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transm smlmbﬁrov)gﬂﬁﬂﬂéﬁlfyldeamfahSZQDﬂI er takes an input signal and formats
it for transmssion in a predeterm ned frequency ban ' si gnal ,
also referred to as a baseband signal, nodul ates a cmmmmmnmmmuﬂna desired
frequencgjeldand. For exanple, a radio transmitter that rggegves an audio

i nput signal nodulates a carrier frequency with the input signal. [0005] A
cor r espol@D2ly r enoThis iexseiiorerelatemiadzeneral toewielnss Q@annmreqcatlbnsqﬁemfycaas, t he
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further processed prior to being presented to the user. Many consumner

wi rel essl0983] Thaes fielsy e commynigativns hee eandripnenrsa tigpgndous growth due in large
part to the improved capabilities of wireless devices. Wireless devices employ radio

waves to enable distant communications without the physical constraints of wire-based
systems. Information, such as voice, data, or paging information, is conveyed by radio
waves transmitted over predetermined frequency bands. Allocation of available frequency
spectra is regulated to ensure that numerous users may communicate without undue
interference.

[0004] Information to be transmitted from a source to a destination is seldom
acquired in a format that is ready for radio transmission. Typically, a transmitter takes an
input signal and formats it for transmission in a predetermined frequency band. The input
signal, also referred to as a baseband signal, modulates a carrier in the desired frequency
band. For example, a radio transmitter that receives an audio input signal modulates a
carrier frequency with the input signal.

[0005] A corresponding remote receiver tuned to the same carrier frequency as the
transmitter must receive and demodulate the transmitted signal. That is, the remote
receiver must recover the baseband signal from the modulated carrier. The baseband
signal may be directly presented to a user or may be further processed prior to being
presented to the user. Many consumer wireless devices, such as radios, televisions, and

pagers, are solely receivers.
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Tr ansceivers are wireless devices that integrate a transmtter and receiver
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distortion, determ nes signal to noise and distortion (SINAD), a ratio in
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anpl i t udszcoedfiltwder strong interferors, such as jammers.

[0009] The noise figure is another key measure of a receiver’s performance. The

| noise figure degrades, that is, increases, at each successive stage in the receive path.
Amplification or attenuation techniques may be applied within a receiver to achieve an
acceptable noise figure. Noise, along with distortion, determines signal to noise and
distortion (SINAD), a ratio in decibels which describes a receiver’s performance in the
presence of noise.
[0010] Distortion is the presence of unwanted signals at the output of devices in
the RF path of a receiver. Distortion may include harmonic distortion, intermodulation
distortion, and cross-modulation distortion. Harmonic distortion occurs when the desired
input signal is large enough to compress the receiver and is typically measured at the
baseband output as a function of frequency offset from the desired signal and as a function
of the desired signal power. Crossover distortion occurs when the amplitude-modulated
component from the transmitter (e.g., a CDMA wireless phone) is transferred to another
carrier (jammer) at the output of the device (LNA output). The most common form of

distortion is intermodulation distortion (IMD).



conponent fromthe transmtter (e.g., a CDVMA wireless phone) is transferred
to another carrier (janmer) at the output of the device (LNA output). The
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as spuri pogmt. em ssions, which may interfere with other devices. In

additi On[OOLI%)] ! eaka%hc thlrd t(J)rder intercept point and noise figure of a receiver are directly
related to the receiver’s dynamic range. The dynamic range defines the range of signals
that the receiver can handle within the specified performance of the receiver, that is, the
range over which the receiver can produce an accurate output with acceptable SINAD.
Specifically, for a baseband receiver, such as an analog-to-digital converter, the dynamic
range may be represented as spurious free dynamic range (SFDR), which ranges from the
noise floor of the device to the maximum signal before clipping occurs.

[0014] Local oscillator (LO) leakage occurs when an LO signal leaks to the
receiver input. Such leakage may be transmitted by the transceiver antenna as spurious
emissions, which may interfere with other devices. In addition, LO leakage may be
reflected back into the receiver itself and may desense the receiver if not removed prior to
demodulation.

[0015] Jammer leakage occurs when a jammer signal leaks to an LO input or

output of a device within a receiver. Such leakage may mix with the jammer signal to

produce undesired signals, such as DC signal levels that are proportional to the amplitude



reflected back into the receiver itself and nay desense the receiver if not
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[0019] The above figures-of-merit and signal phenomena should be considered

when designing wireless communication devices. More generally, the wireless
communications landscape has been dominated by Code Division Multiple Access
(CDMA), a form of spread spectrum, or broadband, communications in which radio
signals are spread over a very wide bandwidth. CDMA technologies have been the basis
for many modulation standards, such as CDMA (IS-95 and CDMA2000) and WCDMA
(IMT2000). Each of these modulation or air-interface standards operates in many radio
frequency bands, including Cellular (Japan Cellular and US Cellular), PCS (Personal
Communications System in US and Korean bands), and IMT (International
Telecommunications Union). Other modulation standards include FM (frequency
modulation, IS-19), GSM (Global System for Mobile Communications), US-TDMA (IS-
136), GPS (Global Positioning System), Wireless LAN (802.11), and Bluetooth.

[0020] Frequency bands have been allocated to various communications modes.
For wireless transceivers, the US PCS receive (RX) frequency band is 1930-1990 MHz,
and the associated transmit (TX) frequency band is 1850-1910 MHz. The US Cellular

receive frequency band is 869-894 MHz, and the associated transmit frequency band is



Tel econmuni cations Union). O her nodul ati on standards include FM (frequency
nodul ation, | S— 19) GSM (d obal System for Mbil e Comruni cations), US- TDVA
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conmuni catlons nodes. For wireless transceivers, the US PCS receive (RX)
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. bands are all ocated to Japan Cellular, LMI, and Korean PCS. [0021
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di agram of a conventional dual downconversion receiver. Receiver 101
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offer subscribers at most a limited compatibility with communications systems of the
world.
[0023] FIG. 2 is a high-level block diagram of a conventional dual
downconversion receiver. Receiver 101 incorporates the super heterodyne architecture.
In particular, a received RF signal 11 is conveyed along an RF signal path and
preprocessed (stage 1). The preprocessed RF signal 13 is first translated, or
downconverted, to a signal 15 having an intermediate frequency (IF) (stage 2). The IF
signal 15 is then downconverted again to a baseband signal 17, which includes an “in-
phase” (I) and “quadrature” (Q) phase component (stage 3). The I and Q baseband signal
components vary in phase by 90°. The I and Q components are then sent to other portions
of receiver 101, such as a baseband processor (stage 4), to be further processed. Similarly,
in a dual upconversion transmitter, analog I and Q baseband signals are first upconverted
to an IF signal, and the IF signal is then upconverted to a transmitted RF signal.
[0024] FIG. 3 illustrates receiver 101 in more detail. Receiver 101 has a number
of inherent benefits. For example, the design offers excellent sensitivity and selectivity,
an extended signal dynamic range, flexible frequency planning, and a lower dynamic

range and current consumption for elements in receiver 101 after IF filters 70. In addition,



signal 15 is then downconverted again to a baseband signal 17, which
I ncl udes an "in- phase" (lI) and "quadrature" (Q phase conponent (stage 3).

The | and,Q hasghand signal conponents vary in phase by 80¢/y8fgadsoand Q
conponents are then sent to other portions of receiver 101, such as a

baseband processor (stage 4), to be further processed. Simlarly, in a
dual upconversion transmtter, anal og and Q baseband signals are first
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si gni f i cller).dFanpaedeivsr whiete pupperts the CDMA 1X, CDMA 3x, WCDMA, GSM, FM,

Bluetooth, and GPS modes, four to six SAWSs and 1 discrete LC filter may be required in

the IF signal path.

[0027] The need for an IF filter for each mode is a significant drawback of receiver

101. Each IF filter increases the cost of the receiver, the number of critical parts, and the

board area of the receiver. Because each IF filter may have high loss, an IF pre-amp or

AGC may also be needed. An IF voltage controlled oscillator (VCO) and phase-locked

loop (PLL) 65 are also needed to generate a local oscillator (LO) frequency, which is

inputted to IF mixer 60. Additional drawbacks of receiver 101 include the need for a

switch matrix or multiple IF amplifiers and AGC modules, the need for a low-loss RF

bandpass filter (BPF) to reduce undesired sideband noise, and the need for additional IF

mixers. Thus, the IF stage of a dual downconversion receiver increases cost, design

complexity, and circuit board area of such receivers.

[0028] FIG. 4 is a block diagram of a direct downconversion, or zero IF, receiver

200. In direct downconversion receivers, a received RF signal 201 is directly

downconverted to a baseband signal 225. Similarly, in a direct upconversion, or zero IF,

transmitter, a baseband signal is directly upconverted to a transmitted RF signal. In
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operation,”such as GPS, Bluetooth, an receiver 200 may not require
an RF fimodulatsdsigmgls. a primary purpose of that filter is to reduce
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figure, high IIP3 and IIP2 values, and low power consumption. A multi-mode and multi-

band receiver may require a very wide dynamic range. Accordingly, it is even more
difficult to achieve these design goals for such a receiver.

[0031] More specifically, local oscillator (LO) leakage and jammer leakage into
the I and Q mixer LO ports cause significant problems in direct downconversion receivers.
For Cellular and PCS, the spurious emissions requirements are particularly stringent. As
such, higher reverse isolation is needed. Additionally, in a direct downconversion
receiver, LO leakage that is reflected back into the receiver itself, as well as jammer
leakage to the LO port of the I and Q mixers, may be processed by the direct
downconversion circuitry. As such, an undesired DC offset voltage may appear at the
output of the mixer along with the desired baseband signal, which may also contain
baseband spectral components. Accordingly, the DC offset must be removed to ensure
that the signal-to-noise ratio is sufficiently high.

[0032] In CDMA, sensitivity is tested with a signal set to a level such that a certain

frame error rate (FER) is met. IS-98 specifies that the device under test must meet a
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[0033] The jamrer power eak to the LO port of each mxer and mx with
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or fadin The worst jammer may have anplitude nodul ati on conparable to

the desi thedammineRFisignalingrensesiy K@, for pramme.cherpaeband diatortiondacreasss of
by 20 dB. This baseband distortion can actually be greater than a two-for-one slope if

both the RF to 1O isolation of the RF mixers, which affects self-mixing of jammers, and
the ITP2 of the RF mixers, which represents second order distortion effects, are poor.
[0034] Further, the jammer and LO leakage requirements for mixers in a direct
downconversion receiver are very demanding. Because such a receiver lacks IF filtering,
the dynamic range of the receiver baseband elements may need to be increased by 30 dB
or more, depending on the degree of baseband analog filtering, and part-to-part, frequency,
and temperature variations in gain. Residual sideband specifications for various
modulation standards must also be met. Since such a receiver has less gain before its
baseband stage, flicker noise at baseband has a greater effect on the ability of the receiver
to process FM-modulated signals.

[0035] Therefore, what is neede_d is a direct conversion receiver that can
demodulate RF signals in multiple bands and multiple modes in the presence of strong

interferors with minimal current and process technology improvements.



any signal energy at baseband after downconversion and cannot be renoved
with baseband filtering. This problemis exacerbated as the janm ng RF
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mechani sm configured to adjust drive |evel of the L%gdependl ng on a | evel
of | ammelrthe BE:asedon te comparisasiei ver . The adj ust nent mechani sm may i ncl ude
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conpare the total power of the received RF signals wth the_ signal c{)ower

of basebbasgbasidpegians. Faeh mixerdjas 8tfst inpiHfopguatizely coupley tnsthe LNystgpwsron

input operatively coupled to the LO output, and an output. A baseband portion is coupled
to each mixer output. The system further includes an adjustment mechanism configured to -
adjust gain of the LNA and each mixer depending on a level of the received RF signals
and drive level of the LO depending on a level of jammers detected by the receiver.

[0038] In another embodiment, the system incorporates an LNA configured to
amplify received RF signals, an LO configured to output a frequency, I and Q channel
mixers, and an adjustment mechanism. Each mixer has a first input operatively coupled to
the LNA and a second input operatively coupled to the LO output. The adjustment
mechanism is configured to adjust gain of the LNA and each mixer as the signal level of
the received RF signals increases. The gain adjustments balance the reverse isolation of
active components in the RF path of the receiver with the required dynamic range to
demodulate the signal in the presence of one or more jammers. The gain may be adjusted

continuously or stepped down.



of the LO based on the conparison. [0037] In another enbodi nent, a system
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[0047] FIG. 8 is a block diagram of a zero IF receiver.
[0048] FIG. 9 is a block diagram illustrating gain stepping in a zero IF receiver. -
DETAILED DESCRIPTION
[0049] FIG. 4 is a high-level block diagram of direct downconversion receiver 200

according to an embodiment of the present invention. Receiver 200 comprises an RF signal
path 210, a direct downconverter 220, and a baseband processor 230.

[0050] RF signal path 210 receives RF signals 201. RF signals 201 may comprise
signals modulated in multiple modes and conveyed in multiple frequency bands. RF signal
path 210 may include selection mechanisms to select among various modes and various
bands. Additionally, RF signal path 210 may include amplifiers or filters to prepare RF
signals 201 for further processing. Such prepared signals are designated as preprocessed RF
signals 215 in FIG. 4. Direct downconverter 220 receives preprocessed RF signals 215 from
RF signal path 210 and downconverts such signals to baseband signals 225.

[0051] Baseband processor 230 may perform subsequent processing on baseband
signals 225, such as, for example, DC cancellation, matched and jammer filtering, sample
decimation, automatic gain control, signal power measurement (received signal strength

indicator, RSSI), despreading, deinterleaving, error correction, and decoding into digital data




conversion receiver. [0046] FIG 7 is a graph plotting mxer RF to LO

I sol ation versus LOdrive level. [0047] FIG 8 is a block diagramof a
zero | F rg@fhN8swe [0048] FIG 9 is a block diagramill ust pajRey@ah
stepping In a zero |F receiver. DETAILED DESCRI PTION [0049] FIG 4 is a
hi gh-1 evel bl ock di agram of direct downconversion receiver 200 according
to an enbodi nent of the present i nventlfon. Receiver 200 conprises an RF

si gnal ath..21 a direct downconverter 220, .and_a baseband processor 230.
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one or nore duplexers 312. Dupl exer 312 filters
all fit within a band of duplexer 312.

[0054] Interface 305 may also comprise one or more switches 314 and bandpass
filters 316. Switch 314 selects between receive and transmit operations. For instance, switch
314 may correspond to the GSM or Bluetooth modes, in which signals are not received and
transmitted simultaneously. Bandpass filter 316 filters GPS signals in the incoming receive
band. Because GPS signals are received, and not transmitted, a duplexer need not be
employed. Other bandpass filters 316 may be included in receiver 200 for other analogous
receive-only modes.

[0055] A low noise amplifier (LNA) 320 is coupled to interface 305 and amplifies
received RF signals. LNA 320 may be chosen to provide a minimal noise figure in the
receive band, but a sufficiently high gain to minimize noise figure coniributions from
subsequent stages in receiver 200. The gain of LNA 320 may be controlled via an LNA gain
control 324, Transmit power may leak into receiver 200 from intetrface 305. For instance,
duplexer 312 may not entirely filter the transmit power. Thus, LNA 320 may require a high
compression and third order intercept point.

[0056] LNA 320 is coupled to a RX bandpass filter (BPF) 330. BPF 330 further
rejects transmitter signals that fall outside of the receive band. It is to be noted that BPF 330



signals in the incomng receive band. Additionally, duplexer 312 separates

signals in the incomng receive band fromsignals in the outgoing transmt
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application. As shown in FIG 5, one zpl exer 312 may process signals

nodul ated in the COMVA, FM and | MI nodés, assum ng that the associ ated

operatin i 1.1 Qi ; 312, 4 ace

305, mmy PLAOE cfeskar ih s¥ BoBombtr Ble SR B CEn B rof B REARE ST2

Switch 3dadfliselsgmbls betulerd mecke EMnohotie amsyririot Ogge rareived sandFtransmmigedince,

. swtch 314 may corfespond to the GS Bl uet oot h nodes, in .which signals
are not YEEKRFRESIY My MaK R daty l@ér:sslr%ﬁ‘%r@&n%rﬁlﬁ’a%ﬁhgﬁéeséerw?%)e%re b
filters &ngoﬁécgnal s in the incomng receive band. Because GPS signals are

. received, "and not transmtted, a duplexer need not be enployed. O her

bandpass[0D5TL er s 3HI. rfedepives onedt X sigakl ipathriecleding on@ 8@pléxer 312, lvae LAFaBAYous

ot or  acashe TR Hovvars mule REsirapsgriite tanetingonsr B8 Ballen ™ o
provi de go %tﬁ%wrﬁe@paddga lofie loP nidiEpartiQf& JRrdAap treqltiiby Barid fdrirddeRiRE | Y

high gain"to mni e noise figure contributions from subsequent stages in
r ecei ver 2000 For Tiseangaiirecedfer ROQnmap dnchdy respegtvietGedln]as PCH, BVAnandNAS Mesignal

control 324. Ir I t..power | eak .into,receiver, 200 fromJnterface 305.
For | not b, AR okl BEnolRY, oReasd ol FFiert g/t PMpHsEuE,
Thus, LNANA2Q BPEY arldEBHAIE mikehd. gﬂddiﬁ@mm%;mhmm&ﬁmm'tercdptmhdﬂﬁlei bfifept
point. [00561 LNA 320 is coupled to a bandpass filter (BPF) 330. BPF 330
further witkjothet motesmeyrtaqrise sepagital© generatign brsebandsanadifiors, anpdog lewepage band.
It is to.pe noted that BPE 3 . P 12 may not be
necessarg}fgﬁrﬁ a's%l 't%%gic%% rgé%opet(ﬁéﬁ%?g%g%fn C;r%g% | c()igl%%%r I nst ance, as
noted emOb8kr. sisdladtonmostchalisd 310 theckEManglg diferanot RPesiprgepahs and
transmtted _sinultaneously if maxinmum data rates in GPRS (General Packet
Radi 0 SefGPeB@Ng A OPAGENG SGHIsHEY bands|ashxe it & gigen simge pfelection fechanisgh gHA1 pat h

i ncl udi 3 I tipl
REsi gnalpapmEHi £Ehd g 0% LMMAED, BReBe, gt imotcta merk 1P €
cor r es poldledtionameharism3i @ mpgraisochd cuplepes dandQ dhawrspl arixeys Bél?dS40B. Hecei ver
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to a duplexer 312, a LNA 320, and a BPF 330 that together appropriately filter and amplify

the received signals.

[0059] The output of BFP 330 is coupled to an input of I and Q channel mixers
340A, 340B. In an exemplary implementation, BPF 330 may have a differential output (not
shown) to connect to differential inputs (not shown) of mixers 340A, 340B. Accordingly, the
positive and negative output terminals of BPF 330 may be coupled to the positive and
negative input terminals of mixer 340A, and to the positive and negative input terminals of
mixer 340B. Such a differential signal path arrangement reduces LO and TX coupling into
the RF signal path and increases common mode rejection of amplitude-modulated jammers
(higher second order input intercept level at the mixer inputs). Thus, isolation and jammer
rejection in receiver 200 is improved.

[0060] Alternatively, a transformer may be coupled to a single-ended output of BPF
330. The transformer may convert the single-ended signal to a differential signal, which may
be coupled to differential inputs of mixers 340A, 340B.

[0061] As shown in FIG. 5, a local oscillator (I.LO) 350 is coupled to buffer amplifiers
351A, 351B. Buffer amplifiers 351A, 351B are coupled to a second input 342A of mixer




pat hs. Each RF path may include, as needed, a duplexer, sw tch, and/or
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signal paths 365A, 365B. The I signal path 365A is representative of both signal paths, and

may include an amplifier 360A, an anti-aliasing filter 370A, and an I channel analog-to-
digital converter (ADC) 380A. Amplifier 360A is coupled to the output of mixer 340A.
After processing and analog-to-digital conversion along the respective signal paths, digital I
channel data 382 and Q channel data 385 may be further processed. In some embodiments,
the I and Q signals may be processed along operating mode-specific paths. In other
embodiments, I and Q signal paths may be shared among modes.

[0065] Receiver 200 may contain Bluetooth-specific modules. Bluetooth direct
downconverter 390 and Bluetooth baseband processor 395, as shown in FIG. 5, may be
functionally and structurally similar to the structures described above. However, because
Bluetooth may operate concurrently with other operating modes, such as CDMA, Bluetooth
direct downconverter 390 and baseband processor 395 may be implemented as Bluetooth-
dedicated modules. Similarly, GPS may operate concurrently and require a separate

baseband signal path and LLO generation circuitry.
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appr oxi ni068] as t hAftermgpwnaesnverpien fia desshantl, sheyhageband signal devcb Baig Pixafrer .
output is S_BB, or S_RF + G + S21. The baseband jammer level is J_BB, or J_RF + G +
S21(AM). The baseband offset jammer is J_BB_OFFSET, or J_RF + G + S21. The
baseband signal to jammer ratio (S_BB/J_BB) may thus be determined. For example, in the
CDMA mode for a particular mixer, if G =6 dB, S_RF = -101 dBm, ] RF=-30dBm (at2 -
MHz offset with 99.9% AM modulation), LO = +5 dBm, S31 = -60 dB, and S21 = 12 dB,
then J_RF LEAK = -84 dBm and S21(AM) = -77 dB. It follows that J_BB =-101 dBm and
S_BB =-83 dBm. Thus, the baseband signal to jammer ratio equals -83 dBm — (-101 dBm),
or +18 dB. For CDMA mode, the typical SINAD to demodulate the signal is -1 dB.

" Therefore, the AM jammer level shown in the above example is insignificant relative to the
noise figure of the receiver. ‘
[0069] FIG. 7 is a graph plotting mixer RF to LO isolation versus LO drive level in a
receiver. As shown, the mixer RF to LO isolation is not linear, and depends on LO drive
level. In an exemplary implementation, the LO drive level of a receiver may be varied or
fixed at higher Jevels to improve isolation. Accordingly, the jammer leakage level at the LO
port of the receiver may be suppressed. When no jammers are present, the LO drive level

may be lowered. It is to be noted that, relative to an adjustable LO drive level, an LO drive
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| evel . | nWIgn exenpl ary | rgpl enentation, the LOdrive level of a receiver my
be varied qhanf%gégng P4} gher levels to inprove isolation. Accordingly, the
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be not edRFrend, LOesgnel paths.o Sish pathsdmppve ROt LiQ dsofasipr|in reeeiven 89P; (s wo

02/ 0564991;5%&”?9%9 3R Lésleakage. A differential signal path arrangement may be
implemented alone or in conjunction with other methods of improving isolation in a receiver,
such as those described below.
[0072] An antenna 801 interfaces receiver 800 to incoming RF signals. Antenna 801
may also broadcast RF signals from a transmitter coupled to antenna 801. Duplexer 812
filters signals in the incoming receive band and separates those signals from signals in the
outgoing transmit band. Duplexer 812 may be associated with one or more particular
operating bands, such as US Cellular or PCS. A low noise amplifier 820 is coupled to
duplexer 812 and amplifies received RF signals. The gain of LNA 820 may be controlled via
an LNA gain control signal 905 (RF_ADJUST). LNA gain control signal 905 may comprise
one or more signals depending on whether a continuous gain control or a series of gain steps
are employed to meet the requirements for receiver 800 over the desired signal dynamic
range.
[0073] The gain of LNA 820 may be adjusted depending on the power of received
RF signals. As the signal power increases, the gain of LNA 820 may be decreased

continuously or in steps. In an exemplary embodiment, LNA 820 has three states, namely,
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may be deécrease
balanced mixers 840A, 840B is stepped down to increase the available dynamic range of

the receiver. In these lower gain states, the LO leakage may increase above the -80 dBm
requirement if the LO level at antenna 801 is less than approximately 20 dB above the
signal. It is to be noted that baseband gain steps may be implemented in place of mixer
gain steps.

[0076] In the embodiment of FIG. 9, mixers 840A, 840B see a 50 ohm RF load at
the baseband signal ports. The value of the RF termination may change to suit specific
mixer designs. The RF termination reduces LO reflections that may leak into the RF port
from the baseband port.

[0077] To reduce the radiated LO specification, the frequency synthesizer and RF
VCO (first module 857) are run at twice the receive frequency. Second module 855
divides down the output of the frequency synthesizer by two. In other implementations,
the synthesizer may be run at the receive frequency, and division may be eliminated.
However, additional shielding may be required. In another embodiment, the RF VCO

may be run at a fractional multiple of the receive frequency to avoid potential radiated LO
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signal that is a multiple (M/N, where M and N are positive integers) of the frequency of

received RF signals. Second module 855 multiplies the output signal by the inverse (N/M)
of the multiple. As such, LO 850 outputs a signal at the desired receive frequency, which
may be employed to downconvert the received RF signals to baseband signals.

[0081] LO 850 is coupled to a buffer amplifier 851. Buffer amplifier 851 is coupled
to a second input of mixer 840 and provides impedance matching between LO 850 and mixer
840. The drive level of the LO signal may be adjusted by varying the gain of buffer amplifier
851 via a LO drive adjust control signal 921 (LO_PWR). Buffer amplifier 851 is shown to
have a differential input and output, but single-ended inputs and outputs may be employed as
well.

[0082] I channel mixer 840 and its counterpart for the Q channel may be double-
balanced mixers. Isolation of mixer 840 depends on a number of factors, such as substrate
isolation, layout, mixer topology, bond wire coupling, and LO drive level. Mixer 840 mixes
a received RF signal from directional coupler 915 with a signal received from buffer
amplifier 851. The mixing process multiplies the signals together. Thus, mixer 840 directly

downconverts received RF signals to I component baseband signals. In some embodiments,



di vi des down the output of the frequency synthesizer by two. In other

I npl enment ati ons, the synthesizer may be run at the receive frequency, and
di vi si on {Ryo2R8e48h1 M nated. However, additional shieldingcannpﬁmgpquired.
I n anot her enbodi nent, the RF VCO nmay be run at a fractional nultiple of
the receive frequency to avoid potential radiated LO WO 02/ 056490
PCT/tJS02/ 00891 17 leakage in the recé€ive band. It is to be appreciated
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and out pwsébdmyanﬂﬁiﬁ%mh@m B chosen to be much higher than the output impedance of
mixer 840 at DC. For instance, the signal voltage may be doubled relative to the fixed
baseband circuitry noise floor, and the baseband signal-to-noise ratio is higher. Other
combinations are possible depending on the mixer implementation, such as a current output
implementation. However, the voltage gain from the RF input to the baseband output may
need to be optimized with respect to noise figure, IIP2, IIP3, and signal and jammer dynamic
range.
[0085] Baseband amplifier 860 is coupled to a baseband analog filter 870. Analog
filter 870 is coupled to an analog-to-digital converter (ADC) 880, which converts the analog I
channel baseband signal to a digital signal (I_ADC). In an exemplary embodiment, the
output of ADC 880 is at least 13 bits wide. As prescribed by the Nyquist Theorem, the
sample rate of ADC 880 should be at least twice the highest frequency component of the
analog input signal. To prevent aliasing of interference, such as jammers, into the I channel,
analog filter 870 may be selected to reject interference at the sample rate. For instance, if a
jammer is 80 dB higher than an input signal at 10 MHz offset, and the sample rate of ADC
880 is 10 MHz, at least 80 dB of attenuation may be necessary to ensure that, when sampled,



well. [0082] | channel mxer 840 and its counterpart for the Q channel may
be doubl e- bal anced m xers. Isolation of m xer 840 depends on a nunber of
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coupl i ng,wf@/( %9dr| ve level. Mxer 840 m xes a received RF si gnal from
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gain is stepped up or down, a fast mode may be appropriate. Conversely, in a slow mode, a
more accurate power measurement may be taken. Slower integration may track temperature
and part-to-part variations of components of receiver 200, reduce the jitter of the DC
cancellation circuitry, and yield a lower average of noise at the module output. Thus, use of a
slow mode may prevent noise from being introduced into the baseband portion of receiver
200 and maintain signal quality and a desired signal-to-noise ratio. In addition, use of a slow
mode may remove less energy from the baseband signal than does a fast mode.

[0088] DC cancellation module 901 is coupled to an infinite impulse response (IIR)
filter 910. TR filter 910 may be a fifth order elliptic digital filter designed to reject jammers
in the digital baseband signal and to match to the appropriate bandwidth of the baseband
signal. In an exemplary implementation, IIR filter 910 provides 70 dB rejection at a jammer
offset. IIR filter 910 outputs a filtered signal (I_FILT = I_BB x IIR). In other embodiments,
IIR filter 910 may be replaced by a finite impulse response (FIR) filter. Unlike an IIR filter,
an FIR filter may have perfectly linear phase and may be maximally flat in amplitude across

the signal bandwidth. However, an FIR filter may be larger and more complex than an IIR



range. [0085] Baseband amplifier 860 is coupled to a baseband analog filter
870. Analog filter 870 is coupled to an analog-to-digital converter (ADC)
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an integrator 960. A signal 963 may also be inputted to integrator 960. Signal 963 may
comprise a fixed setpoint and I channel offset (Offset_I), which represents the power level -
that is desired at the output of a multiplier 930 which precedes the demodulator. The power
level may be based on the number of bits that the demodulator needs in order to receive the
baseband signal and demodulate it without any degradation.
[0092] Integrator 960 determines the average signal power from the inputted
instantaneous power 961, compares the average signal power with signal 963, and outputs an
AGC (automatic gain control) correction signal 965. AGC signal 965 is converted from
linear to decibel units by module 940 and summed with an RF_OFFSET signal (in decibels)
by summer 950. Summer 950 outputs the total estimated baseband power 967 after filtering
(BB_PWR). The RF_OFFSET signal is a programmable offset in decibels that compensates
for gain adjustments to LNA 820 or any gain adjustment occurring prior to the digital AGC
loop 941 in receiver 800. For instance, if LNA 820 is stepped down in gain by 10 dB, AGC

signal 965 will increase because multiplier 970 detects reduced instantaneous power. As

such, RF_OFFSET must decrease by 10 dB so that the BB_PWR signal 967 accurately



and part-to-part variations of conponents of receiver 200, reduce the
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may be psignal @23), oot LOalrive ddvah¢vid the LO_PWR control signal 921) to enable receiver 800
to meet jamming requirements for a given modulation standard across the entire applicable
dynamic range of the signal. By adjusting the LO drive level, the IIP2 and IIP3 specifications
for receiver 800 may be improved when necessary. The control signals may be conveyed by
a seria] bus interface (SBI) to control inputs of LNA 820 and mixer 840 if multiple gain steps
are used. In such embodiments, the SBI may be controlled by a hardware interrupt to quickly
write necessary updates in gain.
[0096] Control mechanism 920 may also adjust the dynamic range and bias of other
devices in receiver 800. Control mechanism 920 may adjust the resolution of ADC 880 (via
ADC_RANGE control signal 924), IIR filter 910 (via Filter_Range control signal 928), and
multiplier 930 (via MULT_RANGE control signal 929) depending on the signal level. For
instance, when the received signal is strong, bits may be truncated off the digital baseband

signal. Because the LO drive level may also be adjusted, current consumption in receiver

800 may be optimized. Battery life may thus be extended in portable wireless



[ 0091] The instantaneous power 961 conputed by nultiplier 970 may be
inputted to an integrator 960. A signal 963 may al so be inputted to
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mixer 840, as well as the baseband filtering (baseband analog filter 870 and IR filter 910),
reduce the dynamic range required of baseband circuitry in receiver 800. However,
additional headroom may be needed at ADC 880 to quantize thermal noise of receiver 800.
Such headroom, denoted Ns/Nadc, is the ratio of the RX input referred noise to the ADC
noise, Mofeover, additional headroom may be needed to account for frequency, temperature,
and part-to-part variations in the gain of receiver 800.
[00100] Additional gain steps may be included in receiver 800 along the RF signal
path, such as at LNA 820 or mixer 840, or along the baseband signal path. Such steps may
reduce the signal dynamic range requirement of receiver 800. However, the jammer dynamic
range may also have to be reduced. Baseband jammer filtering may be included in receiver
800 to reduce the jammer dynamic range. In an exemplary implementation, the RF gain
stepping and jammer filter attenuation in receiver 800 may be matched to reduce the

baseband dynamic range. The minimum baseband filter rejection at the jammer frequency

offset may be dictated by the anti-aliasing requirement for a given sample rate. The sample



various nodules within receiver 800 based on the conparison. The conpari son
may include subtracting BB_PWR signal 967 from RF_PWR signal 957. In an
exenpl ar ywd ¢Risgnt ati on, control mechani sm 920 control s pgaii %{,@gpl ng of
LNA 820 (via the RF ADJUST control signal 905), gain of m xer via the
M xer Gain Adjust control signal 923), and LO drive level (via the LOPWR
control signal 921) to enable recei ver2~800 to neet jamm ng requirenents
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jammer falls within the ADC dynamic range, and further filtering may be included in the
digital domain. Such an approach reduces the hardware complexity of receiver 800 and
increases the flexibility of receiver 800 to accommodate various modes and jamming
requirements with configurable digital signal processing.
[00103] The gain of baseband amplifier 860 may be adjusted as a function of the
frequency for each operating band and part-to-part variations of receiver 800 using a DAC
voltage or current adjustment. The adjustment may depend on which bands are
implemented in receiver 800 and how many segments are calibrated up to the channel
spacing. In an exemplary embodiment, a 6 dB adjustment range is included. In receivers
such as receiver 800, a 6 dB variation across the RX band and from device-to-device may be
found. Such a variation, along with temperature-induced gain changes, increases the
dynamic range requirement of the baseband circuitry, including ADC 880. A 6 dB
adjustment range for baseband amplifier 860 may improve the receiver noise figure and
intercept point, and reduce the baseband dynamic range by more than 3 dB. As such, savings

in current of 50 percent for the baseband processing section may be achieved.



[ 0098] Control mechani sm 920 may al so output a received signal strength
indicator (RSSI) 927. The RSSI is indicative of neasured signal power (in
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 ther mal noTedapd sigedlsisyelr asgid signalparfrquennysbiset manks iatodesedingrlOid§0 the

3T Of ol B8 BOBKS clRURRES 0BG Gk oy AR REed AREAR Sfgts iy

. addi ti onal” headroomnay be nee ccou requency,

and par t FMonfilet VEhid aédh@igge |8 ddieritgdi h @f.Sr @aehv &o. 88617,040) 18 nelided t i onal
gain stﬁ&s may be included in receiver 800 al O;I% the RF signal path, such
as at L %@Wh@mm@é- ol ene gEbedimeph e slgmodplagtien blosk Hnaysired &t eps
may red i I ] r j r i . ver,
the | amiiog) HEnd OLB e SPAB Al A R ARILIGTIAL, D SR E BN RY P
filteringnioayg tI&edme digikanlly :wﬁthr;ma@i mors.SEGclt 0 freqotice ttabﬁng/afﬁwﬂ%dﬂ)wﬂ@rﬁ c
range. In . an exenplary ipnplenentation, the RF gain_ siepping and jamrer
filter athiiRabasehandvaveionpptt Deduiiirgpydo ﬁlé?‘ﬁ%l@‘ﬂDpcPf%SGHIGE%gqW@OV%a@éband
dynam ¢ papg8d 1iiRiddl nNi mum baseband filter rejection at the janmmer
frequency offset may be dictated by the anti-aliasing requirenent for a
gi ven saffi9l85]r at e. Fathiestgmepthe FMsigad] GatdieidthRGTy WSBRKHQ 851 kH2Bandat Sekidd ADC

880 h t I the.r. i t f t d I filt
o et ol e BCaerioes Bronislt il S Eamie natl bRE e PP S e
[00101] fray ptAEsEmall Blap alse;g% eGP CS i tHaadishal 12§ m%g Hg%ﬁieewk ,

dynam c range is -25 dBmto -108 dBm (noise floor), or 8 B. To avoid
cl i ppi ngafxpcheggital Decanpellakion path frere¢eivat8Ofiean squared) factor for different

nodul at i andar be iincluyded in dynani ¢ range cal cul ation or a
recei ver@&@@ as riﬁ%?@%&m %ﬁtmkglﬁfg&ﬁlg%&gfgﬁlmgi %?F&npamgc awings %Lstant
envel opeilluttffe BERMPIA erBBAIRRARIOS ke pRetelt iRvéhBond, ADtheRdhb&iaaM Se pbiidle Peak
power (< 1% of the tine) is approximately 9.5 dB above the rns power |evel.

Assuni ngandarodifisations /mades made]icobimembodioents, withauh depasting frami the spinigendvi th
Q?Iegeope%%kg g%e 'ilffﬁgg%ug %é)-r'r;jirg:spang@ ni'hn? 'o? thg%bm?er der?c%s §1a9 %e itfd?rréct%' c%gplgg toRF gain
one another such that the devices are separated by intermediate devices, such as filters or

amplifiers. Further, some of the above digital embodiments may be replaced by analog
equivalents. Moreover, the teachings of the present invention may be applied to future-
developed modulation standards and operating bands. Therefore, the detailed description is
not meant to limit the invention. Rather, the scope of the invention is defined by the

appended claims.



range is reduced to 102.5 dB - 30 dB, or 72.5 dB. It is to be noted that
this gain step may be split into nmultiple steps to ensure that the SI NAD
i's met ovgp hhss@desi red dynam c range. [00102] The i nstantpaRgQUSodssyMer
range Wt hout baseband filtering depends on the janmer nodul ation, such as
conti nuous wave (CW, CDVA, and FM ar)zg on the jamer |evel. Assum ng a
-25 dBm peak power, the instantaneous Tamer range w thout baseband
filteringg -108 dBm noi se floor) + 10 dB Ns/Nadc, or 93 dB. If
17 dB | a?r@?ﬂ%ﬁf‘?gﬁ%ﬁ. s inplenmented, the instantaneous jamer range is
reduced to 93 dB - 17 dB, or 76 dB. Additional filtering may be included
in the anal og domain to ensure that the maxi mum jammer falls within the

" ADC dynani ¢ r&ndemeihpd foisupiessing aspneglepeage de 4 meltubrnd difect penvegiieq t al
domai . . r.e.conplexity of receiver 800
and nc?gg%%%n%ggél?%@b#ﬁ%&ﬁgP{epgog&% \r{\@ 0 to accommodat e various nodes
and jamming pegidingeiaretisentdnfigamditd geveilel RF diggalk athe $dcgivat indludfRSSiong .

[ 00103] The gain of baseband anplifier 860 may be adjusted as a function of
the 4T ebRigmepplifisr (BRED, dpiraathrige 3Rt Aad g PpipPb 2pd atosrhpsciliates & Qo

recei ver, 800 using a DAC voltage or current adjustment. The adjustment may
depend on which bands are inplenented in receiver 800 and how many

segnemt s ar e adjbstingairae layeltod thérEOcdupendihg oapaleivelgof jamndens detestisd &y the

enbodi ment,. a 6 dB adjustnent range is included. In receivers such as
recei ver™88I0a 6 dB variation across the RX band and from devi ce-to-device
may be found. Such a variation, along with tenperature-induced gain
changes, increases the dynam c range requirenent of the baseband
circuitry, in2l Tbé mgthaDofgBdm 1lawbemdid the diljustimgedriverlave) eomprises asedraing

anplifie may, I nprave the receiver noise figure and intercept point,
and riedu@gi%ﬂgnbé/a]%‘gpé’ﬁg]]egk‘??‘n‘grﬁféa%?@éncﬁ?fs%re than 3 dB. As such, savings
in current of 50 percent for the baseband processing section may be
achi eved. WD 02/ 056490 PCT/ US02/00891 24 [00104] As shown in FIG 8, the |
channel baseban@hemgthed ofgbim 2 pherebthp O dnivet leysliivste@@d upny be conveyed to
a denodul ation bl ock of receiver 800 (not shown). For narrowband signals,
such as FM signals, a frequency offset may be introduced into LO 850 to
ensure that theThROmetddef cRinhdDfurdepcshprising feynoviiz 4IDClofRet frathaodul at ed
baseband signals in FMnode. This technique is described in U S. Patent
No. 52 6190'w&onvested hasehand signadALCOWM | ncorporated. In one enbodi ment, the
denodul ati on block may feed a control signal to LO 850 to introduce a
fixed frequency of fset. The denodul ati on bl ock may

5. The method of claim 4, wherein the removing the DC offset comprises

2 providing an analog DC cancellation loop.

6. The method of claim 4, wherein the removing the DC offset comprises

2 providing a digital DC cancellation module.
7. The method of claim 1, wherein the adjusting LO drive level comprises:
2 measuring signal power of baseband signals;
measuring power of the received RF signals;
4 comparing the signal power of baseband signals with the power of the received RF
signals; and
6 adjusting a setpoint of the LO based on the comparing.

8. The method of claim 7, further comprising adjusting gain of the LNA and the

2 mixer based on the measured si gnal power of baseband signals.




remove the offset digitally with phase rotators. Such a frequency
tracki ng/offset loop may shift the baseband waveform off DC sufficiently
to all ow wpP)fset loop to renove any baseband 1/f ng 51 For
i nstance, t 0ezl;nagl(\/lms)i gnal bandw dth may be 30 kHz (15 kHz Iqia&nﬁjsf%/@@ﬂz) Q.
If the DC offset |oop bandwidth is increased to approximately 1 kHz, the
frequency | oop may push the signal tozﬁapproxi mately 15 kHz off DC. The
signal may then be rotated back after the digital DC cancellation path in
recei ver 800. [00106] The foregoing detail ed description refers to the
acconpanyi ng fr awe agshddnsftclaiml 8, uhtreii theadpisihgthy I end nexdrgamf t he present
o nven,;i ons. Ot her enbodi nents are possible and nodifications nay be made
to the eRPBBNIFEMVETHNADEUR 3 PerstanabPeY Tl threressived RE siggalsdecspnsest t he
i nvention. For instance, many of the above devices nmay be indirectly
. coupled to one another such that the devices are separated by internediate
devi ces, suchl@sThé method of clairatpfurtheecanprising doatrollmgreiaafdigike aadomaéc di gi t al

enbodj nent.s may b pl aced by anal ui val ent s. reoyer, the teachings
of tite pPHB AR OGO TARTWRO 1 DEHFORG! R4 WDUUR @ s dunoLe | o

st andar dg,egRgi@per ati ng bands. Therefore, the detailed description is not
nmeant to limt the invention. Rather, the scope of the invention is defined

by the appended clainms. WO 02/0,56490 PCl'/US02/00891 25 WHAT IS

CLAIMED: 1. A hod for suppressing | r_lLeakage in | ti-band direct
conver si on 21\[1\\r7ie %@P’%&?%BW@E?S@BW%U@&%?W?\E’U%EPFFHH%E PSTHY:

provizli ngiles£ethmenicHidH eV dihk Qydteh @biprilingsi gnal s, the receiver
including a low 4 noise anplifier f(.LNA), a m xer hawl%nlg an input and an

out put, and a2lowapiseseplifierGNA)coptigurad tp emplify geqeiveg Rif sigeals;evel of the LO
depengi ng on . j . t eceiver. 2. The nethod of
cl ai n?l, Wnergﬁﬁ%‘ﬁ%‘@?@%éﬁ@%@@°§geﬁ%§%€§§?‘}°§es increasing 2 the LO

drive |evel agniik& Haeingla frkt inpuoapetitivelgrcoasles to e LNYg awetoabinght cl ai m 2,
wherein the LO drive |evel is stepped up. 4. The nethod of claim1, further

conpr® si ABCTREYREY Favgled totheEQuiput,agehap outbudRAconvert ed baseband si gnal .

an adjustment mechanism configured to adjust drive level of the LO depending on

8 alevel of jammers detected by the receiver.

12. The system of claim 11, wherein the adjustment mechanism comprises:

2 a first measurement mechanism configured to measure total power of the received
RF signals;

4 a second measurement mechanism configured to measure signal power of
baseband signals;

6 a comparison mechanism configured to compare the total power of the received RF
signals with the signal power of baseband signals; and

8 an adjustor configured to adjust a setpoint of the LO based on the comparison.

13. The system of claim 12, wherein the first measurement mechanism includes:

2 an RF power detector configured to output an analog signal representing
power of the received RF signals;

4 an analog-to-digital converter (ADC) having an output and an input

coupled to the RF power detector output; and



5. The method of claim4, wherein the renoving the DC offset conprises 2
provi di ng an anal og DC cancel |l ation | oop. 6. The nethod of claim4, wherein

t he remvmﬁpd‘a@w[;n of fset conprises 2 providing a digitgcrigisanes! | ation
nodul e. 7. e nmethod of claim1, wherein the adjusting LO drive |evel

conprises: 2 neasuring signal power of baseband signals; neasuring power
of the received RF signals; 4 conpari t he signal power of baseband

signats with the p I; i v j iing a

set pgéli nt of the Loggaseg];g%ﬂﬁ%g%g%ﬁﬁ?fn&le(gﬂ.ho éb&?ﬁ@g@xg?%glﬂﬁn% 7,

further oampupcomladgoadijofifséti signatyahasuwhmeeingNnéigaret heprodued aesutppasepiabn t he

~nmeasured signal power of baseband sign .. WO 02/ 056490 PCT/ US02/00891 26
9. The r’rﬁ’taﬁfﬁﬂ’“iﬁ‘f’m&\g%tﬁ?a POW@FW%’ e‘gé]ﬁlﬁéﬁniaﬁg the LNA and nixer gain 2

conprises lowering the gain as the signal power of the received RF signals

. increases. 10. The nethod of claim11, further conprising controlling, via a

di gi tal aut omdgi The gystpah nf cloim 12| wifese@thasechrahinsasureprene meolfianiris eband

signals inputted to a denodul ator of the receiver. 11. A systemfor

suppr ss?%@" C¥mmer | eakage in a nulti-band direct conversion 2 wireless

communi cat i on;LQE@alR configiRed ISdeRdnf ML aftaREbus PolvevviNRksRAndsphalsi er (LNA)
configured to anplify received RF signals; 4 a local oscillator (LO

confifured toanitggratonhdvieg aempyt ceupkiddie therepldutagorathiiintsgraforsiaeroimensgat i vel y

coupled to the.L ' . 6 i vel led to th O out put,

CouP o s o BrhP e P RhFproRLE  ADeF ,21 B

of thg L@\Q@:?g@qgmgnd)n 8 a level of jamrers detected by the receiver. 12.
o]

The system claim 11, wherein the adjustment nmechani sm conprises: 2 a
first neasur e ASHRMEEePREHEUSHH OHM YloePewehrepEssiiaton oftthe AGKwEEna Withie

rrecel yed ppiial, MR E ofrfer AcORRAR [OTERRERIRS JRFORNE RACH ho s, he

measur e Signal 'power
summer being configured to output signal power of baseband signals.

15. The system of claim 14, wherein the calculator includes a multiplier

2 configured to square signal levels of the I channel of the receiver.

16. The system of claim 14, wherein the calculator includes a look-up table
2 including instantaneous power values associated with signal levels of the I channel of the

receiver.

17. The system of claim 12, wherein the comparison mechanism subtracts the total

2 power of the received RF signals from the signal power of the baseband signals.

18. The system of claim 11, wherein the adjustment mechanism sends a control

2  signal to the LO, the control signal adjusting a setpoint of the LO.

19. The system of claim 11, further comprising a buffer amplifier coupled to the
2 LO and to the second mixer input, wherein the adjustment mechanism adjusts gain of the

buffer amplifier to adjust the LO drive level.




6 a conparison mechani smconfigured to conpare the total power of the
received RF signals with the signal power of baseband signals; and 8 an
adj ust or @H[gd to adjust a setpoint of the LO based qp Qgpari son.
13. The sg‘gjtgfh o{)ﬁcl aim 12, wherein the first measurenent nec@%@sm

i ncludes: 2 an RF power det ector confj gur ed to output an anal og signal
representing power of the received RP&s ignals; 4 an anal og-to-digital

converter (A %‘%h‘; F power

det ect or outgg%) &ﬁgk%ﬂgg%%%o‘g%ﬁﬁgoﬁ%@(@@ E%S%lqss{ﬂd}m&rlef havi ng a

first2i npumﬁgrmcpﬂoeﬂﬂtsogiihef Aa@.NoA tapd theanideBassthe sindal 1evep uf theaeqeived RO an

of fset signal, the sumer being configured to produce an output signal 8

~ that repf&3 ﬁt“!,cr?aﬁ%"" total power of the received RF signals. 14. The system

of claim 12, wherein the second neasurenent nmechanism 2 includes: a

. calculator confi gured to determ ne instantaneous power of baseband signals;
4 an int egrat ai. Wawsysteranf clapui 1 cvhgytiedhd ecdihe ioalrpara@s differ¢rhial REtaadr at or

deter e signal power of the baseband signals and outputting an

aut o tlg" %g'?f‘@ﬁ{?'rol 6 (AGC) signal; and a summer configured to suma |og

power representation of the AGC signal wwth an 8 RF offset, the RF offset

accounting for adjustnents to gain of the LNA and the m xer, the sunmer

bei ng confi guﬂédThosmrpr ClgirghéJfU{Ibmonxpﬁsimg@db@mwcsllgim mechbBismThe syst em

of cl |m rein the I tor includes lier, 2 configured to

Squar g PO HREaPBob & ROt ARl s oespran P loohl 58 The oystem of

claim 14, wherein the calculator includes a | ook-up table 2 including

i nst ant aneous power val ues associated with signal levels of the |I channel

of the recei¢ér Thayysternef elpim 84 wherein shaPCzancohlerien meehpaissimshdesan

mechagi s taI 2 power of the received RF signals fromthe

Si gna? pg}\mgggb’%&l{??%nﬁ&ﬁd signals. 18. The systemof claim 11, wherein

t he .adj ust nent nechani sm sends a control 2 signal to the LO the control

signal adjusting a setpoint of the LO 19. The systemof clajm11, further

conprising a Bff T8e systgin pf Flaim @& yhesetn e PReancellation mechanism includes a
2  digital DC cancellation module configured to subtract the DC offset from the

downconverted baseband signal.

25. The system of claim 24, wherein the digital DC cancellation module is
2 configured to operate in a fast and a slow mode, the modes having different integration

rates.

26. The system of claim 11, further comprising a demodulator configured to

2 remove a frequency offset from an FM-modulated digital baseband signal.

27. A method for optimizing dynamic range in a multi-band direct conversion
2 wireless communication device, the method comprising:
providing a receiver configured to receive RF signals, the receiver including a low
4 noise amplifier (LNA), a mixer having an input and an output, a local oscillator (LO), and
a baseband portion;
6 adjusting gain of the LNA and the mixer depending on a level of the received RF
signals; and
8 adjusting drive level of the LO depending on a level of jammers detected by the

receiver.



2 LO and to the second m xer input, wherein the adjustnment mechani sm
adjusts gain of the buffer anplifier to adjust the LOdrive level. WO

02/ 056490.Rb/d¢/ 00891 28 20. The system of claim 11, wWeghRi5nisdf
adj ust nent msc)hanlgsm is further 2 configured to adjust gain o@tg‘e LNA and

the m xer as the signal |evel of the received RF signals increases. 21.
The system of claim 11, wherein the rédei ver | ncorporates differential RF

and 2 LO si 9@83"E%Qﬁnod%l"zclai-ﬁ?97,%&5&{(@89{[)11@%@58]&1%%@ @g%ﬁ#@@ﬁ&*ﬂ?éﬁaﬁi ng a DC

cancel | ati on mechani'sm configure enove fset froma
downchnvsghalinghs bizehahdspagniad of tA8 rectver.syst em of cl aim 22, wherein the DC
cancel | ati on nmechani smincludes an 2 analog DC cancellation | oop. 24. The
" system of claim 22, wherein the DC cancel |l ati on mechanismincludes a 2

digital DC camefﬁ@ﬁmedGpgluiﬁzg,q?ﬁérggrtﬁéﬂa ity Rld B bvidt %mg%g&fset from

d
~the downconverted baseband signal. The syStem of cl al 4, wherein the
di gi tZal ahcating bitd off idigitahlbatabandissgnalscwirehi signabpowar of pler mtevedRE sfgasls iand a

sl ow m)detf t he nodes having different integration rates. 26. The system of
claim 115" %8t her conprising a denpdul ator configured to 2 remove a

frequency offset froman FM nodul ated di gital baseband signal. 27. A method
for optim zi ng d%hrllan‘i c range in a multi-band direct conversion 2 wreless
communi cat i on3@eVhicmethod of plainh 38, wiarpinitiss adjustivg dha it width compaseser '

a1 efpRg R sl RO s’ il EORIRKBLLABER b SaBpsortiallPl P2 o

(LO, anthere&cebrseband portion; 6 adjusting gain of the LNA and the m xer
depending on a level of the received RF signals; and 8 adjusting drive
| evel of the LO depending on a level of jamers detected by the receiver.

WO 02/ 056490 PLTH1ISAHER8P Hairft %8, wherein the adjusting the bit width comprises

2 adjusting the resolution of a digital filter in the baseband portion of the receiver.

32. The method of claim 27, further comprising adjusting a sample rate of an ADC

2 in the baseband portion of the receiver.

33. The method of claim 27, wherein the step of providing comprises providing a

2 - baseband portion that includes a baseband amplifier.
34. The method of claim 33, further comprising adjusting gain of the baseband
2 amplifier based on one of part-to-part variations of the receiver and frequency of an

operating band.

35. The method of claim 34, wherein the gain of the baseband amplifier is

2 adjusted over a 6 dB range.

36. The method of claim 27, wherein the step of providing comprises providing a

2 baseband portion that includes a baseband analog filter.

37. A system for optimizing dynamic range in a multi-band direct conversion

o

wireless communication receiver, the system comprising:

a low noise amplifier (LNA) configured to amplify received RF signals;



28. The nmethod of claim 27, further conprising adjusting the bit w dth of
digital 2 signals in the baseband portion of the receiver. 29. The nethod
of claim in the adjusting the bit width conprise in

! 0 0238y J 9 ! M1 i SeHedddynGal | N9
bits off g‘?)g?\tméf gaseband si gnal s when signal power of the received RF
signals is strong. 30. The net hod of aim 28, wherein the adjusting the
bit width conprises 2 adjusting the resolution of an anal og-to-digital

conveqter (ADglodaNodciarbraeannfigeed iovutslt a fida@edcgsei ver. 31. The method of
claim 28, wherein the adjusting the bit l\?\»j’cdt héqcor?g‘r?i ses 2 adjusting the

resol uti on of aanigerdiaving & first mpuf gperaivelyronplad ¢ pedNAdm wrondi@phlecei ver. 32.
- The thod of ¢l ai m, 27 uf t\her  conpr i si adjusting a sanple rate of an
ADC rréa i ﬂp?r'ﬁ%veg%\(s;e é%lomﬁftl)? Pbooﬁlt%ﬁ’ %%eanroélpelt’ver. 33. The nethod of claim 27,

wherei n the shepsedhndp@rvioflicogpleDnhe FRterpu@t;dhdg a 2 baseband portion
. that includes a baseband anplifier. 34. The nethod of claim 33, further
conprdsi ng adpwadivsigegbmachmisnheonbiggegddnadiust sairpel the ENAandkle stixene of

fto T . ‘ .
band, - 350 RE ROt 10T Ble fellud PRE ieills 3R U ERENEIELO Moo BRI 41 4 N0
anpl 16 i etevebof jZmadiuddiadedbetheaed®ivdB range. 36. The nethod of claim 27,

wherein the step of providing conprises providing a 2 baseband portion
that includes a baseband analog filter. 37. A systemfor optim zing dynam c

range [0 a Mkl sl bPehink NUGEGLAMe RIS GRS SATTRAGRE On T ecel ver.

t he system conpri sing: ow noi se anplifi con to anplify

r ecei ¥ ed cifigrghtal asljusi/he B2 WidE6dRlgiRCTiguae 21 tht ®@3EbandPordion of theatcederi | | at or
(LO configured to output a frequency; a mxer having a first input
operatively coupled to the LNA, a second input 6 operatively coupled to

the LO out put 3goafftle 8yktédH bPulaim 88 Dapehia sk &9&&1&1@1& hQHBhiSH ik ordflR@rdd rver
out put; and 8 an adjustnent nechani sm confllgured to adjust gain of the LNA

and the trureate bitrepfé digiitabbasaband|signels vdientsignal pawsr\of theReceiv sigapldisdr i ve
| evel of sttrgneg LO dependi ng on a

40. The system of claim 38, wherein the adjustment mechanism is configured to
2 adjust the resolution of an analog-to-digital converter (ADC) in the baseband portion of

the receiver.

41. The system of claim 38, wherein the adjustment mechanism is configured to

2 adjust the resolution of a digital filter in the baseband portion of the receiver.

42. The system of claim 37, wherein the adjustment mechanism is configured to

2 adjust a sample rate of an ADC in the baseband portion of the receiver.

43. The system of claim 37, wherein the baseband portion comprises a baseband

2 amplifier.

44. The system of claim 43, wherein the adjustment mechanism is configured to

o

adjust gain of the baseband amplifier based on one of part-to-part variations of the receiver

and frequency of an operating band.



10 level of jamrers detected by the receiver. 38. The system of claim 37,
wherein the adjustnent mechanismis further 2 configured to adjust the bit
wi dth of difdtRlegi gnal's in the baseband portion of the r I 9. The
syst em of qéﬁaz?(ﬁ{?g wherein the adjustnment mechanismis con ?l}géﬁ%/goggfo 2
truncate bits off digital baseband si gﬂal S when signal power of the
received RF signals is strong. 40. The systemof claim 38, wherein the
adj ust nent meghamhes$hsiesn 60EipAl, @chekein the bagEbasl abpBfi&Es 0bnfiduest Bfbean
anal og-to-digital converter (ADC) in the baseband portion of the receiver.
41. The adiustehovBrag d M88, wherein the adjustment mechanismis configured
~to 2 adjust the resolution of a digital filter in the baseband portion of
the receiver. 42. The systemof claim 37, wherein the adjustnment nmechani sm
i s confi gur ed46.0The2syadimust clainsépiieraiatie ketand Aplifier it benfiisaiand porti on
. of the receiver, 43. The systemof claim 37, wherein the baseband portion
conprd seddigstehWith achigitab-toraialog (IMAC) yoltageips cugent @gdiugimeat.aj m 43, wherein the
adj ust mrent mechanismis configured to 2 adjust gain of the baseband
anplifier based on one of part-to-part variations of the receiver and
frequency of 4h Dipesywatanngf daind37, Whebén CHethb9EbaRTCPO1ISA 260Dk a thtebdbd The
system of clajim 44, wherein the baseband anplifier is configured to be 2
adj ust ed V& lg‘l‘rﬁ dB range. 46. The system of claim 44, wherein the
baseband anplifier is configured to be 2 adjusted with a digital-to-anal og
(DAC) voltage or current adjustnment. 47. The system of claim 37, wherein
t he baseband portion conprises a baseband 2 analog filter. 2 48. A nethod

o7 50510 gl e e TR R P PR el o "

recei ver c&pRfsiciRdessconfiiivRiolidesicetaé metidd@onp@singer including a |ow
noi se anplifier (LNA), a mxer, and a local oscillator (LO; and 6

adj usting gai progidingheraceixenerafigheed o seseivaRRit signals, deatectivardncleding héow ecei ved
RF signalse %lfﬂﬁ]{lfge%iﬁﬁlméy%l&gj Mt 1081 RALARGE RSy, gy reverse isolation of

active conpone
6 adjusting gain of the LNA and the mixer as the signal level of the received RF
signals increases, the adjusting balancing the reverse isolation of active components in the -

8 receiver.

49. The method of claim 48, wherein the adjusting comprises adjusting the gain

2 continuously.

50. The method of claim 48, wherein the adjusting comprises stepping down the

9

gain.

51. The method of claim 48, wherein the step of providing comprises providing a

2 mixer having a terminated output.

52. The method of claim 48, further comprising running a frequency synthesizer

18]

of the LO at a multiple of the frequency of the received RF signals.

53. The method of claim 52, wherein the multiple equals M/N, wherein M and N

2 are positive integers.



8 receiver. 49. The nmethod of claim48, wherein the adjusting conprises
adjusting the gain 2 continuously. 50. The nethod of claim48, wherein the

adj ust i ngw PRk RES stepping down the 2 gain. 51. The net @b/ oddofi M 48,
wherein the step of providing conprises providing a 2 mxer having a

term nated output. 52. The nethod of claim48, further conprising running a
frequency synthesizer 2 of the LO at ¥ nulti pl e of the frequency of the

recei ved RF sisgnghs "kf}lﬁﬁbﬁﬁ%&ifg@g@qe‘g“ ik ﬁidﬁpﬁge%ﬂm.ei n the multiple

equals M N, wherein positive i'ntegers. WO 02/ 056490
PCT/ US02/ 00891 32 54. The nethod of claim53, wherein the nultiple equals

~ 2. 55. The nethod, of cl ai 2, further conprisi.ng, diyiding dowmn an out put
2 frequency ofsgt %@eﬂpé}&?é{{] ”§‘ﬁf?n f’r’é@@z‘éﬁm & Vifing ¢1ean GEPUA 1yl ti - band
direch CORUBESNIP M & QUL SR hORUIRREI ver, conprising: 2 a low

. noi se anpl }iﬁ e?l%?LNg&lcon isgur ed trgﬁarrpl iuff/ﬁr eceived RF signals; a |ocal

oscillator (LO configured to output a frequency; 4 a m xer having a first

i nput operatively coupled o the LNA and.a second.input operatively
coupl ed to-t habLe BB il ruroion s s o RROISHDS frochi PRI o

adj usp gai n of; ;5RH%Rols Dflef INAY coBfig@Rd td RBpRiyIB&divddaviekighdls;t he received
RF signals increases, the adjusting balancing the reverse 8 isolation of

active conponerdesal pseilidter (RO)ganfigued tormntpu@draguencys7. The receiver of claim
56, erein the gain is adiusted continuously. 58. The receiver of claim

20, vhorei n t AGvAR Bivir SRshbACoS Ve R URY o wRINARR A SRR Himd whor i n
a frequenegyragydl begiedEio thé LONipdD dndns at a 2 multiple of the frequency of
the received RF signals. 60. The receiver of claimb59, wherein the nmultiple

equal @ M N, wheedivstmgnamgeinnismn eqndiggredite pdiast gaiplths LNgY andithe mizxerésver of -
claim 59’the¥\4?gﬁa?'lé1/ef mPQ%HﬁHVPJi ﬁF'sZg?%ls iﬁ&eas-gg',‘?hé Ecﬁﬁéti\ﬁgrbaﬁkciﬁk HePevetse WHET €1 N
r 0] e Trequency

an out put guency
8  isolation of active components in the RF path of the receiver.

57. The receiver of claim 56, wherein the gain is adjusted continuously.
58. The receiver of claim 56, wherein the gain is stepped down.

59. The receiver of claim 56, wherein a frequency synthesizer of the LO runs at a

2 multiple of the frequency of the received RF signals.

60. The receiver of claim 59, wherein the multiple equals M/N, wherein M and N

2 are positive integers.
61. The receiver of claim 59, wherein the multiple is 2.

62. The receiver of claim 59, wherein an output frequency of the frequency

2 synthesizer is divided down by the multiple.

63. The receiver of claim 56, wherein the receiver is integrated in a wireless

[ ]

communication transceiver.



2 synthesizer is divided down by the multiple. 63. The receiver of claim
56, wherein the receiver is integrated in a wireless 2 comunication
transceiv ,rooz)c/l\g@g/ 056490 PCT/ USU2/ 00891 33 64. The receipﬁyusg%m&bpi m 56,
wherein the adj ustnment nmechani smincludes a serial 2 bus intertace
configured to convey control signals that adjust the LNA and m xer gain.
65. The receiver of claimb56, further 3éorrpri sing differential RF and LO
signal 2 path i; i i . he
mixor i ot nbat Dy el GRENCH, RheflB T BERRL tafh AR o Rl PO
i s tekm bedigterfact tordighted t8 cofvayRbniraasiignab8hatHdfust thediNAg and fnixdraaim 56,
~wherein a band of received RF signhals is PCS. 69. The receiver of claimb56,
wherein a band of received RF signals is Cellular. 70. The receiver of

claim56, wheggifind ReeibdAficnUe Rurthe S lorlRiding BiYRASSial RPUnd EOBdndai N

, States.
2 paths.

66. The receiver of claim 56, wherein an output of the mixer is terminated.

67. The receiver of claim 56, wherein the mixer output is terminated with a 50

2  ohm RF load.
68. The receiver of claim 56, wherein a band of received RF signals is PCS.
69. The receiver of claim 56, wherein a band of received RF signals is Cellular.

70. The receiver of claim 56, wherein the LNA includes high gain, bypass, and

2  mid-gain states.



