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devi ce uses r%gr{grgglfag%h%}@fogﬁ?sdI%oﬁg?&ﬁi&r_ ate the necessary radio

frequenci ed r operation e device. For exanple, as noted
above, cellular telephones operate in the 800 MHz regi on while PCS devices

operate in the 1900 MHz
Description of the Related Art

[0002] Wireless communication devices are commonly used today to
supplement and, in some cases, to replace conventional telephones. As wireless
technologies have improved, different standards have developed. Initially, most
wireless devices were analog cellular telephones, sometimes referred to as advanced
mobile phone system (AMPS), operating in the 800 MHz region of the spectrum.
Newer devices, sometimes referred to as a personal communications system (PCS)
device, are generally digital and operate in the 1900 MHz region of the spectrum. In
addition, different communication standards have been embraced by governing entities
in different parts of the world. For example, code division multiple access (CDMA) is
widely used in North America while a global system for mobile (GSM) communication
is widely used in Europe. Each of these differing technologies and different standards
require operation of the wireless device at different frequencies and often have different
frequency separations of adjacent channels in the spectrum.

[0003] As a result of the technical requirements, a typical wireless
communication device uses frequency synthesis to generate the necessary radio
frequencies for proper operation of the device. For example, as noted above, cellular

telephones operate in the 800 MHz region while PCS devices operate in the 1900 MHz
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inpractical to include separate radio frequency (RF) <circuits to enable
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wi rel ess communi cation device includes a frequency synthesizer circuit to
generate the necessary frequencies for 2proper operation of the device in
the cellular node or the PCS node. [0004] Frequency synthesizers often use
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consunpti on oJ ECL circuitry, a typical PLL inplenentation in a wreless
connunlcatlon “devi ce uses an ECL prescaler followed by a programmble CMOS
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whi ch | owers frequencies and thus the power consunption of the

CM3S count %@rar@d@%q@%&scspmizec;ﬁzare @he6h MEKhese ff@gﬁéhdlds feGuite¥ppetiant to
mnimze the frequency at which they operate to avoid coupling of spurious
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Mrin for high flexibility in operation with various standards. [0006]

Ther ef or e, Tethredepide sagpasemiterdotplad logie (ECLY, magibgnistd canividedw VOO a
circuit architecture that will allow flexibility in the frequency range

whil e mini ficquegy dieetty. HowsverpEChrirauitty spusuimess: ségngficans amouitiof etentical
frequency generation circuit. The
power. This is a problem in a battery operated wireless communication device. To
avoid the high power consumption of ECL circuitry, a typical PLL implementation in a
wireless communication device uses an ECL prescaler followed by a programmable
CMOS counter.
[0005] With conventional architectures, there is a trade off between the
minimum possible divide (M) and the divide value provided by the prescaler (P). Itis
desirable for the value P to be very large, which lowers the CMOS frequencies and thus
the power consumption of the CMOS counters. Since CMOS counters are also very
noisy it is important to minimize the frequency at which they operate to avoid coupling
of spurious signals into adjacent RF circuits. It is also desirable to maintain a low Mpn
for high flexibility in operation with various standards.
[0006] Therefore, it can be appreciated that there is a significant need for a
circuit architecture that will allow flexibility in the frequency range while minimizing
power consumption and spurious signals within the frequency generation circuit. The

present invention provides this, and other advantages, as will be apparent from the

following detailed description and accompanying figures.



present invention provides this, and other advantages, as will be apparent
fromthe followi ng detailed description and acconpanying figures. WO
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an exanpl e enbodi ment, the present invention is enbodied in an apparatus
conprising a voltage controlled oscillatdor (VCO having a control input and
a prescaler having a clock input and a plurality of control inputs with a

prescal er output clock hay S?HERF Mme control inputs.
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phase-1 ocked Ioop having a reference clock to generate a reference signal
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configured to receive the reference clock and the second input coupled to
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| ocal oscillator (LO
state and a second logic level while the respective counter is in a zero state.
[0008] In one embodiment, the apparatus further comprises a voltage controlled
oscillator (VCO) having a control input and a VCO clock output whose frequency is
dependent on a control signal coupled to the control input. The VCO clock output is
coupled to the prescaler clock input. The VCO may be a portion of a phase-locked loop
having a reference clock to generate a reference signal and a phase comparator having
first and second inputs with the first input configured to receive the reference clock and
the second input coupled to an output of the first counter. The output of the phase
comparator is coupled to the VCO control input through a loop filter block.
[0009] In another example embodiment, the apparatus is designed for use in a
wireless communication device having a radio frequency (RF) circuit portion. The
apparatus further comprises a mixer having an RF input and a local oscillator (LO)
input. The plurality of programmable counters form a portion of a phase-locked loop
with the VCO output clock being coupled to the LO input. In an alternative

embodiment, the wireless communication device is a quadrature device and the mixer

comprises first and second mixer portions each having an RF input and an LO input.



input. The plurality of progranmable counters forma portion of a

phase-| ocked loop wth the VCO out put clock being coupled to the LO input.
I n an al tworzaed/mwe43cenbodi ment, the wirel ess comuni cati @aTAS00BM21232 a
guadrature device and the m xer conprises first and second m xer portions
each having an RF input and an LO i nput.4 WD 2004/ 006436 PCT/ US2003/ 021232
4 The apparatus further conprises a phase splitter coupled to the VCO
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upon reaching 0, stop until the first counter has reached a count val ue of
1. [0012] Irepragraetestplsaigythe prugsimmable chautessapets| ogi ¢ circuits are coupl ed
to the first, second and third counters to detect a count value of 1 in
the first d00Hjer andnonerkxampkl enisodimef, ihe prhsake hos dirsradtshcond comtmnot er s,
respectively. In an exenplary enbodi nent, the hardware logic circuits nmay
further genepus end the flunakity efrprograoomable oointark issimplerhented by didstosecond and

val ues of the third and second counters, respectively. BRI EF DESCRI PTI ON OF
THE SEVERAIthid eonmterey Threjfirgpraywraldgput has the first logic level while the second counter

is in a non-zero state and the second control input has the first logic level while the third
counter is in the non-zero state. The second and third counters each count down to 0,
and upon reaching O, stop until the first counter has reached a count value of 1.

[0012] In an exemplary embodiment, hardware logic circuits are coupled to the
first, second and third counters to detect a count value of 1 in the first counter and count
values of 0 in the second and third counters, respectively. In an exemplary embodiment,
the hardware logic circuits may further generate the first and second control signals

based on count values of the third and second counters, respectively.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS

OF THE DRAWINGS
[0013] FIG. 1 is a functional block diagram of a wireless device implementing
the present invention.
[0014] FIG. 2 is a functional block diagram illustrating details of the clock

generation circuit of the present invention.



[0013] FIG 1 is a functional block diagramof a wrel ess device

i npl ementing the present invention. [0014] FIG 2 is a functional bl ock
di agram i Wowstv@b4zag details of the clock generation cipcauiszosfozizae
present invention. WO 2004/ 006436 PCT/US2003/021232 5 [0015] FIG3 is a
functional block diagramillustrating a3rescaler of the present
invention. [0016] FIG4 is a logic circuit i | lustrati ng an exanpl e

i mpl ement at of a i,vj der. chai n n rescal er prese
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counter ci rc\;{3 of the present invention. [0018] FIG6 is a |logic diagram
illustrating an exarrpl e of additional counters wused by the clock
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circuit provides a flexible progranmabl e counter th provi des a broad
range of freoneast fven@iui red by a typical wireless comunication device.

[ 0021] The present invention is illustrated, in an exenplary enbodi nent, in
a system 16W8]i | | ustpi@teR d Toghd Gagrans iltushotidg om eRimpsle W ra@li#idhal counters
conmmuni cation device. For the sake of clarity, FIG 1 illustrates only the

recei ver pasdéd @ntheflozk welieeht@smiscircan ot gradenomvemivnce and conpri ses an
antenna 102 to detect RF energy. The antenna 102 is coupled to a variable
gai n anpl i 10649] ( VGA) FIG4. is aflowgehant idlhstratmg Wstopedationf sket prefent mvgation. cont r ol
signal, which may formpart of an automatic gain control circuit. For

DETAILED DESCRIPTION OF THE INVENTION

[0020] The present disclosure is directed to techniques for synthesizing the
frequencies required for wireless communication devices. As will be described in
greater detail below, the synthesizer circuit provides a flexible programmable counter
that provides a broad range of frequencies required by a typical wireless communication
device.

[0021] The present invention is illustrated, in an exemplary embodiment, in a
system 100, illustrated in FIG. 1 as a portion of a wireless communication device. For
the sake of clarity, FIG. 1 illustrates only the receiver portion of a wireless
communication device and comprises an antenna 102 to detect RF energy. The antenna
102 is coupled to a variable gain amplifier (VGA) 104. The gain of the VGA 104 is set
by a gain control signal, which may form part of an automatic gain control circuit. For
the sake of brevity, details of implementation of the gain control signal are omitted since
they form no part of the invention itself. However, those skilled in the art will
appreciate that the gain control signal may be implemented in a known fashion. Also
omitted from FIG. 1 are additional components, such as impedance matching circuitry

and/or filter circuits.



t he sake of brevity, details of inplenentation of the gain control signal
are omtted since they formno part of the invention itself. However,

t hose skiwbedodoveidae art will appreciate that the gai npcartseaisiozizgnal may
be inmplenented in a known fashion. Also omtted fromFIG 1 are additional
conponents, such as inpedance matching drcuitry and/or filter circuits.
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and 112 are coupled to a nobile station nodem (MSM 116 for denodul ation

in a known dba%bd 8t of Phase Witk kdspdct Qo aith diber. MBése GRJURAtale oSSl RMR Isnals agd
i ntermedi ate frequency (I1F) and processed in a known fashion by the MSM

116. Al 't er padvided tyy a tloek dirotey 120 1d0wANsE deberiberlyin Froatdridetafiibghad.s to a
frequency at or near baseband in a receiver architecture sonetines referred
to as "di [@623]t o- bastheandpit dbahainiisersf110 hmddHRoarelcatipled tgpraomebite stagork nown
to those skilled in the art and need not be described in greater detail
herei n. [ O@®terFIMSME 116l &iraiemedaatiohm sksivenfaghionwilhe nfixasid1®and HE mayck
circuit 120, which is inplenented by a voltage-controlled (VCO oscillator
122 and a ghesvete|stgriakscat ah gaiprnfediaty frequencpl(B@odiprovsssegdan 8 kopwn Hashadnoesk
circuit 120, a phase splitter 126 is coupled to the output of the PLL
circuit 124he Mgwnél@t eAlterpativighy, dhdnizessr b10sjapdhalld, may gnixg thet signds te@ and
LOQ respectively. The LO and LOQ are LO signhals coupled to the m xers
110 and 115reqpensyest Py 8E3r. basglopnd] inTh recriver) orshitecture SOMAEMES oisEATedCO 25 rcui t
eneratin frequen '
g 'ng ‘‘girect-t(c)]-lT'l)ase(f))a(n(i.’I’1 Details of the demodulation process are known to those skilled in
the art and need not be described in greater detail herein.
[0024] Further details of the system 100 will focus on the clock circuit 120,
which is implemented by a voltage-controlled (VCO) oscillator 122 and a phase-locked
loop (PLL) 124. Although not part of the clock circuit 120, a phase splitter 126 is
coupled to the output of the PLL circuit 124 to generate the two quadrature signals,
designated as LOI and LOQ, respectively. The LOI and LOQ are LO signals coupled to
the mixers 110 and 112, respectively.
[0025] The VCO 122 is a conventional VCO circuit generating a frequency in
the 1-2 GHz range based on a control voltage input signal. The PLL 124 is illustrated in
greater detail in FIG. 2 and comprises a divider chain 125, which will be described in
greater detail below. The output of the divider chain 125 is coupled to one input of a
phase comparator 126. A second input of the phase comparator 126 receives a signal
from a reference clock 127. The phase comparator generates a control voltage based on
the phase difference between the counter output from the divider chain 125 and the

reference clock 127. In a typical embodiment, the reference clock 127 may operate at a

frequency of 200 KHz. Those skilled in the art will recognize that the reference clock



the 1-2 Gz range based on a control voltage input signal. The PLL 124 is
illustrated in greater detail in FIG 2 and conprises a divider chain 125,
whi ch w | woleeosddmseici bed in greater detail below The owcpuats2aizortes2 di vi der
chain 125 is coupled to one input of a J)hase conparator 126. A second

i nput of the phase conparator 126 receivles a signal froma reference clock
127. The phase conparator generates a control voltage based on the phase
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circuit 120 provides a stable signal for the phase splitter 129 so that the
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respectively. [0027] The PLL circuit 124 differs from other conventi onal
circuits i RignhBtmaytbe guneratedicfor the miremsUt0 afd 1 yrespedtivetyent nodul i for the
di vider chain 125. That is, the PLL circuit 124 conprises a quad nodul us
count er hay002y]f our PesPL eircuivilde diffdrs dsom lotheawonesntiopdl aciscudsriio dharant |
the four divide ratios are designated herein as P, P+l1, P+p, and P+p+]. In
one i npl enpnvaddserminimemvef] faer gifferentsmbeéwli fed theodibider ¢haiy 82 Juelhat is, tHeBLL | n
addi tion, the value of P may conveniently be chosen to be a power of 4.

[ 0028] FI Geircyis 124 romprisesriaduad medules eoynterhaying feur popsilje divideceatips. eln an

i npl ementation of the PLL circuit 124. The divider chain 125 conprises a
prescal er ergoplanyerpbediments therfoundinide aefinstags designatedthgreimas A, It 1, dedh githt ed
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addition, the value of P may conveniently be chosen to be a power of 4.

[0028] FIG.2 is a functional block diagram illustrating an example
implementation of the PLL circuit 124. The divider chain 125 comprises a prescaler
130 and a series of three counter circuits 132-136, designated herein as an A Counter, B
Counter, and C Counter, respectively. In an exemplary embodiment, the prescaler 130
is implemented with high-speed logic circuits, such as emitter-coupled logic (ECL),
while the counters 132-136 are implemented by CMOS logic circuits. Those skilled in
the art will recognize that the prescaler 130 and counters 132-136 may be implemented
using other logic circuit technologies. Accordingly, the present invention is not limited
by the specific technology used to implement the prescaler 130 and the counters 132-
136.

[0029] The counters 132-136 are programmable counters with programming
inputs 132i-136i, respectively. In an exemplary embodiment, the counters 132-136 are
loaded with a predetermined count number and count down to zero or one. However,

those skilled in the art will recognize that other possibilities, such as loading a



is inplemented with high-speed logic circuits, such as emtter-coupled
logic (ECL), while the counters 132-136 are inplenented by CMOS | ogic
circuits.wohoerosdssl | ed in the art will recognize that pciaspecsserBer 130
and counters 132-136 may be inplenmented wusing other logic circuit
technol ogi es. Accordingly, the present ignvention is not limted by the
specific technol ogy used to inplenent the prescaler 130 and the counters
132- 136. [0029] The counters 132-136 are progranmabl e counters wth
progr amm ngomplementaryl 8@nbdrgid, conptngeln 10/&TY may plsebeysed By 4hs CRMSEil Agnt |
the counters 132-136 are |oaded with a predeterm ned count nunber and
count downl3® zero or one. However, those skilled in the art will
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random access memory (RAM). A portion of the memory 140 may also include non-
volatile random access memory. The memory 140 provides instructions and data to the
CPU 138. The CPU 138 and memory 140 are coupled to the counters 132-136 via a
data bus 142. The data bus 142 may include a power bus, control bus and status signal
bus in addition to a data bus. For the sake of clarity, the various buses are illustrated in
FIG. 2 as the bus system 142.

[0032] The operation of the counters 132-136 may now be described in greater
detail. The total length (in bits) of the counters 132-136 determine the length of the
overall counter. The A Counter 132 is longer in bit length than the B and C Counters
134-136 and can be any length (in bits) to extend the length (in bits) of the overall
counter.

[0033] The B Counter 134 and C Counter 136 are used to control the prescaler
moduli with the length of each counter (in bits) being determined by the value loga(p).
The PLL 124 generates two modulus control signals, designated herein as control
signals S1 and S2. While the B Counter 134 is counting down, but is not in a 0 state,

the value of S2 is set to a logic high. Similarly, while the C Counter 136 is counting

down, but is not in a O state, the value of S1 is set to a logic high. As will be described



bus in addition to a data bus. For the sake of clarity, the various buses
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t he countwo0W3®64386 may now be described in greater decaiis200Be1Bot al

l ength (in bits) of the counters 132-136 determne the Iength of the

overall counter. The A Counter 132 is Idhger in bit length than the B and C

Counters 134-136 and can be any length (in bits) to extend the length (in

bits) of t | unter . [ 3 134 and. ter, 136
r]ﬁ (gg%at%rrgz#et%lhgﬁe coul 501 sllgn%"l;s él EP& ﬁ %ﬁ%ﬁ%@lﬁ}lse ﬁ%r{t lg%ggal(sjotﬁﬁ will

are used to P al'é nodul T "W each counter

(in bits) ngegﬁqhggwomﬁﬁg)fq%é{}ggcaggqllgg_ 1092(P)- The PLL 124 generates two
0 S,

nodul us contr sl gna esi ghated herein as control signals S1 and S2.
Wil e the Bogpgnter 134 A1y @ bonkbE sikBalf QY drd $ %Sl hoe
value of S ;ﬁ?]set tg%a 1‘%5@‘?% gﬁgy’sﬁlrri Iogr Py?lgﬁv\%?l e %nﬁe C (%oun%tgarwdl% IS

counting  doyRaiffromSthB Coin@r 436 LAl She BNCoMAIUE340TrespbctivalyS 8§yts@qiint 091 C
high. As will be described WD 2004/ 006436 PCT/ US2003/ 021232 9 in greater

detai |, thqfidg‘iv%%tiﬁ e [%E&Bﬁhi%clgéuréﬁl%sﬁate&faﬂjmélUirélﬁtrg@&de@éctiﬁ%ﬁQéxlosstzit@ﬂ{ will
select the divisor ratio of the prescaler 130. [0034] For the sake of

clarity, thee Baaunet 134 ambihe Slowitel 133 tatieréty gsierad 8@ cdfitrolesi@adi $ nand r om
the C Counter 136 and the B Counter 134, respectively. Subsequent figures

in the presntHaoWveet, dsase skilled irsthe aitewiliapgivaiate thatr athiért teghniques fhetgendratigg a
zero state in the B counter 134 and the C counter 136 to thereby generate
t he cont r olthe comed]l sighialsa®t an$B2 idaywbeecadityhosplemknted gy tha stystematQ0. wikbt
appreci ate that other techniques for generating the control signals Si and
S2 may be resampleytherqRe B8 rewlddgad the contente of @B Jounter éxhapd the G Geu@PU 138
could load the contents of the B Counter 134 and the C Counter 136 and use
sof twar e cddfrandyse spfirare commandiier determinewbethert the soentersiare inrthe 0 stataipe or

in a non-zero state. In this enbodi nent, the CPU 138 may generate the
control si dRAMEN-ZE0 Hate. &y thissmbodiment thesEBUUS8gpay generatcHigrpoatrolignaing t he

B Counter 134, respectively.
Sland S belsed on t?le)s/‘.tatus of the C Counter 136 and the B Counter 134, respectively.

[0035] The CLOCK-IN signal, which is provided as an input to the prescaler
130, is generated by the VCO 122 (see FIG. 1). A counter cycle begins by pre-
programming the counters 132-136 via the programming in puts 132i-136i, respectively.
Each counter begins to count down at each clock cycle and stops after reaching zero.

For each counting cycle, the prescaler 130 divides by:

P+S2 % p+S1,

where S2 and SI are state variables based on the count value of the B Counter 134 and
the C Counter 136, respectively. The state variables have a one logic value (e.g., a logic
1) prior to the respective counter reaching zero and a second logic value (i.e., a logic 0)
thereafter.

[0036] The complete count cycle repeats after the A Counter 132 counts down to
a value of 1. For the sake of convenience in the circuit design, the A counter 132 counts
down to a value of one because one prescaler cycle is used to preset all the counters.

However, the A counter 132 could be designed to count to zero and include additional



[ 0035] The CLOCK-IN signal, which is provided as an input to the prescaler
130, is generated by the VCO 122 (see FIG 1). A counter cycle begins by
pre- progwermvageidde counters 132-136 via the progranm mgTIUS2@31021232

132i - 136i, respectively. Each counter begins to count down at each cl ock
cycle and stops after reaching zero. F&P each counting cycle, the

prescal er 130 divides by: P+S2 * p+Sl, where S2 and Si are state vari abl es

pased o0 RSB S e RN o e SR I bRy .

(o, o 1 aBed FPBE kRl MY Rt GREH BT Tnf PRt ey Befetl, €

after the A t .cqunts down to a value of 1. For the sake of
conveni encéﬂﬁﬁ%}ﬁgé@g&ﬂ?' design, the A counter 132 counts down to a

val ue of one because one prescaler cycle is used to preset all the
counters. However, thgagéwnte 132 coul d be designed to count to zero
and incl ude additiond 0047006436 PCT/ US2003/ 021232 10 preset
circuitry. Such circuit nodification is well within the skill of the
practitioner and need not be described in greater detail herein. The total

counter valyifch fl@EEhA Wilud F={AHBYEN e duliputi P ltheONiCdanteNT B2 B ddtifled Wb
results in a value N=[A B: C{ The out put of the A Counter 132 is coupl ed

to one | nnm;sut@fftﬁ&ﬂ]d@@aémgﬁ@twaaet(we HI262) sk tht Coubter toWpetMecafusiy e to
operate correctly A nust be larger than either Bor C It follows fromthe

above t hat naustabelidarglimthars dither B & ,C.=Itp folwiC drdrietheakhb@vep thumsa sedlect ed
to equal the JP, the value of Nmin =p * P=P312 . In contrast, Nmn in a
typi cal dudm.no8ul.usCi.s Jp.eSagkahe valse piwast setbcted tozquall the , B vaiind o
severely limts the diyide value provided by the prescaler. [0037] FIG 3
has a functN.emap *oP 6ok dilmgentrasbNnixie agyrisdaluel mo@@lus fsrpescaler, is limited to
a value of P, which severely limits the divide value provided by the prescaler.
[0037] FIG. 3 has a functional block diagram of the prescaler 130. The
architecture illustrated in FIG. 3 takes advantage of the fact that quadrature signals are
available at the LO frequency to achieve excellent performance for low current while
also permitting division by non-integer divide ratios. The use of the quadrature signals
can provide a Y divide capability. The prescaler 130 uses a phase splitter 144 to
generate quadrature signals. The quadrature outputs are provided to a phase selector
146 whose operation will be described in greater detail below. The output of the phase
selector 146 is coupled to a divide-by-4 divider circuit 148 which, in turn, is coupled to
a divide-by-16/17 divider circuit 150.
[0038] The high-frequency operation of the prescaler 130 is achieved using the
phase selection architecture, as is known in the art. Typically this architecture uses a
pre-divide-by-4 divider circuit in front of the phase selector 146 to provide accurate
quadrature signals and to lower the frequency of the input signal with the pre-divide-by-
4 divider circuit being implemented only by divide-by-2 toggle flip-flops.
[0039] In the architecture illustrated in FIG. 3, accurate quadrature signals

generated by the phase splitter 144, a pre-divide-by-4 divider circuit is not required by



architecture illustrated in FIG 3 takes advantage of the fact that
quadrature signals are available at the LO frequency to achi eve excell ent
per f or manwe 2ewrook4de current while also permtting divi #Coruskgosmoerest nt eger
divide ratios. The use of the quadrature signals can provide a 1/4 divide
capability. The prescaler 130 uses a phgse splitter 144 to generate
quadrature signals. The quadrature outputs are provided to a phase sel ector
146 whose operation will be described in greater detail bel ow. The out put
3}1 t Ee phashe ciswiteeftlJ6. 148hus, the qpadratuicosianals vieciteagy proyidsdadirectly te fiet 148

ich, inturn, is coupled to a divide-by-16/17 divider circuit 150,
[0038] The Phasgirclee®g daégc;f theyeonirql signak Sk ﬁéﬂ%ﬂ« dhecphase S%S@Oli i‘{ﬁa\‘fﬁf BO¥Y%si ng
the phase selection architecture, i

) as is known_in the art. . Typically this
ar fhi t ect l],l- Z‘g— Pexé phase eg?lénme\;ha@uwt ﬂfsﬁ‘ie\ﬂr%?@?‘leﬁﬁ(g ﬁ?etsq?‘gh'f rv%}?%l th\ﬁ ‘Fﬁ%’s’phase
sel ect or to provide accurate uadrature.signals,and. to | aower the
frequency dhe ?‘P}E‘?qrr?ﬁi?ﬁmgﬁbﬁ%ﬂps\ﬁ ‘ﬂ‘ﬁ’gtfﬁéy ?ér-lag‘fr\ﬁi %8?%8&?! %hw%q Wlaépcrgﬁ'egodli t
being inplenmented only by divide-by-2 toggle flip-flops. [0039] In the
grchhtecLuP8°ﬂPW3§trated in FIG 3, accurate quadrature signals generated

y the pha litter, 14 a pre-diyide-by- [, VA I it is not
requi r ed bj&{/@?zoom 36‘82%%“3&1‘)"%%%‘3%5%%53‘“9k‘ﬁ#’ﬁ%l BUIDR L of FIG 3.
Thus, the quadrature signals are already provided directly tg the phase
selector 146. If the corgirol s|i gnalS2Si i hiPgdscalehbivideeRatisellect or 146 wil |
nove to the next pfase gach tfrme the output of tng prescal er] 130 goes
hi gh. When this occlurs the counter essentially di A}\pc a—guarter cycle
making the total dijvide ratio |increase byl one-quée42®r. [0040] The
effective counter drvide Tatios are in rapfe T DEIggL Si SZ |Prescal er
Divide Ratio 0 0 64_1 Q%4 25 0 1168
1 1 68.25

[0041] The divide-by-4 circuit 148 provides a fixed divisor. The divide-by-
16/17 divider circuit 150 is a modulus that is controlled by the control signal S2, as
noted above. When the control signal S2 is a logic of 0, the counter 150 divides by 16.
When the control signal S2 is a logic 1, the counter 150 divides by 17. Thus, the
prescaler 130 provides a divide-by-64 (i.e., 4 x 16) when the control signal S2 is at a
logic 0 and provides a divide-by-68 (i.e., 4 x 17) when the control signal S2 is a logic 1.
In addition, the prescaler 130 provides an additional divide-by-%4 (i.e., + 64.25 or 68.25)
when the control signal S1 is a logic 1.

[0042] An example implementation of the divide-by-16/17 divider circuit 150 is
illustrated in FIG. 4. The divider circuit 150 consists of series connected D Flip-Flops
152-156, which form a first state machine 158. The first state machine 158 forms a
divide-by-4/5 counter. Whether the first state machine 158 divides by 4 or 5 is
determined by a second state machine 160, which is formed by a divide-by-4 counter
166 and the modulus input (i.e., the control signal S2) from the B Counter 134 (see
FIG. 2). The first state machine 158 divides by 4 for a portion of the clock cycles and
divides by 5 for a portion of the clock cycles. As a result, the combination of the first

state machine 158 and the second state machine 160 is a divide by 16/17 circuit. The



1 1 68.25 [0041] The divide-by-4 circuit 148 provides a fixed divisor. The
di vide-by- 16/17 divider circuit 150 is a nodulus that is controlled by the
control sworab4/B2436as noted above. When the control si gealus3®3iozi2az2| ogic
of 0, the counter 150 divides by 16. Wen the control signal S2 is a logic
1, the counter 150 divides by 17. Thus, 12he prescaler 130 provides a
divide-by-64 (i.e., 4 x 16) when the control signal S2 is at a logic 0 and
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di vi de- by-"' b 8= 84 or 68.25) when the control signal Si is a
| ogi c 1. [(%@é’f b%ﬁlegﬁegﬁagfre@frpl enent ati on of the divide-by-16/17 divider
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series connect éd D Fl'I p- orma first state macéhi ne

158. The fidsihte? 136 CalkEE N Wnﬂiﬁﬁi&no&g;ﬁ} tlZe glgkaélileg%@yfo%ﬁarpw untefhedher

t
the first state machi ne 158 di vi des Is determned by a second

state mac hiiﬂx?le%qiﬁgtatim bf thei&cm&éfq@zbyi1r|&s@&2tyd fahdYogic &apahess FIEOS vaRek 4 he

nodul us i npu e., the control signal S2) fromthe B Counter 134 (see

FI G 2). Theldckriputst.al ehd"RRESCALEIS CUITRUWESistibufleliab Asde@ehtially @nnédigd cl ock
cycles and divides by 5 for a portion of the clock cycles. As a result,

t he conbi nalivider ¢Hairt 120,f whish fofhahe Mutdgen®uhtef dndnt HengRaendnisddihent,
machine 160 is a divide by 16/17 circuit. The WO 2004/ 006436
PCT/ US2003/M 21123 ZThake skll&Ckn the @&t giilhkecognipe that dehelr byuritdrebil/lsmgthR 2nayTdiso
PRESCALER QUT signal is the output of the prescaler 130. [0043] Returning
monent ar i | petused=1 The2V stdge cour@onintpeese8izh a pradetenmnimed Valie vix th€poogranmigs,
taken in conbination with the prescaler 130, forman N bit counter. An
i mpl enent atip 1821 torpovide therdesired B firegquiendyusthead 6gunter 4 Bz cowngs down figmam of
FIG5 where a clock input (i.e., the PRESCALER OUTPUT) is coupled to a
sequent i al [the presphaumber ungil itirerchee i dplhe of7b, Alpgie pirgwit hi? dateats seumpeotbimt er .
In an exenpl ary enbodi nent, . i . ) .
the A’ Counter 132 and triggers a reset process in which the predetermined value is
reprogrammed into the A Counter 132 via the programming inputs 132i.
[0044] As previously discussed, the predetermined value programmed into the
counters 132-136 may initially be determined by the CPU 138 (see FIG. 2). In an
exemplary embodiment, the CPU 138 receives instructions from a base station (not
shown) indicating the operational frequency of the wireless communication device.
Based on the frequency generated by the VCO 122 (see FIG. 1), the CPU 138 may
readily determine the divisor count required to generate the necessary LO frequency for
operation at the designated operational frequency of the wireless communication device.
As noted above, the output of the VCO 122 directly generates the LO frequency, which
is phase locked to the reference clock 127 (see FIG. 2). The counters 132-136 may be
programmed accordingly by data provided by the CPU 138 via the bus system 142 in
the programmable inputs 132i-136i.
[0045] An example implementation of the B counter 134 and C counter 136 is
illustrated in the logic diagram of FIG. 6. The B counter 134 and the C counter 136 may

be implemented by identical logic circuits. For the sake of clarity, only one counter is

illustrated in FIG. 6. The B and C counters 134-136 are each implemented by a



M= 12. Those skilled in the art will recognize that other counter bit

| engths may al so be used. The M stage counter is preset with a

pr edet er woedovmbise via the programm ng input 1321 to pcaaisderstobeszesired
LO frequency. The A Counter 132 counts down from the preset nunber until

it reaches a value of 1. Alogic circuit3172 detects a count of 1 in the A
Counter 132 and triggers a reset process in which the predeterm ned vaI ue
is reprogranned nto the A

[004] S gzwmﬁ} Spapcica dugdet e BLE abidh bervaGnVEFGEF bPdsmanirect 1P o the
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gener at e the necessa quency operati on a
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above, the output of th Irectly generates t ue cy, whi ch

i s phase | @l%k@dc&ﬁltélhgd ?lfll@r@ hof rédu%g f&ZZatﬂsFa%ﬁ)rf Ioﬁerat?ll)n o}-hﬁ‘e SN, 810D
132-136 may be programre accordingly by data provided by the CPU 138 via

the bus syghamslée Banddeorhes IR £36 Ay thavd dRierdnd Gbspebdiasil 1eﬁgufaxanpl e
i mpl enentation of the B counter 134 and C counter 136 is illustrated in

the | ogic @Hasgofnh®fL kthfes 6 thEhB dduntsdnizar ankBthea@dedubiter Q36048 Esel IAtHTRY
be inplenmented by identical logic circuits. For the sake of clarity, only

one count eprddsterminedsvalaésediia nthel progranimingB igpus A 3dd uarider1S6il 3despfivelye each
i npl emented by a WO 2004/ 006436 PCT/ US2003/021232 13 sequentially

connect ed deptndarg anthe desli®@0 LOvMrequentpr ns an L stage counter. The cl ock

i nput (i.e., the PRESCALER QUTPUT) is coupled to the first sequential stage
(i.e., thel0046dst si Q’hbfohmtstofb&apb\ op thet hetages/andeouplbditm a 1@gc cireuith82 to
exenpl ary enbodinment, L = 4 for each of the counters (i.e., the B counter
134 and t hdetecicwhen @me B Sepntep183hond & Countgr 136 have reached zero. As previously

discussed, the control signals S1 and S2 are generated by the C Counter 136 and the B
Counter 134, respectively. So long as the C Counter 136 is at a non-zero value, the
control signal S1 is a logic 1. When the C Counter 136 reaches zero, the logic circuit
182 causes the control signal S1 to switch to a logic 0. Similarly, so long as the B
Counter 134 is at a non-zero value, the control signal S2 is a logic 1. When the B
Counter 134 reaches zero, the logic circuit 182 causes the control signal S2 to switch to
a logic 0. The logic circuit 182 also holds the B Counter 134 and the C Counter 136 in
the zero state until the A Counter 132 is reset.

[0047] Taken together, the A counter 132, B counter 134, and C counter 136
provide a 20-bit programmable counter. The operation of the counters is illustrated in
the flow chart of FIG. 7 where, at a start 200 the wireless communication device is
under power and is assigned a specific operational frequency by a base station (not
shown). The assignment of operational frequencies depends on the particular range of
frequencies assigned for wireless communication and upon the particular standard
implemented by the wireless system. For example, analog cellular telephones (i.e.,

AMPS) operate in the 800 MHz region while personal communications system (PCS)



convenient to have the bit length of the B Counter 134 be identical to the
bit length of the C Counter 136, this is not required for satisfactory
oper at i orwof2otdmeesyst em 100. That is, the B and C Counterassi@s/oared2 136 nmay
have different respective bit Iengths. Each of the L stages of the B
counter 134 and the C counter 136 are pjgeset with predetermned values via
the programm ng i nputs 134i and 136i, respectively, depending on the
desired LO frequency. [0046] The outputs of each of the L stages are

coupl ed t odevitesgiperaté frcthi t1908 MMHp regiet. eComnhimicatings Baiagds s¥ch1zCRANE.C
Counter 136 have reached zero. As previously discussed, the control

signal s Si magdurapeifyahent éeqbsncies andcloyingt snacings formapartifatlas fregyentyer

134, respectively. So long as the C Counter 136 is at a no,n-zerol val ue, the
control sigmat @g, COMAIRGS clevicewwnparating i sy Mtz regigph 241ls 01Rer | e
logic circuit 182 causes the contraol si_&nal S | tg switch to g |.0 ic1 0.
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Communi cat irgeyy]St anday decisiol 2102ehe G¥8¢m 100 determines whether the count value for
the C Counter 136 equals zero. If the count value does equal zero, the result of decision
210 is YES. In that event, the value for the control signal S1 is set a logic 0 in step 212.
In step 214, the C Counter 136 is placed in hold so that the counter does not continue to
count. As noted above, the sample implementation of the C Counter 136 is illustrated in
the logic diagram of FIG. 6. The logic circuit 182 provides a hardware implementation
to detect the zero state of the C Counter 136 and to generate the control signal SI.
However, in alternative embodiments, the status of the C Counter 136 may be
determined by the CPU 138 (see FIG. 2) and the control signal S1 generated by the CPU
or other peripheral device under the control of the CPU.
[0050] If the C Counter 136 is not in the zero state, the result of decision 210 1s
NO. In that event, or following the execution of step 214, the system 100 moves to
decision 218.
[0051] In decision 218, the system 100 determines whether the count value for
the B Counter 134 equals zero. If the count value does equal zero, the result of decision

210 is YES. In that event, the value for the control signal S2 is set a logic 0 in step 220.

In step 222, the B Counter 134 is placed in hold so that the counter does not continue to



may further specify channel frequencies and channel spacings for a
particul ar frequency range (e.g., CDVA PCS devices operating in the 1900
MHz r egi owp 2oiM/doe436t her st andards, such as GSM nay spe®@ciyusdodsfoerent
channel assignnents and channel spacing. The specific operational
frequency is not critical to a proper uhflerstandi ng of the present

i nvention. However, the system 100 provides a broad range of devisors and
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210 is YES. In that event, the va for the control signa et a

logic 0 in RieRimddby thd CPEL B (SFIG Prand thObOtRI sibafl $BgdNeAf@ihy te gyl so

that the counter doés not continue to count. As noted above, t'he sanple

i mpl enent ator @thePperipiRrdl deABO Lfder Econtrol dfithspat ed in  the | ogic di agram of
FIG 6. The logic circuit 182 provides a hardware inplenentation to detect

the zero stess2]jof thdf (he@® Wotiter 18Hisand it degerestatt Stht hesutt@itdesikiosizgpas S 1.
However, in alternative enbodi nents, the status of the C Counter 136 may be

det er m ned N©®. tlheh£&iRWeABG&r fek@vikg EGhe pxaenton b€ stepri200khessygreal 18 ngeaetat ed
by the CPU or other peripheral device under the control of the CPU [0050]
| f the C Calacision 2236 is not in the zero state, the result of decision 210
is NO In that event, or follow ng the execution of step 214, the system
100 noves t10053eci si dme2d@teni d081jnoves tiesiepi 33. 2118, stehe22dy shesysten 100
determ nes whether the count value for the B Counter 134 equals zero. If

t he count gleraingsasdethgutiec A ECpenter K2 qqualy|l: IHtheghEounteh1322hay ros reagiwed 4 n
that event, the value for the control signal S2 is set alogic O in step

220. | n stapexafol, thgeregilicefde@sion $24iis /O andythesyRisH resyms Rastaphd& dunt er

does not continue to . ,
continue decrementing the counters. As previously noted, the A Counter 132 must be

larger in bit length than either the B Counter 134 or the C Counter 136. Thus, B
Counter 134 and the C Counter 136 will always reach a zero state prior to the A Counter
132. When the A Counter 132 does reach a value of 1, the result of decision 224 is
YES. In that event, the system 100 returns to step 202 to reload the A-C Counters 132-
136 and repeat the process. Thus, the system 100 continues to generate the desired
frequencies for use by the mixers 110 and 112 (see FIG. 1). It should be noted that the
CPU 138 (see FIG. 2) may alter the programming values in the A-C Counters 132-136
upon receipt of instructions from the base station (not shown).

[0054] As can be readily calculated, the divide ratio of the prescaler 130 is equal

to:

64 +S2*4+8S1*Va.

Based on the logic circuit of FIGS. 4-6, it can be easily shown that:

N=A*64+B*4+Cx*1/4
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i npl enentation of the B Counter 134 is illustrated in the |ogic diagram of
FI G 6. Thwol2egi/messicr cuit 182 provi des a hardware i npl eneatratseans/02i202 det ect
the zero state of the B Counter 134 and to generate the control signal S2.
However, in alternative enbodi nents, the status of the B Counter 134 may be
determ ned by the CPU 138 (see FIG 2) and the control signal S2 generated
by the CPU or other perigh&&#iz‘lg&cygaer the control of the CPU. [0052]
If the B Counter 134 is te, the result of decision 218
is NO In that event, or follow fig the execution of step 220, the system

100 noves to decision 222. [0053] The system 100 noves to step 224. In
step 224, the system 100 determ nes whether the A Counter 132 equals 1. If

the A Co 32 h t hed I f 1, th I f i 8 224
o NO and 155Ey<r omproreits Bvs: B SheinS corelifel dlrbsonefl RE"

t . As i ..not th i it
Cengt b+ hafBRERE 4 B0 o QR e ST SR dahiah. Pant FrEbeU R o
134 and th i L | - I [ to the A
Countor  1395veu R Baed il shufe (BT BT RMALEFAILEL P 12 result of
decision 224 is YES. In that event, the system 100 returns to step 202 to

reload the A-C Counters, 132-.136 Lepeat,, the process. Thus, the system
100 continues to gené‘éfvé<f9h%>’§g§?wg7dﬁ>ﬁf¢édﬂég@l>es for use by the m xers

110 and 112 (see FIG 1). It should be noted that the CPU 138 (see FIG 2)
may alter the programm ng values in the A-C Counters 132-136 wupon receipt

of i nstructjpepstht OObMe PBSe 12tk iP engthoindtho BN Tourtéi034]and< Cainibe13eeadi |y
calculated, the divide ratio of the prescaler 130 is equal to:

64+S2* 4+S1%eléhch 4B5iELH 10fgth hahe a@ixgémair divide radio Fsl Iibitedlofly biytthe aize loé tikasi | y
shown that 'counter. For example, additional bits could be added to the A-C Counters 132-136. The
minimum divide ratio is limited by the constraint that the A Counter 132 must be bigger
than both the B Counter 134 and the C Counter 136. In the example illustrated above,
where the B Counter 134 and C Counter 136 are 4 bits, their maximum value is 15 and,

therefore, the minimum value of the A Counter 132 is 16. Based on these limitations,

the minimum and maximum divides are listed in table 2 below.

Table 2

Prescaler Anin Apmax | Bmin | Bmax | Cmin | Cmax | Nmin Npax
64 16 4095 0 15 0 15 | 1024 | 262143.75

[0056] The system 100 thus provides great flexibility in implementation and
permits use in various frequency ranges and with differing communication standards.
The system 100 has been described above in a number of varying implementations and
architectures. It is to be understood that even though various embodiments and
advantages have been set forth in the foregoing description, the above disclosure is

illustrative only, and changes may be made in detail, yet remain within the broad



N=A*64+B* 4+ C* 1/ 4 W 2004/006436 PCT/US2003/021232 16
A*28+B*24+C*20 4 [0055] As noted above, an exenplary enbodi nent of the
system 1080 20omploesdent s a 20-bit counter using the A-C Ceamiusee3h323136. |n
the exanple listed above, the N stage counter setting (N <19:0>) is

di vided as follows: A=N<19: 8>, B =N<7:4¥] C =N<3:0> where the A Counter 132
is 12 bits in length and the B Counter 134 and C Counter 136 are each 4
b|tS|nIenth The maxi num di io is lLimted,onl S of the
counter . “@R?ﬁﬁ?g‘e BYRNONorf: Fre r‘? E‘%B[ﬂsﬁnb%"eélﬂa%s th?étIHéteﬂ ltbﬁﬁi Crs
132- 136. The ElﬁUﬂ]lelde ratiois limted by the constraint that the A
Count er 13§P9ﬁ5\g}[3 émﬂﬁ gger than both the B Counter 134 and the C Counter

counter 150EEG & el S f’"#ed ey VE bl ol ato} eé?%%é?% Y%

I f Co h
i i mum and #ia*’caaﬁov.s’déﬁlle el ﬁe*g?a%ﬁ%"%@ Sierall PR ol o7
Am n A Bmpﬂbl 11%,6&[ R ALTS tljl\ils s%ﬁ:Q:A'ﬁc]aﬁor‘l1 91%??1011&!%('1 ﬁ %1?/ ﬁjpﬁl?l?an%ﬁ%ﬁg Shekt,

[0056] The sys Hus provides great exi enentation and
permts us th differing cormunlcatlon

st andar ds. %rel‘llﬁ &g&ﬂg%g%eﬁl%gﬂ e gée%“gglség??grey above in a nunber of varying
i npl enent ati ons and archltectures. It is to be understood that even though
various enbodi nents and advantages have been set forth in the foregoing
description, the above disclosure is illustrative only, and changes may be
made in detail, yet remain within the broad WO 2004/ 006436

PCT/ US2003/ 021232



17 principles of the invention. Therefore, the present invention is to be
limted only by the appended clains. [0057] Al of the above U S. patents,
U S. pat ewD amappioseat | on publications, U S patent appl ircatusans/o2f2zei gn
patents, foreign patent applications and non-patent publications referred
toin this specification and/or listed il& the Application Data Sheet, are
i ncorporated herein by reference, in their entirety. W 2004/ 006436

PCT/ US2003/ 021232 18 CLAIMS What is £ ﬁthd is: 1. A programabl e high
speed counter apparatus, conpri sing: g presScal er having a prescal er clock
input, first and second control inputs, and a prescaler output clock
havi ng a quad- mpdul us counter with a divide ratio determned by the first
and second cont ’Shatiinglainaed ighd first, second and third programmabl e
counters each having programmbl e counter inputs to receive data

i ndicative of a respective count value and a clock input . coupled to the
prescal er out putl- cl odkprograsnmable highspeqdountep apparatys. SEMATFINESt | ogi ¢ | evel
while the second counter is in a non-zero state and the second contr ol
input having a aRIPCRler baying pdrescalghelrek npat ¢ i adcseandeonirel MU, KA zer o
state. 2. The aratu f.,claiml wherein the di.vide ratio of the guad
modul us | cIREAP SRt pekhaing tuamodlosaunies Withea Giside S0 tFisramagd Bhhi p:
P, P+ 1, , . and P + 1 depending. on the logic state of the first and second
control |iﬁ@%ﬂmgwu%ﬁﬁogggﬁﬁgfugg§fa aim2 wherein the divide ratio Pis
selected to have. e . 1S f . 4 p

claim1l mherein?gﬂéé¥§#@ta%@&hggrmﬁggggﬁﬁgﬁﬁ?hﬁgﬁgfﬁm g?gggéﬁgéﬁg%ﬁgﬁ%ount

length of tclaﬁ‘nt&eﬁl?)ﬁg B F &L AR I BERRE OF atlla?ﬂ'écﬁvé: QY vaRBSA aoéloélbﬁlput

coupled to the prescaler output clock, the first control input having a first logic level

while the second counter is in a non-zero state and the second control input having a

first logic level while the third counter is in a non-zero state.

2. The apparatus of claim 1 wherein the divide ratio of the quad modulus
counter generates divide ratios having the following relationship: P, P + I, JP , and

VP +1 depending on the logic state of the first and second control lines.

3. The apparatus of claim 2 wherein the divide ratio P is selected to have a

value that is a power of four.

4. The apparatus of claim 1 wherein the first counter has a count length
greater than a count length of the second counter and greater than a count length of the

third counter.

5. The apparatus of claim 1 wherein the second counter counts down from a
preprogrammed count value to zero and stops upon reaching zero, the second control
line changing from the first logic level to a second logic level when the second counter

reaches zero.



third counter. 5. The apparatus of claim1l wherein the second counter
counts down froma preprogramed count value to zero and stops upon

reachi ng wenrey4/mbsssecond control |ine changing fromt reTfisea/obreg2 c | evel
to a second logic |Ievel when the second counter reaches zero. WO

2004/ 006436 PCT/ US2003/ 021232 19 6. Thgy apparatus of claim5, further
conprising a hardware logic circuit having inputs coupled to the second
counter and a logic circuit output to generate the second control, signal
wherein the | ogbc ci Mheidppaatusuaf dlaimap, fuster cpmprisiggi & hirdyare Ipgicnciret
second counter is in the non-zero state and changes fromthe first | ogic

| evel to ahseopimputd ogipied vk segnad conptes ardAdosis Ficrl ONIPAL FREENSTAG the7  The
apparatus of claim1l wherein the third counter counts. down. froi’n

pr epr ogr amsexdnd eantrol\signak whereirethg legie cuewhutpYdS af g‘&éﬁ?ﬁﬁg’fé?‘& W?’ﬁ‘é e cond
control [line changing fromthe first logic |evel taq a second |ogic |evel
when the t Iseqodd cowHeRS in Flﬁdm&r%?fs.an%?g Sﬁﬁﬁh‘#‘ﬁ?ﬁ% logic ‘i"&\‘ﬁma%eg?’h‘ft her
conprising a hardware logic circuit having inputs coupled to the third
count er andogic ledgliwhfmthea?qone%&?%?”?%fh@%“éaate the first control signal
wherein the logic circuit output is at the first logic |evel when the third
counter is in the non-zero state and changes fromthe first logic level to

a second | ogic jl eveluhen Lhe &I CONBLE! wEAAGRESUAE Qults A ABRAT at us

of claim1l wher er counts oma preprogramred

count value to one and | ! C trod
count er beilP &MY a‘%%%ﬁﬁg@‘s“% ?1(89 (I}g' E)lﬁgclgtg’rsaLI ﬂbr%g&]z%gu%\e:rg’r&ie%f)ﬁ?g.w%o. The

apparatus qf %Ihgwggro}x:ﬂ Bl FRIPIeval B% &cBAA WEE &vePGhen @id @it icouayi ng

i nputs coup1n3 rst counter and a logic circuit output to generate
a preset Crga\%hééjier ignal wherein the logic circuit output is at the first
| ogi c | evel en the first
8. The apparatus of claim 7, further comprising a hardware logic circuit
having inputs coupled to the third counter and a logic circuit output to generate the first
control signal wherein the logic circuit output is at the first logic level when the third

counter is in the non-zero state and changes from the first logic level to a second logic

level when the third counter reaches zero

9. The apparatus of claim 1 wherein the first counter counts down from a
preprogrammed count value to one and, upon reaching one, the first, second and third

counter being reprogrammed using the programmable counter inputs.

10.  The apparatus of claim 9, further comprising a hardware logic circuit
having inputs coupled to the first counter and a logic circuit output to generate a preset
control signal wherein the logic circuit output is at the first logic level when the first
counter has a count value greater than one and changes from the first logic level to a

second logic level when the third counter reaches one.



counter has a count value greater than one and changes fromthe first logic
|l evel to a second logic |level when the third counter reaches one. WD
2004/ 0064%6 2aIT00LBR003/ 021232 20 11. The apparatus of elcaiusedo3/okiest her
conprising a voltage controlled oscillator (VCO having a control input
and a VCO cl ock out put whose frequency 26 dependent on a control signal
coupled to the control input, the VCO clock output being coupled to the
prescal er cl ock .i.npu 12. The a i

t f claim11l, furt '
reference cl ock 1I1gen he APRArafus garéﬁ’&gﬁsfu&]i‘gf aciﬁ?g]@”é‘“ﬁhggéggéﬁ;%@hg e
havi first and i t t firgt | t fi dt i th
ot erence aglRoRRACENdayEch Bortldeett ol WCREcloi Sulsf st FenEEy €
CouT e 1 Mp BB Lol RE S BRRAIA. A R, SRR biBu e
comuni cat i 80,98V r&@XlEP&lo@kf gi o frequency (RF) circuit portion, the
appar at us fGrE Rer c0|li)‘pr| sing a r??xér havi ng an RF input and a | ocal

oscillator (LO input, the first, second and third progranmabl e counters
formng a portion of a phase-locked | oop with the VCO out put clock being

coupl ed to the 4O i npfe adfarathCoRRRANAY YS f@khesr! %rﬁb&ﬁné‘gﬁr@fe%ﬁc?%lﬁél{ el ess

communi cation device Is a quadrature device and the m¥xer conprises first

and second ggh&@find®fdfbense 83%d) andaphike comphfatdrHaving st A sb&3rdnRptits, thdre
apparatus further conprising a phase splitter coupled to the VCO out put

cl ock to gdfsriap@ dohfiglireand r&ep@nhe fpf@diRldlock 41 the ednd ikt colifled fd &5t and
second m xer portions, respectively. 15. A programmabl e hi gh speed counter
appar at us, ongupbdf iefgst cduntegshabeputivd vheyghage pompaatbebeing ocuplédigolthe VEO
plurality of control inputs, and a prescaler output clock having a nodul us
det er m ned coytreliepyl urality of control inputs; and

13. The apparatus of claim 11 for use in a wireless communication device
having a radio frequency (RF) circuit portion, the apparatus further comprising a mixer
having an RF input and a local oscillator (LO) input, the first, second and third
programmable counters forming a portion of a phase-locked loop with the VCO output

clock being coupled to the LO input.

14.  The apparatus of claim 13 wherein the wireless communication device is
a quadrature device and the mixer comprises first and second mixer portions each
having an RF input and an LO input, the apparatus further comprising a phase splitter
coupled to the VCO output clock to generate first and second quadrature LO signals for

the first and second mixer portions, respectively.

15. A programmable high speed counter apparatus, comprising:
a prescaler having a prescaler clock input, a plurality of control inputs, and a
prescaler output clock having a modulus determined by the plurality of control inputs;

and



WO 2004/ 006436 PCT/ US2003/021232 21 a plurality of programmbl e counters
each having programmabl e counter inputs to receive data indicative of a
respect i vwocownioswsal ue and a cl ock i nput coupl ed to thepcpressesler23put put
clock, a first counter of the plurality of progranmbl e counters
generating a preset signal to programtRBé& programuabl e counter inputs and
the remaining ones of the programmabl e counters each controlling one of
the control inpyt t ach co i i firs ogic l.ev

Y4 gralmsmz%tlg (%un't&'? E'&chh%\(llr@%regrg%natblé C &E'e& IypUts

] e
whil e the respecﬂﬁwgﬂbﬁgﬁgg In anon- zero s a Sec

Carm o fo rRie BRERURNE O Al Elpelhel Qufk T8RP 8 A Fock fipu RRpFARRTARL 1S O

claim15, furt conprising a voltage contro 0SCl Vi ng

a control %Fﬁle@%ﬁ}p@t RRICT Dl U SRR ol ARSI Y detamASAENCRRLrON 2

control si coupl'ed to the control input, out pu el ng

coupl ed t o LhGaffLIC BBkt @ﬂgﬂﬁlk té rﬁ?b‘%raml?he PRpranRabRt tsuntdr fHpdisMadd the

further comprising a referénce cloc generating a reference signal and a

phase conmpamhiainghtmks BPthki prédraMRthbReGARR:S dABN tEntrdINify ohd 66the HRES] inputs
configured to receive the reference clock and the second input coupled to

an out put vath da0R cbtFsltingiRWaviap a firkt@ogu1dvel while the@edpbase doRfiRalsah@mohei ng
coupled to the VCO control input. 18. The apparatus of claim 16 for use in

a W rel ess zenstae add sevond dogic evelheilende gespedive curaeie it ¥ zémfs)atesi r cui t
portion, the apparatus further conprising a mxer having an RF input and a
| ocal oscillator (LO input, the plurality of programmable counters
formng a portion of a phase-|ocked |loop with the VCO out put cl ock being
coupled to the U® i ndire. appRratThef ayper 46ufurtifer cdomiprising wheoltsiger aongollgéd el ess
comuni cation device is a quadrature device and the m xer conprises first
and second ogtileater PYEDD dvasingax pontrpdvipiy aad aRECOhelaek grpubwhioss fraguency tihe
apparatus further conprising a phase splitter WO 2004/ 006436 ]

PCT/ US2003/dependent on a control signal coupled to the control input, the VCO clock output being

coupled to the prescaler clock input.

17.  The apparatus of claim 16, further comprising a reference clock
generating a reference signal and a phase comparator having first and second inputs, the
first input configured to receive the reference clock and the second input coupled to an
output of the first counter, the output of the phase comparator being coupled to the VCO

control input.

18. The apparatus of claim 16 for use in a wireless communication device
having a radio frequency (RF) circuit portion, the apparatus further comprising a mixer
having an RF input and a local oscillator (LO) input, the plurality of programmable
counters forming a portion of a phase-locked loop with the VCO output clock being

coupled to the LO input.

19. The apparatus of claim 18 wherein the wireless communication device is
a quadrature device and the mixer comprises first and second mixer portions each

having an RF input and an LO input, the apparatus further comprising a phase splitter



22 coupled to the VCO output clock to generate first and second quadrature
LO signals for the first and second m xer portions, respectively. 20. The
appar at uswof20ef/@s48615 wherein the first counter has a ceamuskengbkiez32 great er
than a count length of any of the other ones of the plurality of
programmabl e counters. 21. The apparat@® of claim 15 wherein the first
counter counts down froma preprogrammed count value to one and, upon

using e Roueled e Veishing proc R RGRRIBRNR ofF SELEA Rusalih LSRRI
frequency qg@ﬁﬁ%ﬂﬁf{se%fﬁﬂ?@%ﬁéﬂ@ﬁ%ﬁ%%ﬁt% first counter means having an

i nput and an ou G8' 1" det er ni ned by a plurality of
control inputs; and second counter means having a plurality of counter
stages each having programable counter inputs to receive data indicative

of a respect | ve ounirryaligaAlthbaifl 95 KHoRR I AP LETLONENE i RefzuP! the

first counter neans, a frrst counter plurality of counter ages

gener ati N9 ReapdrQf& a TodMAknitl IR A Thd BcPOR& SRS ali anfhidbis. the
remai ni ng og?fés rof tﬁe pl urg%ti ty o? count ere st ages e?chaétéﬁdt’%rlegri ng onez of

the controlcohmprts for the first counter neans. 23. The apparatus of claim
22 wherein the first and second counter neans forma portion of a
phase-1 ocked | oop, the apparatus further conprising: oscillator nmeans for
generating an out put whose frequency is dependent on a control signal;
reference neans 2ior Jheappiratng ofl claithaiSewkaeini the dirst cattteV€duaGOdUVRDr4M6a
PCT/ US2003/ 021232 23 phase conpari son neans for conparing the phase of the
ref erence grepnograanctdacourdutvplut of dnee ahd,r sipoic oreatleng someg ethet phirghasof
conpari son means generating the oscillator

programmable counters being reprogrammed using the programmable counter inputs.

22. A programmable high speed frequency generator apparatus, comprising:

first counter means having an input and an output whose count modulus is
determined by a plurality of control inputs; and

second counter means having a plurality of counter stages each having
programmable counter inputs to receive data indicative of a respective count value and a
clock input coupled to the output of the first counter means, a first counter of the
plurality of counter stages generating a preset signal to program the programmable
counter inputs, the remaining ones of the plurality of counter stages each controlling one

of the control inputs for the first counter means.

23.  The apparatus of claim 22 wherein the first and second counter means
form a portion of a phase-locked loop, the apparatus further comprising:

oscillator means for generating an output whose frequency is dependent on a
control signal;

reference means for generating a reference signal; and



means control signal. 24. The apparatus of claim23 for use in a wireless
communi cation device having a radio frequency (RF) circuit portion, the
appar at uswbwoedm@s43conpri si ng neans for mxing an RF i npat/sea3aziozal
oscillator (LO input wherein the oscillator neans output is coupled to
the LO input. 25. The apparatus of clai 824 wherein the wreless

communi cation device is a quadrature device and the neans for m xing
conprises first and second

orti%ns f or .nuﬁing th?tRF ingut andlfi st and
second quadr at uPBAESOTIENER Meps 1O pAPRanE P P T TP AE ML
splitter coupled.to the oscillato ans o o.generate first and
second quadhGelPL RSl i 34 e FRAR s hon bRafE G Rha bt BaBrpue s,
respectivel . apparatus of claim22 wherein the first counter stage
has a counﬁ*mpégﬁ¥%béﬁ§§ter than a count length of any of the other ones of
the plurality of counter stages. 27. The apparatus of claim?22 wherein the
first counter stage counts down froma preprogramred count value to one
and, upon reachiig Ofge a%@&'ramsl{ffaéléjﬁy%)ffor &@qgr@mi%@c&ﬁmhr%@ R bei ng
reprogramed using the programmable counter inputs. 23. A nethod for
frequency GgRREala8id FAIHRHEY (RIY cifdRRIOKISHD tRe Spiacdtus fihRl codRpdsiig RBhATRDI e
nmodul us counter whose count” nodulus is determned by a plurality of

control i ngeit ixiN¥ar RAAnPAOAnEOa Richl bRAPAS Q2H238ut WHerBmOME JTI1AGr BREMs Of a
plurality of counter stages with a respective count value; and supplying
an out put suguals oupled thee MBPlinpus counter to the plurality of counter
stages wherein the programming of the plurality of counter stages is based
on a count

25.  The apparatus of claim 24 wherein the wireless communication device is
a quadrature device and the means for mixing comprises first and second portions for
mixing the RF input and first and second quadrature LO inputs, the apparatus further
comprising a phase splitter coupled to the oscillator means output to generate first and
second quadrature LO signals for the first and second quadrature LO inputs,

respectively.

26.  The apparatus of claim 22 wherein the first counter stage has a count
length greater than a count length of any of the other ones of the plurality of counter

stages.

27.  The apparatus of claim 22 wherein the first counter stage counts down
from a preprogrammed count value to one and, upon reaching one, the plurality of
programmable counter stages being reprogrammed using the programmable counter

inputs.

28. A method for frequency generation comprising:
supplying a clock signal to a programmable modulus counter whose count

modulus is determined by a plurality of control inputs;



value of a first counter of the plurality of counter stages and the control
inputs for the nodulus counter are based on count val ues of respective
ones of twe wemms436ng ones of the plurality of counter peTAge®3/02232 The

met hod of claim 28 wherein progranm ng of the plurality of counter stages
occurs when the count value of the firs24counter is one. 30. The nethod of
claim 28 wherein the control inputs each have a first logic I|evel while

] . nt s | leve
uni 1o ho respaRrvamibtekd bt G PAREFAR ByP LR BRh NG,

28 mhereinahge nodul us counter and plurality of counter stages forma
portion of a phase-|ocked |oop, the nmethod further conprising: generating

an output si gnal%g@ggﬁ‘ﬁ@@@ﬁ&&@ﬂ fro etﬂgrﬁﬂﬁlmus%uﬁtgf {1 &R & cobhgpal

t he out put signa _ as the clock signal to the programmabl e
modul us CO‘&_F%% 'whgxeeﬂ?fl@tﬂrﬂgraﬁmﬁjﬁ% %rwguﬁanignat courRURIge0 % bdied Rhas@ual the
I put o S

reference signal and an ‘ou the Tirst” counter age; and generating

the oscill gfaffe dtONtifsPodi@GH thd PRAMIPBf BEntBNRELs GATRAE L&RIL] ivpus fdrendret hod
of claim31 for use in a wireless conmuni cati on device having a radio

frequency (fRfdulds douHick aRObdst@Bn cbii@ vidRiek 6fl rdspédtive lon€LsPthe 3émginitigkdnggofin WO
2004/ 006436 PCT/ US2003/021232 25 RF signal and a local oscillator (LO

si gnal wherted plutdiiey ofiéquuter Stagesal whose frequency is dependent on the input
control signal is the LOsignal. 33. The nethod of claim 32 wherein the

wi rel ess communi cation device is a quadrature device and the m xing
conprises mxing the RF signal and first and second quadrature LO signals,
the nethod further conprising phase splitting the output signal whose

frequency is dependent on the input control signal to thereby first and
second 29 The method of claim 28 wherein programming of the plurality of counter

stages occurs when the count value of the first counter is one.

30.  The method of claim 28 wherein the control inputs each have a first logic
level while the respective counter is in a non-zero state and a second logic level while

the respective counter is in a zero state.

31.  The method of claim 28 wherein the modulus counter and plurality of
counter stages form a portion of a phase-locked loop, the method further comprising:

generating an output signal whose frequency is dependent on an input control
signal, the output signal being provided as the clock signal to the programmable
modulus counter;

generating a reference signal,

comparing the phase of the reference signal and an output of the first counter
stage; and

generating the oscillator control signal based on the phase comparison.

32. The method of claim 31 for use in a wireless communication device

having a radio frequency (RF) circuit portion, the method further comprising mixing an



gquadrature LO signals. 34. The nmethod of claim28 wherein the first counter
stage has a count Ilength greater than a count |ength of any of the other
ones of twe banad3ety of counter stages. 35. The net hoegcafusebmiom223
wherein the first counter stage counts down from a preprogranmed count

val ue to one and, upon reaching one, th&Splurality of programmable counter
st ages bei ng reprogramred using the programrabl e counter i nputs.

RF signal and a local oscillator (LO) signal wherein the output signal whose frequency

1s dependent on the input control signal is the LO signal.

33.  The method of claim 32 wherein the wireless communication device is a
quadrature device and the mixing comprises mixing the RF signal and first and second
quadrature LO signals, the method further comprising phase splitting the output signal
whose frequency is dependent on the input control signal to thereby first and second

quadrature LO signals.

34. The method of claim 28 wherein the first counter stage has a count
length greater than a count length of any of the other ones of the plurality of counter

stages.

35.  The method of claim 28 wherein the first counter stage counts down
from a preprogrammed count value to one and, upon reaching one, the plurality of
programmable counter stages being reprogrammed using the programmable counter

inputs.



