27 February 2006 AN OPTI CAL | NTERCONNECT | N H GH SPEED MEMORY SYSTENS

FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to

comuni cating at high speed data signals to and from nenory storage

devi ces such as DRAM nenory devi ces. BACKGROUND OF THE I%FEKFHHENOPgObZ] As
conput er processor and DRAM (Dynam ¢ Random Access Menory) nenory speeds
i ncrease, their lbms OPEEJSLi DRTERSONNEST. IFhHIGHRSPEEDE MENORY saislrzlns .
i ncreases signal noise at connegi [ nory controller an
DRAM nenory devi ces connect to gf%@@?ﬁgmﬁrﬁ% connections of the
bus al so have associated electrical properties such as capacitance and

i nduct ance wWHQ01,] whiThe pausaitrigventivmedlatps thtemmunicatingatdugla spgrdedasa signals to
causes increasingly significant problens at high speed. Consequently, at

hi gh speedanddrwanhémon storsgeadavives suenasDRaAdMi memodudevisisgnal di stortion,
noi se, delays and other unwanted spurious signal phenonenon. [0003]
Current nmenory devices conmmonly operate at hundreds of negahertz, but it
is anticipated that conputer bus speeds, which tend to run slightly sl ower
than m croprocessor speeds, BACKGROUNRIGRTHEYNMENIHONAt such high
frequencies, the mnutest amount of signal aberration caused by the

el ectrical properties,of the electrical cause e

unexpect ed ci)(w s(}uenc%‘%?o%'ﬂﬁcfi%ﬂ%fﬁ%ﬂ%%&?ﬁ@é“ﬁ%t%éﬁm %g%g%%ecm%ryz)n

a bus nmust be kept short, to mni.m ze signal distortjons and .help,insu

That dat s ARGMEOMACEHS SIcHrShahF R PRSNGSR T8 1 SRR Pery 155 distees

Accordingly, a menory bus structure which reduces or, elimnat si gnal .

i Stort | on Sigmsl Beise ahaoRIasEPN HAIBISAHRETS AdHBPRY FanTlr ARDRAM BHHR (evicss

greater than 1 o . . .
connect to a bus. In addition, the connections of the bus also have associated electrical

=

propertes such as capacitance and inductance which, while causing minimal problems at
low data speeds, causes increasingly significant problems at high speed. Consequently, at
high speed, conventional bus arrangements can introduce signal distortion, noise, delays
and other unwanted spurious signal phenomenon.

[0003] Current memory devices commonly operate at hundreds of megahertz, but it
is anticipated that computer bus speeds, which tend to run slightly slower than
microprocessor speeds, will soon extend beyond 1GHz. At such high frequencies, the
minutest amount of signal aberration caused by the electrical propertes of the electrical bus
may cause severe and unexpected consequences. Additionally, the distance between
components on a bus must be kept short, to minimize signai distortions and help insure
that data and control signals reach their destination very quickly.

[0004] Accordingly, 2 memory bus structure which reduces or eliminates signal
distortion, noise, and other problems and permits reliable high speed (e.g. greater than 1

GHz) operadon is desired.



GHz) operation is desired. | 27 February 2006 BRI EF SUMWARY OF THE

| NVENTI ON [ 0005] In one aspect the invention provides a nenory apparatus
and nethod of its operation which utilizes an optical path connected
between a nenory controller or processor and at | east o%kf¢%ﬁ%%@x@evice
for passing data between the controller or processor and nmenory device at
hi gh t hroughput speed. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0006] The
foregoi ng and ot her features and advantages of the invention will becone

nore apparent fromthe detail ed descr.iptio y enbodi ments of
the invention given bel ow \HQI%Fr M&Bq{}ﬁtqmg ng drawi ngs in
which: Fig. 1 shows a generic overview of the present invention; Fig. 2
shows one exd@®0ajy elbond smspatt thé iiveatibmpeavidesn; mémgry dppalausamd method of its
transi stor-level view of the transmtter and receiver used in an exenplary
enbodi nent opetahen iwhwdmitiigzes af-ogticad psthoismnected bervekcaraanphary camudigr oent  of
the invention; Fig. 5 shows a third exenplary enbodi nent of the invention;
Fig. 6 showsracessonnpndatteatphamenoryodiivefar passingidata eoyrenche cofirgller rshows
a fifth enbodi nent of the invention. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI VENTSprocessoFatst mgmprp degce at high throughput speed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The foregoing and other features and advantages of the invention will
become more apparent from the detailed description of the exemplary embodiments of the

invention given below with reference to the accompanying drawings in which:
Fig. 1 shows a generic overview of the present invention;
Fig. 2 shows one exemplary embodiment of the invention;
Fig. 3 shows a transistor-level view of the transmirtter and receiver used in an
exemplary embodiment of the invention;
Fig. 4 shows a second exemplary embodiment of the invention;
Fig. 5 shows a third exemplary embodiment of the invention;
Fig. 6 shows a fourth exemplary embodiment of the invention;

Fig. 7 shows a fifth embodiment of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS




[ 0007] The present invention uses one or nore optical |inks between a
processor and/or a nenory controller and a DRAM nenory device. The optical
link includes, but is not limted, to optical fiber and optical wavegui de
| i nks as described below in connection wth various exeffpteriieti¥8di ment s
of the invention. Fig. 1 shows a high |level block diagramof the present

I nvention. A processor 100 is connected to a nenory controller 104 which

inrumis connged@d t O Fhe'PrERAYintEHHFustd SnC O thakcd sk a0 ks Ve rnBRh ] PFBARLY

devices 112 using one or nore optical |inks 108. The memory controller 104
and nmodul es gk oha\vieedryicoAtroBQURHA DRAM flenipddvice NERe %‘S}jcﬁpﬁmﬁ&luaﬁ, bieis
optical links 108 to nmintain optical continuity. The nodul es 113 have

optical pl ug-net Hmiese ed Opscat Abér@d dpitichlGalvediiddkBnkk A8 deftdbed bélowia\¢Bnnection
standard (non-optical) Dual Inline Menory dule (DIMV) connectors 109 for
suppl yi ng poweith ssrtbustehanplagivérhb@litens yof sidinddrtion] FPS] sHowstdidgle vélebidckof
the invention, the processor 100, controller 104, and nenory devices 112
can be | ocat edlagiamhe#fthopresde isandon & procdsaadiDeds conrmerdrtataanéethey.cohtrollqone
cases, processor 100 can also serve as the nenory controller 104 in which
case a separHidewhighin wrg égntanmketred td 8 4nenzory iveodube 1 1 3 donthin&3OdnerorgnoR redmoony
a first exenplary enbodi ment of the invention in which a single common
optical |ink deoBes } Fansing osc ar plonr aptical/lins 108t Thetmemnmy domimedien] G arehmodules
controller 104 and nenory nodul es 113 using paired optical transmtters and
recei vers on liddpye ppecal replerswhidhgnablghemrte cornect to dunontivaklitke 188 ta
respective wavel ength, Fig. 2 shows the use of separate data (DQ, command
(CVD), addr ed8upmprypticalepngingitk. (&e ryodulnstldsd haee qrtéeal plygtinsionsecta 4o thed
each nmenory nodule 113 as is typical in a conmputer_bus _structure, It is

al so possi bl @Ptigaldisky 183 hut glsore sardasd tnomertics)) dPual falingaMemeay Mastens as

is also well in the art. For brevity, only the data opti cal
path will be (E#Mchwrs 166 for supplying powy:r and og'«:r pow-?rcqucn(cyDg)gnalE.

[0008] In the context of the invention, the processor 100, controller 104, and
memory devices 112 can be located either on the same die or located on separate dies. In
some cases, processor 100 can also serve as the memory conaoller 104 in which case a
separate memory controller 104 can be omitted.

[0009] Fig. 2 shows a first exemplary embodiment of the invention in which a single
common optical link 108a transmits a plurality of data streams between a memory
controller 104 and memory modules 113 using paired optical transmitters and receivers on
opposite sides of link 108a pre-sct to communicate at a respective wavelength. Fig, 2
shows the use of separate data (DQ), command (CMD), address (ADD), and clock (CLK)
paths between controller 104 and each memory module 113 as is typical in a computer bus
structure. It is also possible to send control and address data over the same data paths as is
also well known in the art. For brevity, only the data (DQ) optical path will be discussed in

detail, it being understood that the optical paths for other data and clock information sent
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detail, it being understood that the optical paths for other data and cl ock
I nformati on sent 3 27 February 2006 by the controller will be handl ed the
sanme except for the direction of data/clock pulse flow. It should also be
understood that while the data (DQ paths are bidirecti offafedryaqe2006

command/ address and cl ock paths are unidirectional in that the dataflowis
fromcontroller 104 to the nodul es 113 and associ ated nenory devices 112.
[0010] , As shwihe conupilgr witl belaridlaithe sbe patepr fifr thbelireeiol ¥f das)tdledid filse 1A,
iIs coupled to a respective optical transmtting/receiving device Ta/Ro ...
T, s/ R15i eachlt Sb@llllﬂ@gpi becundersiood tat achilb ghe aga K BIQ) pazhislare Bidikectional, the
transmtting/receiving device converts an electrical signal received from
a DQ path of REMBIAA (ddrasorndelogk paths dreomidirctionallin thal the dataflat isfrgnmadontmller
an optical sigpal for transm ssion on optical link 108a to a nenory nodule
113 over opt i T4 tothggnadydes 1 13and assomiased meagry dewrasek12201 is al so capabl e

of receiving ﬁg}?’gticgl§ signal fraoama nodule 113 and converting it to an

el ectrical sighit%nd Asshewnin Fig. RocachifiarpPQpath@f thememary pentrolics 184iia
(DQ pat h. [001llr1: In addition to the transmtter/receivers 201 provided on
the control | SPURFHEC 2 rpsperrinc qRpcal Frapsarangsreseisms davice ogBo pr oVisd Bk, Eaph

converting e f the electrical sjgnal n the conmmand, address and
cl ock signal %égﬁgciy 6&6‘6@?%@ ‘g? 1}:‘?&4 g&ov%‘?ﬂ FARMYIGOG/ FeaIVIng davicgiconyent an
th tical,si | d 1 Th itter/ ' 201 and
L anam 1t er o “SDRRE R RrPREd o5 < R ondcathEmpm el Lohied semeraghe

ma

an opti cal Bt Ebedl Sl do BetabBioncnopUr bk 108 amemery |

(r:rgrrrr?nrjxi gg?gl g'\%)éiﬂli]cgl ls% %\é reBig%Tl\i/l\%gildﬁgg gacﬂ ¢ a_ e Ve EREE 561 iseaﬁsolcggablc of
receiving an optical signal from a moduie 113 and converting it to an electrical signal and
sending it to controller 104 on a respective data (DQ) path.

[0011] In addition to the transmitter,/receivers 201 provided on the controller side,
respective transmitters 203 are also provided for converting each of the electrical signals on
the command, address and clock signal paths to optical signals over link 108a and
transmitting these optical signals to modules 113, The transmitter/receivers 201 and
transmitters 203 may form part of an electrical /optical converter 205.

[0012] The Fig. 2 embodiment uses a single optical link 108a constructed as an
optical fiber or optical waveguide between conwoller 104 and the memory modules 113.

In this way, many datapins of controller 104 communicate over a single optical link 108a,
In order to keep the optical signals from the different data (DQ), command {CMD),
address (ADDRESS), and clock (CLK) paths from interfering with each other, wave
division multiplexing is employed so that the optical signals from each of the

transmitter /receiver devices 201 and transmitter devices 203 have a respective optical
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In order to keep the optical signals fromthe different data (DQ, comand
(CVD), address (ADDRESS), and clock (CLK) paths frominterfering with each
other, wave division multiplexing is enployed so that the optical signals
from each of the transmitter/receiver devices 201 and t#aifdHat @ devi ces
203 have a respective optical 4 27 February 2006 carrier wavel ength
(frequency) which is nodul ated by data sent on the various signal paths

oL 4 Sk G e et B O SR

portion of eac ran ver opera a respective tica

pavel ength. [ @ lodiollel 1 044 oG 265 N flewite, chd'Gpal 'k&l-.'ﬁrczoﬁl%gﬁxl‘?‘bfacﬂnal S

from transmtter/recervers ransmtters are opti conbi ned

i | ti pl eXiaBni ' | v opti
il ti ol exer go ltﬁF} &éémé%;u% 8%\6& a‘fgg&?‘:&idbgeg?%aﬁce[cn%mmn opti cal

mul ti pl exer/denulti pl'exer I transm Ssion

link 108a to nempiy) Modad ,’Lﬁoi“l(or%)%ﬁ#_ FardviAdy bprdal SigRhls @opPNt @i NS a

wave division nult?%lexer/denu 209 which receives the optically

mul tipl exed Sik@RahBiel/teQpcdr€ 801 htdiradPfiRednd3 WAV e AN FomBned bl 4 Rlufi&idgem

in a denutiplexer portion and passes the denuliplexed signals to

respective tr %Bﬁdﬂdéﬁr\bi\/@}éﬁ'g&ﬁdiﬁsi%ﬁlnul kﬂ}/ﬂé:ﬁﬁkﬁrgh&a& 207 €anAashisiion bl the
data (DQ paths of the nenory devices 112. In addition, the denultipl exed

optical signakémhivn dgtRaldRidEISd ro (Mvhdry nestilil@sId3( ADD) (or conbi ned
command/ address) and cl ock (CLK) signal paths are passed on to receivers

213 whi ch conveDl#pt i cBdchghgdilt 3 18 alsokentains aarave diisidrs mudtpléxenfdemultplexer
electrically coupled to the electrical conmmand (CMD), address (ADD) and
clock (CLK) go0gndlichetdieesahe bpicalip rmiyplaedsiprals bhloptcaiding] 1 (Batand maaderfgtbm
menory devices 112 is transmtted on the data (DQ paths
demultplexes them in a demutiplexer poruon and passes the demuliplexed signals to
rcspcctivc‘ transmitter /receivers 211, which clectrically connect to the data (DQ) paths of
the memory devices 112. In addition, the demultiplexed optical signals for the command
(CMD), address (ADD) (or combined command /address) and clock (CLK) signal paths
are passed on to receivers 213 which convert optical signals to electrical signals which are
electrically coupled to the electrical command (CMD), address (ADD) and clock (CLK)
signal paths of the memory devices 112.

[0015] Data read from memory devices 112 is transmitted on the data (DQ) paths
of the memory devices 112 to respective transmitter /receivers 211 where the electrical data
is converted to an optical signal at a respective wavelength and sent to
multiplexer/demultiplexcr 209 where the data on the respective DQ optical paths is
combined in the wave division multiplexer of multiplexer/demultiplexer 209. This data is
then sent over optical link 108a to muldplexer/demultiplexer 207 where it is

demultiplexed and passed to respective transmitter /receivers 201 where the DQ optical

dara is connected to electrical DQ data which is sent to respective DQ data paths of
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of the menory devices 112 to respective transmtter/receivers 211 where the
electrical data 1is converted to an optical signal at a respective

wavel ength and sent to multipl exer/denultiplexer 209 where the data on the
respective DQ optical paths is conbined in the wave di vi&FedanEdofpl exer
of multiplexer/demultiplexer 209. This data is then sent over optical |ink
108a to multipl exer/demul tiplexer 207 where it is demultiplexed and passed

to respective cbh@Badt 1@4@%.%&!&& S RO dpUaP LSl %89'%&\3,@5[95(;%%{?%1 Bens

connected to el ectrical ta sent ‘to-respecti

of 5 27 Febr uaiemayRBn&6INM 1U4 &0 ¢ eleltrodo .dch%hgfﬁ%rjdﬁpjggitﬁl%gEgﬂlcﬁg%mow

coupling of two nmenory nodules 113 to nenory controll

el ectro-opti cabn@@mqmn@rdc?&%pﬁw\ﬂnﬂq@g%dtﬁ%l&%l%gﬁcgﬁ%&gup%ﬁg;‘e‘a%Ll‘glgd

of optical link 108 and an el ectro-optical converte

the menory nodaltks meinbiry hda¥s 11 3i thowest, i sheuldnsiaiideroshd Hﬁ&ﬁ‘xlﬁ%}% of

menory nodul es 113, containing any nunber of nenory devices
optically comehesy mpdutstlla| taitaihidy Diyefunitheriof Alenhdrpldeif&ay | He Jphi
shows a sinplified optical transmtter 116 and optiégl recei&ggg%zg ‘ﬁﬁ?@ﬁ
may be used iepupiel ® @nimolitnpd4 oedr dptiagidimkt08a/ r ecei vers 201, 211 and in
the electro/optical transmtters 203 and receivers 213. A LED (Light
Ermitting Di ode)0@}6} LD Fig.|jheotsiasimplifivet opdicatieinshrighit 1 ievirid 6ptichPékckiver 120
transmtter 116'grovides a light output signal to an optical path 241 at a
predef i ned weWhichmpytbe used iretpoetro/optical appbmaztkr gleeeivers 201, 51 00 in @¢ t he
gate of a transistor 126. At.the receiver 120 side, a photodi ode 128
coupl es | i ghtelegsia/opscal scapsmistrs 2@3mmchreopivers 2l 3pa hEDALighr Erhitrigg Diods) cRNLD
n- channel trﬁnsjstor 134. A p-_ channel biasing transistor 138 sources
current to tHENRCEIRker Dioden dight emitead 24 An messmairter 116 provides a light output signal
to an optical path 241 at a predefined wavelength, in response to an applied electrical signal
at the gate of a transistor 126. At the receiver 120 side, a photodiode 128 couples light
pulses received from an optical path 241 to the gate of an n-channel transistor 134, A p-
channel biasing transistor 138 sources current to the n-channel transistor 134. A resistor
135 is positioned berween the gate of transistor 134, as well as the drain of transistor 138,
The transistors 134 and 138 and resistor 135 form an inverting amplifier 137. The output
139 of the inverting amplifier 137 is an electrical signal.

[0017] Although Fig. 3 illustrates the light transmitter 116 and receiver 120 as
discrete components, these devices are acrually integrated devices which may be integrated
together with muldplexer/demultiplexer 207 on a converter 205 chip or integrated on the
same chip as the memory controlier 104. At the mbdulc 113, the transmitrer 116 and

receiver 120 are preferably integrated on the same chip which contains the

multplexer/demultiplexer 209, It is also possible to integrate the transmitter 116 and



135 is positioned between the gate of transistor 134, as well as the drain
of transistor 138. The transistors 134 and 138 and resistor 135 form an
inverting anplifier 137. The output 139 of the inverting anplifier 137 is
an electrical signal. [0017] Al though Fig. 3 illustrates?kEyangios
transmtter 116 and receiver 120 as discrete conponents, these devices are
actually integrated devices which may be integrated together with

I tipl /d | ti 207 . 05_chi ' :
Came thi p as "ERYeRLADRY e morsf e SERR Tt o et et A AP HAT
116 and ' 120. bl.y.i i B WRI Ch
cont ai ns 1 ho PIPDIGrise dn7 B FoprRE Gou Fiter St I TE R ig'd ©
[ h ' 116 6 : '
mdule i de i (U1 heAeptit* Alkes yoRsE A plyel i R BRI

devi ce 112 V‘Q.’ghgc&ﬂ?ﬁ%i b2 Iy ngg%ﬁ]ot(c\s%\ﬁg r1t2§,r dz%ilﬁ%ﬂ:c%'?fg&gd SRkel Ratkiid) forduch

[0018] Althou a silricon's ate nay be use I ntegrating the LED or

ILD |ight erzicx,ifcﬁr,p e‘&ﬁﬂﬁ#&&ﬂﬂ%?ﬁ%ﬁfzﬁx i%%?lﬁuﬁhﬁsdﬁ%e?aﬁhﬁ;vﬂfﬁﬁ&lc aHbFidaay

material for suc vice particu LED or ILD 124 is gallium

arseni de, as ;kAWH b&ubhdérstBbd thdi Wil g:y%. 3 ilhsepheyd GnibRedsionlar datopsth fiBatmakiyl e
a

Fig. 3 illustrates a unidirectional a path, in actuality the data (DQ

paths in a MADHNM, DR SRRy if athebiagiteAnat bRAFedtonhl and thid dnceptichlltbismittdrer
116 and receiver 120 are therefore ‘'understood to be enployed at each path

end of a bi dijsaeki Rfder ARD afeadhetdféré uhdBRroodStoeoaiipldyed at each path end of a
transmtter/receivers 201 and 211. [0019] As noted, the Fig. 2 arrangenent

relies on wawgdifabhalGphcsiliar 108h ! dsBhexh by tragémirtee/didifars 201 asd 3hbl  pat hs
whi ch exi st between nenory controllers 104 and the individual menory
devices 112. Tiugd9]eachsnbrdstictFigr neagiewant 2dits oh mandength divi@eBmakiiplexing
e of the different signal paths which exist berween memory controllers 104 and the individual
" memory devices 112. Thus, each transmitter/receiver 201, transmitter 203 and receiver
235 as well as multiplexer/demultiplexers 207, 209 must operate at specified optical
* wavelengths. These wavelengths can be controlled using known filter circuits. However, it
is often difficult to ensure that a manufacturer’s device operates precisely at a
predetermined wavelength. To this end, it is also known to adjust operating conditions of
an electro/optical device to ensure that it operates at a predetermined wavelength.

[0020] Fig. 4 shows a modification of a portion of the system of Fig. 2, where
transmitting devices 201 and recciving devices 203 are shown as being wavelength-
adjustable, For clarity, only the DQO pin is shown, while DQ1-DQL5 arc implied, similar
to the representation in Fig. 2. During fabrication, the thicknesses and purities of the
materials deposited as well as other factors make it difficult to fabricate a transmitter 203

and the transmitter portion of receiver,/transmitters 201 and 211 to transmit at a precise

predefined wavelength. Accordingly, the light emitters are wavelength adjustable.
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235 as well as multiplexer/denultiplexers 207, 209 nust operate at
specified optical wavel engths. These wavel engths can be controll ed using
known filter circuits. However, it is often difficult to ensure that a
manuf act urer's devi ce operates precisely at a predeter meriggn€%8ngt h. To
this end, it is also known to adjust operating conditions of an

el ectro/optical device to ensure that it operates at a predeterm ned

wavel engt h. [ B2€lengthgietetrsi@B8 afe vedith sarak e nehiml ﬂ@n@lén%@h of ah Bgtiéﬂ]?t em
of Fig. 2, where transmtting devices 201 and receiving devices 203 are
shown as bei ngansavitsicd signil-frard jeacdt afithe trafiomitetsosf deyice 020 Y add 20 DU b | S
shown, while DQL-DQL5 arc inplied, simlar to the representation in Fig.
2. During fabtepresenting the lsenseth wvakelesgzb s feddagiura tommolief 104 evhidip@einiinss if 2
deposited as well as other factors make it difficult to fabricate a
transmtter 2QGSOUAEr ¥ FansmgmRgrtitsossipnrd worlength endiifrent 4 nandengthQdfs 231
and 211 to transmt at a precise predefined wavel ength. Accordingly, the
light enitt erisORFratgRyqonmgller H (vdricthieads dara Fo Beladdmssyd 200 6leMgsheddpingirt2 31
detectors 233 a?r‘FE used to sense the nom nal wavel ength of an optically
transmtted sbe Psynehe gvpvelergthigyer the zpmmand(GMEY) sigpal path. 36pararectoaid! and
data repr ese%igpg tf_.ge sensed wavel ength is fed back to controller 104
whi ch det er ni® js,can lsodesed dor shis purpassiihe) wiayeltngthtof epsisalsigreals sent by the
wavel engt h agjdt I f not, g \ivavel engt h adjeust er 231 is operated by
control l er 1GAAWIEAEER4d L2 the mpdules A 43 cansaenibossnstbhythe waelengdy dasaor
for adjustin he vel ength over, the co nd (CVD) signal path. Separate
control si g%gﬁ aﬁg}tlgﬁ’susﬂ?fgéﬁ?o“ﬁé’ﬁfg’éﬂmf m%smdswwi%%adjwer Y en ghgymipduke
optical sign the data tr mtters 211 in the nodules 113 can
al so be sensgggﬁf}% %ae%é/%tﬂgfce‘ﬁﬁ'f’%ngﬁ’t %2@‘&““’2'3‘&“5&8% fransmicteryireccivan ble
sent to addrepg %de’s@x&lt? Qaq{[ lpc &g&%%h&xrcdz u?'ing rfxﬁ%:igﬁurgigg %lf (tahc memory system for
operation.

[0021] Fig. 5 shows another embodiment of the invention, which utilizes an optical
link 108b for each data path on an optical bus 111. In this embodiment there is a one-to-
one replacement of an electrical bus line which normally interconnects memory controller
104 with a2 memory module 113 with an optical link 108b. For simplicity, Fig. 5 only
shows four such optical links (two DQ, one CMD of a CLK path). The individual optical
links 108b connect with transmitter /receivers 211 or receivers 213 on the memory
modules which convert the optical signals to electrical signals for use by memory devices
112 and electrical signals to optical signals for data read from the memory devices 112.
[0022] As scen, there are several different techniques of optical data transmission
which can be used on the optical link 108 in the present invention. These techniques can
include but are not limited to Time Division Multiplexing (TDM). Using TDM, data from

multiple pins can be used to occupy a single optical channel. Also, TDM can be used in
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113 which adjusts the wavel ength of the transmtter portion of
transmtter/receiver 211. The adjustnents can be acconplished during
initialization of the nenory systemfor operation. [0021] Fig. 5 shows
anot her enbodi ment of the invention, which utilizes an optfePaery 3498k 108b
for each data path on an optical bus 111. In this enbodinment there is a
one-to- one replacenent of an electrical bus line which normally

i nt er connect %og%g%%-‘oﬁr&mdftﬁ%r!o?ﬁcal 194 MirdshisSioN AR nYes 10 détiRe dednuthBd? ofBptical

optical link 1 rsinp Ity, Fig. 5 only shows four such optical

links (two Diha /0 (EMRHbef ol ive@ghh) neth&d Witlinvdntipicalonick@alTwd inbleSexhRiples

connect with transmtter/receivers 211 or receivers 213 on the nenory

modul es whi Chyf GUMVREHNiG R 28PWabcdng®h DHkisn MuBbRRing ((WIDM) agd Fesqutacy Diviidny
menory devices 112 and electrical signals to optical signals for data read

fromthe nEthYlti?& inggFDM Y . Addiferdly, dita 6MPresiitie tehaigaesav dealsed]i Siahr ent
techni ques of optical data transm ssion which can be used on the optical

link 108 in téhnRfuRs Bive ihR¥@fidnothar thep seduce einalimes of dita uansrhined, thatnuarber
not limted to Tinme Division Miultiplexing (TDM. Using TDM data from
mul tipl e pi nsfeopticdbehinheld deededgotipytha si ngl e opti cal channel. Al so, TDM can
be used in 8 27 February 2006 conjunction with other optical data
transm ssi on [8@23nes t Anreadodentdief thenpreseno invoptidr ading ¥dMnie shoveint Figr 2.
fiber or wavel ength) needed within an optical system Two nore exanples of
such t echni qW¢DM emabi\bé eimyitandiusitangmissin of pludtigindate\wmgnelsan the saency
Division Miltiplexing (FDM. Additional I%, data conpression techni ques can
be used. Suclphytieat hpiigliisk,ravsilizingsovend diffdrent wavelpngidg gashatipptige|linkat gie
data transmtted, the nunber of optical channel s needed, or both,
same time. An optical multiplexer (mux) portion of the multiplexer/demultipicxer 207,
209 combines different wavelength bands from individual optical sources into a multiple
wavelength light beam for simultaneous transmission through a common optical link. At
the receiving end of the optical link, an optical demultiplexer (demux) portion of a
muldplexer/demultiplexer 209 demultiplexes or spatially disburses collimated multple
wavelength light from the optical link into separate wavelength bands, each of which can be
directed to an individual optical receiver. Although Fig. 2 shows combination of
multiplexer/demultiplexer devices 207, 209 it should be apparent that separate
multiplexers and demultiplexers can be used as well to perform the required multiplexing
and demultiplexing functions. Another optical transmission technique, as shown in Fig. 5,
uses a separate optical link for each data path.
[0024] It should also be noted that although all data paths (e.g., write/read darta
(DQ), command (CMD), address (ADD), clock (CLK) between the memory controller

104 and modules 113 are shown as utilizing optical transmission, it is also possible to use

optical transmission only on the high speed data paths, ¢.g. the write,/read data (CD) and

9



[ 0023] An enbodi nent of the present invention using WDMis shown in Fig. 2.
VWDM enabl es the sinmul taneous transm ssion of nmultiple data channels on the
same physical optical link, by utilizing several different wavel engths on
that optical link at the sane tine. An optical multipl eXereb(4#%3%Borti on
of the multiplexer/denultiplexer 207, 209 conbines different wavel ength
bands from i ndividual optical sources into a nmultiple wavelength Iight
beam for si mAPHNEIIS) pathnam wiilizeronyarsioghl deatxicairbas tigdsi fonbloWenipeedidatatpachs,

recei ving end of theﬁgftical l'i nk, an optical denultiplexer (dermux) portion
of a multiplekeomps (CMBxastdrag$ABENI ti pl exes or spatially di sburses
wavel ength light fromthe optical link into separate

col | i mat ed milhi Je I

wavel engt h bafl25] each Tde paeseatinyentiasecandise any awdulation formanih dhabpigat liglato
receiver. Although Fi,g. 2 shows conbination of nultiplexer/denultiplexer
devi ces 207, °§’6‘§%?°t cithies $ignabio Npjse Rarien ( SNR) oc bandwidth ntilizatione EHiscandinclude
denul ti pl exers_can. bglrfgs_eg as, well to performthe required nultiplexing

and denul ti plC8RYSRYOP LBt mRodulananisshyguessurh ay BMson Noh Reremchio Zgre(NREZ),
shown in Fig. ses separ at ptical ljink for each data path. (0024)

It should al so[%i%ﬁxot eﬁfﬂ cesiPt ﬁg ngrolleriii4, apd imemeny devicest 12 erertppicaliyat a

Comrorror bt sBFSER AR he i 6t beimaragmoponcmpaues 113 whic
 on-Spesa. aceit st il B2 oBBRTHEk Tobtel P “Bon it iponiok ey srose
1065 19, PSPl i e DTN 55 P ™
i nvention Caﬁn@ﬁ@n%gm&; e BRerb R B ik ere hnqcnqgrtyi c%%ltro icrn scE geing integrated on
the processor die. In the case where they are located on the same die, an integrated optical
waveguide can be used to link them. Fig. 6, for example, shows an exemplary confined
square pipe waveguide 212. Pasitioned on die 200, the waveguide 202 connects a
processor with an integrated memory controller with DRAM 112. The waveguide 200 has
a first metal fayer 208 on top, a second metal layer 210 on the bottom, end plates 212
connecting the top and bottom layers, and an optically transmissive insulator 214 in middie
through which light pulses carrying data are transmitted. The two metal layers (208, 210)
act as waveguides confining the light pulses. The insulator 214 could be made of SiO2
which is commonly used in chip formation. Furthermore, in those configurations where
the processor 204 and memory devices 206 arc not on the same wafer or die and the
module 113 and controller 104 are omitted, the waveguide 202 could also be implemented
in freespace (air or vacuum).
[0027] Fig. 7 shows an optical link 108¢ in the form of a flexible optical fiber. Using

such 2 fiber, a processor 100 and memory devices 112 can be integrated on separate dies

10



optim ze either Signal to Noise Ration (SNR) or bandwi dth utilization. This
could include conventional digital nodul ation techniques such as FM or Non
Return To Zero (NRTZ). [0026] The processor 100, controller 104, and nenory
devices 112 are typically |ocated on separate dies with2tROyaE% devi ces
bei ng mounted on nodul es 113 which connect with the optical Iink 108a or
108b. However, it is also possible to integrate the processor and nenory

devi ces on t hesiaaglﬁrne Séprat¥Vplafles! 48 pREIGES Sarakdlf BF RiYedck NGk B prbbedsdri 100%naf

the nenory contro r'or wth the nenory controller also being integrated

on the procefisfbrydic®iced N1 B&ng aftercbhgdctditiate AedbletpricAditep 10Be TRFRISH S,
an integrated optical waveguide can be used to link them Fig. 6, for

exanpl e, shoveasiénfabricueiphJf YheC(linde sk welbasaion - plhike sthalifg oF Procédkdr 16Wsad | oned
on die 200, the wavegui de 202 connects a processor with an integrated

menory cont r dPRAM dévides DRAM debdrarcl Gecokiviog packagia@0 has a first netal |ayer
208 on top, a second netal |ayer 210 on the bottom end plates 212

connecti ng t he[@028] and Alieff tlenabosy embodimmhtslmve it taramion thittheyhddhéve @lectrical
insulator 214 in mddle through which light pulses carrying data are
transmtted. iSBhsionbetwedrathe inagmeory deios ] 1248 theamntraiemidde gliheleadsocroalfei the ng
the light pulses. The insulator 214 could be made of Si02 which is

commonl y usedprigaldink d 0Bay Hifibi exd 108x inkerconmectionsimnhuwdo eoisk; paludingatdighher e
t he processor 204 and nenory devices 206 are not on the sanme wafer or die
and the nodéfequancs. Begause the link ie pparareda bighrfraquency, threcloghysignal fur lxdeing du| d
also be inplenmented in freespace (air or vacuum). [0027) Fig. 7 shows an
optical |inkd2tgeseng withethe dagn Because filkerioprie Links doaet affepepulse fizpgyas dauch a
fiber, a processor, 100 and nenory devices 112 can be integrated on separate
dies 10 27 Fég{:\{f&pyn@mmcal links, the memory devices 112 can be placed a greater distance from

the controller 104 than is conventional. An additional advantage of the invention is that
fiber optic links have lower power dissipation than conventional electrical links. This is
because fiber optic links do not require 1/0 buffers, which consume power and also slow
the propagation rate at which data is transferred.

[0029] While the invention has been described and illustrated with reference to
specific exemplary embodiments, it should be understood that many modifications and
substitutions can be made without departing from the spirit and scope of the inventon.
Accordingly, the inventon is not to be considered as limited by the foregoing description

but is only limited by the scope of the appended claims.
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residing in separate planes and packaged separately or together, with the
processor 100 and nenory devices 112 being interconnected by the flexible
optical fiber 108c. This allows easier fabrication of the bus |ines as
wel | as non-pl anar stacking of proce®sor 100 and DRAM d&\iebesryi2P96i n
separate or conmmon packagi ng. [0028) Al of the above enbodi nents have in
common that they achieve electrical isolation between the nenory device
112 and the controller 104. They al §I.AEM8 the optical |ink 108a, 108b,
and 108c interconnections inmune to noise, including at high frequency.
Because the |i makmemoppgiehecomprisigh frequency, the clock signal for
|atching in data is sent with the data. Because fiber optic |inks do not
af fect pubsenaiysentllgo conventional electrical links, the menory devices

112 can b er 104 than is
conventlo%aggﬁgﬁgg%ggﬁfonage%%€%§?§35£% QB (EQ%P?gﬁhls that fiber optic
l'i nks have cbmnerupoptiral ﬂaths:nplal'ed unsanmamnmoywmmqll@naid telserdtmcmaty busnks Th| s
is because fi not ire |/ buffers

power and2AfEs g’lrléwgné CL B\5% iaaaﬂéet‘é{?e SR TR R A

[ 0029] V%h4@agggehﬂ%§ﬂ§g@H¥QQ§vggen descri bed and |Ilustrated mnth
reference to specific exenplary enbodinents, it should be understood that

many nodi fications and substitutions can be made wi t hout departing from
the spirit and scope of the invention. Accordingly, the invention is not

to be congi der as limted b e 0|n descrl on
linited by t heergEB’p?éﬂ%V YHEnS éﬁéﬁaé EE‘F% Tfmi’éy @B‘E ﬂ&‘iiﬁl‘gﬁoe CLAI VB
1. A memiysSHRtRIhGTIrhSd dice are arranged and conﬁgured to exchange data

exclusively through said optical path.

3. The memory system of claim 1, wherein said controller and said at least one
memory storage device are arranged and configured to exchange read/write data

through said optical path.

4, The memory system of claim 1, wherein said continuous optical path includes at

least one optical link for exchange of read/write data.

5. The memory system of claim 1, wherein said continuous optical path includes at
least one optical link for address data transmitted from said memory controller to said

at least one memory storage device.

6. The memory system of claim 1, wherein said continuous optical path includes
an optical link for command data transmitted from said memory controller to said at

least one memory storage device.

7. The memory system of claim 1, wherein said continuous optical path includes

an optical link for transmission of a clock signal to the at least one memory storage



a nmenory controller; at |east one nenory storage device connected to a
menory bus; and a continuous optical path coupled to said nenory controller
and to said nenory bus arranged and configured for exchangi ng data between
said nmenory controller and said at 1%ast one menory st ot dFer@Eei®e. 2. The
menory systemof claim1, wherein said nmenory controller and said at | east
one nenory storage device are arranged and configured to exchange data

excl usi veH§¥i¢r ough said optical path. 3. The nenory system of claiml,
wherein said controller and said at | east one nenory storage device are
arranged and configured to exchange read/wite data through said optical
path. 4. The nenory systemof claim1l, wherein said continuous optical path
includes 8t | &asncanify ot ok clairih, WaErcRXARPAGBNAbuY GAdAMpat] BicHRkd. 5. The
menory system of claim 1, wherein said continuqus optical path includes at

| east ~ oneanppticehlink forrangmnisgign od santed Watartp Apsatileasbena mempLasteragenor y
controll €hadiO said at |east one nenory storage device. 6. The nenory
system of ¢laim 1, wherein said continuous optical path includes an

optical link for command data transmtted fromsaid nenory controller to
said at |east one nenory storage device. 7. The menory system of claim 1,
wherein said continuous optical path includes an optical |ink for

transmi ssPon ofhamemsek ssitgmal clagn f hwherein saiheonyinBousapsicy! RAlbeQIGRIisES 27
February gBR@alﬂ?\é&‘ﬁﬁl‘ltiplexed optical channels.

10. The memory system of claim 1, further comprising an electro-optical converter
arranged and configured to convert an electrical signal output from said controller to an

optical signal for transmission on said continuous optical path.

11 The memory system of claim 10, wherein said electro-optical converter is

wavelength-adjustable.

12. The memory system of claim 10, further comprising an electro-optical converter
arranged and configured (o convert an optical signal transmitted on said optical path to

an electrical signal and to transmit said electrical signal to said memory controller.

13.  The memory system of claim 1 further comprising:
an electro-optical converter arranged and configured to convert an electrical signal
output from said at least one memory storage device to an optical signal for

transmission on said continuous optical path.

14. The memory system of claim 1 further comprising:
an electro-optical converter arranged and configured to convert an optical signal on said

continuous optical path (o an electrical signal and for transmitting said electrical signal



8. The menory systemof claim 1, wherein said continuous optical path
includes an optical link for transm ssion of control data to the at | east
one nmenory storage device. 9. The nenory systemof claiml, wherein said
continuous optical path conprises a%lurality of nulti ptehedaaptiteal
channel s. 10. The nenory systemof claim11, further conprising an

el ectro-optical converter arranged and configured to convert an electrical
si gnal ouipiMd #tleast eBg BReRISRY FterA2eAeYist-an optical signal for transnission
on said continuous optical path. 11. The nenory system of claim 10, wherein
said el ectro-optical converter is wavel ength-adjustable. 12. The nenory
system of claim 10, further conprising an el ectro-optical converter

arranged and cahén@uidsydersofiviaih 9afurdpt camprishgnal transmtted on said
optical path to an electrical signal _and to transmt said electrical

si gnal t o2 ldpigesroplicalbrronapgted with saidrratrofersripnasiandfonfigetedifth 1 f urt her
conpri si ng: Q- i 0 rter arranged and configured to convert
an el ectrlg% %’?g%gff‘&%Bﬁ‘?%ﬁﬁ%Fgm&g‘gi d at | east one nenory storage device
t o an opt adamuBiplnal oftivally commgtadssiitosnid at 1sast dne ortriony stosageevical path. 14.

The nmenory system.of c¢laim. 1 further conprising: an electro-optical
conver t er SGHEHGEE © Werhiar demet %l%ﬁ%mﬂﬂ%ﬁe’@aﬂ%&fﬁ ci‘%ﬂ? * on said

continuous optical path to an electrical signal and for transmtting said
el ectrical signal 14 27 February 2006 to said at | east one nenory storage
device. 15. The nmenory systemof claim9, further conprising:

16. The memory system of claim 9, further comprising:

a multiplexer optically connected with said at least one memory storage device
arranged and configured for multiplexing optical channels and providing multiplexed
optical channels to said continuous optical path; and

a demultiplexer optically connected with said memory controller arranged and

configured for demultiplexing said multiplexed optical channels.

17. The memory system of claim 9, further comprising:
a respective optical multiplexer and demultiplexer on each end of said continuous

optical path.

18.  The memory system of claim 17, wherein said respective optical multiplexer
and demultiplexer are arranged and configured to convert signal data that includes at

least read/write data.
19. The memory system of ¢claim 17, wherein said signal data includes command

data.

20. The memory system of claim 17, wherein said signal data includes address data.



a multiplexer optically connected with said controller arranged and
configured for multiplexing said optical channels, and a demnul ti pl exer
optically connected with said at | east one nenory storage device arranged
and configured for denultiplexing sald nultipl exed opticél FeRENE08. 16.

The menory systemof claim9, further conprising: a nultiplexer optically
connected with said at | east one nenory storage device _arranged and

conf i gur edlf or Thamensiregysem opelatall 7 cxashvignad dajsdngprdssiadilek signali pl exed
optical channels to said continuous optical path; and a denulti pl exer
optically connected with said nenory controller arranged and configured
for demultiplexing said nultiplexed optical channels. 17. The nenory system

of claim 82 furThdsfenf?IBYdtsh BYclafn ¢ SWE&GEIN\GidREHaE dhta MdlideRlcex@s] And
dernul ti pl exer on each end of said continuous optical path. 18. The nenory

system of claim 17, wherein said respective optical nultiplexer and
denul ti pl exer are arranged and configured to convert signal data that

i ncl udes % I% st read/wite g@ta. 19. . The menory system of claim 17,
wherein séard si Eﬁ%en_t?ai’mt%rﬂ& gn&&nﬁ?f&hammm 20. The menory system of
claim17, cpbeesl ditSgiits &ngiB@kd Batdch Bad HitaforpdslitRsiRr 8ad sid d6ledsf ohebr uary

2006 21. The nmenory system of claim 17, said signal data includes a clock
si gnal . 2menmphestaragedyvisy.st em of claim 17, wherein said signal data
i ncludes control data. 23. The nenory system of claim 17, further
conpri si ng:

24, The memory system of claim 1, wherein said at least one memory storage

device is located on a memory module.

25. The memory system of claim 24, further comprising:
an optical coupler disposed at said memory module arranged and configured to connect

said memory storage device to said continuous optical path.

26.  The memory system of claim 11, further comprising:
a wavelength sensing mechanism connected to said controller arranged and configured
to provide wavelength information to said controller with respect to an optical signal on

said continuous optical path.

27. The memory system of claim 26, wherein said wavelength sensing mechanism

is located at a controller side of said continuous optical path.

28.  The memory system of claim 26, wherein said controller is arranged and

configured to provide wavelength adjustment information to said converter.



el ectrical data paths connected between said nenory controller and said at
| east one nenory storage device. 24. The nenory systemof claiml1l, wherein
said at | east one nmenory storage device is |located on a nenory nodul e. 25.
The nenory systemof claim24, furth® conprising: an optifcRantisfer

di sposed at said nenory nodul e arranged and configured to connect said
menory storage _device to said _continuous, optical path. 26. The nenory

syst em of 22| ai Aha merfosy sy e6ekgin 4 Wherel sprl conBRBe s apbigal 1vEh FRIBIISSS sm
connect ed [k - ' ' vel engt h
i nformati %trslﬁF%ad gﬁc%%(}gﬂn?értglg%%r lémgé}g%glggggicat&q%%{ g‘ﬁg@%ﬁ"egﬁt%%ﬁa C%ﬁ sai d
cont i nuousrapied aad cadidure@ibr eddtanpibpgat ieasiyrsidéwriaf datd bétwebsaidbentedller sai d

wavel engt h (f)er]si ng mechanism is l.ocated at a controller side of said
cont i nuou& P PP IGREFROTHLHOTAZRECYESDry syst em of cl ai m 26, wherein said
controller is arranged and configured to provide wavel ength adj ust nent

i nformati to i r -uary 2 y system of
claim1l, , ler e’irﬁéllsnglng’?g%ﬁéllﬁSgﬁ%ﬁ%%gi\x@%%%%{% s%'g%gorp?{ gaélspgﬂgf@%{se opti cal
pat h bet weremggdiadd configuodd @rexahthgaicomeast! dandemesanrsyidshemagecatevllere
arranged and configured for exchanging at |east read/wite data between
sai d cont ¥ #dpast gigmgmoreHeRes A8V ifenory st orage device. 30. The menory
system of claim29 wherein said single optical path further is arranged
and configured to exchange conmmand data between said nmenory controller and
at | east one nenory storage devi ce.

31.  The memory system of claim 29 wherein said single optical path further is

arranged and configured to exchange address data between said memory controller and

at least one memory storage device.

32, The memory system of claim 29 wherein said single optical path further is
arranged and configured to pass a clock signal between said memory controller and at

least one memory storage device.

33. The memory system of claim 1 wherein said data includes read/write data which
originates on a plurality of electrical paths, said continuous optical path comprising a

plurality of discrete optical guides respectively associated with said electrical path.

34.  The memory system of claim I wherein said data includes command data which
originates on a plurality of electrical paths, said continuous optical path comprising a
plurality of discrete optical guides respectively associated with said plurality of

electrical paths.

35. The memory system of claim 1 wherein said data includes address data which
originates on a plurality of electrical paths, said continuous optical path comprising a

plurality of discrete optical guides respectively associated with said plurality of



31. The nenory systemof claim29 wherein said single optical path further
is arranged and configured to exchange address data between said nenory
controller and at |east one nenory storage device. 32. The nenory system
of claim?29 wherein said single optiPal path further is 274P &nd
configured to pass a clock signal between said nenory controller and at

| east one nenor storage device. 33. The nenory systemof claim1 wherein
sai d dat aclepieic hscead/wite data which originates on a plurality of

el ectrical paths, said continuous optical path conprising a plurality of
di screte optical guides respectively associated with said electrical path.
34. The nenory systemof claiml| wherein said data includes command data

whi ch orBgi natrae H%@ypysﬂérﬁloﬁmﬁfl vehhegeih Ghiddatanatnges dadksigiidatauous
opti cal pat h conprising a_ plurality of discrete, optical guides

respect i vaIhchspstsetes wpnFlediriediathp paid sputinpons opliqabpath ceBPTIFRERs. 35. The
whi ch
or 1 o1 mat SSEEpuich AT 1 SRE S Bl i B ARG BELIGEERALANE I 1 ot

conprising a plurality of discrete optical guides respectively associ ated
with said plurality of 17 27 February 2006 el ectrical paths. 36. The nenory
systemof claim1 wherein said data includes clock signal data which

ori gi nat e7on dhe gleaary srdem phelsim d avkerein seidsauscloges Q!&‘Fk penah d é‘énprl sing a

di d L
chsor et o ARSI § ERRBE LY OLUPRINRLRLA, Wi onal duBbyial b,
i ncl udes ednﬁplksrﬁg g palralitgtod dlsmfate:dsptmal glidatrespeotivaly pisatiatedtwitloai@l ectri cal

signal paths, said continuous optical path
electrical signal paths.

38. The memory system of claim 1 wherein said data includes control signal data

which originates on an electrical signal path, said continuous optical path comprising a

discrete optical guide associated with said electrical signal path.

39. The memory system of claim 1, wherein said controller, at least one memory

storage device, and continuous optical path are all integrated on the same die.

40. The memory system of claim 1, further comprising:
a processor, for communicating with said at least one memory storage device, wherein
said controller, at least one memory storage device, processor, and continuous optical

path are all integrated on the same die.

41. The memory system of claim 1, further comprising:
a processor arranged and configured for communicating with said at least one memory
storage device, wherein said processor and said at least one memory storage device are

provided on separate dies and communicate via said continuous optical path.



conprising a plurality of discrete optical guides respectively associ ated
with said electrical signal paths. 38. The nenory systemof claim1l
wherein said data includes control signal data which originates on an

el ectrical signal path, said continubus optical path conptrfebryagy #06di screte
optical guide associated with said electrical signal path. 39. The nenory
systemof claiml1l, wherein said controller, at |east_one nenopry . storage
devi ce, afd coAhf REBEY sytere af clalp H1.avkerainisaidsepyyptsrdies 37 PINEEdA8 die. 40.
The nmenor f.claiml, further conprising: a processor, for

conmmuni ca ?ﬁ%ékﬁﬁﬁeﬁgid at | east one nenory storage device, wherein said
controller, at |east one nenory storage device, processor, and continuous
optical path are all integrated on the sanme die. 41. The nenory system of
claiml1, further conprising: a processor arranged and configured for
communi ca#dng Whe memory sytern ehelpinp Ad, whsreinypaidsepiragalierare separatelyr ei n sai d

processor pade Al Bl LAARho NG IRIRNY nBLOTAGE UBN Legte  provi ded on

separate dies conmuni ca I'a sald continuous ath. 18 27
February 2006 42. The nenory system of claim4l, wherein said separate dies
are provided in a common package. 43. The nenory system of claim 41,
wherein said separate dies are separately packaged and said continuous
optical p#th i?ﬁgéﬂt@m:ééx%emaf dlapa taglascingaid meraoreRedule SYBPREIRSEN cl ai m

2 o SR Eb RSP RS e SRR ALl SO

optical paddtinuousdRichl pgidto deg@riedlsignals fodaill atledseand memeryEbORRY dstios.age
devi ce.

45. A computer system, comprising:
a processor; and
a memory system connected to said processor, said memory system comprising:

a memory controller,

at least one memory storage device; and
an optical path coupled at a first end to said memory controller and at a second end to a
bus connecting with said at least one memory storage device for optically exchanging

data between said memory controller and said at least one memory storage device.

46. A computer system of claim 45, wherein said memory controller and transmits
data to said at least one memory storage device are arranged and configured to

exchange data exclusively through said optical path.

47, A computer system of claim 45, wherein said memory controller and said at
least one memory storage device are arranged and configured to exchange read/write

data through said optical path.



45. A conputer system conprising: a processor; and a nenory system
connected to said processor, said nenory systemconprising: a nmenory
controller; at |east one nenory storage device; and an yti cal path coupl ed

at a first end to said nenory controlder and at a second’errua®y 0 pus

connecting wth said at | east one nenory storage device for optically

exchangi ng$ dat a between said mem)rg/ controller and said at |east one
-a

nmenory st #8.age Adwmmeer sygemmichimutse whespin wd epticel pathingudagableastprsai d

menory Cotr)llgtlic%ll1i§l£f03%g{cl%rngg%?1‘etaa/w atgto said at | east one nmenory storage
devi ce are"arrange ARd Eon Igured 't0  exchange data exclusively through
said optical path. 47. A conputer system of claim45, wherein said nenory
controller and said at |east one nenory storage device are arranged and

configured to exchange read/wite data through said optical path. 19 27
February 2906 Agompuiesystemrofsiaimeth whereimsad apicahpath srcludegiag opfcdlcal pat h
i ncl udes at, L.east._on tical ;L nk £ r j ata. 49. A
conput er g%koerr%a% >t %{? %gﬁ%?lﬁ\?\%gro gll %1@%3%)8%‘?4@%}18%%%@#3@3%@%@an opti cal
link for agddiessoftdtadcticansmtted fromsaid menory controller to said at

| east one nenory storage device. 50. A conputer system of clai m 45,
wherein said optical path includes an optical |I|ink for command data
transmtted fromsaid nmenory controller to said at | east one nenory

storage dgé{.l €A computer system of claim 45, wherein said optical path includes an optical

link for command data transmitted from said memory controller to said at least one

memory storage device.

51. A computer system of claim 45, wherein said optical path includes an optical

link for transmission of a clock signal to the at least one memory storage device.

52. A computer system of claim 45, wherein said optical path includes an optical

link for transmission of control data to the at least one memory storage device.

53 A computer system of claim 45, wherein said optical path comprises a plurality

of multiplexed optical channels.

54, A computer system of claim 45, further comprising an electro-optical converter
arranged and configured to convert an electrical signal output from said memory

controller to an optical signal for transmission on said optical path.

55. A computer system of claim 54, wherein said electro-optical converter is

wavelength-adjustable.



51. A conputer system of claim45, wherein said optical path includes an

optical link for transm ssion of a clock signal to the at | east one nenory
storage device. 52. A conputer system of claim45, wherein said optical
path includes an optical link for t#&nsmi ssion of contrdiFepaesy 2496t he at

| east one nenory storage device. 53. A conputer system of claim45, wherein
said optical path conprises a plurality of multiplexed optical channels.
54. A conplt er Asipsrassroystemal glass 54 fhrthseporepriging & elgctemoRlieRd PHEHSE i cal
converter fl : ri S| out put
from sai da%r%?eggg%%gﬁé qoeréog gérg%n é@%c%géaléﬁ@ittrgaﬁgflﬁ%gghtgra%né) r%%g I glntoon said
optical pai #lectbibal sferabnput er system of cl ai m 54, wherein said

el ectro-optical converter is wavel engt h-adjustable. 20 27 February 2006
56. A conputer systemof claimb54, further conprising an el ectro-opti cal
converter arranged and configured to convert an optical signal transmtted

on said op{ical h.to .an electri-cal_ signa C yst em of

cl ai m 45, ?z:'onp’rA‘i cgjlg'}r%l teéﬁysé[ rélc(-%rC ga-l%lﬁltsi %%qlpllé%nr%er%lggﬁo'ékt?%rﬁ:g%ﬁd% {étrelltsj configured
to conver arr@gee bed tonf@rediogdaleroat glottritdlaambblpat fréeasid a0 fast siRNor y
storage device to an optical signal for transm ssion on said optical path.
58. A conBGMery sowge deygee 1 i ertiwsl siguakior teansppissionemnaaid qutisak patly  convert er
for converting an optical signal on said optical path to an el ectrical
signal an transmitting said electrical signal to said at | east one nenory
storage device. 59. A conputer systemof claim52, conprising a nmultiplexer

aﬁsoci i’it e@ls.vm;jt A @aiphter ¥psTRIOI e R 48] Ehprishiig AIEIEEHR)-6ptidal cedictleOflk i cal
channel's, and . . _ . ] _ _ L
converting an optical signal on said optical path to an electrical signal an transmitting

said electrical signal to said at least one memory storage device.

59. A computer system of claim 52, comprising a multiplexer associated with said
memory controller for multiplexing said optical channels, and
a demultiplexer associated with said at least one memory storage device for

demultiplexing said multiplexed optical channels.

60. A computer system of claim 52, comprising a multiplexer associated with said
at least one memory storage device for multiplexing optical channels and providing
multiplexed optical channels to said optical path; and

a demultiplexer associated with said memory controller for demultiplexing said

multiplexed optical channels.

61. A computer system of claim 52, comprising an optical multiplexer and

demultiplexer located on each side of said optical path.

62. A computer system of claim 61, wherein said data includes at least read/write

data.



a denul tipl exer associated with said at | east one nenory storage device for
denul ti pl exing said nultiplexed optical channels. 60. A conputer system of
claimb52, conprising a nultiplexer associated with said at |east one
menory storage device for multiplexi#lg optical channel s HftPPpeB44Png

mul ti pl exed optical channels to said optical path; and a denul ti pl exer
associated with said nenory controller for denultiplexing sald mul ti pl exed
optical chinneAscomputergystempmicyimds wagresT sad datad 5‘-‘ deg sapymagl dgtdan opti cal
mul ti pl exer and demultiplexer |ocated on each side of said optical path.
62. A conputer systemof claim®6l, wherein said data includes at | east
read/ wite data. 21 27 February 2006 63. A conputer system of claim61,

wherein sgid dat@nfigrugesmeaimmmnc 1datharciBhid date dngdulee bddesd @ama.of cl ai m 61,
wherein said data includes address data. 65. A conputer system of claim®61l,

wherein said data includes a clock signal. 66. A conputer systemof claim
61, wherebh saidcaemderisysteuddslaoril; shetat said data lmll%ﬁpﬂ@k sigigl.em of claim
61, further conprising: electrical paths connected between said nenory
controller and said at | east one nenory storage device for passing data
between said controller and said at | east one nenory storage device. 68. A

conput er gyst em QfmfihdH Pdm ﬂ%ﬁ%l%ﬁ@fe& ?afld HRASIcI QRS HRPAd4tSt Or age
device is located on a frenory nodul . 69. A conputer system of clai m 68,

further conpri sing:

67. A computer system of claim 61, further compnsing:
electrical paths connected between said memory controller and said at least one
memory storage device for passing data between said controller and said at least one

memory storage device.

68. A computer system of claim 45, wherein said at least one memory storage

device is located on a memory module.

69. A computer system of claim 68, further comprising:
an optical coupler at said memory module, having a connector for connecting with said

optical path.

70. A computer system of claim 55, further comprising:
a wavelength sensing mechanism connected to said memory controller, for providing
wavelength information to said memory controller with respect to an optical signal on

said optical path.

71. A computer system of claim 70, wherein said wavelength sensing mechanism is

located at a controller side of said optical path.



an optical coupler at said nenory nodul e, having a connector for connecting
with said optical path. 70. A conputer systemof claim55, further
conprising: a wavel ength sensing mechani sm connected to said nenpr

control ler, for providing wavel engt¥ information to sai®f MARFN“Pbntroller
Wi th respect to an optical signal on said optical path. 71. A conputer

system of _cl aim 70, wherein said vel engt h.sensing nechanismjs |ocated
2t a cont74l1e ARRUGSYEEIPLS; linc% WhHSHH! Sazfgmfvlorfgmrﬁao?@rm 2. A
conput er %ﬁ?*él&'f@tﬁfadﬁkﬁlie’rﬁ Hlormihened Ligdbskoipory control |l er provides

wavel engt h adj ust nent ormation to said converter. 73. The conputer
system of claim45, wherein said optical path conprises a single optical
pat h between said nenory controller and at | east one nenory storage device
for passing at _|east read/wite data present qn a plurality. of el ectrical
pat hs bet ween d8¢ Homﬁ’étﬁbﬂ?teé‘bﬂ&l%lm g§= Wlﬁﬁalaé’ﬁgfﬁé’ﬁ@ S & 98&ge

devi ce. 74stichNBath YRR sai ﬁ‘ééxﬁ%gﬁbﬁér%&% 1M e bty diosh U ficept | cal

path further passes conmma etween said menory controller and at
| east onefarpasning stlesshgad/ vt ide. prasént diheploaipubEeleyisalgathstbetvesnrsauls,

wherein said single.o ti(fal Si%?th furthert gaases address data between said
menory coRMPrY eontigligh and gtledst ongmemapnitorage 8748k  device. 76. The conputer

system of claim45, wherein said single optical path further passes a

clock signgl behue&H,s@al & IRIDf HainPh,WHd&h s80didle SRR pARGuRIDr Y Storage

passes command data between said memory controller and at least one memory storage

device.

75. The computer system of claim 45, wherein said single optical path further
passes address data between said memory controller and at least one memory storage

device.

76. The computer system of claim 45, wherein said single optical path further
passes a clock signal between said memory controller and at least one memory storage

device.

77.  The computer system of claim 45, wherein said data includes read/write data
which originates on a plurality of electrical paths, said optical path comprising a

plurality of discrete optical guides respectively associated with said electrical path.

78. The computer system of claim 45, wherein said data includes command data
which originates on a plurality of electrical paths, each of said plurality of optical paths

comprising a plurality of discrete optical guides respectively associated with said

electrical path.




device. 77. The conputer system of claim45, wherein said data includes
read/ wite data which originates on a plurality of electrical paths, said
optical path conprising a plurality of discrete optical guides
respectively associated with said el2fctrical path. 78. THe <bowpddf system
of claim45, wherein said data includes command data which originates on a
plurality of electrical paths, each of said plurality of optical paths
conpri si ng%a pllbe apmpytensystinsef daim dbtwheatin gaiil dets inelugescaddiaesk Jatassoci at ed
with said_,electrical path. 23 27 Febr : . eh t em of
ol ai'm a5, “HEeEieit G o Sai Pl deGlCl dAlR ERR8r a iRy S BTBEIGLPRNT 0,
pl uralitycehpdiegh pledity patiRsretee@nitalofuidairdspebtivedy hdsyciafedapth eid pat hs
conprising a plurality of discrete optical guides respectively associ ated
with sai delegiriggknatioal “path. 80. The conputer system of clai m45, wherein
said data includes clock signal data which originates on an el ectrical
path, each of said plurality of optical paths conprising a discrete
optical guide respectively associated with said electrical path. 81. The

conput er gyst emhetorap@eMydtem vhahied £5,Saicteit 8iid dafaGheldéss ddakesigi®il gmmal dat a
which originates on a plurality of electrical signal paths, each of said

pl ur al i t yWhichayiginatgs onyur dlectdeidpains pacy of spd wlurlitipfoptichl pathscampppingal

gui des re R i LWt j I igpal paths. 82. The
conput er gggt&teelrtﬁ (g#t%gﬁé'lﬁ gnghegb&\?\lﬁé\f ealg%()%gdgﬁhdwﬁgg %hie%e% ucéggaqg'ontrol signal data
whi ch originates on an electrical signal path, said optical path conprising
a discrete optical guide associated with said electrical signal path.

81.  The computer system of claim 45, wherein said data includes clock signal data
which originates on a plurality of electrical signal paths, each of said plurality of optical
paths comprising a plurality of discrete optical guides respectively associated with said

electrical signal paths.

82. The computer system of claim 45, wherein said data includes control signal data
which originates on an electrical signal path, said optical path comprising a discrete

optical guide associated with said electrical signal path.

83. The computer system of claim 45, wherein said memory controller, at least one

memory storage device, and optical path are all integrated on the same die.

84, The computer system of claim 45, wherein said processor, memory controller,

at least one memory storage device and optical path are all integrated on the same die.

85.  The computer system of claim 45, wherein said processor and at least one
memory storage device are provided on separate dies and communicate via said optical

path.



83. The conputer system of claim45, wherein said nenory controller, at

| east one nenory storage device, and optical path are all integrated on
the sane die. 84. The conputer system of claim45, wherein said processor,
nmenory controller, at |east one nemtfry storage device aflde8pcECpath are
all integrated on the sane die. 85. The conputer system of claim 45,
wherein said processor and at | east_one nenmory storage device are provided
on separ ab@ di &8¢ seaPHEhSiIEek dain 80, sdieEeTp paid ég}aratﬁgqu .arezﬁroﬁ‘fle&é‘bf‘ uary
2006 86. system of claim 85, wherein said separate dies are
provi ded EQRQSR?gﬁﬁgﬁ'package. 87. The conputer system of claim 85, wherein
sai d separate dies are separately packaged and said optical path

i nt erconnects said packages. 88. The conputer system of claim 68, wherein
said menory nodul e conprises an_ el ectro-qgpti.cal converter for connecting
optical dat-a frBargEPYChYBIcERPT Pafhst ovherede s3if separats ifs Aresseparidy d at

| east one, [RIBI Y QARSI HRNLE FrerdSinedR SUEGLERLOPt | cal converter for a

menory syg conpri si ng: east one input arranged and configured to
receive an electrical data signal froma nenory controller; at |east one
device arranged and configured to convert said electrical data signal to an
optical signal; and at |east one optical qutput arranged and configured to
transmit 8%id Gpe FBPULET isEM phlam G vdlsrai s3id mAmpry RTUECORRTSEE AY to a

memory m%’l%t?o—o@t@cal {08 RLERY E:Qﬁrfégﬁﬁé: Q}Ltic(éi)@é‘fg ofil s20d oﬁtkc%il Hﬁtﬁ % efcbirichier

conprisin

signals for said at least one memory storage device.

89. An electro-optical converter for a memory system comprising:

at least one input arranged and configured to receive an electrical data signal from a
memory controller;

at least one device arranged and configured to convert said electrical data signal to an
optical signal; and

at least one optical output arranged and configured to transmit said optical signal into

an optical path coupled directly to a memory module.

90. The electro-optical converter of claim 89, further comprising:

said at least one device for converting being wavelength-adjustable.

91. The electro-optical converter of claim 89, wherein said optical output further

comprises either a light emitting diode or injection laser diode.

92.  An electro-optical converter for a memory system comprising:

at least one input arranged and configured to receive an electrical data signal from at
least one memory storage device,

at least one device arranged and configured to convert said data signal to an optical
signal; and

at least one optical output arranged and configured to transmit said optical signal into



said at | east one device for converting bei ng wavel engt h- adj ust abl e. 91.
The el ectro-optical converter of claim89, wherein said optical output
further conprises either a light emtting diode or injection |aser diode.
92. An el ectro-optical converter for2%a nemory system contrieryafy 2088 | east
one input arranged and configured to receive an electrical data signal from
at |east one nenory storage device; at |east one device arranged and

conf i gur ed eRficabpath connregied divecty & yAGMOrHCYRrAdSEi cal signal ; and at | east
one optical output arranged and configured to transmt said optical signal
into 25 27 February 2006 an optical path connected directly to a nenory
controller. 93. The electro-optical converter of claim92, further

conpri sings, sahéeRbtrd-0paéal 0MOyHRY bLAaih092, FOANE chipaisidel ng

wavel engt h- adj ustabl e. 94. The el ectro-optical converter of claim92,

wher ei n sédidialsast eae deviep i conyartieg beipg preleegh-afivgablea | i ght emitting

di ode or injection |aser diode. 95. An electro-optical converter for a
menory system conprising: at |east one input arranged and configured to
receive an optical data signal froman optical path coupling said at |east

one i nput o4li r eThé ¥lettPo-BpfiEiIesiviREB @aind2, vaRsdin @5i optied tougue Birtieal
converter arranged and configured to convert said received data signal to

an el ect r f@aprissp githgr:a lzghd cmitling dipde ontnjedtieatascediodgut put arranged and
configured to transmt said output signal to an electrical path of a
menory controller. 96. The el ectro-optical converter of claim95, further
conpri si ng:

9s5. An electro-optical converter for a memory system comprising:

at least one input arranged and configured to receive an optical data signal from an
optical path coupling said at least one input directly to a memory module;

at least one electro-optical converter arranged and configured to convert said received
data signal to an electrical signal; and

at least one electrical output arranged and configured to transmit said output signal to

an electrical path of a memory controller.

96, The electro-optical converter of claim 95, further comprising:

said at least one electro-optical converter being wavelength-adjustable.

97. The electro-optical converter of claim 95, wherein said optical output further

comprises a photodiode.

98. A memory system comprising:

a memory module having at least one input arranged and configured to receive an
optical data signal from an optical path connecting directly between said at least one
input and a memory controller;

at least one electro-optical converter arranged and configured to convert said optical
data signal received by said at least one input to an electrical signal; and

at least one electrical output arranged and configured to transmit said electrical signal



said at | east one el ectro-optical converter being wavel engt h-adj ustabl e.
97. The el ectro-optical converter of claim95, wherein said optical output
further conprises a photodiode. 98. A nenory system conprising: a nmenory
nmodul e having at | east one input arr2fnged and confi gur ed?februgee?0pe an
optical data signal froman optical path connecting directly between said
at least one input and a nenory controller; at |east one el ectro-optical
conver t er toamy denjachl aath dennemorvestorage éomigert said optical data signal
received by said at |east one input to an electrical signal; and at | east
one electrical output arranged and configured to transmt said electrical
signal 26 27 February 2006 to an electrical path of a nenory storage

devi ce. 999 ThehiB¥RIcYy St BY Ohirk b8i A& comprish@s conprising: said at

| east one el ectro-optical converter bei ng wavel engt h-adj ustabl e. 100. The
menory sysaiéni bast@habhc%,c’ptitﬁélcelil\n?rtgab@ng)E’lai«f@;lalllgtb@ﬂpl&tabi%rt her conprises a
phot odi ode. 101. A nethod of operating a nenory system conpri sing:
receiving electrical signals froma nmenory controller; converting said
received electrical signals into optical signals; and transmtting said

optical signal $hoOKRIMAR s QRrh 68L1aRADE, Whérsiatsh) dpficA TRPR Tt dohPriss02. The
met hod of claim 101, further conprising: said controller receiving data

f rom sai da ghotbdiadt. one nenory storage device through said optical path.

101. A method of operating a memory system comprising:
receiving electrical signals from a memory controller;
converting said received electrical signals into optical signals; and

transmitting said optical signals over an optical path directly to a memory module.

102. The method of claim 101, further comprising:
said controller receiving data from said at least one memory storage device through

said optical path.

103. The method of claim 102, wherein said data includes at least one of read/write
data.

104,  The method of claim 102, wherein said data includes address data transmitted

from said controller to said at least one memory storage device.

105. The method of claim 102, wherein said data includes command data transmitted

from said controller to said at least one memory storage device.

106.  The method of claim 102, wherein said data includes a clock signal.



103. The nethod of claim 102, wherein said data includes at |east one of
read/ wite data. 104. The nethod of claim 102, wherein said data includes
address data transmtted fromsaid controller to said at | east one nenory
storage device. 105. The nethod of c#%aim 102, wherein sat’d ¥4 7991 udes
command data transmtted fromsaid controller to said at | east one nenory
storage device. 106. The nethod of claim 102, wherein said data includes a
cl ock si gh@d-. Zhe pethodipd¢lain 1930whargin saddatainchdgs eantral dath 102, wherein
said data includes control data. 108. The method of claim 102, wherein said
optical path conprises a plurality of nmultiplexed optical channels, said
data being transmtted over said nultiplexed optical channels. 109. The

net hod of 1@4.ai Thd Bthddwitchem 100Whérsinngid GRRYESdth Bempscelagditligadl si gnal
output fromsaid controller to an optical signal for  _transm ssion on said
optical pEuHiplaxed optipd chamnsdd saif daladiegtomsmyltrdravien sad muliiexcdratistl st ep
further cagp5&§es: adj usting the wavel ength of said optical path. 111. The
met hod of "clarm 108, further conprising: nultiplexing said optical
channel s, and denultiplexing said nmultiplexed optical channels. 112. The
met hod of claim 108, further conprising: nultiplexing optical channels and
providinglgultiﬁlexed optical channels to said optical path; and

9. The method of claim 102, further comprising:
converting an electrical signal output from said controller to an optical signal for

transmission on said optical path.

110.  The method of claim 109, wherein said conversion step further comprises:

adjusting the wavelength of said optical path.

111.  The method of claim 108, further comprising;
multiplexing said optical channels, and

demultiplexing said multiplexed optical channels.

112, The method of claim 108, further comprising:
multiplexing optical channels and providing multiplexed optical channels to said
optical path; and

demultiplexing said multiplexed optical channels.

113.  The method of claim 108, further comprising;

an optical multiplexer and demultiplexer located on each side of said optical path.

114. The method of claim 101, wherein said at least one memory storage device is

located on a memory module.



denmul tiplexing said multiplexed optical channels. 113. The nethod of claim
108, further conprising: an optical nultiplexer and denultipl exer |ocated
on each side of said optical path. 114. The method of claim 101, wherein
said at | east one nenory storage devi&e is |ocated on a2heabpi)y 298ul e. 28
27 February 2006 115. The method of claim 114, further conprising: an
optical coupler at said nenory nodul e, having a connector for connecting

wi th sai d11opt Thamegmdrof clapg, 1 1#hBurther esaprefing| ai m 101, further conpri sing:

opt 1 cal " SRR SRR e b RERERCoR o b RRRRG MR T o

sai d cont ppihdagpatpr ovi des wavel ength adjustnent information to said
converter. 118. The method of claim 101, further conprising: conbining a
plurality of electrical paths between said controller and at |east one
menory storage device into a single optical path between said controller

and at le e r torage.device. 119. The method of claim 118
wherein sﬁ% s?ﬁapbe%%t%@qu 13’?hf uﬁ%oenflprbsén 5es conmand data between said
control | eproaidn@ival- Sasdith diterrmBItY ssitl @6AGE | eMiltespet 2. anldpicalediadonf cl ai m

118 further conprising: passing address data between said controller and at
| east ones#HeABESAl B8Br age device along said single optical path.

117.  The method of ¢laim 116, wherein said controller provides wavelength

adjustment information to said converter.

118. The method of claim 101, further comprising:
combining a plurality of electrical paths between said controller and at least one
memory storage device into a single optical path between said controller and at least

one memory storage device.

119. The method of claim 118 wherein said single optical path further passes

command data between said controller and at least one memory storage device.

120. The method of claim 118 further comprising:
passing address data between said controller and at least one memory storage device

along said single optical path.

121.  The method of claim 101, further comprising:
integrating said controller, at least one memory storage device, and optical path all on

the same die.

122, The method of claim 121, further comprising:



121. The nethod of claim 101, further conprising: integrating said
controller, at |east one nenory storage device, and optical path all on
the sane die. 122. The nethod of claim 121, further conprising: 29 27
February 2006 integrating a processo?® for conmunicating % tehrueai 08t | east
one nenory storage device wth said controller, at |east one nmenory
storage device, and optical path all within the same die. 123. The net hod
of cl ai m inteEratingra pregeseaipr Femmgnicating with sgdat pagcns SermeryslaagidfiicCat i ng

fclai m o s esagti
communt catThgBao s TR e hEBR R A d B R ERRARRAOTIOTI oy ce

via said sgpidieal path. 124. The nethod of claim 123, further conprising:
provi ding said separate dies in a comon package. 125. The nmethod of claim
123, further conprising: separately packaging said separate dies; and

i nterconnecting said packages via said optical path. 126. A nethod of

operating meRpr t conpri sihg: receiving electrical signals from at
| east on_el%Em)?Bﬁ_’ ﬁe@%%)i@&ér\x}i é: Pugg'grvceorr?l?rhsg_lgs'ai d received electrical

signal s i ploRidipt & fRceSbPRRIcEMnaMEkatiha RS said A feSBintt Mphooetoiaggdalise over an
optical path to a nmenory controller controlling said at |east one nenory
st orage dewpeparate dies; and

communicating between said processor and at least one memory storage device via said

optical path.

124.  The method of claim 123, further comprising:

providing said separate dies in a common package.

125. The method of claim 123, further compnsing:
separately packaging said separate dies; and

interconnecting said packages via said optical path.

126. A method of operating a memory system comprising:

receiving electrical signals from at least one memory storage device; converting said
received electrical signals into optical signals; and

transmitting said optical signals over an optical path to a memory controller controlling

said at least one memory storage device.

127. The method of claim 126, further comprising:
said controller receiving data from said at least one memory storage device through

said optical path.

128. The method of claim 127, wherein said data includes at least one of read/write

data.



127. The nethod of claim 126, further conprising: said controller receiving
data fromsaid at | east one nenory storage device through said optica
path. 128. The method of claim 127, wherein said data includes at | east one
of read/wite data. 30 27 February 2306 129. The net hod fFeasrugnmofs7,
wherein said data includes address data transmitted from said controller
to said at | east one nenory storage device. 130. The nethod of c¢laim 127,

wher ei n sk% dﬁh%lmeﬂ‘@ldmfé?llﬁdﬁﬂaw ergiatsaick qammeiuderarldress siatactrangmitissk r ol | er
to sal d Plhesgﬁi[co?lﬂgll%ﬁgggﬁ aﬁﬁ%[;tacgl% ﬂ&ﬂ&r&%mfge]ﬂ J&e met hod of claim 127,

wherein sa ata ‘irncludes a c he met hod of claim 127,
wherein said data includes control data 133. The nethod of claim 127,
wherein said optical path conprises a plurality of multiplexed optica
channel s, said data being transmtted over said nultiplexed optical

channel s. 1314, THM§wﬁﬁﬂH6db@ﬂ1@VaWh@@®6ﬂ¢¢ﬁQﬁ@hﬁé%ﬁ%ﬁﬁ@ﬁﬁéma@@HVEﬁﬁﬂng an

electrica yt fro optical signal for
transm SS#L‘%III]I So]rl(ficscm?rahgr Psald e ?thoqm %ﬁé&heo(%%%et‘%g?éof claim 134, wherein

sai d conversion step further conprlses. adj usting the wavel ength of said
optical path. 136. The nmethod of claim 133, further conprising:

mul tipl exi ng said optical channels, and denultip IeX|ng sald mul ti pl exed
optical chilnnelle method of claim 127, wherein said data includes a clock signal.

132.  The method of claim 127, wherein said data includes control data.

133.  The method of claim 127, wherein said optical path comprises a plurality of
multiplexed optical channels, said data being transmitted over said multiplexed optical

channels.

134. The method of claim 126, further comprising:
converting an electrical signal output from said controller to an optical signal for

transmission on said optical path.

135. The method of claim 134, wherein said conversion step further comprises:

adjusting the wavelength of said optical path.

136. The method of claim 133, further comprising:
multiplexing said optical channels, and

demultiplexing said multiplexed optical channels.

137. The method of claim 133, further comprising:

multiplexing optical channels and providing multiplexed optical channels to said



137. The nethod of claim 133, further conprising: multiplexing optical
channel s and providing nultiplexed optical channels to said 31 27 February
2006 optical path; and denultiplexing said nmultiplexed optical channels.
138. The nethod of clai m 133, furthe%J1 conpri sing: an opt£ckAPryAN #4961 exer
and demul ti pl exer | ocated on each side of said optical path. 139. The

nmet hod of claim 126, wherein said at | east one nenory storage device is

| ocat ed ofPtEah@#brapdnodul e. 140. The nmethod of claim 139, further

ConpriSin&ﬁmﬁﬂp@ﬁ%%%ﬁﬂh§9ﬂﬁkﬁéd ﬁ%%%%?g%ggry nodul e, havi ng a connect or

for connecting sal Ica The net hod of cl aim 126,
further conprising: providing wavel ength information to said controller
with respect to an optical signal on said optical path. 142. The nethod of
claim 141, wherein said controller provides wavel ength adjustnent

i nf or mat i bib- t oTBamgthegof sleirarl 33 aghergaannsisingod of cl ai m 126, furt her

contr of | & ALl e Br et oot IBLAELEA G BRI TNERDEE! O o
pat h between said controller and at | east one nenory storage device. 144.

The net hoBwf Tham@hbddrvhahans, $RérfinShidd: faQPdrcaRbmddlorhtd 8hete iBASSES
command data between said controller and at | east one nenory storage
devi ce. located on a memory module.

140.  The method of claim 139, further comprising:
an optical coupler at said memory module, having a connector for connecting with said

optical path,

141.  The method of claim 126, further comprising:
providing wavelength information to said controller with respect to an optical signal on

said optical path.

142, The method of claim 141, wherein said controller provides wavelength

adjustment information to said converter.

143.  The method of claim 126, further comprising:
combining a plurality of electrical paths between said controller and at least one
memory storage device into a single optical path between said controller and at least

one memory storage device.

144, The method of claim 143 wherein said single optical path further passes

command data between said controller and at least one memory storage device.



32 27 February 2006 145. The nethod of claim 143 further conprising:
passi ng address data between said controller and at | east one nenory
storage device along said single optical path. 146. The nethod of claim
126, further conprising: integrating3said controller, at2]Esenotmenory
storage device, and optical path all on the sane die. 147. The method of
claim 146, further conprising: integrating a processor for comunicating
with saidl4t | Ehemetiod Qf@}ﬁb‘?lglﬁtfblﬁ%ﬁjéo@é’@ﬁ‘@é: with said controller, at

| east _one 55?%%&%%&%?&9 Bet%%éf.l g%d c@lﬁgolféptaf.l(? Qﬂ lemt)ﬁe ﬁllehloY\%Etma%etd@ﬁce sane die.

148. The %e arm urther conprising: providing a processor for
conmmuni cahlong said kingteopdical patleast one menory storage device on separate

di es; and conmuni cati ng between said processor and at | east one nenory
storage device via said optical path. 149. The nethod of claim 148,
further conprising: providing said separate dies in a comon package. 150.

The nethogagf %gﬁgﬁh&ﬁgﬁchﬂ5H5%rﬁﬁ%gﬁ“é?ﬁé?i separately packagi ng said

separate dies; I'nterconnécting sal ages via said optical path.
151. The mesppitihgSynil @miotleg hvleddt One wieatoey stosae depice,raldidpyicafpattualt opl exed

optical channels use Tinme Division Miltiplexing (TDV.
the same die.

147.  The method of claim 146, further comprising:
integrating a processor for communicating with said at least one memory storage device
with said controller, at least one memory storage device, and optical path all within the

same die.

148. The method of claim 126, further comprising:

providing a processor for communicating with said at least one memory storage device
on separate dies; and

communicating between said processor and at least one memory storage device via said

optical path.

149. The method of claim 148, further comprising:

providing said separate dies in a common package.

150. The method of claim 148, further comprising:
separately packaging said separate dies; and

interconnecting said packages via said optical path.

151. The memory system of claim 9, wherein said plurality of multiplexed optical

channels use Time Division Multiplexing (TDM).



33 27 February 2006 152. The menory systemof claim9, wherein said
plurality of nultiplexed optical channels use Wave Division Miltiplexing
(WDM) . 153. The nenory systemof claim9, wherein said plurality of

mul ti pl exed optical channels use Frequency Division Ml €1 piesaheProm .
154. The nenory systemof claim1, wherein said optical path optically

passes ¢ ressed data. 155. The conputer systemof_claim53, wherein said
plurali ty?gi? b PISPOR% 8YShpR PE glaim §h§ﬁﬁé1@at%@wﬂ%0ﬁivﬁ@%ﬁg ma‘il?%?m exi ng
(TDM . 15 : t i , Wherein said plurality of

mul ti pl exglcfln%gltgiuggwgﬁgﬁﬁe sl\qg}é@iﬂ\)/(\g\d\gej D g‘l@éi on Multiplexing (WM. 157.
The conputer system of claim53, wherein said plurality of nultipl exed

optical channels use Frequency Division Miltiplexing (FDM. 158. The

conmput er system of claim45, wherein said optical path opticall asses
corrpresseély%lat Lhe megorypysterp Phelgie P, wﬁafﬂ%%’g?luwﬁaf 'rﬁulélggf‘ée earcli ty of

mul tipl exgﬁgg%iuQ@#reﬁﬁ&Q@%i%isidﬁﬁuﬂp&‘&i%ﬁtﬁﬁf/{?n Mul tiplexing (TDM. 160.

The net ho cl ai m 108, ereln sard p y of multiplexed opti cal
channel s use Wave Division Miltiplexing (WDM. 34 27 February 2006 161.
The nethod of claim 108, wherein said plurality of nultiplexed optical
channel s _use Frequency Division Miltiplexing (FDM. 162. The net hod of
cl ai m 10115%helbe meawry syien obslaim Anwheremn; sayl gniicelath epligslly pagses

compressed data.

155. The computer system of claim 53, wherein said plurality of multiplexed optical

channels use Time Division Multiplexing (TDM).

156. The computer system of claim 53, wherein said plurality of multiplexed optical

channels use Wave Division Multiplexing (WDM).

157.  The computer system of claim 53, wherein said plurality of multiplexed optical

channels use Frequency Division Multiplexing (FDM).

158. The computer system of claim 45, wherein said optical path optically passes

compressed data.

159.  The method of claim 108, wherein said plurality of multiplexed optical chabnels
use Time Division Multiplexing (TDM).

160.  The method of claim 108, wherein said plurality of multiplexed optical channels
use Wave Division Multiplexing (WDM).
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161. The method of claim 108, wherein said plurality of multiplexed optical channels

use Frequency Division Multiplexing (FDM).

162. The method of claim 101, wherein said step of transmitting further comprises

transmitting compressed data.



