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filed on May 16, 2003. 11 FIELD OF THE DI SCLOSURE _J [0002] The present

di sclosure relates to wirel ess tel ecommuni cati ons and, nore particularly,

relates to an inproved programmabl e |inear receiver. BACKGROUND [0003] The

design of a high us design
constraints. Fi rsﬁwmﬁﬁﬁ‘xﬁ‘@aﬁﬁqgggimém ions. High
performance can be described by the linearity of the active devices (e.g.
anplifiers, mxers, etc.) and the noise figure of the receiver. Second, for
sone applications such as in a cellular conmunication system power
consunption is an inportant consideration 1 because of the portable nature
of .the receiver. GenerGROS$S-RE SICDTOEREEATED APPRICATEONS i ency are
conflicting design considerations. | 0004] An active device has the follow ng
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sinmplicity, ms above third order) are ignored.
For an i deal %‘?ﬁg“’érﬁw“zg?z@@fe il@@?l?’%és%oeffi cients a2 and a3 are 0.0 and
the output signal is sinply the input signal scaled by al. However, WO
2004/042937 _ 2 9 JAN 2007 2 all active devices experience some anmount of
non-linearity which is quanti f:F?ﬁL]Bbf‘kﬁ-IEﬁTﬁ,‘L s a2 and a3.
Coefficient a2 defines the anount of second oraer tmon-linearity and
coefm' ci-ent a3 defines the amount of third order non-linearity. [0005] Mbst

I catl Oqoﬁdﬁt eﬂ&e grre(sacnrt]a&lscqvgupeanqategStge“q?rel\évsnsl ge?ec%&%nﬁmtxc%ugl?s %Qd more

particularly, relates to an improved programmable linear receiver.

BACKGROUND

[0003] The design of a high performance receiver is made challenging by various
design constraints. First, high performance is required for many applications. High
performance can be described by the linearity of the active devices (e.g. amplifiers,
mixers, etc.) and the noise figure of the receiver. Second, for some applications such as
in a cellular communication system, power consumption is an important consideration
) because of the portable nature of the receiver. Generally, high performance and high

efficiency are conflicting design considerations.

[0004] An active device has the following transfer function:

Y(x} = a; e x+a, ® x> +aze x>+ higher order terms, 1

where x is the input signal, y(x) is the output signal, and a,, a, and a3 are coefficients
which define the linearity of the active device. For simplicity, higher order terms (e.g.
terms above third order) are ignored. For an ideal linear, active device, the coefficients

a, and az are 0.0 and the output signal is simply the input signal scaled by a;. However,
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spectrum Non-linearity within the active device
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(e.g. those caused by the x2 term may be reduced or elimnated by careful

desi gn net hodol ogy. Second order non-linedrity produces products at the sum

and difference frequencies. Typically, the spurious signals which can
produce in- baﬁﬂda@iecdnﬂc@rd@aﬁq:medumbmet b‘bmat -Bubafity which)is finamifiet dy thé gnal

band. However

h t bl . For. third
order non-1i5%8 ’r:'c[")f “z aﬁ’ﬁﬁ}og:g’ ﬁflcgﬂf%gpéd mre‘fﬂpf’fi‘é“ 8%5@(\'/@‘?1"%"]6{%%

products at ting cobffieRYENAUelfies((RVAmYEt o@ﬂﬂr&&u@rﬂ%)hne

signals (which are difficult to filter) can produce t

i nt er nodul ati

ird order
on products falling in-band, causing degradation in the

Eehers S STSTNGY ARG LSRRk P WSl Wbl ) o0

products are

RF signal r esmptitsRﬁ sigdat (HBv:hgﬂﬁlpm&nhﬁleﬂ fn»&n@tiﬂawndREmﬁt Fe@lenbyt TR 1d§uthI€r ease

inthe third, or Pproducts, [0007] The linearity of a receiver (or the

active devi ce¥8 ﬁﬂﬂ%ﬂlbfha%m%? ioshsy sppniewe mgn#ﬁdmat%dr grpughopt, theg fregqusacy

i nt ercept poi
i nt er nodul at i

products are’plott versus the |nput

i nput RF si gnagnals rdsniting aspdducthehich RBayifsl! into thesigeil kmld. poi nt where the
desired output RF signal and the third-order products becone equal in

anplitude. The 1IP3 is an

into conpr essfoossibetry &fdcher debdidl fBéronlifeati§ae Bethosd &QM byRBee & éahpmay e

enpl oyed for

many commruni cation applications, such as cellul ar

: é(g)%ct(’llrﬁ P:'}\\lon-l}_ﬁéghﬁ@“t}{me%p Schtd 99\}1 sk %@Haaﬁ&fof )%éﬂrfogns or der

extrapol ated val ue since the active device goes

O

communi cati o rpesSﬁéP%ﬁ%Of Fnec by ertefn] desigp rrgihedolagye nSesyrd erder ner-linepsittode

rodly SR, Tt B Yo BeREREREC T e spmions,  on

WO 2004/ 0429
conmuni cati o

systens, and sagmilmwghﬂél’mcmopmsﬂuneoa{tjamh semﬁdi-emer prddects usclocdteddabviwae fromi theies i n

a multi pI e acces? ni cati on %}_/c?tem S disclosed in

signa ban owever, third order non-linearity are more problematic. For third order
non-linearity, spurious signals x=g;®cos(wt)+g;ecos(w;t) produce products at the
frequencies (2wi-wy) and (2wz-w;). Thus, near band spurious signals (which are
difficult to filter) can produce third order intermodulation products falling in-band,
causing degradation in the received signal. To compound the problem, the amplitude of
the third-order products are scaled by g, e g 2> and g.zgz. Every 1 dB increase in the
input RF signal results in 1 dB increase in the output RF signal but 3 dB increase in the

third order products.

[6007] The linearity of a receiver (or the active device) can be characterized by the
input-referred third-order intercept point (IIP3). Typically, the output RF signal and the
third-order intermodulation products are plotted versus the input RF signal. As the
input RF signal is increased, the TIP3 is a theoretical point where the desired output RF
signal and the third-order products become equal in amplitude. The IIP3 is an
extrapolated value since the active device goes into compression before the TIP3 point is

reached.

[0008] Receivers are employed for many communication applications, such as cellular

communication systems. Example cellular communication systems include Code

mﬁs, near band spurious ,



U. S. Patent No. 4,901, 307, entitled "SPREAD SPECTRUM MJLTI PLE ACCESS

COVMUNI CATI ON SYSTEM USI NG SATELLI TE OR TERRESTRI AL REPEATERS', and U. S.
Patent No. 5,103,459, entitled "SYSTEM AND METHOD FOR GENERATI NG MAXEFCRNB
IN A CDVA CHIOL20MMH29T EPHONE  SYSTEM', both assigned to the assi gh8dA8illiThe
present disclosure and incorporated by reference herein. (0009] In cellular
applications, it is common to have nore tWBan one comruni cation system
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signal of anoffgsss (EYMAdspmERIKation sysiems ot WBREHN srmawrisaliensySKmss ideem

whi ch spreads;{her EHRNS Tchni r oL ' - :
si gnal bandwi L(5It h. éf’he spec?]ﬁg%mﬁle%%%rllt e Ia%#%%or%g@géﬁ tgj}%!rﬁ%% éggg)%gégﬂ;zbe
nmor e concent r Bt dPa¢nttNe 4,801,807, fangdede IEYREAThSPECTRA M ML AIRLE t AGGERS ssi on

o the recer vea AR ERITN sSmat v NGRS SReL G, BR7 FRERFSRAL E,
be many ti mesREPEATERS"haf IR tPa@int e sANASS] eRdled TNESIEMI ARTEMETHOD Cause
third-order internodul ati on products which can degrade the performance of
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devi ces wi t hi reférbeeerteest.ver to be biased with high DC current, thereby
consum ng | arge anounts of power. This design approach is especially
undesirable for cellular application wherein the receiver is a portable unit
povered by a dpdh] €nY cdfhrRBPfdatibs, lif 9ichfthonl B0kl nRRY AA orfeSith SRR aY e
been—~depl oyed{i n {he Br%ﬁgarr g t atlo éddlr é:ss tort\‘e need "?gr %iogr{? 11 P3. Ong such
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system. CDMA is a spread spectrum communication system which spreads the transmit

power to each user over the entire 1.2288 MHz signal bandwidth. The spectral response
of an FM-based transmission can be more concentrated at the center frequency.
Therefore, FM-based transmission can cause jammers to appear within the allocated
CDMA band and very close to the received CDMA signal. Furthermore, the amplitude
of the jammers can be many times greater than that of the CDMA signal. These
jammers can cause third-order intermodulation products which can degrade the

performance of the CDMA system.

[001;)] Typically, to minimize degradation due to intermodulation products caused by
jammers, the receiver is designed to have high IIP3. However, design of a high IIP3
receiver requires the active devices within the receiver to be biased with high DC
current, thereby consuming large amounts of power. This design approach is especially
undesirable for cellular application wherein the receiver is a portable unit powered by a

battery and power is limited.

[0011] Several techniques have been deployed in the prior art to address the need for
high IIP3. One such technique, which also attempts to minimize power consumption, is

to implement the gain stage with a plurality of amplifiers connected in parallel and to



detail in U S. Patent No. 6,069,525, entitled "DUAL MODE AMPLI FI ER WTH HI GH
EFFI Cl ENCY AND HI GH LI NEARI TY", assigned to the assignee of the present

di scl osure \@‘B%M]ﬁ?srsg’orat ed by reference herein. Another techniquel§ shk #0]
nmeasure the “recerved RF (radio-frequency) sigffal power and adjust the gain
of the anplifiers based on the arrplltude of the RF signal power. This
technique is disclosed in detail in U S. 4Patent No. 5,722,061, entitled
"METHOD AND APPARATUS FOR | NCREASI NG RECEI VER PONER | MMUNI TY TO
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however, | owe!hm pigsenit disghuiswre gind titverpmged by e&fereatre brein adbedehiechmihuse ithpgue e of
the receiver. ﬁgwf?{ 0014] Disclosed is a novel and inproved dynam cally
pr ogr anmabl e g HEAPC "f%&r  which provides the required | evel of system
performance with reduced power consunption. In one enbodiment, disclosed,i
a programmable receiver with a jamer detector for detecting the presenc
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j amm ng WO 2(RECEAZEIRBHAVING A]XXNIHQBZ.E I3 POINT”, whlch is assigned to the assignee
of the present disclosure and the patent is incorporated by reference in its entirety as if

set out in full herein.

[0013] Receiver architectures to the present date have several drawbacks. First, the
active devices are typically biased to a high DC current to provide the highest required
ITP3. This has the effect of operating the receiver at the high IIP3 operating point at all
times, even though high IIP3 is not required most of the time. Second, the high IIP3 can
be improved by adjusting the gain of Automatic Gain Control (AGC) amplifier;

however, lowering the gain of the amplifier can degrade the noise fi gufe of the receiver.

SUMMARY

[0014] Disclosed is a novel and improved dynamically programmable linear receiver
which provides the required level of system performance with reduced power
consumption. In one embodiment, disclosed is a programmable receiver with a jaminer
detector for detecting the presence of jamming in an RF signal, the jammer detector is
coupled to a state machine, and the state machine having means for controlling the

receiver based on the results of the jammer detector detecting the presence of jamming



in the RF signal- The receiver includes RF analog and digital circuitry.
Therefore, disclosed is a receiver that is capable of detecting the
presence of WpHp£937wi th a neans to adjust tde bias current downddrldNi?fiino
jammers are present, which inproves the receiver's standby tine and
prolongs battery life. [0015] In another egnbodinent, disclosed is a
programmabl e receiver with a transmt rejecting circuit, such as a surface
acoustic wave,( er 0, st of
transmt rej ecttlﬁﬁ\gﬁ‘:c%k}' %ll tT}ééfl‘r g%’ﬁg{)lggﬁlfj% g a‘?"glsotgcaé‘ﬁi 4}%&8 h’é ThquforeA | ow
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jammng in the RF S|gnal providing the results of the detectlon of the

presence of | 1.n in he RE si nal. to a .state machj he st at.
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amount of janhe bgtpﬂﬁbftth@nﬂ%rbe@rfﬁﬂhc nqmnpﬁthehgvpm fﬂmnurtte jaihmepd@edigr may t he
RF signal v rsus a threshol anount ovidipng the results of the

measuy ed anouiftogated gnipmhe TP?Fé""F?be egWSFO‘YR?S% ‘g?fate machi ne, wherein the
stat e/ machi ne controls the recel ver based on the results of the neasured
anmopunt of jammng in the RF signal so as to | ower the power consunption of
t he receiver te jAhmdiugldssdisdtmpﬂleéeﬁprdﬁdmglyommmmﬁhcaﬁm 7 Beeiveer nay
be an anal og .0r di taI eiver, WO 2004/042937 .2

DESCR PT1 N RO iEE e B e NSRS o SURPREIF 1N RO NeRY oy | »
greater det airesulistof tﬁeecﬂeﬁémﬁe»fm pré@nced6 bR RLirele RE BT o & batéShickiRd i N
the acconpanyi ng draw ngs, in which |ike

and the state machine controlling the current or filter, or both, of the receiver based on
the results of detecting the presence of jamming in the RF signal. Or, in the alternative,
the state machine may control the current or the filter, or a combination of the current

and the filter.

[0017] Also disclosed is a method of providing programmable linearity in a receiver,
including the steps of detecting the presence of jammingrin an RF signal, measuring the
) amount of jamming in the RF signal, comparing the amount of jamming in the RF
signal versus a threshold amount, and providing the results of the measured amount of
jamming in the RF signal to a state machine, wherein the state machine controls the
receiver based on the results of the measured amount of jamming in the RF signal so as
to lower the power consumption of the receiver when jamming is not present in the RF

signal. The receiver may be an analog or a digital receiver.



el ements bear like reference nunerals, and wherein: [0019] FIG | is a block
di agram of an exanple receiver according to the present disclosure; [0020]
FIG 2 is AblLustrating a detected baseband signal that is ) 0
[ 0021] FI Gawgzlag%éb%?aph illustrating a signal "wWith janm ng det ectjegg'q%@%t%e
jammrer detector and with the tine constants at 50 sec; [0022] FIG 4 is a
schematic diagram of the logic that deterfines howthe state nachine
controls the bias in the receiver according to the present disclosure;

[0023] FIG 5 is a truth BRIEF DESQRIFEIONOF H#IE PRAWINGS by the state
machine to control the power |evel of the receiver according to the present
di sclosure; [0024] FIG 6 is atruth table illustrating alternate |ogic that

may be used boid)e ‘FHeadisclSture WRK Hohehbd BeseABd B pleh@r B@éﬁﬁlrwi'ﬂ?}’e%rg%i t%);\ﬁc

receiver; [0025] FIG 7 is a diagramillustrating an analog to

converter redifelegediambogirgents dHugdrathdl im thé peacmpatlyorg tdoawings, t iml whwhy ke er
swtching to of.gler-if the total .interference in the signal is
greater than egerlﬁé?l\é%t?egrn%geo{eger%rhcrcéms S“ES’S?CI}NSHF% RSSI is greater than a
programuabl e threshold; [0026] FIG 8 is a block diagramillustrating a
filter bypass_configuration according to the present disclosure; and WO
2004/ 042937 2[0319!iAN‘gl§Ud7ls @ blogh diyermpf @ example reselveiaeqprding &9 thenprssentpl e
enbodi ment aC&‘iQJ](%E%Q to the present disclosure without a baseband
processor. DETAI "DESCRI PTI ON [ 0028] The receiver of the present

di scl osure provides the required | evel of system performance and m nim zes

power consunpti y Wwre s device thaj, is pqwered by _a battery by
control ling t@b?‘gcb%(lcgg 5t g@ﬁé%i@{rpw %@%&?06%@‘?35%8&25@% hats Binghe  present
di scl osure operates in a janmer present node, and a no jammer present nod
and the receiver is capable of detecting the presence of jamers, as wll

described i n rofghal DY RY Hafh il GEE5HR0 A8 YahRifh GRIRLIEY 1R el e

bi as current,
detector and with the time constants at 50 psec;

[0022] FIG. 4 is a schematic diagram of the logic that determines how the state

machine controls the bias in the receiver according to the present disclosure;

[0023] FIG. 5 is a truth table illustrating the logic used by the state machine to control

the power level of the receiver according to the present disclosure;

[0024] FIG. 6 is a truth table illustrating alternate logic that may be used by the state O

machine to control the power level of the receiver;

[0025] FIG. 7 is a diagram illustrating an analog to digital converter reduced bit
width or a delta sigma analog to digital converter switching to a lower order if the total
interference in the signal is greater than a programmable threshold or if the RSSI 1s

greater than a programmable threshold;

[0026] FIG. 8 is a block diagram illustrating a filter bypass configuration according to

the present disclosure; and



nunber of bits in the analog to digital converter, or the sanple rate of the
digital «circuitry and prograns filters accordingly in the absence of

j anmer s, whwolzediaea3g power consunption and tdhereby inproves Stangj\ANt'l:Uﬂe
by prolonging battery life. [0029] FIG 1 illustrates a portion bl ock
di agram for a dual - band, quad-node trans@eiver, however, according to the
present disclosure, the disclosed systemand nethod may be used with any

conf i gur at i or{e027jc eFIGUPas a Rk Geagrab ohamex G emBodthent £58Mdingi b GheSprbanf,
etcetera, and _generally referred to herein as a receiver. The receiver 1is
shown wi th ar#‘%ﬁ?séﬁﬁ‘é‘thmkaéﬁfﬁb?‘wf?‘é?s%- RF filter. By way of exanple, the RF
filter nmay be a radio frequency surface acoustic wave (SAW filter with the
out put coupled to a chip set 106. Internal of the chip set 106 is a | ow

noi se anplifier (LNA), which may be coupled to an adaptive filter 110, but

the adaptive filter 110 i s not MHgTANGED DESCRIBEIONve filter 110 may be a

RF bandpass filter. Coupled to the adaptive filter 110 is a mxer 112, wth

an oscillator upl.ed. to e mxer,112. The output of. t i xer may be,
by way of exa[#%%g , _CQF Jgﬁ%‘f%‘xﬁ}fin@f’ eﬂr%fe@ i‘ilic_}osﬂren%&dé?g ecFFéglr%#]Fev‘ng Ofﬁ’ém{ﬂlt put
of the m xer pkifdmirict afd pisigiARTBNeLconhmARINEDyRATyERLEREY devidB that Rpowered
programmabl e vari abl e attenuat or ‘ of exanple a 40 dB pad,

be, b
| ocated aft erb% ﬁé’aﬁtﬁfﬂé’yb‘iﬁmmﬂgﬁgoﬂ‘énlggjté%ﬁr %ﬂ\é\'@é&% devicag . Timpgecsivepaf e t he
i det ect i t {
b ortal - convd reh kiR REs s i HRAER Mbdc lla Aol s REDSHAR,

vol t age for tdnd theompavetiocapable didetctingihy pretenex affjdnemera, BGvill by deatibed #0 dB
ariable.attenuator elimnates any si

ling. Th . | | .
caki-ng back JFPERKAE Tinite: NGBV AU 18 SPORHGON Slane D1t Cuficet GUEFHYe of
i xer ) 112 V0 4 §#383 n thd aGaidéo (BRI chnicheRl SOURUBALHE b he bitapass

filter (LPF) 122. This configuration allows the jamer ‘detector 118 to

det ect the predssBityecandf prpgiamas nigliers ageordipglyiigrihe abrange of Gammersl PhicipRwers
filtering the j ' : t . I ~interferen in an RF
si gnal and i}d@%ggf’ﬁgé%%ﬁgg%gﬁr%&eeggtaagﬁfz’gérlr@hgﬁg pforllo%nﬁilféttgﬁyglﬁ% , and the
present disclosure wutilizes ajamrer detector for detecting the presence of

janming in a signal ... [0030] The output of the conparator 120 is coupl ed
to a baseban&‘)@i’c}cé%@orl,ﬂll’ﬁ“%‘iﬁ a parpioprote Bivpk diaggam ey p elugcband oguadyneds (Vs

124, or the lijfagoeivehi mév&gldég&ﬁir% ! Mk Cpresent disclosure, the disclosed system and
method may be used with any configuration of cetlular device, such as CDMA, TDMA,

GSM, single band, etcetera, and generally referred to herein as a recetver. The receiver

is shown with an antenna 102 coupled to an RF filter. By way of example, the RF filter

may be a radio frequency surface acoustic wave (SAW) filter with the output coupled to

a chip set 106. Internal of the chip set 106 is a low noise amplifier (LNA), which may

_ ) be cogplcd to an adaptive filter 110, but the adaptive filter 110 is not required. The
" adaptive filter 110 may be a RF bandpass filter. Coupled to the adapiivc filter 110 is a
mixer 112, with an oscillator 114 coupled to the mixer 112. The output of the mixer

may be, by way of example, at approximately 0 Hz. A hode brancheé off of the output

of the mixer 112 with a programmable variable attenuator, énd the programmable

variable attenuator may be, by way of example a 40 dB pad, located after the node but

before a jammer detector 118. The output of the jammer detector 118 is coupled to a

comparator 120 or to an analog to digital converter with an established voltage

threshold. The threshold voltage for the comparator may be, by way of example, a 30

mV for a 40 dB coupling. The programmable variable attenuator eliminates any signal

Jeaking back from the jammer detector 118 to the mixer 112. The output of mixer 112



machi ne 126 coupled to a receiver. The baseband processor 124 provides

denodul ati on functions, such as CDVA denodul ation. As described bel ow, the
state nachiﬂ@,méj@;‘g_,,m nes and may control many itens, including ﬁeﬁ\ angIt he

e turbo node is
selected if- a few characteristics are present in the receiver, such as the

recei ver should turbo node or nonturbo fode. Generally,
presence of strong interference (a jamer$, poor signal-to-noise ratio,.
the signal characteristics or thresholds are not net, then the receiver
goes i nt o norié aispeoynkibwitBy lowmypass ﬁléere(hBF)el,ZZUsngcmlfrgueatimntallnwpute jemniehe
state machi t hine u zes .a trut abI as foll

SI GNAL STATEr}Eﬁ‘:r"é?I%Ei\}\gt‘?il dktelt ihe H_%W%Fe% JaRENnE i B é’c“r%ﬁ% the, odﬁ gh
Very Strong Milterihg feGamhing cleen ot dafe REshal qa&lﬂereﬁe@imaﬂzp&gmlaadqﬁ an
alternative errbodl ment is shown in a truth table shown in 6, wherein
t he out put of? feseivemarpdge: definedi Qsalanlf'@n&éliitaérR?§1%1@hpﬂnédth?cpf@§ebfad§ﬂaﬂae
processor, or, L | ud fa nachine
coupled to a %lilggseﬁ/er.er:{iﬁlgcs?go?teag{gﬁg% ti‘lgs%%q.'ermﬁj f’énfgnegle:%’ 5

confi gur atlon The oper ating nodes of the receiver include hi gh and | ow
' ' and | ow AGC. dynam c range. The channel

linearity, and hi
filter nodes Oﬁﬁlﬂ:gq udshe W‘F(ﬂfg‘t}ﬁ&?@ﬂéﬂt‘“ % an&?“ﬂ?%{]rﬁ?e# basehangk PIogRIsora At by pass

mode. The bypagsofREGpIR! PHoBAS s@HbY mBldth (FsM bk ﬂim@ﬁk@%h%ﬂ%a&%a&y

The state machi'ne takes as inputs the output "o tector
estimate of Bopghing, 126f00uldqal|tcr etceixan "Ehcr’mmamépmmssmf 124 ;gnaﬂessdeurmulgtahon The

output is WO 410429 AN .20 9I| arlt e state of the
LPF, and recefl%\r} 1o atys, ‘ﬁa i) fi?‘fn?%“éa“t 3b| 'ibet%jhg 19w, tg étaff‘am?ﬁ@
filter and EcdetdrBiies20d nfayocdidb mamsrﬂt@tnsomcﬁxugigamétﬂertthe r86Hee Bhould be fn |
the truth table denotes an elenment that is not required to determne the *

output of theVEregnede araerurhe, mpdi Ioqmeplys fafhorré?deelﬁ selested i afew sharagipristics
observing the,p Bﬂ:@éﬁt npthetrggeulmﬁ‘,rmf:ﬁ ad ﬂ{eefﬁ“&@ﬁce of strong interference (a jammer), poor

signal-to-noise ratio,. If the signal characteristics or thresholds are not met, then the
receiver goes into nonturbo mode. By way of example, using a one bit input to the state

machine, the state machine utilizes a truth table as follows:

[0031] Another example of an alternative embodiment is shown in a truth table shown
in FIG. 6, wherein the output of the analog to digital converter is coupled to a baseband
processor, or the like. The baseband processor may include a state machine coupled to a
receiver. The state machine determines the receiver’s configuration. The operating
modes of the receiver include high and low linearity, low noise, and high and low AGC
dynamic range. The channel filter modes include low ICI, matched, maximal jamimer
rejection, and bypass mode. The bypass mode provides only minimal anti-aliasing
functionality. The state machine takes as inputs the output of the jammer detector, an

estimate of Ecp/lo, if required, and a measurement of signal strength. The output is

JAMMER | SIGNAL STATE

High Weak Turbo

Low Weak Non-Turbo

High Strong Turbo

High Very Strong | Non-Turbo ()
Low . Strong Non_Turbo

%

]



and received signal strength indicator (RSSI), the receiver can be
configured for optinmal performance. The nunber of bits in the ai‘?']ﬂt@lﬁﬂ?’
digital con%‘?%@i‘m{%&j@ the filter bandwi dth«for pul se shaping,” and
linearity for jamrer imunity are controlled. In turbo node, the filter is
optim zed for jamer rejection, and in nooturbo node, the filter's is pulse
shaping is optimzed for low ISI. [0033] The state machi ne, according to the

present di scl R, stafd YheC@dtt bPheIF, %@&Qelgr §[afnh Q\/Iﬁt@ﬁe@ }4‘%3 tzEbEEa]rneztﬁ tljiéxl

node state or non-turbo node state, by eval uating Ecp/l Imate or
power contr ollsblm%che@ﬁﬂtyr aﬂqiéiqpamsen&eﬁ Bedsuementef Sagnabnhhaajzsmm Ah “X” in

eval uating t Q d the tectio The state
nmachi ne al soh{r?rl% t\‘lﬁ% ht Fo Sﬁ’g :]eé"&e& 31@} Pt %?ﬁwﬁfg‘ %Wgﬂt"@t 'ﬁglftr?gmesmé%\sed
on a dynam c mahge. of the recei ver by averaging Ecp/lo or power control

bits. In addition, in a shared nenory situation, the state nmachi ne may | ook
at nultiple jammers over tinme, and by utilizing a fast fourier transform

FFT | cul I
the 1 ecor vor UE) ADESERRSERER oY b8 Gk ECHRH of AP 288p5PS " °
serial bus i rndrécbed @@Bﬁl)stmhgthhndnemﬁi@(RSBBcihetr&ceﬁBf czikﬂfb @ﬂﬁgﬁlﬁ@ fé‘rhipﬂ&ﬁi 106.

The jamrer detector detects the presence of janm.ng in the RF sign and if
jamming i s prRESEATANCH ¢ ymber QE&’I“S i fhe Eg‘lat&’géor%ﬂﬁ?ﬁ@“"ef% APED ‘gﬁlf’éteé

deci si on regag iRt RG RONCLhHRIES WP tineat) QHIﬁL]nﬁﬁert Iﬁsﬁtr\é%nt}a?&ﬂ mon a

signal level and based 'on the presence of janmng in e RF signa
state machi nerbo2godendhe ﬁbmn;mmm@ Wrtjhmmcm_mtémnl@l&l amdorii@zbot mogs; dbe am a

node that is current. or rent. Specific conponents, such
as t m xer fi]%ﬁfs u)}kbgaplggbscfg‘ %ﬂ: %E&Ci;i'l ow current node to | ower the

power~ consunption of the receiver, or conversely nmay be programed into a
hi gh current node. In the digital domain, the coefficients of a

programmabl e [@Dﬁgt atpefgidid Elracﬂltgé’, a@@oraxq%lﬂ@fh(é%ﬂ et t :{Eﬂﬁgx&g‘fjﬁx ﬁtroq feOWRE o0

2004/ 042937 JAN 2001 10 ‘power consu e what may be
done with thehprasoat, thitsis|tabormode stateeor xmmathmg modea istate, b‘henve]ﬁmnm Et;b‘!lao

progr ATl el SRkeR e TR ol Saan el rosamRle e
channel condidvaRBgng thépowéreohBEEbiSnd tife j8MRRF aa&ﬁioﬂg Thé BRteSthahtne B The
control the receiver by making dynamic adjustments based on a dynamic range of the
receiver by averaging Ecp/Io or power control bits. In addition, in a shared memory
situation, the state machine may look at multiple jammers over time, and by utilizing a
fast fourier transform (FFT) caIcuIation, the state machine may detect harmful jammers

and control the receiver accordingly.

[0034] The output of the state machine is to a serial bus interface (SBI) which feeds
back to SBI 130 and the chipset 106. The jammer detector detects the presence of
jamming in the RF signal and if jamming is present in the RF signal, the state machine
126 will make a decision regarding the power consumption lJevel of the receiver based
on a signal level and based on the presence of jamming in the RF signal. The state
machine 126 then communicates with receiver 106 and 124 to program a mode that is
either low current or high current. Specific components, such as the mixer 112, may be
programmed into a low current mode to lower the power consumption of the receiver, or .
conversely may be programmed into a high current mode. In the digital domain, the

coefficients of a programmable digital filter may be adjusted to compensate for a lower



further includes neans for maintaining the constant gain in the receiver,
such as through a gain offset, for the transition to and fromturbo node to
nonturbo node. [0035] FIG 2 illustrates jamer detection when a nobi lﬁ
phone is trweoehidngzosdpy way of exanple, at a rate of 60 knph with &ée-\ﬁ 1001
fading occurring approxi mately before 10 nsec relative to tine shown in the
figure. Line 202 depicts the detected basﬁand subject to the fading with
segnent 204 depicting a detected continuous wave (CW RF signal with no

fading. The deep fading fromthe detected baseband 202 is elimnated at
appr oxi nat el yPOMET SRR mppn te duplisfie Whatempy, by Gope yathdhe presentediwlasay Habeband

signal .  Jamgp)/delafmim MTHaHHYL thh-?{%Maﬁﬁ%&;\??glt@clg%agncfeﬂvisiarﬁtyﬁﬁrﬁﬁcgﬁyi S

set at 1 nsec. [0036] FIG 3 ill tes tau se sec, W
det ect ed baseprapdmdtple mexdverdwhereinetheQuwer chnsuoptionl nnge atayskg adimted3Babed A

one-bit janmrer_ detector output. is. exhibited.at 306, .in which the .

i nterference 'I‘psonc}éet e@t"”é‘bﬁ?@&#%"ﬁ 'gﬁﬁé\ﬁ TRV (%, PXPERApEng. | | Jﬁ?r%&t%?a?ﬂa? t he

j amrer det eCtﬁhhérQﬁ@iﬁdésﬁﬁ&n&hﬁn&&*iﬁhﬁxiﬂ’%«ﬁ@b&%ténh@ajﬁﬁﬁﬁﬁ@%i\@i shé@ tRbugh N the »
RF signal. [0037] FIG 4 illustrates, by vvaéhof exanple, a logic map ?or -

estimating t hesdmaHsas for e transitiemtoaamd fram tusbmmode 10 negturbemedsrponent s in the
recei ver. CDMA 2000 includes a fastforward |ink power control which allows
the estimation of the channel condition, which includes the carrier to

noi se rati o (@03} OFIG. 1A iliufitatdsGnbrer idétepivr wher a inlobild plioirisl traldlink, ky-why t he
reverse link (RL) comunicates with the base station and requests
addi ti onal FLO& $%amplee abh zte of 69 &mph with deep fadime) Qsepging approasmately before, 40

system -t he Risceoeldrive QAU SRh W U e DR 2031depite! Gl |RILRA babRAA L

traffic channel gain. In the situation at the recelver has jamers or
ot her unf avor aiblest wothel fadirgnwith s¢pman 204 Idapictng a détedierbédntinupus wibe (O8¥)y REnd

the state machin il nfi re t receiver cor,di ngl j th.the goal

| ower the CUI‘?IE?‘F? Wﬁ\ﬁt} "toffgéap%‘cgﬁ?/g?ep\rfl\fﬁp’lng ﬁ’é‘?ﬁ?éﬁﬁfﬁa Q%B@Ivﬂ%lé elnﬁ’é"raf%r nce.
WO 2004/ 042934ppeoxdmdwly POhéec with[ DORn HEein Aslta8s of tHeOdetdtRIdEbREbAN@ Serial. af f i C
channel gain are determned by the state machine, If the turbo-node is in

the hol d st at Bammgidietertor praipetia pxupitehay 206, dbe tapdn FIG 2 is pet at Syaseem wi | | hol d
at turbo-node for a period of tine, which allows for settling and keeps

[0036] FIG. 3 illustrates tau set at 50 usec, with the detected baseband 302, and
detected CW with no fading at segment 304. A one-bit jammer detector output is
exhibited at 306, in which the interference is detected by the jammer detector. This
illustrates that the jammer detector feeds into the state machine the presence of jamming

in the RF signal.

[0037] FIG. 4 illustrates, by way of example, a logic map for estimating the channel
condition and for controlling the components in the receiver. CDMA 2000 includes a Q
fastforward link power control which allows the estimation of the channel condition,
which includes the carrier to noise ratio (Ecp/Io). If the Ecp/lo is poor for the forward
link (FL), the reverse link (RL) communicates with the base station and requests
additional FL traffic channel gain. I the Ecp/lo is favorable for the system, the RL
will communicate with the base station to request less FL traffic channel gain. In the
situation that the receiver has jarnmers or other unfavorable conditions, the calculation
of Ecp/lo will be poor and the state machine will configure the receiver accordingly

with the goal to lower the current in the receiver while maintaining acceptable

performance.



the receiver fromchattering between states. Therefore, a tinmer in the
system (not shown) provides tenporal hysteresis. Therefore, the system may

i ncl ude t enp¥P aM04/0¥AP8t eresis with a tinme-out at each state. Al so, Zg BySHEM
is configured so that turbo- node is established quickly, but so th
turbo-node is slower to transition to nongjyrbo node, therefore the state
machine is powered on in the turbo-node hold state, and the tiner is Iong

enough to est Ldﬁ?fzf‘ trhe @gg{}é Ror Qfort l%,-*? & %faﬂxz Lﬁ«,ﬁﬁeﬁ‘gaﬁgma & RNES lﬁﬁ?hnet %&Fe

bits or the E shor enou ave current ere
t he receiver gmtlsnetﬁtnwnmmswtmhbwmdagaﬁahé chanaél-Hasl e poomEugiio, the

cautiously. Further {’Qr/lg % &)r vi des or al q{/@{%vr esis so the receiver
does not osci Py WHERQIE atfurRgmede OTHé‘F’é? ﬁ’élm% Fig s oy ectthing apd kesps ok ed
ei ther throughel REIRE: §l6th QRkitGihel BERUED sl  PidrGHiel a Bheih GRUNIRD (RAWET

control up bits. [0039] In the pomer control, typically present "are up bits

and down bit ssh mmedf-’s itgnporalr Byfstaresisc hﬁmreﬂorfgahm sysmem enﬁyemtlad¢ telnporaquest
is equal to a or.. when Iess affic annel |s request d t he
less traffic B%SE“%% %W?tg A EPEOH; & 98‘3{% ‘élls‘&’o\%ﬁ S%ﬁt?m i %f’t RO g ht
consecuti ve bidode & étabiisHHeElicRIE bubisd Bt RtbPole %%mmﬁ%aﬁdsm&n td hoturB6 NOr e
of the eight consecutive are up bits, then themjg bits are greater than

£

fifty percentodndbgrgiore ths satomaghing st RRS‘GTQSIf ony itergoamnde dwithstptenspdutbebi t s

Lo down bl idtEnafian LOOIR T gNAHAE By uB%iE 19 Rckilnd! B i rodiyt he

t ur bo- node ho 'S rnquiry is

made as whet hbits dbthbc Eq:/hm, b:sbcah,q;egslmmteenougm@rsaﬁe éur;ent PEtacefote, ﬂrerwdmtehgétst he
Ecp/10 is below a determn t (&eshol d and whet her jamm ng has been

det ecj]ed in t e URRO-Toge guic E8%F Mopen-Hubo madgqaupipysly. ~ Rurtheg the tperos,

e tinMer pRY et e8mpddl Hﬁqt&hg@ sarﬁegrr@&rn%& ddagmok i fdsyinRerG@Rtencnoniet her
Ecp/lo S Iess than a determned threshold, or if jamdet is equal to

| ogi cal H GH, Therelera, the ttbotyaedeoday bmmvdk@t@mer thepugh garemerdttection thrpeghntbede as
shown in 406. ci uﬂe&ﬁt;yrqougﬁlg?ﬁow&c})m?& ﬂg by the state machi ne whet her up

bits are | ess hofTer Ecp/lo is greater than a
determ ned threshold and V\/net her jam_ det is equal to |ogical LON as shown

in 408. If true, then the turbo-node state shown in 406 is converted to non
VO 2004/ 0429300395 e nowrer comtrol, typically present are up bits and down bits, and when

more traffic channel gain is requested, the request is equal to an up bit, or when less
traffic channel gain is requested the less traffic réq_uest is determined to be a down bit.
In one example, eight consecutive bits are sampled over a period of 6.25 msec and if
five or more of the eight consecutive are up bits, then the up bits are greater than fifty
percent, however, any other method of counting and comt)aring up bits to down bits
may be used.

[0040] Therefore, as shown in state 402, in the turbo-mode hold state, the mode is
equal 1o turBo—mode and the inquiry is made as whether the up bits are greater than fifty
percent or whether the Ecp/lIo is below a determined threshold and whether jamming has
been detected in the RF signal, depicted here as jam_det=HIGH. As shown in 404, if
the timer expires and up bits are greater than fifty percent or whether Ecp/lo is less than
a determined threshold, or if jam_det is equal to logical HIGH, then the turbo-mode
hold state is converted to turbo-mode as shown in 406. A determination is then made
by the state machine whether up bits are less than fifty percent or whether Ecp/lo is
greater than a determined threshold and whether jam_det is equal to logical LOW, as

shown in 408. If true, then the turbo-mode state shown in 406 is converted to non-



t ur bo- node shown in 410. Then a determ nation is nmade whether up bits are
greater than fifty percent or whether Ecp/lo is |l ess than a determ ned

threshol d aggh weehres; jamdet is equal to HGH, if yes, then as shQ% NS0T
412, the non-turbo-node 410 is changed to turbo-node hold state in %

From the turbo-node hold state if tinme-out. AND (up bits | ess than 50% or
Ecp/lo is greater than a threshold) and jé?n_det Is equal to LOWas shown in
414, then turbo-node hold state 402 is changed to non-turbo-npbde as shown
410. Al so, tutvke-mede shmyrdinsd ¥y eThen Hetagridation isonadeuwlsharompebitsharn grduter

received i guan T, e GBRUP nRe AR/ SRR docimpell ey S e

received signa I'cat or S por hon

t hrough the ABm_détaiteqost to HIGH;N i 9a¥, Kisen) as SRESh_isi402, the tnd@-1iFboirHdIE PRI
above which the receiver defaults to non-turbo node, after the tiner

expires. AboveNaPReio HwgRedehold siatg Wythe: Frpm the twbeyapds hold state if time_out

i nconsequent i ap : | €hot rSE;@a}pé ; fare,

di scl osed herein gﬁ?ﬁgfsﬁiﬁp eﬁgsnggggmg to rg}r“glv? e&gé@ gﬂ_&;ﬁh? rTadgLﬁpsngPalThe
st at e machi netoniByWhas showp ipéldthed tirbbonade hokt gate 402 & chianged(tb Gpn-tabbanaies e

known as an integrat circuit., For. ex | e,. a, baseband processor,. RF _chip,
and st lar Bhiown SHe Alsh b aRendoRLKAE s ChAES 4 AN Pion s Whehthe

st andal one | GeRgivbdpow@TP} Rabb@da Mbd Ve Pii@RoldNREST atiff 416 NREST isTihe rédeiled
machi ne may be incorporated into the hardware with the baseband processor

i nterfaci ng wighalt $ieengh bdiqgtor AnBSHEris egperthidnimmabile| phiwes dhrovgh dhersdGiCne
that is softwar trolle | £OVI .a. I.bl o.cantrol. the
recei ver by ul?qrifagilﬂ EHASJ(:) ntgr\?/g\'rl\gg%yg?ﬁ |¥s1 tiggﬁlﬁgnédorg ;E’ﬁ/glf?’lg?ﬁl&ﬁe& lbl(é rrerteg‘%“s'érand
archi tect ur e defyulbao hon-tifbd niddedafisr the @inet axpies s aftovettss theasholdpthe jAnmeRer (
enbodi ment i s shown ]ié,n FIG 9, wherein g si.npl e and Si rect control is J
provi di ng t hr 8GJwPIealyin¢ampeayentialnibhs, thrgsBaldds progy - For exanple, if the
RF chip janmer detector goes to HHGH, in an autononous fashion, the output
is fed to bias control circuitry on the RF chip itself to control the bias
for multiple HH44} | Thérefdie diselosedt herbinoaiesmpltipl embhdimenE & poovifld s statet es

ncl udes soveldiaYy T g sRER Pe> SRawarer B o 3P infegPared iR oGP RE Laes
the bias cont k@dwPQ@2 ant iftepfidd Gircuithe Foi @Sarhgle, & NRsdbahd PréceoBCRE ehip,tdikd -
chi p. Channel power detector and filter controller 904 adjusts the filter
| Cl or byp ass &&nilar chips. The state machine can be configured to operate in a standalone IC or in
combination with other integrated chips.
The state machine may be incorporated into the hardware with the baseband
processor interfacing with the RF chip. Another embodiment includes a state machine
that is software controlled, which provides a flexible way to coniro! the receiver by
utilizing software. By utilizing software, the parameters and architecture may be
modified with a simple software revision. (\)
Another embodiment is shown in FIG. 9, wherein a simple and direct control
is providing through a switch or combination of switches. For example, if the RF chip
jammer detector goes to HIGH, in an autonomous fashion, the output is fed to bias
control circuitry on the RF chip itself to control the bias for multiple or all of the circuit
blocks on the chip. FIG. 9 illustrates circuit 900, which could be located on a chip or
off of a chip. The circuit includes several of the components shown in FIG. 1, but
circuit 900 includes the bias control 902, to control the bias for the circuit blocks on the

chip. Channel power detector and filter controller 904 adjusts the filter ICI or bypasses

a portion of the filter. The output of the circuit is fed to a baseband processor as shown



a portion of the filter. The output of the circuit is fed to a baseband
processor aﬁg g§§%4 20041042937 2 9 JAN 2907 13 at 906. Accordingly, this
enbodi nent é #ebrporated into an RF chi p=wi thout a baseband?g JAN 7007
processor. [00421 FIG 8.illustrates filter bypass circuitry 800 with filter
i nput 802 fed into single pole 804, which3the output is fed into a first
swtch 806. When the switch 806 is off, the output of single pole 804 is

fed into a fiase060i gemedinglyf dis e?ﬂﬁ)cmﬂéhttxﬁmeama efatkd ifoCHhaRF chipt Withétit@.  The
out put of bi quad filter 810 is fed to a second svmtch 812 is feeds to a

filter output PEeRINGEPESIOr angenent of biquad filters conprises a special

filter known as a gnt, but several types of filter arrangenents nay be used
in this enbodinent and the gnt filter is shown in FIG 8 by way of exanple
only, and any[0¢I4i2]tﬁGL&ﬂhsmSlmerSdcmnky BOO Whhﬁ}tamhpuhamrﬁd o kmglg as a

t t | b d
Pover ed of f ¢ BOIEA0E Bk optbiiad Fuain s Syichi0E Srmhe svieh 596 i off
-capaci tively gRUAIAE Jrasme pbleH0ATR e Grtbth RR: %ﬁ{%ﬂdé‘ﬁw@bé and [P 3lsefdn@ S

is an exanple truth table for the turbo-node state machine for detecting up
bits or jam_ dblqua@\ﬁbﬂéﬂﬁ t"ﬁ!ipbatmbd%bleafubﬂilser@&@rs)ﬁeﬁgqa@Ro(lgi amtdEB)Z mifaeds

a0, o t oo BT SRR 8L, EbinRsTetdy Bl Bl e Sl

timeframe, suRlows af. 2 gnith bt sb\feréior@pei lof Gfee| divangetidhtsAsndlyl V& u8Ed TR thisar €
up, by way of exanple, then up-bits are greater than fifty lgercent and the

state nachi neeméﬁfﬂ%ﬂtsarlddhﬁmf inshown By Flfh8 by way pisrampleronly, pndeanyy
less bits ar e{HE’rco‘hh; 1id gem %ﬁe&n hﬁ§éxn%mﬂer£}ea\fs§c?ﬁig%§r fp‘éﬂfcn cﬂ%ggfoﬁgof hate

rrachqy) checks jam det on tur or up
bits-of greatbaw patsalfnlterfclfmytrypaay:bmby;asadpndapemrsd bffeo savieqw&teairetherm:we

lects turb han fift nt _and | am det
ot pr asent, IhBH sabl. NG coraliaehEapeed Baonsat s panio o wecss Lol L’

502 illustrates up bits greater than fifty percent, colum 504 il lustrates
jamdet, and turbo-node selection is illustrated in colum 506. Rows 508,
510, 512 and H043] | Fiet5 ists examapldimtheiablatforthe Hirbo-mede statgtmanhinetfer geteatingt . | n

FIG 5, the g@ﬁ?&“’ﬁr[noﬁet"’\vﬁe%ﬁ ohBE e Sudls [ i) BRYjah GeB'afid ShERiPhorl

nunber 1 indicC
turbo-mode equais Not(up bits) AND Noi(jam_det). By way of example, after eight

consecutive up bits are considered in a sample timeframe, such as 6.25 msec, if some
threshold, such as five or more are up, by way of example, then up-bits are greater than
fifty percent, and the state machine requests turbo-mode. Also, by way of example, if
three or less bits are up, then up bits are less than fifty percent, and the state machine
checks jam_det to decide on turbo-mode. If either jam_det or up bits of gréater than
) fifty percent are present, then the state machine selects turbo-mode. If up bits are less
than fifty percent and jam__det is not present, then turbo-mode is not selected. As shown
in FIG. 5, column 502 illustrates up bits greater than fifty percent, column 504
illustrates jam_det, and turbo-mode selection is illustrated in column 506. Rows 508,
510, 512 and 514 illustrate the different conditions that may be present. In FIG. 5, the
presence of a zero indicates a false and the presence of a number 1 ihdicates a true.
Therefore, as shown in this example, turbo-mode is not selected when the up bits are
less than fifty percent and when jam_det is hot detected. Nevertheless, turbo-mode is
selected if up bits are greater than fifty percent, and/or are affected. Therefore, the
jammer detector in the circuitry provfdes a fast control to the state machine to request

turbo-mode, however, the counting of the up bits provides a slower response but also



Therefore, as shown in this exanple, turbo-node is not selected when the up
bits are less than fifty percent and when jamdet is not detected.
Nevert hel esWO 2004/093Tode is selected if up bits are greater than f8flAy 2001
percent, and/or are affected. Therefore, the jammer detector in the
circuitry provides a fast control to the gjate machine to request

t ur bo- nnde, however, the counting of the up bits provides a slower response
but al so WD r d redundant . net hod
request tur bé?- %@ Ee:ﬁzngar??m\%ﬁm‘it% éf}eequeﬂ(]:‘élb%eﬁx%cv%?lougﬂ the #@ Aching, evep 1 in ©

j ammi ng bei nghdeb&MeaﬁJamnﬁd‘gebeR@&t@tya’dm theORB4ignhll G 7 illustrates the
carrier-to-noise |level wherein the effective bitwdth of the receiver is
reduced. Area 706 depicts a switch to second order by a AZ analog to digital
converter, 084N t f : 60
dBmin whi c\rll\mt he] AII::kﬁgé‘rqg%géésgﬁs&e%&g%?oﬁﬁmgrl%%r Grlh %lg?‘gg%le o%%ngﬁgﬁg{iﬁ% gr der
based on si grmbemﬁcmsjredumds Ared H@6 d&pld:tsh swncmto&gecmmmd&rrby avedy aisbogaroydigien e

since the bit w dt ing on the usage of the base station.
[ 0045] Ther ef‘i?ﬁ’@e”“da %’Eﬁfé@ége Fogﬁdmﬁffgﬁf’%fgtﬂr"élgu“é‘d&% r e -RR CRBI which
providing th [ lof | upl ed
o a Stace marhamrertst &l ehordd HodRlor IMEloUA By hAETED ofFHISERBNORE

| evel based ofhd witcketpeits, oovwaiver, | mayr beganywitehe sifee Sthgrlﬁr.l wodthsbam;dcm,gsl gnal
conditions. AlLso disclgsed is control current in a receiver,
wherein the afp&P F%gnﬁ;ﬁws?g&@%‘?\ﬁ%?ﬁt?ﬁ?% receiver with a baseband
processor, or may be incorporated on an RF chip independently, wherein the
RF chip communi cates with a baseband processor. The current al so may be

control l ed bifOdsle Eherpiare discloseshisy pragrmpable ediver apd methodrfor praviding be b@
har dwar e and t )3@{ i

circuitry t hat® %a ther}? @eﬂgﬂ‘ gécqﬁsgqﬁ%}%e?ﬁgtegtﬁgg lﬁgctdqﬁgsﬁﬁﬁ I"?al%lﬁﬁlg almrj]put S
to the recei vée dtoe dedohing mnbhethammv&prdoakmﬁtcmt Bvelf bastd @nr the adewetiomnd t o
e verony ik By SARCRY bt b enupnch HyRerdis A
parsing, tur n&d?ﬁro?&me@ni P4 feceiQkr, %Q%Wh%%pﬁﬁﬁ!u@%@tthﬁ&hg ﬁiﬂ?PzPPe@&i%eﬂ Witk he
recei ver or system |[0046] The previous description of the disclosure is
provi ded to ebrabbaadgmgcepersarmayshd incerporated oreamREF dhip mdégendentlys whetesn teesent

di scl osure. Tﬁﬁ c%xapréo%ﬁunqga 'sf\!w 2 bgse%algcp processor. The current also may be controfled

by use of hardware only, software only, or a combination of both hardware and
software. In addition, the state machine may be logic circuitry that reads the state of the
machine and that has multiple inputs to the receiver to determine the appropriate state of
the receiver and to place the receiver in the appropriate state. The controlling of the
receiver may take place by adjusting, switching, bypassing, biasing, parsing, torning on O

or off, or otherwise manipulating compoenents in the receiver or system.

[0046] The previous description of the disclosure is provided to enable any person
skilled in the art to make or use the present disclosure. The various modifications to
these embodiments will be readily apparent to those skilled in the art, and the genenc
principles defined herein may be applied to other embodiments without the use of the
inventive faculty. Thus, the prcseht disclosure is not intended to be limited to the
embodiments shown herein but is to be accorded the widest scope consistent with the

principles and novel features disclosed herein.
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t hese enbodiments will be readily apparent to those skilled in the art, and
the generic principles defined herein may be applied to other enbodi nents
without the use of the inventive faculty. Thus, the present di sclpsukelils
not intended to be limted to the enmbddiments shown herein but is to be
accorded the w dest scope consistent with the principles and novel features
di scl osed hﬁ&ﬁﬁ%kmEQiﬁ-g JAN 2UU7 What is clainmed is: 1. A progranmabl e
dynam c range recelver, conprising: a janmer detector for detecting the
presence of jamring in an RF signal; and a state nmachine controlling the
recei ver based o I e ] 2t ector detecting the presence
of janningqfn tﬁgm. g@%@ﬁ%ﬂ?ﬁ?ﬁéméggFéﬁﬁggﬁPﬂﬁéﬁ%erative to transition the
recei ver between a plurality of states, said states including at |east one
st at e corr esponaijagméraletctohfog Betbdiing ticiptegence 6By iMCORF aigaalpdnd] east one
state corresponding to a low linearity receiving node, wherein the state
machine is operative to enter a state corresponding to the high linearity
recei vi ng node fadiisspachipg somrolligithigessivet based enghe es @r@éthﬁgﬂmrﬁerglh@cwrow
linearity reeeingihbRae oj@%miﬁ@ﬁhﬁékﬁﬁgﬁa@, tﬂe%@é(@m@qh%k%@raﬁ@rﬂ% gaReRdIg to
the high linearity receiving node sl ower than |eaving a state correspondi ng
to the | owrPqeiverbeiysen ppbelify pfigtaescraid sates irdudine gl leasiramitde eppreapanding vge

recei ver ofy:gliai L LS L0 11} i ng. ed or

ot ogral ¢ o G HBedRc e Ve et SRIRIChS Yot M o TR R O ver
of claim1,mddgsther conprising: an RF bandpass filter electronically
connected to the output of the LNA;, a m xer coupled to the output of the RF
bandpass filter; . an oscillator coupled.to the mxer: a.low.pass {filter

coupl ed to the riReEn B8 e piiihe it hcrete s oty A Sl BmeRo Rl RARIIAIIE MY ¢ he

m xer bef orreceivirg thate Udsted that hetedinp/a geasSrrepohdiag to the loWlmepitpgrenngiode dynam c
range receiver .of claim further comprisi.ng.. a conparalor coupled.to the

§ amer et oearRfefd e portfredne SOBF haf il nG IR il Sl Pty Ry

state corresponding to the low linearity receiving mode.

2. The programmable dynamic range receiver of ¢laim 1, further comprising:

an amplifier being coupled or integral to the jammer detector.

3. The programmable dynamic range receiver of claim 1, further comprising:
an RF bandpass filter electronically connected to the output of the LNA,;
a mixer coupled to the output of the RF bandpass filter;
an oscillator coupled to the mixer;
a low pass filter coupled to the mixer; and

the jammer detector coupled to the output of the mixer before the input of the low pass

filter.

4, The programmable dynamic range receiver of claim 1, further comprising:

a comparator coupled to the jammer detector for detecting the level of jamming in the RF

signal.



16 2 9 JAN 201 5. The programmabl e dynam c range receiver of claiml,
further conprising: a multi-bit Analog-to-Digital converter (ADC) coupled to
the jamer detector for detecting the |gvel of jamming in the RF&ijgnall] 6.
The progranmabl e dynanmi ¢ range receiver of claim1, further conprising: an
attenuator coupled to the input of the jamrer detector to prevent |eaking of
the interference back to the signal path. 7. The progranmbl e dynam c range

receiver of.clai further .conprising.. ans interfacing the state
machi ne with t heﬁ}eéjr’ﬁ%%ima%ﬁee@{“gﬂc rgr}gef%slvﬁrrcﬁéﬁgﬁﬁﬁt T GYRRIRE r ange recei ver
of claim1, wherein the state machine utilizes a FFT calculation to

det er mi ne {c amlﬂ' rkgmh]ltl'-b]?ﬂﬂuﬁﬁog&bgﬁgfal c&verﬂﬂ%mpﬁhﬁmhﬁaﬁﬁﬁaﬂ@-tfétdé%}ge
receiver o im1l ur.t her, conprisi.ng: a power control, including an up
bit count erde?%a%n‘}*‘%@eltoﬁ@“’d'&%m{lﬁeﬁ%‘g‘%cei ver, the up bit counter results
being reported to the state machine for controlling the receiver based on an

avenge of up bi,h%. 10. Tgﬁ q|i)rogran’mabl e, dynam c_range receiver of claim9,
-pr e

further conpri si Ry BAmsraRge dseRiyet d flatn &l furhes eepResing: bet ween hi gh

and | ow power consunption nodes based on a conbinati on of average nunber of

up bi ts count ed jifhgn ARk LAICAT te %upaftﬁegﬁnm%&%% Plveh ARG he R

signal. 11. The programuabl e dynam c range receiver urther
conpri si ng: intgrfergprglbeek to shegsiggiek path. converter being coupl ed the output of a

m xer, wherein an analog to digital converter goes to fewer nunber of
effective bits if the total interference in the channel is less than a

pr edet er m néd t hFledhegranmatde dyfhwicpangg remiversf elatly hamither camgeingecei ver of
claim1l1, wherein the state nachine conprises logic circuitry. 2807 17 2 9

AN 13. The progranmmbl e dynam.c range. recejver. of c({gai m 1, wherein the state
machi ne cont r ol s"%% Or?rg?'gaic\flgfhe V?es‘g'ﬁhw&wét'f‘ U PBRETBECOF a conbi nation of
software and hardware. 14. The programmabl e dynam c range receiver of claim
1, wherein §he s{.ate machi.ne, control s . : . . s

. he programmable dynamic range receiver of claim 1, wherein the state machine utilizes

a FFT calculation to determine jamming in an RF signal.

9. The programmable dynamic range receiver of claim 1, further comprising:

a power control, including an up bit counter to adjust the gain in the receiver, the up bit
counter results being reported to the state machine for controlling the receiver based on an avenge

of up bits.

10. The programmable dynamic range receiver of claim 9, further comprising:

a timer for providing temporal hysteresis between high and low power consumption
modes based on a combination of average number of up bits counted in a period of time or the

presence of jamming in the RF signal.

11. The programmable dynamic range receiver of claim 1, further comprising:

an analog to digital converter being coupled the output of a mixer, wherein an analog to
digital converter goes to fewer number of effective bits if the total interference in the channel is

less than a predetermined threshold.

12. The programmable dynamic range receiver of claim 1, wherein the state machine

comprises logic circuitry.



the receiver by adjusting, sw tching, parsing, biasing, turning on or off,
or otherw se mani pulating conponents of the receiver or system 15 @%
programuabl e dynami c range receiver, comprising: a power control %ﬁ %NQ
including an up bit counter to adjust the gain in the receiver, the up b|t
counter results being reported to a state machine for controlling the

recei ver based on an average of up bits, the state machi ne operative to

transition the recei ver between a pl urallty of states, said states
i ncl udi ng a1 eadhe RSp@ammable dpamicranasercivg’ 9fslaim hi wherin e atarergechise eanliclkig

node and  athe kRaivér WRBIWAAHRrdWAFS, SSRANBinAGor &F séenl BVadd HARRFEL Y T ecei ving
node, wherein the state nachine is operative to enter a state correspondi ng

to the high linearity receiving node faster than entering a state

correspondi ng tOTtmoérmmtmslsﬁfamta/raﬁg%qedewemcrstn:t@ Riglein %%{a?c%ﬁéﬁmfe eortn%ﬁve a
State COI‘I‘espOI’ldI ngwt o0 the I | i neari ty recelving nmode sl ower than | eavi ng

a state colf&spsedyigdivstng %tctlma AafsiHgabifsing, jugied on g fherdherise manipdatved of

provi di ng Pro-AMmPd R kidfefbl y¥ehN @ receiver, conprising: detecting the
presence of jamming in the RF Signal; and control ling the receiver based on

the results of the detecting step i ndi catlng the presence of jammng in the

RF signal, said ﬁgﬁ&éﬁﬁﬂqéb&gdﬁﬂ%fc%x{é@?ecgﬁé %ﬁgmachi ne operative to

transition the réecelver between ap ura ity o tates, said states
including at | east one state corresponding to a high linearity receiving
node and at Ieasa pove cattal mm;mnere,simmimm upditaohma td hdjmrﬁetgyinmeme'retbmg,

node, Wnere gg tiate hi ne | g%l vehto ent ﬁ at e coE)re(fgondl ng
to the hi gh FIEyT IPREE Wgﬁeé’o maching £t ¢ oéng éfrﬁceé‘teé gedonan

corr espondi msgrstge of lhﬂ:)lﬂs,(lhe {tite ﬁﬁﬁhut@/opbﬁd@d teitagsitiondiee adiver b@tatd pleralitp of eave a
state correspondi i nea receivin de sl ower, tha avi ng
o “state coteptdrhEmebTeRa Tt FRlsspreTEdieds o el Thgels Reingmak i nod
of cl ai m 16at I§astdnb etatecoimppomiinggo a ovoliediit} geckivirgn@dy] t s of the detecting step
indicating the presence of the jammng in the RF signal step to a conmponent
in the receiver. 18 291NN Thl  18. The nmethod of claim 16, further
conprising: pr ov VBsTRIg the statq ipeshine s qnsfativg tosBRkR ﬁtﬁ?r?ﬁﬁeiéponigg torhe high lipRsEityo f

cl ai m 16, V%@él@ih?mhﬁ'@faﬁéﬁhﬁl dHREiE B State QB dsPorin REtht WY HRaSE radRidefh&k hased
on the results of detecting the presence of jammng in thé RF si gnal SO as
to | ower t h@p%%po leave a state correspondmg to the high linearity recelving mode slower than leaving a

state corresponding to the low linearity receiving mode.

16. A method of providing programmable linearity in a receiver, comprising:
detecting the presence of jamming in the RF signal; and

controlling the receiver based on the results of the detecting step indicating the presence
of jamming in the RF signal, said controlling performed by a state machine operative fo transition
the receiver between a plurality of states, said states including at least one state corresponding to a
high linearity receiving mode and at least one state cotresponding to a low linearity receiving
mode, wherein the state machine is operative to enter a state corresponding to the high linearity
receiving mode faster than entering a state corresponding to the low linearity receiving mode and
operative to leave a state corresponding to the high linearity receiving mode slower than Jeaving a

state corresponding to the low linearity receiving mode.

17. The method of claim 16, further comprising:

providing the results of the detecting step indicating the presence of the jamming in the

RF signal step to a component in the receiver.



consunption of the progranmabl e receiver when janmng is not present in the
RF signal. 20. The nethod of claim 16, further conprising: after detecting
the presence of jamming in the RF signalg neasuring the anount og L%gﬂ@%ng
in the RF signal; conparing the anmobunt of janmming in the RF sign ﬁ s a
t hreshol d amount; and providing the results of the neasured anount of
jammng in the RF signal step to the receiver. 21. The nethod of claim 16,
further co i sihg: ovidin oral hysteresis to the receiver dependi ng
upon t he rgE%Its?%?nﬁ%%hgfkﬁgé%%ﬁﬂﬁTE%WF Bt he presence of janmming in the RF
signal. 22. The nmethod of claim 16, further conprising the step of:

provi di ng means provideigt & tBird)ét Band3dnith&@ - t 0-noi se ratio for detecting the
presence of jammng in the RF signal. 23. The nethod of claim 22, further
conprising the step of: utilizing the neans for determ ning the
carrier-to-mi seTkehdthod o cehl g, HBRINHIRAE mAtniddon®dtl fhe IdW-Aoild 1ip§1ft1a9e% to
detect the presence of jammng in the RF signal. 24. The nethod of claim 16,
further corﬁ’ﬂ‘iﬁgreﬁ'&tStolﬁéet%%@thsw.reswmﬁamm@gawhaM sigaltse aslfogpwetlthepomeer t er

bei ng coupl afsdnhtioh 6 B pRYlamBfabR rdBeXEf wheWREE B is ntoplgregégiailn% Iﬁpsiﬂ'lagl tal
converter goes to fewer brts if the total "inte %ere ce 1 n the channel is

| ess than a predeterm ned threshold. 19 2 9 JAN 2QQ7 25. An integrated

chip (10 far prow dlia deask MIMRMEEdpAeALi Ly 1n a receiver, comprising: a
!h .

j ammer detector for detecting the presence”of jammng in an RF signal; and a

state machine controlling the receiver based on the results of the janmer
det ect or det ectifizgddtérenpthe pesaee of janaimgiimthe RF sighal, MEassiigat ambdneost at e
machi ne opegati.ve jtion the receiver between a plurality of states,
said state alngﬁhapﬁéﬁgﬁgﬁgast one state corresponding to a high linearity
receiving node and at | east one state corresponding to a low linearity

recei ving node,conperig te ii@uns bGaBmMRGHING RFisSn@ReFas 4 heshdd BRLBE; aAd St at e
corresponding to the high linearity receiving node faster than entering a

state corresponding to the low linearity receiving node and
providing the results of the measured amount of jamming in the RF signal step to the

receiver.

21 The method of claim 16, further comprising:

providing temporal hysteresis to the receiver depending upon the results of the step of

detecting the presence of jamming in the RF signal.

22. The method of claim 16, further comprising the step of:

providing means for determining a carrier-to-noise ratio for detecting the presence of

jamming in the RF signal.

23. The method of claim 22, further comprising the step of:

utilizing the means for determining the carrier-to-noise ratio to count the number of up

bits in a time period to detect the presence of jamming in the RF signal.

24, The method of claim 16, further comprising the step of:

providing an analog to digital converter being coupled to the output of a mixer, wherein
the analog to digital converter goes to fewer bits if the total interference in the channel is less than

a predetermined threshold.



operative to | eave a state corresponding to the high linearity receiving
node slower than |l eaving a state corresponding to the IOM/Iineari%y
receiving node. 26. The integrated chipjgf claim25, wherein the i éé“&$gd
chipis an RF chip. 27. An integrated chip (1 C) for providing programuable
linearity in a receiver, conprising: neans for detecting the presence of
jammng in the RF signal; and state nmachine neans for controlling the

recei ver basged on the resylt ceived fromth means . for detecting

i ndi cati ng ?fse p%é‘@?ﬁ’f@e ‘Fi“lj’ éﬁiﬁ%ﬁﬁm?’ lnﬁﬁﬁ)gﬁﬂ“%ﬁ%&HE‘F?YIWH’ea@f%Yeé CREEHTME neans
operative to transition the receiver between a plurality of states, said

stat es incl udi nga fmnhe@ astbctOT6r de&kﬁﬁgtechgﬂegeﬁ&qu&ﬂﬁg BRI gL lhdnear i ty
recei ving node and at | east one state corresponding to a Tow linearity

recei ving node, wherein the state machine neans is operative to enter a
st at e cor r espondi pigtemmchinecdnirghing thie mesaivertbpsadwo dieviesulis ofttiejafmast datectdnan
entering a r L.Ng.:ta | i I Lvin node and
oper at vt S tie SUEHERRP iy bURe el R SRk o SRR rdBB B
node sl ower rectih@rpeiweava plgratitystf atates, caid siespnoldiing attleast dre stamrotrespemting ty a

receiving Wﬁ%ﬁ 'liHezza%ty rlpe?viﬁgn&lg&ra%ﬁ gtdleé:sp o2 s%{e c%xl‘rgslpmldzln?g to\g'ff(?v{f ﬁlllera]tri%yr}eeceiv?r}gegr ated
chip is an chip.
mode,

wherein the state machine is operative to enter a state corresponding to the high linearity
receiving mode faster than entering a state corresponding to the low linearity receiving mode and
operative to leave a state corresponding to the high linearity receiving mode slower than leaving a

state corresponding to the low linearity receiving mode.
26. The integrated chip of claim 25, wherein the integrated chip is an RF chip.

27. An integrated chip (IC) for providing programmable linearity in a receiver, comprising;
means for detecting the presence of jamming in the RF signal; and

state machine means for controlling the receiver based on the results received from the
means for detecting indicating the presence of jamming in the RF signal, the state machine means
operative to transition the receiver between a plurality of states, said states including at least one
state corresponding to a high linearity receiving mode and at least one state corresponding to a

low linearity receiving mode,

wherein the state machine means is operative to enter a state corresponding to the high
linearity receiving mode faster than entering a state corresponding to the low linearity receiving
mode and operative to leave a state corresponding to the high linearity receiving mode slower

than leaving a state corresponding to the low linearity receiving mode.

28. The integrated chip of claim 27, wherein the integrated chip is an RF chip.



