WO 2006/ 105510 PCT/ US2006/ 012388 ANTENNA- SYSTEM USI NG COVPLEMENT ARY METAL
OXI DE SEM CONDUCTOR TECHNI QUES BACKGROUND 5 [0001] Every wirel ess

comuni cati on device includes an antenna in some formor configuration. An
antenna is desi@ned to launch an el ectromagnetic signal _with certain

desired cHAAYEri'&tics including, for exanple, directfHHSH Y& ation,
coverage area, emssion strength, beamw dth, and sidel obes, anmpng ot her

characteristjcs., t ennas e, , (o { ~pfach type
general ly i ﬁﬁf&gégagg %@%&9%@ ]jﬁbf\ igéuiig.@%@ww re or netal

surface to radiate and Feferve-etrectronag nergy. Conmmon types of
ant ennas i nclude dipole, |oop, array, patch, pyram dal horn connected to a

wavegui de, m |l ineter-wave microstrip, coplanar wavegui de, slotline, and
printed circuit antennas. [OMRLKAREHNBs may be integrally formed in

m crowave integrated circuits (MC) or 15 nonolithic m crowave integrated

cirduits (MM C). These types of integrated antennas use transm ssion |ines

and wavegui des as the basic building blocks. Conventional integrated

ant ennd80Gi] Eveorwiedese porsinngitaioh dydre noibdtsraatepsnesd ene §meer am c¢s and

| am nates or Gallium Arsenide (GaAs) nonolithic integrated circuit

i npl eneptfgirens. Afheitdinaisiiigsidonldudhes claggedagustic figka vappkitdat i ons utilize

m crostrip or coplanar wavegui des (CPW for their ease 20 of fabrication

and i ntdegratdhoncusifties actidirg, fndxadipde detaion ofipdnent, sovr@Res8}. M | | i met er - wave

rnicrostrip antenna technol ogy nmay be designed for a range of applications

i n the amicd @waneesid] lRehraibgnet siccldpe etpugothidd dhbiapetigics. wawteniras piecr ost ri p

antennas are designed to operate in the el ectronagnetic spectrum rangi ng

fr om 3GwEHnld @ maQ0ych.32achegrerespandincigddsa coavteliengehBicsangungudhr om 10 nm

to 1 mm Applications for 25 these antennas include personal area

net wor kisRgre(dPAN)al shifadband:cwint elceiss claatomugkéttgmerg Cohess tpes bAbl e

devices, wireless conmputers, servers, workstations, |aptops, ultra-I|aptops,
antennas include dipole, loop, array, patch, pyramidal horn connected to a waveguide,

millimeter-wave microstrip, coplanar waveguide, siotline, and printed circuit antennas.
[0002] Antennas may be integrally formed in microwave integrated circuits (MIC) or

[5  monolithic microwave integrated circuits (MMIC). These types of integrated antennas use
transinission lines and waveggicles as the basic building blocks. Conventional integrated
antennas are formed on single layer substrates cither on ceramics and laminates or Galiinm
Arsenide (GaAs) monolithic integrated circuit implementations. The transmission [ines
used in these applications utilize microstrip or coplanar waveguides (CPW) for their ease

20 of fabrication and integration with active and discrele components.
[0003] Millimeter-wave microstrip antenna technology may be designed for a range of
applications in the microwave electromagnetic spectram. 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

25  these antennas include personal area networking (PAN), broadband wireless networking,
wireless portable devices, wircless computers, servers, workstations, laptops, ultra-laptops,
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| WO 2006/ 105510 PCT/ US2006/ 012388 handhel d conputers, tel ephones,

cel lul ar tel ephones, pagers, wal kie-tal kies, routers, swtches, bridges,
hubs, gateways, w reless access points (WAP), personal digital assistants
(PDA), televisions, notion picture experts group audio |ayer 3 devices (M3
pl ayer), YOMBU1OHB%itioni ng system (GPS) devices, el eBt¥bi W& et s,
optical character 5 recognition (OCR) scanners, mnedical devices, caneras,
and so forth. BRI EF DESCRI PTI ON OF THE DRAW NGS. woozé] FIG 1 illustrates
one ertsodhichbrnmpofera telephpeaineelispsiclphored Pages: PO PIEPEYS™ | | ustrat es one
enbodi nent of an enlarged view of |ayers of system 100, [0006] FIG 3

i |1 ustsmatchs, hﬁt@eerlmbldEmwwso‘f/ir%ieaﬁéﬁcteﬁ&:wmté{Wéé)=@f5r5%t“ B2lseni conduct or.
[0007] FIGS. 4A-4C illustrate a cross sectional side view, top view, and
front asiievnofPTome tcleismei meti [fua crices S5UPApia RYEnheEviss bt 400. [ 0005]
FIGS. 5A-5Cillustrate a cross sectional side view, top view, and front

vi ew oflayeneglodd pesibadimentiafiPs) doplearinctiory agliit @PAH ek @y st em 500.
[0009] FIGS. 6A-6C illustrate a cross sectional side view, top view, and
front viewiteh (00R) senadinmein] dfvicas, siotrhd, Aed sPéhna syst em 600. [0010] FI G
7 illustrates one enbodi ment of a bl ock diagramof a system 700. [0011]
FIG S illustrates one enbodi nent of a nethod of formng a CMOS

sem conductor 20 havi ng antenna systens 100, 400, 500, and 600. DETAI LED

DESCRI PTI ON [ 0012] BRGF DESIORIBTIGNER SHE Nfent of an antenna system

100. In one enbodinment, 25 the antenna system 100 may be inplenented as a
multiple N-element mllineter-wave 2 WD 2006/ 105510 PCT/ US2006/ 012388
(mMAave) passive antenna system for exanple. In one enbodi nent, the
ant enN@yBYSERINY illustrates one embodiment of an antenna system 100.
10 [0005] FIG. 2 llustrates one embodiment of an enlarged view of layers of system 100.
[0006] FIG. 3 illustrates one embodiment of a vertical slice of a CMOS semiconductor.
[0007] FIGS. 4A-4C illustrate a cross sectional side view, top view, and front view of one
embodiment of a microstrip antenna system 400
[0008] AF 1GS. 5A-5C iHustrate a cross scctional side view, top view, and front view of one
15  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] F1G. 7 illustrates onelembodiment of a block diagram of a system 700.

[0011] FIG. § illustrates one embodiment of a method of forming a CMOS semicenductor

20 having antenna systems 100, 400, 500, and 60O

DETAILED DESCRIPTION

[0012] FIG. 1 iliustrates onc embodiment of an antenna system 100. In one embodiment,
25 the aatenna system 100 may be implemented as a muliiple N-element mitlimeter-wave
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100 may be inplenented in a standard conpl enmentary netal oxide
sem conductor (CMOS) fabrication and netallization process. In one
enbodi ment, the system 100 provides a mWMve integrated circuit (1C)

connunicatioq}sxﬁg?n1utiIizing characteristics 5 of fgbricahion t echni ques
associ at ed” WH é?Very | arge scale integration (VL,SIY $leS ﬁpﬁgéss used to
formnetal oxide sem conductor field effect transistor (MOSFET) devices,

for exanple. In one enbodi nent, the anienna tem 100 ~formed one or
more KBt E}"F%%"FF%‘?\ﬂl}t%{‘)}léus%“%lhté“ﬂ TR et A ei“%gel}“%&ghﬁ TR B8Ol ) ayer

120, anong others, for . exanple. Electromagneti.c radio frequency (RF)
conducﬂ89§mY8?Hﬁﬂﬁmﬁﬁ%ﬂ§ﬁﬁ?gRBﬁcT?m%@m&%yf%ﬁ§8gﬁ?g@ﬂ%ﬁ@?ﬁ%‘to nmMAave
frequenci es (wavel engths) may be forned on the netal 1§a & 110. Associ ated
1 ound (PVERSSUTERIGGRO STGHERISBIRER n T RE VBV RSP ERYBl S0 ay  be
formed on the nmetal |ayer 110 or on one or nore other tal |ayers bel ow

t he netidvides ayepWEIQINHEFENFITRY Gh) THENPATIPE Bism ﬁ*tﬂﬁligﬁﬁﬁ%}?‘i‘% *of the
antenna system 100. Sorme inplenentations. may not re Uii Bﬁﬂﬁ use of the
grodndOﬁﬁ@ﬁéémm1%$H@U@ﬁﬁ%§mﬁéW“@%dﬁﬁﬂ@ﬂei%m%ﬁﬁémﬁﬁbp%ﬁg E ns utilizing a
slotline transm ssion line. The transmi ssion lines 112 may be arranged to
f or m mipercesstusedio Tetnp inplal prade sewsiondrgiorNalvedigrideassiandgsrislgericre

transm ssion |lines and/or feed lines, anong others, for exanple. In one
enbodi Hertpmplre In et arvdingps thermp o sralyIcRprdyde TpRE CRUPEPPRg el enents t 22
formed on the nmetal layer 120, for exanple. In one enbodi nent, the netal

| ayer 120alhayiohéyerstsop aretmadial laygier] 0204 p ekt BcabOvEnege gt &1° | ayer 110 and
the transmssion lines 112, for exanple. In one enbodinment, the radiating
el enentesard@2. Reytireagnetinediodsqrars S wetdictordlignmmgs f1ppiugesiqniings st andar d
CMOS fabrication process, for exanple. The radiating elenments 122 may be

f orived jas camespondiye thonm®alé Femanamitwelagthehnay bySreed cade 8880 i n nore
detail in enlarged view 2 (FIG 2), the radiating elenents 122 nmay be
coupl edagen | theAsspansirizsshdpia®S 114 fresiggd/mode el terninibns Hustance
coupling, electric field coupling, or magnetic field 3 WD 2006/ 105510

PCT/ US22G6/mQ12388: metal layer 110 or on one or more other metal layers below the metal

Jayer 110 depending on the particular implementation of the antenna system 100. Some
implementations may not require the use of the ground planes 1 14, such as for example,

15  some implementations uiilizing a slotiine transmission line. The transmission lines 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 fayer 120 may be a top metal layer

20 located above the metal layer 110 and the transmission lines 112, for example. In one
embodiment, the radiating clements 122 may be formed as raised metal “dummy fills” in a
standard CMOS fabrication pl_‘oceéS, for example. The radiating elements 122 may be
formed as an array to realize a mmWave antenna system. As shown in more detail in
enlarged view 2 (FIG. 2), the radiating clements 122 may be coupled to the transmission

25 lines 112 through mutual inductance coupling, electric field coupling, or magnetic field
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coupling. The RF energy may be coupl ed between the radi ating el ements 122
and the transmssion lines 112 via transverse el ectromagnetic (TEM nodes
created by stinulating the transm ssion |lines 112 (e.g., coplanar
wavegui de strips) located on the netal layer 110, which in one enbodi nent,
may be Io@ﬁl@ﬂBWh "netal layer below the netal |ayer 120VFE" 8% xanple. In
one enbodi nent, the netal |ayer 110 may be | ocated approximately 10 Hun

bel ow t[ LAy er.. . 1N o ) Iy t. ithe radiating

ol ement & PIBE- s 181 Blep iy fedon RERL o o R P a8 e

conduct fl‘é(dsgllis Fon fnosI ﬁ% \HfP tttz%lsv%r%ye?({c '{)mgtf;ll(?:ric l%ﬁvl)t H&ﬁeﬁ U‘eﬂ!ed lbg 38 B]‘?{ngﬁ nts, and
substrate di &l ectrics to yield a Prect I ve ant enna system for stgnal

transm as oAl AL s L eduencl o3 (el angt sk 3% 0EBl, Conyent  onal

i npl enentations of onh enera formed in

GaAs, | ndi um Phosphi.de EInP r. other high electron mobilit aterials. The
ant ennat BT bR R0 Sl bE™ e e e B S BT PRED e embod ment

t he . antenn stem 100 nmay. be i|npl emented, on a die as a milve antenna
Syotbm G0 1Y Pt e S DR TR of el Bl e T s g Gvs

For mea. Mo BgRSSdet Taier BuShe: FagFabr O pr DesCll o CTor M P8l ess |

comnmuni cat j ons appljcations. In one enhodjnent, . the antenna system 100 may
be 1 eal POBEE (Rl ¥b I eR B e et W s wrdichayiteable SN B yi ng
mAave Eggnals..CIher enbodi nent s of theriésten1100.nay,be realized in 90
nm and 65" it Fra6Eias S gRS g ot iR IS KR e SHTGfE 8bodi ment, t he
antenna 20 system 1.00 nmay be realized as an on-die directive mW\ave

ant enna®Y§pet BRI EHET RS MBIV R HEEHA AV S8R 1. 00 may provi de, for
exanple, "on-die" high gain/directive antennas for mMve wavel engt hs

Wi r esgmé%hﬁﬁﬁVﬁQWFgH@ﬂﬁa®ﬁﬁwnﬁﬂ%ﬁ“h%QWEVﬁﬁﬁﬂﬁByﬁﬁﬂWﬁwBFﬁwﬁﬁE %ige) ant enna
system for directing ni\ve signals as sone conventional antenna systens,
for exalppred infiafs boowr Hsphide Pep/ar 9epobieh olggipggrobility materials. The

antenna system 100 may be implemented on a die. Further, in one embodiment, the
antenna system 100 may be implemented on a die as a mmWave antenna systein
comprising materiais associated with CMOS devices and using CMOS processing

15 techniques. In one embodiment, the antenna system 100 may be formed in large scale/low
cost integration processing for wireless communications applications. In one embodiment,
the antenna system 100 may be realized in a 130 nm CMOS process to yield devices for
amplilving mmWave signals, Other embodiments of thersystem 100 may be realized in 90
nm and 65 nm processes, among others, for example. Ju one embodiment, the antenna

20 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/direétivc antennas for mmWave wavelengths wireless communications rather than
external (off-dic/off-package) antenna system for directing mmWave signals as some

conventional antenna systems, for example.



[ 0014] Enbodi nents of the antenna system 100 al so may be forned as a part
of an interconnect systemfor |1Cs. For exanple, enbodinents of the antenna
system 100 may be forned as part of any wireless or flipchip interconnect
device or _schene that may be used in nmmMve wirel ess comuni cation
systens, &84 le. 1n one enbodinent, the 5 antenha"8A8Y%HPH0 may be
real i zed as di e-package-antenna-air wireless interface at mi\ve
frequencies for CMOS devices, anong._others bf- r elxarrpl e..ln one
embodi HAE] Enprdinptieptiihe @V%"c“érsﬂsi%pq%@%‘w} ecé[(P)]i“}eéd‘S ﬁémglo ant enna- ai r
wreless interfaces at rnmAave frggu{fncies,t&or CMOS sg_evi é@s anong ot hers,
for exmffstaancctyesisbins LehfourHEm's cBPoPEN A Rt BRAYURSYERT 190" Wy be form or
i mpl enented as part of a 10 personal area networ Ki devi ce conpri sing
r nmMAav e OISt @i iREl! e W EAIESStOR 8P YR ¢ RHEOTEE ¢ eﬂlegcﬁ‘%% PAPRES nto consumer
el ectronics (CE) peripherals for coordination vvi]{nh fu%uthe lg_ers)onal area
net wor Ried g InnpY eiveriredess epamupipnps pystemsgior sx4mne sinoap 8Q0SHRE NS di ment of an
enl arged view of |ayers of system 100. In one enbodinent, FIG 2
i |1 Bist peeee sydien [ 6 mps bpepliee §s fRdrdes I PHEYET Wygesy efase et al - 15 | ayer
120. The radiating element 122 is forned on side 124 of the netal |ayer
120. ThenWrerfsmuesiodol CMESHEgicess Wik o O SKHEPE18 ¥E the netal | ayer
110. The distance 210 between the netal |ayer 110 and the netal |ayer 120
may becapplioxitntt ehtynbGysem 180 map beyreakaes o8 FeRtean e WHBESY i mited in this
context. Mutual inductance 126 provides the coupling. between the radiating
el enenintdR@es ommeW aonfiechencisder AFHSelevictre anptatthyayerexappcoo and t he
transm ssion line 112 formed on the side 116 of the nmetal |ayer 11.0.
[ 0016] VRtiGs e3nlioginamtsi df[testtcatd ontcwf |08 meaydiiodt orsmplearnigd 9eptt ¢dl sl ice 300
of a CMOS sem conductor formed on substrate 302. FIG 3 illustrates an
ei ght pekalal hay setwdeigodevict MIn sz, mhdfave CiHRS eircuNsvadthelyé$s, enbodi nent s
may be fornmed on CMOS sem conductors conprising MN netallization |ayers.
I n* one 1emhadbaiigratdietam@haimd ayerons (U6) 30@hirgls forshendinatigh®ithor the first
nmetal layer called "Metal 1" and so forth up to the top 5

future personal area networking impiementations.

[0015] FIG. 2 illustrates one embodiment of an enlarged view of layers of system 100. In
one embodiment, FIG. 2 illustrates the layers between the metal layer 110 and the metal
15 layer 120. The radiating element 122 is formed on side 124 of the metal layer 120. 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 pum,
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
20  and the transmission line 112 formed on the side 116 of the metai 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 iliustrates an eight metal layer device
(MO-M7), for example. Neveriheless, embodiments may be formed on CMOS
semiconductors comprising My metallization layers. Tn one embodiment, the metal layer
25 MO 304 is a short name for the first metal Jayer called “Metal 17 and so forth up to the top
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WO 2006/ 105510 I' CT/1JS2006/ 012388 netal |ayer M/, the eighth netal |ayer
120, for exanple. One or nore radiating elenments 122 nay be fornmed on the
side 124 of the netal |ayer 120. The netal layer 110 (M5) is the netal

| ayer jUSt bel ow the top netal |ayer 120. The transm ssion lines 112 may be
formed on"S ¥ 418" of the netal | ayer 110. The net al 'I’%Vé?zgo(l\)@“”% may be 5
i nterconnected through vias 306. The transm ssion lines 112 and the

radiatin e mut ual

| nduct HELTSET s SER REGH oS B AR ?%8’?%0?%&%2& SR st rate a
Cross cti op..vie and odi ment of a
i cros?%lﬁax t?‘me‘g‘f?\{l ‘mug %ﬁ?‘el VYMI stlé(5 O@ﬁd%{%tﬁwr%dlus qu)CNDS 10
fabrication and net al I|‘zat_|on, rocess. .ln one.er ‘ﬂ mfﬁtfm ne or nore

radi at fi§gneétidhishtvst belﬁf’Z‘Q‘éle [OIE m‘?‘l 7 E%Of P (R ILE O 5 % ai sed netal
"dunmy fills" in a stand abrication process The mcrostrip

ant enn&awd prpifladtP ofdye ’Ei%“‘ 1ﬁ¥ﬂ‘éh%n?‘§cfn?[ﬂ%im5'\%cl§ﬁ¥ &hna systemin

m crowave | Cs, el ectronic conponents, i nt nnect devi ces, anobng
ot har s indremmngsiatibraneh Xes B0 dicdratipission IHEPFE(]:I? ?ﬂj“ ‘h’é‘ ‘r‘”‘%ﬁ 4PPRY® el ement s
422a, b, n 15 may be forned on a top netal in accordance with

st andai e GNVDS: prmgedekergupleB Y U@s}m“ﬁ%l‘“@%é?‘ﬁﬁﬂ@ tepsher egb difent s such as
ground pl anes 414a, b, n and transmssion |lines 412a, h, n nay be forned

on onec¢¥yupdre sub-netal |ayers 404 M-MN-1 | ocated bel ow the top netal
| ayer MN, for exanple. The enbodi nents, however, are nhot imted in this
cont ex{001ZDFIG® HAGHC Plusiata Acioss ¥CAPobEIsEEY | (Bhale st apt Wd’? “Phe
m crostrip antenna system 400 conprising one or nore conductive strips
(e.g., cwbedipienimds)mitorn fge ofidploe) miema i Epsd fogredysigati™¥SPon 1ines 412
and one or nore ground planes 414, for exanple. The transm ssion |ines 412
andOt hébgicgimadnp hzetvdls:addapiresss- bl che prberlimais sar 108 'BHBUMEESN Y Sy er s 404
(ML - MN-1) in a CMOS sem conductor forned on substrate 402. In one
enbodi et b, 1 ey BSIarined ety bf arsdinstl Shmimnads’ a1 ostadrbeMBrat ed on any
one of the netal |ayers 404 above

fabrication process. The microstrip antenna system 400 may be implemented in mmWave

antenna systen in microwave ICs, electronic components, and/or interconnect devices,
among others, for example. Active elerents, including the radiating elements 422a,b,n

15 may be formed on a top metal layer My in accordance with standard 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;-My.|
{ocated below the top metal layer My, for example. The embodiments, however, are not
limited in this context.

20 [0018] FIG. 4A is a cross-sectional side view of the microstsip 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

25  microstrip transmission lines 412 may be located on any one of the metal layers 404 above

6



6 WD 2006/ 105510 PCT/ US2006/ 012388 the ground planes 414 and bel ow the top
nmetal |ayer MN. The mcrostrip transmssion |ines 412 may be | ocated on
separate nmetal layers than the top netal |ayer MN of the CMOS

sem conductor on which the radiating elements 422a, b, n are fornmed.

Accor di ngMp 298 He embodi ment, the nmicrostrip transmiSSYBHYNHES 412 may
be 5 sandw ched between the ground planes 414 and the radiating el enents

422a, b, n, for e le. In one e di t,.the mcrostrip.transm ssion
hes i BopkEPigied dab S Spa T A o b PabRSET G ST 2558, b, n.
may be fornmed with geonetries (e.qg,, dinensions hat, are_consistent with
wavel erERa T BFY b e %g%l‘atai@zfg#%@ﬂ%tlﬂwgtﬂr@?«“{)fﬂmé\‘m v e
applications, for exanple, 10 [0019] FIG 4B is a top view of the
m cr ost FMYSaRTERAMCKY &b atHCAGE 'LABMRGYCRHE 4221 tat PEHEHIS bet ween t he
radi ating el enments 422a, h, n, the mcrostrip transmssjon lines 412a, b,
n, and LFHETHRBUAYO EHOEup g she 1picrastipdfaniipigs! Séi%ﬁn&}’) Yuctor fornmed on
the substrate 402. The microstrip transm ssion lines 412a, b, n may be
for Ped W8l wishrist ol thegreund planps Almed dic rdiyioe ciaectts|‘géaded bove the ground
pl anes 414a, b, n and | ocated bel ow 15 the top netal |ayer MN on which the
radi at i Frgmelee deeressmbpdimenp theripigipstie apspsdobiee HE2. leMegSdi"édnduct or, for
example. As shown in FIG 413, the radiating elenents 422a, b, n, the
i cr ost4ldpantdrtbmedinting dempritnddladt pamapbe fermethdith momgHEEAHS-pl anes 414a, b, n
are in a substantially overlapped with respect relative to each other.
[ 0020] ®mEnsiaE) fhet e fansineniidwvafelankids (i degineiep aarcarRda/ i dy${BRF 400 show ng
the 20 relationship between the radiating el ements 422a, b, n, the
m cr ost mipVaveangrbsgisoir ianese. 412a, b, n, and the ground pl anes 4. 14a, b,
n formed on sub-netal |ayers 404 (M -M\N) of the CMOS sem conductor. In
onellenb®d1NeiG, 4B ea Wi eleostiithpmicr@tipranesiosystei®s siapag s, n and t he
ground pl anes 414a, b, n nay be fornmed on sub-netal |ayers 404 (FIG 4A M
- MN. | ) rebeibmshvipt Yeevdeo pherrediating dgramtsvig2a, Inn.gheméendstidi tremmnissiondngd crostri p
transm ssion |ines

412a, b, n, and the ground planes 414a, b, 1, of the CMOS semiconductor formed ou the

substrate 402. The microstiip transmission lines 412a, b, n may be formed as conductive
strips on a metal layer My.; located above the ground planes 414a, b, n and located below
15  the top metal layer My on which the radiating elements 422a, b, nmay be formed ou the
CMOS semiconductor, for exampie. As shown in FIG. 4B, the radiating elements 4224, b,
n, the microstrip transmission lines 4124, b, n, and the ground planes 414a, b, n are in a
substantiaily overlapped with respect relative to each other.
[0020% FIG, 4C is a front view of the microstrip antenna system 400 showing the
20 relationship between the radiating clements 422a, b, n, the microstrip transimission lines
412a, b, n, and the ground planes 414a, b, n formed on sub-metal layers 404 (M, - Mpu) 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, -

M) below the top metal layer My. In one embodiment, the microstrip transmission lines



7 WD 2006/ 105510 PCP/ US2006/ 012388 412a, b, n may be formed as conductive
nmetal strips above the ground planes 414a, b, n and at |east one netal
| ayer below the top netal layer MN (FIG 4A). [0021] In one enbodi nent, the
mcrostrip transm ssion lines 412a, b, it may be coupled to the radiating
el enents ¥OZAWIBSIY t hrough mutual inductances 426a, ¥/ VW2@45EEti vely. I'n
5 one enbodi nent, the radiating elenents 422a, b, n |l ocated on netal |ayer
MN may be coupled to the microstrip transm ssion |ines 4% b, n,
r espect iAneh.y, miydeedpeerdan corsval velagrd siringRbay e e st paanes f ‘g]?’é“nce coupl i ng,
electric field coupling, or magnetic field coupling, represented generally
as nut wal atigduet antélaogsiowthe pp pedduet MpdFlE: 4dr exanpl e. In one
enbodi nent, RF energy may be coupl ed between the radiating el enents 422a,
b, n aif@2thie cbo cmbetivstty hpnieesidpriransiasiopilinestidaPan 5y bR Q¥R Pansver se
el ectromagnetic (TEM nodes created by electrically stinulating the
ni cr ostheirglidtingrmessid@tn, bi ndsough 2aptuah indactafeey 4268 Aplce?eCiYFbng enbodi nent ,
the netal layer MN.i nmay be | ocated approximately 10 pun bel ow the netal
| ay®er MN erfilexdinecos i mdialims dmecneniiddi tmedecatet! e mekdioaei My &V dfent s 422a, b,
n may be fornmed with dinmensions commensurate with the conductivities of the
netal d&playte s Middbsiin claumchiisgouNict E123, banyespastrady-iledatloe il iyéht s, and
substrate dielectrics to yield a directive antenna systemfor signal
t r ansnivisi wnmand] néeeptd anphty, MeWidv dicldfaori] N D@f@métm%/&éql engting) . The
enbodi nents, however, are not limted in this context. [0022] FIGS. 5A-5C
i |1 ust rpt@eed sl echinndhdsiae: 4icews, ot oevively, fasgafplonit icew of one
enbodi ment of a copl anar wavegui de antenna system 500 fornmed using a CMOS
20 f abeingadiinem, RNEndret &by bzatuben bprwecess radiaing nementb ddiarbrit anddhe or nore
radi ating el ements 522a, b, n also may be formed as an array of raised
metal  TdeeEp bl dngssidanings Sitoang ands (oMo aderrbmagicon (Fdresdes The copl anar
wavegui de antenna system 500 may be inplenented in rimWave antenna system
i N m CERWAN 8y ksuicalyaGhinmh g 1eonpeRED ssmisd/ lors it Hiaeb.gofmect devi ces,
anong others, for exanple. Al active elenents, .including

example. In one embodiment, the metal layer My, may be located approximately 10 pum

below the mesal layer My, for example. In one embodiment, the radiating elements 422a,
b, n may be formed with dimensions commensurate with the conductivities of the metal

15 layers 404 including My (FIG. 4A), material loss tangents, and substrate diclectrics to
yield a directive antenna system for signal transmission and reception at nunWave
frequencies {(wavelengths). The embodiments, however, are not limited in this context.
[0022] KIGS. 3A-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

20 fabgication and metaliization process. In one embodiment, one or more radiating elements
522a, b, n also may be formed as an array of raised metal “dummy fills” 1o 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, mcluding

25  the radiating elements 522a, b, n may be formed on a top metal ayer My in accordance
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25 the radiating el enments 522a, b, n may be fornmed on a top netal |ayer M
in accordance 8 WD 2006/ 105510 PCT/US2006/012388 w th standard CMOS
processi ng techni ques. QG her elenents such as ground planes 514a, b, n and
transm ssion lines 512a, b, n nay be formed on sub-netal |ayers 504

M - 1\ 4N _r WA He40EE" bel ow the top netal layer MN, for BXHHPI®/OIFAR
enbodi nents, however, are not |imted in this context. 5 [0023] FIG 5Ais

_sect | ide Vi the copl anar. i d tem 500
compr STg GHE s PE=Fnauerandsy SR Ao Ra PR v re  insm wsi on
i 512 laterally. ted | - over | appi ti opship f

or " mor & BABLATBRARTSERAR s A e ARBBR IRt CE LRI HAR Mavegul de
t i ssion |ines 512 and thy d 14 b | anar, e.g.,
| ooat odoHIREUERED Bt Mol ATl HERE o LS 1O GHT aRP Chavegu de

transm_ssion |lines 512 and the ground ptanes 514 nmay be forned oil
separ atlBVigdpn it Brtekayer 504 (ML - MN.r) planes of a CMOS seni conduct or
formed on a_ substrate 502, but still_ Jaterally separated such that the
copPandPOZRAFEGUIHE & FERSATOENSHE MG hYdISeP R Rt Jlrita sTsiits 514 do not
overlap. In one enbodi nent, the copl anar wavegui,(?Fgt transm ssion |lines 512
may be J08camBEI PREF MO FHEVGRT HITINRraPEna BEY eS 4B HEU A pl anes 514 or
may be | ocated on the same netal |ayers as the ground pl anes 514. For
exanpl &12{lseialhescampEdihbrn-oeHapriRpicHH AR MRy BFgY Y ROMSEIEH | i nes 512
and ground planes 514 are |aterally separated and the radiating el enents
522a, B14nlngne epdedivedl hesepienar nevedled e i dé2 fraRe #i%%8Y on | nes 512
on the top netal layer MN of the CMOS sem conductor. \Wether a particul ar
i npl emantss § Bt Bdodesat e bopEamahe 2oraRvey U dBe ePRaMREY< DN | i nes 512
and the ground planes 514 on the sanme netal |ayer plane or on separate
netidl |aylenarptaapgsde themseiph Hnars [havegegard plarsmld $19ghe f9THEd 0812 are
| ocat ed between the ground planes 514 and one or nore netal |ayers bel ow
t he radicptritngb-wkiehieyir S0509A - Moy plangor! acddp|semicppdusive famsdan frent , t he
copl anar wavegui de

substrate 502, but still laterally separated such that the coplanar waveguide transmission

lines 512 and the ground planes 514 do not overlap. In one embodiment, the coplanar
waveguide transmission lines 512 may be located either on the metal layers above the

15 ground planes 514 or may be located on the same metal layers as the ground planes 514.
For example, in one'embodiment, the coplanar waveguide transmission lines 512 and
ground planes 514 are laterally separated and the radiating elements 5224, b, 1 are located
above the coplanar waveguide transmission lines 512 on the top metal layer My of the
CMOS semicenductor. Whether a particular implementation provides the coplanar

20 waveguide transmission lines 512 and the ground planes 514 on the same metai layer
plane or on separate metal layer planes, the coplanar waveguide (ransmission 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



transm ssion lines 512, the ground planes 514, and the radiating el enents
522a, b, n, may 9 WD 2006/ 105310 PCT/ US20061012388 be formed with
geonetries (e.g., dinmensions) that are consistent with wavel engths (or
frequencie§2 associated with stripline m\Mve applications, for exanple.
[0024] FI &Y B/N518 t op view of the copl anar wavegui dBCHHEREHEEY st em 500
showi ng relationship between the radiating el enents 522a, b, n, the

copl anar waveguide 5 transm ssign lLines 512a N, ant ground pl anes
514a, B¢ fqiilmdrw@héaﬁv%%r(&&a@%?la@ h%‘l’—%{ﬁg?ﬁs’s%@f‘gﬂlﬂr* i‘”ﬁ‘éeslgﬁkgg?‘ b, n may be
fornmed as conductive strips on t met all. I__aﬁe,f MN.J, which may be | ocated
above BETEACIEN@sWaREd FERARTDIRGBP WIEABPILUIP OGN pl anes 514a, b, n.
The copl anar wavegui de transm ssion |lines 512a, b, n 8 | ocat ed bel ow t he
r adi at I#g4] Blefsne g tgpoay obthe RIERMEE EHIE ﬂ%‘%”&ﬁy%‘r’léﬁéfﬁ)ﬁ"é‘% MN of the CMOS
sem conductor. For 10 exanple, the_copl anar waveguide transm ssion |ines
512a, kelationphiy bijecsroherediagng Aemals 5328y M. WRCPPIR ¥ 2451 %S nar wavegui de
transm ssion lines 512a, b, n, are laterally separated fromthe ground

pl afies uBdsdEssidy, 1in¢smaab,rmowddh@guoalpybﬁﬂwgméé‘i-aai)/i oneRicpP TR & VST St i ng

el ements 522a, b, n are |ocated above the coplanar wavequi de_transn ssion
|i nes Bd@aisdgn lines §Raab,gubet Erfoiradd ay condseiigpbing g s BERIOMEAML for  exanpl e.
15 [0025] FIG SCis a front view of the coplanar wavegui de_antenna system
500 shouiahgnast fedocaeddabberms i phepetmerstal fayver Rlangicatiersgowiahsnt 319622a, b, n,

t he copl anar waveguide transm ssion lines 512a, b, n and the ground pl anes
514a, b, nnTer @pfaumedcprdd tressissioniine 5124, dye ps iggpd belog, themdiafie . N-t)

bel ow the top netal |ayer MN of the CMOS sem conductor. In one enbodi nent,
t he coplearars spay eguidiecd oats Myssétaiajer oo BX@VIOH semicpudusy B f or med as
conductive netal strips above and between the ground planes 514a, b, n and
at beaskagpte, ihet@lanhayarcgliéd owstissiondidesati2ng, eleyeafensd2amesl n formed on
the top netal layer MWN (P.1G 5A). [0026] In one enbodi ment, the copl anar
waveguilgder Manami ssilanr vhbnesidd b2amissiondinemyl Zpeb, n, are laterally separated

from the ground planes 5144, b, n in a non-overlapping relationship. The radiating
elements 522a, b, n are located above the coplanar waveguide transmission lines 512a, b, n
in a substantially overlapping relationship, for example.

15 [0025] FIG. 5C is a front view of the coplanar waveguide antenna system 500 showing
the relationship between the radiating elements 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, My - My.;) below the top metal layer My of the CMOS
serniconductor. In one embodiment, the coplanar waveguide transmission lines 512a, b, n

20 may be formed as conductive metal strips above and between the ground planes 5i4a, b, n
and at least one metal layer below the radiating elements 5222, b, n formed on the top
metal layer My V(F]ZG. SA).

[0026] In one embodiment, the coplanar waveguide transmission lines 5122, b, n may be
coupled to the radiating elements 522a, b, n through mutual inductances 526a, b, n,
25  respectively. In one embodiment, the radiating elements 5224, b, 1 located on metal layer
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coupled to the radiating elenents 522a, b, n through nutual inductances
526a, b, n, 25 respectively. In one enbodinent, the radiating el enents
522a, b, n located on netal layer 10 WO 2006/ 105510 PC1'/11520061012388
MN may be coug)l ed to the coplanar wavegui de transnission |lines 512a, b, n,
respect i vBIORI0/0EIGBt ed on metal |ayer MN. n via nutual PGHEECARE® coupl i ng,
electric field coupling, or nmagnetic field coupling, represented generally
as mutual inductances 526a, b, n, respectively, h@ one _emjodi ment, RF
ener gy MrapasE uript ©dbbePRREhY PR IS RISRISHGY g“‘él% & BP5EH; n and the
copl anar wavegui de transmi ssion lines 512a, b, n vj TEI\{I. npdes created by
el ect r fasaied on sy tyingYie b PEGRIFe G%Wl%@%ie&ét“ﬁfﬁ%ﬁﬁugéqgoﬂl li nes 512a,
b, n, for exanple. In one enbodinent, the netal |ayer MN\-1 may be | ocated
appr ox rmtedc yield roupinebep sap st esper fl By magg! n’l‘iﬁ?ta’é@féﬁ%ﬁaeb’ "n one enbodi nent,
the radiating elenents 522a, b, n may be formed wth di nensions
comensupatieclwi krpne kebedmgue REvhvgeapbe ¢paled getrgentbe ra\AE 504 i ncl udi ng
MN (FIG 5A), material |loss tangents, and substrate dielectrics to yield a
di r Bct elementn 68hnb, rsydttbmcbbmasiayaziide Fameissies g dhw U BEBIE™ON at mirave
frequenci es (wavel engths). The enbodi nents, however, are not_ limted in
this contlexteated YO iREIGCSIMEAIBOE (oplEstrEves HICFBSRISBR {PSndlLsi de vi ew,
top view, and front view of one enbodinent of a slotline antenna system
600 f obmedousiunglealiCMESnfrabinicoaticoretd myenBmird be localed 8PP pHBeeYs. 1n one
enbodi ment, radiating elements may be fornmed as an array of raised netal
" dur My 0 fii] hesdw natablagtraviddpcdx @S TrabcicohpdionnpilocesaingEfeedfsot | i ne  system
600 may be inplenmented i n mMve antenna systemin mcrowave |Cs,
el ect r Gpi boompBeRised anAorensintseocornecite détitvewpnduniviigs otthers, for
exanple. Al active elenents, including the radiating el ements 622a, b, n
may obe nfel ees G4 achudmpriet &Gl a40e maRfalNbbsitmzatic.ond aviseaipidifecicandar d CMOS
processi ng techni ques. Qther elenments such as transm ssion |ines 612a, b,
c, n+1 gwyldbelifonmedcan, sylanet aknal aysmss®04ndtectiNon abekoyevet he top net al
| ayer MN, for exanple. The enbodi nents, however, are not limted in this
frequencies (wavelengths). Yhe embodiments, however, are not limited in this context.

[0027] FIGS. 6A-6C iliustrate a cross sectional side view, top view, and front view of one
embodiment of a slotline antenna system 600 formed using a CMOS fabrication and
15  metallization process. In one embodiment, radiating clements may be formed as an array
of raised metal “dummy fills” in a standard CMOS fabrication process. The slotline
system 600 may be implemented in mmWave antenna system i microwave ICs,
electronic components, and/or interconnect devices, among others, for example. All active
elements, including the radiating elements 622a, b, n may be f{oriped on a top metal layer
20 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;-My.j below
the top metal layer My, for example. The embodiments, however, are not limited in thig
contexl.
[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

O]
L
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context. [0028] FIG 6A is a cross-sectional side view of the slotline
antenna system 600 25 conprising one or nore conductors formng slotline
transm ssion lines 612. In one 11 WO 2006/ 10-5510 PCT/ US2006/ 012388

enbodi nent, the slotline transm ssion lines 612 may be | ocated on the sane
met al | ay®P 20H{185¢0 for exanple. In one enbodi ment, t¥el’S$y2610013e

transm ssion lines 612 nay be fornmed on sub-netal |layers 604 (M - M\+) of
a CMOS semi conductor fornmed on a substrate 602. In one emﬁdl nment, the

sl ot | i Aabedimarinihe sioBine LppEEsEIdingR{: anckdardndad B SRR 1§ adi at i ng

el ements 622a, b, n |ocated on the top netal |ayer M\ of gh?

seni coRlueterexampicofeosrsrdaiingat hersialing fgpppiRgon ngs St BeY BRIYPREs 612 are

| ocated below the radiating el enments 622a, b, n, for exa I n one
enbodi reatb-mefablagdrofld Gél “B&&lhgfrﬁ @&%ﬁemi%é@‘c@lﬁméﬁa Of f&u s rTgﬁi‘ieatl ng el enents
622a, b, n, may be formed with geonetries , di rrensmnl\s/‘} that are
consi st&ht Inine hmbediskenge Ne e frassbgirer s es) TMY Resspiigt B8t h sl ot i ne
mMave applications, for exanple. [0029] FIG 611 is a top view of the

sl of| i melizmgeltmanis patem 1600atshovihatpprhsal HareaMion 8K PMOBet ween the radi ating
el ements 622a, b, n and the slotline transm ssion |lines 612a, b, c, n+l.
The s| stihicoglutwanisnins sinberdimkrtetse 62Bae rbysiassiamyinges Kopersgatad bdeduct i ve
strips on the sub-netal layers 604 (M - M\-1) (FIG 6A) of the CMOS

seni coriduadiotingdemed @aatthe, Lbowuhst laves GURJint.dhreslefitodi nent, the
slotline transm ssion lines 612a, b, ¢, n+l may be fornmed as conductive
stri ps tansshibgomibtealb 11 aylahe fbkating dsheet B 1t nempope weved withyer MN.  The
slotline transmi ssion lines 612a, b, ¢, n+l may be | ocated bel ow t he

r adi at igggncigbe@Epnisnd2idas) thyt are chovisred with Waheen gy (refreduehasser MN of t he CMOS
sem conductor. For exanple, the slotline transm ssion |lines 612a, b, c,
n+l10Maysdaeiafea rmdictimetiavingt applicajoas, f20xMNple. such that the radiating

el enents 622a, b, n overlap with the edges 630a, b, n and 632a, b, n of
the sl qoddone1Er @nsRitssiion df iresubik2acnhs sysiemrto0khowies featlhtiwlsyip

between the radiating elements 622a, b, n and the slotline transmission lines 612a, b, ¢,
n+1. The slotline ransmission lines 6224, b, n may be formed as conductive strips on the
sub-metal layers 604 (M; — Mn.;) (FIG. 6A) of the CMOS semiconductor formed on the
15  substrate 602. In one embodiment, the slotline transmission lines 6124, b, ¢, n--1 may be
formed as conductive strips on the metal layer My just below the top metal layer My
The slotline transmission lines 612a, b, ¢, n+1 may be located below the radiating
elements 6224, b, n formed on the top metal layer My of the CMOS semiconductor. For
example, the slotline (ransmission lines 6124, b, ¢, n+1 may be formed on the metal layer
20 M. such that the radiating elements 622a, b, n overlap with the cdges 630a, b, n and
632a, b, n of the slotline transmission lines 612a, b, ¢, n-+1, respectively.
[0030] FIG. 6C is a frout 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
25  formed on the sub-metal layers 604 (F1G. 6A, M; — My.;) below the top metal layer M.
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[0030] FIG 6Cis a front view of the slotline antenna system 600 show ng
the relationship between the radiating el enents 622a, b, n and the
slotline transm ssion lines 612a, b, ¢, nl-1 fornmed on the one enbodi nment

of the slotline transm ssion lines 612a, b, n 25 forned on the sub-netal
| ayers 60¥O{G"S¥A M. - M\1) below the top netal |%\91év32wi<1f0‘23i’§ WO
2006/ 105510 PCT/ US2000/ 012388 I n one enbodi nent, the slotline transm ssion

AR gn oad %ﬁ%odglg%ﬁ tgi%ﬁat?@n% HE}SRHS@EQ 1188 61 QQ%dgﬁ%'l 1? W%tf& ﬁt'lé' ps with edges

630a, are over appe radiating el ements
622 b, f. d t hy |

enbgdl ﬁﬁﬂ@wu%’gg@ %’tr‘lll’&l \ﬁ@ ?‘&g%gﬁf 556 ]ﬁcy |2ﬁ2@| nbtﬁazté‘fe cbv,epi@),l} E(ggg&']@rmynbgngoupl ed
5toth di at ts 6 |, i nduct 626 b,
R R T A ol

| ocated on._the netal t he slollnetransmssmn
lines 6494} Ilbc’nccembr?ﬂfllm‘ﬁ/ ]écp%(?flt“llev‘élvmsfl?)%Q'E)eécﬁ%ﬁ%t(hé”1HJéLF fc?%yeélr M1 via
nmut ual i nductance coupling, electric field cou netic field
coupl i g herafpEsiRmiyEnadar fyjoued nHﬁ%aF‘UFtﬁ%F&EP%{J? bt B“‘é%"é v
respectively. In one 10 enbodi nent ene nay be coupled between the
radi at |IHQll%qﬁélf‘%lﬁfl%“tﬁtﬁ?bf‘d“b‘“?» PleRpS égr?é b, “éPﬁ?qdloﬁé ‘%lp'é‘ﬁ}slﬁﬁ’cé YR i nes 61 2a,
b, ¢, n+l via TEM nodes created by electrically stimul atl ng .the slotline
t r ansnitsspenied forfasslgiipy trangmission Hugs 6 22, “é%alﬁﬁeé“"e%k&ﬁ% °BfSodi nent, the
metal [ayer MN-1 may be | ocated approximately 10 m bel ow t he netal Iayer
MN, f ormasidimst i it preRdpdsavAeitp it elerde fiald Ay Bpetemeacedsd! b, n may
be 15 designed to dinmensions comrensurate with conductivities of the netal
| ayer s o80@ing; wpleaditeipeonMall Fsgughfdugandss Pada, Pos sospaigeiit 1 0%nd substrate
dielectrics to yield a directive antenna systemfor signal transm ssion
and\0r ecepriiorenatk ey endregoene kaveep ipvadising Aapensieadnband fent s,
however, are not limted in this context. [0032] FIG 7 illustrates one
enbodi rémtncgfanamtsiion kingi g ane, of- 1 iashE amdzo0cal@lt deptriaBy 700 may conpri se,
for exanple, a conmunication system having nultiple nodes. A node

stimulating the slotline transmission lines 612a, b, ¢, n-+1, for example. In one

embodiment, the metal layer My, may be located approximately 10 pm below the metal
layer My, for example. In one embodiment, the radiating elements 622a, b, n may be
15 designed to dimensions commensurate with conductivities of the metal layers 604
including My (FIG. 6A), material loss tangents, and substrate diclectrics 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 diagram of a system 700. System
20 700 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 o, a computer, server,
workstation, laptop, ultra-laptop, handheld computer, telephone, cellular telephone,
personal digital assistant (PDA), router, swilch, bridge, hub, gateway, wireless access
25 point (WAP), and so forth. The unique address may comprise, for example, a network
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may conprise any physical or logical entity having a unique address in
system 700. Exanples of a node may include, but are not necessarily
limted to, a conputer, server, workstation, |aptop, ultra-Iaptop,

handhel d conputer, telephone, cellular tel ephone, personal digital

assi st ant WOPY 15 But er, switch, bridge, hub, gateway’CUF81@LESccess 25
point (WAP), and so forth. The uni que address nmay conprise, for exanple, a
network 13 WD 2006/ 105510 PCT/US2006/ 012388 address s\%%!g s _an I nternet
Pr ot oc SfdipspychasdndasmePigioepldl) aeFss3IVIFe RGeS s upi ‘(Eg%“s%‘s Cont r ol
(MAC) address, and so forth, The enbodinents are not limted in this

cont extContplgtyBE]) aprssh srbee B s T BB B BHEGHYSH CYCommuni cat e

di fferent tyPes of information, such as media information and control

i nf or maP438h Thoveeticn of sysPmid0inem bRayamsed & GIEisHRAHEEH YR PEsent i ng cont ent
meant for a user, such as voice information, video information, audio

i nf or matloortionaxneh rihet piforantionang apitmipeiaggppificdia YPaHPE 84§ nages,  and
so forth. Control information may refer to any data representing conmands,

i nstr uctlieongnpdate emreseltingseasntmeant fof byseh AUALE SRge sdogyEpeideEor exanpl e,
control information may be used to route nedia information through a

syst eminformitiest audist infprmaitte, ot itfrpriveedphanpaciedibolsngeriie: is¥ein a

predet ermi ned manner. [0034] The nodes of system 700 nay communi cate nedi a
and connd eb forthf Gonmoeliinlohationacy cridanery die FPEREILOE CoBENPr ot ocol s. A
protocol may conprise a set of predefined rules or instructions to control
how t henstockéss coomiumni watde reaftdormtaiomatsdtsween  BackagphetontiolThe prot ocol nmay
be defined by one or nore protocol standards as pronul gated by a 15

st andarileroaigania® diciven] tosochmadz iHfenativehnetzh EsgittearimguaaskiFor ce (1 ETF),
I nternational Tel ecommunications Union (ITU), the Institute of Electrical
andi0El a6 bfoots Os atd néenstio hEbdeteandedwaiiort h. [ 0035] System 700 may be

i npl enented as a wirel ess communi cati on system and nay include one or nore
Wi r el eg803apdes nades angednt TH0QBIYMBnineatoeteinmdddr ad tchuin] gvemmatine inor

accordance with one or more protocols. A protocol may comprise a set of predefined rules
or instructions to control how the nodes communicate information between each other.
The protocol may be defined by one or more protocol standards as promulgated by a

15  standards organization, such as the Internet Engineering Task Force (IETH), International
Telecommunications Union (ITU), the Institute of Electrical and Electronics 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 ox

20 more types of wireless communication media. An example of a wircless communication
media may include portions of a wireless spectrum, such as the radio-frequency (RF)
spectrum. The wireless nodes may include components and interfaces saitable for
communicating information signals over the designated wireless spectrum, such as one or
more antennas, wireless transmitters/receivers (“transceivers”), amplifiers, filiers, control

25 logic, and so forth. Examples for the antenna may inchude an internal antenna, an omni-
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20 nore types of wreless conmunication nmedia. An exanple of a wreless
comuni cation nedia may include portions of a wireless spectrum such as
the radi o-frequency (12F) spectrum The w rel ess nodes may include
conponents and interfaces suitable for comunicating information signals
over the HESPHHWAEPEY wirel ess spectrum such as one or"“Hbr8"4htEhnas,
wWreless transmtters/receivers ("transceivers"), anplifiers, filters,
control 25 logic, and so forth. Exanples for the_antenna may.include an

| nt er nditARTE NS IR TORRITIS I WS CHOREI 158 16 BT UESO06R 1o 3H
directional antenna, a nonopole antenna, a dipole antenna, an end fed

ant ennaolagzediapicnnam p Pycropl IPaRicraY &R EEHR ai}te%{mn? g‘ﬁag?%@liﬁapm’a‘%’%eélﬂ%a, a
diversity antenna, a dual antenna, an antepna array, and so forth. In one
enbodi ABflt Anesdiesh.dn oy epafimat: nedss A ATy SO GREEIRES UPRHS S50, 400, 500,
and 600 as previously discussed. The enbodinents are not limted in this 5
contexﬂO&H@QS%W,ﬁ@ﬁ@gﬂ$ﬁgﬂa@%3ﬁﬂW6m¢1é?eq?b%¥@?§%¢?éﬁjﬁﬂgﬂé%ﬁﬁ?ise node
702, 704, and 706 to forma wreless communication network, such as, a
PAN; f oputestanpl e. Although FIG 7 is shown with a limted nunber of nodes
in a certain topology, it may be appreciated that system 700 may incl ude
nor e of0436% Befeothesigiin tahis. flygetenf70p opscogyigsiode 494 é‘é‘?s apgf0%Logi ven 10

i npl enentation. The enbodi ments are not limted in this context. In one
enbodi fent 3 wiylstsemnTOQicatyn rwonpki sseh Fod BARKORT evgaple.afdhores FEacHS nay
conprise a transceiver 708, 710, and 712, respectively, and a CMOS

i Nt egr ah@eh with ¢ liiditedlemiloe of B@les it @MBHolaLy el ray &d aprirecédiit hefevi ce 750 may
conpri se any one of antenna systens 100, 400, 500, and 600 to forma

Wi r el esgstanMumig aiciuda et woesk todes augly typerddll@sgglyiap Reshrggpor a gnBn 754 756,
for exanple. [0037] FIG 8 illustrates one enbodi nent of a nethod of

f orioi ngmaleGVRG; &€ Mileendudients afawl hgi@hhenneogyst ens 100, 400, 500, and
600, for exanple. At block 800, on a CMOS integrated circuit substrate,

f or m a i brsEmpRtadn | sayen 700 map behpipe aodadi2al G4n gneTdermerit manebmprise

a transceiver 708, 710, and 712, respectively, and a CMOS integrated cireuit device 750.
The CMOS integrated cirenit device 750 may comprise any one of antenna systems 100,
400, 500, and 600 to form a wircless communication network through wireless links 752,
15 754,756, for example.
[0037] FIG. 8 fliustrates 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 layes comprising a first conductor coupled to the radiating element,
20 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 Jayer 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
25  transmission line. At block 806, form a first and second ground plane disposed on the
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forma second netal |ayer conprising a first conductor coupled to the

radi ati ng el enment. 20 The first conductor and the radiating el enent are
mutual ly coupled to forman antenna to wrclessly conmunicate a signal. At
bl ock 802, forma third netal |ayer disposed below the second netal |ayer
and the fO00E8R8ct or and forma first ground pl ane®SHULAY YR d et al

| ayer. At bl ock 804, formthe first ground pl ane bel ow the second netal

| ayer and formthe radiating elenment to b_stan_tli al |y (P\(erl ap the first
conduceemdestfl daer, andiwndhg fpiropgictq éﬁgﬂﬁeégfﬂ&ﬁ@}‘i’ﬁg}st $F9€k 806, form a
first and second ground plane disposed on the 15 WO 2 06/‘(150%5_10 PC

/ US200801i2888s anskiboridiating elempa e iubsamily oy sHapiee 5t PR AUtYSr di sposed
between the first and second ground planes and the radigti ng | enent to
subst antdphinhywoeeriiapatsmession lige. BoRe gebesiney, ogp ﬁﬂé{f‘b‘Bf}F@W ‘Vﬁgvegui de
transm ssion line. In one enbodinent, forma third netal |layer and form
the fifost tarfdstsed swvdnggowntplpicane Sedhird melay Ry d ABlogf SYSjB8P 2 At bl ock 808,
forma 5 second conductor disposed on the second netal |ayer laterally

di sposedorfdrcomitchre dfspost on durdwet sreial Ryekigaky gisposed PM PhETSF adi at i ng

el ement above the first and second conductors to overlap an edge portion
of thecchilnsdr. comihek 809, fom the fadiaging slevtentaheva ibe BWeMdEHCO™n edge portion of

t he second conductor on a second side to forma slotline transm ssion

line. dMdi@638] ovstapnotsc ppeion Hf te Het adridycthave: Bebidesald ¢ g¥elPherein to
provi de a thorough understanding of the enbodinments. It will be understood
by t hogeedgKipbitiedl of the tdvendcdnducttromenserqndtshigtio fohie st FEATSSIARY be
practiced wthout these specific details. In other instances, well-known
oper at ji@ns, conponents and circuits have not been described in detail so
as not to obscure the enbodinents. It can be appreciated that the specific
1518t r wobsrmanes fHenat ianal hadeban ks fdilsbdas edpheiden thoneyghbe representative
and do not necessarily limt the scope of the enbodinments. [00391 It is

al so WedehyartiR cROUR chilbalinrny. Nefikbentddtondgrboseskidel meht &it,or "an

however, that the embodiments may be practiced without these specific details. In other
instances, well-known operations, components and circuits have not been described in
detail so as not fo obscure the embodiments. Tt can be appreciated that the specific
15  structural and functional details disclosed herein may be representative and do not
necessarily fimit the scope of the embodiments.
[0039] Tt is also worthy (o note that any reference to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characleristic described in
connection with the embodiment is included in at least one embodiment. The appearances
20 | of the phrase “in one embodiment” in vasious places in the specification are not
necessarily 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
25 using the term “connecled” to indicate that two or more elements are in direct physical or .
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enbodi nent” neans that a particular feature, structure, or characteristic
described in connection with the enbodinment is included in at |east one
enbodi ment. The appearances 20 of the phrase "in one enbodinment” in various
places in the specification are not necessarily all referring to the sane
enmbodi mentV0 AT Sone enbodi ments may be descri bed ﬁ%’l"H&"?(ﬂg”é&pr essi on
"coupl ed" and "connected" along with their derivatives. It should be
understood that these terns are not intended as synon for each other.
For exelnliey] covine watisedi atont & i%@elﬁéa%@cwlﬁéﬁ‘b%m%fsﬁéﬂyt e term
"connected" to indicate that two or nore elenments are in direct physical or
16 WO 2806/1055¢0hePaT! (9Sp0ob/ 0 1Pgel hafee pr eI e bAE 4R "W EH each other, In
anot her exanpl e, sone enbodi mrents nay be descri bed using the term "coupl ed"
t o i ndpipatcel drisictricwocorctimdhe teesh S pmirted.” MR CYH, 1 BRAMPHYERAPT or el ectri cal
contact. The term "coupled,"” however, may also nean that two or nore

el ementsreai@nanotaré notdi figect cangast aish cash et dehy b SHEFO-ORSTRC b eyt | |

co-operate or interact 5 with each other. The enbodinents are not |imted
i n $hi sitsemnhexic. [BO4djodithinkercerttiaiied flredisurasxiof t he enbodi nents have been
illustrated as described herein, many nodifications, substitutions,
changegoanidwage bacaliefbisrenbf the nobodoens have betrodlestragkias Hesgripesl the art. It is
therefore to be understood that the appended clains are intended to cover
al | sughcimpgiddy eadifiensnavebsdhiangeshaagesfaall bquirddniswiilnewacoe (8 Fiof¢ t of t he
enbodi nents. 17 CLAIM5S 1 An apparatus, conprising: a conplenentary netal
oxi de gemoanEiiGt, oF is(EMISk th it egeateed tici freuppendel/diges araviendeddof i rst net al

| ayer conprising a radiating elenment; and a second netal |ayer conprising a
first coRANCLRN eQuRa86hst2d Sidingesr:adilaltng tlel tewspitif of the cmbodiments.
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wherein said first conductor and said radiating clenent are nutually
coupled to form an antenna to wirelessly conmunicate a signal; and wherein
said radiating elenment is fornmed of raised netal on a top netal |ayer of
said CMOS integrated circuit device, 2. The apparatus of claim11, further
conprising a second conductor disposed on said second netal |ayer

| aterally disposed fromsaid firstocqpggtor, wherein said radiating

el enent is disposed above said fifst and second conductors and overl aps an
edge portion 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 Yh&PPH s, COMNASUE s of claim 1, wherein said radiating

el ement for ms, doREEhERRYOhedn oxidk revichRfucP (@MENNRAEIEdIEBcuft. dcThe
apparatus of claim1, mﬁereln sai d communi cation occurs at any one

nllllnetéﬁVMBvelength from1l meter to 1 millineter. 5. The apparatus of

claimL wheretn elactil ool BTy R Sald Ligst conductor is  coupled to

said radiating e fonagnetlc nodes created by

electrical ly sdbdomhtal 1@ Sdbylisihp # st ohduedoap! ;d 6 said hdiaadenadngs of claim 1,
wherein said CMXS integrated circuit device conprises 130 nm CMOS devi ces.
7. The appardWh%ﬂﬁﬁm%Péiﬁ¥ﬁUdﬂh@? #ﬁ‘%%WHE@ﬁ@gnﬁﬁﬁéﬁﬁéb@ﬂmﬁ¥? Pt devi ce

18 conpr CNVOS e ,apparatus of claiml, wherein said
CMOS |ntg§§§f§gng?%EU|t g@ékgﬁﬁﬂuﬁlqusés 65 nm CMOS devices. 9. The

appar at us of whatimsdid rhdintiipeclcmomps |[Qammg ofi rdigwidridetniedrad (dpayetnl loperprfi si ng a
first wggdgéane d| posed, bel ow sai d second netal |ayer and said first
conductoP“‘ Héqdﬁﬁ F%?ﬁ%mﬁﬁ*claln19, wherein said first ground plane is
| ocat ed bel ow said

2. The apparatus of claim 1, further comprising a second conductor disposed on
said second metal layer laterally disposed from said first conductor, wherein said
radiating clement is disposed above said first and second conductors and overlaps an
edge portion of said first conductor on a first side and overlaps an edge portion of said

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

3. The apparatus of claim 1, wherein said radiating element forms a portion of an

array for an antenna systen.

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

millimeter wavelength from 1 meter to § millimeter.

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

clectrically stimulating said first conductor.

6. The apparatus of claim 1, wherein said CMOS integrated circuit device

comprises 130 nm CMOS devices.

7. The apparatus of claim 1, wherein said CMOS integrated circuit device
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second netal |ayer and said radiating clenent substantially overl aps said
first conductor to forma mcrost-ip transmssion line. 11. The apparatus
of claim1, further conprising a first and second ground planes disposed
on said second netal |ayer, wherein said first conductor is disposed
between said first and second ground planes and said radiating el enent

subst ant p@hhysc0¥€hha@SIRBIMidl r st  conductor to forma coplanar waveguide
: e 1

transm ssion line. 12. The apparatus of claim 11, further conprising a
third netal |ayer, wherein said first and second ground pl anes are

di sposed,on sajd third netal .layer. 13. The ratus of claim], wherein
sai d secbnd n@b%ﬁmPQ§%§ ?é“L%Ba e&hﬁﬁﬁlﬁ%?aﬁﬁﬂﬁgy@%%ﬁgggﬁwggaSL%FFSt net a
layer. ldomfhesappar@ins @vighal m 13, wherein said second nmetal layer is

| ocated about 10 mbelow said first netal |ayer. 15. A system conprising:

a transceiver; and a conplenentary netal oxi de sem conductor (CMOS)

integratgd ciktgcuit deyvice . having a first net. . .C ks 1
radiating'eleﬁgﬁﬂﬁmgﬁk(gnggghglngt%Ph?géégﬁ%@%gﬁﬁggﬁa %ﬂﬁ¥¢@%qg%ﬁductor

coupl ed p@ushplehd dgoaidibagwedagineding meld apbene kad §at @nfliai@t conduct or and
said radiating element are nutually coupled to forman antenna to
W relessly communi cate a signal; and wherein said radiating elenent is

formed ofgral $fd Rk AMidn! OP WIBLA s PHRI oBhng PR GUEIR.A AlS0TAHed
circuit device. 16. e system of claim 15, “further conprising a second
conduct okccdicbpoiakdyaning anid rademgretbimet aibsthaipdy ovatipy alid Yirsdespogedof rom sai d
first conductor, wherein said radiating elenent is disposed above said

first antP"QSYRGSEBHATEISI8 '8fid overl aps an edge portion

11, The apparatus of claim 1, further comprising a first and second ground planes
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.

12. The apparatus of claim 11, further comprising a third metal layer, wherein said

first and second ground planes are disposed on said third metal layer.

13. The apparatus of ctaim 1, wherein said second metal layer is located one metal

layer below said first metal layer.

14. The apparatus of claim 13, wherein said second metal layer is located about 106

um below said first metal layer.

15. A system, comprising:

a transceiver; and

a complementary metal oxide semiconductor (CMOS) integrated circuit device
having

a first metal layer comprising a radiating clement; and

a second metal layer comprising a first conductor coupled to said radiating clement;
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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. 17. The systemof claim 15, further conprising a third netal |ayer
conprising a first ground plane disposed bel ow said second netal |ayer and
said first conductor. 1& The systemof claim 17, wherein said first ground
plane is | ocaigdchelaisdicthauses and szﬁ@‘i‘ﬁlliatﬂng}éﬁﬁn&'ﬂQrcslﬂht%l'fya&h?]}cklrlg el ement
substantially overlaps said first conductor 'to forma mcrostrip

t ransmi s$dronasn dntmena kOwirelgsslynensystiewms ofigwilaingh 15, further conprising a
first and second ground .pl.ane, di sposed .on said second netal, |ayer, wherein
st 0 1 st condttbuy adfER el bR LR F P LSRR LBk G ound

pl anes apddsaids nadi-atd Bgasl ®YRBL substantially overlaps said first
conductor to forma coplanar wavegui de transm ssion line. 20. The system
of claim19, further conprising a third netal |ayer, wherein said first

and second gr 1 plan ; | SPOS. i.d. thi ] a widl. A

rot hod, _Qompr 100 narconr o 2h ot TRRREy Ml SptshP b el Haperl B v

I Nt egr at etofd ngkHl tlayeb ataRy dispodedrionngaid frér@hdumdrabvhcayesaid omiptingi ng a

radi ating el enent; and i'onnjing a second netal |ayer conprising a first
conduct of'eBsipE dipewsd s er saktiiat fiiﬁg%cmdémﬁiﬁcwrmf%‘f%lag&a@lu@drgrﬂ rpg’t“oeonduct or

and sai d,fadihating, &l enent. @rﬁ?ﬁt r&i?c”%lc%v&ﬂ??'aﬁ%d 0 rﬁo?t'f(m o2 0:@Nc@penna to
an er

wi rel essl'y conmunicate a signal; ef n sal adiating elenent is
formed otordacsedn metcahd ede & foap: welbdinelayenisodn lisai d CMOS i nt egr at ed
circuit device, 22. The nethod of claim2l, further conprising formng a
second conductor disposed on said second netal |ayer laterally disposed

from sai d7firghe cQRAUGE Bhim 19NBHE RofBlibng adhiRL hedl Rh&®Mprikise hofEred above
said first and second conductor to .
ground plane disposed below said second metal Jayer and said first conductor.

18 The system of claim 17, wherein said first ground plane is located below said
second metal layer and said radiating element substantially ovetlaps said first conductor to

form a microstrip transmission line.

19 The system of claim 15, farther comprising a first and second ground plane disposed
on said second metal layer, wherein said first conductor is disposed between said first and
sccond ground planes and said radiating clement substantially overlaps said first conductor to

form a coplanar waveguide transmission Jine.

20.  The system of claim 19, further comprising a third metal layer, wherein said first

and second ground planes are disposed on said third metal layer.

21, A method, comprising:

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 fitst conductor coupled to said radiating
element;

wherein said first conductor and said radiating element are mutually coupled to form
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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. 23. The

nmet hod of claim 21, further conprising formng a third netal |ayer disposed
bel ow said second netal |ayer and said first conductor and formng a first
ground plane on said third netal |ayer. 24. The nethod of claim 23,

wher ei N houitcng (8 ahitkldskly Sbm@ieae phane eenprises formng said first
ground pl ane bel ow said second netal |ayer and form ng said radiating
el enent conpr MEEIT Fidhie W@t@aueaﬂmaaisgtninﬁ‘g rasehinciabos i byt meel ayeypiover | ap

sai d f'r?&dCﬁﬂ5§§§E£FmHQhE§HJEJ%c”'CrOStr'p transm ssion line. 25. The

met hod of  clai er conprising formng a first and second ground
pl ane di sposed on said second netal |ayer, and formng said first conductor

conpri se formn first c uct or dj sposed.between said first and
second gi%u Tg¥dﬁggo%ﬁﬁ dW&H@ét3W§“%I%Wﬁ%%“%oi§ﬁﬁ§i&n%F@WffOHV§FPap sai d

first COBQH&ermigmﬁo&ﬂhﬂi%QQBQH%% W@XQQPHQ w%ﬁaﬁ§ﬂ‘§§&QHmJL&ﬁmu%p The

met hod of ¢l aim 25 f rising f nlng a third metal [ayer and

f orm ng “@andlﬁmdsﬂmamd,s@cwndmgﬁmmndembaneaddhsSauUb@hnddomtmahtbayer. 21
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.

23, Themethod of claim 21, further comprising forming a third metal layer disposed
below said second metal layer and said first conductor and forming a first ground plane on

said third metal layer.

24, The method of claim 23, wherein forming said first ground plane comprises
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.

25, The method of ¢laim 21, further comprising forming a first and second ground

plane disposed on said sccond metal layer, and forming said first conductor comprises
forming said first conductor disposed between said first and second ground planes and
radiating clement to substantially overiap said first conductor to form a coplanar

waveguide transmission line,

26.  The method of claim 23, further comprising forming a third metal layer and forming

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