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WO 2004/ 049527 PCT/ EP2003/ 013343 1 H GH SPEED DATA

CHANNEL | NCLUDI NG A CMOS VCSEL DRI VER AND A HI GH
WERHRORMANCE PHOTODETECTOR AND CMOS PHOTORECE! PEREP2003/013343

BACKGROUND OF THE I NVENTIONLField of the Invention 5

The present invention generally relates to high speed

optical data transm ssion and nore particularly to a

data channel with a Vertical Cavity Surface Emtting

Laser (VCSEL) diode CMOS driver and a high

performance silicon photodetector. Description of the

Rel ated Art It is generally understood that as

SRR At S XhREL IR E NG K bR S iyt o A

HIP PEIF ORMAS CEBHORODETHCTFORINIDIIAOS PHOTORECEIVER
comruni cati on bandw dt hs upwards of Terrabit/sec. The

typi cal data interconnect rmedium copper wiring, is
not expected to be suitable for such bandw dt hs.
Facing a sim |BACKGROUND\OF T#HE ENEEMTION cat i ons and
data conmmuni cati ons industries have increasingly
turned to optics. Thd’éeldlofthﬁﬁ‘@%@’ét ed that optics

\QA'IJS‘L, PPe?eM%E\genWog gl: gdﬁ’ne aq;,lg t& gfg&%é%%% Jitsdag‘% a{n%ngssmn and

or ‘optica S an Ses
more Mﬁlbulﬁﬂjﬂ tag ate tieainel wath aiViRrtidab€avityrSugtucp Birﬁmfng&rasar (VCSEL)
) stens, whether for comunicating with a hig
diodey PE A andsaiigh peigprmance %lh%orslé‘w?/@@tq%%e| f bet ween
frame subassenbl i | boards and
even between ch|gzmgﬁﬁéﬁﬁﬁgg%ggg%g%gﬁor in the sane

Mixdsl bénerdipvaiderstoodnBat as badcessof clbdleratsstm@ptfughdr into the multi
channel s requj re expensive, high performance optical ,

gigaby pp5seeandh§ibDs biap s af wanced AP PIOEOSSHIENYS G A Raydpguire
seeebaEcomALR Sant AL GRPJHEACNSrBAR, g GRS o reponncc

mediydgcoppdrariciag Sy sbteex@eaécetdl&swdalﬂa fértsacle bmal\xemmt Bi#igyng a similar
insulated gate field effect transistor FETb silicon
problera.dhe il esgIPIREYSAHANS AN dBeQIERURIEAtRS EdusiTiey hayeciaeregsingly

turned% 8. T RS L90-PRA Gy gﬁtlkfes%ﬁ%e wled W1 &P%LQ{ tfiance

ni‘cat1ons vices Is 1ost connectin

systerﬁ:f,‘ Eng rfﬁﬂdi}ﬁ&;a( draghelametd l&&@@l tOptiedl meadip odlh eepPhre electrical in these
sem conduct or el enent (i ., a laser diode or a
high psHermsesyemy Whether @mrruwrwﬁms Withechiply gerformaggee gegver or in

the se%g itgélpﬂ t&v?%r;r grfxg Qa}atsé%];nﬂhgg 'bH&*véf%Q rﬁilﬁﬁﬂﬁ% s and even petween

m con enen stdte e art aser di ode

chips dﬁ thesdateQoathatin tiecaimeansduld. . lowevar,phast odet dfahort optical
driving a receiver) lose nuch of the perfaormance
channglgyediigaPPHi feh BigprHerRanGg optira! drivsreAfd fegeiy¢fs in compound

semlcgbc[u%%rg, 1.e§fg§&fptﬁl—vgerﬁf&gpb&lt&9 such as, GaAs, InP, InGaAs and etc.

Generally, most state of the art high performance systems are based on the
complementary insulated gate field effect transistor (FET) silicon technology commonly
referred to as CMOS. Typically, much of the performance achieved in high performance
communications devices is lost connecting a high performance (fast and sensitive) compound
semiconductor element (i.e., a laser diode or a photodetector) to a CMOS driver or receiver.
So, in addition to the cost of including a compound semiconductor elements, state of the art
laser diode drivers or photoreceivers (i.e., a photodetector driving a receiver) lose much of the

performance advantage in the connecting the element to the circuit. Efforts in combining
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WO 2004/ 049527 PCT/ EP2003/ 013343 2 these technol ogi es
(i.e., integrating conpound sem conductor devices on
wWo b@4mage7 chip with CMOS circuits) have not neCTAEPL003/013343
any w despread success and,2typically, have proven to
be very expensive. So, in spite of their excellent
these pehidogien@.e., advgad goesnpouheé seniconrisideviseyorehs darat okip with
ghotqdetectors and phot orecei vers have found limted
CMOg sFyisahpsat snelith any widespreagd suqchss andy tyRicpilYs digve proven to be
eteect o . | e e t he
vry RUGAEISS e 8L RNl USSR BRRUA Bl Hpound
semicoidudtdr photodeecissaint phbtoraguiveistiavy faind lintRa\epplidafign 1ddate.
- 20% of the _photons into photocurrent) than direct
bakeyighe asBigaR Phetadetentens @lsarhave imied te begayss of shedsdirect
9 Shlhc I carrier nmobilities.
bandefy, chidher I the Mon, SRS T R Lo f e B0 e ERling 10
- 20%t T ehkgphototBiig@l phistodteEntbas dﬁwebﬁﬁc_lgéﬁ cbi@Burtd deinfi€dhdudirs
primarily, for state of the art high performance (fast
(detecsing) insexeesstaf\POTe) p Hurtheresiieerohas lawer dagrias mobgiting dkansqesrpound
. a rti [t y..Surfac bt Laser  (VCSE -
semicfpR. COlscaRAUN- < BBRE Ry itp rREE e han siticon,
primafifg faista@ofahe R highnrRAdadte gher andAehdi@u) Phootet®ftoR and laser
_practical |evel, h%&ﬁ erformance VCSEL di ode drive
diodesspsh lge MgrticabGpatyerprihee Enutting tapax VEISER: diodph samppynd he
. ar S jal radio f uenc RF) bias-T. 15 A
semicfdueltly B30T o AT DI blals” anc”expensi ve
ehedBith Adlah aGRattidsl 166 thikio pélforitRnedVCBBL \didHéalrive has been
_ discrete VCSEL | aser diode. Essentially, the coaxial
achievegt withesscomplex element knownvintthe arhes 4 ¢pavial bdiq Bequeapadiidias-T.
A i S RS T p MR b BRI ok G Ry 2 15 Bhve an
indivi@idl Vd$créte MGSELORSer @islieO fEstdheiall @ RiRCd daRial RAGidsE isaehdiiie, with
~at the common connection of the inductor and _ )
an inpyk§saies eanaciepridring hparilied entpyl Bductorhydias gy ol Ivpltegs ipepplied
to one%lad ng (hseelﬁdlgcltéarsa }{8{,%%9,?& 8net f}% o't deué:ath%itort hc? thle%%g{utt at the
iode may pe bl ased at ‘or above turn on. An inpu
comm@a toitcibofthe RRIDE®S atd\épddifortdhiv e Cap Akt @b MhusSby applying
superinposed on a DC bias voltage. Experinentally,
an offsqt bigs yekagedp tRAnGRcer, thedasey diodelmay be biasedmmr ahpsdes on. An

. ) hi e S t : . ' '
mpue VG G001 B4GS PR BRI LSSm0t AR Bl
ExperfiidntdlligsihfcoukiRF sRb-Tsdrvealdiscrdt W SELR1iodds havegshieal 10
for optical busses, where the nunber of 25 channels
Gbps datgiratesh dihep.orkile qopgiahRHibias- T mighsprovige gdehpretary sekutmp for
- 128.0 vVen hi ah .1024. So..because o hei.r
aiving g 68 EAE P b A Bl ppifGa pUSEGHBRhg HU gk o

channé12 BRI, ARéfbre, @echupdet bEVCIELYibdes cih BE3ZBaNDE or even as high as
applications is inpractical. Thus, there exists a nee

1024. 1S9% befayse ofgheitexpense angdullo ysing gpaxitldiisel sousgide of the laboratory
and pa?é&l%:riyatlolr X/iéeocrhannel applications is impractical.

Thus, there exists a need for high speed, low cost optical channels and especially for
CMOS VCSEL diode drivers and for high speed, high quantum yield silicon photodetectors
and photoreceivers that may be formed on low cost silicon and in particular on CMOS or SOI
chips for cheap, simple, high-bandwidth optical interconnections and applications.

SUMMARY OF THE INVENTION
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CMOS VCSEL di ode drivers and for high speed, high
guantumyield silicon photodetectors 30 and

w@batoteseri vers that may be forned on | ow cost PSI/EPDIOB013343
and in particular on CMOS o¥ SO chips for cheap,
si mpl e, hi gh-bandw dth optical interconnections and
appl ilcata pumpose oBtWMPahﬂﬁvéTthnItW@karéM;Ws?ﬂ&ékl%ﬁ@ifﬁt.
PCT/ EP2003/ 013343 It is a ose of the present
i AVe RICSEH IPYSniAp rw@gm sRped @QPC’H sﬁamphm@msm@p optiggglriver, a

h
protoBSESEd OXER yoPUSP L ABRRE) ey
circuip(vdicll ag by 8 CMOBriopt) uaaingcahamgzlatdd gayﬁve ¢laﬁk1ttcteg an
FET driver «circuit (which may be a drive
integrafed \lﬁqunéwt@rrﬂr@gaamcet@r)@aééuV\f;&tlf-‘él @q‘fémsul(f%cegmltt@g 1@& (VCSEL)
dlode.I fHee‘Qéé‘faﬁ%uld%‘%P b age%%Ctaobla L{p?I g astegrraze\()égi\je elamerg may be

cavity surface em

integrdio@ ol &eRlantd corcte)s E dhipaesl they/bath if @i FRIPAtiVer adiéhe VCSEL diode.
I ntegrated passive el ement miqyg i ntegrated on the
The pheipdetenmas Lca seiisordiicr (sibegn) dayer bt mpy beerrag iisylagor daygr, i.e.,

SOL blﬂg 0 C(S)Set ngaf?lgrt me al Ql ctf W&@%Z?)tnﬁﬁ ?1rtlr1r%5111%on lg}zler forms a Schottky

sem con

barriet di9d¢ pfn@tion @¥Rh,in turﬁ formsA@vo dﬁﬁ@n@énaﬂ@[@) dilahtu@f Well containing a
nmetal el ectrodes (<20nm) on the silicon layer forms a

2D elegirrs ak hetveebhe ru|1té9fth1a imsid elagtreds and thiiSekotiky bagrias diasiedgnction.

nS| uantumawel | containing a 2D
Thepﬁ?tgm?cg%rn%évs?s @&8 % %uel%’rar}lﬂl"%mﬁet al el ectrode and

t he Schot t kRRDEF DESCRIFH®ON Q)F?THEWDRAWENGS
phot odetector drives a CMOS receiver, e.g

P Fhe faregoin BRIERh ERIbERISPFIPeNs @R TN HRA IS tRier understood

he b d
rom RS R P OB 5 P S o v
refereﬁi@ttaltﬁee&adﬂ@@rmmlhgﬂ of illustrative enbodi nents of
the invention with reference to the drawings, in

wHigere 1 slmgfcﬁraél eKagiploes adrghémwlté enrrentivoljrge (LH\éh@haWteristic
fora e EHES bbb VRUG SRl Shlfe B e

(VCS&J)“&@@@ Emtt| ng Laser (VCSEL) di ode; 20 Figure 2
shows an exanple of a single preferred passive
eFetead shawstangxamplernf agingleprefaried pessove dementoaigh 6 integrated
Fi qur.e shovvs an exanple of a preferred enbodi nent
mduc‘\'fC%l‘:‘ﬂ“?‘ﬁ% uding a high Q ,uinductor according to a

PFRUES 3 SbvandQsthABRlof prr&feﬁe@éxﬁﬁé‘dﬁnehw €REL gtludih@bhRHh Q
~4A-B show variations on the exanple of Figure 3;

uinductor according to a preferred embodiment of the present invention;

Figures 4A-B show variations on the example of Figure 3;

Figures 5SA-B show further variations on the examples of Figures 4A-B;

Figures 6A-B show the mechanism of direct bandgap excitation and indirect bandgap
excitation in silicon with corresponding absorption coefficients;

Figure 7 shows an example of internal photoemission at a Schottky barrier diode for a
metal-silicon-metal structure;

Figure 8 shows an example of the confining potential of a preferred embodiment a

metal-silicon Schottky contact of an ultrathin metal film quantum well on silicon and silicon

on insulator;
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25 Figures 5A-B show further variations on the
exanpl es of Figures 4A-B; Figures 6A-B show the
wore@lamssm of direct bandgap excitation and i NBCT/@B1003/013343

bandgap excitation in sili€on with correspondi ng

absorption coefficients; Figure 7 shows an exanpl e of

[ mgarerﬁikh@mﬁmﬂ%&l&hﬂﬁnﬁbelala&rhbkkkéés Rat bé adjusiédd@auiibeal

netal -silicon-netal structure; 30 Figure 8 shows an

eleth@)@ﬁiﬁ%‘Ik‘élStSY 1&415¢@6h¢ﬁﬁﬁ$}h@ngﬁ§tentl al of a preferred

Fb%?lgclt Lﬁa a{ﬁﬁleﬁ 1§§H(?r% &{; ta oé]an?lﬁ dr%nnal behavior

of an &itéride@flat ﬁh@tal FiEh la gdi gt fez)f‘@e?ﬁﬁﬁ#e@%@ﬁ%%ame metal film with linear
PCT/ EP2003/ 013343 4 Figure 9 shows how the quantum

dimensising on gheeseale lof Blermhotoncwavelragiid} orslessd t o t une Iocal

eI ERuRly 5P i T b B S AR
e Xfpute] 1 0 5h WA TRE phRt G RARHE ;gr@@ék@%fﬂ&ienc?ffoﬁﬁn @nended
flat netal film against features fornmed of the sane

mEtgare F2B showistarrpssreeettonsofdher®ii8i phetodstectdieof Sigarel 4% through
the photon wavelength A or less; Figure 11 shows the
> di spersion relations for light and for surface

PERSOSgrapiit A SowDpeaa¥Sofi e pH&@H&S@%Qﬂ SfatigBs 12A - B;
process efficiency for tungsten; Figure 12B Shows a

cFigyeesddétB are oxfamples Qﬂp&felpﬁdcﬂmlﬁehmlelftmhowﬂeqérvgw e 12A
10 F 1 [
of 13 134D oo AP B ore g B p5Rotet gl G prdfinea

embo&ﬁén&@h@,]@xarrpl es of preferred enbodi nent
phot orecei vers; Figures 15A-B show a conpari son of

DES&RIRthIOIN"@F FREEERREI EMBODIMENTSOE THE ENVENTION

RIS DR RN PGPS LE I TR WG Afample of

light ldreaérryn%n@molﬂzgé %Im ch&Hbeidtie foFh Péf@rel HHOWRN&R short
exanpl e of intensity - current/voltage

wavel¢igth (830nwh é(reamalaCawty Burfage Emipmgflaserddy Gilo drque 00, such as

may bgﬂpmq ﬁg%§§gqnl% SSOnE%“eRf %geaylogé%& agﬁ\dgﬁé{?vsréaccordmg to a

prefer%' eYrﬁ)Bdﬁﬁenl Bf @eqy?&'eﬁﬁnﬂﬁ{tloﬁ e e & dSEIPGibdangb lba@)ﬁ%ﬁeﬁyverses

driver according to a preferred enbodi nent of
voltagre IﬁIéVpd@s@mrlsnn eembiteshby duree V23Rt idisimolidar 10 @nyhiapical diode. Also,

S I TV T E———

intensf) Q&l8es k@R (LI) curve 104. The VCSEL diode begins to conduct current at or

B-B;

slightly above about 1.6 Volts (1.6V) and begins emission at 1.7V, i.e., its threshold voltage
(Vw), and at a 1 milliamp (1mA). its threshold on current (I,). However, it does not begin to
lase at any appreciable level until 106, where it reaches a driving voltage of 1.8 - 2.0V ata
device current of 4 - 8mA to emit 3 - 3.5 milliWatts (3 - 3.5mW) of optical power, near its
maximum power the VCSEL diode 100 for continuous wave (CW) emission. Achieving 2V
across the VCSEL diode is no simple task for a typical low voltage driver such as in 0.8 -
1.5V CMOS. The low voltage (CMOS) driver of the present invention drives one side of the
VCSEL diode 100 at high performance, such that the voltage across the VCSEL diode

reaches its driving voltage of 1.8 - 2.0V even at high data rates.
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however, the light em ssion characteristic of the

VCSEL di ode 100 is represented by a light intensity
woesgesseurrent (LlI) curve 104. The VCSEL di odeChepBrons013343

to conduct current at or s3ightly above about 1.6

Volts (1.6V) and begins emssion at 1.7V, i.e., its

t hrESHIodiddes 00 payformaktdiys 1mpf®dcchby hlaﬂmgilﬂ oni @, witlmke.low

its threshold on current However, it does not

voltaggeyivgr diaving it)tg & dotgh dlaﬁfyv%lléiﬁ? eél 8b12DY eddprad Prasede,
semic e@llfcgoer' %rbcﬁlr%ggl?ﬁg? %&Eds?ﬁ%&g?ﬂ@?@%&spé&% to v% ta%ﬁﬁn s much

quickéBthan ®h&mi]s &ff opfevesad bjasste rThe pesbrrde difﬁereﬁnarn MY as turn
t he VCSEL di ode 100 for continuous wave em ssi on.
on tinme-¢f; tasp; Afleday. Theteson dedayv/ebich can be éeli}’§18%ﬁ‘§’|nh‘ﬁﬁ'é b¢ awgided by
. f | v, u |
blasmé(l\%&.@C$ﬁg ﬁ%&v‘\a/ lvdg}%tnég %Mdnﬁ?ﬁb{gr ‘fﬂ i, tﬁh lﬂas%d%’C%éL él\éde 100

is switdhee i dndroud bf BB sionat fiude h@heﬁdﬁﬁcﬁ%v&)\{ﬁﬁﬁlg rdﬂe@d e 100 at
hi gh performance, such that the voltage across the

vésal_le YL dipda d0fbis driven gp jand ol by @llewgeltage drivgr cirguitgy

prerr A 8. #6545 nb B iR ot fo eV o3EL diode

100 id guiph ehaetheDyw WoRSge drivel aldfie 8innyildyiv dth lﬁglﬁeddn‘gh 1ewel fogde the
driver driving it to a total diode voltage of 1.8 -
VCSEL ¢gde J0G igrappipdombil &s dip loyemltému@r svply Heltgs rﬁV@éwb@@W Vi

and D Aol . 00e 100 ERPAPTE, UBateLd BHE RARYESC e

VCSHIh&iope 1 604troR e belotf edfiiediceands tHéﬂGWWo&S d dtiiver pradides efidugh
or turn on_ del ax( The turn on del ay, ich can be very

additigna) driye togrive thay ELadiedy Y well inge @@iswgnt Rae\pegpre passive

cenci BBy o iy Py sl

drivingl Preférabiythe Ppisi wdlerfvt] Which ghaky Bk @acti®O or tebigti W &ioth, is a high
di ode 100 is driven on and off by a | ow voltage dri ver
Q reagtiveclament, iy, iy MlipuE TENEENGr iThEp. thagassbye glpment may be a high

Q md{i(%fne%%@?zg{tgr o%&hﬁh\xﬁ{ysgﬁahg{regg opt ?ﬂé)éasglgg el\é%ﬁ#mq n?aql?s current

S sucC oW Vol rver
throughtth® MICSBLI died@dt o shiigly weugh eﬂn&;‘gﬁln cufre vaigle the (M USriver
di ode 100 in enission, i.e., the low voltage driver

selectiyglysiriyingobe YgeSEhdigyle ingo pissiany, ,,  and in some

P 505 S 5y 38 TR e

inductoe ll 00\bieit cs&-irdiac@n (uintiieor) alat\nedyt g Btegdiakadedn (e dﬁv&&:ﬁip, the
enough additional drive to drive the VCSEL di ode 100

VCSKigipda ehtip o6oh aingrrmediaée Aip ptacediadbe Jeversng V& ity diode chips.
Like%%g}m&uh%r\{%ﬁ‘he’%l 3&%3“3%0011]:3{:9%2‘}& nrt%iﬂ?l% b%Lh th\l\‘&g rtalﬂﬁ the

i'ver
VCSH @@ tEssytiatif, tm%yenlﬂﬁ)dirﬁaﬁﬁd MfplQhedt@sié fi anyan&gramatchmuu
is a high Qreactive elenent, i.e., wth mninmm

technqlegy andanparticrlanin CMARS whereink:8 aesatizationtayers areavailghie for

standard on-chip interconnects. In this example, the uinductor 110 includes 5 loops 112, 114,
116, 118 and 120 on 5 adjacent wiring layers, e.g., copper wiring and originating/terminating
at contact pads 122, 124. Furthermore, each loop 112, 114, 116, 118, 120 which is shown as
square (for example only) may be any suitable shape, e.g., hexagonal, octagonal and etc.,
although preferred round loops are impractical. Each side of the square loops 112, 114, 116,

118, 120 of this example are 200 - 250 micrometers (um) or microns such that each loop 112,
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Q inductor or capacitor or a |ow resistance resistor.
The passive el enment maintains current through the
wyaHkEl4dende at or slightly below its em ssi ONPCIYEPBN3/013343
with the CMOS driver 20 selé@ctively driving the VCSEL
di ode into em ssion. Figure 2 shows an exanple of a
114, 1dibnylse 190 sfrengtﬁydlmﬁﬁneta (ﬁhﬁ)ﬂeng The hidgétofQesistaacy Atpectess
i nductor 110 or m.cro-inductor ui nduct or), .that may

depengentibyt, é}gﬁ%ﬂlb{cﬁo ROEh sudiy thateat 2amy aolt@ﬁedrow £ iRfjugtps is about
50m VS ?é pc@gﬁﬁ i 9B 1&1&1&? r@ﬁénﬁ&ﬁ&%m /Bnaﬁctt e o qn%lﬂ&edj(;ffoz}/ gﬁgle

w'se, e urn
chip, ey nfa¢ shaie b@@l& d@ﬁlrﬂorﬁﬁhb@pé‘d)mmmmge pobdd 1 emaly by &dnnected to
and the 25 VCSEL di ode. Essentially, this enbodi nent
a commom bypled Risaiap (not shovamyin ity S@gxear(@ag ®lang @s fooptldéhnol ogy
c&& iiy E) ?hlilmlsar Itrrﬁc%mmegu 1n c?or éﬁ)téﬁ%dc?a%ce 18
e CAVAT CEBITE Y

ers val

ex on'eﬂﬁzﬂ Ofeabsul td ﬂﬁehhhx%eﬁ(’f@iﬁpio@ s, t1 i:ti ﬂltﬁlfapfo nt1@s a result,
P I ncl algﬁ 5 loops 112, 114, g g gr?d 120 on 5

altho%ajtlgfb@iﬁmduqtamg of :ay@mglong vgre, 1s gmp@nnamly il mgnedenry (nH); the

B U PES LR RLER 1 B RO P it ity 1o
self indSctaM@Wer An. SQS&MJ atue t¢ frRmEe¥ATRIR LML ¥) theBYopsEtha fital
sui table shaﬁ 3@@& hexagonal , octagonal and etc.
et r

inductaneehis g prie Shite typisplshen atachpchuelpgias. - guatiie

.Si de of .the uaeloo 1 8
bontfi ey rpE HEh G RS bR s by o £ o
range S&KEved3itheambudteon O]éIthe Mset0 dALRISD Ahus, a useful inductance is

PCT/ EP2003/ 013343 6 114, 116, 118, 120 is roughly 1

achieved| Wifhnast leteg(alm@ pasgirg elemat thatdweitld pthesise banpashieyable because

d t but, t 505,,, h .t
the pry 35 REmg SR TR bl S R 6 M0
micromer wrﬁ}e&l h gm@h%o;mﬁll) %@ld bo mvﬁmmlcawdnwsal @udhglduct or s
110 are included on l e hip, they may share a

sFigyree3 shorwsosn ebalaslepﬁ@ 81 drlp 1@Qwhereg1 the ﬁa&ellczwm&;& 134,

passwg%})%e)%? o $% org éﬁ)ear{ﬂc\? {fﬁgﬂ el%g gy, abgapclolg%?e(i on a single chip

accorcﬁﬁg‘ & Hhreftitd eRBoditient 60ME HFddetiiMenBoAUThe VIOSED, diode 136 is
i nductor, the total inductance is exponentially

biasedxtagsathpdeby ar exierhal negatbervoltage %s:fur¢eob3|[8$e gi> 2e-1,6V. In this
gh the

cxam SRR 2258 SRI0O0 o P b ype re

effect RARQEEPUypOFET of PEET) NSIBdFB&La Abrndil €. SMUSUPPBY voltabOR the
inductor i's nmuch higher than 6 tinmes the approxi mately

anode b NCBEIs@bde 1 3fdiiet, antbe ipnerter QLFtDUt) | Qstl@readj N-gpe FEG (NFET) 134 is

OHHCF 6“ &ar% Wi alj_.frilc U:g fr Oﬁ‘loe gf) ? g ground.
connefigh i pargi Wi o 11D BepfiRR Bie ofe b P YR SELAPRCHRIRE grouna
t a¢ DTobie@tSRRlitioRs, g)&ldl)a% frR inRORE P 14611%?1& e ilnverté’rfﬂﬂqﬁlt at the

each chip input/outp (1/0), this fall's far short 'of
anodetoffi &y CHEL- di6@n H36 is ahground t0\ovead biag cutrent(om thecarder of 12m4) is

ﬂowmghf?on[? rouglhr/lt\{r? utcltogq 10, tﬁrough Q’ékcf,elf (lililodle ngéj t% fie %ggaltlve terminal

of bias supply 138. So, the output at the anode of VCSEL diode 136 is low, essentially at
ground, biasing the VCSEL diode 136 at or near emission. When the inverter input 140 is
driven low, NFET 134 (if included) turns off, while PFET 132 turns on pulling the anode of
VCSEL diode 136 higher until it enters emission. Thus, PFET 132 is sized to supply

sufficient current to maintain the 2mA current in the ginductor 110 and the 3+mA through the
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achieved with an integrated passive elenent that would
ot herwi se be unachi evabl e because 15 the prior art
wa@bkdoanmeski ves (in this exanple either providi NnBCBHEBBOBN13343
(14") wire or a 200 mcronkter (um on a side 6 |oop
coil) would be inpractical and so, unusable. Figure 3
VCSEIhdinge 436.elathel.ahotureens thigigh thiindi@0r WHeresiains] é8entially 2mA.
driver devices 132, 134, passive el ement (uinductaor

This cpn &p variHed asorg baficomell kxpvmeculfcanalysis scchaiguesnwish ghepgnductor

r I 0
10l Roc A6 SR 8, B GRLEH A, 02 P B ol B o
10Gbalich1g3xﬁ111 hiodeidgewndextoeps)a lFinatig Adriveg eki@depB QU0 Ggsh agam
., at -1.6V. In this exanple, the driver

turns a@\PFE@'sl Fpd cugantgpatinyes £ ﬂmérqrw@ﬁtl@pr bmhrcgaghéfGSﬁL diode

t h. e fiel ef f tr st T 0
136, v\'/g@-%nd&%ép \Ag%ego\éenﬁl 55k afﬁ‘%ﬁ)‘ lrjlglp jion MekatP tag 3t Sprbn8 NEET 134
is inclaB&d e tgfns\éﬁSvﬁLencPfer 3b3@rilsioffand r_{ﬁévéntkﬁthé Ay tof lVCSEL diode 136
out put Optional N-type FET (NFET) 134 is connected

from lbenng)awl dl séilehthy negative Pycuiodestor 1 atset weevers ledtspogmission level

VCSEL,, di od d. dit
by clafiiog G PG e RR e B b gindhe i nverter
O WsHétedadbolé) & indiRRA @ 1 @ tanieebladé PBlea &3@1@1&;« 2dsisdreb (20O -

and bi as current (on the order of
40002 Irepiitorgwith o womergordingdlggmge imelther the bidso/oltage @ugh sigeefPFET 132

o ofisgh B2 itiadif Tie ¥R EhGhErore e egHE St aigds 130
nto eln@ééﬁone%@tﬂéﬂ althotghkhover ﬁxUtHQ; ex %{% R%abin tHéCﬁESEE“d‘RQﬁ 136
136 at or near em ssion. \Wien the inver i nput 140

biased by @0egative supplyhd8 Ndﬁmllmzhtaé ﬁmlssmlhyd’éiﬂT 13@; thes isffpr example

FET 1 rns o anode of. VCSEL
only. s aEstaanYgRE P e e pE PulaBlh SERE T yinpdo Pepide the
same ﬂe§81t Iesg Shid§A tHe afsRPfY VCSELfdi6de1d6 4bié §iitant Pu miriis%laﬂhode
2mA current in the, uinductor 110 and the 3+

low tqctaumjghIStSlheav@e@OOM 049527 PCT/ EP2003/ 013343 7 VCSEL

di.ode 136 th th t thr
 EtFes el phOl i fonih VR o O the A ElE Bhioys B sEa PP RS Pleure 3

with 148 cnd¥Siabel¥®ldenti@YN I ihe eXhhpR RIS 4 A 868 BHYsRRvices 132,
wi th the, ui nduct or 10 |nductance at 25 - 50nH

134 alahldil!mmm(i)drlo\ﬂm Qla@érsat?h@ 130,¢.9, anvopitisal busalrivar ehipe ViICSEL

aiodefg] 155 1oy Soani v SPRirAEBP IR LAt TG oRGaY e Hiths

externdf el vél%% ¢ 3bstcE g ﬁfg{} a@OPSV?é’&ﬁleét@d fd @WcAthedR of each VCSEL
1lui nductor TI10 throug CSEL di ode

diode W6 Itypicaltuat tagingleganameon cemeoteoT ﬁq)g tlte@ntltesar@arré\n individual jumper
on level. ILf o

-em | ,
154 offole S Sring s £oBb b osdariales 140 Bl Baq £ o he
anode P ALBBpoNSmELV CRI08i0d3036 Aiam 188! Bg cBitrdseh tﬁla leﬂ:mlw of Figure

negatlve by, Ui nductor 110 as it recovers to it
4B, thpdevendeygieph32,d3é lare dJythc fisstohipgl 0hed @nddand;fctc)!@ﬂo and
VCSE?;, cﬁoge(s) 1 %earr]ft: Icc?rltall&/ed ona geconcg1 cdhlp 162. These two variations operate
substantially identically with the embodiment of Figure 3 with the jumper 154 adding 1 -
3nH degrading the effectiveness of the uinductor 110 slightly.
Figures SA-B show a further variation on the multichip examples of Figures 4A-B
with like elements labeled identically. These particular embodiment variations are effective

where CMOS circuit supply voltage (Vaa) is lower than the emission voltage, e.g., 0.8V. An
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10 As noted above"ui nductor 110 can be replaced by a
single I ow resistance (200 - 400SZ) resistor with a
wa@ormesypendi ng change in either the bias vol t apeT/@P20bbe13343

size of PFET 132 to offset8the current required to

pul | the resistor high enough to drive the VCSEL di ode
1solatlﬂ>%oosit ohymmciot BX) i0 inclikled il @ve,drizbt dtop dR2 bétoren ihe drivesdevices

| e as having the VCSEL di ode 136 bi ased b¥

132, lﬁé @a@ F%esgawng/ulpﬁactaﬂs) 1d9|a|né GOE‘frﬁCEF dehipspaddr{4pyrlisrppias
suppl);\sglta {; %é 1sha§>g 19([ toledﬁ%qfde of 1) nd%Q 0¥( U| ! ag{egcis gtnérounq, while the

I NVe Iron”fo any

cathode&fﬂ\atsm diode@y 034 ﬁ@iré)%@ourﬁl@(ﬂ{ﬁ .el,®%d4slstipplg.198 is 2t ®OWNY

t he anode of VCSEL dio 136 above Vdd and pulling it
Individual hieraeers [ dhcangeelpaciedevar ouipghl Hhie the én0d|E|0§ ar\é%SEiAdIBde 136 at
pad 1 %g‘écgolfnahhp ul;’?gr I:?a 1 op'%st (Ii)rp ﬁltercg?r% Eg}f%x Chl ??J'tge driver devices
132, 1Bdef3 Sk Ifiyst ch? 130@n@%aiithe isofatibhMuog cégﬁacubﬂ@ d0iavar

devi ces 132, 134 and, ui nduct or ( sb 110 are on a
ﬂlnduttpr(s)t 11§rarpcamgnedsonythe segond shipck2 withs VEiSBlediodsis)d 36. Jumper

184 cqpingtis uff Gk BhgCR o8 Fo b Rne ee ik oS Famnsh SolaBvin:
cqmcmghngg@ sbugge 138 (e.g., at -1.6V) connected to the

cathode of each VCSEL diode 136, ty |callz at a
sThefleqagatimms of EgwmsciA-Bropeite slightly dtffqrentbfrt arythe sgmbodiments of

. di v 154 h d t d.
Figurgs S 4 Be R B ibeci R o PR ESHBo ST Sl 370 D EaP BhmPin
FlgurezﬁA ARG DObi8 coRIIfGEPMRV TSEIVEEE 196 df ak 36 \abial) z}ﬁssmg

58. By contrast in the exanple of Figure 4B, the

curren@l pi Vlerordenadf GasA waich ig 3140 ﬂpwrmhrcweh indyctos Al ® When andoput is

duct \VCSE de

applielgg, el Sy 56eS dhonid s afgmminales 80 Haldichibo{oFpeieor 170

such (RALKAi&e cSibstA N tha bndub@de mo fé oki¥iviintith rbdiRcraBtRdbgpREite side.
of Figure 3 with the junper adding 1 3nH

Furthetwgreadiingr debiseet3%d 84 memebstedfsuqméatuﬁt egeretion, egl.auit 10Gbaud, the
| i I 30 Fi res 5A-.B. a further variation on
capacifgrsitienchaees rtticiied BenBRathas An b i ih i ke
ehﬁ‘t"’ﬁ]’jft 8 higdbg hsslicl 46 Hph€ Bdd, YsolalidsoRBEIph&tdral is charged,
mbodi'ment- variations are effective where CMOS

essentmlllvcl@l 16 6uNien thoinpagO(ivenditctied 10wWFET Haf turheoff and PFET 132
vol t WO 2004/,049527

wms G RR0nS Fedss sl aPuataloe BadGiS IR WS thrveseL
diode UB‘GI:]HE‘@Q tHc otsfﬂiQ/c didie \68 theG U1 cho RELANRATDT 11 N tHHAHOMED.OV as the

devi ces 34 and correspondi ng, ui nductor(s) 110
pinduetonl kﬂmmeotx@do @hssrilnped Wittuthe Adoasiondbobstagpacstap pTQ/clamped at one
ductor 110

side 19 ROV SR 18t SRl iR I SRR B el drOfeSemaly o
approXi bR §)1V1a31@ b @rtghe&ngggapdmt@r 17%1%a%‘é®mpﬁ/ail@s&owards

Is set to OV. I ndi vi ers 154 connect "each
V. at dirate deteoninpdiby PFET182¢ \hmclarscﬂdbcwﬂ by deESEL AghindprefeB®lntby
design very little decay occurs during the 100ps or less of emission for a single bit. While
more decay may occur during a string of several bits, the additional decay is still
inconsequential unless the string is so long as to become a trivial/non-sensical string. By
contrast when the input switches high again, the negative end of the isolation/boost capacitor

170 is pulled low again towards ground, which depending upon the magnitude of the decay

also pulls the positive side down slightly. As the isolation boost capacitor 170 recharges with
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pad 158 on the second chip 178. By contrast in the
exanpl e of Figure 5B, the driver devices 132, 134 are
woRootessti r st chip 180 and both the isol ati on/ PODEP2003/013343

capacitor(s) 170 and ,uinductor(s) 110 are contai ned
on the second chip 182 with VCSEL di ode(s) 136. Junper

the oulfi#t pad b e apoddhengdl.6 Ve Figard HBbpattepacbsiabéialy similate to Figure
negative (low) side of isolation/boost 10 capacitor

5A. 170 at pad 188. These variations of Figures 5A-B
0 ' I fferent] Hodi - .

R ol Hurhbh Blafbaty el AR OE R A TR ipVariabte
voltadeS0li@t bP bAtRep HiasGappl§i1Be hiay biifiply bekuxandl ex tdrital chhiétien to a
4A under DC bias conditions, the VCSEL diode 136 is on
negatiye (11.660) axicinal sppRl¥ oheny wwieble hias ypltageesogrcge Fugherppinchip voltage
ich isnalso flow t i tor. 1120 W n

senerf{isipe N FaS8n it T SRR Gl s T, Wy Wonly
sourc&NIE¥8Y E7 P&y B &=h @R oh $RIpadiagd fardiorcRAE bihef sultdble voltage

such that the side connected to the, uinductor 110 is
sourcp@ichip off-t h respect to the opposite side.

Furtherpore, driver devices 132., 134 are | ect e uch

b R b Flap ot i o Bl Sl et
describ&d hdt€inabd\R! GRGILRAPtid HehdiloaRcsiveRiafd @B shry -to take advantage of

Initially, a high is applied to input 140, isolation/

that higherpertoaparde: dhus, zoprefsrred amfedimenpopsivgleghranagl jigcludes a high

1.6V, en.the input,.140..is sw.tched |ow.,NFET 13
perforpgp e Lo R b5 S B Bden REFpHEMbagah g gove
ircuibbig CMO$ sRipatA gﬂam@a%ﬁ tp%mﬁm' hie phBtodElR¥@Y Biis antill@athin (e.g.,
CerLllVCSEL di odgals cl arrpsgt e ositeilt/hgosi de of Siaﬁle athin (e

50A) metsil geansun tyedlsatrugtapsaator edrangerbintesna ipbotoeissignagd hpesurface
, ui nduct 10 At . 1 2mA. Wth the .
plasmpBsPER hangas SQTURH ¥t h PaBRE e fitpatbodibe Suisted goce

plasmgn%itaﬁag, inverter output at the |ow side of the
capacitor 170 rises, initially to 25 approximately
0 TaVacihi@te ywlgistanding of predsirqdegsnhadementphoiodetectompFigures 6A-B

i schar ges) rds.towards. Vdd at a.rate. d m ned.
show s TRR A pr R on iyl bRy T v
bandgﬁﬁ 8% 8fafibh YrepRYent&ESy @H2tofr20Y) inistlidoR afl@eaiYespERdIRS alsbatptide
the 100ps or less of em ssion for a single bit. Wile

coeffipionte. Heparicuiay theqhysicd wrigingofahe difierancobetsigorediaget bpndgap

excitaiiﬁrg 2@(? gx!Pchéﬁfnraclt g’%&ﬁ%ﬁ é:lxgiga%%% |2b8 igglc ezgn eresrt]cgc;datlo ulrjlcrllclzr(setagd how
these &xditdiiés/ iRAere PRbORKcitdtioh Ma cR¥s (60 BAd, 2dre PRGIBUlLA, affect

_input switches high again, the negative end of the
sensitjviiy|ofia ipbatodeioesor. cap e a direct handgamexnifatiend2(Q Whedgiiahstate 204

1 rd round i ch dependin i tude,.of )
and s SRS SR ot b BB RRIGEN (BBP 3 3V AR 85 RyiPom which
has a igh bB®rpEH @bisABcRROSthe CRRA6H himehifin (06 3 HEH DU the IRtial

2004/ 049527 PCT/ EP2003/ 013343 9 the output pad 174

and fing) ratea A0 n2PAL répectivelyund, thaetparthe dxngapsmamenam (Ak) from the
.sim’larIY)tg. Figgr&. o
transition is zero (0). Since Ak=0'in the photoexcitation process, photons only need to
provide sufficient energy for the initial state-to-final state transition. Thus, for direct bandgap
excitation 200 the laws of energy conversation and momentum conservation may be
simplified to energy conservation, because there is no change in momentum.

By contrast, indirect bandgap excitations 202 have both an energy component 208

and, additionally, a momentum component 210 (i.e., Ak>0). So, the final state 206 is
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5A. It is understood that although graphically
represented herein as an on chip variable voltage

WG or0es50T battery, bias supply 138 may sinpl yPOBEB2005013343
as an external connection tt6 a 5 negative (-1.6V)

o B e B OG0T B S e SR B AERP. REaBgns an
only pRRid@ ke é&fgﬂmdnes@wsga&\e ngpe#g 351612% Jﬁxﬂémum% gem 210, as

supply sources 138, 176 an e such an on chi

repregegitadarygthe epreesponding absamtiontdoefificenis, thielexcivarlohagess section 212 for
Qur.Cc on chip or. off. Having thus provided a high
the 13899@1&%@@@@’ fireperd gt RS cga?a&n%qwlgwea i @24 fg the
3.5e V65 PBEhdBSS BLHARGH: ' AR} & -
© det ectcor s/ ?g%ei vers ngrogsn%gglg?g%?%g{ g@ﬂé la%ﬁvva)rﬁhgéoéls f"

penetrdiato dhoghkiumpeér findinenhbandgdpudicon cpmphred meth EORaCHNE@RSrption
1 oEt i cal C.hagnek] i[{;(f.l udes a high performance .
ength (5 PsRREALion depthy iedigsch pandaap senmicerhiciors el efders of magsitude
farthdrabrication with a sense circuit on a CMOS chip. A

preferred high perfornmance phot odetector has an

ulTheaghbiodeteetogof the plApntrirtation vasttomeshk peSbimimiteiliMiting
) for en 6126,%6 .internal ghot oem ssion and has surface 15
impedimentsof, thejndinect hanfigan Ghyaeisrafisgicon by asaegithe indicest bandgap
hara@feAt i@ hi@ehORa si
eSSt By 98805 1, SUEIALR L ARIR pRSSIBLRTa st
inexpphstedltigh-apdedr kigh fsempiti wsy EHOS-c@hitiblehot®izamirs itaohay be
fabri di rect ba%gigag excitation (represented by vector 209
abricgieq on capyaupnalhulisiliconewaterssivesH asromsilicor endpsulgor (SOD

e oY i D ' . . ot

subs R Pl g s Shu h o e ARTESRANINALp AP RARRLRcE

technologieslid fabrieate mobesensieive dind Red expand gagimpixstidt@ietertorOPother
.i.ndi rect ndgap excitation 200 nust be under st ood
HEM? 2 %W‘H%ME’E’AW Traneisorisubitraigs; Hislding $iiénce phot o
X6 &b RS &h ' i W ANE
o T2y Bl h Bablsor Felrll BlainERl fh@Bldeciod b
metalehiliconimdanigampreX2() Whtremrin2i] plidieerhivsibh &lonsiha ithe2Zdd Schottky
fipal, state 206 are separated by transition energy

. and
bame?ﬂ*é’ji?s CiiA SOt QdetseBAn £ BiFerayl PhelGRMRIONHS BEOWRE qechi igh
SchotBSAFRI{ 0 1Hs¥ien §&AkH ﬂf@asugg g\eﬁ{e%x:i b%Re @H&%ﬁf&éﬁ% é)to{%%tial at

same in both the Initra st ates
metalssempootnoter ipteafiacks dnti aisef mrsemetréenchigh-gpecadf SinmaERAyM

glAkg fr%gthe transition is zero (0). Since Ak=0in
photogletectpfito FeRERH A PPBRIDFIsilE Sactal ShrstrgRS baNF fheaeigl-seniconductor

SchotBly S i g&ééec veRdn £Ra &yagpf?éd Jofiﬁelthlu@g%&@g?s 222, 224 to form an

state-to-final state transttion
electrisdietthaposseke s ¢mttkg ba2iB) thdhexcitadeleodors rkifgdirough the semiconductor

c nvsrsati Qn zi\ng nmopent um conservati on nmay be 30
Valen‘é‘iotf?ﬁ 19 ? gesiiyelp Resgsymetgheadieqtat flesirodse@duse there i's no

e DRI Wl O 5 SO HGER v
expressed as a transition matrix, <¥f| A A |¥i>, where A is the vector potential. So, the
transition probability is bounded by both the initial state vector and the final state vector,
which describe local density of the initial and final states. Thus, the probability of metal
electron photoexcitation to states above the Schottky barrier increases with a high density of
initial states n(e) at Fermi level. So, carriers excited from near Fermi level states beyond the

Schottky barrier increases the photocarrier density but, not from deeper level excitations.
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and, additionally, a nonmentum conponent 210 (i.e.,

Ak>0). So, the final state 206 is WO 2004/ 049527
wEBRED3/ 013343 10 separated from the initpPel/EBI0ad/@13343
204 by sone energy conponert (DE>0). Since photons can

only provide the energy conponent 208 and not the
necainglyyoivea finah taspan e tpohial vastor nlegr, dsetrdnsilionyprobability
) t he correspondin%,absorption_coefflcients, t he )
is propeigiopaltte Bis depHlysoldaisia] yates 1Highe carrigrdensityeal thegrme kavel,

- oxCi . . s o .
theretBRE AR Ehd BRUAERS B oo G RARA o d TRAD. hishe: ARl quantum
yield. 208k préseasinveptpinChleyes BipBdielectbr Sajtividh O emaximsing photocurrent
___penetrate to about_ 10,umin (indirect bandgap) silicon
yield hoonshraadiltpgthin meofimabchobky bprricowith theygetal %@? thickness in the
enet.y ation in direct bandgap sem conductors,
quant %w%{r&réges 18€£%3%?+Ude farther. The phot odet ector of

t MaupResRdihg kbR Hrdsent iAVETtOANBS ulthiehih @it fIRNEEsilicon forms a
limting 10 inpedinments of the indirect bandgap

metal ghantamtvesl! astive ldyecomthgysilipon sufadsenhangingaaternsd piefagmission at

e OEL R G G TR BE S PR B s . 10- 3008
and pleR@¥RIRIOVE) dHhaices PREGn abidIPHisiLRSIdll 38 phitocarrier generation to
CMOS- conpat i bl e phot odetectors that may be fabricated

signifipandyimpovd tha ghotogxditagiph progesswdhes, @ quasivigiordimensgipnal electron
.silicopn on insulator. (SOD .suhstrates.  Further,  .the .
gas 1n&néggﬁ[}mi Q}g@fnolﬁ ngéa(llgﬁapﬁl%ngt yoarp({t%}lsf%%'feﬁ.o? R éltl;hleve a potential
well WigitH G8NeHéthiRknek® of B ikedtRigifm) bR tHealRhle @R R dI®®n de Broglie
sensitive and | ess expensive sinple photodetectors on

wavelgngthy the giEMIur( MediracEve byenthickhss fis en/th¥ seale 1@ or less.

substrates, including SiCe.. Figure 7 shows,an exa

o et SRS A Bt is e ot Shcreat SR gReB B
confiflB$ pbefiidl bf ® Prefditedl ent JdUBEH LBratR VA TRINYuaRtu® Walll on silicon

phot oem ssion fromthe i nherent Schottky barrier

230 agil e driobulaton ) ARt Shiebewttky harrienpktha aletal-silicon junction on
hot.oepj, ssjion is known to.occur in 20 Schottky. . -
the DUIGIEE 8 1 eteeion orpis e skdlis” P siSnl R et e (af siticom
with th&8thsedatinkimemdafri® foldRidaytth@l acdtim-paRédiat SEMe GRAMIE htal film
interfaces and al so, in sonme recent high-speed Si and

on theGalieon spifetcoddrantfaneof thesdetartarallf 3 dielshigicsavers s metal film, then

tal el ect s .ab t he. net al - i .
e oGBS SRR B bR AR TR gy i
Mpigire @LIRF S HRIEG e Jadntumddell RyéQhidk@dds c&l BEAdjiisted to@hk local
across the Schottky barrier, the excited el ectrons

electrigrsiafie danityinghiffeieat enengyoranghsceftactivdy engisersingtedaetiiqabstates. The

itively bi £ L | ect | 224, A .
B Rt e e
(EF). Ti.Ct OhdnlgAt PRt Bishibn SARfiesBEQURARUNERRIISIHESinaEhiA Films,”Surface

transition matrix, <1'f I 0 Al "1'i> where Ais
Scientenfepoget39r(20e)epn.i181 - 285, teaches using photoelectron spectroscopy to

observe QW electronic states and for engineering the density of state formation. Further,
depositing ultrathin metal films, monolayer by monolayer on different substrates
photoelectron spectra has shown a remarkable presence of and evolution of the quantum well
electronic states. Thus, a high density of electronic states can be formed at the Fermi level
with proper metal film thickness tuning. The metallic quantum wells directly significantly

enhance quantum yield and so, photodetector performance.
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transition probability is bounded by both the initia
state vector and the final state vector, which
waolemanidse7 | ocal density of the initial and fi nedT/EP2003/013343
states. Thus, the probabiliity of metal 30 el ectron
photoexcitation to states above the Schottky barrier
| ids lemsasthal 4tBueh Mi@bscdpieandtyl safucturasi ¢.g alsubsWaVeémgnl( giye
at Ferm level. So, carriers _excited from near

metalliyBIctuses, plasagiensGaailyt thow msehbigrialSrtical ?fide?PtiCH]o?réa%gs at optical

s PSSR Aol R IR e o

propeA¥es.0F 6k dx@hyle, hlthdugl af héralal slicknesser ehetalige ﬁ)hxiseemé alhost perfect
vector align, the transition probability i

reflectorsngr becamelof canseratian 9§ moneatum.rmefthey abRerRgs trangogjhkight to any

mgmf%glat e'xE et dﬁ{r‘ z?%nt%asﬁiq&ev% Eelitlic kiGN St mct@:? i SBSeBri]@”S

carrier exci I'on an
1rreguhilr1g5§6r ﬁ&?ioﬂﬁ:itws sHOMBEroMg optical 4bsorpien PThS&Hbng Gptésal aorption
achi eves higher detector sensitivity by nmaxim zing
by sughHaetaldia mietescopig/feafurestihp sesyH oh ﬁurlfﬂC? P AR eﬁ%faélpnf il m

oSBT A A BSGEE e

electréi&enplie 8N tha\wenddsefibed ieMuk W el kiiatizas. aMefald lﬂﬁv@@t negative
silicon forms a netal quantumwel| active |ayer on

real parhef the dietesticsepnsigntdfor apiiaat fragiangice pelaw thtplasaeR Lspeant
freque%%% N Fe tﬂg{i lept?%mo a4 uﬁtd?electln éseorrfaqr%guurxz ﬂ posmviO So, the real

det ector-s ra Al A actl ["ayer
part oB@@léctli@ cofidlaris i S{Sp'cﬁ@lt&’ sideOPmeaNGieRERIE 1%@&@ have opposite
absorption as well as photocarrier generation to
signs. Soghght |celawsqlty suﬁ?ﬁedv@zsm% apth sHI6AER CloCHOMARNCHE ey esin
freestan{&?nlgarpglalqt‘ﬂ? q‘glqugﬂlsalt}gﬂ ?&eteﬁ lfﬁr%ts O] ?emggﬁ%dc%r%ﬂrfaces such as

Btal mis spa con

the stiR@uBE30R3N6! FigurE®. aactral&mnag@atcaﬁidnahce el whm tﬂltehbnergy and
(i.e., the thickness of the ultrathin film on the

in-plangEp@mepun @féh@lr@ecteﬂbhgména&l@g thag of theveifeseqlasmanyaodes of the

metal %31% e %@ J:al gﬁ%)'ré?onuo?:é&rg ﬁéc?%&%ﬁ%tfcsrc&“aﬁ{éqeascﬁ%§ of

h1or oOWs a I C exa

resonddie bbﬂdd}ﬁdfdbca&i bﬂebt@&iﬁagﬂéh@h&lﬁy ic o @t theGﬁmfill filir) g,ocal
potential of a preferred enbodinent ultrathin netal 5
electramagie e Biptd gahansemersirag ek esd the imggeptraptisylfieddsrpyonfactor of 107 to

10°. §ﬁ1§$ gt:r&gol o1 BRedrofR %t}etllli}%ldéq%laﬁée &Jgﬁ ;géiézﬁ%’gﬂ Ooél?r&rel:?fects in

Preon ) unce 1 on on

nonlindgt @ﬁk@lrprf)wsm (©P§ sspit iedhaneed Ramanepctrbsiopy,&ecdrd lrmonic
within the silicon)) with the other confinenent

genergsigny juat fregrenexismpratinn), wa gl polivgsr peacesses kilreplasmon enhanced

photo mlisglsltx hAr%qufz%.ra%L %Jt 'l%gl é (glflge?fe&lh%%erc'a{té& iff UL c@'n%fod%ge%to? 'i)an(%gﬁg

Front-face o el'ectric cover

excitafiBi & wéll.|Thus tsheplatiien RABAGRP irdhlihihen Gl AlhY diEsifiosmBrovides
the confining potential instead of the vacuum

high-spesitévity igh-spee gaptd-sdicononetalhrhntadetectpinsncoidingtol the prgegnt

t hi ckness can be adjusted to tune local electric state

lnvmnggh5|ty in different energy ranges, effectively

eRFuRERY dhdds @h @Ahp1e dF sk §fasmbi@xcitation comparing normal

behavior of an extended flat metal film 240 against features 242 formed of the same metal
film with linear dimensions on the scale of the photon wavelength A or less according to a
preferred embodiment of the present invention. An s-polarized photon 244 cannot couple to

the extended flat metal film 240 because it cannot induce charge on an equipotential
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structure can be forned such that a high density of
guantum wel | states are at the Ferm |evel 25 (EF).
W@ 2@4/08F52ang i n "Photoenission St udi es of Quant POT/EB003/013343
States in Thin Filns,"Surfage Science Reports, 39
(2000), pp._181 - 235, teaches using photoel ectron
Condgﬁé!tgtsl“ agcodiuriher, mrxt@n@wm@@pn pravents petodarized @htbton 246 from

ate formation. Furth
coupgﬂggogtﬁ? ( Jﬁtglgde%ltr}faé ?‘h qi f‘ﬁ;étza“]o % crﬁ;gtraﬁ'ﬂ, 1B (Plgr}}%qd p&gtons couple to a
metal§fp RaY @hichrhad b WiethedH the Yo &3t 6SlessP RS eﬂh%E‘JnE @8 excite charge
spectra has shown a remarkabl e presence of
denSléX/@‘iCdkaltlch lroﬂletirﬁezeqlfaatmmwhb ph@0n élegusncy (mmumddg/ the driving
C states can be

h densit t
phoy i T Piie SLFp il o tneggdue s ol ever Hapends on o -
wo, WHEr& B8 the PRI resmﬁndé‘ﬁ u:dc% quantum wel I s directly
significantly enhance quantumyield and so,
pHogwdéil ebows thpelispersivarre kutioho? GGHY B30 Tor surface plasmons 252,

h PCT/EPZOOS/ 13343 12 k is known that at such
which ate € 8%‘?:%5?f& etwean foe ffeguency obelectimmgngicepssliptian and its

moméntéR. THelAL |k (PlgﬁltlirnU ok 'él?(?WS {0 ﬁﬁé&&&%ﬁéﬂsh@a&e‘t%&*}ﬁé{v hoton’s
peculiar el ectrical and optical properties at optigal

wavefeatorkhaidass. fréuesey. pilémtﬁdnhneap Sm}ﬁz&ttpilzsmod@wp@tsuﬁl\/@iﬂve 252 lies to
petal's larger bul k properties.

.renot e res le th
the “&‘E}n?é&é\ﬁﬂf’%( tﬁf‘g? ¥l}f8{!1"g§5‘htT1H6 mcans hay fo the sawe epgren photens and
plasrldns 0. Mrkniaied) PGS momheh i) SROER 1436, (BFGRASE pmentum.
Asa ¢tangéruence, aigtonssalgmd daubdndveextadtetsurfite planionds Fohenaaped, at (cop -
A tmstal lic fkl m structures with m croscopic
) TroquERaY) ki ¥ Ky J- 815IB%‘PF'afamcqftﬂileeBh%%wsgtalleﬁgarbmar efsthe surface

pkmnﬁgsorptlon This strong optical absorption by such
metallic mcroscopic features is a result of surface

pII-E{vanr, phatbhstandre. trafsfoti@e®inid agfies pla@ih@ns Pglss@ting proper

Ei E@fgﬂ;har e density oscillations, i.e., surface 1
spatial mg HTES (Grgv 2 8TAHAG) Omnyikicape JEigh §@aﬂlab§rewwﬂ>ur§r
comp@l‘i’elr'ﬁ’sI ih Qﬁ@selég%d%ltﬁcﬁ?evgrrﬁ'gﬁ}%gﬁbfl\ég any, u < n s S;}d[c)quonaﬂ{nﬁglentum

dielectric constant f
for plgﬂnaxmmtatemo iSanthe sfroegtecin @Mectmh fdr éxs tsin€acdipeds@inredxGitement
onstant in dlﬁlectrlcs or a vacuumis positive. So,
‘CSPOIESF(éO 13 grating coyplige, ?ﬂgs|C@%R1mgcan€éhé@%ﬁ@%glmﬁswghng eThe structure

is con§ﬂr£ﬁe§i ﬂﬁhéﬁh "l‘ljlz{1 t Heheahic! find AL&E" }ﬁ%ﬁ%k{gﬂ%ﬁ rgé%ggr?cg al the energy

can exclite surface asnon
of thesnmcﬂcam phcabm: t&mfaag plbmon vavesce shild df)WﬁQSﬁd@ mdihnge BB af
ilne as_.well as in ultrathin netal filns on

m‘“"%cé’mcc‘aﬁa]&l&smlct%sfflzfeé!%lngﬁrcfﬁna@eartSH@wgmlmqm@soz@me fzesmency
OPhbibF ¥k &tell su ce ?rf(fng TPANRLE {he &R Sﬂﬁtﬁ%eequencg é)n(%wde

t he energy an ane nonen € 1'ncl
momelntuylh for fettechn eE:clrdsraéxcmfanbxh endudih@ arlilebamABEpaReR&ioafin s1Ron.
Furth @lll 6) I m strqong optical absorption occurs.

urtheg MR} Hragind thelpersigrnenselaemieney: therasrmansemprimdip be an

arbltra‘? ){ ia%i\lgé%: t§ %‘J@mgﬁ%ht{ﬁn{ oemzﬁ§h arpy r%grcrjlen ol cotnlgeervatlotnaslcenarlo
Accordmgly, the present invention provides a new efficient use for indirect bandgap
excitation in silicon. Plasmons provide both energy and momentum for the indirect bandgap
excitation to achieve a probability of transitions comparable to that of direct bandgap

excitations.
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20 el ectromagnetic field enhancenent can exceed the

i ncident optical fields by a factor of 102 to 106.
wapmh/osiseong | ocal el ectromagnetic fiel ds havep@iraP2085/@13343

knomn as giant effects in monlinear optical processes

f nhanced Raman spectroscopy, second
o A a?:{vgrﬂgw ocugigRt ¢.£e Hifesh ’ sehisienwrdp @tioemltatlas) of a

tung%@{/hh&% QW/SU nﬁlﬁ)@d'de@’ch? %80 ﬁ.?‘ a h{r&ﬁoﬁ) | nglpflgn B‘a fs Although

phot oem ssi o oca
almO@t@ryaﬂ@d rnzry beheseqb,homgw@t \e&:stu%éd hﬂT&Q&ﬂplezﬁl)ﬁtéQ‘bltrﬁtﬂeq{?et@isgrate
such plasnmon resonance in ultrathin netal

that 1&%% a(RPSéI}VIQPé‘BWdEJ‘F%tW gleerodsi2gR 28é A Segitive photaiehetepdectrode

| | h
264 Ll 1 901 s OSSR Ao ot

thmnsall pithdgdpigers peroxidy CHIGY) be§fRREdC! IHOWNSHoFREal B@@Pﬁbﬁra VCSEL
of an _ext ended flat nmetal film 240 agai nst feat ure
diodey ye., { G¢ ¥rafi8finm. nEinge thinnieg the medd grite fnowi Z(N)OL& RE@DA prov1ded

little Hiegﬁﬁz%l@% tlf'gnys ﬁ%t gp? (téIgl té:ﬁ,gm P rgtrap f (;I‘fq%@ver below 4004

I ess accor |ng

the clpmgs ardurieRVRBEoneAis d&\éln§nd0?kél{ihgzﬁcﬁb8ﬁ‘t01%9l ?Iﬁ‘i‘) SREAPYhis pigh

ouple to . the extended flat netal I'm 240" hecause |
photo&glﬁ%tat 1004, eecughwhgethe gdgeregigniop tteemetabftung@en) film is exposed to

s e T
tungsehdilono2#Ghd cctar re QP bf zﬂgexttéhdte@ ?la?t)&h Qe tea% ?ER)( ?lFl%ure 10),

film 240. By contrast, p-polarized p ot ons
resultgan gignificantly lgzpzde\m:;a(b&p presocurngintlt Phusybyt d&kcan@the p(mﬁpeﬁtlﬁékness

S O
f Feamine 2By sKdwd)a drbsuesbrdr hdov/9r }')HHt&ﬁte%toQ Q@f) ap Fféu?é PZA

The phase and anplitude of the induced osci
throum e/?-lteraétwihm r@ﬁab‘dV) fipgers dfe R0 mbcleeirddheZ@l asmon

oSSR S AT g 0t LG L persion

tions
layer 2d6. ch are each a correl ati on between the frequency of

el ectromagnetic oscillation and its nomentum The co
=Figurq Fysraphipallysbaws hpetstiorhef 4 prmfeaed leHibadllnmnsbhquodetector (e.g.,

260 R, SRR IS YRISEL 2 L0 RIS WL S g v

requency
naturecolﬁ theeul@aBin meral ibn glabefinkel t269f27@§‘ bn Qﬁk%ﬁtﬁ Zﬂasmon mediated
htline 254. ThIS means that for the sane rgy
local fig eohancartindisec damsdgep ekcitation accordieg sathe pesntiheasiion, The

R RS A R0 E SPGB 30 Pl U O igh bt dessiy of

electropicﬁ&iz[fﬁﬂ&ar HerFeapRPEIE Thalbulf&R@Rlasniof afid BSH %P?ré}/ a}f%m’omentum
e. the nonmentum of the photon 1s sm

for hlgp ﬁgftxm@fcytm@regglpefngg@ a@itpliers ndlso, plasmon resonance causes huge local

field enhancement at the edges of the metal film grate to silicon interface. As a result of this
huge field enhancement, bandgap excitation occurs near the edges in the depletion region and
near the Schottky interface to photogenerate hole and electron pairs. The strong potential
field of the Schottky barrier cause the holes, which normally have low mobility, to be swept
immediately to the negatively biased metal. Simultaneously, the much higher mobility
electrons drift in the combined field of the Schottky potential and the detector bias potential

towards the positive electrode.
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However, photons can be transfornmed into surface
pl asnons by selecting proper spatial netal film
watootesees (e.g., a grating) on silicon. H ghpeparioadni3s43
frequency Fourier conponenss in the sel ected
structure or grating provide any necessary additiona
manieattagnoutlys thisl exsemionelkye favatablersituBoon 4thiee Wirathot gragng provides
ted for its surface plasnon ex0|tenent 20

sel ec
an unv%éﬁbwge qrantpmsyigd apd h@hégﬁﬁioir AREede dRyBATEIBHIR 3 PRpLatiector such
1 t
as theg)g% fg(?rﬁg? E)&gxgﬁﬂg rgftsﬁrgﬁr%y l?b %md thfr?rse E{ g:?;fdﬁ@ﬁ?t?l tl‘?at corresponds to
approgixhtdly BO% Asnmm yiekomane, Q:uﬂ’énttd’lﬁhe oetegyf 0. anAI (QBO,uA)/mW
i nci dent phot ons. Surf ace pl asnmon resonance sh
opticad powisteaan dewpalized fremsy lz%tu@gstemﬁ%g% 68779 (ﬁ@ba%mrblong) on Zum
pitch g‘ﬁ LiHES T élncee dn é% {:SELlaEndE@ﬂggd %.b%‘(‘/?r rBl’Iﬁgmw optical
resonance Tieque on exci surface pla
power@tir€dting@idt polier the@rgmaartyﬁcmrswemy aflopuédl €inR Shomdaipa mW
for further electron excitation, including indirect
of optisahprysss te st Rhatadsiecion thereby: pducing 02K curgni Hiraughy theyy
photoccl)gtectgre "ﬁusa CuTPeRL cr:zﬁrsl?enﬁg}%ﬁ?é %‘Fgﬁﬁs’qig Yhe ggeap ofpanﬁ)iogr FETs st ch that

nent um can be an ar val O provi

Mnumﬁmqaﬂpﬁar&ﬁmnaﬁ@huﬁgyaﬂﬁ&ﬁ&tun1conservatlon scenarlo
Accordin g the present invention provides a

eFiguegs e exgmplesdil rpe@@rr@fhfm@%memhpmw@werw% 290. In the
first eﬁl%loclh(r:n%glt rﬂéecffg}?a%% Zgr 8 ex éagttor? ggftg&gegﬁ”gv”gﬂta%“p&? voltage,

e.g., Rk, ab@ e ihput 284 of ﬁfﬂMOEthb?teﬁ Qmam&i 18 theDgdt VSt NPET 286N and
direct bandgap excitations. WO 2004/ 049527

PFET 286P EAZU@@?WSgatq288:18g>9n@ecrezlA0§lirmmelﬁﬁenput 284 and gated by a

clock. p?re era gguléffesrir?spgg%ekl\%p%cg A lt%%e 1 %g 81%)5( g\altf %éilli Qn@ more
preferhblp ©hé ﬂﬁr ‘%’W‘i@ li.ef, d dPHeldve k. esratal ﬁ\d)defuapman@l dTeisd indéhyer
netal may be used, tungsten was used for exanple only

input 2&# lfs@ﬂﬁhft prlenet 24) fegﬁ(ﬁiaéadSt(fFét Wheal theielocla(qhods dighepass gate 288
is on (Pr%c %ro(ggrg%t egtlr(l)vrengl g%iltr&geto ék?%%rgc % ae \po gt I 'Yhe (flock ret ow to

ctor e a siricon Tayer

turn phd’s glafel 2B IR i@veridtenpd® QA rdnZey Ui khe Brbetar @ Voltagd@nd B6hverter
is thinned with h ydrogen peroxi de (H202 and exposed

output ig th\Uhempnm@pergmwnkew aho/ospectorfi€3ei passew 200uA, which

eV at 850 Sin L Ag [ at r om
chargesgBEN Bl RO Sinks GeG v AR R A kRS AT 16 Al ROR2 |
photodéidctort 332t wHh@oiréspdiild loeddbpe,PréviBeuditlient ldRMEMES charge the
bel ow 400A the change in current response is

invertelyinpit284 to p¥awhieh insuttidiont vollogeto switchahe ingemesr Whenjthe light

phot 00A ccurs mhen t he edge
stops, “@%P&?{?%fnwg% S ings PSREE FRel's exposed to the
afe 140HowsBY ek@Mple@Fta, THing ﬁﬁf)ddaﬁcetﬂﬁi%)hﬁ&ﬂll IAP;T)KHt&@ébiver
S|I|con e.g., in regions outside the ungsten film

290, vdrictt ipclubes tdaeqo;tleverteeeg29@n2% 2896 ans fagd heck npetancg ey sasestor 298.
In thlsfembodgmerg ‘the ?3 to nger 25.11% I’hoto%let)ebtor 282 is attached between a supply

voltage, e.g., Vi, and the input node 300 to one inverter 292 at bias resistor 298. Bias
resistor 298 is selected to keep the three inverters from oscillating and stable at a steady state
equilibrium voltage with no light to the photodetector 282. When light is provided to the
photodetector 282, the photodetector 282 passes current to pull input node 300 high. In

response, inverter 292 drives its output, the input to inverter 294, low. Inverter 294 drives its
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results on significantly | ess detectabl e photocurrent.
Thus, by selecting the proper thickness for the
w@aootioeceskar netal , plasnon resonance can be sePET/ERIOS/013343
respond to VCSEL di odes. 136Fi gure 12B shows a cross
section of the WSi photodetector 260 of Figure 12A
output, trednpht t@ir¥ertét 206 highi Mgvektst 2o ak it \Bitpht lhgerBy BiGdng the 3
) 270 of electrodes 262, 264 respectively, form
invertesh PP A4t Mortraay libaRR the T 39@ hps mBueh frstefresporsg sime than the
. > 72 ~0fe o i ki hEHIE :
simpiEHAbEi e 2Bl 1h8e Thh G, oiMBhoreieert 20 280 iiaures 14aB
are higlhgdrfvieh et OMQEptptoreceditrL @) cdndieviegiied sa §ihglg @08 48,
270, Internal photoem ssion is enhanced by the quantum
Furtheggif s undggstpod that ik mereghergstinneededicsd-» toidrive glarger inverter 286,

fi . 270 i4icon w | At
prorod 40559 A85e (RTACPR, DRl 10 PLESTIR BRI e entn o
both. according to the present invention. The wultrathin
netal_gratin? (268 270) on siILconééZGQ in Figure 12)
f dsessinceihg iklacaical angeapicalypreperties| of e trasiin anadallie &ikm qugiptum
erm .level . The surfac ns th
wets GeleBi e Sty P DROBESE s ERIBRaffrby hgliihocss o

the fil@Xidited h&ight ahl SRapefdf AsBlertiRE WEANEE be@éhi @fveRti@Eehdsoridk
field enhancement at the edges of the netal filmagrate

applicatéons Althangh idascsibed éar. mesal on silécon) the preserfiigventign enaybeagplied to
eSO G R RORIEED SRR RS 5ERabe W< i
uantir yRid AfEintRaRAVUpeAENE EFed bh lEngihe qebRGnO¢ll RS S.
1 Thg strong pqteg?ial geflia;gldlyof t%e g%hottky barrier
c Buigleer ¢ hyecomaftiving awefemechernpedimpntlugiesnesdydriptsisneh ¢s intFgures 3
be swept 30 | di atel y. n kvel i
- 58 iy SR SR i el PR Y Rl B Bhotodetcror
such a€ kiecdrh@iSphdtodeiectdr 28D and o Bilitabedopticel areidsivn nredioh | dey
potential and the detector bias potential towards the

preferfsdsinbiodanent peavidsg @ lowoostdagly patsmanqepticp zagarhensd Shus, the
omcal o SRYATHPERYR o bR RIS b SHE D DRREAIL e cpen i o

short digtdéa Mherd W1FRAMEHBIN oM proBleth eshtidhidibed €3ra6i R rapee Further,
In particular a Ehotodetector such as the one for the

with aginghpehap dfiver g Biguioham agrgtingphetedeieqiearsi®Ons iFigurg 12 driving a
sana EMOSLESERFM et e SPRBRICIRSS Ll DA BT Rl assemsy

sufferOfRi i€ ahy BOHE disa@vhnb@es SdonA&Mink lcOMpandnts fopg@Bi&t édBountered with
finger 268, 270 (each 25mlong) on 2m pitch on

PﬁOf@ﬁ¢m%@ﬁmn¢hys, since an 850nm VCSEL as descri bed
%é%s tlﬁl:k% Iaﬁoev‘g’ a%grvn\./ grg to'ng)?lg{igp agr}(\%{lcﬁ%l%lcéiggrydr?vgr &'Inﬁltaiprr&ferred

a
po _ a typ _ art optica
embodifmehtl éxahipRarthutMbuef15aphbGak spRRke 310, £8€ in a multichip module,

with ag E&i\?igatﬂe\?(t:géﬂ ditorc]lee g(leg,ydici)dr!:ddliicviep g14(? 'ggrrlgi\alcplilrr[goesg tCl\}[(r)]g (I)g 2 g.,a
microprocessor) 316, a compound semiconductor photodetector 318 and a receiver chip 320.
The photodetector 318 drives the receiver 320, which is attached to the CMOS IC 316. The
CMOS IC 316 drives the diode driver 314 which drives the VCSEL diode 312. By contrast,
the preferred embodiment substrate 330 has reduced chip count to 2 with CMOS IC 332

providing all of the function of a diode driver 334, general purpose CMOS circuit 336, silicon



phot odetector. This current can be provided directly
to the gate of an FET or FETs such that 10 al nost any
WO0 y@a/0eds2Ti rcuit may act as a receiver. Fi gur eBCTL#R083/013343

are exanpl es of preferred ambodi nent phot orecei vers

280, 290. In the first enbodinent, the 13 finger 25m
photopleeitvexd¥38aa tacing28 titdgsatad CabDS chip 8BAe bnthés anbpylingent, only the

voltage, .e.g., Vvdd, and the |nput §F4 of a CMOS
VCSElndigds 812 s a sgmpiale chep whied igdhe %MO FEP3286N and  PFET

2 . i S.C t .

o SR W AR A £ sREed, S PREE Sstle WP and board
real e§tate rajuiat Yor the moguiec ko, Al 9P aivseof thhfunptie; pagvisusly in expensive
voltage is less than half Vdd and nore referably one

5 compeyidrsgmicongyictorsds conteinable pn g single QOPHC. Thheagforgpd significant

pertfFASE ALt 6 Bl co M Pl e 5 Bl
and VIUBFS. djedecdra@B of the padkenl ingdngiogl ng the inverter input ’
284 to the precharge voltage. The clock returns low to

t O¥ileghe invgatien basdeen describrd injgaisal seyasgexapmie) mafgred

e.pre nd . | AV E . t | .
erbolnh iR SR ik AR08 1 Bal BE RS Sutikyiets wie
10 modifZBdon WithpaHs epirid @hPscopb bEie appendedslairhe | nverter
i nput. Since, Q=CV and |=C-AV/ At, a 100ps | aser pulse
to the photodetector 282, which corresponds to
| OGbps, provides sufficient current to charge the
inverter input 284 to IV, which is sufficient voltage
to switch the inverter. Wen the |light stops, the
inverter input 284 is returned to its precharge state.
25 Figure 14B shows an exanple of a Trans |npedance
Amplifier (TIA) photoreceiver 290, which includes
three inverters 292, 294, 296 and feed back inpedance
or resistor 298. In this enbodi nent the 13 finger 25m
phot odet ector 282 is attached between a supply
vol tage, e.g., Vdd, and the input node 300 to one
inverter 292 at bias resistor 298. Bias resistor 298
is selected to keep the three inverters from
oscillating and stable at a steady state 30
equi libriumvoltage with no light to the phot odetector
282. Wen light is provided to the photodetector 282,
t he photodetector 282 passes current to pull input
node 300 high. In response, inverter 292 drives its
output, the input to inverter 294, low. |Inverter 294
drives its WD 2004/ 049527 PCT/ EP2003/ 013343 16
output, the input to inverter 296, high. Inverter 296
drives its output low. By biasing the 3 inverters
292, 294, 296 at equilibriumthe TIA 290 has a nuch
faster response tine than the sinple enbodi nent 280
of Figure 14A. Thus, the photoreceivers 280, 290 of
Fi gures 14A-B are high performnce CMOS
phot orecei vers that can be forned on a single CMOS IC
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5 Further, it is understood that if nore charge is
needed, e.g., to drive a |larger inverter 286,
w@b@iowstect or 282 can be increased by addi ng PCTIER2083/013343

264, 266, by increasing finger length or both. Also,
since the electrical and optical properties of
ultrathin netallic fiCnagMsntum wells are determ ned
primarily, by the nature of the spatial confinenent,

1. j Achigh ppeed iearpige @BtiGH driver ORWISINEM and t he hei ght and
shaj i el .f.he present invention has
WIQ Jefd e?FeFE t%tslﬁg&nr?ﬁ%rﬂ%nw clrgull b

€ applica ough descri bed for nmetal on

ShlpheoR,cldniuht pogBaNit onB\eadtd ANoutpuyt df €aid BT @thek Gircuit;
nearly any netal and sem conductor or conposite ,
t Ropion! cabityafasy emitkiag dsend Cfdd o diosdeFonplgd at efipatiedtiede to said
aSSi\;%ieel(jengrg]gldincreased operating speed by tuning the
p quantumwel | film Further, by conbining a preferred
egBadicomittion eupiidasdn@ldcuede sthall MSSED dddgures 3 15
- 5B with a preferred enbodi nent ultrathin netal on
silicon Schottky barrier photodetector such as the
grat.in hot odet ect or . 282 and suit abl e. optj cal .
2. i ﬁzhﬁg s?gfl bnrge t8|§ g’ﬁ%‘ca.[] ﬁrelverpars é? glralrnég, Vé/ﬁ%rglai s%gn(%ne electrode is the
anodefT Q¥ V&S EL diove &abdaidb@b chifict @B aCHe @Rthb&ebf $hal WCSEL diode.
channel. Thus, the optical transm ssion nedium may be

selected for the particular application, i.e., open

[

ai,r. .for hort distances where alignoent. is.ng .
3 opdeRinest Mg B PGS ot & WEdtnshidiihefis avached o
said VASSPM dibd@ardegl € chip driver as in Figure 3 and a

grating photodetector 260 of Figure 12 driving a

standard CMOS sense anplifier on a standard CMOS chi p,

a,pr.ef erred data. channel. assenbly ,suffers few i.f_ an
4 or LS LR SRR R I Pt o SRSl b PRtpemt ana
said FEITGRBE &€ 6 thd dabhe iRfebRitedadifcui@h®. channel s. Fi gures

15A-B show a conparison of prior art

phot orecei ver/driver with a preferred 25 enbodi nment
5 TR Geed Unfese b Bt G AR W ReP 3y VRcre R iR G Bigg and
said V&ISEL @ib&dﬁe6ﬁitwee§an€ehﬁtegﬂa@dmaﬁ@hit@u%)pose CM3s 1C (e.g.,

a mcroprocessor) 316, a conpound sem conduct or

phot odet ector 318 and a receiver chip 320. The

phat.adet ect or 318 drives the.receiyer, 320, ' ' .
6. EAHLRGET [ tarddplcel BufrdlS o M bt sy Bgment s
pluralit) 6f hakd@15dpk Y&tiimdal 4n idd gediediidop @ductee. VCSEL di ode 312.

By contrast, 30 the preferred enbodi nent substrate 330

has reduced chip count to 2 with CMOS | C 332

pr.qvi,di ng,all of .the nction of. a diode driver 4
7. Gttt s enhpeol 5 T Guin gy ity S Brart b sacces
loops ##048223) IBegd. EP2003/ 013343 17 photorecei ver 338 in

a single integrated CMOS chip 332. In this enbodi nent,

only the

8. A high speed integrated optical driver as in claim 7, wherein each of said plurality of

stacked loops is rectangular and at least 200um on each side.

9. A high speed integrated optical driver as in claim 6, wherein the inductance of said

loop inductor is at least 25 - 40nH.
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VCSEL di ode 312 is on a separate chip wired to the
CMOS | C 332. Advant ageously, because chip count is
WO edyoed?27 SO i S power, substrate size and boarBPCT/ERBN3/013343

estate required for the nodale. Also, all or nost of
the function, previously in expensive 5 conpound

10. senhigbhephedtimegrated opaod] arivandsén ohima 3swhedem AMIET Griver is a
Therefore, a significant performance again and cost

CMOp@giveti on i s achi eved because of the photodetector,
phot orecei ver and VCSEL di ode driver of the present
invention. Wile the invention has been described in

11. t & KBh Speed QM@gxa{ed(Oﬁﬁédmlri%r RALLRIM a0 furtidd @dinPEEINg a bias supply
those skilled in the art will recognize that the

connecied ég 841 hiag spnnsetig-act i ced with 10 nodification
within the spirit and scope of the appended clains. WO
2004/ 049527 PCT/ EP2003/ 013343 18 CLAIMS 1. A high

12.  SPegigh kpded Mitaira@d @ptitA akivell 4s\f ElagRTP] WhérB@: the thafhi@ldd of said

~effect transistor (FET) driver circuit; a passive

bias seppdyrexaeeduihp CMOJsURME veltaget o an out put of said FET
driver circuit; 5 a vertical cavity surface emtting
| aser (VCSEL) di ode coupled at one el ectrode to said

13.  P@skibN 6p&l @ftesthted pROtodetbEdBcadptizded i on coupled to an
eIecFyg%e of %gid@3CSEL di ode. 2. A high speed
i segicanéuttardeyesal driver as in claim1, wherein said

| i h . d f i.d VCSE i od ’
QAR yfts5h RS maBerh of srER R koA ik o i yRlpatiem
havinglh @l€kness Bss3that 2000 afPReding it RYbakEBarflpt di6déd judElidtein said

~as in claim?2, wherein said output is attached to
semicgadugtoyEBEL adilode anode. 4. A hi gh speed integrated

optical driver as.in.clai.m wher ei.n_ sai d Iye

chatEnem gt SnRlin iy Tuog PR PiBinBratut mea
patterh Bh& i@ BekbtddybatHer dfJdle Punclion A hi gh speed i ntegrat ed

optical driver as in claim3, wherein said passive

el ement and 15 said VCSEL di ode are on the sane
integrated.circui.t.chi.p. 6. A high . speed integr.ated
14. o Eh PP sraied PhRO8Flas i of o el don VErels YAEURyEm metal
patterf i SIBRE %)ho"to&tecﬂir_léle%kfoﬂé’oﬂﬁ fisde 8GR d Jf 9418 SethRoAdPordtyer, said
integrated | oop inductor. 7. A high speed integrated

high spped iteigraied photodgtecion fether aeBprivingrei n said plurality
Ofa sgcto%a i§nec:(?al ele2fiB3e b anagpﬂogﬁ‘es gu ace of éa? sc!,n%(c)géductor layer.

15. A high speed integrated photodetector as in claim 13, wherein a two dimensional

electron gas is contained in said quantum well.

16. A high speed integrated photodetector as in claim 13, wherein said semiconductor

layer is a silicon layer.

17. A high speed integrated photodetector as in claim 16, further comprising:

an insulator layer, wherein said silicon layer is a surface layer on said insulator layer.
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20 8. A high speed integrated optical driver as in
claim?7, wherein each of said plurality of stacked
wo ompm44537 r ect angul ar and at | east 200, um on eRCHEB10d®013343
9. A high speed integrated2optical driver as in claim
6, wherein the inductance of said |oop inductor is at
18. | easiph &feed intOgrbted YhbBOQEL04L5A ClARET//ERROORY LB G 3thinl Metal
10. A high speed integrated optical driver as in claim
patters 1s %‘é@%nth%i d FET driver is a CMOS driver. 11. A
hi gh speed integrated optical driver as in claim10
further conprising a bias supply connected to said
19. birdsigle spuee eite@bted Phdtddetéetbi ghinspad 8, whaginatagbulapthircaktal
driver as in claim11l, wherein the magnitude of said
Pmﬂﬂﬁﬁ%ﬁlgkgﬁvyﬁexceeds the CMOS supply vol tage. 13. A
hi gh speed i ntegrated photodetector conprising: a
sem conductor layer; an ultrathin netal pattern on
20. SAl g5 §ived aitekiale@ phd@dY@Ectosa ifl cliih 3t Wherelidai ulpathiemstal
10 having a thickness | ess than 2000A and form ng a
pattersisntth Wjckbar ri er di ode junction in said semi conduct or
| ayer; and a quantumwel|l forned in said sem conductor
| ayer between said ultrathin nmetal pattern and said
21.  Sahgkh kpechatedrited BhodBetktBEAS iAR1aith49, ShétehsafP@ethin metal
i ntegrated photodetector as in claim13, wherein said
pattery cempiides @ pawtod photodetpeion ddeqiradss.a first phot odet ect or
el ectrode on a first surface of said sem conductor
| ayer, said high speed integrated photodetector
22. T WrRiBespce iEdrated ghotdd&esioNss iflRlanh 22| @BEreMARI Ophitst
opposite surface of said sem conductor |ayer. 15. A
photodrtetorshessngdesare grrangsd iphgrasien asurbaceHE said sidican Hyes,
wherein a two di nensional electron gas is contained
in said quantumwell. 20 16. A high speed integrated
23.  PRAXigkigie8 iiREgrasd pRotel@kbdtbda, in\ Wheh @2NwEérelh said grate is a plurality
sem conductor layer is a silicon layer. 17. A high
of 25.9p dang thmgstagritnges gpHsmbpiéetect or as in claim 16, further
conprising: an insulator |ayer, wherein said silicon
| ayer is a surface layer on said insulator |ayer. WO

24. 200405 lorBEelVeEMR RN BihIpeed integrated photodetector as in claim 23
driving a CMOS inverter.

25. A CMOS photoreceiver including a high speed integrated photodetector as in claim 13
driving a CMOS inverter.

26. A high speed data channel including one or more optical channels comprising:
a high speed integrated optical driver comprising:
a field effect transistor (FET) driver circuit on an integrated circuit (IC) chip,
a passive element coupled at one end to an output of said FET driver circuit;
a vertical cavity surface emitting laser (VCSEL) diode coupled at one
electrode to said passive element, and
a bias supply biasing said VCSEL diode;

an optical medium driven at one end by said high speed integrated optical driver; and
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20 18. A high speed integrated photodetector as in
claim 17, wherein said ultrathin nmetal patternis 10
wo 28d04sehi ck. 19. A high speed integrated PCT/EP2003/013343
phot odetector as in claim 28, wherein said ultrathin
nmetal pattern is < 100th thick. 5 20. A high speed
I athégly speadlinpdzedtatipiceedetsct@oimprisingi m 19, wherein said
ultrathin metal pattern is 50A thick. 21. A high
speed PACBYPAIUPTIMGT-0det ector as in claim 19, wherein
said u I - ' I .
phot odéy S ofeEh BlecuBf SE G FATREIAER: BB idHrytiy metal
patterphatiag atigckess RSs than 20G0Amrilformingraschosky barpiai diodé jund@on in
. photodetector el ectrodes are arranged in a grate on a
said semicppductesflayeaia@dsi | i con | ayer. 23. A high speed
i nt egr at Qr [ | .ai in.said,:
arat e fauaBrtarithEed BrsaBEsdleigRl) ity HERER Hiflon
metal %_ﬁtté}n WAd Pdill SBhot&d-baftiecidde Fition &R ¢iRntund Glelldbigingng a two
, i gh speed integrated photodetector as in claim23
dimengiong} electepn@OS i nverter. 15 25. A CMOS phot or ecei ver
i ncluding a high speed integrated photodetector as in
claim13 driving a CMOS inverter. 26. A high speed
27. datRigk bpyeahtaicheddethdig Mif I8, wikefeeh S ICahipGhaaMOS chip.
conprising: a high speed integrated optical driver
conprising: a field effect transistor (FET) driver
ci,rcuit o n integrated.ciycuit (1 hi .
28, o ith o o DML ARG B 4 Wbty B8 B §iaBbias supply
excee8aihd CNEDSAIa segpleidltage. @ vertical cavity surface
emtting | aséc‘e}fril5 (@%SEEL) agi ode coupl ed at one el ectrode
to said passive elenent, and a bias supply biasing
said VCSEL di ode: an .opti. Lumdriven at. ope.e
20. N gt spie gl 28 BingP I ARG, VBT b Morfisiifinecrea
to the AREFY SF49RIVCHIIT 0fde AAB44Hd B4 Supphyl istcofh&iedsidaRelcathode of said
I nt egr at ed phot odetector conprising: a sem conductor
VCSHIgdigde. an ultrathin metal el ectrode on said
sem conduct or |ayer, said ultrathin netal

30. A high speed integrated optical driver as in claim 29, wherein said passive element is

a plurality of stacked loops forming an integrated loop inductor.

31. A high speed data channel as in claim 30, wherein said plurality of stacked loops is at

least five (5) rectangular loops, each being at least 200xm on each side.

32. A high speed data channel as in claim 31, wherein the inductance of said loop

inductor is at least 25 - 40nH.

33. A high speed data channel as in claim 32, wherein said integrated loop inductor is

integrated on said IC chip.

34. A high speed data channel as in claim 32, wherein said integrated loop inductor and

said VCSEL diode are on a second IC chip.
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pattern having a thickness | ess than 2000A and form ng
a Schottky barrier diode junction in 5 said
waestomsduct or | ayer, and a quantum wel | f or meRCT/RPBa3/Cl3343
sem conductor | ayer between2said ultrathin netal
pattern and said Schottky barrier diode junction, said
guantum wel | containing a two dinensional electron
gas.. 27. A high speed data channel as in claim26,
35. wheltieh ppesdidatajctamigl ps insclaimc o hersithsaid semigondycir dgyer is a
sﬂkoéﬁ%&g data channel as in claim27, wherein the
nmagni t ude of said bias supply exceeds the CMOS IC
chip supply voltage. 29. A high speed data channel as
in claim28, wherein said passive elenent is connected

36. t & higk spaed datagharngl és MGSEMN 3fi, gdereamenid nitcating metal glsgirgde is on
. s connected to th at hode, of . sai d. VCS iode. 15
a e SRS EplBatiio il Bgp SR el sloRfeeer pypper

compAdlng:wherein said passive element is a plurality of
stacked | oops formng an integrated | oop inductor. 31.
Aa R¢apnd sprsd ¢lagtrode ehameeiosig surface ohpatd sonicopdictirdaysai d
plurality of stacked loops is at |least five (5)
rectangul ar | oops, each being at |east 200, um on each

37. Siadfgh Speed dafdi AP EELH W@ L RaeRe s siliBorflagérTs 8 Surface layer
wherein the inductance of said loop 20 inductor is at

on an insakfordayer. 40nH. 33. A high speed data channel as in
claim 32, wherein said integrated |oop inductor is
integrated on said IC chip. 34. A high speed data

38. chanpekpa dafd chhieMhsid, cIMREI R ikt tompidifgh 3dc@dd uRREhin metal
i nductor and said VCSEL di ode are on a second IC

electredei qn saWpilooulaps9527 PCT/ EP2003/ 013343 22 35. A high
speed data channel as in claim?27, wherein said
sem conductor layer is a silicon layer. 36. A high

39. Spefgh dea dafaaRifiel &Sini dlaifl 38, Whdkin ¥REsEdMIGAE metal electrode
ultrathin nmetal electrode is on a first surface of

is 10 s¥0A &iski conduct or | ayer, said high speed integrated
phot odet ector further 5 conprising: a second netal
el ectrode on an opposite surface of said sem conduct or

40. | YR sptéd dAralthaimes Repdiat B, GihernedaidsachuledtRin el electrode

wheréin said silicon layer is a surface |ayer
is < 100A thick.

41. A high speed data channel as in claim 40, wherein said each ultrathin metal electrode
is 50A thick.
42. A high speed data channel as in claim 40, wherein a pair of said each ultrathin metal

electrode form a tungsten grate on a surface of said silicon layer.

43. A high speed data channel as in claim 42, wherein said grate is a plurality of 25um

long tungsten fingers on 2um pitch.

44, A high speed data channel as in claim 43, further comprising a CMOS inverter formed

in said silicon layer, said high speed integrated photodetector driving said CMOS inverter,



on an insulator |ayer. 38. A high speed data channe
as in claim37, further conprising a second ultrathin
wWoredoalo49510 el ectrode on said silicon |ayer. 39pCHEP20g5013343
speed data channel as in claim 38, wherein each said
ultrathin nmetal electrode is 10 - 300A thick. 40. A
said highgbesbiaegralal photdigor ané saidd CM@B im&@dter fdnmiregg nCHEOSI
each ultrathin nmetal electrode is < 100A thick. 15
photodefectt. hj gh speed data channel as in clai m40, wherein
said each ultrathin netal electrode 1is 50A thick. 42.
A hi gh speed data channel as in claim40, wherein a
pair of said each ultrathin nmetal electrode forma
tungsten grate on a surface of said silicon |ayer. 43.
A high speed data channel as in claim42, wherein said
grate is a plurality of 25m 20 |long tungsten fingers
on 2,umpitch. 44. A high speed data channel as in
claim43, further conprising a CMOS inverter forned
in said silicon |ayer, said high speed integrated
phot odet ector driving said CMOS i nverter, WO
2004/ 049527 PCT/ EP2003/ 013343 23 said hi gh speed
i ntegrated photodetector and said CMOS inverter
formng a CMOS phot odet ector.



