1 | NTEGRATED VCSELs ON TRADI TI ONAL VLSI PACKAG NG FI ELD OF THE | NVENTI ON 5
[ 00011 The present invention is related generally to the field of
integrated circuit nodules and nore specifically to the field of
integrated circuit nodules including vertical <cavity surface-emtting

| asers. BACKGROUND OF THE | NVENTI ON 10 [ 00021 Vertical Cavity Surface
Emtting Laser (VCSEL) arrays are oftgn used in fiber optic

communi cat i ons. TREEGR/CEED VAISENSOR TR ADITIONA IOV 5T PAGKAGING | ar ge
amounts of data over smalT optical Tibers. A single 1/8 inch fiber bundle
may carry an entire 12-20 bit logical port running at relatively high
speeds. VCSEL arrays are constructed using senm conductor process

techni ques sinmilar to those uéﬁELDﬁEEDﬂEBﬂgEHEEﬂﬁtegrated circuits,
however, the process techniques used for VCSEL arrays may not be optina
for const r uddOIThefprdserg inveprieds sildtédcgenernity wgheafidd ofintegratedgircaihingdulgskes i t
difficult to integrate VCSEL arrays and high speed circuits on the sane
silicon devi cend hOfRGBdcifidany toctié field of insegmataicivi@Sbdilecinciodiogyertiedui r e
preci se performance specifications in order to transmt signals over |ong
di stances Vi acapfyisGFhceldnl¥€ing laserd0 However, in situations where only short
di stances are required, such as within a conputer server or wwthin a
single data center, |less stringent performance specifications are required
of the VCSEL arrays. [00041 Currently, sone circuit boards include VCSEL

array nodul es and receiver gAEdGREOINDIOF TAEMNVENALONN bet ween conput ers.
Typically, these nodul es are placed 25 along one edge of the board and

el ect rgal | pofAVEALELatiey SRRLEMILLAEAVOSRE) s alRilef B3 figehed to the

board. Thes ons we ver as conpduter

optic communications. These VCSEL arrays are capable of transmitting large
amounts of data over small optical fibers. A single 1/8 inch fiber bundle may carry an
entire 12-20 bit logical port running at relatively high speeds. VCSEL arrays are
constructed using semiconductor process techniques similar to those used in silicon

15 integrated circuits, however, the process techniques used for VCSEL arrays may not
be optimal for construction of high speed silicon integrated circuits. This makes it
difficult to integrate VCSEL arrays and high speed circuits on the same silicon device.

[0003] Many current uses of VCSEL technology require precise performance
specifications in order to transmit signals over long distances via optical fibers.

20 However, in situations where only short distances are required, such as within a
computer server or within a single data center, less stringent performance
specifications are required of the VCSEL arrays.

[0004] Currently, some circuit boards include VCSEL array modules and receiver
modules for communication between computers. Typically, these modules are placed

25 along one edge of the board and electrically connected to one or more electronic



speeds continue to increase, the delay inherent in driving signals out of
an electronic device, into a board, along a board electrical connector,
and into a VCSEL array nodul e becones increasingly troubl esone to

engi neers desi gni ng hi gh-speed 5 computers. [00051 Further, board space may
be very expensive and in short supply . especially in devices such as

deskt op syst e, or, blade, sebueh 1y 0 00l AL P ho SERPAAGRNESEL  ar ray

nodul es and, nsrator/term nator devices may becone a

substantial portion of tatal board area thus. nce [ j g8dc cost s of
t he conput er .SP43¥s SRR ‘Eﬁfeafﬁé&i %ﬂi’l\'ﬁ}ff’&{# ['b%ﬁ" S@gﬁrogg??nﬁ%ul e i ncl udi ng

at | east one Application Specific tegrated Circui.t, ) d a
plurality of %l%?si iptg|a board; qlwggﬁqagieggcg%ﬁaﬁqnﬂbcgrag@gme \%gﬁk;i %r?a?ay nodul es
is built using a standard ceram c or organic VLSl pack % substrate, 15
resul ting i s modlgbecomesinerpasingly r@IbIGEPC 1§ CBFRFIS ?Qﬁlﬂf‘ﬁ\gi%?ﬁ PPt er connecti on
between the electronic devices and the VCSEL array nodul es is acconplished
usi ng st andarebmputetegrated circuit packagi ng technol ogy and fl exible
connectors. Optical connections fromthe VCSEL arrays to fiber optic

cabl es ar e [0805{ Fpoles; Hohel spyceinmydgvatyi enpensiva andinishors SupRYEERECHYY it al
connectors onto the package. Optical receiver and 20 transceiver_nodul es
may al so be i awiveparchtedeskiop systdues azbladeservens diliedootpim ®F sepafakieY C3Elnect s and
advant ages of the present invention will beconme apparent from the

fol | owi ng det adyaflodies and, pt rieeded, thaik eanslatorgemiinatr devipesvnaytbeedee &cconpanyi ng
drawi ngs, illustrating by way of exanple the principles of the invention.

25 BRI EF DESCRI|EEA&ANn&H o bEroflaRAARINGSR, Shus [fd0A8Ag Sizgandesodts pEtha ceropteri ew of an
exanpl e enbodi ment oP a VLSl circuit nodul e

10

SUMMARY OF THE INVENTION

[0006] A circuit module including at least one Application Specific Integrated Circuit
(ASIC) and a plurality of Vertical Cavity Surface-Emitting Laser (VCSEL) array
modules is built using a standard ceramic or organic VLSI package substrate,

15 resulting is a high density device with a small footprint. Interconnection between the
electronic devices and the VCSEL array modules is accomplished using standard
integrated circuit packaging technology and flexible connectors. Optical connections
from the VCSEL arrays to fiber optic cables are made possible by integrating
industry-standard optical connectors onto the package. Optical receiver and

20 transceiver modules may also be incorporated into the circuit module.

[0007] Other aspects and advantages of the present invention will become apparent from
the following detailed description, taken in conjunction with the accompanying

drawings, illustrating by way of example the principles of the invention.

25 BRIEF DESCRIPTION OF THE DRAWINGS




including a plurality of integrated VCSEL array nodul es according to the
present invention. [00091 Figure 2 is a top view of an exanpl e enbodi nent
of a VLSI circuit nmodule 5 including a plurality of integrated VCSEL array
nodul es according to the present invention. [00101 Figure 3Ais a
cross-sectional view of an exanple enbpdi nent of a prior art circuit

modul e conpadi 0B XIS dTah eV embd¥Hidi ok YUBECiABitinfodale
cross-sect@gﬁgallﬁgf%\?vlﬁkoﬁhg exterCnaI V%:%EL shown in Figure 2A. 10 [0012]

Figure 4 is a Vj BN BAflesQbcordiig B thepresant t  modul e
before att aé’ﬁ%‘@ﬁqg Ao@ Wgﬁ%’loﬁh é@?gﬁ){égsi nt e%’r at edesVCCSEI_l %r rtayp r?odul es

according to.the.present invention. [0013] Figure 5A is a cross-sectional
view of an eX¥PI¥ enbodi ment of a VLS| circuit nodule including a

plurality of integrated VCSEL arra du] es_accor di 10, 5 present

i nvent i on. [Q08B1HigurE2ds R ©OPYEEW %faa& eé%/%gg?@é?fﬁ‘?lffﬁg?a g’?‘g\?vm%c?m;ﬁb%gg(eanpl e

enbodi nent of a VLSI circuit nodul e includi ngf %ﬁgl ur.al itt% of égfpt egr at ed
VCSEL array resludiesa plerbipafmgearaied NESEL prarmpdylei ASPTARg ©° 685" Fi gure 6 is
a top view of an exanple enbodi nent of a VLSI circuit nodule 20 including
a plurality ofvenheiegr at ed VCSEL array nodul es according to the present

invention. [00161 Figure 7 is a top view of apn exanpl e, enbodi nent of a VLSI
circuit nodQf18] Fignes|3ddis agross-prctienal viey obpn FW&%‘@gP%E%b%fof g@ nmodul es
according to the present invention. 4 00171 Figure 8 is a flowhart
representing cimui¢triodule comecting te amextternd MElof a VLS|

[0011] Figure 3B is a cross-sectional view of the external VCSEL shown in Figure 2A.

10 [0012] Figure 4 is a top view of an example embodiment of a VLSI circuit module before
attachment of a plurality of integrated VCSEL array modules according to the present
invention.

[0013] Figure 5A is a cross-sectional view of an example embodiment of a VLSI circuit
module including a plurality of integrated VCSEL array modules according to the

15 present invention.

[0014] Figure 5B is a cross-sectional view of an example embodiment of a VLSI circuit
module including a plurality of integrated VCSEL array modules according to the
present invention.

[0015] Figure 6 is a top view of an example embodiment of a VLSI circuit module

20 including a plurality of integrated VCSEL array modules according to the present
invention.

[0016] Figure 7 is a top view of an example embodiment of a VLSI circuit module

including a plurality of integrated VCSEL array modules according to the present

invention.



circuit nodule a plurality of including integrated VCSEL array nodul es
according to the present invention. [00181 Figure 9 is a top view of an
exanpl e enbodi nent of a VLSI circuit nmodule 5 including a plurality of
integrated VCSEL array nodul es according to the present invention. [00191
Figure 10 is a top view of an exanple enbodi nent of a VLSl circuit nodul e

including a plurali of 1intedqrated ? 5££ULI Ng to the
i I,Q{)g}] Fige g{%a %M gerpresgn%ngﬁ'l:'e#hoﬁ thitie CORGHAICHISN

pr esent Igure s a flowchart representing a

met hod for the construction of..a VLS. cireu _ ' bfdthedo Pl Urality
of integr at edirgugpeduls 3 pl raﬁ'ﬁ’ﬁll@éudé{@d?f? %ffitﬁgwtdgE t e£l g}%@g#&f"ﬁvémi on.

DETAI LED DESCRI PTI ON 15 [00211 Figure 1 is a top view of an exanple

enmbodi nent ofthepresedyjinggnfioyi t nodule including a plurality of integrated
VCSEL array nodul es according to the present igv§§ [ an. .Aq%t%ndard VLSI
package suiotsiafigurt90s Topyiaw(eftaagxamplecmbndinent ght étc“cﬁﬁtﬁé &, such as a
ceramc or organic material, is shown in this ?xa Ig. enbgdi en| of the
present i nvertdlafing' plorakitysifinjegsatedVGEER pseY maty ??r?rgg% 10819 0 PISELGr at ed
circuit 20 (ASIC) 102 attached to the substrate 100 underneath a standard
heat spreaderindehdon. Anot her invention including integrated VCSELs is
described in a U S. patent application, Serial No. , "Crcuit Mdule

I ncl udi ng [gt19pFRbRA 0VESHhSiew offanlerampaciewiantns of 2 ¥ LSbopait mddlei ncor por at ed
herein by reference. Another invention including VCSELs on ASIC substrates
i s described jAudinks Plurditf 6Mhteppel VCSELaay Bediled ac2grdiug.to the'presedgr at ed
VCSELs on ASIC Mbdule Using Flexible Electrical 5 Connections”", filed
concurrently mddaohhe present application, and incorporated herein

10 [0020] Figure 11 is a flowchart representing a method for the construction of a VLSI

circuit module including a plurality of integrated VCSEL array modules according to

the present invention.

DETAILED DESCRIPTION

15 [0021] Figure 1 is a top view of an example embodiment of a VLSI circuit module
including a plurality of integrated VCSEL array modules according to the present
invention. A standard VLSI package substrate 100 constructed of a common package
material, such as a ceramic or organic material, is shown in this example embodiment
of the present invention with a single large application specific integrated circuit

20 (ASIC) 102 attached to the substrate 100 underneath a standard heat spreader 114.
Another invention including integrated VCSELs is described in a U.S. patent
application, Serial No. , “Circuit Module Including Integrated VCSELs",
filed on December 12, 2002, and incorporated herein by reference. Another invention

including VCSELSs on ASIC substrates is described in a U.S. patent application, Serial

25 No. , “Integrated VCSELSs on ASIC Module Using Flexible Electrical



by reference. The ASIC 102 nay be any one of a nunber of integrated circuit
devi ces, such as a mcroprocessor, nenory, cross-bar, cache controller,
FPGA, or any of a nunmber of large scale integrated (LSI) or very |arge

scale integrated (VLSI) 5 circuits. Al$o present on ghﬁ. subst e%th%réﬁe a

quantity ofcoyrSiend, TR conduiraslyheish themeesentapplicatig, CoTPRIRTEvers 110.
Signal ports 112 connect the ASIC 102 to the VCSEL arrayagrrpduilées 106, -
recei vers 108 t IROI0L VS be ahdOnt bf anghberadlintegrhatedhqiisie connect ors
104. The S?parlrfefeﬁhg% lgﬁcegt\connec?r\(;d(rs's 104 allow a 90-degree transition in

signal directjon in an electri tJiaibariRadhetdoatibllgraFPGAgeIANyi ng i n
| ess 10 corﬁ?ﬁ’@i?’ts?&h?ﬁ:lag‘écggprcgfgsgn&%rhg\gg@ﬁjrci ng. % afllce the |ight beamfrom a

VCSEL is emtted perpendicular to ¢t surfa f §§E;ld (VIS a VCSEL
i's attacheobﬂamurtlttwrofi)aé&q W@‘B@SWM@S%%?’W@% S|c£r‘llgl(;ﬁtl}%’i/ S a(90- ?e]gr ee bend,
the VCSEL itself is now perpendicular to the p f the bstrate
100 @nd t hecikdugtht Alsoqpredenton/ bgBubsteate asgp ApaItY ﬁ¥§%‘§ﬁi‘h¥rﬁ§arp§ﬂlé ﬁ"‘?b t hat of
the ASIC substrate 100. The plurality of signal 15 lines igaﬁgﬁ%{h@g t he

ASI C 102 tore%g;gegilg-g,a‘{ndﬁﬁbrnfséei\lelf@lm.t$i'gnaltpbﬁs ébbstmﬂﬁﬁt_éhi@@ shown in
this figure tor clarity reasons. In an exanple enbodi ment of the present

I nvention tg(ﬁé}ﬁgg'gayﬁé{,@%wﬁ%ﬁgﬁvmqOH,Béhdltﬁsﬁamélabm li1Adhrouglysmelandar d

optical co e allowi ng optical connection fromthe

VCSEL array _ npdul es 106 [ LN ; ARERH 109aN6® ai90ndegrden thi s
exanpl e enbélﬂﬂl?t‘?rﬁonB‘FCt?‘ﬁéldan.gFg@gﬁﬁ%%%{/e?r?t lon, the VCSEL circuit is

perpendi cul ar to the plane of the subst rﬁtg&te}glgn aﬁ%?tei%di?,aﬂh'}@ﬁﬂﬁﬁg’inﬂéﬁndard

connectors amasition icyigen! diresiionyy an elegigica ransm t n a plane parallel
to that of the substrate 100. Note that this e&gple enbodi tisshows a
total, of 16 Q’?Eéxi@rahayasmﬂmmfatﬂﬁmgr Sinse vlee light §gam frpm ¢ & vers 110.
Those of skill inthe art will recogni ze that any nunber and a

n
corbi nat | on i lhefio € dRetateol hONCSTLG sihes oA, iSAEcRIAL S ver s
flexible connector 104 which includes a 90-degree bend, the VCSEL itself is now
perpendicular to the plane of the ASIC substrate 100 and the light from the VCSEL is
emitted in a plane parallel to that of the ASIC substrate 100. The plurality of signal
15 lines connecting the ASIC 102 to the signal ports 112 within the substrate 100 are not
shown in this figure for clarity reasons. Inan example embodiment of the present
invention the VCSEL array modules 106 may incorporate industry standard optical
connectors into the module allowing optical connection from the VCSEL array
modules 106 using industry standard connections. In this example embodiment of the
20 present invention, the VCSEL circuit is perpendicular to the plane of the substrate 100
and the industry standard connectors are attached such that light is transmitted in a
plane parallel to that of the substrate 100. Note that this example embodiment shows

a total of 16 VCSEL array modules 106, receivers 108 and transceivers 110. Those of

skill in the art will recognize that any number and any combination of VCSEL array



present invention. 100221 Figure 2 is a top view of an exanpl e enbodi nent
of a VLSI circuit nodule including a plurality of integrated VCSEL array
nodul es according to the present 5 invention. The exanpl e enbodi nent of
the present invention shown in Figure 8 is sim|ar to that, of Fi 1 with
the except i podileat06, severs 198, andstrangeeivens] 19 may be ysedwithig ﬂ?eoscé?p%gﬁ@g rate
100, a first ASIC 202, a second ASIC 204, a third ASIC 206, -and a fourth

ASI C 208 a@e&tn;ﬁﬁ,g%x{.o the substrate 200. Al'so, Figure 2 does not
i nclude a heat spreader so that the individual ASICs and their

i nterconnections ape 10 Vi.Si I ihentdih vrangeduitiedds! Cs 202,
204, 206?8%%2@%6?65? P g Egng’?ra Qh%lggc?lg%nzm, receivers 218, and the
transcei vers 220 through spall fl exj conneci or 4 flexible
connect or s intding aoplues 1@00@3%@@84%@%]?9%}4 9 ufegflécr?gﬁﬁai@te}%ﬁ?%% in an

el ectrical rather than an optical path resulti,n? in Iﬁss COF’F| eX%Ey and
ease sof manisvantarn | Tig. exTmplegnabradiment o theqirgsgal InFenioL sAgWALL grﬁlg e ASI Cs
202, 15 204, 206, and 208 to the signal ports 212 within the sybstrate 200
are not showmiiafto thai 6f Fig@rériewitiotheekeepitioy thag instead of p gingle A% enbodi nent
of the present invention the VCSEL array nodul es 216 may incor(gg(r’gte

i ndustry stapdar | qO0NLRLPASIE DO a sebhd WSIC 2043k itiivd AGIGRE6,cal
connecti on {rg%%e&ﬁogp%ghtearrhy nodul es 216 using industry standard

connect i ons., 81411 a1, L BROHE Syudunelt o IRisibXRTIOE B QIR DIG08 nRO ¢ N

present invé& crrcurt 1s perpendicular to the plane of the
substrate 200 and the industr t andar.d .c : hagigsaguch that
light is trardwndaa ket ppreader 5¢ Q%Eﬁ’ﬁé? yidag! ‘Atcg(;t&g %g(?{%qu[] ﬁé&rgu%glt rate 200.
Note that this exanple enbodi nent shows a total _ of 1 v nodul es
216, ¢ ecei veisibla] Signabipartsdi2connast theRICs 2%84’2, %9‘{ ékﬁ? Fblé:f%ﬁh{e ﬁféf will
recogni ze that any nunber and any conbi nation of 25 VCSEL array_ nodul es

216, recei Velsyal@iuld 6! feaéloae 28 and Aramgeiizes 22k throughtinelifiexitie ope of
t he present |n¥enti on. Also present in this exanple enbodi ment of the

connectors 214. The small flexible connectors 214 allow a 90-degree transition in

signal direction in an electrical rather than an optical path resulting in less complexity
and ease of manufacturing. The plurality of signal lines connecting the ASICs 202,
15 204, 206, and 208 to the signal ports 212 within the substrate 200 are not shown in
this figure for clarity reasons. In an example embodiment of the present invention the
VCSEL array modules 216 may incorporate industry standard optical connectors into
the module allowing optical connection from the VCSEL array modules 216 using
industry standard connections. Similar to Figure 1, in this example embodiment of
20 the present invention, the VCSEL circuit is perpendicular to the plane of the substrate
200 and the industry standard connectors are attached such that light is transmitted in
a plane parallel to that of the substrate 200. Note that this example embodiment
shows a total of 16 VCSEL array modules 216, receivers 218 and tran'sceivers 220.
Those of skill in the art will recognize that any number and any combination of

25 VCSEL array modules 216, receivers 218, and transceivers 220 may be used within



present invention are a plurality of signal lines 210 electrically
connecting the four ASICs 202, 204, 206, and 208 to each other. [0023]
Figure 3A is a cross-sectional view of an exanple enbodi nent of a prior art
5 circuit nodul e connecting to an extefnal VCSEL. An, el ectsoni vi ce 306
i s shown abe seopeof the pseseptigvenionk a’é@ pgEnf H‘r(%tfﬁaﬁ’l’&e‘ﬁ‘ﬂdg@%“&g ?#Se 308.
Wthin the first package 302, a package trace 310 electrically_connects -
the el ect r gé@neiRvemion306a pluralityof signaliaes 21} ¢lactricallycqnuestingdhe foug 12 Thi s
first BGA ball 312 electrically connects the first package 302 to a board

300. Wthin a 96, and 2081S badd@ied. via 314 10 electrically connects
t he BGA bal‘?‘ég%zib?bigh’godrd trace 316, and through the board trace 316 to

a second bqard.via,318. Thi =R ' estd prégtlarty coupl ed
to a secH J’;E 115%1?3 ‘%E6”5%‘?%"2@@@?%‘9g%ﬂ%’%ﬁ%ﬁ?‘é‘ggﬁgm cl(b)nt ai ning a
VCSEL. [0024] Figure 3B is.a cross-sect]j VA . : EL
showd in Fi graug MueW&nﬁ?W&tﬁé‘“%@BﬁVﬁﬁag‘gﬁ %féya&énlég%ﬁeéﬁ%‘é%%%‘ﬁ a 326
el ectrically couples the 15 second BGA ball 320 tq g ckage ag 328, which
is in turn staehéd iocafilsyparbagred2etiraugh aLAateeh bump 30 1‘% n%‘%@é nd package
trace 330 and a flexible electrical conductor 334. The VCSEL 332 is then
optically cpuphesom apackapduats y10¢landenlly cophéatsthe eteotrmictdoyicg 396 tovpt e t hat
in this exanpl e enbodi nent of a VCSEL nodul e, the VCSEL 332 is configured
per pendi cul g Bfﬂll g{a&tamﬂﬁbﬁ%au TiSTHib Erdt B bsiNB12 eldctPidally amnedteth¢CSEL i s
0

in a plane para e board 300 and the industry standard opti cal

connector 322 is configured t u ' ARdysianga 304 @ pl ane
paral lel t rsttﬁéd@g%%?gb‘bgoa[rgagg] {Aﬁtlh%brhg%ggljidgﬁab’fop vi ew of an exanpl e
enbodi nrent of a VLSI circuit_nodul e .substrate before t f a
plurdl ity otlectmicaly QQ@@CWMGANWI@&Bﬁ?’@%rﬁigcﬁgi@ra&fﬁ%mﬁg@ e%to%@esent
invention. A standard VLS| circuit substrate 400 is_shown 8, led
trace 316 to a second board via 318. This second board via 318 is electrically couple

to a second BGA ball 320 attached to a second package 304 containing a VCSEL.
[0024] Figure 3B is a cross-sectional view of the external VCSEL shown in Figure 3A.

Within the second package 304 a second package via 326 electrically couples the

15 second BGA ball 320 to a package pad 328, which is in turn electrically connected to
a VCSEL 332 through a second package trace 330 and a flexible electrical conductor
334. The VCSEL 332 is then optically coupled to an industry standard optical
connector 322. Note that in this example embodiment of a VCSEL module, the
VCSEL 332 is configured perpendicular to the board 300. Thus the light emitted

20 from the VCSEL is in a plane parallel to the board 300 and the industry standard
optical connector 322 is configured to route any optical conductors in a plane parallel

to the board 300.

[0025] Figure 4 is a top view of an example embodiment of a VLSI circuit module
substrate before attachment of a plurality of integrated VCSEL array modules

25 according to the present invention. A standard VLSI circuit substrate 400 is shown



including a cavity 402 and a plurality of signal ports 404. Wthin the
cavity 402 are a plurality of VLSI signal ports 406 that are electrically
connected to the signal ports 404 through conductors within the substrate
400. These conductors are not shown in8 this figure for . clar.it 00261
Fi gure 5A iacldingasmvitpd0? emha phirdity of signal @?’éﬁ‘b‘? ﬁ%&ﬂﬁhﬁﬁﬁY‘bo¥02aa§%Sl
circuit nodule including a plurality of integrated VCSEL array nodul es
according t 8 oPVESEdEnd] PBROEOEMat dke slebsically eoriBlted o Bhsignal PEBUdi ng a
cavity 506. ose of skill in the art will recognize that alternate

package and ?@fﬁ%‘) %Srégg @quﬁ%ﬁﬂgﬁ'&sﬁféﬁﬂa#mp%eﬁ conaiétbis ar@potisiowadd Wit hin

the scope o ventl on inthe cavity 506 is 10 an ASI C 504
electrically connected to VLSI signal ports 508 on the substrate 500. A
heat spreadthis geifer Al#Eymal |y coupled to the ASIC and nechanical |y coupl ed

to the substrate 500 sealing the cavity 506. AS| ignal o] . run
t hrosgh t[Re26HigureSieis asnosstseetianahyaw of ga gk eﬁg@@@%&?oﬁ%@?g‘?&éﬁq Il in
the art will recognize that these package lgads 510 may be contsogtilgct ed in a

wi de vari et yyodafe iélilliag aphstatindfiigegrated SHESHIs away modulesaccortipg t he
present invention. For exanple, the package may be a ball grid array (BGA)

package and gfgg@ agiB (o0 5014 |sHovw A GNP EavityiS06i Thdseadf skdbinder
bal | s. VCSEE%sglg%tﬁa ?ﬁ'eg 512 run through the substrate 500 to VCSEL si gnal

ports' 516 A VCSEL at o, 522 i ol 61 EAoheSABRORLthige s VGG 1 onal

ports 516. ¢ exanple e iment of the present invention,

the VCSEL 20 array 522 is in | ane rallel . hat : bskgeise 500
and the |i glsavispmgy éﬁuf‘?do‘fﬁthlf’ﬁ}éépi‘?&%ﬁptgf Pé?elgié‘pﬁnégﬁ%n“gthﬁlﬁ g%ecgglg)f %)endi cul ar

to that of the substrate 500. 100271 Fi %ur,e 5B isr@ croES-Li’e tti Sgﬁl vi ew of
an exanpl e entASICEMd:elatricallylcgnnestaddaMLS] sigaal Roris OB 0 thgs Sﬁ?ﬁ i f\y of

integrated VCSEL array nodul es according to the present inventjon, Figure
5B i s ident izl spréadEi S0 6 tiedmaily bouphel toxicepSIGand machanisellp sonptesHo ths ray i s

attached to the substrate 500 through a flexible connector 518 rather
substrate 500 sealing the cavity 506. ASIC signal lines 512 run through the substrate
500 to standard package pads 510. Those of skill in the art will recognize that these
package pads 510 may be constructed in a wide variety of styles and configurations

15 within the scope of the present invention. For example, the package may be a ball

grid array (BGA) package and the package pads 510 would then comprise individual
solder balls. VCSEL signal lines 514 run through the substrate 500 to VCSEL signal
ports 516. A VCSEL array 522 is electrically connected to the VCSEL signal ports
516. Note that in this example embodiment of the present invention, the VCSEL

20 array 522 is in a plane parallel to that of the substrate 500 and the light emitted from
the VCSEL array 522 is in a plane perpendicular to that of the substrate 500.
[0027] Figure 5B is a cross-sectional view of an example embodiment of a VLSI circuit
module including a plurality of integrated VCSEL array modules according to the
present invention. Figure 5B is identical to Figure SA with the exception that the

25 VCSEL array is attached to the substrate 500 through a flexible connector 518 rather



9 than directly. A substrate 500 is shown including a cavity 506. Those of
skill inthe art will recognize that alternate package and heat spreader
arrangenents without a cavity maybe used within the scope of the present
invention. Wthin the cavity 506 is ah ASIC 504 el ectrical Qi(.@ontrﬁgct ed to
VLS| si gnalthainditesti§0d substrate S8Qissshowndnateting A cavipye{o. $}°é%8 S s
thermally coupled to the ASIC and nechanically coupled to the substrate

500 seal i NGy QA1 ed¥idize thtGlteARtdpaakageaind ieatspréader arangemens ithonea subst rate
500 to standard package pads 510. Those of skill in the art will recognize

that these _pag &l i@deritiond Withia thacavityP06fs st yl es
Lﬁagftly g‘%geoe\%@&ﬁwﬁﬂ tH@L’co%@ of Rieréseat indertion B y

and config I'n the scope of the present invention. For exanple,
t he package nm

510 oul d_ ORISR sieaierl coPtrd 0T ST P STRE e bR age 120

run through the substrate 500 to VCSEL si orts 516. A rray 520
i s ebectri cadat spreaten802 isdhermally conptegitio the 3&33 aﬁgmegﬁa‘%iagfyt‘iﬁ’? g@gh%gés mal |

flexible circuit board 518. Since the light beamfroma VCSEL é-‘i’ emtted
per pendi cul @ibstraxe 508 sealing aloecantty 56 WSBEsignaHinges §1%ompthrqughdas HOFEHCt o t he
15 flexible circuit board 518 which includes a 90-degree bend, the VCSEL

itself is n I REROIEKARalO 51 METisa e skifl it tie asbil recognizObataheset he
| i ght from?@eto%‘g:SEL I's eg’r?i%ted in a plane parallel to that of the

substrate 500, The | fJexi dd 5% Wide PR3ty 0P 16 @nd abrfiguedtont ri cal
traces conf ngﬁp?d%rgggﬁrrl\ayc toﬂ%atWElL arlr gy 528 tg@t he VCSEL signal ports

T O i P R BRI ol 1S
oo i e o T SRS BN .
material, is shown in this exanple enbodiment of the present invention
with a singkgdkAAR. AMEEICEEhaNnePSHA fuhchrongtetrestibsiraty 50 fotVCSEL signal
ports 516. A VCSEL array 520 is electrically connected to the VCSEL signal ports
516 through a small flexible circuit board 518. Since the light beam from a VCSEL is
emitted perpendicular to the surface of the VCSEL, when a VCSEL is attached to the
15 flexible circuit board 518 which includes a 90-degree bend, the VCSEL itself is now
perpendicular to the plane of the substrate 500 and the light from the VCSEL is
emitted in a plane parallel to that of the substrate 500. The small flexible circuit
board 518 contains electrical traces configured to connect the VCSEL array 520 to the
VCSEL signal ports 516.
20 [0028] Figure 6 is a top view of an example embodiment of a VLSI circuit module
including a plurality of integrated VCSEL array modules according to the present

invention. A standard VLSI package substrate 600 constructed of a common package
material, such as a ceramic or organic material, is shown in this example embodiment
of the present invention with a single large application specific integrated circuit

25 (ASIC) 602 attached to the substrate 600 underneath a standard heat spreader 614.



25 (ASIC) 602 attached to the substrate 600 underneath a standard heat
spreader 614. 10 The ASIC 602 nmay be any one of a nunber of integrated
circuit devices, such as a mcroprocessor, nenory, cross-bar, cache
controller, FPGA, or_any of a nunper l.arge scal e .| nt eqr Sl) or
very |arge BenASIG AD2maybeany %%*Prfa Rymbegiof mt g&?t'gg c“f)‘fl}ag%vﬁ gsﬁil%gﬁge&subst rate
are a quantity of VCSEL array nodul es 606, receivers 608, 5 and .
t ranscei ver mididgroc&Ssgnaienoy, tcsoss bar, cacheesontrelies, R A, eomytaf aNbGrE|  arr ay
nodul es 606, receivers 608, and the transceivers 610 through a single |arge

flexible copnachRlin@irted(RSHRIrves) liaigﬁ sofle witegraled (VDSH cionitecAlsng t he ASIC
602 to the signal ports 604 within the substrate 600 are not shown in this

figure for clarity re . e IgBRkEs 666, rERiverLsoBNt

i nvention t RESSAES Eheasr%i’gtgﬁ%%&%%ﬂg& Eyﬁlogi?ér}gor porate i ndustry standard
optical connectors intqg.the. modul e allow ng,aoptd ’gmn@ ' omthe
VCSEE arr aya%ﬂﬁﬂsé%“’%élh-sg@a]i Ws@f‘)‘?‘)%egﬁgﬁf}bﬁ@g@%gt | ongsEE:aﬁfa hi s
exanpl e enbodi nent of the present invention, the V EL.cilr uit islgl

per pendi cul awdulss 66, rpteivrss 608, AR the FasGeRTess @dbﬂw 13PeNg %ﬁ‘ﬂ%"tﬂ?“ fandard
connectors are attached such that light is transmtted in a plane parall el

to that of thmestops12.aThe plardidPof digiad lintsatonneitmgehaASI@ 682isolie EAtl shows a
total of 16 VCSEL array nodul es 606, receivers 608 and transceivers 610.

Those of Skipl)#ts .\/@4£vﬂﬁinatﬁé siMstrhte/600 @ ot Shdwdin thisrfgune! fop@larizyickasomg. In
conbi nation'o CSEL array nodul es 606, receivers 608, and transceivers

610 b d within th . ' | nfal 7
s a top vi hesteel beiiieat BERE piset R AUER Bty CIRE e RodiR 0 glavor @

e circuit nodule 20
including a plurality of integrated VCSEL arr nmodul es ' to the
prestéht i nVRIPEPUAE IF‘?‘%jHVéta’F&FQ °PH%4¥FP‘H§FW%‘"§¥% r“éc’dlé‘?%lfb&ﬁ?%gbt%g E:ept i on
that a plurality of termnators, translators, or other conponents are
attached to cohsectibefionl the SHESHEIc arvay modules 6ousing pdeyryFandagkeosngidiopdt e 700
constructed of a comon package nmaterial, o

In this example embodiment of the present invention, the VCSEL circuit 1s
perpendicular to the plane of the substrate 600 and the industry standard connectors
are attached such that light is transmitted in a plane parallel to that of the substrate
15 600. Note that this example embodiment shows a total of 16 VCSEL array modules
606, receivers 608 and transceivers 610. Those of skill in the art will recognize that
any number and any combination of VCSEL array modules 606, receivers 608, and
transceivers 610 may be used within the scope of the present invention.
[0029] Figure 7 is a top view of an example embodiment of a VLSI circuit module
20 including a plurality of integrated VCSEL array modules according to the present

invention. Figure 7 is identical to Figure 6 with the exception that a plurality of

terminators, translators, or other components are attached to the flexible connector. A
standard VLSI package substrate 700 constructed of a common package material,
such as a ceramic or organic material, is shown in this example embodiment of the

25 present invention with a single large application specific integrated circuit (ASIC) 702



such as a ceramc or organic material, is shown in this exanple enbodi nent
of the 25 present invention with a single |arge application specific
integrated circuit (ASIC) 702 11 att ched to the substrate 700 underneath

a standar d fiegt obheadel fd o Mk bth rﬁzg?darra%t) (Blle: 90 9o AsRUBET O

i ntegrated? croproce nory, Cross-bar,
cache controller, FPGA_ or any of a nunber | ar e scal e, integrated (LSI)
or very | amay beanyong of é@PH'{béHOf(‘WSTafedcﬁ“fCHl}ldF‘éwesA h ﬁr%@é’ﬁ?prB e 5
substrate are a quantity of VCSEL array nodul es 706, receivers 708, and
transcei vemsemdotyPcros-omatachecdmsrolier F@Gyecuny bba mshipraglarge seadie VCSEL arr ay
nodul es 706, receivers 708, and the transceivers 710 through a single

large fl exi; fe TLS { Rvedylfirge sOAlE MntBEraRATVLSD dirfegitd. aABS prdsent dnl the connect or
714 are a p{?ﬂegrg t f ggn%onents 712 sugh ag t erm nat orps or translators

as needed befween the A d the V r d he

plurdlity &P{’ﬁ"’g‘?}%ﬁ’ aﬂ“ﬁéétyegm W%Wgﬁ%@]ﬁg@ ngstwg hi{sqetg%nzé?é‘n%gt s 704
within the substrate 700 are not shown in tE re for reasons.
In an exanpll@. Sirelipersni04gonpers the ASKnT02 1B Y] Fré#it nodul es

706 may incorporate industry standard optical connectors |nto the rmdul e
al | owi ng optéeiwdrs 208 med thedranseaivars RED thosEh axingly largeiflexdbleronneséqrid4i ndustry
15 standard connections. In this exanple enbodi mrent of the present

i nvention, ARE prevéiidh tht laggt flexible petineetnd 7t4ihara floralineofdompmneits 7h2
substrate 700 and the industry standard connectors are attached such that

| i ght t t VICEEE 700.
Nl)? et Ih:lt '[ tzgleiegrﬁﬂ\a'td?s r@ﬁ)@%}ﬁ&%@% ﬁée‘d@& bEt?/ gte%h@ol}gltgdzs/agggﬁ(gar ray nodul es

O LS A RIS ST A R, o
receivers 708, and transceivers 710 ma be sed W % fn trep?or cfa?' e of the
present i ns;gtml pews 704 within the substrate 700 are not own in this figu
reasons. In an example embodiment of the present invention the VCSEL array
modules 706 may incorporate industry standard optical connectors into the module
allowing optical connection from the VCSEL array modules 706 using industry
15 standard connections. In tnis example embodiment of the present invention, the
VCSEL circuit is perpendicular to the plane of the substrate 700 and the industry
standard connectors are attached such that light is transmitted in a plane parallel to
that of the substrate 700. Note that this example embodiment shows a total of 16
VCSEL array modules 706, receivers 708 and transceivers 710. Those of skill in the
20 art will recognize that any number and any combination of VCSEL array modules
706, receivers 708, and transceivers 710 may be used within the scope of the present
invention.
[0030] Figure 8 is a flowchart representing a method for the construction of a VLSI

circuit module including a plurality of integrated VCSEL array modules according to

25 the present invention. In a step 800 a VLSI package substrate is provided. In a step



(00301 Figure 8 is a flowhart representing a nethod for the construction
of a VLSI circuit nodule including a plurality of integrated VCSEL array
nmodul es according to 25 the present jnvention. In a step 800 a VLSI

package su r I S..P I . t B IS
attached tgﬁft2 haieliegﬁgboiierﬁgﬁgg 19?%“&@&%@?‘2%%&33} 8@23%11‘053@58‘32?},9? nodul es
are to be used, control is passed to step,80 £ not, control is,passed to
step 810. [|3rayme SS’G‘BPOQ?‘%F@rCQPFPVSB?SSMéPaM%f Wgrgflglpgssggfoached to
a flexible connector. In a step 808, the VCSEL array nodul es are.

el ect ri cal |syepcidndoaetept&96; mplusalisgply¥ CORLaugh modulesiaskattackedOrided®e. 1n a
decision step 810 if VCSEL transceiver nodules are to be used, control is

passed t0 SloBRe®dr2 InlafstepB08, G2 MTSEL higaynedeles 4re efictritall$ tonnebtedao teep 812 a
plurality of VCSEL transceiver nodules are attached to a flexible

conngct or. g r [ ik aIIy'
connect ed t%glq%htg}oigﬁ‘ %ﬁ%ﬁ@ﬁgﬁk‘g}'f ﬁ’g‘?‘%fsg&{:%%g& g?@% g&gsg{::l?gfon step
816 if optical receiver 1Q nodules are to b sed.,, control | dto
step 818, iTodYyes afe%g?tbﬁegi%" ng@assteg ‘%fts%glgég‘?dﬁ foniro t3@68%939§é§| urality
of optical receiver nodules are attached to a flexible congect glr.. ln a
step 820 t Ml6odniastsp §1aeanlvalitrRf NESEL gresceivermprilss a5¢ attaclivd 49 a dlexible he
ASI Cs through the flexible connector. In a decision step 822 if a heat

spreader i scon@ectbe laddes 81d thé¥ QSElUranscaivermamluldsarpelsstadaliyocanneqied®s, | f
not, control is passed to the 15 end step 826. In a step 824 a heat

spreader i Sthga@elgﬁ‘%lgég%}b’tlh@tﬂte%i%nh&téﬁ?Qn%‘ﬂ'@@i&ibﬂts& slalcqbo;sttmt rebdivérs

thermally cou east one ASIC. Those of ski in the art wll

var t8ry”or manwreiete SERus ol i BB 818 PRl Q5RE 1o et p 1
rodul e 20 Fhilach p S8R BP9t ot Teerayes rudo e At re S o
according to the present invention. A standard VLSI package substrate 900
const r uct edcaiector omreosteppdfkthg eptical receiver modules are electrically connected to the
ASICs through the flexible connector. In a decision step 822 if a heat spreader is to
be added to the module, control is passed to step 824, if not, control is passed to the
15 end step 826. In a step 824 a heat spreader is mechanically attached to the substrate
such that it is thermally coupled to at least one ASIC. Those of skill in the art will
recognize that the steps in this method may be performed in a very wide variety of
different orders within the scope of the present invention.
[0031] Figure 9 is a top view of an example embodiment of a VLSI circuit module
20 including a plurality of integrated VCSEL array modules according to the present
invention. A standard VLSI package substrate 900 constructed of a common package
material, such as a ceramic or organic material, is shown in this example embodiment
of the present invention with a single large application specific integrated circuit

(ASIC) 902 attached to the substrate 900 underneath a standard heat spreader 904.

25 The ASIC 902 may be any one of a number of integrated circuit devices, such as 2



material, such as a ceramc or organic material, is show in this exanple
enbodi nent of the present invention with a single |arge application
specific integrated circuit (ASIC) 902 attached to the substrate 900

underneath a standard heat spreader . 25 Th S| C 902 one of
a number ofmicfﬂ%@qeéﬁoéd“E‘PP’a’uF‘iosﬁb%rrEggé C%'Efffﬂleég: ? '%"ﬁ%roga %\‘EE‘@F’ nIyms\rmry,
cross-bar, cache controller, FPGA or of a nunber of I|arge scale

i nt egr at ed laigisyalointegratpd (S er verailaree maégméﬁgé%ect QUFD cpyits,iAls Al so
present on the substrate are a quantity of VCSEL array nodul es 906,

recei vers 99gent oithelslisyhaeLiry aiqaatitd of NOSELLdialy rodulds Heerenivks 998Hodi ment
of the present invention 5 the VCSEL array nodul es 906, receivers 908, and

transcei vers 10 are t tigle in a
verti cal coWi’F1 BOFStYSh i‘ﬂﬁgﬁgﬁhaglp 45‘%“@?6 ;’J;§Cd¥’§“§’#1‘a:| ? gen%iiiﬁé ﬁr ality
of signal |ines connecting the ASI C 90 0 S| naI hi.n the
subsfrate 9beVASE Ln@'fa)’s*ﬁ@gmeﬁ W6, FHCEIVFH'S(?Q% né?eé qr% ﬁq %@?&fﬁ%hedl n an
exanpl e enbodi nent of the present invention the VCSEL array nodul es 906 may
10 i ncor pordirestly taiths t¥hS Ipmeknatasubssite ip &l vegtisaheenfigugationitrop g2

al l owi ng optical connection fromthe VCSEL array nodul es 906 usi ng

i ndustry stefisiiantipertnribietplonbty ofisignahlines esanestieg ﬁmmﬂﬁmtoéfgn@h@rﬁr esent
i nvention the VCSEL array nodul es 906 are configured in a plane parall el

to that of Whﬁmstli@ﬁlbrsﬁ&t@ 990 @re nbt Shdvipidlthie figutecdr tlaéity reabums VGBI arr ay
nodul es 906 will be in a plane perpendicular to that of the substrate 15

wll bein 'n{i) § S heie R SR RGN e bSO 22

shows a total of 16, VCSEL array nodul es 906, receiyers 908 1

t r arl8cei ver@carporateringugryoytandard ‘PPticﬁl qopRectors dntgthq mPé@BGH?‘E’E‘gtOr? Aany nunber
and any conbi nation of VCSEL array nodul es 906, receivers 908, and
transcei ver@l@iﬂlquyorb@hm¥€8Ewatmy modnlss 906 peing fndusisy Qﬁaé@éﬁﬁon%t‘?%ent i on.
[00321 Figure 10 is a top view of an exanpl e enbodi nent of a VLSI circuit
nodul e In this example embodiment of the present invention the VCSEL array modules 906

are configured in a plane parallel to that of the substrate 900. The light emitted from

the VCSEL array modules 906 will be in a plane perpendicular to that of the substrate
15 900, and any industry standard connections attached to the VCSEL arrays will be in a

vertical configuration. Note that this example embodiment shows a total of 16

VCSEL array modules 906, receivers 908 and transceivers 910. Those of skill in the

art will recognize that any number and any combination of VCSEL array modules

906, receivers 908, and transceivers 910 may be used within the scope of the present
20 invention.

[0032] Figure 10 is a top view of an example embodiment of a VLSI circuit module
including a plurality of integrated VCSEL array modules according to the present
invention. Figure 10 is identical to Figure 9 with the exception that the VCSEL array
modules 1006, receivers 1008, and transceivers 1010 are attached to the substrate in a

25 horizontal configuration. A standard VLSI package substrate 1000 constructed of a



including a plurality of integrated VCSEL array nodul es according to the
present invention. Figure 10 is identical to Figure 9 with the exception
that the VCSEL array nodules 1006, receivers 1008, and transceivers 1010
are attached to the substrate in a 283shorizontal conf| ' hi§ standard
VLSl packagemsndackags maeelcyeR e d ceragicr oa{g%%%ﬁenaggi%%ynﬁgg erial, such
as a ceramc or organic material, is shown in this exanple enbodiigl{gnt of

the presenteximplersmbodimént of thegiresghtanyentige Withs single lasge apRIcARONSPEEYCagr at ed
circuit (ASIC) 1002 attached to the substrate 1000 underneath a standard
heat spread@eerhRQbirclil ¢ASER!)A002@Radkey tdthe aniystrarec] 060 vademedsb 2 sedardt egr at ed
circuit 5 devices, such as a m croprocessor, nenory, cross-bar, cache
control I er, FEPGA Y 7hgf %@9 088 0B & AhRbbrYfaatepiatd dilcit) or
very | arge l?%taﬁpéeald%{le@rqatl‘gg ‘A(%E %ﬁ%tﬁh?s?. 2& SO present gir? t he substrate

are a quantity of VCSEL array nodul es 1006, ,receiver Ard
transcei verQ@‘VlP.Q&G‘.lCh\Rﬁ%mi%%ﬂm?qﬁsqrhingm&yaﬁfﬂsﬁbﬁrnﬁ%ccheﬁgﬁﬁr&l%??g%%ﬂ’ Bredent

invention the VCSEL array nodul es 1006, recei versﬁéoo& ang %i sceivers 10
1010 are atdfactueteddf kaegd spaledntegratedi(E5T) sy Rivdares serle inteaten a pl ane
parallel to that of the substrate 1000 through a plurality of signal
ports. The qucuitel Alsy ppdsent apntak sublsimesircoquentity oV ERELagey masiesl§0%i gnal
ports within the substrate 1000 are not shown in this figure for clarity

reasons. | n.an,&X3088 an8waRsdeiver1000. Noe thitds eliib exdmpleetmbodinteneofMBSEL ar r ay
nodul es 1008 may I ncorporate industry standard optical 15 connectors into

the modul e all %ﬁn&ﬁa@q‘}{ﬁﬂg?n éééci?iﬂgér}é&%}#e{ ﬂ%t 38eiVErsTh08, ahd YrangBeiletses 1006

usi ng i ndustFsF ght emtted fromthe VCSEL

array nmodul es 1006 will be jin I r pendi cul ot

subdfrate 1W@qre atﬁifhﬁﬂilf?‘ﬁiﬁg 3%65"@?‘3}?@%@ S&:‘gﬁﬁag% f‘?oootnlé1 aa‘? %{aecpﬁ‘fé%@ g) t he
VCSEL arrays will be in a vertical configuration. Note that this exanple
enbodi ment  $haboktha substrale 1600 tgough apemlityeh BgnakBemy- eEheRlprlity S grs 1008
and transceivers 1010. Those of skill in the art will recognize that any

nunber and R#ss eAALAATHHOASIT 100236lsighal @oytsvithih g substrate 1000 are not
shown in this figure for clarity reasons. In an example embodiment of the present
invention the VCSEL array modules 1006 may incorporate industry standard optical
15 connectors into the module allowing optical connection from the VCSEL array
modules 1006 using industry standard connections. The light emitted from the
VCSEL array modules 1006 will be in a plane perpendicular to that of the substrate
1000, and any industry standard connections attached to the VCSEL arrays will be in
a vertical configuration. Note that this example embodiment shows a total of 16
20 VCSEL array modules 1006, receivers 1008 and transceivers 1010. Those of skill in
the art will recognize that any number and any combination of VCSEL array modules
1006, receivers 1008, and transceivers 1010 may be used within the scope of the
present invention.
[0033] Figure 11 is a flowchart representing a method for the construction of a VLSI

25 circuit module including a plurality of integrated VCSEL array modules according to



1006, receivers 1008, and transceivers 1010 nay be used within the scope of
the present invention. [00331 Figure 11 is a flowhart representing a
met hod for the construction of a VLSI 25 circuit nodule including a

plurality of integrated VCSEL r nbdul es accor.di ent

i nventi on. thq{geq.pg? H’Hﬂn%ﬁ’ei‘ﬂ&h‘?‘gﬁ}o@mﬂ Fﬁ%“?ﬁ@?ﬁﬁ%&?“ﬁ%%‘ggwﬁ{e od shown
in Figure 8 with the exception that the VCSEL nodul es are djrect]y attached
to the VLShowmukBigureswith the exceptipndha thy V%Ehgn%éql%?c%ﬁeélrm{yo%@ﬁhé@.@ % exi bl e
connector. In a step 1100 a VLSI package substrate is provided. In a step
1102 at | eahd VDSEp#ERhfe dubstrataidseat efbeing atteched Siropgick fexibledosnectareIn | n a
decision step 1104 if VCSEL array nodules are to be used, control is

passed to st Vi OBt isipPowRdets af alsfepSTIOR at fehdinel ABICSS ep
1106, a pl %rsa ilgiz?%%fw\“/ﬁl ELk%grer ay rmdltilngs are atatsagaed to the VLSI package

substrate. In_.a st he Vi r glcgc[_%r |y

conntct ed taéta?l}?g%%\%i%éﬁ%%&% SPE%‘%)‘L@F‘ ai)%gg;bgﬁslt eg)z}o@{“ﬁzfit e. Lnédz-i‘a%’ldeci si on
step 1110 10 if VCSEL transceiyver m)glul es e 10 be used, con(}1 ol, is
passed to gnedulesaroto beusgdreontrebisprssed fassten, L6, 1fmet. coptrolis passe F‘PaStER ep 1112
a plurality of VCSEL transceiver nodules are attached to the VLSI package
substrate. 1110alis4 etpp 1106} atpheraM@SEY CSElaasayeinodulesand attachedite thel ¥eSk i cal | y
connected to the ASICs through the VLSI package substrate. In a decision

step 1116 iﬂack’%&sﬁ@étra‘i@qﬂia\é@ép 108 Hhe VGBEL Afaydfiodsiedlare blecorivallyol is passed
to step 1118, iT not, control is passed to step 1122. In a step 1118 a

D qBERACg S5 Sl OLSTRLE: abiede B epariogs

substrate. ver nodules are electrically

connected t, ASI Cs . through the \VLSI . pac e substrate . eci si on
Creptiaoy 1V kirensgriutiiaodiies aro e ik RRENATE pRUCTI Qg1 IZ ifhl?, S
passed to step 1124, if not, control is passed to the end 20 step 1126. In
a step 1124ccatrhbistpassed éastep 1116. b @retam UéEIa)PI%{?]t‘té{cﬂféép$%Lfrﬁ%sc§lYﬁrstrate such

that it is thermally coupled to at | east one ASIC. Those of skill in the
art wWill  modules are attached to the VLSI package substrate. In a step 1114 the VCSEL

transceiver modules are electrically connected to the ASICs through the VLSI
package substrate. In a decision step 1116 if optical receiver modules are to be used,
15 control is passed to step 1118, if not, control is passed to step 1122. In astep 1118 a
plurality of optical receiver modules are attached to the VLSI package substrate. Ina
step 1120 the optical receiver modules are electrically connected to the ASICs
through the VLSI package substrate. In a decision step 1122 if a heat spreader is to be
added to the module, control is passed to step 1124, if not, control is passed to the end
20 step 1126. In a step 1124 a heat spreader is mechanically attached to the substrate
such that it is thermally coupled to at least one ASIC. Those of skill in the art will
recognize that the steps in this method may be performed in a very wide variety of
different orders within the scope of the present invention.
[0034] The foregoing description of the present invention has been presented for

25 purposes of illustration and description. It is not intended to be exhaustive or to limit



recogni ze that the steps in this nmethod nmay be perforned in a very w de
variety of different orders within the scope of the present invention.
100341 The foregoing description of the present invention has been

presented for 25 purposes of il ustratlison .and descei pt] e ot

i nt ended tdhbﬁlvé%‘]‘%{htg’tt QBreHise Qfml‘?‘?ﬁl?se ’Sai,ndé’@ber&ﬁﬁca%h?%dc‘égtr}agﬁgﬁand
variations the invention to the precise formdisclose , may, be possible in
light of thmaypbopessieindighysf thrabowstpshingsnThe grbadigedisarersfRoseaaie i bed in
order to best explain the principles of the invention and its practi cal

appl i cat i ongds@idagn eRier &Bdat explhih eiespridciplésast therinvastioar andtits praicalut i 1§ ze the
invention in 5 vari ous enbodi nents and vari ous nodifications as are suited

to the particul ar ! idd inShd At RIBI&EudiNALthe heitiieinded
cl ainms be c%’ﬁ!‘f?athoé%g?t(‘)eri&%%n%gg oglﬁg?kd% lt ernative e‘rlrbodi ments of the

i nvention except insofar as linted , Lar Chigt &Y CLAI M5
What Sis cl af SF@.P’O%‘“ ts&“ﬂéﬁf‘?uwa‘aﬁgét{égﬁgé :arging{-:&tf tgz%xjél package
substrate 500; an ASIC 504 attached to said VLS| package, su 500; and
35 bl ur al | coptempleIER iamieieH o FieapBo e claltin e BETORs 17 HFEHe Bl 20
substrate 500 and electrically coupled to said ASIC 504 through said VLS
package 6 suleshatheentbddiménts ¢f the imventiomaxdeptansofarss lignited:byAhe PRIt package
substrate 500; an ASIC 504 attached to said VLSI package substrate 500; 4
at | east one flexible connector 518 attached to said VLSI package substrate
500



and electrically coupled to said ASIC 504; and 6 a plurality of VCSEL array
nodul es 520 attached to said at |east one flexible connector 518 and

el ectrically coupled to said ASIC 504 through said at |east one 8 flexible
connector 518. 3. Acircuit nodule conprising: 2 a VLSI package substrate
500; an ASIC 504 attached to said VLSl package substrate 500; and 4 a
plurality of optical receiver nodul es 522 attached to said VLSI package
substrate 500 and el ectrically couplef, to said ASIC 504 through said VLS

6 package substrate 500. 18 4. A circuit nmpdule conprising: 2 a VLS
package substrate 500; an ASI C 5EORBIGNERAIMS o said VLSl package substrate
500; 4 at |least one flexible connector 518 attached to said VLSl package
substrate 500WPaH¢aMYddt rical Iy coupled to said ASIC 504: and 6 a plurality
of optical rec iver. ng@yles 520 attached to said at | east one flexible
connect or 518" Arfd B RELY ¥ FYE coupl ed to said ASIC 514 through said at

| east one, 8 flexibyg LONNEGEMRA3d3- S A circuit nodule conprising: 2 a
VLSl package substrate 500; an ASIC 504 attached to said VLSl package

substrate 500; angy Asie sp4 siadell toysaia L ¥Gablagd suBsRGE 800/ &id NDdul es 522 attached
to VLSI package substrate 500 and electrically coupled to said ASIC 504

t hrough sai d VLSI a prekeeevesHubaY madutes S8 attached to said VLSI package substrate

500 and electrically coupled to said ASIC 504 through said VLSI package

6 substrate 500.

2. A circuit module comprising:
2 a VLSI package substrate 500;
an ASIC 504 attached to said VLSI package substrate 500;
4 at least one flexible connector 518 attached to said VLSI package substrate 500
and electrically coupled to said ASIC 504; and
6 a plurality of VCSEL array modules 520 attached to said at least one flexible
connector 518 and electrically coupled to said ASIC 504 through said at least one

8 flexible connector 518.

3. A circuit module comprising:
2 a VLSI package substrate 500;
an ASIC 504 attached to said VLSI package substrate 500; and
4 a plurality of optical receiver modules 522 attached to said VLSI package
substrate 500 and electrically coupled to said ASIC 504 through said VLSI

6 package substrate 500.



6. Acircuit nodule conprising: 2 a VLSl package substrate 500; an ASIC 504
attached to said VLSI package substrate 500; 4 at |east one flexible
connector 518 attached to said VLSI package substrate 500 and electrically
coupled to said ASIC 504; and 6 a plurality of VCSEL transceiver nodul es
520 attached to said at |east one flexible connector 518 and electrically
coupled to said ASIC 504 through said at 8 | east one flexible connector

518.
18
4. A circuit module comprising:

2 a VLSI package substrate 500;
an ASIC 504 attached to said VLSI package substrate 500;

4 at least one flexible connector 518 attached to said VLSI package substrate 500
and electrically coupled to said ASIC 504; and

6 a plurality of optical receiver modules 520 attached to said at least one flexible
connector 518 and electrically coupled to said ASIC 514 through said at least one

8 flexible connector 518.

5. A circuit module comprising:
2 a VLSI package substrate 500;
an ASIC 504 attached to said VLSI package substrate 500; and
4 a plurality of VCSEL transceiver modules 522 attached to VLSI package substrate
500 and electrically coupled to said ASIC 504 through said VLSI package

6 substrate 500.

6. A circuit module comprising:
2 a VLSI package substrate 500;
an ASIC 504 attached to said VLSI package substrate 500;
4 at least one flexible connector 518 attached to said VLSI package substrate 500
and electrically coupled to said ASIC 504; and
6 a plurality of VCSEL transceiver modules 520 attached to said at least one
flexible connector 518 and electrically coupled to said ASIC 504 through said at

8 least one flexible connector 518.



