4/036964

commands to perform nenory operations. The buffered

menory architecture can be exploited in this manner to

relativ &) HOVE] traSdtRMs BESIpHFBRGEOrY @harRNY12 28K prockeol105!se
1€nymermry channel L%g and/orrg,front si de us 108 often

recuc SRR IR GRPSSIH! ‘g%%g P oa TR g

trivial transactio

applleﬁ%?ﬂﬁ@?(mf?{ff Bk B pLRBBART 80T 0 Flelrde B8 AR asirpin

a(:lty is opened for less trivial tasks. For

state @x?anﬂé 105 ﬁ9 mezpsy jbuEen C@ﬁieamﬂae@fi@nae Y @ﬁf&h%memmbbkpck to
and expect that nenory to be set to a certain state,

the zezo glate aiid bezarsts. toldo thatrtberprogedsaf dans notmedsktoi lngp thrcugitthe
once to set the nenory block to 5 the zero state and

blockbi@ sbftratedritiag Gorok haéachlibuatiph arihs dluck d iR protesp@eshdiiost
| oop through the block in software, witing zeros to

mem&&dhahRe 8kl ﬁﬁBVé Bn i8R QRetplexIheaREPERRS Qflclﬁﬂfﬂlghﬁﬁfg the
menory channel can nove on to nore conplex or varied

memb3nnd) AELUOLAGUSM AL g IRTOT v channel to access

er common operation is a

ck cop of dat fr.o n cation to
oS T e iodS  BOCR SOeOL AL O BaRP PR Dfion to
operation "manual ly," each data word nust traverse
anothﬁb sk theshroesssema reired ioparfgradhis opegtop “exmpballne atch dsta word
the present invention, however, a block copy that has
must trapsrsd hastmentbry opanntbl Addies 9o soma ethed sames ofthapresent
nodul e need not occupy the host nenory channel at

inven@ibh; Adweveg albiddkedop9 hdt Rad copffaElth end edpyatrRidresded @Wthe same
copy parameters and t hen repl icate the data itself. 15

mem&@b%%(ﬁﬂ@ﬁéed ?BP(#Z)? RS hdsmlehls RARTBRd S Us ﬂ{eull)uﬂ%rto that

ments o pr esent venti on exi st, sone
modu\i\hcan accept a tb W c%ﬁ pgrra%%tefrsue[ntdqﬁen repflca?e thtehgata pt elf b he

Many other examples of implicit commands useful with embodiments of the
present invention exist, some of which will be explored further nearer the end of the
disclosure. These two examples, however, are sufficient for an understanding of the
hardware embodiments that will now be presented.

Figure 3 shows a general electrical schematic 300 for a partial memory subsystem
configuration capable of utilizing MMBs such as MMB 400 of Figure 4. One MMB 310
connects through its host-side memory channel (SB In and NB Out) to a memory
controller. A second MMB 320 connects through a second memory channel to MMB 310
(NB Out of MMB 320 connects to NB In of MMB 310, and SB Out of MMB 310

connects to SB In of MMB 320). Other MMBs (not shown) can be connected downstream

5
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di scl osure. These two exanpl es, however, are
sufficient for an understandi ng of the hardware
wepdesdsosent s that will now be presented. Fi gurBCBUSI0#E36964
a general electrical schematic 300 for a partial
menory subsystem 20 configuration capabl e of
of MMBiIF20zi ng MVBs such as MVB 400 of Figure 4. One MVB
310 connects through its host-side nenory channel (SB

! goae& D248 fetel nBIERE ¥%ﬁ1‘§9§ 50 Liskk eﬁ:ré&cé) ra,s%e W’eaoh

connects through a sec nmenory c annel

310 ts to.NB f Me 310
MME fad fDlies ohsh 0 M e § T SRREEEA RonelEMEY” M 320) .
oM e RO

buffer 330 creates nmultiple replicas of a clock
DRAMeh édressé@qmupaed ignale arshmaden@allemate dup plailing pagblentso Gapy 1 is
Ref C k input of a respective MVB. MMB 310 connects to
distributEbfokméhorfRIEDICYs 340a- 308, di0GeB3ADIs. distvibuted v esnafry dheices
5 DRAM Addr ess/ Command signals are made to alleviate

340e- @@1 | R?@ﬁﬁﬁh JHRPDRAB DalPSirdbel sSgnatlbsd & ir&iHEEEo ELhTREMbN,
devi ces 340a-340d, and Copy 2 is distributed to nmenory

devmg e\%og %us Ia% sl?fékgftn » dé? 9%& rref'métg %1‘( H%ﬁt s”d%%@s 0 and

fou 0 eac devi ces

I nst ance, 1 blts
D) areqiie 4t HeuPoiBec o At o R G 5450 WW% 89‘{18%
340a, D@B: 15 and DS1 are routed to nenory device
340b,340 HMempry, davigesidpe deopives eighblaity UG £5ires %emqr‘scmuﬂw)
ECC (Error Correction Grcuitry) data corresponding

data doarespoadohgtta tieujad supgliechorDRQOEB. As can be appreci at ed
fromFigure 3, MMB 310 has sol e access to the signal

gg%shﬁm beap P@@fh%@ fhcin FRARY ¥, MBIB 8 B3haAoR 24€s toahelsiv paths
as sole access to the si gnal paths connected to
conn%@ﬁ%ﬁo&?gﬁc&%a?ﬁ@t and MNBI P02k 89k BE@ss 8 THR&T g paths
connected to memory devices 350a-350i. Thus in principle, either—or both—MMBs are
capable of conducting memory transactions with their respective memory devices while
other traffic flows on the Southbound/Northbound memory channels.

Figure 4 shows a block diagram for a memory module buffer 400 according to
some embodiments of the present invention. Memory module buffer 400 maintains a
substantial number of external connections. Host-side connections to MMB 400 include a
reference clock differential pair input port and a memory channel port for up to twenty-
four differential pairs, e.g., ten southbound data input and fourteen northbound data
output. Downstream connections include a corresponding number of differential pairs,

e.g., ten for southbound data output and fourteen for northbound data input. Memory

device connections include a 22-bit-wide DRAM address/command channel, memory
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15 capabl e of conducting nenory transactions with
their respective nenory devices while other traffic
WO pde50599 t he Sout hbound/ Nort hbound nenory chalC&US2004/036964
Figure 4 shows a block diagramfor a nenory nodul e
buffer 400 according to sone enbodi nents of the

dev1c@5]8§l§ﬁ§ siigh¥8 Nnkd QN72- ERAY DR gta BUE fvéth 1908its®H datadtishe
substantial nunber of external connections.

mgnalfx%s tysidls bﬁﬁ@l@iﬁ@.—lﬁb@f }egelly@@ AA%HvBG! i firfe glgnahng on these

erence C ential” pair input port and

connegﬁ;rfseg r ha |110L'cgrgrr§tsh<£v9% e)qﬁ{cgﬁ/ gﬁfﬁgr Ile C dlg 1on of thetse circuit

and fourteen northbound data gqutp strea
clemensrineeH s ToheH iRdbLohE SRS GG Rofh aﬁaﬁ“ﬁnmnts "For instance,
differential pairs, e.g., ten for southbound data
a clockeinpuit 48hdorftaius pmﬁquued henps fibenlraplitataas ang deivemsestos hut
devi ce connections include a 22-bit-wi de DRAM

such ARUItBSIS M6 nffaect fedia e usedie iy prids aWO 2005/ 050599
PCT/ US2004 /0 3 6 9 6 4 device clocking signals, and a

73nB 'r{,méﬁh@& @W&%@e@ﬁ%c%ﬂahbl@&s@hﬂﬁea@ﬁ b@@fe@criﬁeHQH @Larn

signali ng Various buffers, flip-flops, receivers,
dr,i ver 0 ,
art BT Gt Al ity E‘?BJS}?@%@F. cPfﬁ‘*@ 50§28 Elepy channel
scri t|o of the ircuit el ement S i.s om

port @ e QPR DR B IRIER ST BHG TGPV RE RiTbol P gmple
For instance, 5 a clock circuit 405 contains

the meynaxyechaned! @arts asponsiderably neeprrition the RGN pidepycommand
etc., but such circuitry is no different fromthat

port aud etk DRAM datpporir(tharciack Fate on enenancher meomot ehannetse hewever, is
functional blocks will each be described in turn. A

muchthﬁ @Hes fiRh thUE1IbEE rafeléh MeDRAMYpITRY. eAv&sdidalya thah ot bifer 410

host - si de nenory channel port and repeats that data

de- mlﬁﬂgle%?s Pr%ngﬁﬁéﬁﬁ& a5a a8 rfghlﬁé‘ BRIhRRME méR ok ¥iBinnels. A

the nenory channel” ports are considerably

oA 300 G BRENE S536 SR RO A on
e B S e S b ot S e
requested.

A DRAM command decoder/logic block 430 receives addresses and commands
from transfer buffer, and determines if each command was directed at buffer 400 or at
some other buffer, When a command is directed at buffer 400, DRAM command
decoder/logic block 430 can initiate appropriate signaling on the DRAM channels to
perform the requested command. For instance, if the command is an explicit write
command, block 430 directs a write data accumulator 440 to receive write data from

transfer buffer 410, loads the write address and command to an address/command buffer

435, and times driving of the write address and write data to the DRAM devices. For an

7
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de-mul ti pl exes commands and data traveling along the
sout hbound nenory channels. A second transfer buffer

WO 205080590rns a simlar repeat function for noRETHIANHI036964
data, and 15 nmerges data fromnultiplexer 455 into the
nort hbound data channel when a read has been

explidiERE@ sb@ethand) tRERAN cadrennshddesmtiai/ arodiivenbioatik DFBOM devices,
recei ves addresses and commands fromtransfer buff er,

and ajg%j B84 6589 ahd Fﬁg@%ﬁ?gg?% V?ﬁﬁﬁle@ kd RIS @Ak é@é&fc{a% back

or at sonme o en a conmand |
to th di rected ?t buf fer 400, DRAM conmand 20 decoder/ | ogic
o thepeyaRryLo8Uelet- i nitiate appropriate signaling on the
DRAM channel s to  performthe requested conmand, For
| iRagrdrer 90 alkaady: SyRRlies Afdresnes, SRBITABD AR Pite data 10 the
command, block 430 directs a wite data accunul at or
DRAMAGevieesr aclaeads data frem det ARAM devicesanld ith the Lpmect4moing, this
| oads the wite address and conmand to an
functRadlitesan 06 everugediof fupply adidfesseanebriagis, aird/vi daga dfont hocation
wite address and wite data to the DRAM devi ces. For

other @hnth¥\EARRARMA IR IP pHE TAHIROLE LOREARE 46X Rhd 8 ivirite @Ak

comrmand, the read address and conmmand are driven to

gener}am&? 4W aqﬁgél g@ﬁis en’?o%gir@?né g&%@%@{ %rc]fs? %Héc%ﬁ%hed's%gr%g %g DRAM

t'i plrexer are. ena ere ata

. gack to the nmenory controller. Since buffer 400

signaypg U s uppl i es addr esses, conmands, and wite data
to the 5 DRAM devi ces, and reads data fromthe DRAM |
ddipkieit commangi 4 Prasessed ps Edlowis; REAM qompmand decoder/logic 430
functionality can be | everaged to supply addresses,

decodes mranuisandaand /motes that & i amnimpicitooatmand. IHtheamplicircotineand
sout hbound data in port. An access controller 460 and

will iflvolé b @ri@bperat@RiN e Fait®datd fenedteonaddédisisiprialddsto write data
enbodi nent to supply such alternate sources of DRAM

cne %) DRl AR e i gren
addresses and/or commands, as needed, are passed to access controller 460. Access
controller 460 generates appropriate explicit addresses and/or commands, and sends step
signals to write data generator 470 when more than one explicit transaction is to be
generated.

Figure 5 contains further detail for access controller 460 and write data generator
470 according to some embodiments. Turning first to access controller 460, internal
components including a control/command generator 462, an address generator 464, and a
parameter register 466 are illustrated. Control/command generator 462 determines from
the decoded implicit command what parameters will be received, and writes those

parameters to appropriate locations in parameter register 466 as they are supplied by

DRAM command decoder/logic 430. Control/command generator 462 also triggers

8



10

15

20

decodes a command and notes that it is an inplicit
command. If the inplicit command wll involve a wite
WQ@pWrasisen, a wite data generation node is siREEUSMM04/¢36964
wite data generator 470. Paraneters necessary for
access controller 460 to generate explicit addresses

addre8 érefat GOIGIRE @Sner@s at@eshes!, supples Pesspeorted&Eiss c ommand to
controll er 460. Access 15 controller 460 generates

addré&@%%ﬁﬁ@ﬁﬁf&?ﬁ@ljj @d%ig?&ﬂb@&@%ﬁﬁ%e He%}Yﬁig‘i’émaﬂg%rive

sends step signals to wite data generator 470

nor.e. tha xpli ¢l ransaction is to be
comn&%ﬂ%@a&%@.@gﬁy g:e%w(l:t%lﬁc%%gwgggrmt% S et ai | for access
cgg ol l er 460ﬁé‘ﬂd wite data %enera og 470 agccordin
t PRS SERASRIAT fehiesCIvaLieRith and PR F18Rals ergegtrol/comman
controller 460, internal 20 conponents including a
genergiontand|genesatea addreisaebased pn Aigvparameterd diosebingermneiepregister
464, and a paraneter register 466 are illustrated.
466. Ceatmtll/gidresepehegroetclt fonctim? aded eddressesutien althduzgh more
decoded inplicit command what paraneters will be

sophis@GeldRbres@Rg fAMctibRSwINRS&pldpddsBRs@r S to appropriate
| ocations i n paranmeter register 466 as they are

Col#r%? Arﬂé?%%clg%%tg nd g é[ §11ceér at O%vﬁ%@a?%ﬁé%}s?a ?él lg%eé‘%% f0§ a\%ndmg
. ..2005/ 050599, PCT/ 04 /036964 address generatol 464
implif) CBRBRS G PR AINESS: SHNGT AT TS IR haRH g, 4nd loop
explicit command to  address/comand buffer 435, and
countsiagpragteDRIhepmReledBpbeié eomagnes cpydl teguige pther parameters,
commands to the DRAM devices with the appropriate
and njanyireqpireAntir & sbsetarfeha@se showt4Otlee wanabdes; apbtas aand-eat eqad
signals fromcontrol/cornmand 5 generator, and

and/og @Rig¢ ad®sss Athe R SBA6tahrd efltHendiRes gakan®iRktorsd DIre gisiet 466.
paraneter register 466. CGenerally, address generator

o D L £t B g
1reg1st%1e 5’94\'[,:’%{15 gl : é(%%ré)é S%(&}%%tgo{n d;ocgeg ﬁ%}lgl%lgt%r M@t FHER an implicit write

ara ers

command is pending, DRAM command decoder/logic 430 supplies a Mode to data
generator. For some commands, the Mode could be accompanied by an explicit write data
value or pattern. Other modes will instruct data generator 472 as to where to find, and/or
how to calculate, such a data value or pattern.

Pattern register 474 preferably stores at least one memory data-width worth of
write data, and may store much more in some embodiments. The pattern register can
receive data from many sources, including data generator 472, ECC calculator 476, read
data buffer 450, or possibly even itself in a looping mode. Pattern register 474 can be
configured as a First-In First-Out (FIFO) that steps in response to the Step signal from

access controller 460.
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implicit command. Wite start address, read start

address, length, skip Iength, and loop 10 count
WE20808529 s are shown. Sone inplicit conmands ROGUUSR004/036964

require other paraneters, and many require only a

subset of those shown. O her variables, such as a

CBCE bilctilend 476 ipticulryt wefidl i @8mort@RtRAs Mhat §ibRi BEd data
in the address generator or stored in register 466.

as pad{Voir bferflQlrfte Ggé}ﬁﬁ&{ R alth60ddrcBbE hAPL M BBR Ué‘%ﬁ%rs"?‘ ARt a

generat or 47 a pattern register 474, an

avallelgbril_:)@?% iEtEQf ga?ﬁliltgqg@gﬁ)wsc% C%élngita? it éﬁz (?o %l?cﬂmgﬂ}g)ry words

pen
decoder/ 1. 0qic 430 I ies a de to ata ener at.or..
whengzhe MapRes H&% REis gerrsates doss ok alg ‘Pﬁté‘d‘?%?ma‘i? an

explicit wite data val ue or pattern. Gher nodes
ECCwplug. i nstruct data generator 472 as to where to find,

and/or how to calculate, such a data val ue or

p &everhimPrittconmandg imdll @owdéLxplaated tahlugtratedross that

| east one nenory data-width worth of 20 wite data,

embodienTBY FRUSS © ciisduddBie géﬂ&ra%@&g)li@ﬁ‘m@@h ®dotnmddB. The first

pattern regi ster can recelive ta from many Sources,

examhfaGh a geRclod Rierd @pre%sﬁra l‘Pcrlt alzzrefﬁgzory
B S PR Ry § )

at a or possi y  even

comnifiGporifes i %tsf*(@??%?‘&r é?%ﬁ%f’ql{ual??@ilasnfiuﬁ The

the Step signal from access controller 460. 9 WO
Initia}igRbion OGS DRESYH! (53D 8P S8 o4 2o Darias kot aluy o Pagtern

_particularly useful in nenory systems that store ECC
Registratdd4. dbe Yenite Sodrt Avdregs snd engihpare stritten to paminiadey register 466,
detection and correction of errors. The availability

and address(@eneatar dloatiomitbligedio thysVritaiSaargatdéesd. OAddréds féherator 464
formvalid nenory words when the manner in which

suppli’é‘s lah ﬁdﬁ@&ﬁo a%d&@ﬂ@d’tﬁh@ﬁ’d Baes 4@9tcoﬁ{r59<‘,’$rﬁﬁ’ﬁn@ géﬁe1£t9r 462

calculate an 5 ECC val ue. Several inplicit command

suppli’g's al‘n eQﬂY&R%nf%xc%llrﬂ’haﬂﬁdco aS&eés/c%%ma%}d%ﬂf%\Mgg and pattern register

474 supplies the Initialization Value to write data accumulator 440. DRAM command
decoder/logic 430 then drives the write command to the memory devices.

Address generator 464 increments to the next address, and the cycle is repeated,
until Length addresses have been initialized.

Several variations on the InitializeMemory commands are presented. For instance,
some commands can refer to an initialization value already known to the buffer, such as an
InitializeMemoryZero command, which would signal a Mode to data generator 472 that
causes the generator to create a zero data value, or an InitializeMeroryOnes command
that would do the opposite. Patterns can also be created, i.e., InitializeMemoryCheckers

that would cause data generator 472 to alternately place all zeros and all ones in pattern

10
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enbodi nent of Figure 5 can be used to generate
explicit menory conmands. The first exanple is the

WO paosisispzat i on functi on descri bed previousl y.PG¥US2004/036964
inmplicit InitializeMernory comand supplies a Wite
Start Address, a Length, and an Initialization Val ue.

registd €741 OnktBad biafohésﬁ’taln@l‘fzéfaé Uthel il Ra e661d HeQuplicd from a
generator 472, which wites the value to Pattern

conﬁ%ﬁ'gﬂloﬁ{ fkistt Aronl Ia%é%é Geadt 8f fn ¢ 6%5&&12}1}%&% eRWlkePhfttern

ten"to paraneter eglste ress

grator. to,t
coutd TR b3 HRERAP Tkt Atk S Elepeasme st
addr ess/ corrrrangté)uf fer 435, control/command generator
4dm r@%ﬁp%gzo og;gg(g %qllgmm ¢28 CaBRRAtRggnsrator 472 to increment
addr ess/ command buffer 435, and pattern register 15
an intdget stauidpg valse foneadhriuciessive ateimomy Washtien (hy ameior by daperified
accumrul ator 440. DRAM command decoder/ 1l ogic 430 then
amouflt)] ores baseetheadhth &albe wAmiNtaddoest berremiyogenechead Besidress generator
Address generator 464 increnments to the next address,
464. and the cycle is repeated, wuntil Length addresses
have been initial i zed Several variations on the
It e
z%nsmé%z%&f?@ﬁ BOVRQfRR] kSN b JR0ERGE e
known t o t

concePls B AeH BAVHIYEReAS o %”ﬁf%ﬁﬂfgsSucﬁeﬁp%me@r%ﬁlgmn%rh and

Mode to data generator 472 that causes the generator
Loop ((upt ag serpliedesush thet afterdienath asidregpes are written, the Address

InitializeMenaoryOnes conmand that woul d do the
Genemppoekips ¢orviad by Bkip Iecapthadddmsizs and egdindvrites bength addresses,

InitializeMernoryCheckers that woul d cause data

until 9 @ALAGHehis4 63p TCouad tirgédd Fueh ¥ fhaa calild tealseful,an, ialinage
ones in pattern 10 WO 2005/ 050599 PCT/ U82004 1703609

rendeﬁn 1§ SAHRE or‘b?% vettld f ,8f in é’glﬁéads?&g or 4R5BRe tabld¥o clear a

ues cou d be supp led froma  con uration

froma nenory read, or in the command
COlun{nt(%ltﬁ‘%%%}f | onger pattern could also be specified with

T R T R IR
addregs%g 2011913 ?32 rsl?lgp?ired is7 gartt gf ’éhg %glflg‘ienqlt)licit command.

Likewise, a ReadMemoryRegions command can accomplish the same thing with a
read command, allowing selected data regions, related or unrelated, to be read in a single
operation.

A ReadMemoryBlock command can indicate that Length contiguous memoxy
addresses are to be read. Although functionally similar to an explicit burst read cormmand,
such a command could be used to read a varied range of desired lengths of memory

blocks, even some considerably longer than those allowed by a burst read. Such an

implicit command could even be implemented inside the buffer to use multiple explicit
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5 an integer starting value for each successive nenory
| ocation (by one or by a specified anmount), or to
Whawse0sdse dat a val ue on the address currently REFES20£eB6964
by address generator 464. An InitializeMenoryRegi ons
conmand can be conbined with any of the above
burstéeHACRRiBardde. set a non-conti guous bl ock of addresses.
The pararreters Skip Length and 10 Loop Count are

SR U el SO A S0t
L h d
some&%ﬁ%tfhm%nqﬂﬁﬁ%ﬁﬁﬁﬁﬁ%% S LR SRR i

comme o g5 CBPRRCOTTH Beb e 67 '@c@s&%‘&%qﬁwépnq‘éae and vt
spreadsheet or database table to clear a colum of
contextsealteamately re®ling dasa haoughyread dasa bufferdtSe istotmetiegasgistard74
different |lengths and unrelated starting addresses
and tleanskdtilethatigpd freth @steparelistel 47he warRlatagucumulator 440 in order
command. Li kewi se, a ReadMenoryRegi ons command can

to rep'ii%ﬁt@ Rk ko Bﬁméﬁ@? hinb@eMdelzibnd If t'h@ 6hdcRR @ﬁemﬁed with a
Il owi ng sel ected data regions, related or unrel ated,

e [ [
small&fs%’%sﬁe &Még%ﬂﬁiﬁé’g%mﬁtﬁ &ngegg ﬂllte Led Cdg?ae tgte “Eg% B%%Ck until the
s nmenory addresses are to be read. Although

wnte&:i)m:ﬁﬁ gﬁﬂ lly simlar to an explicit burst read

connand such a conmmand could be used to read a

A¥lmstothergenmainds e84 ppidonsarqpersibls. lismstance s wesks can be

even sone consi derably | onger than those all owed by a
supplindrte enztdae paBatHatarwidihnipitiabzatioodmaeegiorc aihemexye MA pause™

i mpl emented inside the buffer to use nultiple explicit
functibh WDbe 2apleffz0fR8 FronCIDRUIAROMnidhdAcboRr/foglc M0, 8¢ sti®asl in

commands. The reading and witing inplicit functions

Figure 8S GVhLEsh RPANE iSRMiREOrCOPPEORMahdis executing and a second, explicit

memory command is received, DRAM command decoder/logic 430 sets the Pause signal
while it performs the explicit memory access requested by the host. Subsequently, the
Pause signal is deasserted to allow what is essentially a “background” operation to
proceed. Of course, it would likely be up to the host to ensure that unpredictable results
would not result from such a pause operation. A cancel function could likewise be
implemented.

One approach for preventing unpredictable results could be to store a status value
in a completion register that is accessible from the host-side memory channel port. The
host can then check the progress of a pending implicit memory command before issuing a
potentially conflicting command. A simple completion register can be set to indicate

“pending” when a new implicit command is received, and then set to “complete” when the

12
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sonme enbodi ments to forma conmand such as a
CopyMenor yBl ock conmand. This command can cause
Weas08I59Cconmand generator 462 to switch bet weRGT/UE2404/036964
and wite 5 contexts, alternately readi ng data through
read data buffer 450 into pattern register 474 and
cormﬁalﬁ@ '?s &ﬁh]%lbt‘%g AMREnafaf, 3hd SRIBsR %Eﬁe%t@r it D §(§1§8 bé édpdiRd to

a accunul ator 440 in-order to replicate one

[ n e [

1nd1cz{t {%\gr}%@%h pggﬁg&‘ylﬁls Bedd 1%(% eorf'éuglgl %ces%%ég é%%}nqéﬁ%p%og%{'l
set to repeat the read data into the V\{albte bl ock unt|I
t KeCOMPHETRIARBUASK CPBPHSH| T INGTHTUELA §N BEITRRLIEAIAGARS Ohp grtime
options are possible. For instance, a nask can be

librarg gpipb¢ epignsddn ke @d‘eanwetoif afnplerat HeRPE (Pmpndsawheomsuchnare
in a region of nenory. "pause” function can be

availdbiy bg femtieg ah imphidﬂ?mmomnmnmamﬂeto pdeesd ogple di30masipulation
shown in Figure 5. Wien an inplicit initialize or

loopsC WPenGRE M@ NRink To8X Rebduld, anflict memerbon@X@ldstird transmi tted to
menory conmand i s received, M conmand decoder /| ogi c

a buft%l?b(a] e ?rfrﬂ@dﬁ@ﬁ%xéérﬁ%lmt%ﬁhé"@iahlglt'rﬁe gg{rﬁnﬁpﬁlat would

rrem)ry access requeste

e Pau SS rtedto al | ow

otheryig BT S8 e b iR e Gogl raglema%-‘fﬁﬁ AL

proceed. O course, it would likely be up

t Mamsdrsisablp seTviRs telnicnaL 18 hedERlAmET AT %Wffrggaéwsmg

fromsuch a pause operation. A cancel function could
some [off iwieserilisd enmibegineentmtlang insticeyia agjyprwigahemory system where

preventing unpredictable results could be to store a
meml dlacks vad di®cated teaprocaspdsek neededegd dealochiedwhiea not needed, an

accessi ble fromthe host-side nenory channel port. The
impli&iP 8leaf MRmb R AN Rindnd& aR be Uified 8Y tie di)%fb@in@%yét@%l viehiever

mermry comand before issuing a potentially

mem %gn %a?l%)&ﬂgd g&m@gﬁpm&tﬁgg@én%u FRR a%g hQ{‘left%Q Pﬁytrs?{al GRBhory

pen
nd | ecei ved, and then set to "corrpl ete" when
when Ha} 053 195 1oR56 PY 8 BEIBHBCT/ US2004 / 036964

One of ordinary skill in the art will recognize that the concepts taught herein can be

tailored to a particular application in many other advantageous ways. In particular, those
skilled in the art will recognize that the illustrated embodiments are but one of many
alternative implementations that will become apparent upon reading this disclosure. For
instance, the described functions can cooperate with, or be part of, a memory Built-Inn Self
Test function. Explicit addresses and commands generated in the buffer can be passed
directly to a DRAM command decoder/logic block for sequencing. The functionality
exemplified by the described embodiments need not all exist in any one embodiment.
Likewise, many other implicit memory commands are possible using the broad concepts

taught herein. This description is not meant to be a catalog of all possible implicit
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command is conpleted. Alternately, the address
generator value could be supplied to indicate how
WOrRWRfsyr ess has been made so far in processPEUsRAN04/036964
inmplicit conmand. A conputer |anguage conpiler or
interpreter, an executable program or a runtine
comnhdn@gary can be designed to take advantage of inplicit
menory conmands, when such are 5 avail able, by form ng

SR} R IR0 o e PHOBRTS, Ik T3 criona
blockg ST e deBRGT DPRBaUT & PEITLRBSRLA? SAEBTE nAEMiSd,

explicit menpry conmands .t hat uld, ot erV\Afe have .
functiomalyehewnewaodind slbwnglsd%a@teﬁo ISR mayperipglemsgied using

processor. Many desirable software techni ques can be
multipleploepeatirerciuith dr oveeovsah&hdnned andbusl Oidttsneigodlinghe

descri bed enbodi nents. For instance, in a dynamc

frequeiRdI®y, DISNS lsButshareber BE ARorPHOd ks, edrerohbhgatoedlst @c., are all
processes as needed and deal 1 ocat ed when not needed,

mereﬁfﬁ)lreéeﬂféh é@ bia 168" YRVIRR! Y BhFKmERIBREK CH MG Rory and/or

tiate e operating system whenever mefory is

memgrgrt +&?¢f§ts?a%ks ﬁiu Ult@?ea&evpc%g eélfch%lh&i %18@1?’ £t§o\§1§iageaén%oh1f>assed
it SR D PO i Sp 2 R b e e

be tallored to a particular application in many ot her
dmﬂ@dvantageous ways. In particular, those skilled in

the art will recognize that the illustrated

erffiedireceding earbe dbukntoare enémpiarny Akhdughnlat speeification may refer

i mpl ementations that will becone apparent upon reading

to “at’NFendti SEb@SHT, 6r “Jode” ehibSHRHNS) inhrevélasietdtdag this does not
functions can cooperate vvlth or be part of, a nenory

neces@éﬁn‘#gnégﬂ el leg.ChszlC%?éf%mII sal@é %Hb%ﬂﬁn&?@f §§ 888t Rature

S generated In t er can be

rec C nnand decoder/loglc block for
only %@’&ﬁéf?c%lﬂﬁ&e?ﬂgm e&?l onality exenplified by the

descri bed enbodi nents need not all exist in any one
enbodi ment. Li kewi se, many other inplicit nmenory
commands are possible using the broad concepts taught
herein. This description is not neant to be a catal og
of all possible inplicit
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13 WO 2005/ 050599 PCT/ US2004 /0 3 6 9 6 4 conmmands.
Many of the specific features shown herein are design

W@ bws0#599 The functional bl ocks and signal s deRCF/URO04/036964
herein are all merely presented as exanpl es. Likew se,
functionality shown enbodied in a single integrated

circuit may be i npWERTISCIUSIMED Ks:hul tiple
cooperating circuits, or vice versa. Channel and bus

ncies, DIMM I ayouts, nunber of
1. A‘%é?ﬁ&? mak \}‘?{:]giﬂf&%%ﬁo y

bus protocols etc, are all

LT R e L R

nmul ti pl e devices. Such mnor npdifications are
a entemanchdecoder ideppds qomunandp surived ekthehostnids mewani dipnnel
and are intended to fall within the scope of the 10
port, ik abmeanthinchrdaupatilergt embogling nommand tsepcemd ary.
Al t hough the specification may refer to "an", "one",
a MeNVN&vVice McessOAROIE@ND eﬂpmib(a&)orﬂnmrﬁlehaer@ an implicit
| ocations, this does not necessarily nean that each

comnﬁtﬂ@ eq;ﬁée%@f‘aﬁng at ferttolﬂg eRpHER Iﬁém&‘}'aﬁ‘géys CSthmagll t& ﬂ‘l@tmemory

eat’ur e y applies to a single enbodi nent
0599 PCT/ US2004/ 036964 WHAT |'S CLAI MED | S

chvw%%ﬁ%ﬁ%@éQEy nodul e buffer conprising: a host-side

menory channel port and a nenory devi ce channel port;

a conmand decoder to decode commands received at the

host - si de nenoré_channel 5 port, the commands
2. Thevaruahngodile buler ofam hptherin thegitrenidoneypliciagememand type

nmenory device access controller to respond to a
includes atrizngt onavinphiciawriteng@nmantd with a command format that specifies a first
region of memory to be written to and includes less explicit write data than would be
needed to fill the region of memory, the buffer further comprising a write data generator to

form implicit write data in accordance with the implicit write command.

3. The memory module buffer of claim 2, wherein the at least one implicit write
command includes a copy command specifying a second region of memory to be read
from to form the implicit write data, the memory device access controller responding to
the copy command by causing the buffer to read data from the second region of memory

to form the implicit write data.

4. The memory module buffer of claim 3, wherein when the second region of memory is
smaller in size than the first region of memory, the write data generator forms implicit

write data by repeating at least some data from the second region of memory.
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command type by generating at |east one explicit

nmenory access command to the nmenory device channel
WQ00s/0505% 2. The nenory nodul e buffer of clai nPAT/US2004/036964

wherein the at |east one inplicit command type

includes at least one inplicit wite command with a

command format that specifies a first region of

menory to be witten to and includes |ess explicit

5, Twﬂnkﬁoga{r@gaggpgxw&i &, WS thela®1dabd dneli gg&gg;thgen of

menory er furthér conprising a wi

enerator to forminplicit ite Ln.accorda
comnff s a B TirBRaing grdplinan e, &% bt E R 058
nmodyl e huffer of clajm2, wherein the gt |east one
generpigp fQrEisimpyiey write, PRHIE e ot V&%lﬁ?orclaﬂmf?&dgresses
speci fying a second region of nenory to be read from
throughout therfirstiggiomel msimoryw i t e data, the menory device
access controller responding to the copy command by
causing the buffer to read data fromthe second region
of menory 20 to formthe inplicit wite data. 4. The

6. THERBRSryRSHHIE bREES (el X hdleBid theVd RIa8H dheWnBNcit Weite
second region of nenory i's smaller in size than the

[ : : far
somfehfi el s WofionfHRE ime 8 S Ao bR R AT IRE B Wi
frompthe secon egion of .menory. 15 2005/.050599
first i LB SO CRIn P HERBR FEIT ETBRAPBPIE RS Sty
2, wherein the at |l east one inplicit wite conmand

repetifiyely ggearaing bapedalieshppttedl ng a data val ue, and
wherein the wite data generator fornms inplicit wite
data by repeating the data value for multiple
addresses 5 throughout the first region of nenory. 6.

7. TH@emBAPmpdie Buffer dieidigre, Girttel abmipdsingvh @agdrA rédi®eradoupled to
| east one inplicit wite command includes a command

the w%i%ﬁaﬁ%ééxﬁ&t&ﬂ@%to@e e pHRETRGFpRREL.ern is to be witten

8. The memory module buffer of claim 6, wherein the predefined pattern is at least
partially dependent on the address being written to, and wherein the write data generator

forms implicit write data using at least a portion of the address being written to.

9. The memory module buffer of claim 2, wherein the at least one implicit write
command includes a command having a format capable of specifying the first region of
memory as a non-contiguous region of multiple disconnected sub regions, the memory
device access controller having the capability to direct writing to each of the multiple

disconnected sub regions in turn,
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first region of nmenory, and wherein the wite data
generator fornms inplicit wite data by 10 repetitively
wWQ2me03sPNng the predefined pattern. 7. The nend@E/US2004/036964
nodul e buffer of claim®6, further conprising a pattern
regi ster coupled to the wite data generator to store

10. Th® freRioed BfodiR bubRf b8J1Mim 9. 3hSmertloey aBnE a¢cceREdho et Haing
of claim6, wherein the predefined pattern is at | east

the cﬁﬁgﬁf\}ﬁ{d %Sﬁjo%a%‘g%aﬁn&ﬂg%&%a@%@tﬁlgkﬁ&ﬁgadﬂ%&s} ‘tz%: Ifétngth,

erein the wite data ge r forms 1npli

. W ite data,usi at least a portiaon.of e, addr ess

sip ithcerio Bdh o g YRR Y EnelBy vt dsi e SBEE B agdppsses
2, wherein the at least one implicit wite 20 command .

equal; ta dhe wete langth anhslppiag R Agnes of gﬁ@i‘ﬁfse% %@Lt%ﬂl@ﬁlﬂp length, until a
specifying the first region of nenory as a

numbgo nf sbregiguoesial tthe spestiiaduiunibsr ef sibseganebasdeen iritten.
regions, the nenory device access controller having
the capability to direct witing to each of the
mul tiple disconnected sub regions in turn. 16 WO

11. Tég ??Wﬁ%%u@%ffeﬁsgmﬁhpi%eﬁ%q WA R RnérARMErprises an

er of claim9, the nenory device access controller

error 2%%%0?%935&@ gé:r%fag& Jag%%? tgg gérfe\?\aﬁﬁggnteﬁoﬁg(ﬁ?émgﬁ ?B&Q ert of an

ng "'eng
. length, and nunmber of sub regions, by repetitively
lmphﬁkti“g}t‘ﬁaataé{‘foé‘?‘to a range of addresses equal to the

wite I ength and skipping a range of addresses equa
to the skip length, until a 5 nunber of sub regions
equal to the specified nunber of sub regions has been
12. The inetreny nibdule Buéfenendaiyn dobeimentouf eniceathasheiportaving a data
wherein the wite data generator conprises an error

widthG SHe' iR G ek i IEMBIRNRS Ao AR Feh&at0f todRARKI Bbdrtign af the data
error correction code as part of an inplicit wite

widtl?(ﬁ,gﬁlr%ewgs reggorgsi?ve 18R i i Faf YoriR a\”ﬁ/ﬁg Hffg&g gl{l gl%pﬁéiﬁk%gland

nory device chan port
specifies a partial-width write command.

13. The memory module buffer of claim 1, further comprising a pause function activated
by the command decoder when a second command requiring access to the memory device
channel port is received during activity related to a first command of an implicit command
type, the memory device access controller responding to the pause function by pausing

execution of the first command while the second command executes.

14. The memory module buffer of claim 1, further comprising a completion register that
the memory module buffer sets to indicate the status of a pending command with an

implicit command type, wherein the value stored in the completion register is accessible
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wi dth, the buffer further conprising a data mask
generator to mask a portion of the data w dth during
wWawRisespesponsi ve to an inplicit conmmand typePAIEsR0041036964

inmplicit conmand specifies a partial-width wite
command. 15 13. The nmenory nodul e buffer of claim1,

from therliddeside aivpidrs chehnal puatise function activated by the
command decoder when a second comrand requiring access
to the nmenory device channel port is received during
activity related to a first conmand of an inplicit

evic cess contro
. RSy R OB SRS Rp B having
execution of the first orrmand |l e the second
the cqaRifinle Texngiied command g RS T read length, ki
claim1, further conprising a corrpl etion register that
length,ad mpmdey o @ uEgoby V@pegév@ymdux@oﬂa@aﬁr@thngﬁ off agldresses
of a pending command with an inplicit command type,
equalvib ¢rceiead tehgthvaldukippingreadngaof dddresanplyailito ther kip Rhgth, i18til a
accessi ble 17 WO 2005/ 050599 PCT/ US2004/ 036964 from

numbleP6f §iBSEgidheequAe IRy ssRamauntdRF bf su%@egﬁﬂ@hzi@&ﬁ Yead.
nodul e buffer of claiml1, the nmenory device access

controller having the capability to respond to a
command fornat specifying a start address, read

and er of sub re ns,
16. g0 of §lBe Rara &7 Hiont o 1 PUERE pitied rocifi St
equal to the read | ength and skipping a range of
COmMpHgdeesses equal to the skip length, until a nunber of
sub regions equal to the specified nunber of sub
receiyingnat sty @erthe madule,l6contnanest dpecifichg wm ihpligt eetesotthe
menory on a buffered nmenory nodul e, the nethod 10
mem@®Tpri sing: receiving, at a buffer on the nodule, a
command specifying an inplicit wite to the nenory;
in response to the implicit command, forming at least one first data word/first write
address combination for an explicit write to the memory; and
transmitting the data word and write address to the memory as part of a first explicit

write command.

17. The method of claim 16, further comprising:
reading a stored data word from the memory in response to the implicit command; and

forming the at least one data word using the stored data word.

18. The method of claim 17, wherein reading a stored data word from the memory and
forming the at least one data word using the stored data word are repeated for multiple

memory locations in response to the implicit command.
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in response to the inplicit command, form ng at | east
one first data word/first wite address conbination

WO 005/88058xplicit wite to the nmenory; and 15 PCT/US2004/036964
transmtting the data word and wite address to the
menory as part of a first explicit wite conmand. 17.
The nethod of claim 16, further conprising: reading a
stored data word fromthe nenory in response to the

19. Th@%éﬂ%& of ORI 1RGN fotf J{goa[t %a@goﬁ%‘c%ofd%%éfe rﬁgﬁﬁ%s(i

data word using’the store data wor d

com‘r?ﬁatfonafoplﬁlg;\%ﬂm rﬁ' o {1]1%%? ggg?%dr%deglha%ﬁg%fagge%peciﬁed

usi ng the sto vvord e repeated for multiple

by thedmpligt ?%E@ﬁl%ﬁ%tﬁﬂﬁ@%ﬁﬁé@rﬁﬁe%he i nplicit command.
18 WD 2005/ 050599 PCT/ US2004/ 036964 19. The nethod of
claim 16, wherein formng at |east one data word/wite
address conbination for an explicit wite to the

20. Tiee mpetlyo doafigariinsks whersdathe rgtaavatiad spesificdiBy gredaiplitie dontiyand is
the inplicit conmand for nmultiple wite addresses. 5

deterdfinediereb®h B adaRie fdn@h Bhtldin i€l n the data val ue
specified by the inplicit command is determ ned by

reading a value froma pattern register. 21. The
nmet hod of cl ai m 16, wherein form ng at | east one data

21. Y PRl o T B et e AR B S e o

address. 22. The met hod of claim 16, wherein the
combipaiieRsamPpiaes Prainemdata wor thet éf@ﬁmagte?élysde@@ms opdljiecridte

of nmenory, the nethod further conprising transmtting
addregssecond data word and 15 second wite address to the

menory as part of a second explicit wite conmand, the
22. The method of claim 16, wherein the command specifies multiple non-contiguous sub-
regions of memory, the method further comprising transmitting a second data word and

second write address to the memory as part of a second explicit write command, the

second write address non-contiguous with the first write address.

23. The method of claim 16, wherein forming at least one first data word comprises

generating an error correction code to be written with the data word.

24. A buffered memory module comprising:
a plurality of memory devices; and
a buffer connected to the memory devices and having

a host-side memory channel port,
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second wite address non-contiguous with the first
wite address. 23. The nethod of claim 16, wherein

WO 2008080§9at | east one first data word conpri SeRCT/US2004/036964
generating an error correction code to be witten with
the data word. 20 24. A buffered nenory nodul e

conpaichinmgind decgiler tddcbie efmiidI ¥csiesd gehe hagithide memory
buffer connected to the nenory devices and having a

chanﬁF’EQ C%brts’ih@%oﬁi%ﬁﬂﬁy i RRIMpel: 10QF (gg éé%liypcg%x%ggg&%nd

US2004/ 036964 a conmand er to commuands

recei t h - Si Menory annel port, the . .

Cormanidnty 0 BERS ASuIRERbond PR R rpitinginpdmpici

and, a nory devi ce access controller to respond to a
comigi AR DR EVASHEH AT HBFHERENS EdFATRoRF TYRIEIHYCHeRErEs NG

and transmtting at |east one explicit nmenory access 5
commpyifaibe memenedsyigesr y devi ces. 25. The buffered memory

nodul e of claim 24, wherein the at | east one inplicit

command type includes at |east one inplicit wite

conmand with a command format that specifies a first

25. The B1:1FBre@ mdMRIFP b duR JTQ1aMhi 24t fMedeth BBt 1A siHlEBnIRRSommand
explicit wite data than would be 10 needed to fill

type ﬁﬁﬁd&?? 1048 Bfie WIRHXW%'% QSglg{réir}]E I%vrr;r‘rp faf{:c%r?ﬁ\r%?:f ?@g&g?ﬁg@ Ig%e%iﬁes a

ata generator

accordance wwth the ipplicit i,te co nd, 26. The
first GEPR P B ishas e HOBER B e Teq 1o XPRE M yiadbel wauld be
acce control | er havin the capability to respond to
needgl LJTHhR ACTOF ABICBERE Ty 1UNGT AIrdeh QmBHHAB SSVifcaltéh generator to

| ength, skip 15 length, and nunber of sub regions, by
form jrapleqit wiiteedaja inemdordgnadarith the amphcit wrigecahmaddr esses

equal to the read | ength and skipping a range of

addresses equal to the skip length, until a
26. The buffered memory module of claim 24, the memory device access controller having
the capability to respond to a command format specifying a start address, read length, skip
length, and number of sub regions, by repetitively reading data from a range of addresses
equal to the read length and skipping a range of addresses equal to the skip length, until a

number of sub regions equal to the specified number of sub regions has been read from the

memory devices.

27. An article of manufacture comprising computer-readable media containing instructions
that, when executed by a processor, cause that processor to perform a method comprising:
forming an implicit memory command; and
transmitting the implicit memory command to a buffered memory module for

expansion to one or more explicit memory commands.
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nunber of sub regions equal to the specified nunber of

sub regi ons has been read fromthe nenory devices. 20
WQ@7005/080580 t i cl e of manufacture conprising PCT/US2004/036964

conmput er -r eadabl e nedi a containing instructions that,

when executed by a processor, cause that processor to

performa nmethod conprising: formng an inplicit

menory conmand; and transmtting the inplicit nenory

28. THO %Ibdof{rﬁalﬁf&ﬁfrg OF ELiT 70K NerBR MM ﬁqﬁlﬁaﬁn%%?y S RMahd

one or nore explicit nenDr conmman

oI AR el A . o
o o A S AR e

further conprising processing a block of read data
memeryteddawish knpwledge pethe deasl amdshipylenatidul e wi t h

knowl edge of the read and skip length. 29. The article

of manufacture of claim 27, wherein the inplicit

menory conmand specifies a wite comand and

29. Th§ti6RITIAMAMChiE o PLIhIne D B Ay IERER il iR itembﬁlohpcommand
construct wite data and/or wite addresses

spec1ﬁé’sj atévﬂlce co‘Pﬁﬂ*&rﬁl &M%c?i%ateswovg’g}e lfi‘lf@?eb'm‘}f‘f% g% d'uf:e 1s to construct

rocessor

e I ced, e end

having 15 a host-si de nenory channel port, a command
decoder to decode commands received at the host-side
menory channel port, the commands including at | east

30. Asnawpiitipg idevite coompresngz: t ype, and
a processor;
a first buffered memory module comprising a plurality of memory devices and a buffer
connected to the memory devices, the buffer having
a host-side memory channel port,
a command decoder to decode commands received at the host-side memory
channel port, the commands including at least one implicit comamand type, and
a memory device access controller to respond to a command having an implicit
command type by generating and transmitting at least one explicit memory access
command to the memory devices; and
a first point-to-point memory channel coupling the processor to the buffered memory

module.

31. The computing device of claim 30, wherein the buffer on the first buffered memory
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a nmenory device access controller to respond to a
cornmand having an inplicit commuand type by
wWQ2me03sPNhg and transmtting at | east one explRCI/US2004/036964

menory access 20 command to the nmenory devices; and a
first point-to-point nmenory channel coupling the

modilé GReRes 06mbAsds ARloRubtt@neshe AP ENann@PHGH:, 8he Sorhputlitedevice
conputi ng device of claim 30, wherein the buf?er on

furtht A& nldrisgle: buf fered nenory 21 WO 2005/ 050599
PCT/ US2004/ 036964 nodul e further conprises a

tream. menory ch el . por t he conputi,n evi ce
o SRR b FREATRIRY o R st B BB PRI RArE S
havi a host-side nenory channel port; and a second
aﬁe‘mﬂ%@aﬂﬁwmﬂt PEmOFY chamhehremneegdbe sy buffered pemory module
buffered nenory nodule 5 downstream nenory channe
downstream feemdte chanmehpbrbiefthesesdn dbuffesedrmetndry thodule dpsteside
menory channel port; the conputing device having the
memopdlanhdl pyrtf 0 1 ssue an inplicit conmmand to the first
menory nodul e and i ssue anot her command t hrough the

tHel Jo%{fpuﬁﬁ EVicdTRAMMLhE QafddRity 36 $R0E al RPNt FREMhEd mhg g”lrst

the first nmenory nodule is executing explicit comran

mem&l} mddh1é GPRORSnbRet Qoqnﬁqgﬁ’ci ﬁﬁhﬁgtﬂi’lm&qhm%gry module to the

second memory module while the first memory module is executing explicit commands in

response to the implicit command.
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