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INTEGRATED CIRCUIT ARCHITECTURE
WITH STRONGLY COUPLED LC TANKS
CROSS-REFERENCE TO RELATED APPLICATION
[0001] The present application claims priority to US Provisional Patent Application No.

61/405,244, filed October 21, 2010.

FIELD OF THE INVENTION
[0002] The present invention generally relates to integrated circuit architecture including
multiple LC tanks, and more particularly relates to circuits such as voltage controlled

oscillators or injection locked frequency dividers which include multiple LC tanks.

BACKGROUND OF THE DISCLOSURE
[0003] Typically, a radio frequency (RF) communication device includes an RF front end
which, more recently, has been enabled in a RF integrated circuit. The RF front end,
conventionally, has a signal source, in most cases a voltage controlled oscillator (VCO),
which is ubiquitous with modern transceivers and forms an integral part of frequency
synthesizers or Phase Locked Loops (PLLs). The performance of the VCO may have an
effect in the overall performance of the system if not properly designed. For example, very
low phase noise or very wide tuning range with low tuning sensitivity or excellent flatness
for power output versus frequency change or freedom from power compression is required

with low power consumption and is critical for next generation wireless applications. It is



BACKGROUND OF THE DI SCLOSURE [ 0003] Typically, a radio frequency (RF)
conmmuni ¢ e includes an RF front end which, has
been enag\fvbgﬂ}zzo%ﬁéds F integrated circuit. The RF front eli)gT}’Sg:%gﬁl\geOh Ional | Y,
has a signal source, in nbst cases a voltage controlled oscillator (VCO)
whi ch is ubiquitous with nodemtransceivers and fornms an integral part of
frequency synt hesi zers or Phase Locked Loops (PLLs). The performance of the
VCO may have an effect in the overall performance of the systemif not
proper | y ofiesivgnechallprgingsoagamitine olbthe Hestpasfoamenass wsdowr medr yadeoffevhicni ng
range with low tuning sensitivity or excellent flatness for power output
ver sus f neadkee fheydesiiganfsuchrVEO eeqadifficubbm power conpression is required with
| ow power consunption and is critical for next generation wireless .

appl i cat i[oeet] Hifh ipsrforgfaned) OOy gnbaally GAGL M a thkCaAFRAItNGhidh s foi@ed8Flthe

performances w thout nuch tradeoff i ch makes the design of such VCO very
di fficult all[epg&ﬂﬂlni'ﬂlc&rbfﬂﬁﬂ&ﬁa[ﬂ@ﬁﬁ@ cé&@ﬁm&% naHaHidh pRAG a&gﬁngogiaﬂ%l@ i cui t
which is forrre by the parall I'nation of i nductance capacli tance

and whi ChyPlgYseRfindiBRGRLABL © ?can yvﬁ'g% gg ggr{ OfsTRARG "R Vafifing Ty cal 1Y

vmdetunlngr gelsa I eved C|tance|n

circuit using saone of sw tchl n raI I y , the phase
noi se i s “CRATEPAFE LY V&ﬂ“ﬁuﬁt usﬂ%ﬁ"ﬂ% g@ eﬁnetnﬁr V@()%WS Tsed
wi th power consurript ion. [0005 ﬁ nt hesi zer gr a si nal sour ce noder n
desi gn t dehPHAjHESTSE Eripmmsomise il aﬂmmgeaaawpl (b U S PR Ssd ity
frequency reference using phase | ocked |oops (PLLs). A frequency divider is
requi r ed POWeF I8P PLLs. Conventional |y, an injection | ocked frequency
di vider (ILFD) having a predeterm ned frequency division ratio can be
desi gned [0805h In ewypibewzer o psuignsl sonca mipdeondgrimsechogss terdotndvek a higich
typical ILFDs have a rel ative narrow operation frequency range.

frequency output signal to a low frequency reference using phase locked loops (PLLs). A

frequency divider is required to form such PLLs. Conventionally, an injection locked
frequency divider (ILFD) having a predetermined frequency division ratio can be designed
with low power consumption and low phase noise. However, such typical ILFDs have a
relative narrow operation frequency range.

[0006] Thus, what is needed is an integrated circuit architecture for RF circuits which
could provide VCOs which address the performance issues of VCOS individually, while
providing an improved oscillator circuit which can concurrently meet the requirements of
high performance. In addition, what is needed is an ILFD which provides low power
consumption and low phase noise while providing a broadened operating frequency range.
Furthermore; other desirable features and characteristics will become apparent from the
subsequent detailed description and the appended claims, taken in conjunction with the

accompanying drawings and this background of the disclosure.
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exists strong electric or magnetic coupling or a combination of electric and magnetic
coupling.

[0009] Further, an injection locked frequency divider having a predetermined frequency
division ratio is provided. The injection locked frequency divider includes a primary and
one or more secondary LC tank circuits. Each LC tank circuit of the primary and the one
or more secondary coupled. LC tank circuits includes an inductor and a capacitive device
connected in parallel. Each LC tank circuit of the primary and the one or more secondary
coupled LC fank circuits is strongly coupled to each other for band pass filtering an input
frequency to generate an output frequency filtered in accordance with the predetermined

frequency division ratio.



BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] The acconpanyi ng figures, where
i ke refg&sg&ﬁﬂg%ggrals refer to identical or functionakk¥/§ggh%ﬁ%7§lenents
t € gegai e3

t hr oughout e separate views and which together with t

description below are incorporated in and formpart of the specification,
serve to illustrate various enbodi nents and to explain various principles
and advantages in accordance with the present invention. [0011l] FIG 1 is a
circuit diagramdepicting a strong magnetic coupled LC tank circuit
architecture in accordaBRIBE PESGRIPTEGNtOE HHE DRAWINGN12] FIG 2 is a
circuit diagramdepicting a strong electric coupled LC tank circuit
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circuit diagramdepicting a strong magnetic and el ectric coupled LC tank
circuit aupdtich8ey Wnflak BleRRARMHANEEoW thd sépaPRESRM BARALEHRIFiher with the
detailed description below are incorporated in and form part of the specification, serve to
illustrate various embodiments and to explain various principles and advantages in
accordance with the present invention.
[0011] FIG. 1 is a circuit diagram depicting a strong ‘magnetic coupled LC tank circuit
architecture in accordance with a present embodiment;
[0012] FIG. 2 is a circuit diagram depicting a strong electric coupled LC ténk circuit
archit}ectur‘e in accordance with a present embodiment;:
[0013] FIG. 3 is-a circuit diagram depicting a strong magnetic and electric coupled LC
tank circuit architecture in accordance with a present embodiment;
[0014] FIG. 4,vcomprising FIGs. 4A, 4B and 4C, are circuit diagrams of voltage controlled
oscillator circuits in accordance with another present embodiment;
[0015] FIG. 5, comprising FIGs. S5A, 5B and 5C, are circuit diagrams of voltage controlled
oscillator circuits in accordance with the present embodiment; |
[0016] FIG. 6 is a top planar view 'illustrating' a first two metal layer integrated circuit
architecture of LC tanks for a voltage controlled oscillator circuit in accordance with the
present embodiment;
[0017] FIG. ‘7 is a top planar view illustrating a second two metal layer integrated circuit

architecture of LC tanks for a voltage controlled oscillator circuit in accordance with the

present embodiment;



[0014] FIG 4, conprising FIGs. 4A, 4B and 4C, are circuit diagrans of

vol t age t.rol oscillator circuits in accordance w esent
enbodineﬁ&?ngﬁ%§%3FlG. 5, conprising FIGs. 5A, 5B and gFggggnﬁpgﬁﬁit

di agranms of voltage controlled oscillator circuits in accordance with the
present enbodinent; [0016] FIG 6 is a top planar viewillustrating a first
two netal |ayer integrated circuit architecture of LC tanks for a vol tage
controlled oscillator circuit in accordance with the present enbodi nent;

[0017] Fl6b18] FIG. 8 i$ @Rop pina¥ viciveillubtrdtingtd eiidnGvoamsRr iyer indprared alrcliny er
integrated circuit architecture of LC tanks for a voltage controll ed
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8is atop planar viewillustrating a third two netal |ayer integrated

circuit arehitegture of LC tanks for a voltage controlled oscillator
circuit iﬁgacébrébnGEIMAth t he present enbodi nent;

[0019] FIG. 9 is a top planar view illustrating a fourth two metal layer integrated circuit
architecture of LC tanks for a voltage controlled oscillator circuit in accordance with the
present embodiment; |

[0020] FIG. 10 is a top planar view illustrating a fifth two metal layer integrated circuit
architecture of LC tanks for a voltage controlled oscillator circuit in accordance} with the
present embodiment; |

[0021] FIG. 11 is a top planar view illustrating a sixth two metal layer integrated circuit
architecture of LC tanks fof a voltage controlleci oscillator circuit in accordance with the
present embodiment;

[0022] FIG. 12 is a top planar view illustrating a first three metal layer integrated circuit
architecture of LC tanks for a voltage controlled oscillator circuit in accordance with the
present embodiment;

[0023] FIG. 13 is a top planér view illustrating a second three metal layer integrated circuit
architecture of LC tanks for a Voltage controlled oscillator circuit in accordance with the
present embodiment;

[0024] FIG. 14 is a top plénar view illustrating a seventh two metal layer integrated circuit |
architecture of LC tanks for a voltage controlled oscillator circuit in accordance with the
present embodiment;

[0025] FIG. 15 is a circuit diagram depicting an iﬁj ection locked frequency divider circuit

architecture in accordance with another present embodiment;
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oscillator "¢circuit in accordance with the present enbodi ment;

10 is a top planar viewillustrating a fifth two netal |ayer integrated
circuit architecture of LC tanks for a voltage controlled oscillator

circuit in accordance with the present enbodinent; [0021] FIG 11 is a top
planar view illustrating a sixth two netal layer integrated circuit

ar chi t ect[0028] F1GL 5, comdpsisingr FlGisy 0bA aapd 1B tako biradt diagiabds adfoiwocadditionial i n
accordance wth the present enbodinent; [0022] FIG 12 is a top planar view

i | 1 ust r atihjB@ion 16¢Ked tfrehtidne e diBderlcirb@iisah atddthr@fcaivad thd présént edbsdimket ure of
LC tanks for a voltage controlled oscillator circuit in accordance with the

present ggiaficigni lis[ D023kt HibhFamlepiGind drBhePl é@{on\flbaé@dif‘réqldéﬁayaéib{ggr for a

second three netal layer integrated circuit architecture of LC’tan
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architecture of LC tanks for an injection locked frequency divider circuit in accordance
with the present embodiment.
[0029] Skilled artisans will appreciate that elements in the figures are illuétrated for
simplicity and clarity and have not necessarily been drawn to scale. For exémple, the
dimensions of some of the elements in the figures illustrating integrated circuit architecture -
may be exaggerated relgtive to other elemgnts to help to improve understanding of

embodiments of the present invention.

DETAILED DESCRIPTION

[0030] The following detailed description is merely exemplary in nature and is not
intended to limit the invention or the application and uses of the. invention. Furthermore,
there is no intention to be bound by ény theory presented in the preceding background of
the invention or the following detailed description of the invention.

[0031] The .present embodiment relates to a design of a radio frequency
(RF)/Microwave/Millimeter-wave wideband voltage controlled oscillator (VCO) such as
those intended for use in wireless communication applications for IEEE 802 (e.g.,v WiFi,
WiMax, LTE, and IEEE 802.11ad) and applications for other commercial and military

communications where high performance is required. High performance VCOs generally
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[0025] FIG 15 is a circuit diagramdepicting an injection |ocked frequency
di vi der gi | hitecture in accordance with anot her di ment ;
[ 0026] Fﬁ@?gﬁg%ﬁg%%prising FI Gs. 16A and 16B, are circufp&gﬁggbgﬁgagf t wo
additional injection |ocked frequency divider circuits in accordance with

t he present enbodi ment; [0027] FIG 17 is a circuit diagram depicting

anot her injection |ocked frequency divider circuit architecture in
accordance with the present enbodi nent; and [0028] FIG 18 is a top planar
vi ew i | | usdlude anegnkaciréuits whichoisntetraéd baythe pardlelcambidattonr ofiinduatants tmdtt ur e
of LC tanks for an injection | ocked frequency divider circuit in accordance
with the cppseide. ENROphesRin tembbi@RB} isSKidedigdl oflat VE@nshivh Ichn aghieechaliey t hat

elements in the figures are illustrated for sinplicity and clarity and have
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the elenments 1n the figures illustrating integrated circuit architecture
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performance parameters. In high ﬁerformance VCOs the issue of achieving wide tuning
range is solved by bréaking the whole frequency range into smaller bands. One widely
used technique is by using single inductor and multiple capacitors in the tank circuit.

[0032] The present embodiment provides a general solution to the problem of optimizing
the performance of a wide range variable frequency low noise RF/Microwave/Millimeter-
wave osciilator by identifying one performance parameter that when optimized also
essentially optimizes others. The general solution for optimizing over wide tuning range
switches a tank circuit containing parallel combination(s) of inductor(s) and capacitor(s).
A more advantageous solution opfimally tunes the inductor(s) and capacitor(s) without a
switch through magnetic coupling, electric coupling or a combination of both magnetic and
electric coupling (hybrid), and this tank circuit is hereafter referenced as a LC tank. The
number of LC tanks that can be coupled can be from 2 to N. |

[0033] Referring to FIG. 1, a circuit diagram 100 depicts a strong magnetic coupled LC
tank array (T1) 102 in accordance with a present embodiment. The tank circuit 102
includes a plurality of LC tank circuits 104 magnetically coupled to one another. Each of
the LC tank circuits 104 includes an inductor 106 and a capacitive device 108, and the
magnetic coupling is between the inductors 106 of each of the LC tank circuits 104. The

capacitive device 108 includes one or more tunable capacitor banks 110 as shown in (a) or

®).



[ 0030] The followi ng detailed description is nerely exenplary in nature and
is not i %8293?‘1?5&3| imt the invention or the applicati ?’QT%%%H%S 76’f t he
i nvention. "Furthernore, there is no intention to be boun y “any eory
presented in the precedi ng background of the invention or the follow ng
detail ed description of the invention. [0031] The present enbodi nent
relates to a design of a radio frequency (RF)/M crowave/ M| Ii neter-wave
wi deband vol tage controlled oscillator (VCO such as those intended for use
i n wirel 46634 Ruferring &t FiSh 2applinceiatiiagrasn 200 dépittEa 8G8ng elegricallii deupledVihx,
LTE, and | EEE 802.11 ad) and applications for other commercial and mlitary
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i npl enented 1Tn Integrated circuits ress particular’ perfornmance
paraneters.  ln. high performance VCOs .t he I.ss of. achi gyi i de .t uni ng
Pange 1 o sl nPTpPdt hAGSE FE e’ feabB Dy W sAGLo Medd Mk tBinds.
One widely used technique js usi ng single inductor and ltiple

capaci t ord4 nThe,ganagitive deyices ?88 [“E?h)‘g% othgr W&H‘F@bl@rf’&ﬁiﬁ“ﬁé%mﬁr o\ Bes a

general solution to the problemof optimzing the performance of a wide
range varshapné @) eyéncy | ow noi se RF/ M crowave/ M | | i meterwave oscillator
by identifying one perfornmance paraneter that when optim zed al so

essent i allP§35Referiineto Bihek o.cirthig dipgrean 300 depiets iadrydfidcoaped biCamgamaer wi de
tuning range switches a tank circuit containing parallel conbination(s) of

i nduct or (3)) a0 irc agacdance (&th. thé presest athvalimenge olise sank ufiicoin 30Ptinchaddsya t unes
the inductor(s) and capacitor(s) without a switch through magnetic

coupl i ng,plabegtofiLC @Mupikdudg 304 bathGehthidaly afd magndiRblly emgRALh onaRshtgdrect ri c
coupling (hybrid), and this tank circuit is hereafter referenced as a LC

tank. Thezagn Pk 19 tahlectriisS ol haliudes Bn RRIVEREBOEShE ARG TS 880ide 308, Md [ 0033]
Referring to FIG 1, a circuit diagram 100 depicts a strong magnetic

coupl ed Lfe él@&%czaqlrcfﬂn 1618-& %etgvg%l hP cé}ﬁggirv? ﬂE’%@esV!ots Rs .@ao@lﬂﬁ%ﬂ%iﬁ%ﬂjcwt . The

tank circurt 1 es a plurality o tank circults magnetical ly
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i nduct or and a evice nmagnhetic cou
bet ween t he .ié{hcb%ct rs 106.of , each &{) t Pﬂg LC tank ctiur its 104. -!H-E%
capaci t i v&°¢ Pe HESPHUNFEna eGP 8¢ SRS B%bgsﬁfi‘%ﬁmd’é Y10 as
shown in (a) or (b).
a(s sl?xown in((a; or (b). :
[0036] FIGs. 1 to 3 depict thé_ basic principle and operation of the coupled LC tank circuits
104, 204, 304. Common to all three types of coupling, the LC tank circuits 104, 204, 304
are split into primary and secondary. The LC tank circuit LCTO which is represented with
connection points 1 and 2 in FIGs. 1 to 3 is the primary LC tank circuit and all other LC |
tank circuits are treated as secondary LC tank circuits. The capacitive device(s) 108, 208,

308 in combination with the inductors 106, 206, 306 can be any combination of capeicitive

networks, such as the tunable capacitor banks 110, 210, 310.



[0034] Referring to FIG 2, a circuit diagram 200 depicts a strong
electric d LC tank array (Ti) 202 in accordan i resent
enbodlneﬁ%b%Qﬁﬁggggk circuit 202 includes a plurality O%%E%k%gHﬁﬂ@VECUItS
204 electrically coupled to one another. Each of the LC tank circuits 204
i ncl udes an inductor 206 and a capacitive device 208, and the electri cal
coupling is between the capacitive devices 208 of each of the LC tank
circuits 204. The capacitive devices 208 include one or nore tunable
capaci t or[0b3H Kor 2d3netic sduphing iap depiytedrin (3. 1] t@3bdgnReé Eeldi gemetatedRnGhe 3, a
circuit diagram 300 depicts a hybrid coupled LC tank array (Ti) 302 in
accor dancgindry 1LC RakndiReR MCEIMAAE kdTai curtbhe flodNéanChd effedtivaldLoupled UdQ$ a
plurality of LC tank circuits 304 both electrically and magnetically

coupl ed t Q- HaGrANO IR circ FRENC 14 n@mfg ank Fb{ Q&tﬁ&l%gﬁlplin%%ls la@ﬁéteann _
i nductor 306 and a capacitive device 308, and the electrical coupling is

bet ween t a i

while t heﬁ%ghe HbE SRR e e R Pt 285 hilRle bR b3 | ¢
t ank C|rc 04 Th apaci t.i devi. ges 308. include o t unabl e
capaci t orOs e sirgectie REMR mifeshugn 5 souRtigi dapaiPes @FYPHP OB t he
basi c prlnC|pIe nd oper tion_of the coupled LC t ank CI 104 204,

304. ConmBAWR BIG- 3 Mkt Fﬁ?}é’émgfls LeRTpPInspn qfpeagpetic %ﬂW? ipg I”é Eshet“% dugtprs 204,
304 are split into primary and secondar The LC tank circuit LCTO which is
repr esent 394 andtdheciiin feupling hype weracttiven@evices F0R vich gan be sndegendget ¢33 mar y
LC tank circuit and all other LC tank circuits are treated as.secondary LC
tank ci r cwitbsnatifhef bethaci ti ve devi ce(s) -108, 208, 308 in conbination with

t he inductors 106, 206, 306 can be any conbi nati on of capacitive networks,
such as t[he3s]dhalpedonamae bf avohapelconttdild d3dillato8 (WCO) DB grekidy oprigimed i ¢
coupling as depicted in FIG 1, the magnetic field generated in the primary

LC tank GiikiC byt of 6 CoehlmgtBedhBis@blr MhB ofideoubrt pointel eid 2oF iheghrimaoum ed to
N secondary LC tank circuits LCT1 to LCTN (N For electrical coupllng as

depi cted gk El}c%t can e@nRbR&d fol £8ICE ORI rbplacihg tﬁeym&%?mi: 'dIfRe"rexﬁﬁI MALksr 208
whi ch are coupled to each other and represented in the pi ashlon wth a

coupling \cARRF %rreQJn inh IR {aflic CRURH o Fgegoﬁ%tsbowe ar ch CloPC.3 ’l%‘gﬁ b8 ifi Wp! | N9

is a conbinat’i magneti ¢ coupling he ‘i nductor's electrlc

coupl g by e ©30a6TLLYE APCE? A5, MOSD SRR | CHEPGR L B 5
differential structure, and is used to lock the VCO frequency to the output frequency when
used as an integrated solution with phase locked loops and frequency synthesizers. In a
standalone mode, the varactor is usually controlled by an extemal. voltage.
[0039] The inductors 106, 206, 306 in the secondary LC tank circuits can be from 1 to N
and can be coupled to the primary LC tank circuit of the VCO either magnetically or
electrically or in a hybrid technique. The capacitive network can be common to both the |
primary and bthe secondary LC tank circuits. The capacitive network could be (a) varactors
connected back to back in single or differential arrangements controlled by prograrﬁmable

settings or analog tuning of individual values or binary weighted values, or (b) capacitor(s)

controlled by switch(s) connected in single ended or differential arrangements controlled
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[ 0038] The performance of a voltage controlled oscillator (VCO can be
greatly (g ith any of the coupling nmechanisns. i.on

poi nts 1@%&%%?9#“% primary LC tank circuit can be CO%EE‘/@?}%@Q@%&;«)Q@VCO
core replacing the single or differential inductor usually present in the
tank circuit or resonator. The varactor Co 108, 208, 308 in the primary LC
tank circuit can be an anal og tuning varactor in either a single end or
differential structure, and is used to |lock the VCO frequency to the out put
f r equencybwbmgrangmablasetings of andizideel wadhest dobinaryt wegdhtsle valockend (cpapg and
frequency synthesizers. In a standal one node, the varactor is usually

cont r ol | ednidynasion @R (a3 on ) with dnaig. i SShctdfsporf (@) uey cortbiAsifon o208, (b306 in
the secondary LC tank circuits can be from1l to N and can be coupled to the
primary LG wahkithégabkive 6f adite IXCPAIaNGE BRUBEI Slel Yr PhraldiQR tahl Get Y OF
in a hybrid technique. The capacitive network can be comon to both the

pri mary %Bﬂxbiﬁlﬁoﬁ.e%?qgé gzdggd%rgrlg ge}g‘n&a}&ﬁs, @9%&&@@%&%%@{&@% goul d be

(a) varactors connecte In sitngle or erential arrangenents

troll - | ti] . |. t uni. . i ndi Vi dual |
or b nar v SR yHeaRe PEERR SR8t chl Bl Moy BB WBIGPR of bidy B iePhant D)
t ' i ngl. ded di f.f t1ial : trolled
or oor amma Bn€ by ST vitsdisngrmDint Sk B EEPRRGH a1 o HOeR or

(c) any conbination of (a) or (b) with analog tuning varactors, or (d) any
conbi nat i YrO dreapency upy dewn insthe ioinjtyeqtianoperghion {regueney withpwie switebd
capacitors cog[pl ed in series or parallel or any other conbination. For the
secondar J0940] {Taapoesible gpprectipnfeof ¢anatifivhnesivork eompongntson sitberrthp @rimary

i nt erchangeabl e between coarse and fine tuning with a variation of bias in
t he seconddatapklochigmbr thersecondsry ITHdarek viamidts tcan deithe eamttbrig)t srosapuditol(s} he LC
tank circuits act to shift the VCO frequency up or down in the vicinity of
an oper atcontolfedeyuseneli(syil 1 0)@10, 31 0sasishewn if BAAO] tJ BE () 08&)ptaptedagketd ons of
capacitive network conponents in either the primary LC tank circuits or the

secondar badiCirt 8mkleChr Ul ferdnanl Reuchlies ¥ad @%t%l(eﬁ)b}p{)ro%?a%ﬁiﬂlé’ sétfihgs or
controlled by swmtch(s) 110, 210, 310 as shown in FIGs. 1 to 3 ((a) or (b))

coupl ed BagK, hihikBGKiniR it iSesVr vifhrf jknferg%{e%r\;a&%,k. ﬁ%& ufialu&e& va%&g&t rolled
| 1 ndi vi dua

by progranmabl e settings or anal og tuning of val ues or binary
wei ght ed e varact or r L tor (s a ingl e or
mul tiple ¢ Igscc}){&t%sc} %qu%e@c uep relgﬁ%légk@%%bg cf’ﬁﬁg?g%i{ka }}aéléﬁ} é(;lﬁll%‘aif?%“l nput
digital coptraol. bei coupled to onmon node,in the case of varactors
and bei ng" o’ﬁB\lte‘ﬁglttag%Pﬂ%‘%@ﬁl%%oupi?gﬁﬂ THYEMEY n8‘$ep’é‘ct§‘f 8??5‘? V@f?ﬁfof%?’}aagd by
switch(s).. The n er of hits is limted by.t erf Qrmance par aneter
chosen a%?ﬂlngh‘é)uagg}) toethe i c’&tﬁiBncaE%Q?é’ O’R?e? g%’ér,"ﬁ?‘i y %"T%)a;(s)-[ oBe1] In
addition to varactors Cso to Csmbeing controlled in a digital manner as
descri beduiher ofdisdnbmiied g the Rrafoopancemaemeisrshotan andithedasied appdicatinnk t o
back in a single or a differential arrangement can be controlled by anal og
vol t age \astshpwn imhH), 840\2d0.age Vctrl, can be a predeterm ned vol tage or can

be coupled together with the Vctrl of the primary tuning varactor to
further ¢004ahth sduitidorteyasmoys Certd gy baing eontfolteddn Y@RitaGapaer hodesGitbdds

in the schemes hereinabove, the varactor Cg; connected back to back in a single or a
differential arrangement can be controlled by analog voltage Vctrl;. Analog voltage Vetrl;
can be a predetermined voltage or can be coupled together with the Vctrl of the primary

tuning varactor to further extend the frequency tuning range of the VCO. Capacitor Cg is
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used to enhance the operation frequency shifting and phase noise
perform VCO since the capacitor typically h i.gher
qual ity P&@f@#ﬂkﬁ§% the varactors. [0042] The anpunt of§§g$$%yﬁgﬁggg
paranmeters is determ ned by the strength of the coupling between the
primary LC tank circuit and the N secondary LC tank circuits (N The
coupling can also inprove the quality of the LC tank circuit, a factor
which is inmportant in maintaining a | ow phase noise along with high

t unabi | i tuged fBremhavicd dlst opferationdreqaergs shiftmgarsliihescrnisepesonmaencemfitecVCOd by
t he nunber of capacitive tuning elenments coupled in the LC tank array,
whi ch i s shis etk capaditoetyiaally éds apnth Bightrapahydacibhden fReVagictlrgce par aneters.
[ 0043] The proposed structures are part of RF/ M crowave/ M1 Iineter-wave

Circui ts (bey2] frhe MY deR@fRinhRR. patdinbielsy RIUBRANInEE N Blel QRNEAULE]Se
usual Iy consist of a VCOW th a narrow or noderate tuning range and with

Clni ng | RO B R En T pAm i I Bk S A d B N BT Ll A by S agnet

or electric or brid coupling hetween di.ffer C.tanks w t hout. .an

ovi b, APBTRRYE Gl eh: PO, B AR, O g 1S hons G Bt e ?

enbodi ment (s) can be utilized in the design, of mllineter-wave w deband

i nj ect i orﬂmé 3060 PRRIRIRAG leamha%ﬁr%ol?er@@f&w&ﬁﬁl&m A, \GHEaYides tuning
comuni cation applications. [0044] Typically at - )

RF/ M cr ovénge/ aahiqvabietcap -akeg, be f@é&ﬁﬂéﬁ%&éé@e ahabere pK caparifive dupjpg Zlements; 5
and so on) are inplenented using injection | ocked techniques for the first
and fol | eaimled 9o dhed.G dankeduer pbishrischassdimppt thendesithe sppli¢atiodeand othpi cal | y
include a tank circuit conprised of inductors and capacitors which acts as
a band pasdofmdnteparametetse desi red out put frequency in accordance with the
division ratio used. Tank circuits forned by the parallel conbination of

i nduct angen43ndhe apGiséd BEEcted ared Part 0 R E/BMitrovak €@ Milinttedri wdvedeitda@s for

frequency generation. Such frequency generation sources usually consist of a VCO with a

narrow or moderate tuning range and with optimum phase noise and a single LC tank for

frequency tuning. Wideband tuning in accordance with the present embodiment(s) is

achieved by magnetic or electric or hybrid coupling between different LC tanks without

any switch. Frequency generation sources in accordanc;e with the present embodiment(s)

can be utilized in the design of millimeter-wave wideband injection locked frequency

dividers intended for use in wireless communication applications.

[0044] Typically at RF/Miérowave/millimeter-wave frequencies, dividers (divide by 2, 3,

4, 5 and so on) are implemented using injection locked techniques for the first and |
following stéges to reduce power consumption. These dividers typically include a tank

circuit comprised of inductors and capacitors which acts as a band pass filter at the desired

output frequency in accordance with the division ratio used. Tank circuits formed by the

parallel combination of inductance and capacitance play an important role in defining the
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| ocki ng range of these dividers. Typically, a wide |ocking range is
constrai %829}/2/0%99%3| nput power and the tuning range of ;PPJ%/SEII;'!):II?/OIO(EW
free-runni ng Thus, a wide tuning range is general 'y achieve %
varying the capacitance of the tank circuit using sone kind of sw tch| ng
el ement. The LC tank circuits of FIGs. 1 to 3 particularly relate to design
of an |ILFD which can achieve a w der | ocking range by increasing the range
of the ILFD 's free running node for best 1performance W th optinmm

t r adeof f ,lockineg ﬁasgmfithemdl‘ag@y Supicalbt e widg lopking rapga éy conptomined nethe gyput
applications. [0045] Referring to FIGs. 4A, 4B and 4C, three bipolar VCGs
400, 402,poked antsiheguriihg raige ofi ¢leyILEDUp| fed-rufhihgnode ( This, afwidt Gminglrahge 3 ar e
illustrated. In FIGs. 4A, 4B and 4C, Ti can be nagnetic or electric or

hybri d cqupk@sallyCadhddvied Byl Caiihg tas cdpacisiot o thdtank Gorcuil ubifg JomeaaREGE | Vel Y.
Nodesl and 2 are the main connection nodes for Ti to other portion of VCO

The stron QJ%hlﬁg'éfélnf‘eﬁt LEhd BOKafld difcMicd 8F Pﬁﬁ 8o gsp%ﬁlc'uﬂxr 'Maféftotdléﬁgﬁ/% 400,
402, 404. [0046] The VCO 400 uses a Co pitts architecture wwth a comon

col | ect ory t i ng
the capacitor “é%"‘é%décﬁ’l%gel%‘?ls%{ BPARE fans vl A SlTMe e pr ol OERDECEE
resonat or_of. the V 00. The VCO 02 has th me arch ure he VCO
400 it TR FROAS PRSP R QABME oYL CRtaR o ad GRSy for

addi ti onal base-col | ect or decoupling capacitor Cm The current sources in
t he VCOs H&B@en%ﬁonwgﬁeésawpgéaté’ﬁ? type or current source and can al so be a
resistor in series or parallel or any conbination thereof. The strongly
coupl ed U945k Riefesiing to B@G%f‘“’ﬂ"@s ?ndl4éoﬂgefthll?0b‘é WERu40Q 43y 4Md asiegithe nany
of the current VCO architectures and, as such, the use of the strongly
coupl ed Is@onginkoupledcu€ tanke (T PIcEFIGY. ltto 33re dlustrated. Fri FI6W. 44, 4Bend AT 400,
402, 404. [0047] FIGs. 5A 5B and 5C, are circuit diagranms 500, 502 and
504 of Cihitbwolapagie or electrl dréwtbiid codplak IOC tamkroineuitssasi preseaed inl AlEe 1wh Bh t he
present enbodi nent using the strongly coupled LC tanks of FIGs. 1 to 3. In
t he circuédpedivedl aNG1ebOshd DR thé&fdin cbhn&e@bn BEd¥HEITEL toCothér pokt@st ¢fiveCOr

hybri d coupl ed LC tanks as discussed in FIGs. 1 to 3, respectively. As in

FI Gs. 4A:rhé6tr lém%%ni(cﬁ@@it&aﬁ'b%u"sé?ﬁn@ﬁ&@fﬁ{ér\f@é&@ﬁm.?d@ﬁ for Ti to
ot her portion C8 [ 0048] The strongly coupled LC tank circuits can be

d i Vo) h
cvos vooBs! e A0S Lo G F?ﬁ?&%ﬁ@%& Betildon 2 1
Cross-co l %Q%(E'@LH % IC?I'E]?I ?EI lnc%l'égqu%l tﬁehga aEIEOI' 1 Za'ld tge varac%r%lt r Ongl y

coupled L €1 rcul'ts ‘can b a corpensa cross-coupl®&d NMOS

transi st or ir _an ransi st 0 02, 504 use
R I R h R eeR r&ﬁ@%ﬁ R ubs Vo abdr e R a0 ds Bz 1 T
3 can al so_be used in a. NMOS current_ source. The current
Sour Ceq CPUGESTHE REB) CRFOUE Tt HGinmahBNE Eoiste B dgH ShmBieey O can
al so be rcer%eaced by a resistor in series or parallel or any conbination

t her eof . anspdditiona) basrpnllegtor decanpking icepasites Cof Fhasurranttsouges amthe so be
used in nost current VCO architectures, and thus are not limted to the
CMOS i npVErRn4 G0, 462s40dfcan e ameﬁﬁ(lpﬁe@,ﬂémesihd\nm also Bt @résistor in series

or parallel or any combination thereof. The strongly coupled LC tank circuits of FIGs. 1 to
3 can be used to advantage in many of the current VCO architectures and, as such, the use
of the strongly coupled LC tank circuits of FIGs. 1 to 3 is not limited to the VCOs 400,

402, 404.
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[0049] FIG 6 is a top planar view 600 illustrating a first two netal |ayer
i nt egrat 9\90(\2'0{2%%55{ architecture of strongly nagnetic cogelrfs%z@qmt)&%
circuits a vo age controlled oscillator circuit in accordance with the
present enbodi nent. The outer coil 602 incorporates bottomtuning varactors
and a varactor bank for the primary LC tank circuit. The tuning varactor is
controlled by Vctrl. The varactor bank is controlled by Bit<l> to Bit<n>
(where n is integer). The inner coil 604 includes top tuning varactors
acting aq004@diGeaFs, S andrfiC, aire cuguisdiagaest ¥, 50hiand) S0arodEMOS wlage
controlled by Vctrl12. Vctrl2 can be a predeterm ned voltage; in addition,
Vetr12 cajpnbisllédonoiiator dirbwigsah Resorddnc withitthd pRbent BAbpdiimear ysinglht B@ongdy act or .
The secondary LC tank circuits can have other forns as defined by the

rotation gfpeuatc Qemks QJTE#IGsOfl 0 L1 1€ the tHOM Qlagﬁn%rsm)nctow 5w, O MERE ap
with the primary coil). Further, the inductor Shape is not limted to an

oct agonalr;r%ﬁ@@@of tr:le a0 0911%?1 I%dt rt('[ztafnﬁg N &Ecﬁsédetﬁtmg Uil 1%r3’ r%pgdtfvg \Xg i ank

hexagon e strong y cou circuits are not 1imt

circuits. d f thes or_tertiar II‘CUItS
can have 40 ﬁ%ﬂd%f nnel’an‘gz‘cl> EOdegut er c hse RPN %SHIHS&I’S Elfrgrtof) Tcoils
or any conbi r}g‘#\?&l t hereof when forned by stacked netal |ayers. [0050] FIG
71is a td’ﬁ? Qi ew 700 illustrati ng a second two netal |ayer integrated
circuit architecture of magnetic coupled LC tank circuits for a volta

control | 480 &Jhmsap@glyepmlaﬂt LG tanky gigtitg £ae be wisedhing the GMQ@S 8O én%dﬂthnaa nt

The coils are in the formof circles. The secondary LC tank circuit rotates
7r12. 1t ceesv-catmled RAMOSgramsistor prirs, Inrthe SMAY WO H502nthestrghglygioupled i zer o
to 27c. The control signal illustration is the same as FIG 6. -[0051] FIG 8
is a top tplaaeawnityicenb8@Eed With staredsicogplad PMOS ttangistoepat. Aagen thnChipPSat ed
circuit architecture of strongly magnetic coupled LC tank circuits for a
vol t age cooOrsok| @ daglyl @hpled did enktcidclitacaobel astderid b Roinpensated Spsks-

enbodi ment. The outer coil includes the top tuning varactor acting as the

secondar Yolsied ANOS ThRsiS@P bEPlan§ PINAS tiahdistss gﬁ% I AN theed) GOs KOG 521804 S
FIG6. [0052] FIG 9 is a top planar view 900 illustrating a fourth two

metal | aygg , ipRIGILALEH sGirtE Yitle aroﬁgtylceﬁtlea iquankS&f&ﬁgl)f'Fl'mgﬁ]%ﬁGatf:ﬁﬁp![ ﬁg LC

tanks for a voltage controlled oscillator circuit Iin accordance wt

o ot Suth TGO RN £ ShigS G MSRe HHLaELHRLTRVI a61
NMOS) may be programmable or not programmable; they can also be replaced by a
resistor in series or parallel or any combination thereof. The strongly coupled LC tank
circuits of FIGs. 1 to 3 can also be used in most current VCO architectures, and thus are
not limited to the CMOS implementations of the VCOs 500,502,504 shown in FIG.5.

[0049] FIG. 6 is a top planar view 600 illustrating a first two metal layer integrated circuit
architecture of strongly magnetic coupled LC tank circuits for a voltage controlled
oscillator citcuit in accordance with the present embodiment. = The outer coil 602
incorporates bottom tuning varactors and a varactor bank for the primary LC tank t:ircuit.

The tuning varactor is controlled by Vctrl. The varactor bank is controlled by Bit<1> to

Bit<n> (where n is integer). The inner coil 604 includes top tuning varactors acting as
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side tuning varactor acting as another secondary LC tank. The control

signal i l\!VH &%kﬁ?l is also the sane as FIG 6. [0053] F%?T/SQ;Q?J@O&ﬁ op
e

pl anar view ustrating a fifth two netal layer integrated Circuit
architecture of strongly nmagnetic coupled LC tank circuits for a voltage
controlled oscillator circuit in accordance with the present enbodi nent.
The top planar view 1000 has one nore floating inner coil than FIG 9. The
floating inner coils are not limted to one. In addition, they can be in
t he for msefonduitydrC tdnkaircwits. cBhé¢ ®pauniagyamattacskaee corgtodled bap\Wetrlx oVitd2 cpip054]
Referring to FIG 11, a top planar view 1100 illustrates a sixth two netal

layer i ntlﬁgﬁﬂ?&@éﬂelﬁilﬁ&w&tagﬂd’, GhbdREdM NeudS cat beidphyciep@pahtowtioVpirest the t ank
circuits for a voltage controlled oscillator circuit in accordance with the

present ngag% Withe VJQ&OJ wnle g@@&?&a BCahfk Lifeultd Rarl REVD Fher ThRSKRMMRER

coils. tommnetal coil includes the up-side tuning varactor acting as
the seco é i&g h 018" nlg ! @it h§ Rk B:F]tﬁ th@Me as
FI G 6. Bjda%}{ 9%519 opeh Slyc%%[]é Pgnz(r Q/?&Igw fg% "ﬁ ustrating % ree netal
| ayer |nt rat ed.. ci it archl ure of ongl net.i cou | ed LCtank
circuits H"g’? ary Coibk tgé‘&g‘ercg}ﬁl%‘f ‘FPP%@‘BF“F&’ %‘cgg%ag?‘nlcs R TH ThEPr esent
enmbodi nent .. The threg i nductors are in tfl{a? form f stac ﬁ L{ coils. The
bot t om neeal Weifprmp Qf |2 igetangplsn gHitcls e GG v h%émg oY ‘?j’a o
secondary LC tank. Another secondary LC tank is forned by a top net aI coi l
and a | efdircsitviare nonlimied tartwettenk cirrnis. pFhavadyctprs of tegecondagy @é@ﬁﬁ'@/ ardp net al
coil. I't will be recognized by those skilled in the art that the stacked
met al | ayle® mnlrcacuittcahihave fodms of innereils;Tonercos,rhoktom qgral anidfok teptgodls oon i s
also the sane as FIG 6. [0056] FIG 13 is a top planar view 1300
i |1 ustr atanp@ombirdomtheiddf ehenfirmkd bayackddnhegiriayeed circuit architecture of
strongly magnetic coupled LC tank circuits for a voltage controlled

[0050] FIG. 7 is a top planar view 700 illustrating a second two metal layer integrated

circuit architecture of magnetic coupled LC tank circuits for a voltage controlled oscillator

circuit in accordance with the present embodiment. The coils are in the form of circles.

The secondary LC tank circuit rotates 7/2. It can also have other forms, rotating with any

angle of 6 from zero to 2n. The control signal illustration is the same as FIG.6.

[0051) FIG. 8 is a top planar view 800 illustrating a third two metal layer integrated circuit

architecture of strongly magnetic coupled LC tank circuits for a voltage controlled

oscillator circuit in accordance with the present embodiment. The outer coil includes the

top tuning varactor acting as the secondary LC tank. The control signal illustration is also

the same as FIG.6.

[0052] FIG. 9 is a top planar view 900 illustrating a fourth two metal layer integrated

circuit architecture of strongly magnetic coupled LC tanks for a voltage controlled

oscillator circuit in accordance with the present embodiment. The inner coil includes a

right-side tuning varactor acting as the secondary LC tank. The outer coil includes a left-
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oscillator in accordance with the present enbodi nent. The LC tank circuits
are a conpj i f stacked netal |ayer inductors and i r oils.
The inneﬁyggﬁg%ggggls can al so have the form of stackedbggﬁgégﬁgﬁévg or any
nmetal |ayers. The inner/outer coils are also not limted to one coil.
Besides the primary coil, all the other coils can be used as coupled LC
tanks incorporating varactors, and sone of them can be floating. [0057]
Referring to FIG 14, a top planar view 1400 illustrates a seventh two

met al | agile tinihggaradtechcting evarnotlzar séionday luCtapk. Thdedntrot s gpdl eldhsiratiemisk
circuits for a voltage controlled oscillator in accordance with the present
enbodi meRiso tiReSindes FIG®. magnetic coupling as illustrated in FIG 6, there
is additional electric coupling introduced by capacitor Ccouple The

capaci t ofigfs3) FrGam P8 1 adr vieW e000filihiredidlg & FIMGIWoPdtal ¥Rk ii®dr@te€apaci tors,
swi t chabl'e capacitors, or any conbi nation of fixed, variable and sw tchable
capaci tor . - i § 1 1 j I he
secondarfﬁﬁaggggﬁggﬁé§t$§?g§ﬂég%ehﬁé%&%%wg?u?%f%gﬁﬁﬁggggﬁﬁgﬁﬁﬁ?ﬁﬂgﬁy angl e
of O fromQ,to 2r wi.th no,overlap with th .1 Al YCQl - ] or shape
is not | ioRfHagr ?16"“\%? EN (o] ﬁ%alnc%‘gltﬁ?hecparélse, %eel}??l&félﬁ%ﬁf ojrﬂhrﬁqgﬁ plé‘@@é%‘gﬂg%, a
circle, a hexagon or any other ge ri hape.. The strongly coupled LC
Cank o r et oas M TRBHRE [Pt 501 Eh {01 SAST GRS Cole PAUITBYL © o8 ¢ ne
secondary or tertiary or N LC tank circuit can have forms of inner_coils,
out er coilk 8dditien thayican be ibthe forpnelPuter flogting efils aspny stacked ansialdayes coily any
conbi nation thereof. FIG 15 is a circuit diagram 1500 depicting an

i nj ect i 0f005d% Reterfimgipudficy1,di top ghanar(view by 0¢illusimates agizthitwe enaialdayen
accordance with another present enbodinment. The ILFD in the circuit diagram
1500 uti lihtzgated ciroviehrchiechmé gfigrdngly magnety coupledileC kapbkirngitsfangolgdzet he

| LFDs. Sone general solutions to the problemof optimzing the | ocking
range of cafrdliddBstiBatbPcietRitin as@drddnee Githlthd prededcérmbodifdntofTha twaiiductorscui t  of
a bandpass filter (BPF) of the ILFD, increase the injection efficiency,

i ncrease 4rd A8hd ARAS T Sfacked h&sl doHENTRIbI P m-Al VGl icRided the up-3RRGhdiAgC e
associated with the tank circuit, or in sonme cases by varying the I nductors

using a 1 |, 4p i - ; L
Al t o nat SASEER ARl Aol DB 150 ol AR S R A B et or
and capaﬁﬁbgg of the tank circuit(s) without a switch and, instead, through

magneti c eélectric coupling or both (hybrid coupling) in LC tank

circuits. T er of LC tank circuits that, can coupled. in.the BPF can
be 1 om 20T RO, ek a Ve s iisn SACL e B S oD SR Plegrat gt % 5
4, 5) of the ILFD.. The BPF i s _opera as a band pass filter operation, and
Such oper N BHEFES T ARPHEY BIERgioAoprion LER CERiiE 1 W ees P Fbye)

i npl enentation in accordance with the present enbodinent as disclosed in
any of Flogsillater incaegordance with the present embodiment. The three inductors are in the form

of stacked metal coils. The bottom metal coil includes a right-side tuning varactor acting

as the secondary LC tank. Another secondary LC tank is formed by a top metal coil and a
left-side tuning varactor. The primary inductor is a second top metal coil. It will be
recognized by those skilled in the art that the stacked metal layers are not limited to three.
The control signal illustration is also the same as FIG.6. |

[0056] FIG. 13isa top planar view 1300 illustratiﬁg a second three metal layer integrated

circuit architecture of strongly magnetic coupled LC tank circuits for a voltage controlled
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[ 0059] Referring to FIG 16, conprising FIGs. 16A and 16B, circuit diagrans

1600 of Y8 nal injection | ocked frequency divid I
accordance mn %%@ present enbodi nent are depicted. FI%ET% égﬁ' QWQGB show

two possible inplenmentations of ILFDs. The injector can be of a single or a
multiple transistor type wth any possible conbinations placed in the above
| ocation. The region of interest is the inplenentation of the tank circuit
as marked in 1600 and not the actual inplenmentations of the |ILFDs. [0060]
FIG 17 isscillapr mcascordancegrignihe péSeniepibotinmgpt.al h€tanknjimuits am al ocked
frequency divider circuit architecture in accordance with the present

enbodi mendombiltios bf stailed Ghctgdlarr hddGoshadsni olpLeEle MhatineRokr évils! LFD in
CMOS conpl enmentary MOSFET architecture using the strongly coupled LC tanks

as il ustyatRg hhve fik @m Jf st2ked mtal 1a9e1% RE ay metal faytis aTh&Hnd/OQer chilscan be
magnetic or electric or hybrid coupled LC tanks and nodesl and 2 are the

mai n CO“Q%&LM otqug?e?l th Bhe ddil. a@%l&ts P! usrg 3811 A thd Q %Fl ca Ece%seﬁtag ongly

coupled L tan lto can in any whi ¢ as a tank

ol anar viBUE56 Rl Qarrc?@é"tané%&s)of ek e ﬁoﬁr et od el o

é@rated circuit
architect LC ta ectr ked fre drvr circuit
in accordﬁ@@%?v#?ﬂn$ﬂgggré§éhepé BHWﬁ%ﬁ906q8§§§TS%ﬁ §nfay aﬂﬁﬂgﬂ§éen t hat
an integrated circuit archrtecture for RE circuits which provides VCOs

whi ch addptegrtedicarcpibpichiteriite of hebrideoupled (€ciank giagujts dora Yojtagheomdrobedvi di ng

an inproved oscillator circuit which can concurrently meet the requirenents
of hi gh peseiflatorinrseordarcetyeignthp presert sthbolimenti dBesidas the megrictic eoumingds ci r cui t
architecture for RF circuits also provides ILFDs with broadened operating
f r equencillvamngdsn WiG. G these 13tadditiong eldewric conplmpmeodaies by aaghcltavl poper
consunption of conventional |LFDs. Wile several exenplary enbodi nents have
been pr esgHatcaphcitor Caskbm Bgoid@ misrt af figell dpacitorytvatablotapabicors, Rweiohdbdd, it
shoul d be appreciated that a vast nunber of variations exist.
" capacitors, or any combination of fixed, variable and switchable capacitors. The control
signal illustration is the same as FIG.6. The secondary LC tank circuit(s) can have other
forms, rotating with any angle of 6 from 0 to 27 with no overlap with the primary coil.
The inductor shape is not limited to octagonal as it can be in the form of a rectangle, a
circle, a hexagon or any other geometric shape. The strongly coupled LC tank circuits are
not limited to two tank circuits. The inductors of the secondary or tertiary or N LC tank
circuit can have forms of inner coils, outer coils, bottom/top coils when in the form of
stacked metals, or any combination thereof. FIG. 15 is a circuit diagram 1500 depicting an
. injection locked frequency divider (ILFD) circuit architecture in accordance with another
present embodiment. The ILFD in the circuit diagram 1500 utilizes a novel technique for
improving the locking range of the ILFDs. Some general solutions to the problem of

optimizing the locking range of an ILFD is to decrease the quality factor (Q) of a tank

circuit of a bandpass filter (BPF) of the ILFD, increase the injection efficiency, increase
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[0063] It should further be appreciated that the exenplary enbodi ment or
exenplar E%JEE?tS are only exanples, and are not in?ggg£90ﬁ>0&%@1t t he
200 . . :

scope, app di mensi ons, or configuration of t I"nven |on in any
way. Rather, the foregoing detailed description will provide those skilled
in the art mﬁth a convenient road map for inplenmenting an exenpl ary
enbodi nent of the invention, it being understood that various changes nay
be made in the function and arrangenent of el enments and operation of the
ci rcui t r ythelesge ofivefied ninaing dkERblyaayyiegitho ¢aprsitencsiassesiateddefutheitang from t he
scope of the invention as set forth in the appended clainms. -CLAIMS Wat is
cl ai med idreuit, or in sonde cades bywagingtiedndictasinsingashittlect ure conprising: a
primary LC tank circuit; and

[0058] A more optimized solution as presented in the alternate embodiment of FIGs. 15 to

17, is to optimally tune the inductor and capacitor of the tank circuit(s) without a switch

and, instead, through magnetic or electric coupling or both (hybrid coupling) in LC tank

circuits. The number of LC tank circuits that can be coupled in the BPF can be from 2 to

N, where N is synonymous with the division ratio (e.g., 2, 3, 4, 5) of the ILFD. The BPF is

operates as a band pass filter operation, and such operation is achieved by a LC tank circuit

in a circuit level implementation in accordance with the present embodiment as disclosed

in any of FIGs. 1 to 3.

[0059] Referring to FIG. 16, comprising FIGs. 16A and 16B, circuit diagrams 1600 of two

additional injection locked frequency divider circuits in accordance with the present

embodiment are depicted. FIGs. 16A and 16B show two possible implementations of

ILFDs. The injector can be of a single or a multiple transistor type with any possible

combinations placed in the above location. The region of interest is the implementation of

the tank circuit as marked in 1600 and not the actual implementations of the ILFDs.

[0060] FIG. 17 is a circuit diagram 1700 depicting another injection locked frequency

divider circuit architecture in accordance with the present embodiment. The circuit

diagram 1700 shows an implementation of an ILFD in CMOS complementary MOSFET

architecture using the strongly coupled LC tanks as illustrated in FIGs. 1, 2 or 3. In the

circuit diagram 1700, T1 can be magnetic or electric or hybrid coupled LC tanks and

nodesl and 2 are the main connection nodes for T1 and other portion of the ILFD. The
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one or nore secondary LC tank circuits, wherein each of the one or nore

secondar ircuits is coupled to the primary LC i It
[ K’Vb%h eggsg' Eq‘%?églr%{oﬁby&er ein

2. The integra Circuit architecture in accordance w
the one or nore secondary LC tank circuits are each electrically coupled to
the primary LC tank circuit. 3. The integrated circuit architecture
I n accordance with Caim1l1 wherein the one or nore secondary LC tank
circuits are each magnetically coupled to the primary LC tank circuit.
4. The i rtregglatcedpled L€uanksaf €Kit ddo drcen bauseddo rutpn HD which hany tank c@bwit ns 1
to 3 wherein the one or nore secondary LC tank circuits are each both
el ect ri cahdde cinf indgne and edpayitee@ipl ed to the prinary LC tank circuit.
[0061]) FIG. 18 is a top planar view 1800 illustrating a first two metal layer integrated
circuit architecture of LC tanks for an injection locked frequency divider circuit in
accordance with the present embodiment.
[0062] Thus it can be seen that an integrated circuit architecture for RF circuits which
provides VCOs which address the performance issues of VCOs individually while
providing an improved oscillator circuit which can concurrently meet the requirements of
high performance has been provided. In addition, the integrated circuit architecture for RF
circuits also provides ILFDs with broadened operating frequency ranges while maintaining
the low phase noise and low power consumption of conventional ILFDs. While several
exemplary embodiments have been presented in the foregoing detailed description of the
invention, it should be appreciated that a vast number of variations exist.
[0063] It should further be appreciated that the exemplary embodiment or exemplary
embodiments are only examples, and are not intended to limit the scope, applicability,
dimensions, or configuration of the invention in any way. Rather, the foregoing detailed
description will provide those skilled in the art with a convenient road map for
implementing an exemplary embodiment of the invention, it being understood that various
changes may be made in the function and arrangement of elements and operation of the

circuitry described in an exemplary embodiment without departing from the scope of the

invention as set forth in the appended claims.
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5. The integrated circuit architecture in accordance with any of Cains 1

to 4 V\her‘ghrk}ohzh%?%ge or nore secondary LC tank circui ts#ﬁ?@rﬁ@@%ﬁw or

nore LC t its, and wherein each of the two or

circuits is coupled to each other and coupled to the primary LC tank
circuit. 6. The integrated circuit architecture in accordance with
any of Clains 1 to 5 wherein each of the primary LC tank circuit and the
one or nore secondary LC tank circuits includes an inductor (L) and a
capacitive device (C) connected in paCBAIMS, and wherein each capacitive
devi ce conprises one or nore tunabl e capacitor banks. 7. The

i nt egr at ewhst ik eMiheddgchi tecture in accordance with any of Clains 1 to 6
wherein the integrated circuit architecture conprises a voltage controlled
oscillator circuit.

1. An integrated circuit architecture comprising:
a primary LC tank circuit; and
one or more secondary LC tank circuits, wherein each of the one or more

secondary LC tank circuits is coupled to the primary LC tank circuit.

2. The integrated circuit architecture in accordance with Claim 1 wherein the
one or more secondary LC tank circuits are each electrically coupled to the primary LC

tank circuit.

3.  The integrated circuit architecture in accordance with Claim 1 wherein the
one or more secondary LC tank circuits are each magnetically coupled to the primary LC

tank circuit.
4.  The integrated circuit architecture in accordance with any of Claims 1 to 3
wherein the one or more secondary LC tank circuits are each both electrically and

magnetically coupled to the primary LC tank circuit.

5.  The integrated circuit architecture in accordance with any of Claims 1 to 4

wherein the one or more secondary LC tank circuits comprises two or more LC tank
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8. The integrated circuit architecture in accordance with any of Cains 1

to 6 V\her‘gb%h%%gi?gt egrated circuit architecture conpri §%§/S%Q?]:1%'g&%i on
e

| ocked frequency drvider circuit. 9. A voltage contro

oscill ator conpri sing: a primary LC tank circuit conprising a first
I nductor (L) and a first capacitive device (C) connected in parallel; and
one or nore secondary LC tank circuits, each of the one or nore secondary
LC tank circuits conprising an inductor (L) and a capacitive device (O
connect edircvitspandawherkin eapleokthe twaothmorfe 1Gitankracwts isroouwplsito sadeotherla@dt ank
circuits is strongly coupled to the primary LC tank circuit and each of the
one or nepeplsétctheprimani LC tink<ircuit. 10. The voltage controlled
oscillator in accordance with Caim9 wherein the one or nore secondary LC
tank circuits are electrically coupled to the primary LC tank circuit and
to other ones of the one or nore secondary LC tank circuits.

6.  The integrated circuit architecture in accordance with any of Claims 1 to 5
wherein each of the primary LC tank circuit and the one or more secondary LC tank
circuits includes an inductor (L) and a capacitive device (C) connected in parallel, and

wherein each capacitive device comprises one or more tunable capacitor banks.

7. The integrated circuit architecture in accordance with any of Claims 1 to 6

wherein the integrated circuit architecture comprises a voltage controlled oscillator circuit.

8.  The integrated circuit architecture in accordance with any of Claims 1 to 6
wherein the integrated circuit architecture comprises an injection locked frequency divider

_circuit.

9. A voltage controlled oscillator comprising:

a primary LC tank circuit coinprising a first inductor (L) and a first capacitive
device (C) connected in parallel; and

one or more secondary LC tank circuits, each of the one or more secondary LC
tank circuits comprising an inductor (L) and a capacitive device (C) connected in parallel,
wherein each of the one or more secondary LC tank circuits is strongly coupled to thé

primary LC tank circuit and each of the one or more secondary circuits.
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11. The voltage controlled oscillator in accordance with Claim9 wherein

the one O%{ZZO5§998gonQary LC tank circuits are nagneti C@Ur)édiﬁ)ﬂ%(% ot 0 t he
primary LCtank Citcuit and to other ones of the one or more secondary LC

tank circuits. 12. The voltage controlled oscillator in accordance
with any of Cains 9 to 11 wherein the one or nore secondary LC tank
circuits are both electrically and nmagnetically coupled to the primary LC
tank circuit and to other ones of the one or nore secondary LC tank
circuits. 10. e voliegecohtrelips asemiatopiin ancordgndd wigh Etaimr® whaendznce with
any of Clainms 9 to 12 wherein the one or nore secondary LC tank circuits
conpr i seonewonore seoorelasekOnatdroirchifs srarlecticaltyicdupledandheprangiyiagh of the
two or nore LC tank circuits is strongly coupled to each other and strongly

coupl ed tefrchibendotol ottt Ynéso it neCdrimBotk kecondary LC tadkcirddi®. VOl tage control | er
oscillator in accordance with any of Clains 9 to 13 wherein said capacitive
device of each LC tank circuit, including said primary LC tank circuit and
said one or nore secondary LC tank circuit, conprises one or nore tunable

capaci tor banks.i The volt 19 dsB i O for ency, di.vi.der having
a predet erni nezl frequency d ?’I\?ﬁr% fégr?l Szf:%l? ﬁ%%ina%aj)@gér%sy@} ﬁ%ﬂn@ Wherein the
one or more secondary LC tank circuits are magnetically coupled to the primary LC tank

circuit and to other ones of the one or more secondary LC tank circuits.

12.  The voltage controlled oscillator in accordance with any of Claims 9 to 11
wherein the one or more secondary LC tank circuits are both electrically and magnetically
coupled to the primary LC tank circuit and to other ones of the one or more secondary LC

tank circuits.

13. The voltage controller oscillator in accordance with any of Claims 9 to 12
wherein the one or more secondary LC tank circuits comprises two or more secondary LC
tank circuits, and wherein each of the two or more LC tank circuits is strongly coupled to

each other and strongly coupled to the primary LC tank circuit.

14.  The voltage controller oscillator in accordance with any of Claims 9 to 13
wherein said capacitive device of each LC tank circuit, including said primary LC tank
circuit and said one or more secondary LC tank circuit, comprises one or more tunable

capacitor banks.
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a primary LC tank circuit conprising a first inductor (L) and a first

capaci ti i C) coupled in parallel; and o] r condary
LC tank \élg?gﬁilﬂ{@?%éach conprising an inductor (L) and aggg}égél&ﬁlyo@g%gevi ce

(C coupled in parallel, wherein each of the one or nore secondary LC tank
circuits is strongly coupled to the primary LC tank circuit for band pass
filtering an i nput frequency to generate an output frequency filtered in
accordance with the predeterm ned frequency division ratio. 16. The
i nj ection | ockeld. f revnisatgn Wckdddeequencyadividetavoe awredetCinaned figueknyr ei n each
of the one or nore secondary LC tank circuits is electrically coupled to
t he pri maliyisibfrdt@rdnd comprising: 17. The injection | ocked frequency divider in
accordance with Cl aim 15 wherein each of the one or nore secondary LC tank

circuits is migi(}ﬂiﬁ&?'ﬂ@taﬁ@ﬂi@&kﬂ@&@rish@ aPRrsiBAYctdrCLY Aftka first capacitivd 8. The

injection | ocked frequency divider in accordance with any of Clains 15 to

17 wher eigayig@ ity Qhupleln PRSIQ! adiOT € secondary LC tank circuits is both
el ectrically and magnetfcally coupled to the primary LC tank.

one or more secondary LC tank circuits, each comprising an inductor (L) and a
capacitive device (C) coupled in parallel, wherein each of the one or more secondary LC
tank circuits is strongly coupled to the primary LC tank circuit for band pass filtering an
input frequency to generate an‘ output frequency filtered in accordance with the

predetermined frequency division ratio.

16. The injection locked frequency divider in accordance with Claim 15
wherein each of the one or more secondary LC tank circuits is electrically coupled to the

primary LC tank.

17. The injection locked frequency divider in accordance with Claim 15
wherein each of the one or more secondary LC tank circuits is magnetically coupled to the

primary LC tank.
18. The injection locked frequency divider in accordance with any of Claims 15

to 17 wherein each of the one or more secondary LC tank circuits is both electrically and

magnetically coupled to the primary LC tank.
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19. The injection | ocked frequency divider in accordance with any of C ains
15 to 18 wibeneioszdsie one or nore secondary LC tank circectrsceenpnezes two
or nore LC tank circuits, and wherein each of the two or nore secondary LC
tank circuits is strongly coupled to each other and strongly coupled to the
primary LC tank circuit. 20. The injection |ocked frequency divider in
accordance with any of Clains 15 to 19 wherein said capacitive device of

each of the LC tank circyits, including,said primary LC. tank d said one
or nore secondallg JIE]E? ’t‘%Ft‘EROI&foFE?dqttC'%q,“eE@gn‘B?’ﬁadg’é‘? aﬁ?fgﬁ?ﬂ%e ﬁ’ﬁ?l‘ea“tyd’rﬁﬁ*f”é‘s 33paci tor
banks. _

to 18 wherein the one or more secondary LC tank circuits comprises two or more LC tank

circuits, and wherein each of the two or more secondary LC tank circuits is strongly

coupled to each other and strongly coupled to the primary LC tank circuit.

'20. The injection locked frequency divider in accordance with any of Claims 15
to 19 wherein said capacitive device of each of the LC tank circuits, including said primary
LC tank and said one or more secondary LC tank circuits, comprises one or more tunable

capacitor banks.
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