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ANTENNA- SYSTEM USI NG COVWPLEMENT ARY METAL OXI DE
SEM CONDUCTOR TECHNI QUES BACKGROUND [ 0001] Every
woweel1e35$0 conmruni cat i on devi ce includes an ant PCTES1006/012388
some formor configuration. An antenna is designed to
| aunch an el ectromagnetic signal with certain desired
CANTENNALSYSTEM USING COMPOEVEBNTNRY METAdt OIDH
radiation, COYENHEONDECTGRIESCHNIOUESJt h,
beam wi dt h, and si del obes, anong ot her
characteristics. Antennas are available in many types.
Each type generally includes a conductive netallic
structure such as wi BAKGROENDs 1 face to radiate and
recei ve el ectromagnetic energy. Comon types of
antennas include dipole, |oop, array, patch, pyram da
horn connected to a waveguide, mllineter-wave
[0001hEcerp stirelgss compiuaivariomdareguindedessingankanne in soige forimrmred
circuit antennas. [0002] Antennas may be integrally
configh@tidad AnrnfEnah Gee@ned teigimdhes dédtouiagtet{cMighal ofth certain
nmonolithic mcrowave integrated circuits (MM C). These

desired ¥R Sctistic§ iR U@L Corah BIPRAirstHRn of aiSHonSEARrdge RS,
and wavegui des as the basic building bl ocks.

emissiﬁg rs]%/rgrpé}ll %%%&-&iﬁ{h? %?F}iﬁgloﬁ&l, QBgﬁ%oﬁglecﬁagz{c@éarﬁﬁeﬂ RhBAAR are
ayer substrates’erther on’ceramcs and l'am nates or
. [.L1'i um Arsenid GaAs nol.ithic integrat .Circuyit
availangh BHEH AR OB o eT ERBre o sorHbGRs el s sueh
~applications utilize mcrostrip or coplanar wavegui des
as wirg opptal sirfach & radigies endoeceig pleeEaametn enaray. ¢ Papiogtypes of
with active and discrete conponents. [0003]
antentl lindludetdipolevdvep, aitey.gstah, pyramidsh harnt eohesébigye wasegbile,
designed for a range of applications in the m crowave
millin®@h@ Gl dve mRgRStrip; csRae Mavegdilld, siotiies and\prigtedrticcudisintdrmas.
antennas are designed to operate in the

[ooozg@@%g%w% {nffe SFRBCMBY (AR S\TaveliRIRy R dC R ultd &%f@mﬁr

orresponding to wavel engths ranging from
monoltit%iclmromliht%g}a{e%rgrc[n% (MMIC). These types of integrated antennas use

transmission lines and wavegqides as the basic building blocks. Conventional integrated
antennas are formed on single layer substrates either on ceramics and laminates or Gallium
Arsenide (GaAs) monolithic integrated circuit implementations. The transmission lines
used in these applications utilize microstrip or coplanar waveguides (CPW) for their ease
of fabrication and integration with active and discrete components.

[0003] Millimeter-wave microstrip antenna technology may be designed for a range of
applications in the microwave electromagnetic spectrum. Millimeter-wave microstrip
antennas are designed to operate in the electromagnetic spectrum ranging from 30 GHz to
300 GHz, corresponding to wavelengths ranging from 10 mm to 1 mm. Applications for
these antennas include personal area networking (PAN), broadband wireless networking,

wireless portable devices, wireless computers, servers, workstations, laptops, ultra-laptops,
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t hese antennas include personal area networking (PAN),

br oadband wi rel ess networking, wreless portable
wa@lewnaess1o wi rel ess conputers, servers, wor kst ap¢DIS2006/012388

| apt ops, ultra-Iaptops, handhel d conputers, tel ephones,

cel lul ar tel ephones, pagers, wal ki e-tal kies, routers,

handhelg %ﬁ?ﬁﬁ%ﬁ%ﬂh@ﬂ&s celMifSelcfiRin8Y Y Sers, WidlRlcaatie CRRESS,

pefsonal digital "assistants (PDA),

switchet%eblﬂigig bg e Wg}?vtsi/so r\]VlPe;le%E gtfc%%s:éiﬂ g | t | sé‘Hé{i bithRyer

g system
~(GPY) devi ces el ectroni c wal | et S
assistanfscPBfh; 1P QUiSCRP UOR BIFHEF SXPERE &R 2] 24 FRRaS s

and so forth. BRI EF _DESCR| PTI ON OF TH %ﬁ% 04]
player),Flehal posilioning systass (GRS devisssciReHONIGHY tsaﬂPté %‘3

100. [0005] FIG 2 illustrates one enbodi nent of an
recogni€oh 60QGRYsoaheus afiedical devices) cayersrnd 00forfnoos] FIG 3
illustrates one enbodi nrent of a vertical slice of a
CMOS sem conductor. [0007] FIGS. 4A-4Cillustrate a
cross sectional side view, top view, and front view of

one e”t’Od%' g?_ﬁ% ﬁs@ﬁﬁmm PEODRAWINGS em 400.

[ 0008] FIGS: - ustrate a cross sectional side
view, top view, and front view of one enbodi nent of a
copl anar wavegui de ant enna system 500. [0009] FIGs

6A-6C illustrate ro onal iew, top
10004]¥ﬂ§w1ﬂ5ﬁ&aﬁﬁ8ﬂ?e ﬁg@p&pggﬁg~ ]8%|%%¢€%0 a slotline
ant enna system 600. [001 7. il lustrates one
[0005] &0 diitustates ong embedikicat %%amawﬁagedawgv@? ey _SYF%&IPJO-
FIG 8 illustrates one enbodiment of a method of
[0006] TRIGYBriljusaraEVoBe smirbdioredtiof vertical sligs ot @MQP sepaicengictor.
100, 400, 500, and 600. DETAI LED DESCRI PTI ON [0012]

[0007] 'iiI@s lALAd: uSiskaleaScroacartalkideritwofopaievarindrimat siest efmne
. I'n one enbodi nent, the antenna system 100 may be

embod H%t GPE ?‘;18%3 ?terﬁﬁﬁ 15 s@én@ 40b.el ement

er-wa nmmAave) passive antenna system for

[0008]%'5%—5‘5 MG MO BN v HBEVRR fIPRAew YabldGHBnt view of one
embodiment of a coplanar waveguide antenna system 500.

[0009] FIGS. 6A-6C illustrate a cross sectional side view, top view, and front view of one
embodiment of a slotline antenna system 600.

[0010] FIG. 7 illustrates one.embodiment of a block diagram of a system 700.

[0011] FIG. 8 illustrates one embodiment of a method of forming a CMOS semiconductor

having antenna systems 100, 400, 500, and 600.

DETAILED DESCRIPTION

[0012] FIG. 1 illustrates one embodiment of an antenna system 100. In one embodiment,
the antenna system 100 may be implemented as a multiple N-element millimeter-wave
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100 may be inplenented in a standard conpl enentary
nmet al oxi de sem conductor (CMOS) fabrication and

woredoalibisrmt i on process. | n one enbodi nent, thePGHESMNG/012388
100 provides a mMve integrated circuit (1C)
comuni cation systemutilizing characteristics of
(mmWARY Ph&@s_ﬁte' Aerin® i UBScasgle | t@d embodirfent ethy ahtangesystem
scale integration (VLSI) CMOS process used to form

o0 REp S SRR CapU Iy BB LR
enn 00,. f .

emosiiRofHR AR A0 EF Yirifss b BRE e fiplenCBelygrem 100,

provid g B S ey B SO i gharaterisics

formng transm ssion lines 112 correspondi ng_to nmAMve
of fabritatéequenlmiigues (apsneiatasigitthe yernydgiep scaloirgiatnm
| ayer 110. Associated ground planes 114 for
processSisgi &b forarigaethl etide sentieotdartor fieldi effest wanststardlyl DEFE Ordesiges,
on the netal |ayer 110 or on one or nore other netal

for exahﬁ‘)l'@ '® &%'eﬁwoﬂﬂl@enﬂﬂh@@téﬂﬁé@?st&hol odepssh fogmedohdier more
particul ar inplenentation of the antenna system 100.

metalhg’%;ggxnlé%?% GBS ?ﬁeﬁgﬁﬁﬂ ég Ql?d 5 a1 N&el 120, WaRne fotHeg for

pl anes or exanple, sone
j ement ations .utilizin ' | SSi :

exampler AR o G SR PR S B RS Gt fines
formmcrostrjp, stripline, coplanar vegui des,

112 cogmepmBngl oGt EHeRPES B PRES) BRI S B
among others, for exanple. In one enbodi nent, the

layer 120t dnsrxiatgd gromd plenesall 4denignalanqdsdiclgimeerpipatonsalin way
122 forned on the netal |ayer 120, for exanple. In one

be forreebediherndtal 1hyre 1@ badn bayermd@@tivayndsd layeropelaw thg metal

| ayer | ocated above the netal layer 110 and the

layer 140 @BSEHIRSI GHhk ipBRRulhd Auplé@Ented @A Be ahwBnengystem 100. Some
enbodi nent, the radiating el enents 122 may be forned

implen?a t4tfos ?1?%{1%&) ?A&nr e oF teSerodl Pats 74 a5ueh &P example,

rica ess, tor exanple.” The radiating
some im%}t%ﬁné ﬁlﬂﬁ%é% gt%]é)f Pile a%gﬁlis\%ﬁ)ﬁilﬁlgng‘%g i ré{ngl?%ibtﬁ ﬁn@s 112
may be arranged to form microstrip, stripline, coplanar waveguides, and/or slotline
transmission lines and/or feed lines, among others, for example. In one embodiment, the
antenna system 100 may comprise the radiating elements 122 formed on the metal layer
120, for example. In one embodiment, the metal layer 120 may be a top meta] layer
Jocated above the metal layer 110 and the transmission lines 112, for example. In one
embodiment, the radiating elements 122 may be formed as raised metal “dummy fills” in a
standard CMOS fabrication proceés, for example. The radiating elements 122 may be
formed as an array to realize 2 mmWave antenna system. As shown in more detail in
enlarged view 2 (FIG. 2), the radiating elements 122 may be coupled to the transmission

lines 112 through mutual inductance coupling, electric field coupling, or magnetic field
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enlarged view 2 (FIG 2), the radiating elenents 122
may be coupled to the transm ssion lines 112 through
worziogadssimduct ance coupling, electric field coegi/Usmp6/012388

or magnetic fieldcoupling. The RF energy may be

coupl ed between the radi ating elements 122 and the
couplingadbeReSinergyl maeke dapled tetweeariby madiaging lebemantsndPrandi the

(TEM nodes created by stimulating the transm ssion
transnhibdi6:81idek2l 10&iDtranseerpé alkatiomastede (TEMS todps drehtod df e dmalating

the nmetal |ayer 110, which in one enbodi nent, may be

the trz!n@msfsr%q 1RBE 1 LAY, dpYhr Q@bégmdef@enﬂmo%bteh Y ehe MR 1afye{ 110,

exanp e. I'n one ‘enbodi ment, the netal |ayer 110 nay be

Whlchflﬁ Gk gﬁ’lb@t{ﬁpr{eﬁr n'{%'tt%l 1¥c n%gd &8 IQ?('&H‘Q% rhb%lcgﬂt{%lmétﬁylﬁger]i%@ for

ne enbodi men era ing e

for dW|th I mensions., c surate w
examla]lﬁe%?%ﬁ% e stely rer L R 5 S B e Aoy ely 10 um
mat eri al Ioss tangents and substrate dielectrics to
below;;h@p@taé layer £ Q,reexampg‘n A8 08¢ smbpdimsat, §lpegqqg1atmg elements 122

transm ssion at mMm\ave frequenci es (wavel engt hs).
may bpFohsid vOoin dierenisions tornmehewase wathi thmeonsiicovitied ef thertgtad layers
antenna systens are generally formed in GaAs, | ndium
110, 1Bbospletigicofd tafenty; and fidstrite glelekiustto 9ieldmbirkdtive antenna
~ materials. The antenna system 100 nay be inpl enented

terR Pordi gHaBtradseliS MG at thidVRRR rRGRARIIR Whveld ntenna
syste syst é%alcg% Sm;y beal npl enent ed onégg dTee lggghsg nmAave

[0013%&1&%? grﬁ}gkrggm&&ﬁ' W Shdhe A2GAG1s %ttgﬁ:ls Wl é%fl%rally

evi ce usi ng processi ng techni ques.

o R by P OO B B R

wi rel ess communi cations _applications. In
antenigngyshEif maY heirplewariad 8 sdém Huderdy O%emE%G1WEH then
a 130 nm CMOS process to yield devices for anplifying
antenmandpéteenr Hi0gmay be indplheentedion didireast asmofW ateeandgnan fista0.0
may be realized in 90 nmand 65 nm processes, anong
compiitihg friterfaly aseoctarpd with IGMOBeleeicboaidmitig, CMIGS protessing
system 100 may be realized as an on-die directive

techniqUMAVIE 0AB LRBB&NENS BMint&HAQYEBRN0D ney B Braed ﬁﬂﬁ e scale/low
system 100 may provi de, for exanple, "on-die"
cost integration processing for wireless communications applications. In one embodlment,
the antenna system 100 may be realized in a 130 nm CMOS process to yield devices for
amplifying mmWave signals. Other embodiments of the system 100 may be realized in 90
nm and 65 nm processes, among others, for example. In one embodiment, the antenna
system 100 may be realized as an on-die directive mmWave antenna system.
Embodiments of the antenna system 100 may provide, for example, “on-die” high
gain/direétive antennas for mmWave wavelengths wireless communications rather than

external (off-die/off-package) antenna system for directing mmWave signals as some

conventional antenna systems, for example.
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gai n/directive antennas for mmAave wavel engt hs
wi rel ess communi cations rather than external
w@ edobAeEsel of f - package) antenna system for di r eRCT/H§R006/012388
nmmMAMve signals as sonme conventional antenna systens,
for exanple.[0014] Enbodi nents of the antenna system
[0014] ERB oSG hE S AT seASI08 i thaobe ffmedbes pamoead
systemfor 1Cs. For éxanple, enbodiments of the

1nterconeh Ete 1oPoT ﬁ?%n BAQ IR 1eLEmb Qi i8Rk 38 tHR3utendh s%’t‘é&n 100 may

ess gr pchlp nt erconnect device or schene
us
e e R VPO R AT
used in n A8 31 TOHRG LPREBMRICH PR (B IBAG o PO aRbmelt fhe

devi ces, anong ot hers, for exanple. In one enbodi nent
antenna systeant @hmay b9 Sftaélmctl.@(}h?rﬁ%kl@ﬁe PIgRG 2, Watgless interface at
di e-antenna-air wireless interfaces at nmhave
mmWaké egygesncies Sof OMOSMBSiaevinweg, otlzarn igr edahpls , Infape
exanpl e. Various enbodi nents of the antenna system 100

embod it A6 HREANQ¥ystefiol 0BTRA! ROredl$zed Ak Uieodntenrpediswiralessar ea
netmorklng devi ce conprising mve CMOS circuitry and

1nterface gt }éﬁifﬁ{}ﬁ ﬁ?{%ﬁ?ﬁp ef\’)? CMOS YL A8 aindh © ofRRS iFRkample.

ronl CS ri pherals for coofdi nation with

v %ﬁgfn%p@% PGB AP T AT gpbagss o

enl arged view of |ayers. of s
person@md}%ﬁ&lﬂna:q‘@wfommé@g PP ?"F @\;‘ﬁggf&fzgﬁ%&l&é@ SYPieE
netal layer 110 and the netal |ayer 120. The radiatin
100 mayl tenmetegra@binfscdenmeidlentrosicy éCE)znerkﬁlelfallﬁefOFré?% Ainaggr it th
120. The transm ssion line 112 is formed on side 116
future S¥rsdrhtake hetwdrking impleMentitiensdi st ance 210 between the
netal layer 110 and the netal |ayer 120 may be

[0015] GIFIW X 1IRE R4 Yot @nivdiindint bPaéh] agbO diewrsftlsyeas ef system 100. In
l[imted in thls context. Miutual inductance 126

one en%ggxf#e%?slq {e's elggér%&'a/e&ﬁ‘ ﬁlerrﬁéjthlalh*é?g 16lag@ref¥ metal

orne e Si 24 of the netal 1ayer 120 and

layer IEZES Th@{%ﬂs r{}[n%fplée%qﬂdgs is ormecp onnﬁge P {)ﬂﬁe ‘ﬂe‘fiﬁ lé!y]eﬁ 180, The

transmission line 112 is formed on side 116 of the metal layer 110. The distance 210
between the metal layer 110 and the metal layer 120 may be approximately 10 pm,
although embodiments are not limited in this context. Mutual inductance 126 provides the
coupling between the radiating element 122 formed on the side 124 of the metal layer 120
and the transmission line 112 formed on the side 116 of the metal layer 110.

[0016] FIG. 3 is an illustration of one embodiment of a vertical slice 300 of a CMOS
semiconductor formed on substrate 302. FIG. 3 illustrates an eight metal layer device
(M0-M7), for example. Nevertheless, embodiments may be formed on CMOS
semiconductors comprising My metallization layers. In one embodiment, the metal layer

MO 304 is a short name for the first metal layer called “Metal 1” and so forth up to the top
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[0016] FIG 3 is an illustration of one enbodi nent of
a vertical slice 300 of a CMOS sem conductor fornmed on
wastosmte 302. FIG 3 illustrates an ei ght nepEl/US2Y€012388
device (M)-M7), for exanple. Neverthel ess, enbodinents
may be formed on CMOS sem conductors conprising M
metal 1452k 31, itgadipom rhaylanyer 120, fonexaeriio dOneot moterediagigtlements
l'ayer MXB04 is a short nane for the first netal |ayer

| b sike 120QF 8R thaltiaydl 200 ThBenetRayRE 210 (MgESs
122maﬁ;vefshe dé%%tﬁ refet al layer 12}(]) for exane'pl gmﬁ(me or

the metri{g 3?7%4 J%?thbei E‘lg gl%{e]a? faf%&dm%het@anglfﬂfﬁgéﬁl@s rlhfn%g e
1 2 0.
formediesqe iRt 4S IR 1RO Iy B S M@@fﬁﬁ% Pe 1 15

of the netal |ayer 110. The netal | ayers

intercopmacéadcabravebvéas 30Ar dbg Ha@qr@{s,m@to%nesmg aflii él"r?srﬁii’s"%l% i
lines 112 and the radiating el enents 122 may be

122 maydreneahededor copjed ¢trongr hagmtudléndngtanas lzweteﬂoaw@naf%
t her ebet ween, for exanple. [0017] FIGS. 4A-4C

examplel | Ustrate a cross sectional side view, top view and
front vi ew of one enbodi nent of a microstrip (e.g.,

[0017] ?Ig?SJ lyiANgQ iALSRNArS¥%SEBrAPHIE Pt ebpuséwtand ftdDBiew of one
rication and netallization process. In one

embod %é gefr% fos%ﬂ)e(g By S 1%6{/&&#&5’ Qe |4geﬁt?gﬁ&d4%§m% a GMOB

fabrlcaltgpg ,aBg frl}e?aéla %ﬁ%ﬂtpg %ﬁ%regsym ﬁ‘@g % E%ne Bf ﬁ%éﬁee Iﬁfhagﬁg elements

mMve antenna system in m crowgye | electro
4222, s srrpanbnfamed s RTHNREEH S %%Wc@l ngﬁ EM,OS
for exanple. Active elenments, including the rad| ati
fabricagioa pesttess. 4ADRanichqstnp m«;nrb@ystgmrfi@@ ey ke lﬁkﬂlﬁm@ 1| ave
MN i n accordance with standard CMOS processi ng

antennh 8§$16ih Gil @icrohvare BBt EoniChraporehsanl/ s istecionasct gevoesd
pl anes 414a b, n and transm ssion lines 412a, b, n

amoné}?t?\(ﬁ@efF ¢ OR cGNEISherT®i8clSMAp MRL alliatiRy Elemedd4254, b, n
ocated bel ow the top net aI | ayer , for

may be i ed on aTtQS NG [E'Jq(f%}epm i’ acéb‘}éi\ﬁa\és LyithPfndiRE CMOS processing

techniques, for example. Other elements such as ground planes 414a,b,n and
transmission lines 412a, b, n may be formed on one or more sub-metal layers 404 M-Mn-1
located below the top metal layer My, for example. The embodiments, however, are not
limited in this context.

[0018] FIG. 4A is a cross-sectional side view of the microstrip antenna system 400
comprising one or more conductive strips (e.g., striplines) forming one or more microstrip
transmission lines 412 and one or more ground planes 414, for example. The transmission
lines 412 and the ground planes 414 may be formed on separate sub-metal layers 404 M1
— My.1) in a CMOS semiconductor formed on substrate 402. In one embodiment, the
microstrip transmission lines 412 may be located on any one of the metal layers 404 above
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limted in this context. [0018] FIG 4Ais a
cross-sectional side view of the mcrostrip antenna
W@ ®bR085400 conpri sing one or nore conductive BCT/UM06/012388
(e.g., striplines) formng one or nore mcrostrip
transm ssion |ines 412 and one or nore ground pl anes
the gratibdl, plér@k 4€X afiPb&ow ThetoprmaslthgsiMn Thewescrdstflp annsrhibsdon
ground. pl anes 414 nmay be fornmed on separate sub-netal

lines 413¥£1y%b186atédvbn sepiPite Mhefhl (YIS (BAHE RSPy &OVITRE HRN
1nassubs€§%te 402.nf% on% gnbodinent, t he nicrggtrigeﬂ

S §Si l . d of
S S R Gt T TS L )
el ow. the t met al .l ayer MN- The. m cr,ost i

Accorfigfi s o sbadTReS: tpe Biies MBrerRinen 55 Al meupe

metal layers than the top netal | ayer MN of the CI\/EP
sandwichgl beieae thsr srewndipliass 41Rand sy radiafpe elempiirid2a» 8, 10p,

n are formed. Accordingly, in one enbodinent, the
example.chogterenboditaere the siiotestriprivgsmisgiondipetrél % dirgmpenteplanes

bet ween the ground pl anes 414 and the radiating
414, 264 eiaadiatided@mehts 422a.fo h, @apbplfemed withngoaebidi(eent |

the mcrostrip transm ssion lines 412, the ground
dimengioﬁ@%ﬁatﬂa%élsqréﬁ@enft ki@thﬁ@eﬂz'e&h%ﬂh@ (& fRRBlGesd ddciated With §Epline

e formed wth geonetries (e.g., dinensions) that are

mmwaggoé?ﬁ%?@dlsx%%x%@%%l engt hs (or frequencies)

ass pline mmAave applications, for

. [0019] F 4B is.a top_view the .

100195 KRB0 13 oo kRt ittt SR b Abe Mrize s o
_between the radiating el enents 422a, b, n, the . .
relatiopskip bstwaep the ReipHng §?38%?nFsi 413 b4112§,e nyCrogtiprpspyssion lines
ground pl anes 414a, b, n, of the CMOS sem conduct or
412a, bon,mad tiengrohed plabet 4 1aacb, 40 0f thedVIS semigonilyctor formed on the

transm ssion |lines 412a, b, n nay be fornmed as
substra@daC Thy enisiokirpIramemissivatiaks 4 Eaeb, iMiay bk boateddis abodietive
t he ground pl anes 414a, b, n and | ocated bel ow the top

strips BB a@hethiad s MNP THCWRH GhoveBe ERMhAblanEs £140MBN sdideaed Below
n may be Tormed on the CMOS sem conductor, for

the toﬁgt%g%f Ilﬁl’er ﬁfN &P@Mhitﬂe I%tlﬁtiné @kelﬁeh{% 4@99} lf’,“hirﬂzgl l?e! RR0H Sn the

CMOS semiconductor, for example. As shown in FIG. 4B, the radiating elements 422a, b,

n, the microstrip transmission lines 412a, b, n, and the ground planes 414a, b,nareina
substantially overlapped with respect relative to each other.

[0020] FIG. 4C is a front view of the microstrip antenna system 400 showing the
relationship between the radiating elements 422a, b, n, the microstrip transmission lines
412a, b, n, and the ground planes 414a, b, n formed on sub-metal layers 404 (M, . Mn) of
the CMOS semiconductor. In one embodiment, the microstrip transmission lines 412a, b,
n and the ground planes 414a, b, n may be formed on sub-metal layers 404 (FIG. 4A, M; ~

Mn.1) below the top metal layer M. In one embodiment, the microstrip transmission lines
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n, the mcrostrip transmssion lines 412a, b, n, and
the ground planes 414a, b, n are in a substantially

woer@shiepped with respect relative to each ot hepCT/PSDRO)12388
FIG 4Cis a front view of the mcrostrip antenna
system 400 showi ng the rel ati onship between the

412a, b A tﬂe%rrﬁé&fgf%gh&cﬁ%@%etél,strrps abB@e e GF R pldhes 414a, b, n

““transm ssion es 412a, b, n, and the ground pl anes
414 t ML - f
and at 153 855 ece LB TR Qb P TR e MY IS, ARE (Y M

m cr ost transm ss nes

100211 g G emheded ﬁmwmaglpnt%ynmonﬁm@&%R S, et
| ayers 404 gFIG. 4A, ML - MN-1) bel ow the top %

the radlaaygﬁleWISrﬁl and, aiboushEmal i CWP%‘?S&%?’S)F)“ respectively. In
transm ssion |lines4l2a, b, n may be forned-as

one embodichent, itherarttiag elsmentsst23bdy @ lotrtedpronaa!l loyeds mayde
b, n and at |east one netal |ayer below the top netal

coupled @y@E nibtobtripGranddssioh D24 412anbom eespatioe yybovhatedicmenetal layer
mcrostrip transmssion lines 412a, b, n may be

M1 V&%ﬁhﬁqnaﬁtiﬁg cb@slin %t élé‘éiu@ Irieredtupline) da mabnetit fidld ooghling,
nut ual i nductances 426a, b, n, respectively. In one

T e
e Rk RSF e RS i SorsSeeie ROB LB 5 By fha e
electric field coupling, or nagnetlc field gé

microsgrigpiransentséd e i 2, byn Y& FPSTRLFe ¢ ﬁ‘f}maa%%téc @%ﬁ %,

respectively, for exanple. In one enbodi nent,
createceieelgetrinally dienudaing thenbepsteie transiaissigaiiaes Higaeh, é’ﬁé‘?ﬁ s

422a, b, n and the mcrostrip transm ssion |ines 412a,
exampl®. I o¥ik 3mbbERBYE tsemetablyerdviRg netyibe 1¢chEM)appoésately 10 pm

created by electrically stinulating the microstrip

| foPesntpl2am dhe dmboliffierfXaoRldatingRldntets 422a,
below[He"’}H%Hi l%#r%lt\lhe metal | alyer M\- 1 rr?ay be | ocafged

b, n md %%r%le AT AU 03:% nts{ﬁ%he frtl"fl{ elc%}f@l{ctlwt!ies P the metal

one e adi ating el enents
e for th di mensi
tayers 4 mw%ﬁﬁ&? s B 0@%@% Lo AefQpppRuael ©
including W (FIG _ 4A), materjal (fs tangents, and
yield agutﬁgtlyg@@e@]aéyggmfpggg@q} transmission an reception at mmWave

frequencies (wavelengths). The embodiments, however, are not limited in this context.
[0022] FIGS. 5A-5C illustrate a cross sectional side view, top view, and front view of one
embodiment of a coplanar waveguide antenna system 500 formed using a CMOS
fabrication and metallization process. In one embodiment, one or more radiating elements
522a, b, n also may be formed as an array of raised metal “dummy fills” in a standard
CMOS fabrication process. The coplanar waveguide antenna system 500 may be
implemented in mmWave antenna system in microwave ICs, electronic components,
and/or interconnect devices, among others, for example. All active elements, including

the radiating elements 522a, b, n may be formed on a top metal layer My in accordance
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yield a directive antenna systemfor signa
transm ssion and reception at nmMve frequencies
w@ nerdBNgt hs) . The enbodi nents, however, are POL/US2006/012388
limted in this context. [0022] FIGS. 5A-5C illustrate
a cross sectional side view, top view, and front view
with stafidapd EMOD pebcersiig eEhmquesp Odea clenanésguichias grotied phnes 514a,
system 500 forned using a CMOS fabrication and

b, n anfA®fafrhisivh1i@8s PTRCESISmay Be Gifrce 5B GOb-HRIMAI 1ayRRES @ MPMIE;
radi ating el ements 522a, b, n also may be fornmed as an

e e

. .. system 500 may be inplenmented in nmAave antenna system
hmlte‘f%t SEPBRAVe 1Cs, el ectronic conponents, and/ or

interconnect devices, anpng others, for exanple. All
[00231HG AR B3RS UL AR IRY X116 FRRMNEE MAyS R Ega system
522a, b, n may be forned on a top netal |ayer MNin
500 comprisinganme onindie serghig@rfonning joplaaskaveguids dignsmisaien lines
O her el enents such as ground planes 514a, b, n and
512 lateralysepasiedin b noesv&lpainghelatiomshyp fremfome e thopm ground planes
sub-netal |ayers 504 ML-MN-1 | ocated bel ow the top

514. HBhakmbadigtenWhe élanax FaRdRide Theseisiediliens 52 altbie gesund
are not limted in this context. [Q023] FIG 5Ais a

planesqlgﬁafr@lﬁg yo?%@ﬂ g%&qgca‘fécﬁdﬁ @t sihe gféﬁ@.l B\&He RGHEMEhe

anten tem conpri sing one or nore conductors

form ng. | anar. wavegui 1 §Si '
connf O BB 6 G UEHERLS o SRS Sh S B8y Mg on
from one or re. ground anes. 514 n_ane enbodi nent,
separafa QbUB LN ATMET ot PUASESs HIOS FrBEogRas e n o
ground pl anes 514 may be coplanar, e.g., located on
substrath 802wk stpll katesally seperaedeirblo tiehhecoplap waisREiAg fransmission
wavegui de transm ssion lines 512 and the ground pl anes

lines 592 4ndehe dreuddplarg 34 deepaoediaps libemetrabodimyet, tHE@oplaivr
- MN-1) planes of a CMOS sem conductor fornmed on a

wavegiHRHanahfsPHdine® 512 mhi bt 1dcalegeathdnonsip ated] &fciubdve hat
t he copl anar wavegui de transmi ssion |lines 512 and the

groun?ﬁlgﬂ%g%]ﬂgcﬁ'gﬁal w4104 B the QUfE InfRal 1!1}!%1'§£bqh§ g%&@lﬂ [ﬁﬁiﬂ%s 514.

For example, in one embodiment, the coplanar waveguide transmission lines 512 and
ground planes 514 are laterally separated and the radiating elements 522a, b, n are located
above the coplanar waveguide transmission lines 512 on the top metal layer My of the
CMOS semiconductor. Whether a particular implementation provides the coplanar
waveguide transmission lines 512 and the ground planes 514 on the same metal layer
plane or on separate metal layer planes, the coplanar waveguide transmission lines 512 are
located between the ground planes 514 and one or more metal layers below the radiating
elements 522a, b, n, for example. In one embodiment, the coplanar waveguide

transmission lines 512, the ground planes 514, and the radiating elements 522a, b, n, may
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wavegui de transm ssion lines 512 may be | ocated either
on the netal |ayers above the ground planes 514 or may
wheooboested on the sanme netal |ayers as the grBCrUS2006/012388

pl anes 514. For exanple, in one enbodi ment, the

copl anar wavegui de transm ssion |lines 512 and ground
be formBHanas skt idsq e oaignaisions pibpiedratenisa withew nathnathisgr

el ement s 522a, g, n are | ocated above the copl anar

. : L . _ et al

frequenl\égeéggslﬂkﬁgt]g& ﬁ@%@@'@ AW RE SpPlicatiOnk, Fhexh@pl

L I sem conductor. Wether a

t i t ati on. i .
00241 G it Bl TR SRR RlaR DEREL S8 anichfy RS shving.
o byenpionos SENg Eoea ot B oo e R ™

lines 512 are | ocated between the ground planes 514 |
transmiasidn dines Dh2antpme andthg grompdlane 81 4An0: e Thegopignay graveguide
el ements 522a, b, n, for exanple. In one enbodi nent,
transmiskien ¢iapd ZiPar bwemeygbe themed ansondssiivnstiiphenstbs nxtalilpyer Mn.1,
ground planes 514, and the radiating el enents 522a, b,
which fhay BBYR@tIAbIRIMIn! the ganeRktal BFexf flage 25 the gronaid phsps 514a,
that are consistent with wavel engths (or frequencies)

b, n. 'Ig)é( gﬁ%lkgﬁ%%gggﬁ% l@%ﬁshﬁ&sﬁéﬁllmyﬁ, AR 084tk @BEowltBE radiating

G 5B is a top view of the copl anar
uj de. ant enn OV ' '
clemenfcY e y 1t RERFRA B 5 S LAGRE Lheg A Ch RO SRR, For
copl anar wavegui de transm ssion_l,jnes 51 b, n
exanmplep thegioplaAgr ‘fﬁ“’&ﬁ‘é‘ge irgmnISgion fncSRachy i ThoHe {aped i
transm ssion lines 512a, b, n_may_be formed as
layer MrondUiet ¢apiangr waysguisle transmissiog linegy E4a. ke jare lafgrallstsepggpted
be | ocated above or on the same netal |ayer plane as
from thehgrogndpianesi ldnds n5d 4aoniwyerappiigeretatiohshipr Thewsdintinge
transm ssion lines 512a, b, n are | ocated bel ow t he

elemert@82 8L b a@l166dt Hob &2, coPlanit Wavegride amnsrhiesibo fineei 12a, b, n
| ayer MN of the CMOS sem conductor. For exanple, the

o RN AR AR TR ERL, 1o D120, 5 DY
e o R IS
the relgtieclnz%liipobrg\geie%thg ggiagiggie etnlerrl% 522a, b, n, the coplanar waveguide
transmission lines 512a, b, n and the ground planes 514a, b, n are formed on the sub-metal
layers 504 (FIG. 5A, M; — M.;) below the top metal layer My of the CMOS
semiconductor. In one embodiment, the coplanar waveguide transmission lines 512a, b, n
may be formed as conductive metal strips above and between the ground planes 514a, b, n
and at least one metal layer below the radiating elements 5222, b, n formed on the top
metal layer My .(FIG. 5A).

[0026] In one embodiment, the coplanar waveguide transmission lines 512a, b, n may be
coupled to the radiating elements 522a, b, n through mutual inductances 526a, b, n,

respectively. In one embodiment, the radiating elements 522a, b, n located on metal layer
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el enents 522a, b, n are |ocated above the copl anar
wavegui de transm ssion lines 512a, b, nin a

waisstiessio al |y overl apping relationship, for exenpbm®6/012388
[0025] FIG 5Cis a front view of the copl anar

wavegui de antenna system 500 showi ng the rel ationship
My ma 8t 68iled fahé a6platdr RGvededemirsniaam likes 5h2a,the, respectively,
copl anar wavegui de transm ssion |lines 512a, b, n and
located'dAEmSEOHRG ML 20ESmeddBndRtande 86 1e! ABEli0 field@upling, or
sub-rretaI layers 504 (FIG 5A, ML - M\-i) below the
to tal..layer f et VIR, L Gl one
magnetéchﬁ%} CRple, fﬁ%’é“%%ﬁi?é%ﬁf%aq%vegl}?%g}‘ tr anggng 5S)Zsﬁlabir)f i nes
512a,_ b, n may. be forned as conductiyve netal stri
respectisy o BROTERR oo Rey b et featEifhe Fdifi,
| east one netal |ayer below the radiatin | enent
elemengpP32, by n #ndfthe perlani waﬁégm#ﬁf%@éﬁslqﬂgm ik ?’F’P @as'gw_
[0026] In one enbodi nent, the copl anar wavegui de
modes treated miysdiotmcally sesubiing thexsoplanamy ataguidsupnsaissiondines 5122,
radi ating el ements 522a, b, n through nutual
b, n, fok BEHES18NEESnSadidentihe heesg éaytel Wil ymay be loated approximately
enbodi nent, the radiating el enments 522a, b, n |ocated
10 ym %Qlo%@%l fa?é’xeMM R ¥x REpIE O REN D dihent COB kali@ing elements
}/vavegwd e transmssion lines 512a, b, n, respectively,
ocat n t : - ' t '
5222, aag«'lryf%egf?mg?%g?t‘#i o olpmep St AR L TAHRIARERS pf e
coupling, . represe ener al s _nut ual . induct an .
metal I5y5hs 0D ehio T EEl iy e e Eneutn Fah MR 2GRS s
~ may be coupl ed between the radiating el enents 5223, b,
to yieldha directivieenteaph AYRIM fefvial BRISPHEHIASIPERUPR ﬁ%@f‘é’? 3%
b, n via TEM nodes created by electrically stimlati ng
frequetidies (@apklangths waktegnithdinendm S wiroare nphligited pethisgonfext.
for exanple. In one enbodi nent, the nmetal |ayer M\-I
[0027]"PGD G A-6CalledraaPPEroxd seaticlay side viem, hel dewnatdafrodtayey of one
M\, for exanple. In one embodinent, the radiating
embodfn SRR %%1&@8&11&}?&%&&% 608 réaRdin £ OVOSBREL QTR and
comensurate wth the conductivities of the netal
metall{zgﬁgrgﬁrtoggsds'aﬁ&léeﬂ%éﬁr é g t( ﬁhﬁggg@eme%trﬁﬁ}}ﬁé fdrR8& as an array

dire I CS
of raised metal “dummy fills” in a standard CMOS fabrication process. The slotline
system 600 may be implemented in mmWave antenna system in microwave ICs,
electronic components, and/or interconnect devices, among others, for example. All active
elements, including the radiating elements 622a, b, n may be formed on a top metal layer
My in accordance with standard CMOS processing techniques. Other elements such as
transmission lines 612a, b, ¢, n+1 may be formed on sub-metal layers 604 M;-Mn.1 below
the top metal layer My, for example. The embodiments, however, are not limited in this
context.
[0028] FIG. 6A is a cross-sectional side view of the slotline antenna system 600

comprising one or more conductors forming slotline transmission lines 612. In one

11



10

15

20

25

to yield a directive antenna system for signa
transm ssion and reception at nmMve frequencies
w@ nerdBNgt hs) . The enbodi nents, however, are POL/US2006/012388
limted in this context. [0027] FIGS. 6A-6C illustrate
a cross sectional side view, top view, and front view
embodﬁ‘ﬁerf@ NBe SIGRRE LB EhisSibn #insd 612 mAebalvceld an SysSdagis 1068l layer
forned using a CMOS fabrication and netal lization

plane, ?)rr %ﬁﬁ‘g Wo%m%mtslotﬁ%:ﬁfshﬁguﬂ lﬁféﬁ B3 ¥ ¥beF8rmed

as an array of raised metal "dummy fills" in a

on subgﬁ% & d F %lﬁ i a&é‘ mﬁ%ﬁ@ond E}‘Sr ﬁJrfﬁteh LG sﬁgﬁfa?én

o | ve antenna system
nlcromave I el e tronlc conpone
602. TR ARG RBRRER, HEVIEHEE CHRGHG OL s 612 W%Si%%ﬁ%d figg the
active elenents, including the radlatlng el enent s
radiatigpelamenss 6A2ankyn ircategromebe R rpetpldpysretha Pt fha
accordance with standard CMOS processi ng techni ques.
semicoBdheor. dhene rtrbodingut,abe sloting triagsnission liness6 18 1aza locpted pelow
n+l may be fornmed on sub-netal |ayers 604 M- M\-1
the raddfin@Wldoitd €92 a8 forl eyi@ipleMin oh©embadimehe theldhetline
enbodi nents, however, are not limted in this context.

transmﬁﬁg%q heEES a&ﬁhb%acﬁatﬁfg%?&n&ﬁ§€22&nﬂ| n, Shabeotmedvithhe
't ne antenna system 600 conprising one or nore

geome heégua rrswfﬁ?orn {38{)]#3!15@&&\»&@1%@6%?91& ({)1{ ﬁ]n&éleﬁégs) I'n

i ) Ine transm ss 612
e | ocated on e sa netal. |la | ane, for exa Ie
associgted Wy ié’ﬁl’b‘&fiﬂ {ve 3pR C@ﬁ"BflfPIh@y éézsm ssi on Iine2p612
may be formed on sub-netal |ayers 604g(§M - M\ 1) of %
(00291025 @eisi agopdiset ofrthe slofing apienna sisksn PR ehastipe therfelghgnship
enbodi nent, the slotline transm ssion |lines 612 may be
betweapiharalifthgfdanetthe22nall mardthe slodimertansi®pgian lines fl2a, b, c,
| ocated on the top netal |ayer MN of the CMOS

n+1. BRNIGARE HERRissidhli 22 diniBte, fothed & @ldietéve strips on the
transm ssion lines 612 are | ocated bel ow the radiating

sub-m agﬂg%}g t%P? ﬁrgi + My FIG B A BFARPERIOY BerRidBn&IERR dbiddon the

transm ssion |lines 612 and the radiating
substrz?tle ik inson%'ze?fn%odnhenq , the s%tl?n% tf‘a?lgl%glOWIﬁIQS 612a, b, c, n+1 may be

formed as conductive strips on the metal layer M1 just below the top metal layer M.
The slotline transmission lines 612a, b, ¢, n+1 may be located below the radiating
elements 622a, b, n formed on the top metal layer My of the CMOS semiconductor. For
example, the slotline transmission lines 612a, b, ¢, n+1 may be formed‘ on the metal layer
Mn.1 such that the radiating elements 622a, b, n overlap with the edges 630a, b, n and
632a, b, n of the slotline transmission lines 612a, b, ¢, n+1, respectively.

[0030] FIG. 6C is a front view of the slotline antenna system 600 showing the
relationship between the radiating elements 622a, b, n and the slotline transmission lines
612a, b, ¢, n+1 formed on the one embodiment of the slotline transmission lines 612a, b, n

formed on the sub-metal layers 604 (FIG. 6A, M; — My.1) below the top metal layer Mn.
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geonetries (e.g., dinensions) that are consistent wth
wavel engths (or frequencies) associated with slotline
worrddanessappl i cati ons, for exanple. [0029] FlI G PGBUS®0&012388
top view of the slotline antenna system 600 show ng
the relationship between the radiating el enents 622a,
In onelembodancht | the slstlklttangmissian fines&liZanb,ld, neb rrﬁjz;ba foimedams
n+l. The slotline transm ssion |ines 622a, b, n nmay be
conduét%riﬁ@talasiriwﬁw eags\g §364, b REn@B314)8, §tHat ﬂi@toarhﬂié@m b the
604 (ML - 1) (FIG 6A) of the CMOS senicon tor

radiatih E{Eﬁ{%n%%ztzgeo 2B LASLE U bl AOG MR B!, { he

I'né transm ssi on 612a, b, ¢, n+l rmay be

oo RGRRRRRE B et zfah&giysglsn RGP Bl bouiea
ransm ssion |ines 612a, C, .n+l ma e | ocated

(0 the EAGFOME TN I 1B PG SO 30 S HECEEY
top netal |ayer MNof the CMOS sem conductor. For

In oneexahogineent; the rafiasingictranant 6 &.91 lopated pethegnetal layer My may
n+l may be fornmed on the netal |ayer MN-I such that

be coupled to alth dbtling trehsemiesidrslif’ 26 2a,tb, cyn-ay esspeqpivelyt, focated on the
edges 630a, b, n and 632a, b, n of the slotline

metal fal é‘ﬂ!]ﬁl?;' S84 Ritdal NEGct@IRZouPling eleBttit. fidl @sRPLhE @I ¥agnetic field
(R)/ 1FI G 6Cis a frontﬂwggw of the slotl |gne ant enna

couphﬁ%?laxgr@lbé%%l ?Jﬁgf’éﬂl? 9s E%g.laaﬁ ﬁ'LdﬁEﬂaﬁ&% 342?% hehve cht)ély In one

ng € n an e sio i ne
ans si on e : 0
embodé Rree e i e et oo Rupdful R TRmeRR 28 5 Nga e
ned on the sub-netal ers 604 (FI .
Sloﬂmman;m%p@%n%@ 2e0 Crt 1aV1a|T§i\é QRS FWS@@Y&?P&E&%@; nt,
the slotline transmssion |ines 612a, b, ¢, n+l may be
stimulpongridg skodlimomahgmissioa lines 612 br ¢, [ﬁls'h/\fot thén{@l@sIrB@@a b,
n and 632a, b, n that are overl apped by the radiating

embodnen® ttiesmé@PlayerVy nmbp babatared app@ximgelyeiOaim balper thivihetal
(FIG 6A). [0031] In one enbodinent, the slotline

layer Mﬁaf?ﬁ Ekaiﬁjgl@ N1 bitesnbZentPihe Fadiftink dlﬁﬁeljﬁﬁ 6ZRUB| ﬁaﬁla& Be
e radiating el enents 622a, b, n through nut ual

s B AIRE el A RSRLANENe GRs c
includmg Mﬂ?Ff&at&) Ilng Al 1% tgr@/ents, and substrate dielectrics to yield a
directive antenna system for signal transmission and reception at mmWave frequencies
(wavelengths). The embodiments, however, are not limited in this context.

[0032] FIG. 7 illustrates one embodiment of a block diagrarﬁ of a system 700. System
700 may comprise, for example, a communication system having multiple nodes. A node
may comprise any physical or logical entity having a unique address in system 700.
Examples of a node may include, but are not necessarily limited to, a computer, server,
workstation, laptop, ultra-laptop, handheld computer, telephone, cellular telephone,
personal digital assistant (PDA), router, switch, bridge, hub, gateway, wireless access

point (WAP), and so forth. The unique address may comprise, for example, a network
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be coupled to the slotline transm ssion |ines 612a, b,

c, n+l, respectively, located on the netal |[ayer M\-1
wo@emmessual i nduct ance coupling, electric fielBCT/US2006/012388

coupling, or magnetic field coupling, represented

general ly as nutual inductances 626a, b, n,

addres§ §RARS bh Ikihet PROIGUIE (R IENdcviddraddres gychrmy Media Access
coupl ed between the radi ating el enments 622a, b, n and

; this\%
Cons BB oS08 SO PGB o
[0033] :Plﬁldgse oﬁ sr}ls{éﬁ'gll(ﬁ)s | onP%:aer:%ensgeg %ozgdm Pl%flte '?hf}erﬁﬁ\tl‘ques of
be Ioc a rOX|nata 10 | ow. th t al
informggn, FEeh SxEHh ETOTTRIBREE BRETahe VP fPW&Y“OH may
el ements 622a, b, n may be deS|gned to di nensi ons
refer tac AR APERSEN 2 dontcahmgentifon 3 1wss seh pnwiskiniermaggerddeo
604 including W (FIG 6A), material |oss tangents,
informatich, authistinformaiions texdt {nfomsativo, alpleAndmeridisymbols vgrapinicse fmages,
system for signal transm ssion and reception at mMm\ve
and so 680 UEBKk S Sn RN Eng fsdr.to Ahedanbadeswrti Scohausiser ,
are not limted in this context. [0032] FIG 7

mstruc'ul)héj&tcf 'Pw RE AR I8 HtoRatcd sPhtemk Fbi @ﬂdrﬁﬂb Qonfrol
gy

stem 700 rmy corrprlse for exarrp e, a

SI oglca
uni que addr Ss i.n s ste 700. Ies of a node ma
to proqeﬁ%:‘ihaa%e orgjaliop leéfp?c%laﬁ;l?% ted to, a d

nput er, server, vvorkstatlon | aptop, ultra-Iaptop
[0034]h"§1m¢£éle@ of sxstam €00 meR CaBRAEAlcdBdi w&i anémbgﬁ%fﬁ@tm in
personal digital assistant (PDA), router, swtch,
accordandedgith oheibr mge royols wArEb©ssl mm@msplmlarﬂet Qﬁ/ma)efmaﬁ dules
so forth. The uni que address may conprise, for

or instR%EBR ® codtrBEo tHeaddsLsmsnmbud bata infaindtioh dktveden Raci cthe.
(1 P) address, a devi ce address such as a Media Access

The prgﬂ}%f Rhy F)I m 4 e Ay SR % n@?gﬁﬁ%cfo%tﬁﬁﬁar(ﬂ“@s Tﬁ%@%’aﬁﬁmﬁf%

nhot n t hi s cont ext 0033 he nodes of

standafci}po(ggarg%aq on % Hgfeth%r rtaegr%gﬁ, %866“} I‘c% égi‘:l‘t:flf)) fn%}gatmnal

Teleco%r?rgltlrrllgétlcgngfl?nrlgr? EIT%]; théanstltute otr ]gltecr:tc?itca!ﬂoand rﬁgctmmcs Engineers
(IEEE), and so forth.

[0035] System 700 may be implemented as a wireless communication system and may
include one or more wireless nodes arranged to communicate information over one or
more types of wireless communication media. An example of a wireless communication
media may include portions of a wireless spectrum, such as the radio-frequency (RF)
spectrum. The wireless nodes may include components and interfaces suitable for
communicating information signals over the designated wireless spectrum, such as one or
more antennas, wireless transmitters/receivers (“transceivers”), amplifiers, filters, control

logic, and so forth. Examples for the antenna may include an internal antenna, an omni-
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refer to any data representing content neant for a
user, such as voice information, video information,
w@owisno3snd or mat i on, text information, al phanune€T/TS2006/012388
synbol s, graphics, images, and so forth. Contro
information may refer to any data representing
dlrectlcﬁlgﬂl'{ﬁé}ﬂl%; a ridBbPHAIE hihtemt, @il dni&ina)\af €fl fegantenfigta caoularly
aut omat ed syst'em For exarrpl e, control information nay

polamz%c;a arlﬂélﬁ“:l L 9i& Bt %gﬁrﬁ b va@fsﬂ?tah@ﬁné Qrdﬁ'dgﬁhtﬁlrﬁy & &fnna

fuct a node to process the media information in

a .predet er m ned nne O

auray, g0 Cnh PR TEOHEHI L @2%‘% ‘F%B?f’ja?%?{‘démfﬁ@sm@ms
accordance with one o oto rot nay, .

100, 400 288 600 EPregIoy SiRSHiba AT PELO ety afy S s
control how the nodes communi cate information betmeen

contexeach ot her. The protocol may be defined by one or nore
protocol standards as pronul gated by a standards

[0036] Redarfing agiinmg FEECH sgserh 160 myy epmgtisEnglenids 70ry amd RO to
Force (EETF), International Tel ecomruni cations Union

form a &ifidss cobRBuhRtatiot #t& o, sidhes] 4 PAN, fandafpke tAlonjugh FIG. 7 is
Engi neers (I EEE), and so forth. [0035] System 700 may

shown Q&ﬁth %ﬁg@ﬂﬁlﬁgﬂ% nBd¥if %lc@§§1n GOIBIRYY, Gahdyobe S)BdcRAre Rt

I ncl ude one or nore VVI rel ess nodes arranged to

i nf or mat | on.ove
systenyg Wmaevs@aﬁaﬁwm AL el e{nﬂiéi oG b Rfeblors given
communi cation nedi a na %f, Egrtlons of a mnreless
implenaggéationy h he spoRdigaenty e P%tleBlt? BAHS ey RF) spect rum
The wirel ess nodes may include components and
In one embediient systeint 788 Ineayf impsiseoda Q2% 7 andf/8p fagh BAYy comprise
signals over the designated wirel ess spectrum such as
a transo¢1@erGI08NDICE and ¥ ED) nespectivietys hed s CMa@R dntegraedsiceit devies 50.
("transceivers"), anplifiers, filters, control |ogic,
The CRITS S8 tA8d Hrculd@k 50 ety doh@n@@h@ﬂcbt&: ofeyntenne byﬂﬂﬁnsal’OO
|nternal antenna, an ommi directional antenna, a
400, 566) Qﬁ& %b@ t PR el scgoﬁﬁlllﬁl@a@itoﬁ RBRvorR thr8iieh fB6less links 752,
a, a circu y pol arized antenna, a mcro-strip
754,7§ﬂ%§€nah1? dlverS|ty antenna, a dual antenna, an

[0037] FIG. 8 illustrates one embodiment of a method of forming a CMOS semiconductor
having antenna systems 100, 400, 500, and 600, for example. At block 800, on a CMOS
integrated circuit substrate, form a first metal layer comprising a radiating element and
form a second metal layer comprising a first conductor coupled to the radiating element.
The first conductor and the radiating element are mutually coupled to form an antenna to
wirelessly communicate a signal. At block 802, form a third metal layer disposed below
the second metal layer and the first conductor and form a first ground plane on the third
metal layer. At block 804, form the first ground plane below the second metal layer and ‘
form the radiating element to substantially overlap the first conductor to form a microstrip
transmission line. At block 806, form a first and second ground plane disposed on the
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array, and so forth. In one enbodi nent, nodes of

system 700 may include antenna systens 100, 400, 500,
w@npweB@B31@s previously di scussed. The enbodi nePCHUS2086/012388

not limted in this context. [0036] Referring again to

FIG 7, system 700 may conprise node 702, 704, and 706

second %@tafl Parfygf %nﬂ\’fcfrﬁf t8S §ir§ 0FAAHRLE Al dposedRtwedhkhe fitit Andisscond
rexarrpe Al t hough FI 7 is shown with a

ground B ngsp%lr tﬂé'm?l 2 g L 1AREER éu@st@%tgeﬁ% lefap EHécf {r@Pbndidto®Yorm

| ecCl at e Sy stem 7/ y |1 ncl ude nore or
cona Son A e e SRR oA T g
o sl eooog pos b SRRt O B

transcei ver 708, 710, and 712, respectivel
second GidBciontisgosed thé second mgta) layer Tasallydisp ot the st
integrated circuit device 750 may conprise any one of
conduc®R! AR BRCEB30,40EN I(adidlifl clbhBnt Zode éedirstenticeenng
W rel ess communi cati on network through wireless |inks

conducl%?gto ovefla 2 49 BdgelgRkti X TR¢ rst EORHé{or bh @ fir side ansitto avedap
one eMm nment M a method of formng a CMOS

an edgea%od 1%16 gfj tlﬁf% tge?crogg gx&#@m@%%%&@g%r&ly%%%ﬁqgﬁﬂ g sb‘ﬁ@)&% , trap@fission
integrated circuit substrate, forma first nmetal layer
conpr|5|ng a radiating element and forma second netal

er conprising _a first co or. coupl e

[0038] Mq@mwe@ﬁé ﬁéﬁ%ﬂs hayfgbepn peilo @%hﬁﬁ& 8 rP?%Vﬁg" i‘ﬁ‘é’mugh

radi ating el enment are nutually coupled to form
understandiep oé tHeemiiodheants | § wild herurdesgioed g)’ gjo%gplle%p tb‘? ¥k

802, forma third netal |ayer disposed bel ow the
howev&efanthe Faibatineayanapbepiabicetli wistoue trestuspecificalethils o mpther

first ground plane on the third nmetal |ayer. At bl ock
instancBd %veillf @{JM (ﬁﬁ:rdctioﬁ teofipeHas MEARuRShOW HdBegedsadbed in

ayer ‘and formthe radiating elenment to

detail sr(?.luag Eltgg U olb%clsdrg VS ARERE filchShe SRARAULER hat thelsBELE

line.

structural and functional details disclosed herein may be representative and do not
necessarily limit the scope of the embodiments.

[0039] It is also worthy to note that any reference to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment. The appearances
of the phrase “in one embodiment” in various places in the specification are not
nécessarily all referring to the same embodiment.

[6040] Some embodiments may be described using the expression “coupled” and
“connected” along with their derivatives. It should be understood that these terms are not
intended as synonyms for each other. For example, some embodiments may be described
using the term “connected” to indicate that two or more elements are in direct physical or -
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transm ssion line. At block 806, forma first and

second ground pl ane di sposed on thesecond netal |ayer,
wa@naefieysmo t he first conductor di sposed betweenP@T1€S2006/012388

first and second ground planes and the radiating

el ement to substantially overlap the first conductor

electnc&l‘%o{l% Ry fn CUH GRET TNAYRBHABmbleaREN? sAb&dimehi@naylbe one
iment, forma third netal [ayer and formthe

descnb?ci USéItlg er Gc%ﬂglgg’s %%E&c&ﬂe@l%%w@ Br hfd%e £1BiEALs AR idldirect

orm a second conductor di sposed

n the second Iayer .81 r
By SRS RSB ol %&?a B R e A 0%
el ement above the first and S conduct or s teract
more elewents 4F° 2ot ik diject sentastaritihsach r?glef i el cfﬁc%PSFat%ﬂf iptera
first side and to overlap an edge portion of the
with easteothad Elonetulbadimens age noé bowigd 8t Bés ¢tPbrm a sl ot | i ne
transm ssion |line. [0038] Nunerous specific details
[0041] W& kR Refudsof tie daevodimentohpredieen dlutrated ae deporibed
under st andi ng of the enbodinents. It will be

herein, H&Eﬂ? rrﬁn% RN psRutfdsk) dhaflgdshintl Bguigklents alM@v@rocctiftatthose
odi nent’s may be practlced Wi t hout these

skilled brg@?a%ﬂ St g?ﬁe%ﬂo?e tolb% u‘ﬂh&@{ oH @li{t enddBl diZi#hB Q¥ intended to

onents an CIrCUIt have not been

descri et so as.not.. .00

cover sl aAicaton g e B LR EREITH & s ambydipens.
structural and functional details disclosed herein nay
be representative and do not necessarily limt the
.scope of the enbodiments. [0039] It is also worthy to
note that any reference to "one enbodi nent” or "an
enbodi nent” neans that a particul ar feature,
structure, or characteristic described in connection
with the enbodinent is included in at | east one
enbodi nent. The appearances of the phrase "in one
enmbodi nent"” in various places in the specification are
not necessarily all referring to the sane enbodi nent.
[ 0040] Sone enbodi nents may be described using the
expression "coupl ed" and

17



10

15

20

25

"connected" along with their derivatives. It should be

understood that these terns are not intended as
w@wony3se0 f or each other. For exanple, sone enpOOUS®NG/612388

may be described using the term"connected” to

indicate that two or nore elenents are in direct

physi cal orelectrical copAfviS with each other. In

anot her exanpl e, sone enbodi nents nmay be descri bed

using the term"coupled” to indicate that two or nore

el enents are in direct physical or electrical contact.

1 Tr;g‘? teragp "cougl.ed " however, may also nean that two or
: BPRE B 5P E}F%ghot in direct contact with each

ot her, but yet still co-operate qr interact with each
Ch FRSFB enmRia i oAl Ot TP GG (VTS G gragercironit BVice
context. [0041] Wiile certain features of the
havingenbodi ment s have been illustrated as descri bed herein,
many nodi fications, substitutions, changes and
a first 8@tal legbedinsprising a radivatiog element abthose skilled in the
art. It is therefore to be understood that the
apRepeiethetl BlyaBcafisidy £Rfecorddactepyvaiplél fo saidahdiating
nodi fications and changes as fall within the true
]ipirit of the enbodi nents. CLAIM5S 1. An appar at us,
conprising: a conplenentary netal oxide sem conductor

( i nt ated circuit, devi.ce havi ' I
P LSt 61l FRURE RN e
metal |ayer conprising a first, conductor coupled to

form aggpignpa el wirlsspl L rIpRHRicalgRSt®h said first conductor
and said radiating elenment are nutually coupled to
forman antenna to wirelessly communicate a signal. 2.
The apparatus of claim 1, further conprising a third

2. NEh@dppasyer ofaddipr i, Sumigr aomprisihg gtiduhoietal biyer aingposewh first
bel ow sai d second netal |ayer and said first

ground PRAYEEsPEsed Deloti @ fRBAR NG RiyeCdral sal Cirsvéwidactor.sai d
frrst ground plane is |ocated bel ow said

eleme

3. The apparatus of claim 2, wherein said first ground plane is located below said
second metal layer and said radiating element substantially overlaps said first conductor to

form a microstrip transmission line.

4. The apparatus of claim 1, further comprising a first and second ground plane
disposed on said second metal layer, wherein said first conductor is disposed between said
first and second ground planes and said radiating element substantially overlaps said first

conductor to form a coplanar waveguide transmission line.

5. The apparatus of claim 4, further comprising a third metal layer, wherein said first

and second ground planes are disposed on said third metal layer.
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second netal |ayer and said radiating el enent

substantially overlaps said first conductor to forma
WOoRR@ee6eISIe p transm ssion |line. 4. The appar at uBCD1S2006/012388

claim1, further conprising a first and second ground

pl ane di sposed on said second netal |ayer, wherein

said first conductor is disposed between said first

and second ground planes and said radiating el enent

6. S["flgs gﬁ:ﬂgﬂu@ bt é[laﬂl}( ggilu?tpgrn(gb?nﬁ is ﬂg e?ﬁtecma}ﬁ%{l&& §8pd<el BhAaid

ar ‘waveg SSi ine. 5. The apparatus

Seconckmf'é?léﬁwnlai?f& R LB o R o

sposed_aon said thir er.6. The a
clomeng IsipRosed FRAEAEA HTHpHISe can@é&sﬁ Gt YRalEY B et orfbn
di sposed on said second netal |a | ateral] osed
5  of saidffirgirnosduatorfanrasfirst¢ifel et overlaphet %@ P@HFQ%P 9f, éaﬁdg?FF?féP
el enent is di sposed above said first and second
conduct@siucieaosd dadtodfoenlazpsliantradgessporliieon of said first
conductor on a first side and overl aps an edge portion
of said second conductor on a second side to forma
slotline transm ssion line. 7. The apparatus of claim
7. ]Thev\%ﬁﬁﬁﬁl[@ of @lafhn rla%@lteirpﬁlcﬂaﬁﬁﬁﬁg eleleABroRmB apbit@h ¢Ffan
ay for an antenna system The apparatus of
aim1 mh rein said radiating element is formed of
a“any%WEQHmﬁgﬁgfmgh a top metal |layer of said CMOS
integrated circuit device. 9. The apparatus of claim
1, wherein said conmuni cati on occurs at any one
mllinmeter wavel ength from1l neter to 1 nillipe
8.  1Dhe apiperagppdicking, shersimsaid rdiaing ﬁbﬁrrwnéwéefm?dc%ﬁ raised metal
energy in said first conductor is coupled to said
on a topadétal layeg of bEGEMOSiiateppgdsiens deebect r onagnet i ¢ nodes
created by electrically stinulating said first
conductor. 11. The apparatus of claim1l, wherein said
second netal layer is |ocated one netal

9. The apparatus of claim 1, wherein said communication occurs at any one

10

15  millimeter wavelength from 1 meter to 1 millimeter.

10.  The apparatus of claim 1, wherein electrical energy in said first conductor is
coupled to said radiating element via transverse electromagnetic modes created by
electrically stimulating said first conductor.

20

11.  The apparatus of claim 1, wherein said second metal layer is located one metal

layer below said first metal layer.

12.  The apparatus of claim 11, wherein said second metal layer is located about 10 um

25  below said first metal layer.
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| ayer below said first netal |ayer. 12. The apparatus
of claim1l, wherein said second netal layer is
wo omatiesdsi@bout 10 nmm bel ow said first netal | aper/viBN6/012388

The apparatus of claim1l, wherein said CMOS integrated

circuit device conprises 130 nm CMOS devi ces. 14. The

apparatus of claiml, wherein said CMOS i ntegrated

circuit device conprises 90 nm CMOS devices. 15. The

arat us f Cl i : i i ) 1 rises

R L R v S i s o

system conprising: a transceiver; and a conpl enentary
13011“1%\1@5 ds¥icae seni conductor (CMOS) integrated circuit

device having a first nmetal |ayer conprising a
radi ati ng el enment; and a second netal |ayer conprising
a first conductor coupled to said radiating elenent; .
14.  Yheigiaratseoftldimr ks twherni seid 6M@H dntsﬁ‘ﬁt?drcﬂéﬂlg@@‘ﬁge COmprises
el enent are nutually coupled to forman antenna to
00 nm CWICR) @S8dey. comuni cate a signal. 17. The system of
claim 16, further conprising a third netal |ayer
conprising a first ground pl ane di sposed bel ow sai d
second netal layer and said first conductor.18. The

stem of i gl.m ' kqndbfafdd GHcRiQEyiBE 8dtprises
15.. ﬁg%%%aagﬂ%?oﬁla%naﬁgﬂhse\é%ggﬁhgehtﬁgqula ear ang said P
radi ati ng el ement substantially overlaps said first
65 nm EMQRRIEEEFSt 0 forma microstrip transmission line. 19,

The system of claim 16, further conprising a first and
second ground pl ane

16. A system, comprising:

a transceiver; and

a complementary metal oxide semiconductor (CMOS) integrated circuit device
having
a first metal layer comprising a radiating element; and

a second metal layer comprising a first conductor coupled to said radiating
element;

wherein said first conductor and said radiating element are mutually coupled to

form an antenna to wirelessly communicate a signal.

17.  The system of claim 16, further comprising a third metal layer comprising a first

ground plane disposed below said second metal layer and said first conductor.
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di sposed on said second netal |ayer, wherein said
first conductor is disposed between said first and
w@ewonaessgr ound pl anes and said radi ati ng el enmeP€T/US2006/012388

substantially overlaps said first conductor to forma

copl anar wavegui de transm ssion line. 20. The system
18. %e gsé'n%fiﬁ%nﬁ Y tiRkeif QTR it g pldierisllovetea belosysaid

erein sard first and second ground pl anes are

di ed sai.d. t:hi {RTy- s s to
second E]Ie%‘? ﬁ%%i%?n%‘ rcﬁ?glrahg% %%ﬂé{s%f %"5 Sdgﬁl%%%’oor}% ﬁg%snéggic?ﬂgr

di sposed on sai d.second netal l|layer |aterally disposed

form a jcEASUER FrANFRFEPD B duct or, wherein sai d radiati ng

el enent is di sposed above said first and second
conductors and overl aps an edge portion of said first
conductor on a first side and overlaps a an edge
5 19. [he tystem of cleii d6 Segberdonprignendisindsecad e Rlane o
forma slotline transm ssion line. 22. A nethod, .
dispose8 @ARAIdSeOEhd eaBlaganwhesaal firstredndlictoxisdiésposed between said
sem conductor (CMOS) integrated circuit substrate,

first and, QLcBhA%r il ipi les BRS @hd baRi@he ERARA GibaGnRallyasliontpNgid first
el'ement’; and formng a second netal |ayer conprising a

irst condu ' il i@di ating el enent;
Conducé%é? tqrﬂl %%Olpgiér?a% Wé?é@gcﬁega%:n? I(I)]?gg)nd sai d radiating
el enent are nutually coupled to forman antenna to

wirel essly comuni cate a signal.23. The nethod of

claim 22, further conprising formn third metal., .
10 20.  [Thpeysianssehen 1SelBmPLeePrE b Aavat TEravheliy i
first conductor and formng a first ground plane on
and secoad graunidrpdanee bl dispyet on wdg thindeneiak Ay of cl ai m 23,
wherein formng said first ground pl ane conprises
formng said first ground plane bel ow said second
netal |ayer and form ng said radiating el enent

21. Cﬂ{sg% kSESoff i 140 A Blefcdmptisiid £ gcohe b@nlucton disposed on said
substantially overlap said first
second metal layer laterally disposed from said first conductor, wherein said radiating
15  element is disposed above said first and second conductors and overlaps an edge portion

of said first conductor on a first side and overlaps a an edge portion of said second

conductor on a second side to form a slotline transmission line.

22. A method, comprising:
20 on a complementary metal oxide semiconductor (CMOS) integrated circuit
substrate, forming a first metal layer comprising a radiating element; and
forming a second metal layer comprising a first conductor coupled to said radiating
element;
wherein said first conductor and said radiating element are mutually coupled to

25  form an antenna to wirelessly communicate a signal.
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conductor to forma mcrostrip transm ssion |line. 25.
The method of claim22, further conprising formng a
wo poostiozand second ground pl ane di sposed on sai BCHESNE012388
metal layer, and forming said first conductor
conprises formng said first conductor disposed
bet ween said first and second ground planes and said
radi ati ng el enment to substantially overlap said first

e e
or t - . .
vt SBL Pt S L i et

~The nethod of claim22, further conprising formng a
said thigbwetablagenduct or di sposed on sai d second netal |ayer

laterally disposed fromsaid first conductor, wherein
said radiating elenment is fornmed above said first and
second conductors to overlap an edge portion of said
24. Tk $deticonsietdir 230 Wharefn fosinirsy) sded famtigrioondplent egmpiseedge
portion of second conductor on a second side.
forming said first ground plane below said second metal layer and forming said radiating
element comprises forming said radiating element to substantially overlap said first

conductor to form a microstrip transmission line.

75.  The method of claim 22, further comprising forming a first and second ground
plane disposed on said second metal layer, and forming said first conductor comprises
forming said first conductor disposed between said first and second ground planes and said
radiating element to substantially overlap said first conductor to form a coplanar

waveguide transmission line.

26.  The method of claim 25, further comprising forming a third metal layer and

forming said first and second ground planes on said third metal layer.

~27.  The method of claim 22, further comprising forming a second conductor disposed

on said second metal layer laterally disposed from said first conductor, wherein said
radiating element is formed above said first and second conductors to overlap an edge
portion of said first conductor on a first side and to overlap an edge portion of second

conductor on a second side.
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