WO 03/ 021455 PCT/ US02/ 25835 AN OPTI CAL | NTERCONNECT | N H GH SPEED MEMORY
SYSTEMS FI ELD OF THE | NVENTI ON [ 0001] The present invention relates to
comuni caworig/oat4shi gh speed data signals to and from nmeneCH/s02e3gE

devi ces such as DRAM nmenory devi ces. BACKGROUND OF THE | NVENTI ON [ 0002] As
conput er processor and DRAM (Dynam ¢ Random Access Menory) nenory speeds
i ncrease, their bus speeds increase also. This increased speed al so

i ncreases siAgnAPTICiIASe IHTERCANNECT oANpBI A sSRBEP eMEMORYOS YSEOME r ol | er and

DRAM nenory devi ces  connecirtopeoPUSHE/IINVERITION, the connections of the
bus al so have associated electrical properties such as capacitance and
i nductance which, while causing mninmal problens a

R§
causes i[960&3si nghy psesgnt MVERHED FHAYEY EhEOBMURIGHNE 6&385% S@Sﬁ‘i gﬁﬁé rﬁnf%?/s, at
hi gh speed, conventional bus arrangements can |Q$roduce signal distortion,
noi se, auéfiays meamety stdrege devigassueh apRRAINEPgREEC§Enomenon. [ 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 wi |l soon_ext GHz. At such high
frequenci es, the ninut SBACKGRAUND QFQH‘& Iﬂ{}%ﬁﬁ'ﬂg caused by the

el ectrical properties of the electrical bus may cause severe and
unexpect @b(ﬁgnses&g% késkonald DRAME Dinsindn Rendirh Watss Mermpeyjent s on

a bus nu kept s 0 mnimze signal distortions and hel p insure
memory speeds increase, thelr bus speeds increase also. This increased speed also increases
signal noise at connection points where a memory controller and DRAM memory devices
connect to a bus. In addition, the connections of the bus also have associated electrical
properties 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 properties of the electrical bus
may cause severe and unexpected consequences. Additionally, the distance between
components on a bus must be kept short, to minimize signal distortions and help insure
that data and control signals reach their destination very quickly.

[0004] Accordingly, a memory bus structure which reduces or eliminates signal

distortion, noise, and other problems and permits reliable high speed (e.g. greater than 1

GHz) operation is desired.



that data and control signals reach their destination very quickly. [0004]
Accordingly, a nmenory bus structure which reduces or elimnates signal

di storti owpono2sey and ot her problens and pernmits reliabl @Chiugh2/syserd (e. g.
greater than 1 GHz) operation is desired. 1 WO 03/021455 PCT/ US02/ 25835
BRI EF SUMVARY OF THE | NVENTI ON [ 0005] In one aspect the invention provides
a nenory apparatus and nethod of its operation which utilizes an optical
pat h connected between a nenory controller or processor and at | east one
menory devi ce for passing data between the controller or processor and
menory devi ce at hi gh throughput speed. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0006] The foregoing and other features and advantages of the invention

wi |l becone nore appar BRIEF SeiiMARUEDRITHE IGBSENIPONN of the exenpl ary
enbodi mrents of the invention given belowwith reference to the

or csont TUBBICT on SRg Pt e erlh oy RIS Sp EmBEE b SRy MRS LT,

Fig. 3 shows a transi.stor-level view of ransmtter ej ver used
in an O@fmna‘?’é‘c@ AEUEF AP tf)clal PH _"ioﬁ%‘ht%iqg’ﬁgw g’ m&%\%ég%&géeicdor nd
exenpl %Egcc%gg%oaglldrg% rl‘éasto <f)nct: &%rr{or}}/ oLt passing data between the controller or

processor and memory device 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 transmitter 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



Fig. 5 shows a third exenplary enbodi nent of the invention; Fig. 6 shows a
fourth exenplary enbodi nent of the invention; Fig. 7 shows a fifth

enbodi nerwOaB/021385 i nventi on. DETAI LED DESCRI PTI ON OF THE PRERSRRRENS3S

EMBODI MENTS 2 WD 03/ 021455 PCT/ US02/ 25835 [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 |ink includes, but is not
limted, to optical fiber and optical waveguide |inks as described below in
connection wth various exenplary enbodi nents of the invention. Fig. 1
shows a Y]l evélhehpresdat inhieagoamsesf onder moeseptical iuknbétwen A ppoasgssor 100
I's connected to a nenory controller 104 which in turn is connected to a
menor y amddot @ nidlosamnaiohliengnd a ® RAMmieenorgdevige. Taviopeisal1ibR indides, bneisor
nore optical |inks 108. The nmenory controller 104 and nodules 113 have

opt i calnot dinfitet, $o obticdl fibeabhd oEﬁ&ihﬁaOegmdﬂ ks dsaddstribeapibélowlin konkatibd8 t o
mai ntain optical continuity. The nodules 113 have optical plug-in

connectwitls virtodshgempRiry ealbolimksts $0the iBuvéntedis OFigal 8hsivaadagldleyeldlocipt i cal )
Dual Inline Menory dule (DIMV) connectors 109 for supplying power and

ot her |d¥prhmesSIUBE pYesehdin@bstior. 08QBbcdssbrt YT 1§ @BhRXdedfo h RerhdryRBhtller t he
processor 100, controller 104, and nenory devices 112 can beée | ocated

ei ther 192 WhRh3RMErnds QoRfhekQF &) £ehePibry MG AL 219 BhiraihiRg SHRBE HERSHemory
processor 100 can al so serve as the nenory controller %04 in which case a
devices 112 using one or more optical links 108. The memory controller 104 and modules
113 have optical couplers which enable them to connect to the optical links 108 to
maintain optical continuity. The modules 113 have optical plug-in connectors to the
optical links 108, but also have standard (non-optical) Dual Inline Memory Module
(DIMM) connectors 109 for supplying power and other low-frequency signals.

[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 controller 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-set 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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separate nmenory controller 104 can be omtted. [0009] Fig. 2 shows a first
exenpl ary enbodi nent of the invention in which a single comon opti cal

| ink 108aworoatnzsi s a plurality of data streans between aPCEMsNy25835
controller 104 and nmenory nodul es 113 using paired optical transmtters and
receivers on opposite sides of link 108a pre-set to conmunicate at a
respective wavel ength. Fig. 2 shows the use of separate data (DQ, comrand
(CVD), address (ADD), and clock (CLK) paths between controller 104 and
each nmenory nodule 113 as is typical in a conputer bus structure. It is

al so pdysthblcentolleewill bohindtd drasandcxest foatlze diventionhef dusayilatdt pulgatlds. as
is also well known in the art. For brevity, only the data (DQ optica

pat h wilk shdxdddilsechessmdbrstood dbataivhile ihie dagd (9Q) pdeisstre bititdadondlheheopt i cal
paths for other data and cl ock information sent 3 WO 03/021455

PCT/ USQDh2h 83D/ idréss and etdck@atlesrarevuhiditretibaal dh eldhttthe dasaftewax Gept comrolidie
direction of data/clock pulse flow It should also be understood that

whi | e t10st @adthe rhodlepal hanadnsobiatidr meiopndevicdsid 2. conmand/ addr ess and cl ock
paths are unidirectional in that the dataflowis fromcontroller 104 to

the modu[@®013 aAxkhassOal Figell, éeidaty DEYpatior e mentbH:@bnAsliehbodisi n Fi g.
2, each data DQ path of the nenory controller 104 is coupled to a

r espectdovipleditbl Labpdctiad optitdl itAkmRERE Y dteivERVd&tce ... T,JA%[ Rhoh each
coIIectingy ident?fied g? t he Iabelg%01. g%%h tr;§2ﬁ$itiné reéeiving

devi ce ARMRIhSiIdRALA&] BF thd 8Bél 2019NBdchf @aRhRh /A &Bhdn PRR8E borfkerdBADr Y
controller 114 and converts the
electrical signal received from a DQ path of memory controller 114 and converts the
electrical signal to an optical signal for transmission on optical link 108a to a memory
module 113 over optical link 108a. Each transmitter/receiver 201 is also capable of
receiving an optical signal from a module 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 controller 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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el ectrical signal to an optical signal for transm ssion on optical |ink
108a to a nenory nodule 113 over optical |ink 108a. Each

transm t two/oseersyer 201 is al so capable of receiving anPaptiseztssss gnal
froma nodul e 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
transmtter/receivers 201 provided on the controller side, respective
transmtters 203 are al so provided for converting each of the electrical
signals on the command, address and clock signal paths to optical signals
over | icakickG@aclength (freuentyt)twingh isheedulopd yadlats isgutadrs titeovaniodsi bigsal phghs The
transmtter/receivers 201 and transmtters 203 may form part of an

el ect r ifoah/coptrotied 1@ ey esriverte22085. [[Ode, Ticopiiql réeprbpditiventf aaslkes a

single optical link 108a constructed as an optical fiber or optical
wavegui ttihshitreeeced@n 00| dperatdat aarspdctiee optiail yaneldugds 113. I n this way,
many datapins of controller 104 comruni cate over a single optical |ink

108a. | poeryler tAy fuedpr sHisviopt Figal, giegnaibas bpoical sigpaliffdmer ent data (DQ),
comand (CVD), address (ADDRESS), and cl ock %CLK) paths fromi nt erferi ng

Wi th eagthsliti@l/redd@Neds 201 Xihe tr@fsiitteld POBAleNspticalleophbiRd ifQ rhi
optical signals fromeach of the transmtter/receiver devices 01 and

trans ésot:ﬁbn deY vaoeleRBH: dﬁ@‘éﬂm&nh&fiﬂ’é&?)’d@hﬂﬁbl&@ﬂ 2(47 Y4P PHsBisktbabover the
PCT/ USO2/ 25835 carrier wavel ength (frequency) which is nodul ated by data

sent  onohfiioM ¥ptieHink! 1Bl toRAEMSry fbaMesaMBr ol I er 104 to converter 205.
Li kewi se, the Optical receiver portlon of each

[0014] Each module 113 also contains a wave division multiplexer/demultiplexer
209 which receives the optically multiplexed signals on optical link 108a and wavelength
demultiplexes them in a demutiplexer portion and passes the demuliplexed signals to
respective transmitter/receivers 211, which electrically 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/demultiplexer 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 multiplexer/demultiplexer 207 where it is
demultiplexed and passed to respective transmitter/receivers 201 where the DQ optical

data is connected to electrical DQ data which is sent to respective DQ data paths of
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transmtter/receiver 201 operates at a respective optical wavel ength.
[0013] As further shown in Fig. 2, the various optical signals from
transm t two/sezesvers 201 and transmtters 203 are opti calPCy/usonisaed in a
mul ti plexing portion of a wavel ength division nultiplexer/denultiplexer
207 for transm ssion over the comon optical link 108a to nmenory nodul es
113. [0014] Each nodul e 113 al so contains a wave di Vi sion

mul ti pl exer/demul tipl exer 209 which receives the optically nultiplexed
signals on optical link 108a and wavel ength denultiplexes themin a

denut i ploax@illepdd4.i Biy. 2nitlusracs else dpiicatl eonpling) eted wegoay mddulesrldSpect i ve
transmtter/receivers 211, which electrically connect to the data (DQ

pat hs ghembhecdrrolley 10e\thfRzhlthe eldcroadistidal eonvettee208 pubtided exdd naghooal
signals for the command (CMVMD), address (ADD) (or conbi ned command/ address)

and cl eektloBeK) 04 kidBdf opatilSinkal(8 fRESEEe&fooptitAtohvatE Al Mhprohidednver t
optical signals to electrical signals which are electrically coupled to

the el ef fHeGREmEH HRAIS @M@% hARSEL $6sHoMRPbe aRde8tddekihaChd) numberna  pat hs

of the menory devices 112. [0015] Data read frommenory devices 112 is

transmh{adnPmoldiRs daBacéddhiRaimSnuBbel HEMERIRY HeHEN 1025 maldbel SpricaBpect i ve

transnmtter/recei vers 211 where the electrical data is converted to an

opti_calcoﬁggsa% BhrRIELTOLBLENSH AV RAE T8N and sent to _ _
mul ti pl exer/denul tiplexer 209 where the data on the respective DQ opti cal

paths is 0&]5692%3??%] sHAVEs Y@K IS iof&iéi@:ﬂ t%kltrﬁt{?%ref(ﬁ af o%tical receiver 120

mul ti pl exer pl exer 209." This 'data Is en sent over optical |ink

108a t q, iy, Eﬁa?rl el 98 T El%%&}‘&fin&? Zramrtt%r).’ fecliVers 201, 211 and in the
electro/optical transmitters 203 and receivers 213. A LED (Light Emitting Diode) or ILD
(Injection Laser Diode) light emitter 124 in transmitter 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 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 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 actually integrated devices which may be integrated
together with multiplexer/demultiplexer 207 on a converter 205 chip or integrated on the
same chip as the memory controller 104. At the module 113, the transmitter 116 and
receiver 120 are preferably integrated on the same chip which contains the

multiplexer/demultiplexer 209. It is also possible to integrate the transmitter 116 and



denul ti pl exed and passed to respective transmtter/receivers 201 where the
DQ optical data is connected to electrical DQ data which is sent to
respect i wwob®ozliassa pat hs of 5 WD 03/021455 PCT/ US02/ 25835 pCaarspz/zisBer 104.

Fig. 2 illustates the optical coupling of two nenory nodules 113 to nenory
controller 104 through the electro-optical converter 205 provided at the
menory controller 104 side of optical link 108 and an el ectro-opti cal

converter and 219 provided on the nenory nodul es 113; however, it should
be understood that any nunber of nenory nodul es 113, contai ning any nunber
of menoegeide20am dhik2noduly shie wiphinaht hytuabmeploey dedcesant inl wisich T8¢ cavker
optical link 108a. [0016] Fig. 3 shows a sinplified optical transmtter 116

and optrhémbry ésdeVEr2 ¥301d whitah isRywvibeonigedr tifctih2l kleewn of Bigt 3cal
transmtter/receivers 201, 211 and in the electro/optical transmtters 203

and recejorrsy 213A1ttfbdfﬁfa {ilidchdubbifhde thaydbuedebr thcgﬂa@n% thaLES beILDaser
Diode) light emtter 124 in transmtter 116 provides a |ight output signal

to an ophkealictdal i 24d/Gtprvrodiede28eehevased ?ﬂ%ﬂztrl‘k_d Jubstr &8 RRAeEaltfor aith
appliedelectrical signal at the gate of a transistor 126. At the receiver

120 si drwicas, PAriQiirRder 12D ep¥pbeR24 is @alliunp Hsefide f Rd@lowedinf the ararFigly, cal
path 241 to the gaté of an n-channel transistor 134. A p- channel biasing

transi §f glouldBe SAUERRSHLHaF ﬁmﬁletwg.téﬂ];ﬁu&-r&@@& nelditetANSdI e pakRdin LAuiigy St or

135 is positioned between the gate of transistor 134, as well as the drain

d
; . : . ,
ionv; ?Irtﬁg %ig%ro (|1§i(§?8?th%_-§$? &rﬂrﬁgérgﬁ&%glﬁl a3 bi- Aol 30d RShSRlcallBahshifcd? an

116 and receiver 120 are therefore understood to be employed at each path end of a
bidirectional optical link 108a, as shown by transmitter/receivers 201 and 211.

[0019] As noted, the Fig. 2 arrangement relies on wavelength division multiplexing
of the different signal paths which exist between 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 receiving devices 203 are shown as being wavelength-
adjustable. For clarity, only the DQO pin is shown, while DQ1-DQ15 are 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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139 of the inverting anplifier 137 is an electrical signal. [0017] Although
Fig. 3 illustrates the light transmtter 116 and receiver 120 as discrete
conponentwp oBlozsiss devi ces are actual ly integrated devi ces Paitiush/amys be
integrated together with nultiplexer/denultiplexer 207 on a converter 205
chip or integrated on the sane chip as the nmenory controller 104. At the
nodul e 113, the transmtter 116 and receiver 120 are preferably integrated
on the same chip which contains the nmultiplexer/demultiplexer 209. It is
al so possible to integrate the transmtter 116 and 6 WO 03/021455

PCT/ USO¥ARA@Rth deeceabry @83 h2dusmal tohsenseodhe | nensinalevavietdnigoh bhen apticdly nenory
devices 112 in which case each nenory device 112 would contain its own
conver treansgiittedisign2 fPors kawinof theFransnittefs @@ HSYicA 20lough263 andidann substrate
may be used for integrating the LED or ILD I|ight emtter 124 and/or

phot odirggtesdifhg thigendetaviveRhgth 8 ded bkt toadontrolitel 04 wHid dawahineslda ces,
particularly for LED or ILD 124 is gallium arsenide, as known in the art.

Final | )tran_shﬁtt@ﬂﬁi@wadsmﬁﬁgdef@hss;gﬁeabaavewh%ﬂﬁmﬂ,gfnc&, b Wavslengdhesljaster 231
unidirectional data path, in actuality the data (DQ paths in a nenory

syst emjabgehtcddhy @siltidRAN 02ndhichaknddaRtd aAldlresdedWiveRhgthldGuaeg28Cei ver
120 are therefore understood to be enpl oyed at each path end of a

bi di r eqbi %ﬁkﬁ@mquivelén@& $08ahe REMMNAY M D \ B bhderdepaasd ¥&ifol201 and

211. [0019]" As noted, the Fig. 2 arrangenent relies on wavel ength division
mul ti plsraPPachtard RS0 Bk Ub&d RIHeh R seP ARSI BE Sl LIRSS seRBY the

control I'ers” 104 and the individual
data transmitters 211 in the modules 113 can also be sensed by the wavelength detector
233 and adjustment data can be sent to addressed wavelength adjuster 235 on the module
113 which adjusts the wavelength of the transmitter portion of transmitter/receiver 211.
The adjustments can be accomplished during initialization of the 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 a 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 seen, 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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menory devices 112. Thus, each transmtter/receiver 201, transmtter 203
and receiver 235 as well as nultiplexer/denultiplexers 207, 209 nust
oper at e awogpmzi4Fs ed optical wavel engths. These wavel engPog/usarn2ises
controll ed using known filter circuits. However, it is often difficult to
ensure that a manufacturer's device operates precisely at a predeterm ned
wavel ength. To this end, it is also known to adjust operating conditions of
an electro/optical device to ensure that it operates at a predeterm ned
wavel ength. [0020] Fig. 4 shows a nodification of a portion of the system
of Fi g.copjunsHenavith otwrs pptitdl dgtademisoassiar0schamds re caluge tlge dembersf opdahr e
shown as bei ng wavel engt h- adjustable. For clarity, only the DQO pin is
shown, chanhds ERheDhE @ wavehmigtledheedediwidnin ab @ptika sysspme SEwo atdroexamples g.
2. During fabrication, the thicknesses and purities of the materials
deposi tefdudsteshhiquas aretWeveldreh disisivakMuitiplekifig ( WIDM ) taad fEabquanay Eisision
transmtter 203 and the transmtter portion of receiver/transmtters 201
and 21Mtubiplexams (FDMit Additiesdllyedatareedgfressn telvieiheagtan. beAasedr Guolyl y, t he
light emtters are wavel ength adjustable. 7 WD 03/021455 PCT/ US02/ 25835

VWavel engihhigledsaaitv@irs cddmhor thatidrd réducahs eoluhge oD@ th &tanvwaiteddg figd Audbean
optically transmtted signal fromeach of the transmtters of devices 201

and 20%fapéicdahanndleRéRRaNbs Betht he sensed wavel ength is fed back to
controller 104 which determnes if a transmtter is transmtting at its

A o FPR R R T St S A S
WDM enables the simultaneous transmission of multiple data channels on the same
physical optical link, by utilizing several different wavelengths on that optical link at the
same time. An optical multiplexer (mux) portion of the multiplexer/demultiplexer 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
multiplexer/demultiplexer 209 demultiplexes or spatially disburses collimated multiple
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 data
(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, e.g. the write/read data (CD) and
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for adjusting the wavel ength over the command (CVMD) signal path. Separate
control signal paths can also be used for this purpose. The wavel engt h of
opti cal swgmalsiasent by the data transmtters 211 in thePoodish®esssid3 can
al so be sensed by the wavel ength detector 233 and adjustnent data can be
sent to addressed wavel ength adjuster 235 on the nodule 113 which adjusts
the wavel ength of the transmtter portion of transmtter/receiver 211. The
adj ustments can be acconplished during initialization of the menory system
for operation. [0021] Fig. 5 shows anot her enbodi nent of the invention,
whi ch wladki (3K ppathpand atilizd ¢orvedG@inl felectresat budine fpaslbwenspead elata paths,bus
111. In this enbodinent there is a one-to- one replacenent of an el ectrical
bus | i reg. wointrhamd (@MB )y additesy @dPP¢ct s nenory controller 104 with a nenory
nmodul e 113 with an optical link 108b. For sinplicity, Fig. 5 only shows

four syob2epti calTHd present imvenbioh caneséMy miodalatio foahhyin theeptiodilnkdoal
optical links 108b connect with transmtter/receivers 211 or receivers 213

on t he gpeimgizy cith&MBiERS tviNGibe Rative(SNRher bphdwialth skitinaid. t Thielegldrinclalde
signals for use by nenory devices 112 and electrical signals to optical

si gnal soh@éntitsaddigtaH nfoﬂﬁ[ﬂubﬂ&eﬂﬁﬁ?ﬁéé sdelY b€ BM 34 Rion REGZZIT o/ BerbEBIRT L ET €
are several different techniques of optical data transm ssion which can be

used on [REPt | CBle protkssdPB00, Rohhid1IBF BeELMnd M¥RBEH Q&KCBIQQGMEW ues can
include but are not Timted to Tine Division Miltiplexing (TDM. Using TDM

data fr nfi1&a] 1 FhARDe! -
Al so. _II_QDIEVIHt%cgEh Egﬁégg%éﬁvﬁﬁ RhdeHiif deRcQASHRY nfbudh&PbE

connect with the optical link 108a or 108b. However, it is also possible to integrate the
processor and memory devices on the same die, with the processor incorporating the
functions of the memory controller or with the memory controller also being 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. Positioned on die 200, the waveguide 202 connects a
processor with an integrated memory controller with DRAM 112. The waveguide 200 has
a first metal layer 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 middle
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 Si02
which is commonly used in chip formation. Furthermore, in those configurations where
the processor 204 and memory devices 206 are 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 108c in the form of a flexible optical fiber. Using

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

10



WO 03/ 021455 PCT/ US02/ 25835 conjunction with other optical data

transm ssion schenes to reduce the nunber of optical channels (either
fiber or wewalengt h) needed within an optical system TwoPEorisSormapl es of
such techni ques are Wavel ength Division Miltiplexing (WDM and Frequency
Division Miltiplexing (FDM. Additionally, data conpression techni ques can
be used. Such techniques have in common that they reduce the vol une of
data transmtted, the nunber of optical channels needed, or both. [0023]
An enbodi ment of the present invention using WDMis shown in Fig. 2. WM
enabl egesilimgsi sepdrategoars:s tand packagsd scpasdtelyidrttogt thedavish divaproetssooh0@ hed sanme
physi cal optical link, by utilizing several different wavel engths on that
opt i calmémoky Mvictebdlzsﬁﬂmg intereonrertabby dad flaxible iopkieddibet A083. Paistallowsof t he
mul ti pl exer/denul tipl exer 207, 209 conbines different wavel ength bands
from i redbivi fAbgitativpt ofCtle BB lineess well as worirplanaptecking vé pargisor 10ghhdbeam f or
si mul t aneous transm ssion through a conmon optical link. At the receiving

end of DRaAMPEViea) 112 imksepamtOpt ¢atamodeyikigipg.exer (denux) portion of a
mul tipl exer/denul tiplexer 209 demul tipl exes or spatially disburses

col i mat feha8]l t i PAlPof thRVadloea ginibolirgétits haaintdegn@bhitha they Bkhitvet defipAr at e
wavel engt h bands each of which can be directed to an individual optical

recei vagoladdid b&u&_bn fth® men s QeBic€ AMRiaRatth® BotrolléUl 14, PTEXELISIBANKE thad! exer
devices 207, 209 it should be apparent that separate nul'tiplexers and

demul t 'dﬁt@ﬂeﬁrﬂ( £E8h, N68HSAMH 8080 \BlércbRhREbHO Hiinuie tb edide! Eﬁldﬂtﬁ%hlﬂlu gkl ng

and demul tiplexing functions. Another optical transm ssion technique,

shown ifRfreflcy. SBecause the link is operated at high frequency, the clock signal for latching in
data is sent with the data. Because fiber optic links do not affect pulse shape as do
conventional electrical 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 I/O 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 invention.

Accordingly, the invention is not to be considered as limited by the foregoing description

but is only limited by the scope of the appended claims.

11



uses a separate optical link for each data path. [0024] It should al so be
noted that although all data paths (e.g., wite/read data (DQ, comrand
(CVD), adwpes®mi4aDD), clock (CLK) between the nmenory cont Polriusp2/23883 and
nodul es 113 are shown as utilizing optical transmi ssion, it is also
possible to use optical transm ssion only on the high speed data paths,
e.g. the wite/read data (CD) and 9 WO 03/021455 PCT/ US02/ 25835 cl ock
(CLK) paths and utilize conventional electrical bus lines for slower speed
data paths, e.g. command (CMVB), addregg ATAPP). [0025] The present

i nvention can use any nodul ation format in the optical link to optimze
either Signal to Noise Ration (SNR) or bandwi dth utilization. This could

i ncl udd. corvarmamaysteingiongirismgglul ati on t echni ques such as FM or Non
Return To Zero (NRTZ). [0026] The processor 100, controller 104, and nenory
devices 112 are typicall | ocated on separate dies with the nenory devices
bei ng nount SdNEMORHERMESI13 whi ch connect with the optical |ink 108a or
108b. However, it is also possible to integrate the processor and nenory
devices on thg., Qfeﬁlor%dEﬂcé-%dpr ocessor incorporating the functions of
the menory controller or With tthhe memory controller also being integrated
on the processor die. In the case where they are |ocated on the sane die,
an i nt egr at ed gpicalpdth coaneged detvwean shid me@ornt codtirdller bhdsaidfi dpastbond or
exanpl e, shows an exempl ary confined square pipe wavequi de 212. Positioned
on di e PEDOR %1W@éggp§@lym§%ﬁﬁ@&e§vgn said controller and said at least one

memory device.

2. The memory system of claim 1, wherein said controller transmits data to said at least

one memory device through said optical path.

3. The memory system of claim 1, wherein said controller receives data from said at

least one memory device through said optical path.

4. The memory system of claim 1, wherein said data includes at least one of read and
write data.
5. The memory system of claim 1, wherein said data includes address data transmitted

from said controller to said at least one memory device.

6. The memory system of claim 1, wherein said data includes command data

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

12



processor with an integrated nenory controller with DRAM 112. The wavegui de
200 has a first netal |ayer 208 on top, a second netal |ayer 210 on the
bottom ewo oploatdes 212 connecting the top and bottom | ay@cC3/usanessan
optically transmi ssive insulator 214 in mddle through which Iight pulses
carrying data are transmtted. The two netal |ayers (208, 210) act as
wavegui des confining the light pulses. The insulator 214 could be nade of
SSi2 which is commonly used in chip formation. Furthernore, in those
configurations where the processor 204 and nenory devices 206 are not on
the sanme wafer or die and the nodule 113 and controller 104 are om tted,
t he wavegui de 202 could also be inplenented in freespace (air or vacuun).
[0027] #i g. Themoworasysopniof alairhilpkvhe8e said datreintlmdes afclogksigari. bl e opt i cal
fiber. Using such a fiber, a processor 100 and nenory devices 112 can be
integrated on separate dies 10 WD 03/021455 PCT/ US02/ 25835 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. T s ai‘ﬁeoﬁf@.mo?f@‘%ls?ém bebhifkat 'vs%@réiﬁ sdif %a%cidd@?éoxﬁ?ol%‘t& as
non- pl anar stacking of processor 100 and DRAM devices 112 in separate or
common packagi ng. [0028] Al of the above enbodi nents have in conmon that
t hey achieve electrical isolation between the nmenory device 112 and the
controller 104. They al so make the optical link 108a, 108b, and 108c
intechynecyfons i nmune to ?Of includin

. claim’l,

he memory system o wherein salg optlcar]I paﬁn comprises a plurality of
multiplexed optical channels, said data being transmitted over said multiplexed optical

channels.

10.  The memory system of claim 1, further comprising an electro-optical converter for
converting an electrical signal output from said controller to an optical signal for

transmission on said optical path.

11.  The memory system of claim 10, wherein said converter is wavelength-adjustable.

12. The memory system of claim 10, further comprising an electro-optical converter for
converting an optical signal on said optical path to an electrical signal and transmitting said

electrical signal to said controller.

13.  The memory system of claim 1 further comprising;:

13



frequency. Because the link is operated at high frequency, the clock signal
for latching in data is sent with the data. Because fiber optic |inks do
not affecwopalosesshape as do conventional electrical |inkPeT/uSas238830r Yy
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 | ower power dissipation than conventional electrical

links. This is because fiber optic links do not require I/O buffers, which

consume powein aé&r@be\ﬁgﬁ Mt ertdigoPESRRAAG AelkakRalBigni bhfp i Fotn kfid at
transferred. [0029] ile the invention has been described and illustrated

Wit h r déast enc endroorysieeise ftb aneopeivpl sagnal éorirodismassics on said lopuka pagh.under st ood
that many nodifications and substitutions can be nade wi thout departing
fromthe spirit and scope of the invention. Accordingly, the invention is
not to be considered as Iimted by the foregoing description but is only
limted by the scope of the appended clains. 11 WO 03/021455 PCT/ US02/ 25835

CLAI M5 14. ARERRMG gﬁ&g@&gmﬁilsﬁ@&ér@oggggﬁg: controller; at |east one
menory devi ce; and an optical path connected bétween said nenory controller

and said at | east one nenory device for optically passing data between
sai d cont r oldnerleansopadcal catvdreagor amwerting an optical signal on said optical path to

an electrical signal an transmitting said electrical signal to said at least one memory device.

15.  The memory system of claim 9, further comprising;:

a multiplexer associated with said controller for multiplexing said optical channels,

and

a demultiplexer associated with said at least one memory device for demultiplexing

said multiplexed optical channels.

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

a multiplexer associated with said at least one memory 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.

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

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

14



menory device. 2. The nenory systemof claim1, wherein said controller
transmts data to said at | east one nenory device through said optical
path. 3. Wbhe3nenssy system of claim 1, wherein said contr®Crarsor/zsses ves
data fromsaid at |east one nenory device through said optical path. 4.
The menory systemof claim 1, wherein said data includes at |east one of
read and wite data. 5. The nenory systemof claim1, wherein said data
i ncludes address data transmtted fromsaid controller to said at |east
one nenory device. 6. The nenory systemof claim1l, wherein said data
i ncludes command data transmtted fromsaid controller to said at |east
one nenory device. 12 WD 03/021455 PCT/ US02/ 25835 7. The nenory system of
cl ai m 118. wheried mefmird sydedng of tlalnidgs whendio sdid slagnatlud8s atThast seloamyd syist em of
claim1l1, wherein said data includes control data. 9. The nenory system of
claim ﬂ,at%her ein said optical path conprises a plurality of nultiplexed
optical channels, said data being transmtted over said nultiplexed optical
channel s. 10. The nmenory systemof claim 1, further conprising an
el ectro-optical converter for converting an electrical signal output from
said controller to an optical signal for

19.  The memory system of claim 17, wherein said data includes command data.

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

21.  The memory system of claim 17, said data includes a clock signal.

22.  The memory system of claim 17, wherein said data includes control data.

23.  The memory system of claim 17, further comprising:

electrical paths connected between said controller and said at least one memory

device for passing data between said controller and memory device.

24. The memory system of claim 1, wherein said at least one memory device is located

on a memory module.

25.  The memory system of claim 24, further comprising;:
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transm ssion on said optical path. 11. The nenory system of claim 10,
wherein said converter is wavel ength-adjustable. 12. The nenory system of
cl ai m 10, wbuwsiohess conpri sing an el ectro-optical converter PCOrUSODZIss®Ert i ng
an optical signal on said optical path to an electrical signal and
transmtting said electrical signal to said controller. 13. The nenory
systemof claim1l further conprising: 13 WO 03/021455 PCT/ US02/ 25835 an
el ectro-optical converter for converting an electrical signal output from

said at | ea k j i S| I i QL oNn
%p@{tﬁg@@;&ﬁg €4l GRerhBrARoaRle! ﬁé\lmg 598&@:8{ fotrr] BRSS! With

said optical e nmenory ‘systemof cfaim urther conprising: an
el ectr qaidpdpeizal pahnverter for converting an optical signal on said optical
path to an electrical signal an transmtting said electrical signal to
said at | east one nenory device. 15. The menory systemof claim9, further
conprising: a nultiplexer associated with said controller for multiplexing
said optical channels, and a denultiplexer associated with said at |east

one memyry i for | &1 hn i i pl exed optical channels.
16. The%r'rermdﬁ%é @gg}og%s)gféﬂé gp%ngpf glrrpﬁegrcgc rr%ﬁggl ng: a multipl exer
associated with said at |east one nenory device for nultiplexing

a wavelength sensing mechanism connected to said controller, for providing
wavelength information to said controller with respect to an optical signal on said optical

path.

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

located at a controller side of said optical path.

28.  The memory system of claim 26, wherein said controller provides wavelength

adjustment information to said converter.

29. The memory system of claim 1, wherein said optical path comprises a single optical
path between said controller and at least one memory device for passing at least read /write
data present on a plurality of electrical paths between said controller and at least one

memory device.

30. The memory system of claim 29 wherein said single optical path further passes

command data between said controller and at least one memory device.
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optical channels and providing multiplexed optical channels to said optical
path; and a demultiplexer associated with said nenory controller for
dermul ti plwwiong2sai d nul ti pl exed optical channels. 17. TheCwarsnr/y583yst em of
claim9, further conprising: an optical multiplexer and denul ti pl exer
| ocated on each side of said optical path. 14 WO 03/021455 PCT/ US02/ 25835
18. The nenory system of claim 17, wherein said data includes at |east read
and wite data. 19. The nenory systemof claim 17, wherein said data

i ncl ud coqﬁﬁng eSS i TN al s raias sai d
data includes a 8?@% Sﬁg%g?fzgng?he n%nnry ngggﬁbg?T%ﬁgﬁg117fﬁ§%?d dat a
i ncl udegldeess deGkoctivadtadaid 2antrdliee anE B lastSyisd @l@iry dbviteén 17, wherein said
data includes control data. 23. The nenory system of claim 17, further

conprising: electrical paths connected between said controller and said at
| east one nmenory device for passing data between said controller and
menory device. 24. The nenory systemof claiml1l, wherein said at | east one

menor y z V} Cu’l'rg‘l%elhrle}ng)gﬁ%}%gem 2 Fﬁiﬂ?%ﬂergﬁ%ﬂifﬁnég 'opgpﬁ Mr&e%%&s@?b of

claim I'Si ng
clock signal between said controller and at least one memory device.

33.  The memory system of claim 1 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.

34. The memory system of claim 1 wherein said data includes command 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.

35. The memory system of claim 1 wherein said data includes address 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.

36. The memory system of claim 1 wherein said data includes clock signal data which
originates on an electrical path, said optical path comprising a discrete optical guide

respectively associated with said electrical path.

17



WO 03/ 021455 PCT/ US02/ 25835 an optical coupler at said nenory nodul e,

havi ng a connector for connecting with said optical path. 26. The nenory
syst em ofwoloaiom43s, further conprising: a wavel ength sensiPog/userimss sm
connected to said controller, for providing wavelength information to said
controller wwth respect to an optical signal on said optical path. 27. The
menory system of claim 26, wherein said wavel ength sensing nmechanismis

| ocated at a controller side of said optical path. 28. The nenory system of

cl ai m 26, Wﬁq{eeén@?lﬁ gvs&?ﬂb? elldngg vpl'ic%ﬁn%‘iﬁi Y S SR ok digiat BRAtwhich

information to sa nverter. The nenory systemof claim 1, wherein
sai d opirigi@dteait b phraltyi cfetecaricil sighd paplis, sdd oppaillpabietymprisiagiacplealityrof | er
and at | east one nenory device for passing at |east read/wite data

pr esentdissretg optigalguides refpestivaly assecnted atis sayd elgewisakugrpl @8dsr ol | er and at
| east one nenory device. 30. The nenory system of claim 29 wherein said
single optical path further passes conmmand data between said controller
and at | east one nenory device. 16 WO 03/021455 PCT/ US02/ 25835 31. The
menory system of claim 29 wherein said single optical path further passes

38.  The memory system of claim 1 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.

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

and 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 device, wherein said
controller, at least one memory device, processor, and optical path are all integrated on the

same die.

41.  The memory system of claim 1, further comprising;:

a processor, for communicating with said at least one memory device, wherein said,
processor and said at least one memory device are provided on separate dies and

communicate via said optical path.
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address data between said controller and at | east one nenory device. 32.
The nmenory system of claim 29 wherein said single optical path further
passes a WoOloaoki4si gnal between said controller and at | ea®PCTASE2/NWEDr Y
device. 33. The menory systemof claim1l 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 electrical path. 34. The nenory system of
clai m Ymhergiimaaiddy atdn biclhidal, (aRrERhid 3t AMRIGE arOblgiidat @S on a
plurality of electrical paths, said optical path conprising a plurality of
di scr eteenapbdn patkagei des respectively associated with said el ectrical path.
35. The nenory systemof claim1l wherein said data includes address data
which originates on a plurality of electrical paths, said optical path
conprising a plurality of discrete optical guides respectively associ ated
with said electrical path. 36. The nenory systemof claim1 wherein said
data i ud [ [ W] - ' h,
Sai d opy carearERiore LA cf ey, Phenl SRS R e S RELEN A AR
associ aineldaid dpticabpatheéheedonineads spidtpackadlgés WO 03/ 021455 PCT/ US02/ 25835  37.
The nmenory system of .claim 1 wherein said data includes clock signal data
which originates on a plurality of electrical signal paths, said optica
path conprising a plurality of discrete optical guides respectively
associated with said electrical signal paths.

44. The memory system of claim 24, wherein said memory module comprises an
electro-optical converter for connecting optical data from said optical path to electrical

signals for said at least one memory device.

45. A computer system, comprising:
a processor;
a memory system connected to said processor, said memory system comprising:
a memory controller;
at least one memory device; and

an optical path connected between said memory controller and said at least one
memory device for optically passing data between said controller and said at least one

memory device.

46. A computer system of claim 45, wherein said controller transmits data to said at least

one memory device through said optical path.
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38. The nenory systemof claim1l wherein said data includes control signa
data which originates on an electrical signal path, said optical path
conpri si yoa3mrss ete optical guide associated with saidprelrasn?/2ssad si gnal
path. 39. The nenory systemof claim1l, wherein said controller, at |east
one nenory device, and optical path are all integrated on the sane die.
40. The nenory systemof claim1l, further conprising: a processor, for
comunicating with said at | east one nenory device, wherein said
controller, at |east one nenory device, processor, and optical path are al
integrated on the sane die. 41. The nenory systemof claim1, further
conprising: a processor, for communicating with said at | east one nenory
devi ce,4%herAicompata,systpmoefadsior 4 3 neheeingaigh cdngadler oreiveedam frageviidat ar e
provi ded on separate dies and, co nicate via said optical path. 18 WD
03/ 021435 Pes PO Asiss th@{gh'lﬁﬁlé{ggﬁﬁfwtgystem of claim41, wherein said
separate dies are provided in a comon package. 43. The nenory system of
claim4l, wherein said separate dies are separately packaged and said
optical path interconnects said packages. 44. The nenory system of claim

24, wherein said nmenory nodul e conprises an
48. A computer system of claim 45, wherein said data includes at least one of read and

write data.

49. A computer system of claim 45, wherein said data includes address data transmitted

from said controller to said at least one memory device.

50. A computer system of claim 45, wherein said data includes command data

transmitted from said controller to said at least one memory device.
51. A computer system of claim 45, wherein said data includes a clock signal.
52. A computer system of claim 45, wherein said data includes control data.

53. A computer system of claim 45, wherein said optical path comprises a plurality of
multiplexed optical channels, said data being transmitted over said multiplexed optical

channels.
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el ectro-optical converter for connecting optical data fromsaid optical
path to electrical signals for said at | east one nenory device. 45. A
conput er WQIBOM4STONPri Sing: a processor; a nenory systemCrarsnzzisedl t o
sai d processor, said nenory systemconprising: a nenory controller; at

| east one nenory device; and an optical path connected between said nenory
controller and said at | east one nenory device for optically passing data
bet ween said controller and said at | east one nenory device. 46. A

conput eg4 Sys lad , [ i }[gtnst, S a(gﬁfgb'lt érfop said
at Ieag4 on%%%%Fc;%s é%ﬁgctlang%rﬁhstgi@d&oﬁ ilcagl&%gcﬁ&bl V\D%ﬁ??g;thSS
PCT/ USC2n26&@8idg anddlecthca cignatl entpsy foensad coh@olerdb, anvépeicel sigisdifak control | er
receives data fromsaid at |east one nmenory device through said optical
pat h. 4sansmissinmpen &id OpEEHPaBT- ¢l ai m 45, wherein said data incl udes at

| east one of read and wite data. 49. A conmputer system of claim45,
wherein said data includes address data transmtted fromsaid controller
to said at | east one nenory device.

55. A computer system of claim 54, wherein said converter is wavelength-adjustable.

56. A computer system of claim 54, further comprising an electro-optical converter for
converting an optical signal on said optical path to an electrical signal and transmitting said

electrical signal to said controller.

57. A computer system of claim 45, comprising an electro-optical converter for
converting an electrical signal output from said at least one memory device to an optical

signal for transmission on said optical path.

58. A computer system of claim 45, comprising an electro-optical converter for -
converting an optical signal on said optical path to an electrical signal an transmitting said

electrical signal to said at least one memory device.

59. A computer system of claim 52, comprising a multiplexer associated with said

controller for multiplexing said optical channels, and

a demultiplexer associated with said at least one memory device for demultiplexing

said multiplexed optical channels.
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50. A conputer system of claim45, wherein said data includes command data
transmtted fromsaid controller to said at | east one nenory device. 51. A
conmput er woIBem4s3 cl ai m 45, wherein said data includes aPcirask/gisghal .

52. A conputer system of claim45, wherein said data includes control data.
53. A conputer systemof claim45, wherein said optical path conprises a
plurality of nmultiplexed optical channels, said data being transmtted
over said nultiplexed optical channels. 20 WD 03/ 021455 PCT/ US02/ 25835

4. A %UTDUtEEomE&R}IQEmCAMM, coHpriiRlg £RMMPIS R AsRia@Ewith Qaidrki cal
converter for converting an electrical signal output fromsaid controller
to an detst oat nxingowyldefvize fot malplessg optical channtlomid paividiag mul§plexed conput er
system of . c] aim 54, wherein said converter is wavel engt h-adjustable. 56. A
conput &P &@H’PG‘F te s apsigal maghi s conprising an el ectro-opti cal
converter for converting an optical signal on said optical path to an

el ectrical gj . Lt | i i e 110 Sal

control | or . e eBRRc! SSBARNA0SEhm Y SR RS foF dRRlIupIAE LA

el ect r anapiplex@t opeiaehbgnelf.or converting an electrical signal output from
said at | east one nmenory device to an optical signal for transm ssion on
said optical path. 58. A conputer system of claim45, conprising an

el ectro-optical converter for

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 and write

data.

63. A computer system of claim 61, wherein said data includes command data.
64. A computer system of claim 61, wherein said data includes address data
65. A computer system of claim 61, wherein said data includes a clock signal.
66. A computer system of claim 61, wherein said data includes control data.

67. A computer system of claim 61, further comprising;:
22



converting an optical signal on said optical path to an electrical signal
an transmtting said electrical signal to said at |east one nenory device.
59. A conpotes2myst em of claim52, conprising a nultipl execTasswzisaied with
said controller for nultiplexing said optical channels, and a
demul ti pl exer associated with said at | east one nenory device for

denmul ti plexing said nultiplexed optical channels. 21 WO 03/ 021455

PCT/ US02/ 25835 60. A conputer system of claim52, conprising a nultiplexer

associ al&erivl bhcks dbofinéted be@wlen QR dBRMIIYr HEY 568 af RhstBlclh&hBY¥ Adi@Mok cal
channel s and providing nultiplexed optical channels to said optical path;

and a dessihg dplacbeeweasait tatteolleniand sandryndaviscey control | er for

dermul tiplexing said nultiplexed optical channels. 61. A conputer system of
claim52, conprising an optical nultiplexer and denultiplexer |ocated on
each side of said optical path. 62. A conmputer system of claim61l, wherein
said data includes at least read and wite data. 63. A conputer system of

claim ' | il tem
o ol ai e 6 O R e £ o g A R e, e
of cl aiaméhorphrydaie) said data includes a clock signal.

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 controller, for providing

wavelength information to said 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.

72. A computer system of claim 70, wherein said controller provides wavelength

adjustment information to said converter.
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66. A conputer systemof claim®6l, wherein said data includes control data.
67. A conputer systemof claim6l, further conprising: 22 WO 03/021455

PCT/ US02/ 26335214683 ectri cal paths connected between sai d ceotrusbht/zss3and sai d
at | east one nenory device for passing data between said controller and
menory device. 68. A conputer system of claim45, wherein said at |east one
menory device is located on a nenory nodule. 69. A conputer system of
claim 68, further conprising: an optical coupler at said nenory nodul e,

havi ng 23 CONPBCLGhpHRE sERINELIal 44, Wherd@sdd P AR acP 8o Mpridd-a dhAenput er

systemof claimb55, further conprising: a wavelength sensing nmechani sm
connectatichbp&hibd reedit said t@itrolied fangraolasti org memoey degtdfor phsinpaitileastt o sai d
controller with respect to an optical signal on said optical path. 71. A
conput geadritndass peasanterye pl aifiglestrical pathe beven ssidraniplisbandat lsasti s

| ocated_at a controller side of said optical path. 72. A conputer system of
cl ai m 79 REECEY fjie\g‘éﬁ’d control l er provides wavel ength adj ust nent
information to said converter. 23

74.  The computer system of claim 45, wherein said single optical path further passes

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

75.  The computer system of claim 45, wherein said single optical path further passes

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

76.  The computer system of claim 45, wherein said single optical path further passes a

clock signal between said controller and at least one memory 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, said optical path comprising a plurality of

discrete optical guides respectively associated with said electrical path.
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WO 03/ 021455 PCT/ US02/ 25835 73. The conputer system of claim45, wherein
said optical path conprises a single optical path between said controller
and at | ewetosonassrenory device for passing at |east readPamitse2/zEssa
present on a plurality of electrical paths between said controller and at

| east one nenory device. 74. The conputer system of claim45, wherein said
single optical path further passes conmmand data between said controller
and at | east one nenory device. 75. The conputer system of claim 45,

wher ei ygai dryg de ﬁugpwssaﬁ o?@fahnffiw m%feupeﬁaaﬁta ﬁéﬁﬁ@ﬁdcﬁe&s%labﬂvmn sai d
controller an east” one nenory devi ce. . e conputer systemof claim
45, whesriiiinatsésiod asplmghgr dfifléceadal pathl, aid bbﬁxfal pamsmnlmsucg oplurslityred] bet ween
said controller and at |east one nenory device. 77. The conputer system of
cl ai m 4lscrefiseanpsical BHdes rspegtively Pﬁ@@@teldééé.’dh saidelectrigahpathi ch  ori gi nates on a
plurality of electrical paths, said optical path conprising a plurality of
di screte optical guides respecti vely associated wth said electrical path.
78. The conputer system of claim45, wherein said data includes conmand
data which originates on a plurality of electrical paths, said optical
path cagri sThcamphier §fsteny oftlairfi45¢ vbleeei® pdill clata igivdes cloels pigailidaed which
associ ated with sai d electrical path. 24 WO 03/021455 PCT/ US02/ 25835 79.
The congrigiestes9snpplasfrical path, sbd optiel piath eerhpridag a dissedtadpticd gidsss dat a

whi ch
e respectively associated with said electrical path.

81. The computer system of claim 45, wherein said data includes clock signal data which
originates on a plurality of electrical signal paths, said optical path 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 controller, at least one memory

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

84. The computer system of claim 45, wherein said processor, controller, at least one

memory device and optical path are all integrated on the same die.
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originates on a plurality of electrical paths, said optical path conprising
a plurality of discrete optical guides respectively associated with said
el ectri cawopanh4s80. The conputer system of claim45, whereirrussazis3ziat a

i ncl udes cl ock signal data which originates on an electrical path, said
optical path conprising a discrete optical guide respectively associated
with said electrical path. 81. The conputer system of claim45, wherein
sai d data includes clock signal data which originates on a plurality of

el ectrigml SPNAYmP@eD§stedRof cafh 4salyhBRIN s HQ PREdSIR And aPlddsddrd Mefory

di screte optical i des respectively associated wth said el ectrical srgnal
pat hs. C&Qice-ﬁk’epmiduit(ﬁ’r sepysitedies hind kammutbicatelmrseidnopiiatipatht a i ncl udes
control signal data which originates on an electrical 'signal path, said
optical path conprising a discrete optical guide associated with said

el ectrical signal path. 83. The conputer system of claim45, wherein said
controller at | east one nenory device, and optical path are al

i ntegraf %ﬁgp erein
sai d pr ocessor &ﬁn tr of){;{&n 0%1 nyggf @g%&ﬁ %d%%ﬁ?ﬁg‘ﬁ%g‘fggﬁﬁ c\zilxln pat h
are alkohnheg¢ﬂ¢ geon t he sane die. 25 WO 03/021455 PCT/U802/25835 85. The
conputer systemof claim45, wherein said processor and at | east one nenory
device are provided on separate dies and conmuni cate via said optical path.
86. The conputer systemof claim85, wherein said separate dies are
provided in a

87.  The computer system of claim 85, wherein said separate dies are separately packaged

and said optical path interconnects said packages.

88.  The computer system of claim 68, wherein said memory module comprises an
electro-optical converter for connecting optical data from said optical path to electrical

signals for said at least one memory device.

89.  An electro-optical converter for a memory system comprising;:
at least one input for receiving an electrical data signal from a memory controller;
at least one device for converting said data signal to an optical signal; and

at least one optical output for transmitting said optical signal into an optical path.

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

said at least one device for converting being wavelength-adjustable.
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common package. 87. The conputer system of claim85, wherein said separate
dies are separately packaged and said optical path interconnects said
packages.wB®3/0Tta8s conput er system of claim 68, wherein saiPdTrEsnwe3g3sodul e
conprises an electro-optical converter for connecting optical data from
said optical path to electrical signals for said at |east one nenory
device. 89. An electro-optical converter for a nenory system conprising: at
| east one input for receiving an electrical data signal froma nenory

controldyer; elk&gé-bpapeg HRVirtE JfQ[mBW‘%JHe'rElH sl helat r@hgﬂﬁme&o an

opti cal S|gna ast one optical output for transmtting said

opt i calcoshysHzas ClltHiHrQl Igshe@piitrgy dipdt lor inj@€tionTheereliedd.r o- opti cal converter of
claim89, further conprising: said at Ieast one device for converting being
wavel engt h-adj ustable. 26 WD 03/ 021455 PCT/ US02/ 25835 91. The

el ectro-optical converter of claim89, wherein said optical output further
conprises either a Iight enitting di ode or injection laser diode. 92. An

el ect r(bi)pt I&l% IC(CI?EIVE gllr gért& gq{lymgxﬁsﬁ{&?}fﬁ)%mnf’ %ﬁhgeasat | east one

i nput for recervrn CUFT ca a si‘gna t one nmenory
device; at |east one deV|ce for converting said data signal to an optical
si gnal ; and at least one input for receiving an electrical data signal from at least one memory

device;
at least one device for converting said data signal to an optical signal; and

at least one optical output for transmitting said optical signal into an optical path.

93.  The electro-optical converter of claim 92, further comprising:

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

94.  The electro-optical converter of claim 92, wherein said optical output further

comprises either a light emitting diode or injection laser diode.

95.  An electro-optical converter for a memory system comprising:
at least one input for receiving a optical data signal from an optical path;

at least one electro-optical converter for converting said received data signal to an

electrical signal; and
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at | east one optical output for transmtting said optical signal into an
optical path. 93. The electro-optical converter of claim92, further
conpri si O i3@2dsat | east one device for converting bei ngPCT/US02/25835

wavel engt h- adj ustabl e. 94. The el ectro-optical converter of claim92,
wherein said optical output further conprises either a light emtting

di ode or injection |aser diode. 95. An electro-optical converter for a
nmenory system conprising: at |east one input for receiving a optical data

signal fromgaf. Qtpfbﬁé;@ikc %lkbutﬁlt.lt R 3shsANEing sGEL Rz QP&%Hﬁlto%ﬁ'}Y&Eﬁc‘%l EHW

converting Said receive ta signal to an elect I cal signal; and

03/ 02145 REHbHBOR 25835 at | east one el ectrical output for transmitting
said output signal to an electrical path of a nenory controller. 96. The
el ectro-optical converter of claim95, further conprising: said at |east
one el ectro-optical converter being wavel engt h-adjustable. 97. The

el ectro-optical converter of claim95, mherein said optical output further

CONDI i S e'fﬁkeéle&r&%ﬁh?ﬁ'c%ﬂ%irté%%fcﬁﬂneise%f e éf(?:één onverter for a

menory ‘system conp ast one ‘i Aput /ing a optical data
signal froman optical path at | east one electro-optical converter for
converting saidhtleseonedledadapticgin@nvé@ercbeing wavelength-adjustable.

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

comprises either a photodiode.

98.  An electro-optical converter for a memory system comprising;:
at least one input for receiving a optical data signal from an optical path;

at least one electro-optical converter for converting said received data signal to an

electrical signal; and

at least one electrical output for transmitting said output signal to an electrical path

of a memory device.

99.  The electro-optical converter of claim 98, further comprising:

said at least one electro-optical converter being wavelength-adjustable.
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el ectrical signal; and at |east one electrical output for transmtting said
output signal to an electrical path of a nenory device. 99. The

el ectr o- opoiosa@ti4sdNverter of claim 98, further conprisingPCTAISA2/A833 east
one el ectro-optical converter being wavel engt h-adjustable. 28 W 03/021455
PCT/ US02/ 25835 100. The el ectro-optical converter of claim98, wherein
said optical output further conprises a photodiode. 101. A nethod of
operating a nenory system conprising: receiving electrical signals froma

menory gyt rphd Qeerr&OpYieklidonde @ of JLMSIY, SrheptifGhidl c?;f'tlcaﬁd} at furttiro opti cal
signals; and transmtting said optical signals over an optical path to a
The met hod of claim 101, further conprising: said

menory devi ce. 602..
cont r ol ORPsEE A PPPIRiedS 2 from said at |east one nenory device through said

optical path. 103. The nethod of claim 102, wherein said data includes at
| east one of read and wite data. 104. 'The nethod of claim 102, wherein
said data includes address data transnmtted from said controller to said
at | east one nenory devi ce.

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 to a memory device.

102. The method of claim 101, further comprising;:

said controller receiving data from said at least one memory device through said

optical path.

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

data.

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

said controller to said at least one memory device.

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

from said controller to said at least one memory device.
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105. The nethod of claim 102, wherein said data includes command data
transmtted fromsaid controller to said at |east one nenory device. 29 WO
03/ 021455wB@3h2882/ 25835 106. The met hod of cl aim 102, wireraisn2/s®ssl dat a

i ncludes a clock signal. 107. The nethod of claim 102, wherein said data

i ncludes control data. 108. The nethod of claim 102, wherein said optical
path conprises a plurality of nultiplexed optical channels, said data
being transmtted over said nmultiplexed optical channels. 109. The net hod
of clai 106l 02rnd WS oMUY 10 Voo EANKR ddefh AR 1RG4 §ilal ST gnal out put
fromsaid controlfer to an optlcéi signal for transmsston on said optical
path. 110. The nmethod of claim 109, wherein said conversion step further
conprises: adjusting the wavel ength of said optical path. 111. The net hod
of claim 108, further conprising: nultiplexing said optical channels, and

dermul tipl exing said multiplexed optical, channels. 112. The nethod of claim
108, f kWherltcomsthost pigelaimsb02ayhrseinse t@éﬂﬂft{%@ﬂ%@h ata.

108. The method of claim 102, wherein said optical path comprises a plurality of
multiplexed optical channels, said data being transmitted over said multiplexed optical

channels.

109. 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:
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mul tipl exi ng optical channels and providing nultiplexed optical channels to
said optical path; and denultiplexing said nultiplexed optical channels.
113. The wotobozit4sd cl ai m 108, further conprising: an opti ealr/usot/eisps exer
and denul tipl exer |ocated on each side of said optical path. 114. The

met hod of claim 101, wherein said at |east one nenory device is |ocated on
a nenory nodule. 115. The nethod of claim 114, further conprising: an
optical coupler at said nmenory nodul e, having a connector for connecting

with  sai qugg#ﬂggéﬁaﬁcai—}l@anngn%ﬂeﬁrgﬁgu%;wﬂ%ﬂl&é?%ancfa}léﬁaﬁﬁéls ¢95Myi Si ng:

provi di ng ormation to said th respect to an

opt i calomicghgdth; ol sai d optical path. 117. The nmethod of claim 116, wherein
said controller provides wavel ength adjustnment information to said
converter. 31 WD .03/021455 PCT/U802/2583 H8 The met hod of claim 101
further conﬁk@§ﬂﬁ@kx@6ﬁB¥Hmﬁ aﬁ Aapsical ﬁ;aBPe§lectrical pat hs between said
controller and at |east one nenory device into a single optical path

bet ween said controller and at | east one nenory

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 device is located on a

memory module.

115. The method of claim 114, further comprising:

an optical coupler at said memory module, having a connector for connecting with

said optical path.

116. The method of claim 101, further comprising;:

providing wavelength information to said controller with respect to an optical signal

on said optical path.

117. The method of claim 116, wherein said controller provides wavelength adjustment

information to said converter.
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device for passing at least read/ wite data present on a 119. The net hod of
claim 118 wherein said single optical path further passes command data
bet ween swpDd3o2KEF ol | er and at | east one nmenory devi ce. 1PQT/UBhz23%8% hod of
claim 118 further conprising: passing address data between said controller
and at | east one nenory device along said single optical path. 121. The
nmet hod of claim 101, further conprising: integrating said controller, at
| east one nmenory device, and optical path all on the sanme die. 122. The

met hod pfs, ¢ Aldintaod SELRPIOEIRRBEStAprifikeor ating a processor for
communi cating wth sard at |[east one rrelrjmry device wth said controller,
at | east one nenory device, and optical path all within the sane die. 123.
The net hod afonehiaing dplirralityiof blectricdmathshargeed 2aid\EoNRHDX Tttt REFE 0$O2/ 25835
provi ding a processor for comupicating with said at |east one nenory

devi ce Bfmosedaries iateip sigloerfi@bitlMeeueshiidepRiseier ARt Mg RRSBEMOTY at

|03t RS RAPEAHEN R pRhtk afRbhiBhe B4 124, The method of claim

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

data between said controller and at least one memory device.

120. The method of claim 118 further comprising:

passing address data between said controller and at least one memory device along

said single optical path.

121. The method of claim 101, further comprising;:

integrating said controller, at least one memory device, and optical path all on the

same die.

122. The method of claim 121, further comprising:

integrating a processor for communicating with said at least one memory device

with said controller, at least one memory device, and optical path all within the same die.

123. The method of claim 101, further comprising:
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provi ding said separate dies in a common package. 125. The nethod of claim
123, further conprising: separately packagi ng said separate dies; and

i nt er connwotoBngn4sai d packages via said optical path. 126. PATRSOh2R$3Df
operating a nenory system conprising receiving electrical signals from at

| east one nenory device; converting said received electrical signals into
optical signals; and transmtting said optical signal over an optical path
to a menory controller. 127. The method of claim 126, further conpri sing:

said control g L T : i rough
330 d “opt! e T ROGRBT TR A SEEAYP g oS o

cl ai m Is2paravhdiesgiandsai d data includes at | east one of read and wite data.
129. The nethod of claim 127, wherein said data includes address data
transmtted from said controller to said at |east one nenpry device. 130.
The net hod corRNENiEALDE begienspid RIQPEserANd 3tiedst 98BS MURPRITEVESYVE sal
transn‘ié\rgtjagll M}om said controller to said at |east one nenory device. 131.
The metfod of claim 127, wherein said data includes a clock signal.

124. The method of claim 123, further comprising:

providing said separate dies in a common package.

125. The method of claim 123, further comprising;:
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 device;
converting said received electrical signals into optical signals; and

transmitting said optical signal over an optical path to a memory controller.

127. The method of claim 126, further comprising:

said controller receiving data from said at least one memory device through said

optical path.
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132. The nethod of claim 127, wherein said data includes control data. 133.
The nmethod of claim 127, wherein said optical path conprises a plurality of
mul ti pl exwo ogfp2i46kl channels, said data being transm ttedPOTAISIZ2I8ES

mul ti pl exed optical channels. 134. The nethod of claim 126, further
conprising: converting an electrical signal output fromsaid controller to
an optical signal for transm ssion on said optical path. 34 WO 03/021455
PCT/ US02/ 25835 135. The nmethod of claim 134, wherein said conversion step
further conprises: adjusting the wavel ength of said optical path. 136. The
met hod of claim 133, further conprising: nultiplexing said optical
channel s, and denultiplexing said nultiplexed optical channels. 137. The
met hod 1X8. cl Bhemt8®yd diiclsinel 272 omiperesi sagt datallindlpdesyit hgpsopnd obitead hadvaits and
provi di mul ti pl exed optical channels to said optical path; and

dermul t if%®xi ng said nmultiplexed optical channels. 138. The nethod of claim
133, further conprising: an optical nultiplexer and denultipl exer |ocated
on each side of said optical path.

129. The method of claim 127, wherein said data includes address data transmitted from

said controller to said at least one memory device.

130. The method of claim 127, wherein said data includes command data transmitted

from said controller to said at least one memory device.

131. The 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.
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139. The nethod of claim 126, wherein said at | east one nenory device is

| ocated on a nenory nodule. 140. The nethod of claim 139, further

conpri si Y0 038514510 03/ 021455 PCT/ US02/ 25835 an optical cowplrarsozesssai d
menory nodul e, having a connector for connecting with said optical path.
141. The nethod of claim 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

provi des wavel ength adjustnment information to said converter. 143. The
met hod of claim 126, further conprising: conbining a plurality of

el ectrical paths between said controller and at | east one nenory device

i nto a EinglEhopketloal ofpdiim bét wekeremaian] coersodt gep amthatcongasts:one nenory
device for passing at least read/ wite data present on a 144. The met hod of
claim 143 wherein said single optical. path further passes command data
bet ween sai&dﬁ§ﬁpgéﬁF@Pvgﬁggéaoégﬂﬁﬁp H#Bnory device. 145. The method of
claim 143 further conprising: passing address data between said controller
and at | east one nenory device al ong

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

optical path; and

demultiplexing said multiplexed optical channels.

138. The method of claim 133, further comprising;:

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

139. The method of claim 126, wherein said at least one memory device is located on a

memory module.

140. The method of claim 139, further comprising:
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said single optical path. 36 WD 03/021455 PCT/ US02/ 25835 146. The net hod

of claim 126, further conprising: integrating said controller, at |east one

menory dewpDog/o2@sdl optical path all on the sanme die. 147PCThsonewskod of
claim146, further conprising: integrating a processor for comunicating
with said at | east one nenory device wth said controller, at |east one
menory device, and optical path all within the sanme die. 148. The net hod
of claim 126, further conprising: providing a processor for conmunicating

Wi th said atyj Garhl Q5\HIOEFREN HENbEEMOAuleS BRANE L ofth&or AStopARFAHY ithi Ng
bet ween sai d processor and at | east” one nenory device via said optical
pat h. X4#@l opitival pghhod of claim 148, further conprising: providing said
separate dies in a comon package. 150. The nethod of claim 148, further
conprising: separately packaging said separate dies; and 37 WD 03/021455
PCT/ US02/ 25835

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 device into a single optical path between said controller and at least one memory

device for passing at least read /write data present on a

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

data between said controller and at least one memory device.

145. The method of claim 143 further comprising;:

passing address data between said controller and at least one memory device along

said single optical path.
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i nterconnecting said packages via said optical path. 151. The nenory system
of claim9, wherein said plurality of nultiplexed optical channels use

Ti me Di viwDoa/oM453 i pl exing (TDM . 152. The nenory system eCTalSar/pe8%5
wherein said plurality of nultiplexed optical channels use Wave Di vi si on
Mul tiplexing (WDM. 153. The nenory systemof claim9, wherein said
plurality of nultiplexed optical channels use Frequency D vision

Mul tiplexing (WDM. 154. The nenory systemof claim1l, wherein said optical
path optically passes conpressed data. 155. The conputer system of claim
53, wherein said plurality of nultiplexed optical channels use Tine
Division Multiplexing (TDM. 156. The conputer system of claim53, wherein
sai d pll#@al iThe methnd of ghiex £216 dpttheatomphangel s use Wave Di vi si on

Mul tiplexing (WDM. 38 VI)03/021455 PCT/ US02/ 25835 157. The conputer

system of cl.aim53, wherein said plurality of i pl exed opt hannel s
use Fr equend&}w@?W% sentrelisreatil ?Wsm%ﬁﬁf eﬁ%ﬁ’ﬂﬂfﬁgg tbf@t%“rﬁﬁf
claim4 greln said optical path optically passes conpressed data. 159.

The net 04 of claim 108, wherein said plurality of multiplexed optical
channel s use

147. The method of claim 146, further comprising;:

integrating a processor for communicating with said at least one memory device

with said controller, at least one memory 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 device on

separate dies; and

communicating between said processor and at least one memory 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
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Time Division Multiplexing (TDM. 160. The nethod of claim 108, wherein
said plurality of nultiplexed optical channels use Wve Division

Mil tipl exvog3¥Bk§. 161. The met hod of claim 108, wherei nPeaiuboptassaml ity of
mul ti pl exed optical channels use Frequency Division Miltiplexing (VWM.
162. The nethod of claim 101, wherein said step of transmtting further
conprises transmtting conpressed data. 39

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).

152. The memory system of claim 9, wherein said plurality of multiplexed optical
channels use Wave Division Multiplexing (WDM).

153. The memory system of claim 9, wherein said plurality of multiplexed optical
channels use Frequency Division Multiplexing (WDM).

154. The memory system of claim 1, wherein said optical path optically passes

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

channels use Frequency Division Multiplexing (WDM).

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 channels use
Time Division Multiplexing (TDM).

160. The method of claim 108, wherein said plurality of multiplexed o[;tical channels use
Wave Division Multiplexing (WDM).

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

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

transmitting compressed data.
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