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BACKGROUND OF THE INVENTION

[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 Ag-An, and a second set of externally accessible
terminals are input terminals for respective command or status signals Cy-Cn, such
as RAS*, CAS*, and a clock signal. A third set of externally accessible terminals
are input/output terminals for respective data bits Do-Dn. Finally, a fourth set of

externally accessible terminals are reserved for power and ground.
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| ayers can result in_excessive cross-talk between
SIMMs, DIMMs or some other variety, is the need for an ever increasing storage
capacity. For this reason, the capacity of the memory devices mounted on the
substrate, as well as the number of externally accessible terminals needed to address
the memory devices, has continuously increased. The need for increased memory
capacity also increases the need for memory modules having a larger number of
memory devices. As a result, memory devices are now usually mounted on both
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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doi ng so creates an undesirable stub connection to the signal path between

the terninal gifgdyantages.r art memas, device myrapng 4o msews, dio ditferent integrated
circuit packages must be developed so that corresponding terminals of the two

packages are mirror images of each other. The two different packages can
theoretically use the same integrated circuit chip, but, in practice, this is not always
feasible. In particular, it is important that the integrated circuits on one surface of
the substrate respond to signals in the same manner as the integrated circuits on the
opposite surface of the substrate. For the circuits to respond in the same manner, it
is important 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.



can produce signal reflections that can degrade the perfornmance of tﬁMR 007
integrated circuit. For this reason, it can be necessary to fabric h%
di fferent Wwhb@gpasss circuit chips, which are the mrro gach
other, for placenent in the respective mrrored packagegc'hﬁgﬁ?m@é

devel op and stock two different integrated circuit packages, even |f the
same chip can be used for both packages, gan significantly increase the
cost of mrrored integrated circuits. 2 7 MAR 2007 WD 2005/076823

PCT/ US2005/ 002553 4 [040) To, all eviate the above-descrjbed propl ens
mrroring [&0 grated cf9 d@lieyiate B&eoﬁ%omﬁlﬁ%?r@eg PreRjFmE &f miFrng ?t%‘%dobeen
devel oped. Wghunefeb doPe infre DMk halvB e (01a1 evi ce
10 incl udes al{&grgeﬁn%agﬁn ??l dt’%r m@ﬁa ulfi aI tk?g%{ﬂé lﬁsldt e%n%&lnrgﬁ % dj14 for
RAS and CAS sFlgumlls ar éntsgrated. cifduit nﬁﬁﬁrﬁrdzbvmsmngciads ar largeo numbert ef | y

d, ab Th ' ,
respecti ve i rgURna, SUSCRRPLDFEREHS 16l o8 RARELASAETEN e RGO 11l crer
16 is coupl edghg aﬂd'@‘fS%ﬂgﬁE‘l@' fﬁ%ﬁoﬁﬁlly%ﬂﬂo&'&%@@%hﬁd&&b&%e ThEYerdiRigxer 18

is coupled to a CAS si 2. The mul'tiple , are controlled
by a signal | 12’;&4@w¢ﬂchatoupiedxm & respeatiak itpat of tvad mﬂﬁipéctxeas 15, d8eflhe muped

| ocati on. The .coupled to a |rst n of the multi xer
and to a sec¥n el’ﬂ{‘)ﬂ?leé?r &5 FRHRI§d 0% Slgn‘#h’éo X #971 a0y the pufput Ed f ed to
a second i ”p%ul‘ﬁ lexb 8 qykéﬁﬂé@ﬁﬁﬁ G&s @@alt fodd 32.7 %e'xﬂlﬂ%leﬁérstlrée 18 are

mul tipl exer aresult, alow applied to the termnal 26 causes the
termnal 12 tamntrell@cbhplaesignaj lmeeCdRpEdstpgmmxtem@UEnﬁmal 26 chttahpretigemiined 14 to

b |l ed t d 22. A high dt i | 26
oo uooaPt o | Jetalion s e 12 i raifteado & B0 ixBREot 8 milibligen, ¥ B 4 o
termnal 14 tQcify @pLidEate bfulfiflexdrAS, Si'hg'i‘éljtnlﬁ‘é?qef @Qouﬂlgé-ﬂola keboR® fipat bPN, two

of the integrated circuit nenory devices 10a,b are nounted on opposite
surfaces of ahemdtiplaxer b ashdava finst mpghoéﬁlezmumpdb@BIS réspetcsulvea LOWAs a

result, the RAS.sign IS €O ed to . the ter 12 of V|ces
oa-and t no rBPHEhd e degptahld FaneT gz Ko biaiRak® telfAS JariEoy o e
to the term nglde bb, %dttfﬂ@téi‘ﬁm)dlﬂ4dt%vbé3€o%pi&atoaﬂ1€ ¢tAS siglambaé 232 AQﬁgH he
menory devi ce 10b. However, the term nal he nmenodry device 10a is

applied to the terminal 26 causes the termmal 12 to be coupled to the CAS signal
node 22, and the terminal 14 to be coupled to the RAS signal node 20.

fo11] In operation, two of the integrated circuit memory devices 10a,b are
mounted on opposite surfaces of a substrate as shown in Figures 2A and 2B,
respectively. As a result, the RAS signal is coupled to the terminal 12 of the
memory devices 10a and the terminal 14 of the memory device 10b. The CAS
signal is coupled to the terminal 14 of the memory devices 10a and the terminal 12
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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memory module 30 of Figure 3, each signal transmitted and received by the memory

hub 32 is transmitted and received on a first set of terminals coupled to the memory
device 38 on the left of the substrate 34 and a second set of terminals coupled to the
memory device 40 on the right side of the substrate 34. One of the signals
transmitted by the memory hub, i.e., the Ay address bit, is shown in Figure 3, and
this address bit is coupled to correspondingly positioned terminals of the memory
devices 38, 40. However, since the Ay terminal is located on the left side of both
memory devices 38, 40, the path to the Ay terminal of the left memory device 38 is
longer than the path to the Ay terminal of the right memory device 40. As a result,
the performance of the two memory devices 38, 40 may not be symmetrical. A
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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the first configuration if the memory devices mounted on the second surface of the
substrate are being accessed. The memory devices in one or more memory modules
may be coupled to a memory controller that alters the configuration of the signals as
indicated above. Alternatively, the configuration of the signals may be altered by

either a memory hub or a register mounted on each of the memory modules.

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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specific cal cul ations qr tasks. The processor 54 includes a processor bus 56

that normal | yiSiShemqas Figiradar dhs eamputer exstam 010 pepdudesngy progpsser Hrhidor The
processor b ' | : a y ' '
typically st gtﬁe f@%’!’i dg%%mugzé:déy s“?ﬁg%ﬁglé‘g’s%' ?Aqg)éé\gaggé Sp?ﬁgfrgéh%eebs
processor bugpebformspedifiptldulations or tasks. The processor 54 includes a processor bus 56

that normally includes an address bus, a control bus, and a data bus. The processor
bus 56 is typically coupled to a cache memory 58, which, is typically static random
access memory (“SRAM”) device. Finally, the processor bus 56 is coupled to a
system controller 60, which is also sometimes referred to as a bus bridge.

[024] The system controller 60 contains a memory hub controller 62 that is
coupled to the processor 54. The memory hub controller 62 is also coupled to
several memory modules 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



system controll er 60, which is also sonetinmes referred to as a bus bridge.

[ 024] The systemcontroller 60 contains a nenory hub controller 62 HTHMAR 7087
coupl ed t essor 54. The nenory hub controller ' upled to
sever al rrgr?toirags/%%l es 64a-n, and the nmenory nodul es 642%?1[@%2@&52@6%?% to
each other, through a downstream bus 66 and an upstream bus 68, which

coupl e data, address and/or control siggals away fromor toward,
respectively, the nenory hub controller 62. Each of the nenory nodul es

64a-n includes a nenor EqL;lb 76 _nmounted on a substrate 78. The nepory hub 76
i s coupl ed t BeT%:mMadu agn 1nythe; systemgishile, apgthes yeemppe medulerfda iothe nodul e

64 through asyddngtis SREpbines AMERSHe rafidagaoond ot s t
sever al mam)r)fs gjevlis(S:ngp 8élag?b n theerot her§S|pdeg01?“B %ﬁgpﬁg'm%er%ﬁﬁ ltgg64
t hrough a seeldeitnsy of obmputenaystemsiusing 8 sneamuty dab arthieetire 84h makeitmorer y
devices 80a, b and.86a, b . are identical .to each other. The menor hyb, 76
efficiently P%ﬁ?@ﬁ?@'ﬁfﬁ)ﬂ/‘qcéﬁﬁ%gﬁg%éﬂﬁw?dé}é Bgﬁs‘BgmB’é't SRt ¥ ?‘“hub
control | er 6grchitétnireCcdi ARGY pvideC gfeafty  infiRaseOmRH0RY apadifn WoRpakrNg this
architecture can have a hi ghgr bang}\je\}i dt h because the pcfagcelssor 54pgan access
one nenory s$isttmse 64a-n whil e another nenory nodule 64a-n is responding to

a prior ry access.. For  exanpl e processor 54 can qutput. wite data
fo one of WAL 5 7 War 36 st ontmjensRas8 sees e somBRasenEpath it

modul s 64a- Brobéksbi1 84 Stop VAN |oF ARG SdfipdiRAR! YMBRE Ub&ifiéary) thd sfdién System
I's prepari ngﬁrtoo Srovi de raead data to the pprocessor 541.3 'Il'he ggerats%,ng

ef fici ency otontroheritédr inshules s goaphing portrshatr is Hyplcadlycboupdest to @ graphitake it
nore practical to stl.y .increase data, hapdw dth of a ry..system A
reror y hub. | SotRiEe 8B el 1S LR SuPled” By Banre ferERuledh B Bhpaci ty
in conputer caitlienso id gPtoupd t6Ynt @M inpat H&VicRD4abish £ MSBoAa o
communi cations path to the processor 54 for a variety of otherl conponents.

More speci fi &aiouge, to aHowyan: aperaterdtatinterfhee wishh theneimpiver sysigmaphi Espipadit t hat
is typically,coupled to .aphi cs ontroller 90 ich.is, . An turn
coupl d to S Bttss e fhat SB AR e GE bl Fiore il egises 26, Pt B0 e 10
one or nDre pritky, cOMIEE &5 theprodessdt 5athRdull YROSERnPEontroller 60. One or more
data storage devices 98 are also typically coupled to the processor 54 through the

system controller 60 to allow the processor 54 to store data or retrieve data from
internal or external storage media (not shown). Examples of typical storage devices
98 include hard and floppy disks, tape cassettes, and compact disk read-only
memories (CD-ROMs).

[026] With further reference to Figure 4, the memory devices 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 80b,
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 comer 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




a nouse, to allow an operator to interface with the conputer system 50.
Typically, the conputer system 50 al so i ncludes one or nore out put ﬁ}MN‘(\?[ﬂW
96, such o Jooskidshd €. coupled to the processor 54 thropgh %
controller 60. One or nore data storage devices 98 are also yp| ca

coupled to the processor 54 through the systemcontroller 60 to all ow t he
processor 54 to store data or retrieve daga from internal or external
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(O rowk) . Cicehptil therefate bR RERACR-be Tiprig deticas SDhebSromRgd oD hbs. Bon
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menory devi ces 80b and 86b are nounted on a second surface 100
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comer of one of the nenory devices I's coupled to a correspondingly
posi tioned t o thg memony deviegs &Qaeand@@b,rthp idgtatsignahwild be iveupled ta the sigmebosi ng

menory devic 7 term,nal s of .t he ces
50, 56 are pritdphiieDuE Rl sen tEh 1 Faut SERRINaccreRn ForC S Rl ey
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80b, 86b, respectively, on the %8 posite surface of the substrate 78. Data

si gnal s appl idsdices 80 S6arire ceunlerb b the datarbus terminas Oﬂfhﬁ mmgmdwnpes'LSOb MAR
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2o e oo e gLV, aag wAR beRERerly ritER IS S5 rehl lon! MEELANE defictl | L ©"
bits that ar 680d86f£§@ﬂingfthﬁrﬁllltc¥f&h@|dit@bbs teSmiMaistth GVhiélptHeRita HIEYERE )ton.(iﬂéd ces
80b, 86b nounted on the second surface 100b. For exanple, a data si gnal f or

data bit D, raggassecigled miththe sarge detasirgbeciignabe 80a as a D, bit and witten

(2,3 oA oo 0% i Byl s GHNAE g MRE OB AN 8 ML 3

to the signaladdress and control bus terminals of the memory devices 80, 86 are not
interchangeable. Therefore, an address signal coupled to a terminal of the memory
device 80a cannot be simply coupled to a correspondingly positioned terminal of an
opposing memory device 80b. Instead, each address and control signal must be
coupled to a specific terminal of each of the memory devices 80, 86 regardless of the
location of the memory devices. Rather than 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 Ajp 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 Ag 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 Ay to another signal
line of the bus 82 if the memory device 80b is being addressed. Different address



line for the D, data bit even though the data signal was read fromthe D, 5
bit of the nenory device 80b. Therefore, as long as the data bus t?g Pazb@
& 0 e

of the ¥, ces 80a, 86a are coupled to the data
BB 05/(#3%’6‘35 p%‘fﬁ{stzﬁi{ \Ai&)%k?

menory devi ces 86b, respectively, data will be proper en to and
read fromthe nenory devices 80, 86, assum ng that all of the data bus
termnals to which the data bits are cougjed are associated with the sanme
data strobe signal. 10281 Unli ke the data bus term nals of the nenory

devices 80, 86, the. address and control bus t rmn | s of the menory devices
80, 86 are nBtd CoTFoL SRAIGES BIRS coRRlEAdP Shesame chioiabe b ¥aerERdiBE 88 to a

term nal of {ehERABMYry &wma@mm ReesbdP! y coupled to a

correspondi ngly positi oned term nal opposi ng nmenory devi ce 80b.
| nst ead, d82H address Zhel nmmrycdevmeg&@,l S&mmy blaemthenuf)t\ed types af sye0oryi c

term'nal of each of th ry devices 80, 86 ard| ess of the |ocation of
the menory da?/v“éeéseac‘?-?&? Wg\?c?ﬂ%qﬁa%% f%@ﬁleﬁé?f(%ﬁ ?&pﬁgﬁﬂrﬁ’a AELTRATY usi ng
different MeARVidesd) S6CRavRAY FREknl itdrirfifa® Absi éntmle ity Sx‘r”v@{lérpﬂﬁ)derofr outing
signals to the proper si gnal nodes, the address and con signals are

coupl ed to t bperatporoiseised byrthmaiemooy devaeesidnB6y F@eexamplesas lsafnolwyl toloae nenory
hub 76 coupl i di fferent als to the sane |ljines of t uses 82, 88
dependi ng updti H%I L WWW&@O%“‘%@ OPgAfing “éc?,rt@sgg‘bbqe 2 Qg e,
if the A0 addppr”) b:hbdé)fm&b‘x?as ARTEDPRIC YAddR 30dnk SeCONRemiR aEs(i’ ts°\10
address bit of the opposi ng nenory device 80b, the nenory hub 76 wi

coupl e an adandesBRAM naEmbor dbvmeso\@p@r@tmg sp@mothec DBRg midel kmmvrofaSttlhe bus 82

i f the nmenor) hce Oa |s b ressed, and it cou Ie an address
i gnal Tor by PORSG et st Bnlfen fe AHERRRE s Pinehs, P ot

devi ce 80b '&n’ﬁﬁiaﬂﬂ) ﬁ'ﬁjih%sﬁﬁad&@s&\'tﬁf B&oMiplell 6 niBRIBYY MediRYd 6§erW1ﬂé 1nCtﬁb|p| € an
address signal for bit A0 to one signal line of the bus 82 if the nenory

devi ce 80a DBRIemade adurrmmjan dnol afdress it f@rompmerx Heviegbdonesating @ﬁae for
bei ng addr 6sOBRS i Pene™ ke B eory i 8 i couige BEGRPY el o &2
PCT/ US2005/ 00 irkDof 8Ath 6P Hid BhscS 1SN BBSIReRIiAL T QP}JWh@ﬂleP Qhd Reenfagre | i nes
of the bus 88 dependi ng on whether nenory device 86a or 86b is being
accessed. devices 80, 86 are of the type that operate in the DDR2 mode or the DDR3 mode;
(2) whether the memory devices 80, 86 are to the left of the memory hub 76 and are
thus coupled to the hub 76 through the bus 82 or to the right of the memory hub 76
and are thus coupled to the hub 76 through the bus 88; and (3) whether the memory
devices 80, 86 are mounted on the first surface 100a of the substrate 78 or the
second surface 100b of the substrate 78.
[030] In one embodiment of the invention, the memory hub 76 will couple
signal to the memory devices 80, 86 according to Table 1 below in which Ag-Aj¢ are
row and column addresses, BAg-BAj3 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 CS,
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[029[ The nmenory devi ces 80, 86 may be elther of two types of nmenory

devi ces each of which operates in either of two nodes. Furthernore, Z'H"lﬂ? 2007
menory ﬁ&i §&§0 g"g 86 have different term nal assi gnrrents degendl ng

whi ch” mod&O3* 8% ation is used by the nemory devices &6T/EB00508355 xanpl e,
as is known to one skilled in the art, DRAM nenory devices operating in one

double data rate ("DDR') nbde known as he "DDR2" node use one set of
term nal assignnents, and, DRAM nenory dleV| ces operating in another DDR
node known as_the "D " mnde, _use another set of termpal assignnents. For
exanpl e, theCsane tef®imal to V\Abch an Aduiaddress| Bist is colpbed to fenory
devi ces opefatt+ng—t+mrtH BBRZmrpde—wtHTrecetve—afAlZ—addess—bt—9r
menory devi ¢ gé' oper at ﬁé in the KDDRS modé? I n eac 1Aéase Afnem)ry hub 76
wi |l couple he propefcsignal tloagach Sifgyjal TTnej gia eacn o e busa*s 82,
88 depending_on: (1) whether the nenory |devices 80, 86 are o? he type that
operate in Gez DDR2 npBg or t hel MDR3 nodeAs (2) wheAher the m&nory devices
80, 86 are pg—theteft—ofthe+prpry—hubi46—and—arp—thus— he hub
76 through Fré bus 82 Bi” to the ﬁght of tAﬁe menor ,/Ahub 76 d are thus
coupl ed to [RE hub 76 Rhrough t|ng bus 887 and (3) Nﬁet nerrnle—r'rE'rTDT‘y—
devices 80,86 are m)un%ed on tlhe’ first sar'face 100a'of the [substrate|78 or
the second|Bgrface 10Bfy of thel Aybstrat e Az8. [ 030( of the
i nvention, the—menrory-hub 76wl couplel—si ﬂnaJ__t- 5 80,
86 accor di ngBUo Tabl ¢ €1sbel ow i MAnhi ch AD/, 6 are esses,
BAO- BA3 ar e[ garmk—add SES; u—éZp Sarm agty ve T ow Dbe
signal , CSzP 'and CSz1 afe activie Jow chip‘del ect s|ghals to IR
devices 80, 86, on thef Alrst surfface 100afangd seconfdagurface 1AQDb,
respectivel D11 _ar signals IRAS7Z is aph active llow row address
strobe si gnpPizand €3 an actfide | ow wiAve enabl =Béizgnal MBse 1 Hub Left
Hub Ri ght 8 86b—82 86a—82b7—86b frat—ter DDR2
DDR3 DDR3 P on c0Mes1 csoldel 2 7 MI007 9005/ 076823
PCTI US2005/ DRZH53 Az Ap A Aq An

Ag Ay A Ap A Ap;

Ay A A Ajs Ajs Ass

Aq Az Ass Ay A A4

Ay A A Ajs Ajs Aje

D, Dy; BAy BAy BA, BA,

Eis Dy BA, CASzZ Ay WEZ

E; Ejs BA; BA; CSz, CSz,

Fi2 Fa BA; BA; ODT;, ODT;

Dg Dy CASZ BA, CASZ RASZ

Ds Dyg CSz, CSZo WEZ Ajo

Du Dy CSZ, CSZz, BA, BA,

Co Eas ODT, ODT, ODT, ODTy

D13 Czo ODT] ODT| Ao A3

Fy Ez RASZ WEZ CSz, CSzZ,

Eio Ds,; 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



11 C5 C27 Ao Alo A3 Ao Cl11 B21 A, A2 A6 A5 C6 C26 A2 A, BA3 BA2 _Cl12 B20
A3 A4 A2 A, B5 B27 A4 A3 A, A2 Bn A21 A5 A6 Al2 A3 B6 B26 A6 A5 AR MAR 2007

B12 Cl9 A¥oAGosiieddsl AS B29 A9 A7 AB A7 A, 3 AL9 A9 Al lpcA%dhis 0%% C21 Ao
Ao BA2 BA3 A4 A29 AIl A9 Al A9 Al2 A20 Al2 A13 A4 Al4 A6 A2§0 Al2 Al3

Al2 Al A22 Al4 Al15 Al5 A15 A7 A28 Al5 Al4 Al4 A4 A o A23 Al6 Al6 Al6 Al5
D7 D27 BAo BAO BA, BAo E13 D20 BA, CASZIA o WEZ E7 E25 BA2 BA2 CSZ1 CSZ,
F12 F22 BA3 BA3 ODT, CODT, D8 D26 CASZ BA, CASZ RASZ D6 D28 CSZa CSZQ WEZ

0,7 2L G ST BB 5 L T 010, 18, e, B 0., T

enbodi ment, thHecteARinRY. YFdtbkampld) A ixtternindll lycRSEaIBE Bpfer 168 hBhd&drierasfr anged

in agrid, and the location of each termnal is designated by a
the memory hub 76, and F29 is a terminal located at the lower right hand corner of
the memory hub 76. The locations of these terminals that are coupled to the
memory devices 80 through the bus 82 are listed in the first column of Table 1, and
the locations of these terminals that are coupled to the memory devices 86 through
the bus 88 are listed in the second column of Table 1. The signals applied to the
terminals of the memory hub 76 when the memory devices 82a, 86a on the first
surface 100a of the substrate 78 are being accessed and the devices 82a, 86a are of
the type operating in the DDR2 mode are listed in the third column of Table 1. The
signals applied to the terminals of the memory hub 76 when the memory devices
82b, 86b on the second surface 100b are being accessed and the devices 82b, 86b ére
of the type operating in the DDR2 mode are listed in the fourth column of Table 1.
The signals applied to the terminals of the memory hub 76 when the memory
devices 82a, 86a are of the type operating in the DDR3 mode and are being accessed
are listed in the fifth column of Table 1. Finally, the signals applied to the terminals
of the memory hub 76 when the memory devices 82b, 86b are of the type operating
in the DDR3 mode and are being accessed are listed in the sixth column of Table 1.

[032] For example, 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 80a 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 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 A3 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 Ao 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
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For exanpwe. 2008078232 termnal |ocated at the upper |eft ﬂﬁ?@szﬁ%’?@iss@f t he
menory hub 76, and F29 is a terminal |ocated at the | ower right hand coner

of the nenory hub 76. The |ocations of these termnals that are coupled to
the nenory devices 80 through the bus 83 are listed in the first colum of
Table 1, and the locations of these termnals that are coupled to the

menory devi ces 86 thraou us .88 e listed in t second col u of
Table” 1. The Segstating i fhe, B BRAEHIhE mey BV S A e A58 nen ¢ he
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DDR2 node ar 884 feseiags ithe Phe adéiessd b ovigmnthef memprye dgvicesh80b grgyrfiltke typel i ed to
t he term nal f.the hub, 7 nen t.he r evices, 82h, 86b on the
second surf a§3&iﬁéﬁ)ma&'§%#%d%%%ecg‘gﬁde‘éﬂﬁesttﬁg%ge%ﬁfigeég bgtz‘ﬁl,]eré%'g MFEYof the
type operati Qevicds $01e afdb¥ingmade:ssydeard ﬂ‘fe?dlré of tthe tfpeUspeRati@ NtheaDDRabI e 1.

The signals applied to the termnals of the menory hub 76 when the nenory
devi ces 82a, "™®¥8 are of the type operating in the DDR3 node and are being

accessed listed i I fth. e | .nal . lognal s
applied t oméﬁe term naflﬂgXE Q@*tfr\gh%ﬂ}é‘%ﬁ%ea{)m;@%khoef#h? E'lee%%)e%ﬂ/&%gqus’ ggs 82h,
86b are of t bssell opewliesrahéyngre dfithé type tin@iietha MDR? @r s DPR3caedsied ar e

listed in the sixth colum of Table 1. [032] For exanple, the C5 term nal of
the menory h&Btqesincea dagsinet changs duging dheopdrafiom of theanesnponyevings 88286

recei ves the S | ' §Qﬁ%g ' cessed
and they ar e}@?egﬁgﬁﬁy%g%%grggﬁﬁ%qfoﬁ ﬁ@&w@%ﬁf an %?‘ 1?@82‘?(/@& the A3
address bit wheaiory heb Ten®ithe memoedeviids 8aroe flven Aght &t of safinANA19120\far e of

the type operating in the DDR3 node. If_ the nepory devices 86a are being
accessed, t htheaemoryhyp /S angtto theamerpory deviceh86rts dyRpmid, apd thegefprs changes a

signal 1ine aheAhNh BlebBrFhIGS b A0baHIEEARE L vhen the merory

devi ces 86a are being access ey are o type operating in the
DDR2 noddp34ind it recdilthesgl hke Addresirand smbstt ofithe) donerohsigmals dmsi des 80a
are being accessed and they are of the type operating in the DDR3 node. If
the menory dynamically mirrored, in one embodiment some control signals can be applied to
multiple symmetrically positioned terminals of the memory device 80, 86 so that
dynamic mirroring is not required. For example, a first clock enable CKE signal is
applied to a terminal of the memory device 80, and a second clock enable CKE
signal is applied to a terminal of the memory device 86 regardless of whether the
memory devices 80, 86 are of the type operating in the DDR2 or the DDR3 mode.
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, CSo CS,
Dy Ep9 CKEq CKEq CKEo CKEo
Fs Exo CKE, CKE, CKE, CKE,
Fg Fas CLKo CLKo CLKo CLKo




devi ces 80b are being accessed, the C5 termnal of the nenory hub 76, which
Is coupled to a signal line of the bus 82, receives the A10 address bit
when the WRyRHYo76§avi ces 80b are of the type operating i @Q@g de, and
it receives the Ao address bit when the nenory devices l;fsko'ltb[ﬁ%roe e?gra:g
accessed and they are of the 2 7 MAR 2007 WD 2005/076823 PCT/1JS2005/ 002553
13 type operating in the DDR3 node. |If glpe nenory devi ces 86b are being
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change duri rﬁl he opefation of the nenory] devices 80; ET t he
routing of signats fromerther the reft—setr—of term nars A-F13 of the
menory hub 76 to the nmenory devices 80 or fromright set of termnals Al19-29
of the nef@3sy hub 76 am@ hembdlychubeT®iiseddr thememdty moddien &da-a, ofdigurt lder ef or e
changes rapidly while the nenpry devices 80, 86 are being accessed. [034]

Al t hough t he iBdedes admemeryfrostroler, anboncembodimentf# emont congrolles 20 thaty) | v

mrrored, in i . S . | ' ul tiple
symetri cal | fglggg ?%ﬁg%ﬁn ggfes '2}? ﬁ%é%ﬁ%ﬁo%ér}ﬁéd\#@ge%@d %gaggﬁlgg?
dynam ¢ m rr devehmac® comimaraiyusuchcs ACTIVAERERIOAY, @OLUMN, andBREEHARGE,CKE
signal is applied to a term pal e nmenory devj ce 80, and a secopd cl ock
enabl e CKE SPRYAE theseiapments: g M ORERGS, Sehedofrtbe PIAM Eumgands |
regardl ess Offof'\&tlﬁﬁe%f‘@g 826‘&? ithed & ﬁ)‘%&sqge schedfEE rﬁr}iﬂﬁlsg&ﬁ{eat' ng

in the DDR2 or i egar dl ess of which nenory device 80, 86 is
bei ng addr esserectittreninalsl b€ heademomyrtmby76¢l es/preeionsllylexplaamidy eVith @fEreacegioal at

the appropriate terpginal. The signa .for which dynam c g rroring.i s not
required, as%\}@r? aICTHEMPIY CANITRHEr %ﬁo EWB‘dF%PrHOHHF ‘b‘fe“F;?Q“rFE?'FDVF Y¥b 76 to

whi ch those shdfighJevl MasfoRlonfHarddd FRYNE tHeRGHSTERb coRfr8ller 62 (Figure 4). The

Command Queue 204 translates the received macro commands to DRAM command

signals, such as RASZ, CASZ, WEZ, etc., places the command signals in a queue in
the order that their corresponding macro commands were received, and then outputs
the commands in the proper order. The Command Queue 204 also receives address
signals, which are placed in a queue in the 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] The DRAM command signals and address signals from the
Command Queue 204 are applied to a Command Scheduler 210, which spaces 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. For example, the Command Scheduler 210 might
schedules the CASZ to be output three clock periods after the RASZ signals was
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



listed in Table 2, below Table 2 Hub Left Hub Ri ght 82a, 86a 82b, 86b 82a,
86a 82b, 86b Term nal Term nal DDR2 DDR2 DDR3 DDR3 Location Locati @ MARQqg7

CS, CSo CWip 2008/0%8% CKEO CKEo CKEO CKEo F6 E29 CKElI CKEp %éo % Fs F26
CLKo CLKo CLKo CLKo WO 2005/076823 PCTI US2005/ 002553 14 CO‘l 2 ﬁ CLK1

CLK1 CLK1 F7 F25 CLKZ4 CLKZo CLKZo CLKZQ Gl2 &3 CLKZ1 CLKZI CLKZI CLKZI
F13 RESET RESET [035] The nenory hub 76 ygsed in the nenory nodul es 64a-n of
Figure 4 includes a nenory controller, and one enbodi nent of a nenory
controller 200 . that, can,be used is. _shown in Figure 5. Briefly, the nory
control I er 20997 \Wé@' the JAroPgT Spafin F?}‘SEJH%%@‘? Sg‘&?& 130 @)é'I‘FWE“
COLUWN, and REEREANGHom SREEHhaind REeRQue? 218 ifithal RakfdpM commands, schedul es
t he DRAM commands for outputting at the proper tine, and routes the
schedul ed ¥ commandsWhen ttheproperly totedtand rordertd command amd raddrgsshsignals, as

[ I | aj . . W f i ' 5 th ) troll 200
Pl udes 3 comranidenoubet helComizang Sisky 2l Rshingregle e T kofib Rickamnas
from the menmogpplibyk 69@91{;% o€t Iﬁaltfplféa(gfj 020.4)The MltipfeRETTRIE afH G2 el 4he

transl ates the received macro commands to DRAM conmmand signals, such as
RASZ, CASzZ, VBRAM remmap{ andgddress signalreatd sstondainput direstly drome therCornmandr der

t hat thei di . ' d dth t, put th
commands. | n° (RETR ARe: T REAcwy B AR 2 sB58lsh e cBRmabd e R oos
si gnal s, whi cdigraletoPlte@athut Airdctfit Gdmh the CHBmand Shiftdiad]14t Aethe¥€E@nile@ed ved,

and they are subsequently output in the proper order. The conmmand and
addr ess si gnareciveshwhemthe mempin deviegsn80h86 bavebeen idige uds 2asulls thetlateneormand

and address Sﬂeggl%ll that Ivsi/osutl(? ge iirrllcu-ll'_rae lig%e%gac%%p?ed through the Command Scheduler
210 and the Micro Command Shifter 214 is avoided. After the initial command and
address signals have been coupled to the output of the Multiplexer 220, the
Multiplexer 220 selects the output of the Micro Command Shifter 214 for coupling
to its output. '

[038] The command and address signals at the output of the Multiplexer
220 are applied to Signal Swap Multiplexers 230 that are controlled by a CONFIG
command coupled to the Multiplexers 230 through a bus 232. The CONFIG
command indicates whether the memory devices 80, 86 are of the type operating in
the DDR2 or DDR3 modes. The Multiplexers 230 are also controlled by CSZ, and
CSZ, signals, which indicate whether the memory devices 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
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[ 036] The DRAM command signals and address signals fromthe Comand Queue
204 are applied to a Command Schedul er 210, which spaces the conmarfd] BARA2007

addr ess sy rt fromeach other with the proper d lay is
Wahsioaea P Pusaliino 45

measured in periods of a clock CLK signal, which is also app t he
Command Schedul er 210. For exanple, the Conmand Schedul er 210 m ght
schedul es the CASZ to be output three cl ggk periods after the RASZ signals
was output fromthe Command Schedul er 210. Wen the comrand and address

signals are output, fr%mthe m*rang Schedul er 210, thle(%eare stored in a
m cro Conmandhatdhdriven byone ofithe glack sgnalscGLKg. GLER €LKZe gr Gl Zy that 15 s

Command i 1 CR 9§ M nembEf detRB Y R TRn SO ] L pPuh st sk 10 The
PCT/ US2005/ OGixsé&fdrelhifted ftem thaRing Bhoffeds@40y 242eandsqpplied ¢o thectatmsiaals o€ yhener e

shifted into the nj i

' d Shifter 214 fromthe mmand Schedul er 0 in that
manner . [ 037 MSRREH ﬁggw w@hvlwwa%@e&twg ah%@ﬁwemd%fef@edf ss

signals a hifted o &gﬂgﬂn&, ' [V, CLK

si gnal , threogq/ogre appl i%elgﬁﬁ"gﬁlggee I nput gﬁlagéﬁwﬁt{o“@%fbe{gwgggi_e @ﬁ%e%}fl?i pl exer
220 al so recdbvpgh¢ hempd@Ahtchiestenecshawd indligws 94, #i nals b¢ usedsascostdnd-nput
directly fromthe Command eue 204. I n operati he Ml tjpl xer 220

Coupl es t he CIRETANG MR dn e SOmANETOYFER gUP SEWE: TeBIehiF .r St he
Command Shi f binpdie s9scnS0F uitORBhS i e LRRCLHATbIARNILISTRIERN h HRVI ces

80, 86 have been | aresult,”"the latency penalty that wou be
i ncurred i n lseinpyter cystemd 50 hofoliggure he Tosrefars] i8cthedimtarests 21 Obravity, ttheseM cr o

Conmand Shifter 214.is avoj ded. After thle initial conmand and, addyess
S gnal's have BRI ReRh be5n REVHIS, MR fie IR TeTs By Qpmgss. e 21
Ml tipl exer %gﬁa%ioﬁgf%éil;%éegﬁﬂd%ﬁi’ilﬂfot Bg'Ecg%t@d.oTﬁ‘@@gfﬁﬁlﬂeﬁysfe?r%OO?éiﬁfelfsor

coupling to its output. e conma and address signals at the output
of the Milti filopxthe copgmterrsystapp$0 byl using Snepnerly rSvdnbes\il G that éx eptcaBinahat are

controlled by a CONF| G, co nd coupled.to the Miltiplexers 2 ough a
bus. 232, * The MSBHGEY b, e B BUDLEViRsE Shef® therhangno qedite b8 %8s ar o
of the type ep@iléd i#é&tlyto the memory controller 200 in the system controller 60 through a

memory bus 320. The memory controller 200 applies the command and address

signals shown in Tables 1 and 2 to the signal lines of the bus 320 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, as explained above and as shown in 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



the DDR2 or DDR3 nodes. The Multiplexers 230 are also controlled by CSZo and
CSZ1 signals, which indicate whether the nenory devices 80a, 86a on tJifeMAR 2007
first suwiogesdf8ms or the nmenory devices 80b, 86b on tharseeRMhSsNsf ace
100b are being accessed. The Signal Swap Multipl exers 230 can be

i npl emented using a large nunber of individual nultiplexers arranged in a
matrix in a manner that will be apparent7to one skilled in the art. The
Signal Swap Multiplexers 230 route the command and address signals to the

termnals of th ry hub .. i d.2.. [(039] T
properly r outé%’%%??%%‘&%é@éﬁe?%ﬂ%@a@% isgﬁpi‘%’x%?lsa#:"s@%rogn 180"8%?%8 r&@om t he
Signal Swap Md¢lihtlpiekBr éacBIEgister R20 0o Bg;%l&&hé céithand4ad allfesSkigdals Bolffeer 240

is coupled through the bus 82 (Fi 3.ure to the nmenory devices 80 on the
| eft hand si deemagrytdesicas 80x 86 denendiag opavhigh snemasy devigen89s, §62280b ¢rs8@boupl ed

t hrough the S 0 Vi 6 j i f the
merory modurbevane et o Miehel B afifodicVsh 96, #5 A br RIS biGade
first-in, firnseithetthdDDRZ mddé oVt BDRE mydR. 200Her Od6ations Rall/ BéSppaRhDR2553 16
that is driven by one of the clock signals CLKQ CLKI, CLKZQ or CLKZI that
is applied to8csHedinbeRrtdevi ces 80, 86. The command and address signal s
are there shifted 0, 1 ng: i o.4 he
term nal s @?the nenDrT;hreh‘;u%fogg elﬁlr?% gi}%&{ gﬁ?&%%%e?%o%h@gﬁggg? }/ﬁa%fofi he

menory devi cesutfig, th8propeHddmhmand anligldrdsk sighslsws theaneithorgldeeice 80, 86aan thiee used
in the menory hub 76 in the conmputer architecture shown in Figure 4, it can
al so be used Moy spnireller deveh pathas thanat each ofdhe mremosy dawce lavglit A% 2 gpdktbem 300

shown i 0 Fi 9yt e it cirtAEPHIAES BY BRI ARERATR Marklar) s IR SREPONENt s

that are use conput er Sys I gure ore, 1 n the
interests of chrtwittytwas ihleecteof the nipemnerp idevibes 80, 862 Thenaribdse embbdimehfsehisane

reference nungrals, . and an, exp|anation of their operation w!||l not be

r epeat ed. Thgﬁewmtr&mzsy‘yt%ﬁﬁns WPW&eé’lcef"rSB‘i'rPf‘%@ﬁ’cﬂ-\%ﬁﬁse& the shbstatso py
usi ng nenory I i : hel hE
menory devi ng@gg,%&ﬁfcﬂegﬁﬁ r@%@%}s ?rg%laégg%%ée'grgémﬁg%‘ﬂg’%%ﬁ?%@?glbf to the
menory contr appreciatzdOthan ahlowphs spevifoo rimbodinegnts Mft theoumyenton have been

described herein for purposes of illustration, it will be understood by one skilled in

the art that various modifications may be made without deviating from the spirit and
scope of the invention. For example, instead of using registered memory modules,
circuitry like the Signal Swap Multiplexers 230 could simply be used on each
memory module. Accordingly, the invention is not limited except as by the

appended claims.



menory bus 320. The nenory controller 200 applies the command and address
signals shown in Tables 1 and 2 to the signal |ines of the bus 320 gppﬁmp@ng
on which nenory devices 80a, 86a, 80b or 86b are being accessed and whet
the nmenory devices 80, 86 are of the type operating in either the DDR2 node
or the DDR3 node, as expl ained above and as shown in Table 1. [041] Another
enbodi nent of a conputer system 400 acEBrding to the invention is shown in
Figure 7. The conputer system 400 al so uses nany of the sanme conponents
that are used in the conputer syste Eﬁh@nd 300 of Figure 4 and 6
respectively, and an expl anation ofq?ﬁe—operation of these conponents w ||
not be repeated. The conputer system 400 differs fromthe conputer system
300 by using mempry roehstiRsl FHdcdisivy B Pluraity ST aletnofy devi@dnh iwkich Hslugatitgmand
and address  signals to the nenory devices 80, 86. Registered nenory nodul es
are wel of Ryvainpls of & firsh of thermenmiiz devegsreintesgonnegiedigth gsegesponding plpralitmer ol | er
430 in . SYS n I .hat. te i S t he
romory SRRSO EnecBEBl R oy Ui oRn TR TR Gussl ik AR SocRT e

regi st ed&icts Go dapaoddifirantly wpofisiveRniespictilaviddess 80 aont@b3ignMe applied86thear e
bei ng accessed and whet her the nmenory devices 80, 86 are of the type

oper at i Hgereganegtediisrmingls, thppethed semgrisingge DDR3  node. Al ternatively, the

menory controller Q. i V.
2005/ 076823 PCTI tfégégg‘%sé’%?@%hnﬂa?ﬁﬁ%@gg?ﬁggléﬁ%?%n e 5“43.95841?}%@% g}uggfhréﬁ Swap
Mul ti pl ekthesmenOrysdeiges infountegusie tie fiBY sulfcei and| thelgecand «fathl niehgors tdevicd?20 t o

apply the command and address signals to the nenory devices 80, 86
dependi MGUYRd amhesesARdIRsfaGevi ces 80a, 86a, 80b or 86b are being accessed

and whet her the r i . 86 ar t ‘ ¢ i L.eit her
t he DDR2 node or rﬁ?ﬁ}e% %ﬁ%%%nﬁ‘g?e &gf ﬁgorgl@fgf%%ﬁdba@lw{gﬁoﬁfeb %@%dé’?% Fc'ltS 1Ig'?&g?{oone
ski | | edtherinteteenrected tgrodi]s acherdirgto @ isstaednd dérmin assignniehss; amlvent i ons have t he

advant age of routing the proper, co nd and address signals tQ the nory
devi ces 80, 86 at&fhﬁéec%rﬁwrwﬁw%@smg|ae<zﬁé%e r 3APRERE § ﬁl SfaddesstighS he

menory geyk ‘?rﬁerj.c@ﬁﬁ%l:te?(g%rln?arlseéc‘d&td?]ngnﬁﬁesew{aﬁs%{ ofPferrfiinbCA T RmBRE Hee id £ 108 For m

this function is mar [ess t i

if suc
in part different from the first set of terminal assignments.

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.

5. The method of claim 1 wherein the memory devices comprise dynamic

random access memory devices.



circuitry was in each of the nenory devices 80, 86. The various enbodi nents
thus allowa mrroring with single nenory device used on both surfzgq@ 2m7
the substrate and on both the left and right sides of the substraté. F
the foregoing it will be appreciated that, although specific enbodi nents of
the invention have been described herein for purposes of illustration, it
w Il be understood by one skilled in {fe art that various nodifications may
be made without deviating fromthe spirit and scope of the invention. For
exanpl e, instead pf usjn egi d [ | e ircuitry Like.the
Si gnal Swap Ml ti%‘l exe%‘s %%p%%aé‘ﬁ@?nﬁ aggf%gs %néjrgég{é%l %%1“3}35;8 ﬁ%lﬂu%él%ro §‘3§?§tépﬁre.
Accor di aghory tdeeicennentvhioln a plupdlity | ofMietridlale XSfe pt fid6 olf ythé MBemappdeviled ¢ ai ns.
2 7 MAR 2007 18 CLAIMS 1. A nethod of accessing a plurality of nenory
devi ces intercopieetd avith asosrespapdingspluralivy; of sermingls of 4 secand off the empsndevceddli ces
are inter £ £h i i b er .second
o the. duraRNREhALeiMd R AL WREROGK Rembly Adhiek futlionh E ARG posBe™)
devi ces td eespemivt iaddreds bf epetndll signats peplied vie the intespedciedeteanlidales theomethodit 1 ol
signals applied to the interconnected termnals, the nethod conprising:
provi di AeMB'¥%hstrate with first and second surfaces, the substrate having
the first of the i i . . econd
of the nmenory dev?‘{pg}éqpé %gﬁqﬂeﬁ)ﬂgﬂﬂ?wigﬁé%étoz‘égéﬂgisz%lgllﬁg {oﬁ@@;rﬁ%}g%ﬁnr@g%%r y
devi ce itsmimisig adosassegkmenpfithd fugt membdryalevice isshilrgersessedyjaad s to  t he
i nterconnected termnal s ac&prdi ng to a first sg@f of .term nﬁl , assi %nrre ts;

[

and i f the second®RPLYDS ¢ SEieQfi BUPESigRalsor 25 &F addressagigals Rghe GHerPYIneds

addr ess (gl $ a §Qohd GrrhfPeRleROTNRE §&End BleoRRLSYIEE KW cbRed RECRBA Set
of termnal assignnents that 1s at least 1npart different fromthe first

set of wtoangemaht leig djfferent fsom 2he fidsearrapgément.of cl ai m 1 wherein the parts of
the first and second termnal assignnents that are different conprise
address term nal assignnents. 3. The nmethod of claim 1l wherein the parts of

the first and second terdinBibd oRERInYB kN iRt & HpHiidd £EROF cEHAMMPEighfs
control term nal assignments. 4. The method of claim’l,” further conprising
appl yi ngr dattaofsiddress signals tchthe 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 both address signals and control signals
to the interconnected terminals in first and second arrangements that are different from each

other.



interconnected termnals, and wherein the data signals are applied to the
interconnected termnals according to a comon set of term nal assigngﬁ;
regardl ess of whether the first nmenory device or the second nenory tg

i s being accessed. 5. The nmethod of claim1l wherein the nmenory devices
conprise dynam ¢ random access nenory devices. 2 7 MAR 2007 19 6. A nethod
of appl yi ng address and control signal20to a plurality of identical nenory
devices in which a plurality of termnals of a first of the nenory devices
are interconnect Wi Lrespond lurality of term.nals of econd
of “the nemory devittes 11 MsfBA of SR AR el e oo bHLYAR B 48
menory mheartsmsctéd Bt g adidniR6e RtrthiygehRAP Bpatdl®s dfowhabgrehtifitst adahosss or
control signals applied to the interconnected termnals, the nethod

conpr i sfvdce inpeing pergssgd gpthe second mamery devieeds Beipg ageesss. of address signals to
the interconnected termnals in a first arrangenent if the first nenory
device is being accessed; and applying a set of control signals or a set of
addr ess signal s tn.t heTheniethodfietdivds wherer thel Memoryadeses Rdmpriseadypanint i f

t he second menory device is being accessed, the second arrangenent being

di f f er eFAd9IR @pseshi@emprysdeviges.angement . 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 arrangenents that are
different from ealh otAeretioangfrapplyimgpgadseissngr eonsret sighialc tond plakalisy ghidktichlb t he
interconnected . termnals in first and second arrange nt% that are

di  f er eREMPPGIRViESE Mmoyptkd on figst apeh secopd pustrces ofamemeny WPHrale, i afpirroged

appl yi Ngod; &go%o 8fapk Pmralﬁy 9P%|1'rﬁinaf§£?f%a§1e$f &Ré mRASREES RS HHRhRd LR thdrst
interconnected termnals In"first and second arrandenments that are

di f f er estrfate emistachnwctedrto caspptive.goapsglondingly positibnalf temidale 86 a sisperdivsoeo t he

interconpected termnals in first and, segond arrangengnts that are
G 11 er ot (PTBFeH SRV GEERUNEd omiEe SFEPbETEIe CEh f1% TG A endEmgpy
appl yi NgevAces §hin@fon ChfttreRtly ?és?&%kv% toHesprcRl adres8 M BAB0ISGNA sppiRd tih€he
interconnected termnals in tirst and second arrangenents that = are

di f f er emteréonorctedichmioals¢he wothpd coeprigipd:yi ng a set of both address signals

and control signals ..to e interconnected termnals. in first and second
A rangement s t hat APUAEHEs QR ESTHR AaRRD i nereomeced e 6 pGTY

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

within the memory module, re-arranging the signals coupled to the memory
module to either the first configuration or the second configuration prior to coupling the address

or control signals to the interconnected terminals.

14.  The method of claim 13 wherein the act of re-arranging the signals

coupled to the memory module to either the first configuration or the second configuration
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27 MAR 2007 20 10. The method of claim®6, further conprising applying data
signals to the interconnected termnals in a common arrangenent regamdpofs
of whether the first nenory device is being accessed or the second nenory
device is being accessed. 11. The nethod of claim6 wherein the nenory

devi ces conprise dynami ¢ random access nenory devices. 12. A nmethod of
appl yi ng address or control signals to2h plurality of identical nenory

devi ces nounted on first and second surfaces of nmenory nodul e substrate in a

mrrored configuratjon sq that a pluraljty of term nals, of each of the
ooy SRIRTEES FBTAREIS (B B 13 Tmemory b e Fsrruciordlp nsfenendéaty segess tne
respect jégonfdvicespondi ngly positioned termnals of a respective one of the
menory devi ces nounted on the second surface, such that the first and second
menory devices function differently responsive to respective address or

control signals i to th i ntergonpected termnal s the nmethod

conpr i si ng: coupl g atherBeb0 of sSat, B WEegincihe «€00% RiboTng dfdfdicoatel

t er m nakigndi9to e Mibrcahrebdtd tétindlefoMBPNIN1IK Y tieShembrydddvices tn £ ARt bOskcatd on i f
t he menory devices mounted on the first surface of ‘the substrate are being

accessedonfignration epmiprisesacbup g addressovignalsl tosthg riafersonrectedeteimmingls do ankrst ed
termnals for lurality of the nmenory devices in a second configuration
t hat is“ﬁ??f%?@%ﬁmﬁp%n1the first configuration if the nenory devices
nount ed on the second surface of the substrate are being accessed. 13. The
met hod of claim 12 wherein the acts of coupling address or control signals
to the interconnekted Thermethad ficlpimhi whersin the aseeberipling fafdrgssagr epmtro

conpri ses.; ¢ I r L. ral s I e e, and
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nmodul e teénfiguiaien cofm@ribdsr lupientogtol aidn@R terthé higtezemmartd omihgbii@tal ddt P i or
to coupling the address or control signals to the interconnected term nals.
14. Thesssebheanfigpratipmi m 13 wherein the act of re-arranging the signals
coupled to the nmenory nodule to either the first configuration or the second
configuration 2 7 MAR 2007 21 conprises re-arranging the signals in a
menory hub that iF7. st rTietmethdd o claivdepe nghei tomprisiigs spplying 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;

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, the first and second
memory devices functioning differently responsive to respective address or control signals

applied to the interconnected terminals; and



menory devices. 15. The nmethod of claim 12 wherein the act of coupling
address or control signals to the interconnected termnals for a pluyHBAR 2097
of the menory devices in a first or second configuration conprises coupling
address signals to the interconnected termnals in a first or second
configuration. 16. The nmethod of claim 12 wherein the act of coupling
address or control signals to the i nt & connected termnals for a plurality
of the menory devices in a first or second configuration conprises coupling
control signals t 1%%%:. rm pal Sl LT
configuration. 17‘? e %%ﬁ%g%gﬂ@%%go?l}#e ZC?H P‘gr%ﬁget%t%c}n%r@és?% aﬁ%%?@?ﬂée dat a
si gnal shaving hepluralityexfaemnieas eltht tasr coupdddsthrongla tiosabstmate @nhdugtorata oespective
regardl ess of whether the nenpré ﬂgvices bei ng,accessed are mounted on the
r
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access nenory devi ces. . menory nodul e, conprising: an insulative
subst r ateemimalspioun phirslity of theadmambryadevivesyohey aditzess e somtml rsigad!s dieingi qogpledi
second posed surfaces of t | at i ve .substrate, the nmenory devjces

boi ng mHPEEEOBREI L CTrBalS i dirst fORNE YRt if iF BERPPIEYies BIpIREd PRdge rs

plural i firfRE of eHeMuBdttale Qe RAaREssbd) AnTRIDLIAr&S bt €6firdIRIRB hed cobipted td I st
surface are interconnected to respective, correspondi ngly positioned

t er m naths @ftergonneetsdetstminglsoire ofsecdnd nenfigusatideviheegs ndifiatest! foom tthe fwstond

surface, the first  and secopnd. menory,devjces funct. oni di.fferent
> panc bolEiptbh It sE R RO Y ise L Mopted Of e Sond ArEce st Sipshig Bt befng
i ntercopnesdegd termnals; and 2 7 MAR 2007 22 a nenbry access device

mounted on the substrate, the nenory access device having a plurality of
termnals that are coupled through the substrate conductors to respective

ones of the interg nnegt ed terninalﬁwﬂﬁpemNﬁygyéraCﬁgg% devigg bqkn@ .
operable to receiVe a ﬁﬁ?Vq?gﬁ &t aﬁﬂ, n P_§Bb e,eT8°%%ﬁﬁ¥e_§ Brtss
and contérdtall$ ipBsifds o ehet iASu1ateOBARNRE Gh® WheleRY b Rtnfory Qévidesiiré! p¥itidn¥d & t he
menory devices, the address or control signals being coupled 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.

22.  The memory module of claim 19 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;



the interconnected termnals in a first configuration if the nenory devices
mounted on the first surface of the substrate are being accessed, AhMAR 13687
address or control signals being coupled to the interconnected termnals in
a second configuration that is different fromthe first configuration if
the nenory devices nounted on the second surface of the substrate are being
accessed. 20. The nenory nodul e of cl a3 19 wherein the menory access device
is centrally position on the insulative substrate, and wherein the nmenory
devices are posit)ong éo%ma%ﬁtsfl‘lifg' %‘8@ 19 14 D& fTETRE XO%@%%%&’%H&%% sigriafs
menory access devi ce belng operaf¥e B couﬁie respecti ve set's of address or
cont r ol frémghalcemimand Rehedules hfier the @imging of thief egnthaid el addréshsigieRTaye bekdvi ces
on each side of the menory access device. 21. The nenory nodul e of claim 19

wher ei narfangednihomiera cormmand;shyftercbeingonsrabiete autits sy sPnHdNd g iadieessstignals ur ed
to genefnasgﬁ%hg&ﬁﬂﬁ‘qq{h‘%ﬁéngo%%ttl{e%?ﬁb@%iﬁest gnfccess the menory devices

responsi v e nenory requests. e menory nodul e of claim 19 wherein
t he menory hub carpiuiltidexer aocpladrag dhetidre dobmbanidsshifeer tabileeeiv® theecamnmniand he
menory requests, the nmenory queue further bejng operable to convert the
menory P8l the addresssignalsdrany thedwiceo commasdhshist the multrlexss beiag gpesptle thg to

out put E%ﬁgmm %qu'dﬂﬁﬁs Ssii%l'af%l th igﬂhérhﬁlgorlg?rcornh raﬁ&? orrﬁé P&Ebdd e
menory requests were received; a conmmand schedul er coupled to the conmmand
gueue t configomtivie depandingnoramdiethiad theadeimessdeviagn ainsthe rfosn sunface omttenohenugue,

t he command schedul er ' arrangi ng .the timng of the ommand d address
si gnal sdev&ey oputbe 575674 Siriiea b, Bribe vl ARIpRes @awsé)@e@ggrtecc@w_s Hehe
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t he command an dress signals have been ~ arranged, the mcro conman

shi f t er inbe¢amgead@bteabinelst 0 out put the command and address signals in
synchronismw th the operation of the nenory devices; and a mnul ti pl exer
coupled to the mcro conmand shifter to receive the command signals or the

address signals fy0m the ke ncedmeBsrtiaiii Rt Rlrthet &inphdidg Plig BT 8oiipled

operable to arrange the command or address signals in either the first
conf i gubetwearthe muiltipdexse amhitie meorky devieesi on dependi ng on whet her the nenory
devices on the first surface or the nenory

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.

25.  The memory module of claim 19 wherein the memory devices each

comprise a dynamic random access memory device.

26. 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, the system controller further comprising a controller coupled to a system
memory port;

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

controller;



devices on the second surface are being accessed, the multiplexer being
operable to couple the command or address signals in either the firf?MA 2007
configuration or the second configuration to the interconnected terningis.
23. The nenory nodul e of claim 22, further conprising a ring buffer coupled
between the nmultiplexer and the nmenory devices. 24. The nenory nodul e of
claim 19 wherein the nenory access dev?4e conprises a register that is
structured to receive and store address and control signals form ng each of

t he nenory request nd coupl e t.he st or ddress and control .signals to
the memory  devi ciaeashBe SRR Bebe Rkl BE ReFRRnAndeiopar o BelSRishor
devi cesca@ller; conpri se a dynam ¢ random access nenory device. 26. A
processor-based system conprising: a processor having a processor bus; a
syst em cont r ol | eratdeashonedlatasterage daviresoupled ttbe p@rlmélewg@‘em pwhefithe systerrhavi ng

a peri Qﬁ%ﬂg"gﬁyice port, the systemcontroller further conprising a
control 'er coupled to a system nenory port; at |east one input device

coupl ed to the pesinphefahodldy tapldIab thedfystean &6y §bit of Gitsiystbhbatrdler, AR
2007 24 at |east one output device coupled to the peripheral device port of

t he sysinsmorcadylopemprisizg: | east one data storage device coupled to the
peri pher al devicerﬁg&hmgksh&%a&ystenl controller; and a nenory nodul e
y

coupled to the sf% em nenory port of the systemcontroller, the nenory

modul e conpri si ngd phmalitpoflidéntieal sieMsiy ddvices an@intgdabn tfirstodndi sbeorid opposedenor y
devi ces unted on first and second opposed surfaces of the insulative
subst r atBiacen el theipsujatlys,subgitate, dhe, gnemsinn deycesnbeing moyptsd on: e jsHbsiratenin g or ed

confi gupath g &{T%Epa%n%o H*a%gldrélif 8F tehfrindls %?Ea%hﬁift%&n@% delEed oM SEVI ces

nount ed on tﬁe } rst surtac areyl nterconnected to respeéctive,

cor r esptredfinglsyrfypesirt | intesdnhetad tvalespextive correspondingly positioned terminals of a
respective one of the memory devices mounted on the second surface, the first and second
memory devices functioning differently responsive to respective address or control signals
applied to the interconnected terminals; 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 interconnected terminals in a first configuration if the
memory devices mounted on the first surface of the substrate are being accessed, and the address
or control signals being coupled to the interconnected terminals 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.

27. The processor-based system of claim 26 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 hub.



respective one of the menory devices nounted on the second surface, the
first and second nenory devices functioning differently responsive £bMAR 2007
respective address or control signals applied to the interconnected
termnals; and a nenory access device nmounted on the substrate, the nenory
access device having a plurality of termnals that are coupled through the
substrate conductors to respective onds of the interconnected ternminals,
the nenory access device being coupled to the controller to receive a
menory request fromthe controller and, in response, to couple address and
control signals to the interconnected termnals for a plurality of the
menory devices, tig adrheepcessor-ba3ed rsQdterfii @elbfin 26 Mhe@iu feetheimdryt Aecess
interconnected termnals in a first configuration if the nenory devices
mount eddeyicer qemprisessa memeryfaud that is preraklp ia genewiethe a%mgana@e@g@eé sigagfg|int he

addr ess @615 fb”&ﬂi&ﬁerﬁé&?ﬁ%&o%ﬂe&%sf?&ﬂ'tﬁéjco?mﬁofl@re interconnected termnals in

a second ton rgurdtion t erent fromthe first configuration if

t he nenory devi ces nounted on the second surface of the substrate are being
accessed. 27. The_processor-based system of claim26 wherein the nenpry
access device i szggent?@l IP§P°6§§§PP'1‘SS% yetepn OF j aim 28 yeeih dbg af?‘é?oréig@’b
wherei n the.denory devices are positioned to both sides of the nenory
access device, the nenory access device being operable to couple respective
sets of address o canmbndhuaieghat!is operablado fredeble the neawoy dequests, i theimamiongn t o

the nmenory devices on each side of the nenory hub, 2 7 MAR 200 25 28. The
pr ocess BYeUs {Ukher E‘tge‘?ﬂe@%fed"a‘f%"% REDEBPT FEARSHERS [FSRACHYES s¢ts ghgemgand
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signals in response to a higher |evel nmenory request fromthe controller.
29. Thergspatizsmomohasgatstsywiremceived;] ai m 28 wherein the nenory hub

conprises: a command queue,that is operable to receive the nory requests,
Che menory queue FOMTHELSched s ORUPSE B ron gl St s e FotaIsae ot o
respect hyfess ighaRf fréi? THELSImaNH q@Ad! 88 Tofinthalseh@0r bR ahPite dhiRg@nR@Nd
and address signals in the order that the respective nenory requests were

recei vedommabandeaddresedignald;er coupl ed to the command queue to receive the
g?m gidngn'? h ea;:l ?L{}esﬁﬁcrg:c nay asndf shi ertcrc])gpl%(? mgc%iv%%ﬁg %bm'%nrz]l%d %gmgr%sssggga SU| er
from the command scheduler after the timing of the command and address signals have been
arranged, the micro command shifter being operable to output the command and address signals
in synchronism with the operation of the memory devices; and
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.

30.  The processor-based system of claim 29, further comprising a ring buffer

coupled between the multiplexer and the memory devices.



command and address signals; a mcro conmand shifter coupled to receive the
command and address signals fromthe command schedul er after the tamHAR200f
t he conmmand and address signals have been arranged, the mcro conmand
shifter being operable to output the command and address signals in
synchronismw th the operation of the nenory devices; and a nultipl exer
coupl ed to the micro command shifter t4 receive the command signals or the
address signals fromthe mcro command shifter, the nultiplexer being
operable to arrapge e command or, address sigpals in. either the first
configuration or aSﬁhe ts]glgé’ﬁ%fessc?fiﬂﬁegﬁ?fsg?"i‘ 8ﬁaalé‘bg€3’:hf‘f§mothe VBTN e Hra e?’?i’rmr y
devi cescopipris@ @ dfndnSit randbmaeEesd mehidey d&4dRry devices on the second surface
are being accessed, the nultipl exer being operable to couple the comuand or
address signals in either the first configuration or the second
configuration to the qnterconnected term npals. . .The. prac [ - based

syst em of clainlfg; fJ&@h§P8§8ﬁ%%%%l56&%1ﬁ?ﬁgmgh?géwhmbgugﬁeﬁgﬁg?hg%%$the
mul ti pl @vise comPribdiea regseer YhaAay bp@sble 2o stofdhe 208Héss afd cdinmakldesi@ialcecsiwd- based
system of claim 26 wherein the nmenory devices each conprise a dynam c

r andom fierB die conpsioler; apd e subseqenthypelinly hestuerd addiess @nd vemand sigaplajtorthes
whereiqﬁ&gg JRLy access device conprises a register that is operable to
store the address and command signals received fromthe controller, and to
subsequent|ly couple the stored address and conmand signals to the nenory
devices. 33. A processor-based system conprising: a processor having a
processor bus; a Byst éhPiOsseraset SYSEOL FYBPHINE he processor bus, the system
controller havin i i port and a system nenory port; at

| east one i nput 8@€P%§§%g§gﬁégbgg€%hgﬁgéripheral device port of the system
controller; at | eassteonentotiputougkeditc ehecpropdsedt i, theesygtemi qpheokdr ldewmgae port
of the syshenhqcontrollgr; at | east one data storage device coupled to the
per i pheP@IPhefalevice PaFang f SYHem &ipgtosyport;

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;

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

at least one memory module coupled to the system memory port of the system
controller, the memory module comprising:

an insulative substrate; and

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, the memory devices on
each surface of the substrate functioning differently responsive to respective address or control
signals applied to the interconnected terminals, the interconnected terminals of the at least one

memory module being coupled to the to the system memory port of the system controller; and



controller; at |east one nenory nodul e coupled to the system nenory port

the system controller, the menory nodul e conprising: an |nsulat|veZ7MAR2W7
substrate; and a pIuraIity of identical nmenory devices mounted on first and
second opposed surfaces of the insulative substrate, the nenory devices
bei ng mounted on the substrate in a mrrored configuration so that a
plurality of terminals of each of the ¥enory devices mounted on the first
surface are interconnected to respective, correspondingly p05|t|oned
termnals of a res ective oLy, devi ces 4 on thel%econd

surface, the rrermry %%Iylcgetsr&geﬁ C&épa%‘ﬂ%stu? PR S?e"}ol%p% g{}‘ af?'StelPtf%'f? Shi ng

di f f er ethé nemogs ol lvEbdin spRedbctol doepladdcﬂxemne lcof@bltsigals t6 ki@ ialefconidetdded t o
the interconnected termnals, the interconnected termnals of the at | east

one neifBRipaldthe abiasigoncomemery medulRdn taofipsh sorfarasionniéitbe ynemary deiceshe
System SRMEOL She o Yuftade WP QBlunc@ Grin I GOD MRl InBHPLEbelr. | N
syst em nenory sy stemcontrol l'ef, nory CORtr ol i ng
oper abl #césed; @hkpthe aﬂdﬁ@ﬁ@ﬁc@&dl sigily BdingS eq@pRid o tie ihfwcdnﬂé@é&téﬂﬂﬁﬁlts eflthe
termnals of the at |east one menory nodule in a first configuration if the
menory Helfpttedne mamredmedule ha #isesonds gprfigugation thak is diferent drogt thedirstt

| east og I
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menory Mmmuh&mmmo@uﬁ@mmmdememgmgumﬂﬂlon that is different fromthe first
configuration if the nmenory devices nounted on the second surface of the
substrate of the at |east one nenory nodul e are bei ng accessed. 34. The
processor - based syst er,gf rséégb lpdsed &e&!mmﬁ T WHeYeirt BY @b/ confOIIGT | S€S:
a command queue that is pera e to receive the nenory requests, the nenory
gueue feomphnises: bei ng operable to convert the nmenory requests into respective
sets of command and address SI nal s ﬁﬂd to out ut t he command and address

signals in the orfd@Mmag duepe thar ds peer 95’ﬁ§ﬁ8?§‘?%ﬁﬁ@9i?qW§p theDEMPd: a
commandy 3ah ¢diHer Beﬁg "(I)?L:I%glettg cbh@er?ﬂl@m&ﬁ’org YE4{Rsts nth GEGIe¥iBvel & &Pdm%da” d

address signals fromthe command queue, e command schedul er arrangi ng the
timng anld adueess cignatsnandabal oatput ¢hxs ceppand spd 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 output the command and address signals
in synchronism with the operation of the memory devices; and

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 of the at least one memory module.



a mcro command shifter coupled to receive the conmand and address Sigﬁﬁh?2%7
fromthe conmand schedul er after the timng of the conmand and addres
signal s have been arranged, the mcro comrand shifter being operable to

out put the command and address signals in synchronismwth the operation of
the nenory devices; and a nultiplexer coupled to the mcro conmand shifter
to receive the coomand signals or the8ddress signals fromthe nicro
command shifter, the nultiplexer being operable to arrange the comand or
address signals i,n either the first configuratign.or the second.

cont § gur at on depnai Ae SRt hp! sFalmahibgh adurelbe! SneREHH rug bWl ace
or the JoaprRA Yetwdary theesulBplekding ERANErcOhidcRaterti fal P thY nRARES&R4bes t he

mul ti pl exer being operable to couple the conmand or address signals in
either the first configuration or the second configuration to the

i nterconnected tgrmn | e. R 2007 28
35. The processo%ﬁbasggggggféggggkgFgﬁﬁé%ﬁggpﬂ$¥ﬁé¥e§§ﬁ%rngﬁﬁ&akg$ﬁﬁgbuffer
coupl eccongirise e dyridntic Fankdbmplcesse memidely ddvicel Nt er connected termnals of the
menory devi ces. 36. The processor-based system of claim 33 wherein the
menory devi ces each conprise a dynam c random access nenory device. 37. A
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menory hub being responsive 'to a t" the 1 nput port
t 0 couphemagdiubdeingaasponsing th nngnA kequéd rédeived at hetinprarportnialcouple hddreddr ess
or control signals being coupled to the output ternmnals jn a first
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bei ng co to the output termnals in a ond configuration |

menory dezgpadahtedondi firsictuefiicd of asubsteate) dhenatioasy or chariot & gh abcladingicampled ts theond
surface of the.,substrate,, the second confiqguration heing,different from the
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the nenory queue further belng operable to convert the nenory requests into

r espectthe érss e¢rfigofatioonmand and address signals and to output the conmand
and address signals in the order that the respective nenory requests were
recei ved; a command schedul er coupled to the command queue to receive the

command and 38.  The memory hub of claim 37 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 output the command and address signals
in synchronism with the operation of the memory devices; and

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



address signals fromthe conmand queue, the conmand schedul er arranging the
timng of the command and address signals; a micro conmand shifter Tpipk &7
to receive the conmand and address signals fromthe command schedul er after
the timng of the command and address signals have been arranged, the mcro
command shifter being operable to output the conmand and address signals in
synchronismw th the operation of the %%nnry devi ces; and a nul ti pl exer
coupled to the mcro conmand shifter to receive the connand signals or the
addr ess fo n hj | r [
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whet her the neno devices .on _the first surface or the nenor devi ces on
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