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[003] Semiconductor devices, such as memory devices, are normally in the

form of a semiconductor substrate or chip mounted in a hermetically sealed package.
An integrated circuit fabricated on the chip is then coupled to terminals that are
accessible from outside the package. These externally accessible terminals can
assume many forms, such as pins projecting outwardly and then downwardly along
opposite sides of the integrated circuit package and terminal pads arranged in a
group on the bottom of the integrated circuit package, which is known as a ball grid
array, or “BGA” configuration.

[004] Each externally accessible terminal of the integrated circuit package
is normally associated with a particular function. For example, in an integrated
memory device, a first set of externally accessible terminals are input terminals for
respective memory address bits A¢-An, and a second set of externally accessible
terminals are input terminals for respective command or status signals Co-Cy, such
as RAS*, CAS*, and a clock signal. A third set of externally accessible terminals
are input/output terminals for respective data bits Do-Dy. Finally, a fourth set of

externally accessible terminals are reserved for power and ground.
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sides of a memory module substrate, and the spacing between memory devices has

continued to decrease. The decreased spacing between memory devices and the
increased number of terminals has made it more difficult to route conductors to the
externally accessible terminals of the memory devices.

[007] One technique that has been used successfully to route conductors to
a large number of terminals of closely spaced memory devices is to use substrates
having a large number of layers on which conductors are formed. However, it is
relatively expensive to provide substrates having a large number of layers, and a
large number of closely spaced layers can result in excessive cross-talk between
conductors on different layers and excessive conductor capacitance.

[008] Another technique that has made it easier to route conductors to

memory device terminals is mirroring in which the terminals of each memory device
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Onlst 1rr]r?portant for the lengths of corresponding signal paths of the two circuits be
identical. Not only is it sometimes difficult to route signal lines from a circuit node
to either of two different terminals, doing so creates an undesirable stub connection
to the signal path between the terminal and the circuit node. This stub connection
can produce signal reflections that can degrade the performance of the integrated
circuit. For this reason, it can be necessary to fabricate two different integrated
circuit chips, which are the mirror images of each other, for placement in the
respective mirrored packages. The need to develop and stock two different

integrated circuit packages, even if the same chip can be used for both packages, can

significantly increase the cost of mirrored integrated circuits.
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of the memory device 10b. However, the terminal 26 of the memory device 10a is
coupled to ground potential, and the terminal 26 of the memory device 10b is
coupled to a supply voltage. Therefore, the multiplexer 16 (Figure 1) couples the
RAS signal to the RAS signal node 20 of both memory devices 10a,b, and the
multiplexer 18 couples the CAS signal to the CAS signal node 22 of both memory
devices 10a,b.
[012] The technique explained with reference to Figures 1 and 2A,B has the
advantage of allowing mirroring to occur using a single integrated circuit mounted
on opposite sides of a substrate, and avoids many of the above-mentioned

disadvantages of using two different integrated circuits. However, mirroring using

an internal routing circuit, such as the multiplexers 16, 18 shown in Figure 1, has the
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t ht%lsngc{gges\é qte}/sl c%%pled'at‘g correspondingly positioned terminals of the memory
devices 38, 40. However, since the A, terminal is located on the left side of both
memory devices 38, 40, the path to the Ao terminal of the left memory device 38 is
longer than the path to the A, terminal of the right memory device 40. As a result,
the performance of the two memory devices 38, 40 may not be symmetrical.
similar problem exists when coupling signals from between memory devices and a
register (not shown) of a registered memory module.
[014] The above-described difficulties incurred in coupling signals to and
from integrated circuits, such as memory devices, creates a need for a mirroring
technique that allows a single integrated circuit to be mounted on opposite surfaces

of a substrate with correspondingly positioned terminals coupled together, and

which does not require internal routing circuitry in each memory device.
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BRIEF DESCRIPTION OF THE DRAWINGS

[016] Figure 1 is a block diagram of a conventional integrated memory
device that can be used in a memory module in mirrored fashion.

[017] Figures 2A and 2B are terminal diagrams showing the routing of
some of the signals for the memory device of Figure 1 when they are mounted on
opposite surfaces of a memory module substrate.

[018] Figure 3 is a plan view of a conventional memory module including a
memory hub coupled to memory devices on opposite sides of the memory hub.

[019] Figure 4 is a block diagram of a computer system including several

memory modules according to one embodiment of the invention.
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emgndialaiting?§ niddules 64a-n, and the memory modules 64a-n are coupled to each

other, through a downstream bus 66 and an upstream bus 68, which couple data,
address and/or control signals away from or toward, respectively, the memory hub
controller 62. Each of the memory modules 64a-n includes a memory hub 76
mounted on a substrate 78. The memory hub 76 is coupled to several memory
devices 80a,b on one side of the memory module 64 through a first set of command,
address and data buses 82, and to several memory devices 86a,b on the other side of
the memory module 64 through a second set of command, address and data buses
88. The memory devices 80a,b and 86a,b are identical to each other. The memory
hub 76 efficiently routes memory requests and responses between the memory hub
controller 62 and the memory devices 80, 86. Computer systems employing this
architecture can have a higher bandwidth because the processor 54 can access one
memory module 64a-n while another memory module 64a-n is responding to a prior

memory access. For example, the processor 54 can output write data to one of the



conmput er system according to the present invention.
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prsystess o phaparib® to sproyide crahd ydatpo tptled prapessor ahe The operating

menpry 58,.which, is typically stat]j :
B g bV oo kPR TR Gh g i o
| Spre@iéR] fAvAsPlyAndrédeednts Bdvalithest £ehenydtl Ghstbim. ahSiemory hub
sonetinmes referred to as a bus bridge. [024] The

syasclitermontoan| dlee 1Bovide rgredthys increasedrIperoly E#HCHY| Inepomputer
62 tha% is coupled to the processor 54. The nenory hub
coMtFB* er 62 is al so coupled to several menory

[0p5jul es 64a-The $8fnt ESATEBOEY alfP Sk &Sas@i@nimati€ations path to the
coupl ed to each other, through a downstream bus 66 and

arprogessaredtnfong Bsietywaf OHeE sapIPaneis a, MardsresHicaiy te system

co si.gnal y rd, ' h :
O BB B0 Bt T pEIRESHLNELY i
gg@mﬁﬁilérCDOl,demi? Eel’im)rtyni;l woupled no ua tvidbootermimli 2t r dthe system
. The nenor ub 76 is coupled to several nenor

e erghis i orFoshiEddp des o RS Sh i UGN 3 keyboard or
t i o .
AU, 063 Sl GRS SR st Bl
sittle cofphtee systomr §0 misduheudes orer ougivra ogpubddvisest 9@fsuch as a

command, add d dat 8. Th ]
COMIENS, o9 e Saein 34 B0, B e 5 BRI 05831 mor
eSS ¥to§%@ d60icef b tCa.Fee Risb Xyﬁi@él%/ec%uﬁl%ﬂf’cwthé BESLRS0P SaNBrough the

respons bet ween e nmenory hub controller 62 and the
mesystesn dantiotles 6800 allew tlo ppesessor SPsioenercalatd o ratgevehdasa from

o 5 R ol B hE B3, bl RERRNAT g covios
angy Redludee KBYdY and d1opBy Gdtsksh tipe tRs@eRdiang dopacPishr read-only

menory access. For exanple, the processor 54 can
ounpmoriey (AR-REEYS). t 0 one of thenenory nodul es 64a-n in

[(Sﬂi? system V\Witlheﬁlﬁﬂgrtljg?erren@qg'ﬁ/gd@ Q,ut!hg r@eﬁ‘o& d.eOic%Q 80a and 86a

are mounted on a first surface 100a of the substrate 78, and the memory devices 80b
and 86b are mounted on a second surface 100b of the substrate 78. The memory
devices 80a, 86a are preferably mounted directly opposite the memory devices 80D,
86b, respectively, and their adjacent terminals are coupled to each other and to
signal lines of the buses 82, 88, respectively. As a result, a terminal located at the
upper left-hand comer of one of the memory devices 80a is coupled to a
correspondingly positioned terminal located at the upper right-hand corner of the
opposing memory device 80b, for example.

[027] The terminals of the memory devices 80, 86 are preferably arranged
so that data bus terminals of the memory devices 80a, 86a are coupled to data bus
terminals of the memory devices 80b, 86b, respectively, on the opposite surface of

the substrate 78. Data signals applied to the interconnected terminals of the memory



systemis preparing to provide read data to the

processor 54. The operating efficiency of conputer

W@ y®sens231si ng a menory hub architecture can nBRBUS1005/002553
nore practical to vastly increase data bandw dth of a
menory system A nenory hub architecture can al so

provide greatly increased mendty capacity in conputer
systens. [025] The systemcontroller 60 al so serves as

a a‘&m%ip%wf&e BRIt fo¥Rie REASGESRYiced 8bL8A mounted on the
vari ety of other conponents. Mirre Specifically, the
sySisesuraet Y0kl asrdagd) bits ¢hat des difeyerdpidro shpalata bitstvrittsn to the

_ty iecall vc%lsJ 3 6 s gr h Cse%o A IICer %O V\'fe])La%?ple,adata
i Shemfn; qeviees EBPy08dmRUITe 9 e seqoRt! tiidge 1990 FRe
SYSELRM&GQAA Bit bi'ina@q}e' WritdrS@ LCAsAbEAdvRe®0a 8% Bifand written
i nput devices 94, Such as a keyboard or a nouse, to

al toawmemonyplavinediObtas aj s ditf Zkoavenet, iwheh éhesamudase signals are read

system 50. Typi,cally,~ th uter svs I .
 VEp e P EHese2o0s, B RY e B! S Y B o e signa
Priid¥ BF theCOHRAtE Bittedeh RBDURH AEEERDEighdl Wit read) frohhhe D bit of the
system controll er 60. One or nore data storage devices

9ﬁmameryadeyécet §¢h- c Ahergfase as) leas v thendatp bye dygunals af the memory
t |1 . .
U sbAS gt SPAANIY AL Gla B AL QRS Fopory dvics o0

| N8GY; PaabectivelgX itk Rall bs pespage witthao andiead fiwnnlhe memory devices
Exampl es of tyEQistcal storage devices 98 include h

d
arid: SO oaspymimesthal alk ofjhe dai3 bus csminalsig vitph terdais it are coupled
{g@ga&%&te #hE Sarh CRAENS0e sib:6] Wth further

erence to Figure 4, the nendbry devi ces 80a and 86a
[6283 nount ed Unlile fhier ddta dus ftamendl®Qd thé mémoryutbsticeat ), 86, the

78, and the nmenory devi ces, 80 nd 86b are nmounted
7 40E5h A PBKE! DB BTG O S M eAe RS RSPy are nol
dei‘:ﬁ{e‘r‘cﬁﬁné%ﬁle. SPierélote, ﬁﬁf’aﬁ@r"e@sbéi%nﬁ‘séggﬁl@dj t¢lh k@RLiAM of the memory

opposite e nenory devices 80 , respectively,
andkvidediOn canlici be simplyrcoiplad to acerrespondinglytposisiaoed tsrhmel of an

and to signal |ines the byses.82,. 88, respectively.
Acongona fgtiony 468 fin | Bo Gl SorE® ol cRaral piagalpust be
CUoBled 9 a PRI tethiMalBITEY ofithe in@&ﬁorﬁ Qavices 80)8Blreghrdless of the
a correspondi ngly positioned termnal |ocated at the

uploeationj afithe memry deviees. oRath¢rethan using the conventional approaches of

using different memory devices having different terminal configurations or routing
signals to the proper signal nodes, the address and control signals are coupled to the
proper terminals of the memory devices 80, 86 by the memory hub 76 coupling
different signals to the same lines of the buses 82, 88 depending upon which
memory device 80, 86 is being accessed. For example, if the Ay address bit of the
memory device 80a is connected to the Ao address bit of the opposing memory
device 80b, the memory hub 76 will couple an address signal for bit Ag to a specific
signal line of the bus 82 if the memory device 80a is being addressed, and it may
couple an address signal for bit Ajg to the same signal line of the bus 82 if the
memory device 80b is being addressed. Conversely, the memory device will couple
an address signal for bit Ay to one signal line of the bus 82 if the memory device 80a
is being addressed, and it will couple the address signal for bit Ag to another signal

line of the bus 82 if the memory device 80b is being addressed. Different address



opposi ng nmenory device 80b, for exanple. [027] The

termnals of the nenory devices 80, 86 are preferably
wa@eoanyses so t hat data bus term nals of the nMePOI/YS2005/002553

devi ces 80a, 86a are coupled to data bus term nals of

the nenory devi ces 80b, 86b, respectively, on the

opposite surface of the substﬂQte 78. Data signals

applied to the interconnected term nals of the
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devi ces a nount on the first surface 100a
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Dbit and witten to a mermrg device 80b as a D5 bit.
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t ha@igddl irhehdl Akt DRANRI moBGry” 8ddedsr eporithe B 5>nb|dou<bie data rate
the nenory devi ce 80b. Therefore, as |l ong as the data

bu(stc”mm@deslﬂwrt prethes IRIPE2 ampde ase 80%1set8<6"a¢eam@al assignments,
t t
el JORAB MGl et DGR, fonkl IR TRl known as the

w iDIDRB” thipdendser aaﬂhérrsatnofhannmﬂms;dgn‘kﬁmts;e§080;xaﬁﬁle the same
assunij nlgtthat all of_ the data ‘géjs termnals t.o whic

t hgrmagehtopVhish #p A scasldprse itds couried iq BcRy eiCerpesaling in the
aﬁﬁ}]ét RS will g&%kve &l Al 88}“5&&?@3stﬂ3?f&%én9§'5dév%eg‘d%fa%ng in the

nenory devi ces he addre and control
buBDR8rmadealIa each tdse, thememprylbub %(ewﬂs(‘)oup%tharpeomslgnal to each

| gstlglaﬁ g%g]gqfa ?ac fof;r ﬂ]grﬁfg%sg gg\ﬂ% dg?gi 5! Eﬁ hggurp Ith%dmemory

Si dRAcks %@us% et $fOne tHRI hASERAAE NOIRg II@BRQ%&{HE& the DDR3 mode;
t erm nal an opposing nenory device 80b. Instead,

ea(@h wdndﬂhaeﬁs ragrionyalevices 8Gisgraat tonths fefbef hompineatythyb 6 and are

- i o Bl the R PO PG Pt 2 Sruhly b of Beaiemofhuo 76

Raéﬂaeafre g Robisled & thleqluwswmhgpﬂeé buRFuS: @@@t@avmhmhmglemory
different nmenory devices having different term nal

cofif—fVlOga 88 186 rare anoundest ph ghe ifigi afusfaes 100 op e sirbspgndd or the

roges A oF A R0l 1ol s oL cauled 1o

(0308 rrermr y MalonéGentodithé ®f the invention, the memory hub 76 will couple
signal to the memory devices 80, 86 according to Table 1 below in which Aq-Aj¢ are
row and column addresses, BAg-BAj; are bank addresses, CASZ is an active low
column address strobe signal, CSZ0 and CSZ1 are active low chip select signals to
select memory devices 80, 86 on the first surface 100a and second surface 100b,
respectively, ODTO and ODT1 are signals, RASZ is an active low row address

strobe signal and WEZ is an active low write enable signal.

Table 1
Hub Left Hub Right 82a, 86a 82b, 86b 82a, 86a 82b, 86b
Terminal Terminal DDR2 DDR2 DDR3 DDR3
Location Location CSo CS, CSo C§,




different signals to the sane |ines of the buses 82,

88 dependi ng upon which nenory device 80, 86 is being
waecwesmses For exanple, if the A0 address bit pET/UR®05/002553

menory device 80a is connected to the A O address bit

of the opposing nenory device 80b, the nenory hub 76

wi |l couple an address signal flor bit A0 to a specific

signal line of the bus 82 if the nmenory device 80a is
beFNg addressed, and [I4_nmay cof I £ an addkess sig
o?sbit A O%? 3 the saﬁ% si gnal Rine of tﬁé?bus 82 q%

f

th@,;;menory |dByi ce 80k A;s bei ng| addr essed. AConver seIA/s,
t be—menory ldevice Wil couple—an—address —f ar
b

\JI glr‘lal 4
i€s Ao to dressi gnal [Ane of t h&ibus 82 i¥Athe e e
dexrce 80a g beimy dagdressed; (gnd 1t Wi couple €
a’gg\rzess Si gn% for bi ?QAO to apother signal line (f"ﬂ

thBs bus 82 |iB,,t he menuyy devi ceA§0b i s beAng
addressed. IDifferent laddressand-control cnnnal s—afe
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eiLther of tiwo nmodes. [Furthermt i
80As 86 havd Biiof f er ent| Aser i nal | 4ssi gnment%s dependi|ry
ofr—whi-ch—mgdeg—of—operation s pged by tHhe, menory
dLQPces 80, }g’é. For e;?é?npl e, as %‘”s known 1o one | AV
skpl,J ed inithg art, DRAM menoryAdevi ces |opayating [iBA;
one daouble !data rate (" ) bhde known las the " DDR2"

npdle use oneAmet of teﬂnm nal asSbgnnent s, Aand, DRAM9

(Y

For-y—devie opetr-atri-ng—rmanptther —DBR-mpde—kmowr as
12' DDR3" rfztg?ﬂe use éahgt her set™'df terninkl 14
SAL gnnent s. ALor exarpye, the sane termingl; to whijeqy,
A5 address bit is|coupled tp nenory devices

pAnatl ng i nAizhe DDRZ Arede wi | | Anecei ve afisAl 2 adg Pess

f\.u et u%y UCVI €€ AAHUPCI aLI I Ijl LIIC PP o IIUUC. III
:rlu

h case, @ nenory ‘Hab 76 W 1 coupl € ‘t¥e propd
I gnal 10 &akfy si gnall A i ne of each of theahuses 82 ,A1§8
ependi ng dn: (1) whether the penory devices 80, 86
rB; of the tD;pe t hat d}farate i NBtoe DDRZBtéde or /A0

> n’UGG, whether—tHherernpry—deviees 860
E)(E’Phe Ieft\lgii0 t he merﬁﬁ”y hub 7€)A§¥3 ar e ‘?‘Hus coupl\ggz

O] he nub |46 Through gAie bus BRAQr to thesz) ght aicsz,
he' nenory |hib 76

DONDTOVY T

~—+

~t —+

Fi; Fa BA; BA; ODT; ODT,
Dg Das CASZ BA; CASZ RASZ
Dg Dys CSZ, CSZo WEZ Al

Dn Dy CSZ, CSz, BAy BA,

Co Ejg ODTy ODTy ODTy ODT,
D13 Ca ODT, ODT; Ao Az

Fy Es RASZ WEZ CSZ, CSZ,
Eo Dj; WEZ RASZ RASZ CASZ

[031] In one embodiment, the memory hub 76 has externally accessible

terminals arranged in a grid, and the location of each terminal is designated by a



and are thus coupled to the hub 76 through the bus 88;
and (3) whether the nenory devices 80, 86 are nounted
wo@eoshastd r st surface 100a of the substrate 78POr/Us1005/002553
second surface 100b of the substrate 78. [030] In one
enbodi nent of the invention, the nmenory hub 76 wl|

coupl e signal to the nenmory dd¢ices 80, 86 according

to Table 1 below in which A -Ai6 are row and col um

adféft@lscff%% w oW &f {B@Q&Iﬂgﬂrﬁasﬁﬁm&ﬁ‘%s%ﬁaﬁfg the column of

active um address strobe signal, CSZO and
ar the agrmina. [Fowexdmple sl éca tegingrablesated asmesmpenbﬁmayld corner of

de ces 80, first 1 d
P EETIND TOoBRbEER el BTG AR ER O PL e g gomer of
R/%%Z hémafy BEB 176e TRY 1b@oas dfefsseSichalflss tHanake @a@bled to the
is anactive low wite enable signal. Table 1

nmemnt)o@vm 80 thieughrehedrus Sutse Titedh irs thexiirelr Wélllmly 0¥ Table 1, and

CCE33 Gy CUBI BN FASE shE 3 g g s v

degi B3B8 NGe 1ibRd i WhEecbh® cbiafi ¢fatatand. arﬁwsrg@ns applied to the
designating the colum of the termnal. For exanpl e,
r%gr(ﬁéfhe first

A\l termginglst afy thi ia¢moryclbe ¢6 then e gispary |dsyiceh 82y
of ki 'fsmfy%lg Poctfite Aicothd ftclssb@bhld B ddvREE9E & are of

ower cor ner € nenory h
| omatyper@etdtmgh@ﬂe DPRAIima@desart histed ar thedhing caldnmnoftTeble 1. The
nennr¥ devi ces 80 thrgqgh the bus 8 [ dinth

are |ist
{ | gl aprlied 18ther smanals of e RO 76 eheBrthe metaery devices
U, 8 e ELP| 18 SO RIRE AU AGR Gy s
Tadl the 1yperpfera$1mg nmlthe BDBIZI mode aretlistedtin it foakth cofurh ef Table 1.
menory. hub 76

devi 8
TR ant? A998 b SR e RSS20 B W meary

aC&:&%@@ZQ%a%&% RY | %%p&%ﬁng ﬁpﬁie HIERPMmodBand X&%emg accessed
operating in node are |isted in the third

coara iisted fin ﬂfatﬁfeh dolumhef Jebledl Finglh thecdignals ap@hed to the terminals

nal s of .t hub 76 ,wh d
5t gisTushy PHE 76 quBRA TERebe aas PesPerRg ! LEiaE Bherating
ani‘ﬁ th&DDISVI68Sarftlle bEAE addeSsedfard fited MitBe GIREH @llinAg of Mable 1.
the DDR2 node are listed in the fourth columm of Table

[@32] The si gnaFer exasinledtheoCh nermiaphifdhe mgmenyehyhs Mgy yvhich is
B SO PR R4 ¥ BEASRES s e
devices 80a are being accessed and they are of the type operatlng in the DDR2
mode, and it receives the A; address bit when the memory devices 80a are being
accessed and they are of the type operating in the DDR3 mode. If the memory
devices 86a are being accessed, the C27 terminal of the memory hub 76, which is
coupled to a signal line of the bus 88, receives the Ay address bit when the memory
devices 86a are being accessed and they are of the type operating in the DDR2
mode, and it receives the A; address bit when the memory devices 80a are being
accessed and they are of the type operating in the DDR3 mode. If the memory
devices 80b are being accessed, the C5 terminal of the memory hub 76, which is
coupled to a signal line of the bus 82, receives the Ay address bit when the memory
devices 80b are of the type operating in the DDR2 mode, and it receives the Ao

address bit when the memory devices 80b are being accessed and they are of the



are listed in the fifth colum of Table 1. Finally,

the signals applied to the termnals of the nenory hub
wQ oodomis2s he nenory devi ces 82b, 86b are of thECT/Ypm®05/002553
operating in the DDR3 node and are being accessed are
listed in the sixth colum of Table 1. 2] For exanple,

the C5 termnal of the nenory!lBub 76, which is coupl ed

to a signal line of the bus 82, receives the A address

bi e
OB TR IS B0 a0 6 185 266485 s
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AOQ "address bit when the nenory devices 80b are being

acuoelsipkedsyamdetrioay aosatlmfedtthenmylpe)fdbemmqrg demiceH¥), 86 so that

L RRRE SIS b ol e b genie aShelelOipte CKE signal i
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DDR3 node is static since it does not chang

d Lﬁnm@; ig mph@é dp at tegninak of the memeryydeyiogi &%@g@@ﬂess @f whether the
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m na
Regardless of which memory device 80, 86 is being addressed, the addressed

memory device will receive a CKE signal at the appropriate terminal. The signals
for which dynamic mirroring is not required, as well as the locations of the terminals
of the memory hub 76 to which those signals are applied in one embodiment, are

listed in Table 2, below.

Table 2
Hub Left Hub Right 82a, 86a 82b, 86b 82a, 86a 82b, 86b
Terminal Terminal DDR2 DDR2 DDR3 DDR3
Location Location CSo CS, CSy C§,
Dy Eo CKEo CKEo CKEo CKEq
Fs Exo CKE; CKE, CKE; CKE,
Fg Fa CLKo CLKo CLKo CLKo




menory hub 76 to the nmenory devices 80 or fromright
set of termnals Al 9-29 of the nenory hub 76 and to

WO bmsomses y devi ces 86 is dynam c,

and t her ef oP&T/US2005/002553

changes rapidly while the nmenory devices 80, 86 are

bei ng accessed.

t he control

one enbodi nent sone contr ol
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the DDR2 or the DDR3 npode. Regardl ess of which nmenory
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nMOBivERs Bftss BoRfnahd gl BRANI NGM#HEERIs BsciBAEY the DRAM commands
controller, and one enbodi nent of a menory controller
20f0r phiputtingrat e propet '[IIBC shdwputentheisghadaled, D%Al\/éwrpmands to the

the ne ntrol |l er ves. hi hIe
o REEaRbTAge MBS Hon PERI ISRy i {nsop fysegerence to
fﬁlgl‘gﬁfet§ thd\BRfho? d@@?ﬁ’tﬁqfer :200 W&Wﬁﬂ&md §ﬁé1&d2%04eﬁlat receives
M conmmands for outputting a e proper tine
anﬂ)e théﬂlllt-léseltmf@r@ wmm@n@dfrp @gmﬁﬁshl@éa qump er Goffngre 4). The
g{)nl’g.}r‘}l%lté 2& {TE Ilég?get%sctgg ?e g’ed %’?‘acp(gg&%ﬁﬁdsyto DRAM command

C Oﬁgﬁe@é ls&dh %Q@ASZ CCASZﬁV\EZ; Qfﬁmﬂﬂceq deueni2fdhd sﬁlg’ials ina queue in
recei ves the high-level nmacro commands from.the neno
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03 Ao Dk S RS0 T DA, SR s
c ogigly] vdighadepladeddn @ugigae imthe order that they were received, and they
are subsequently output in the proper order. The command and address signals that
are output from the Command Queue 204 are the command and address signals
listed in Tables 1 and 2.
[036]

Command Queue 204 are applied to a Command Scheduler 210, which spaces the

The DRAM command signals and address signals from the

command and address signals apart from each other with the proper delay. The
delay is measured in periods of a clock CLK signal, which is also applied to the
Command Scheduler 210.
schedules the CASZ to be output three clock periods after the RASZ signals was

For example, the Command Scheduler 210 might

output from the Command Scheduler 210. When the command and address signals
are output from the Command Scheduler 210, they are stored in a micro Command
Shifter 214, which is basically a shift register that is driven by the CLK signal. The

command and address signals are stored in the Command Shifter 214 in the proper



the order that their correspondi ng macro conmands were
recei ved, and then outputs the conmands in the proper
woreaeniesThe Conmand Queue 204 al so receives adeCEES2005/002553
signals, which are placed in a queue in the order that
they were received, and they are subsequently output
in the proper order. The conmdAd and address signals
that are output fromthe Command Queue 204 are the
co addr We]a: ' [ : 1
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signal, which is also applied to the Command Schedul er
214ppliEdrto exanppué of ahdulpieren 82&c Hbd Y altipieker A2¢RAlso receives the
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Schastid 204. 210 op¥aaen,! the Manipiee 230 toapids s comdaad ind address
are output fromthe Command Schedul er 210, they are

st Sgeals f ita v lirceihyriiee tie €emmand Shifgr 214 asthese signals are

basi cal a shift reghster d-h [ | Vi b

o BhaPed Yo T RGBS o088 nife SR, s b 2l o tatency
t hgerfRyMBdvid bk Gficutted inrbeldpecquplipethenugrtha@nwhiril Scheduler
thgﬂgroper spaci ng because they were shifted into the
Codihand bpMicer Command Shilten &1 Eisaidsd séviea dieainitzl gompand and

th n [ ] e r ape i
o "Bk, GiL bethoubieq B BREpliul oFRe DRUBIRE 0, the
CoMuitiplexzh 2R 0 gele@d he @sputn the Microt Gem@hkd Shifreal2 14 féregoupling
are applied to one input of a Miultiplexer 220. The
MOt SAUERMr 220 al so recei ves the DRAM conmand and
[@S4]r ess si gngfs 8@1{mﬁn&; SR 18P sl e eld YuthhOBT fHReMultiplexer
nd Queue 204. I n operation, the Miltiplxer 220
coRql es dphbed onSignal Swap Modtipdesrs2ifhtiataresontrgliestibp atCONFIG

directly fro he d. Shif 14 as i he si gnal :
ar BN FREPIEhdn TRQIHERTS™ oot JE0 gD e B Rave BRo ONFIG
| dbSmmA fhdi@fd Whetlldd hd AEABEYdREREIS0Y 84 BretofRe tyhelPerating in
incurred in being coupled through the Conmand

ScthedRDB2 o2 DDRhthotleee ThecMarltipdenern2 (i faisercoptrallgdsby CSZo and

aVSEQF Cslig11'§1fs,t W icthhl%dicg{et \Ivﬁlethgromﬂéa r?lgm%ggdevices 80a, 86a on the first

surface 100a or the memory devices 80b, 86b on the second surface 100b are being

accessed. The Signal Swap Multiplexers 230 can be implemented using a large
number of individual multiplexers arranged in a matrix in a manner that will be
apparent to one skilled in the art. The Signal Swap Multiplexers 230 route the
command and address signals to the terminals of the memory hub 76 as shown in
Tables 1 and 2.

[039] The properly routed and timed command and address signals are
coupled from the Signal Swap Multiplexers 230 to Ring Buffers 240, 242. The Ring
Buffer 240 is coupled through the bus 82 (Figure 4) to the memory devices 80 on the
left hand side of the memory modules 64, and the Ring Buffer 242 is coupled
through the bus 88 to the memory devices 86 on the right hand side of the memory
modules 64. Each of the Ring Buffers 240, 242 is basically a first-in, first-out buffer



address signals have been coupled to the output of the

Mul ti pl exer 220, the Multiplexer 220 sel ects the
woedopotesed the M cro Command Shifter 214 for cpapls10g5/002553

to its output. [038] The command and address signals

at the output of the Miltiplexer 220 are applied to

Signal Swap Miltiplexers 230 tlhat are controlled by a

CONFI G conmmand coupled to the Miultiplexers 230 through
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second “surface 100b are being accessed. The Signal
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is basically a first-in, first-out bufferthat i
areapeasyrests Rotreraney soptalgddn g Siee sguoeithrough a
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hub 76°in the conputer architecture shown in Figure 4,
i tDDR3 mddsp apexplainal above asd amehaiorig Table 1.

[041] Another embodiment of a computer system 400 according to the
invention is shown in Figure 7. The computer system 400 also uses many of the
same components that are used in the computer systems 50 and 300 of Figure 4 and
6, respectively, and an explanation of the operation of these components will not be
repeated. The computer system 400 differs from the computer system 300 by using
memory modules 410 having registers 420 coupling the command and address
signals to the memory devices 80, 86. Registered memory modules are well known
in the art. The computer system 400 uses a memory controller 430 in the system
controller 60 that may operate in the same manner as the memory controller 200 to
apply the command and address signals to the registers 420 depending on which
memory devices 80a, 86a, 80b or 86b are being accessed and whether the memory
devices 80, 86 are of the type operating in either the DDR2 mode or the DDR3

mode. Alternatively, the memory controller 420 may operate in a conventional



menory controller in the conputer system 300 shown in
Figure 6. The conputer system 300 uses many of the
w@e2008/0osrponent s that are used in the conput er PGYBESBNF/002553
50 of Figure 4. Therefore, in the interests of

brevity, these conponents have been provided with the

same reference nurmerals, and dd expl anation of their
operation will not be repeated. The conputer system
B%M%efr,fﬁﬁ%nfcmgﬂ [KRah& SIERHE SWap NAAESEREs B30 8wilin Figure 5 may
menory nodul es 310 that do not contain a nenory hub.
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be included in each register 420 to apply the command

and address signals to the nenory devices 80, 86
aleps/otisegy on whi ch nmenory devi ces 80a, 86a, 8PbLI/Us2086W02553
are being accessed and whether the nmenory devices 80,

86 are of the type operating in either the DDR2 node

or the DDR3 node. Ot her variatflBons will be apparent to
one skilled in the art. 2] The various enbodi nents of

t hep ANt i ons have the advantage of routing the

proper command and address signals to the nenory

devi cesWaat is8himed tshe nenory controller |evel rather

than at each of the nmenory device level. As a result,

the nunber of circuits needed to performthis function

is markedly less than if such circuitry was in each of, _
the nenory dbevi ced Bethogef Feeessing iaopleradith odi mempry devices in
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it wl e appreciated that, although specific

enbaaienghdtscaukest the fimst eand iseepnidamembrededesscioi bmgtion differently
herei n for purposes illustration, it wll be .
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spirit and scope of ‘the-invention. For exanple,

i nstead of uSithg firgginsmerye deviesris Yeimg dackessed,capptying ropntrol or
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plurality ofif RRIcYnd ¥nsR§ deic¥hd Béing apdedsedl, applydile control or
termnals of a first of the nenory devices are

i raddrese migoals ¢al thei intsrconuentecdeiepomaisrageqilinedp jatspeard set of terminal
terminals o .second of the [ evices in a .
e SRR Ih@id%eé Feﬁét 11 Ryt gﬁggﬁécgﬁw ﬁ@?‘mtl}rfit deyof gtgrminal

t o, fupgmthi@n differently responsive to respective
adér ss or control signals applied to the
i nterconnected termnals, the method conpri sing:

2. The method of claim 1 wherein the parts of the first and
second terminal assignments that are different comprise address terminal

assignments.

3. The method of claim 1 wherein the parts of the first and
second terminal assignments that are different comprise control terminal

assignments.

4. The method of claim 1, further comprising applying data
signals to the interconnected terminals, and wherein the data signals are applied to
the interconnected terminals according to a common set of terminal assignments
regardless of whether the first memory device or the second memory device is being

accessed



if the first menory device is being accessed, applying
control or address sighals to the interconnected

WO e00siomaks according to a first set of term naPCT/US2005/002553

assignnents; and if the second nenory device is being

accessed, applying control or address signals to the

i nterconnected terminals accoldfling to a second set of

term nal assignnents that is at least in part

different fromthe first set of term nal assignnents.

2 The met holl of TEheampthed whelémd vehiseein Hergemprt dryices comprise
4 and aecond term nal, assignnents that are

di PRAMEHRNIGRAFSEMSHOLEe $Er i nal assi gnnents. 3.

The nmethod of claim1l wherein the parts of the first

and second term nal assignnments that are different

conpri se cond.rol Aemethodl ofmspkymmraﬁéresﬂ and heontrel heaghals to a

of claim her conpr.i sin | yi ng,.dat n
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second_menory device is being accessed5. The nethod of

cl OMATBiger ei n t he nmenory devices conpri se dynarri c
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termnals of a first of the nenory devices are
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d
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signals to the interconnected térmnals in a first
arbbemgemeesstd,ithe sdoand anratgementeingidiffiersat fremizhe figst arrangement.

7. The method of claim 6 wherein the act of applying a set of
control signals or a set of address signals to the interconnected terminals in first and
second arrangements that are different from each other comprise applying a set of
control signals to the interconnected terminals in first and second arrangements that

are different from each other.

8. The method of claim 6 wherein the act of applying a set of
control signals or a set of address signals to the interconnected terminals in first and
second arrangements that are different from each other comprise applying a set of
address signals to the interconnected terminals in first and second arrangements that

are different from each other.

9. The method of claim 6 wherein the act of applying a set of
control signals or a set of address signals to the interconnected terminals in first and

second arrangements that are different from each other comprise applying a set of



accessed; and applying a set of control signals or a

set of address signals to the interconnected termnals
W(i)moalowz:ond arrangenent if the second nmenory PEWUS®0O$/@02553

bei ng accessed, the second arrangenent being different

fromthe first arrangenent. 7. The nethod of claim®6

wherein the act of applying a28et of control signals

or a set of address signals to the interconnected

terminals in first and second arrangenents that are

di torle pédressf slgmlaeermqylttlﬁb ﬁlg@@ﬁrﬁﬁ theaniepgempedied terminalsoin first and
cont roI Si g o thﬁi 18 Qnnect 0eﬁleterm nals in
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each other 8. The met hod of claim6 wherein the act
of applying a set of control signals or a set of
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arrangenent s that fer t from each other.
Theingidoededf claim 6 wherein the act of applying a
set of control signals or a set of address signals to
the interconnected termnals in first and second

arrangenents lt hatpar e ?bé Fg&?ﬁﬁ 6f dl%%u? %%ng devgses comprise

conpri se app ying a seé ress signa

CQf{inbic BhddalascdsOmichRry ddvadegonnected termnals in
first and second arrangenents that are different from

each other. 10. The nethod of claim6, further

conpri si ng | yi t ighal s t he interconnecte
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mounted on the second surface, the method comprising:

coupling address or control signals to the interconnected terminals for
a plurality of the memory devices in a first configuration if the memory devices
mounted on the first surface of the substrate are being accessed; and

coupling address or control signals to the interconnected terminals for
a plurality of the memory devices in a second configuration that is different from the
first configuration if the memory devices mounted on the second surface of the

substrate are being accessed.

13.  The method of claim 12 wherein the acts of coupling address
or control signals to the interconnected terminals in the first or second configuration
comprises:

coupling address or control signals to the memory module; and



nodul e substrate in a mrrored configuration so that a
plurality of term nals of each of the nenory devices

worpwshad2don the first surface are i nterconnectBCr/U82005/002553

respective, correspondingly positioned ternminals of a
respective one of the nmenory devices nounted on the

second surface, the nethod colprising: coupling

address or control signals to the interconnected

termnals for a plurality of the menory devices in a

first confi guithinithe memaryenodem rg-agrengias shhrdignels govpied to the

the first rface of the substrate are bein ed; .
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devices in a second configuration that is different

fromthe first configuration if the nenory devices

nounted on the second surface.of fhe substrate .are .
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signals to the nmenory nodul e;, andwithin the nmenory

noe dndependenty peqess g MamOr¥dgrissSs coupl ed to the menory
nodul e to either the first configuration or the second
configuration prior to coupling the address or control
signals to tite i MRS HEMOE S etitheWvherkis. thd 4ct Jheoupling address
met hod of claim 13 wherein the act of re-arranging the
siqgnesingrok sigphledot the tintsroennesisd teasanads fo5 @ipluielityt ¢fethe memory
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meickhigs &f a dirati on sé@ondhwinfiptratibe camprisds cooplplg cunt@didigasls to the

interconnected terminals in a first or second configuration.

17.  The method of claim 12, further comprising applying data
signals to the interconnected terminals in a common configuration regardless of
whether the memory devices being accessed are mounted on the first surface of the

substrate or the second surface of the substrate.

18. The method of claim 12 wherein the memory devices

comprise dynamic random access memory devices.

19. A memory module, comprising:

an insulative substrate;



or control signals to the interconnected termnals for

a plurality of the nenory devices in a first or second
wa@oensiogiseat i on conpri ses coupling control signedBUSIH05/002553

-~ the interconnected termnals in a first or second

configuration. 17. The nethod of claim 12, further

conprising applying data signdls to the interconnected

termnals in a conmon configuration regardl ess of

whet her the nmenory devi ces being accessed are nounted

on the firstaplwalidyef gfenticrd memery deviecymoppied saciiggand second

surface of -the . Th . i
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opposed surfaces. .of the insulative substrate,. the .
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20.  The memory module of claim 19 wherein the memory access
device is centrally position on the insulative substrate, and wherein the memory
devices are positioned to both sides of the memory access device, the memory
access device being operable to couple respective sets of address or control signals

in the first or second configuration to the memory devices on each side of the

memory access device.

21.  The memory module of claim 19 wherein the memory access
device comprises a memory hub that is structured to generate the address and control

signals to access the memory devices responsive to the memory requests.



substrate are being accessed. 20. The nenory nodul e of

claim19 wherein the nenory access device is centrally
w@emshiaem on the i nsul ative substrate, and whepPei/nsS10h&002553

menory devices are positioned to both sides of the

menory access device, the nmenory access device being

operabl e to couple respective Zets of address or

control signals in the first or second configuration

to the nmenory_devjces on each side of the nenory

access devi céz' 21&1%?%%?/‘1‘&%8&‘: g5 1% whergin ghe memory hub

V\hg&ﬁ%ﬁse&he Menory access device conprises a nenory
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control signalcemitandapess thadnes operatly t6leviedd@Sthe memory requests,
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CoRddeEsk sighels i I f déreBiat@Bd fespaotife MRAREE fqUsstSRER redeived;
command and address signals and to output the command

and addr ess &icgmalapdisphedhler opeided tchthe coemanglsqpeeot itw ecceive the
Menory reques wer.e received; a co nd schedul er
ot 36 Radres s Goat, e, cPmBRN Queven dhec AR scheduler
an T e ue, the
cogmﬁ%g{gggﬁg%%?hg? Eé\lﬁgilahg%tl(ﬁe t m'cbil gggf t he conmand

and addr ess simitaed spmmanidcstofterocomplet 36 feteve abeipdogtnand and

to receive the coomand and address signals fraoamthe
c AR SRS B Ah prBmanth scherliier, gfterr the fning phdbricepgand and

SRS SRS TR AR RS coh Bl iR IR Bitrable 1o

ter ng opera he comman

adelitpesths icgimedand i and sidaeks Sigh BV rithtdifsr® RafatheWpeRition of the
the nenory devices; and a nultiplexer coupled to the
m BEPOBOHRYEES & fter to recei ve the command signal s

o e, 290 S B IRRL LRI U B ROBIRT  H fherve e
OF coneHARE Sighhl9NGH the! RdRbdsNQEndI§8rom the micro command shifter, the
multiplexer being operable to arrange the command or address signals in either the
first configuration or the second configuration depending on whether the memory
devices on the first surface or the memory devices on the second surface are being
accessed, the multiplexer being operable to couple the command or address signals
in either the first configuration or the second configuration to the interconnected

terminals.

23.  The memory module of claim 22, further comprising a ring

buffer coupled between the multiplexer and the memory devices.

24.  The memory module of claim 19 wherein the memory access
device comprises a register that is structured to receive and store address and control
signals forming each of the memory requests, and couple the stored address and

control signals to the memory devices.



first configuration or the second configuration
dependi ng on whet her the nenory devices on the first

wewosans2or the nenory devices on the second sPeT/ES®05/002553

are being accessed, the multiplexer being operable to
coupl e the command or address signals in either the
first configuration or the segénd configuration to the
i nterconnected ternmnals. 23. The nenory nodul e of
claim?22, further conprising a ring buffer coupled
bet ween t he 2%ul t |Bieern@nma(rm0<iuh@0f1@m 19 wherctethe npemory devices
The wem%g% nqg g 9 wherei,n.the nenory

CRER CorpRKise m %mﬁc?eéﬁﬁplé?y 0545 i s struct ured
to recei ve and store address and control signals
form ng each of the nenory requests, and couple the
stored addr &6s anilpomassoobasid gysitrs, comprisergrenor y
devi ces. 25. The nemgry. nodul e of claim 19 wherein the

menory devi GG¥OEREH I@M%ral%r%ceés‘ﬁ)bﬂéem C random access
menory devi Cae gt@m Aoﬁ?cﬁ éﬁgléaa53dth§y sor bug, the system

conpri si ng: rocessor a processor bus;
Sycﬁhﬁﬁlllémfat/ihglal ;fmpha*apdl@@betmrﬂ; ite systemasanvlldruarthéh@mprising a
system control | er having a peripheral device port, the
sycontellr saupled (2 systrm REMOEHAYE sing a control | er

ot co. coupi IS BPRIYRehpie g HRAREARR) HERRL porc of the

SY§hter oanrbné! | er; at |east one output deV| ce coupl ed
to'the perlpheral device port of the system

control | er; atleasteerstoutps device ceupdediigehel peripheral dgpice gort of the
to the qperl ﬁ)heral devi ce port of the system
coMEFBI9oBIOlE g a nmemory nodul e coupled to the system

Menmory port QfekNéneSdats tha%@ rkviet b&ipled {beth%@Hf)B{eral device port

nmodul e conprising: an 1 nsulative subst rate;
of the system controller; and

a memory module coupled to the system memory port of the system
controller, the memory module comprising:

an insulative substrate;

a plurality of identical memory devices mounted on first and
second opposed surfaces of the insulative substrate, the memory devices
being mounted on the substrate in a mirrored configuration so that a plurality
of terminals of each of the memory devices mounted on the first surface are
interconnected to respective, correspondingly positioned terminals of a
respective one of the memory devices mounted on the second surface; and

a memory access device mounted on the substrate, the
memory access device having a plurality of terminals that are coupled
through the substrate conductors to respective ones of the interconnected
terminals, the memory access device being coupled to the controller to
receive a memory request from the controller and, in response, to couple
address and control signals to the interconnected terminals for a plurality of

the memory devices, the address or control signals being coupled to the



a plurality of identical nenory devices nounted on

first and second opposed surfaces of the insulative
wepshrare, the nenory devices bei ng nounted oPCT/l182005/002553

substrate in a mrrored configuration so that a

plurality of term nals of each of the nmenory devices

mounted on the first surface a%e interconnected to

respective, correspondingly positioned ternminals of a

respective one of the nenory devices nounted on the .
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to theinterconnected termnals in a first

configuration if the menory devices npunted on the
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29.  The processor-based system of claim 28 wherein the memory
hub comprises:

a command queue that is operable to receive the memory requests,
the memory queue further being operable to convert the memory requests into
respective sets of command and address signals and to output the command and
address signals in the order that the respective memory requests were received,

a command scheduler coupled to the command queue to receive the
command and address signals from the command queue, the command scheduler
arranging the timing of the command and address signals;

a micro command shifter coupled to receive the command and
address signals from the command scheduler after the timing of the command and

address signals have been arranged, the micro command shifter being operable to



command signals in response to a higher |evel nenory
request fromthe controller. 29. The processor-based
weymsemsed cl ai m 28 wherein the nenory hub conpeT/E8®DS/@02553

command queue that is operable to receive the nenory
requests, the nenory queue further being operable to
convert the nenory requests iBto respective sets of
command and address signals and to output the comand
and address signals in the order that the respective
mm theeceromand wed addressesignads inasymehionisth wethdtie lopgration of the

| ed to. the conmand queue to receive the conmand

Q¥§¥ §¥§e§ﬁﬂ§als from the command queue, the
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t @ommeanidvsighdle or othrreaddress csigmdy dom shegmutre toromandeshifter, the
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devi ces on the second surface are being accessed, the
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ter al s The processor-based system of claim 29,

further conprising a ring buffer coupled between the
mul ti pl exer and the nmenory devjces
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32.  The processor-based system of claim 26 wherein the memory
access device comprises a register that is operable to store the address and command
signals received from the controller, and to subsequently couple the stored address

and command signals to the memory devices.

33. A processor-based system, comprising:

a processor having a processor bus;

a system controller coupled to the processor bus, the system
controller having a peripheral device port and a system memory port;

at least one input device coupled to the peripheral device port of the
system controller;

at least one output device coupled to the peripheral device port of the

system controller;



32. The processor-based system of claim 26 wherein the

menory access device conprises a register that is
wopmsahndsest o store the address and command si gpel/BS2005/002553

received fromthe controller, and to subsequently

coupl e the stored address and conmand signals to the

menmory devi ces. 33. A processdrf-based system

conprising: a processor having a processor bus; a

system control |l er coupled to the processor bus, the

syst em cont rablldast oneaddtsn gforagp dlevign spunlediwythe @eppharalgayice port

a st em nmenor ort; at |east one input device

c ﬁ%ﬁ?/“ﬁ&“ﬁ‘ﬂ’é‘gﬂgﬁvi pheral device port of the system

controller; Rliedsasd mRARrPHidAUle hRKicdqo GRY!BYeéh trRerhdt§ port of

peri pheral device port of” the systemcontroller;at

| ¢hs systemecatatodles tloy mgmorempdue comptisiug:t o t he

peri pheral device |oort1 of the s‘st(?m controller; at

| east one nenory FIBHEIVESH trélﬁé’/% t he system nenory

port of the syst ; : B REYi

conprising: an ins llﬁf:\htrlll:ﬁ([/gf lscﬁg%%a? gfe e; angylzggé.r;ﬁﬁpgtleidtoy first and

of | denetdml oppoged yudsoes aefsthatnntlsiveosubbiratst thenohemory devices

second opposed surfaces of the insulativ substrahe, i

the nerhsig mewjteden He systrabg i arirEded panfigusiionsodhgts pjurality

m rrored. configu L0 t rali

ter m natdcnnuggh S B0 psHEhy BBt bk O e st pypfoce ae

first sHicfaReckd tb NeSiceate)eedrapdrlinigds PRsitioned terminals of a
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one of redpectiveneme ofithei memonpdevicess reenni¢feor dawpreond surface, the
surface, the interconnected termnals of the at. |.east
one. morBiEFoRBIASEBRTA oGt ot S Heney TRdE pegRoupled to
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controller coupled to the system nenory port of the
syst em cont rookearary tdoatroberocqupdainta dhd eystérei mgmory port of the
operabl e to_coupl e address and )
system controller, the memory controller being operable to couple address and
control signals to the interconnected terminals of the at least one memory module in
a first configuration if the memory devices mounted on the first surface of the
substrate of the at least one memory module are being accessed, and the address or
control signals being coupled to the interconnected terminals of the at least one
memory module in a second configuration that is different from the first
configuration if the memory devices mounted on the second surface of the substrate

of the at least one memory module are being accessed.

34.  The processor-based system of claim 33 wherein the memory
controller comprises:
a command queue that is operable to receive the memory requests,
the memory queue further being operable to convert the memory requests into
respective sets of command and address signals and to output the command and

address signals in the order that the respective memory requests were received;



control signals to the interconnected term nals of the
at |l east one nenory nodule in a first configuration if

wo beswoeases y devi ces nmounted on the first surfaeer/os200en2sss3
substrate of the at | east one nenory nodul e are being
accessed, and the address or control signals being
coupl ed to the interconnected28erninals of the at
| east one nmenory nodule in a second configuration that
is different fromthe first configuration if the i
nmenory devi ceeommant sghedwler prupisciorthe sommaad qupug fereceive the

substrat.e of e at | east ope nenory, nmodul g are hei
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evi ces on the second surface are being accessed, the
mul ti pl exer being operable to couple the command or

address signals ) .
35.  The processor-based system of claim 34, further comprising a

ring buffer coupled between the multiplexer and the interconnected terminals of the

memory devices.

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

devices each comprise a dynamic random access memory device.

37. A memory hub having an input port and a plurality of output
terminals, the memory hub being responsive to a memory request received at the
input port to couple address and control signals to the output terminals, the address
or control signals being coupled to the output terminals in a first configuration if the
memory request is directed to a first memory device, the address or control signals

being coupled to the output terminals in a second configuration if the memory



in either the first configuration or the second

configuration to the interconnected term nals of the
w@rooseamse3 one nenory nodul e. 35. The processorPOEESI05/002553

system of claim 34, further conprising a ring buffer

coupl ed between the nultiplexer and the interconnected

terminals of the nenory devicé8. 36. The

processor-based system of claim 33 wherein the nenory

devi ces each conprise a dynam c random access menory. )
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port to couple address and control signals to the

output termnals, the address or control signals being

coupl ed to ti%e oufheumeeryiwl of iotaim B7rwherein the memory hub

configuration if the nenory request is directed to a

f i908PT¥€hory device, the address or control signals

bei ng coupl ed 40,bAE oAUtk fsecflﬁﬁa{m B tdeede SRE Mihory requests,

configuration 1t the 'nenoryrequest 1s directed to a
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a multiplexer coupled to the micro command shifter to receive the
command signals or the address signals from the micro command shifter, the
multiplexer being operable to arrange the command or address signals in either the
first configuration or the second configuration depending on whether the memory
devices on the first surface or the memory devices on the second surface are being
accessed, the multiplexer being operable to couple the command or address signals
in either the first configuration or the second configuration to the interconnected

terminals.

39.  The memory hub of claim 38, further comprising a ring buffer

coupled between the multiplexer and the memory devices.



out put the command and address signals in synchronism
with the operation of the nenory devices; and a
wondosiopdsexer coupled to the micro command shi fPET/US®05/002553
recei ve the command signals or the address signals
fromthe mcro command shifter, the nultiplexer being
operable to arrange the commAd or address signals in
either the first configuration or the second
configuration dependi ng on whether the nmenory devices

on the fi rst405,urf"H@en@m0Fhéluhe¢iﬁ)ﬁkallﬂeﬂ odgredp theyeommand and

nd surf ce ar e access the nu pl exer
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S'rﬁ&ﬁb@ dothrfAdd Rl 2HBRsd difgedls.configuration or the
second ‘configuration to the interconnected term nals.
39. The nenory hub of claim38, further conprising a
ring buffer coupled between the multiplexer and the
menory devi ces. 40. The nenory hub of claim 37 wherein
the conmand and address signals generated by the
menory hub conprise dynam ¢ random access nenory
command and address signals.



