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TRANSCEIVER WITH RECEIVE PATH OVERLOAD PROTECTION AND METHOD
Technical Field

Some embodiments of the present invention pertain to receivers and transceivers.
Some embodiments pertain to radio-frequency identification (RFID) tag readers. Some
embodiments pertain to wireless and mobile communication device transceivers including

transceivers for third-generation cellular handsets.

Background

Receivers for certain applications may need to have a large dynamic range
requiring a very sensitive receive signal path. These receivers should be able to operate in
the presence high-level in-band signals without darnage to the circuitry. Some
conventional techniques employed by receivers to protect sensitive circuitry in the RF
receive path include fused or breaker circuits to decouple the sensitive circuitry when a
high-level in-band signal is received. These techniques, however, do not allow the receiver
to continue to operate during these conditions and sometimes require replacement of the
fuse or resetting of a breaker. Some other conventional techniques inciude the use of low-
noisc amplifiers (LNAs) with low-compression points; however these LNAs generally
consume more bias current and may be less desirable for portable and battery-powered
devices. Thus there are general needs for protecting a receiver’s front end from high-level

in-band signals.

Brief Description of the Drawings

FIG. 1 is a block diagram of a transceiver in accordance with some embodiments
of the present invention;

FIG. 2 is a circuit diagram of a detuning circuit in accordance with some alternate
embodiments of the present invention; and

FIG. 3 is a flow chart of a receiver path overload protection operating procedure in

accordance with some embodiments of the present invention.
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Detailed Description

FIG. 1 is a block diagram of a transceiver in accordance with some embodiments
of the present invention. Transceiver 100 comprises receiver 101 for receiving radio-
frequency (RF) signals, transmitter 126 for transmitting RF signals, and signal processing
circuitry {28 coupling receiver 101 and transmitter 126. Receiver 101 provides received
signals to signal processing circuitry 128 and sigual processing circuitry 128 provides
signals to transmutter 126 for transmission. Transceiver 100 may be part of almost any
wireless communication device. [n some embodiments, transceiver 130 may be a wireless
local area network (WLAN}) transceiver {e.g., a WiFi transceiver), a wireless metropolitan
area network {WMAN) transceiver (e.g., a WiMax transceiver), an ultva-wide band
(UWB) transceiver or a transceiver in a mobile handset, such as a third-generation (3G)
cellular handset, although the scope of the invention is uot limited in this respect. In some
embodiments, transceiver 100 may be part of a radio—ﬂ'eqdency identification (RFID} tag
reader, although the scope of the invention is not limited in this respect. These
embodiments are discussed in move detail below.

In accordance with sonie emboediments of the present invention, receiver 101
comprises dehuning circuit 108 to degrade signals in receive signal path 104 in response to
control signal 113, aad loop-control circuitry 114 to generate control signal 115 by a
comparison of detected peak signal levels in receive signal path 104. [n some
embodiments, detuning circuit 108 may generate an impedance mismatch in receive signal
path 104 in response to controf signal 115. High-power input signal levels in receive

signal path 104 may be reflecied back to the input of receiver 101 due to the impedance
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mismatch generated by detuning circuit 108. Detuning circuit 108 and loop-control
circuitry 114 may allow receiver 101 to operate and receive desired signals even when
high-power level in-band signals are received.

These high-power signals may result from signals received through antenna 124
from an extemal source, such a cellular transmitter or another wireless communication
device. In some situations, these high-power level in-band signals may also be reflected by
antenna 124 after being generated by transmitter 126. For exarnple, in some RFID tag
reader embodiments, if a large metallic object passes in front of the transmit antenna when
transmitting high-power levels (e.g., around a Watt), large amounts of RF energy may be
reflected back through the receive antenna which may damage the receiver’s circuitry if it
were not for the operations described herein.

In some embodiments, receiver 101 also comprises initial peak detector 106 to
provide input signal level output 107 to loop-control circuitry 114. Input signal level
output 107 may be proportional to a peak level of input signal 119, Receiver 101 may also
comprise feedback peak detector 112 to provide output signal level output 113 to loop-
control circuitry 114. Output signal level output 113 may be proportional to a peak level
of output signal 120. In these embodiments, loop-coatrol circuitry 114 may compare input
signal level output 107, output signal level output 113 and a desired output signal level,
and may responsively provide control signal 115 to detuning circuit 108 based on the
comparison to maintain output signal 120 below a predetermined peak signal level.

In some embodiments, receiver 101 may also comprise power tap 102 in receive
signal path 104 before detuning circuit 108 to provide coupled signal 103 to initial peak
detector 106. Coupled signal 103 may be proportional to input signal 119. Receiver 101
may also comprise power tap 110 in receive signal path 104 after detuning circuit 108 to
provide coupled signal 111 to peak detector 112, Coupled signal 111 may be proportional
{o output signal 120,

In some embodiments, loop-controt circuitry 114 may comprise a proportional-
integral;derivative (PID) controller employing a PID control loop, although the scope of
the invention is not limited in this respect. The use of a PID control foop may allow the
time to convergence as well as the setiling time to be adaptively tuned for the physical
system. In some of these embodiments, by being able to change the loop’s differential and
inteéral terms independently, the timing behavior of the controt loop may be optimized for
maximum system performance without unnecessarily reducing the power level of signal
120.
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Tn some embodiments, the desired output signal level may be a setpoint of a PID
controller, although the scope of the invention is not limited in this respect. In some
embodiments, loop-control circnitry 114 may qg@gr_i_s__f_:_analqg circuitry, while in other
embodiments; ioop—control circuitry 114 may comprise digital circuitry.

¥a some embodiments, detuning circuit 108 may comprise any device in receive
signal path 104 that creates a change in the impedance in response to a control signal. In
some embodiments, defuning circuit 108 may comprise a field-effect transistor (FET) and
control signal 115 may comprise a gate voltage. In these embodiments, the FET may
generate a low-input impedance in receive signal path 104 which may reflect a significant
portion of the input signal back toward the input of receiver 101. In some embodiments,
detuning circuit 108 may comprise one or more pseudormorphic high-electron mobility
transistors (PHEMTs), including Gallium Arsenide (GaAs) PHEMTS, or one or more PIN
diodes, although the scope of the invention is not limited in this respect.

FIG, 2 is a circuit diagram of a detuning circuit in accordance with some alternate
embodiments of the present inveniion, Detuning circuit 208 may be suitable for use as
detuning circuit 108 (FIG. 1), although the scope of the invention is not limited in this
respect as other detuning circuits may also be suitable. In these embodiments, detuning
circuit 208 may comprise one or more varactors 210 responsive to the control signal 115
(FIG. 1) to generate an impedance mismatch, Varactors 210 may comprise variable diodes
and/or voltage controlled capacitors. In some embodiments, detuning circuit 208 may also
comprise one or more shunt resistors 214, and switching circuitry 212 responsive to
contro) signal 115 to switch the one or more shunt resistors into receive signal path 104.
The one or more shunt resistors 214 may aitenuate high-level input signals when mput
signal level output 107 (FIG. 1) exceeds & predetermined level. In some embodiments, the
greater the input signal level, the greater number of shunt resistors 214 that may be
switched in. In some embodiments, PIN diode switches may be used for the switch 212,
although the scope of the invention is not limited in this respect.

Referring back to FIG. 1, receiver 101 may also comprise low-noise amplifier -
(LNA) 116 in receive signal path 104 after power tap 110 to amplify output signal 120. In
some embodiments, loop-control circuitry 114 and detuning circuit 108 may help prevent
or inhibit the power level of output signal 120 from exceeding a predetermined peak
power level. In some embodiments, the predetermined peak signal or power level may be
less than a maximum power level that LNA 116 can handle, although the scope of the
invention is not limited in this respect. In some embodiments, LNA 116 may be able to
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operate at a lower bias current andfor have a higher compression point because LNA 116
does not have to be able handle high power levels at its input. Subsequent mixer and
downconverter circuitry with higher compression points may also be used, although the
scope of the iﬁvention is not limited in this respect.

In some embodiments, receiver 101 may also comprise input filter 118 to filter
input signat 119 in receive signal path 104 before power tap 102. Tnput filter 118 may
either be a bandpass or high-pass filter. Receiver 101 may also include other receiver
circuitry (ORC) 130 for downconverting and digitizing received signals for use by signal
processing circuitry 128.

In some embodiments, transceiver 100 may be part of a mobile handset, such as a
third generation (3G) cellular handset. In these embodiments, transceiver 100 may farther
include duplexer 122 for coupling transmitter 126 and receiver 101 with antenna 124. In
some embodiments, a circulator or other coupling element may be used for duptexer 122.

In some embodiments, transceiver 100 may be part of a wireless local area network
{WLAN) communication device. In these embodiments, separate transmit and receive
antennas may be used. In some of these embodiments, transceiver 100 may transmit and
receive orthogonal frequency division multiplexed (OFDM) communication signals. In
some of these embodiments, transceiver 100 may be part of a2 WiFi communication station
or WiFi access point, although the scope of the invention is not limited in this respect. In
some embodiments, transceiver 100 may be part of a wireless metropolitan area network
(WMAN) communication device, [n some of these embodiments, transceiver 100 may
transmit and receive orthogonal frequency division multiple access (OFDMA)
communication signals. In some of these embodiments, transceiver 100 may be part of a
WiMax communication station, although the scope of the invention is not limited in this
respect. In some of these WiFi and WiMax embodiments, receiver 101 and iransmitter 126
.may_ use separate antennas.

In some embodiments, transceiver 100 may be part of an ultra~wide band (UWB)
communication device and may transmit and recetve ultra-wide band communication
signals. Examples of ultra wide band signals may include signals spanning a two to ten
gigahertz frequency range, although the scope of the invention is not limited in this
respect.

In some embodiments, transceiver 100 may be part of a radio-frequency
identification {RFID) tag reader. In these embodiments, transmitter 126 may be coupled to

a transmit antenna and receiver 101 may be coupled to a separate receive antenna. In these
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embodiments, transmitter 126 may generate interrogation signals for transmission by the
transmit antenna, and receiver 101 may receive responses to the interrogation signals for
use in identifying an interrogated radio-frequency identification tag. In some '
embodiments, portions of the interrogation signals coupled between the receive and
transmit antennas may be attenuated by the detuning cireuit 108, although the scope of the
invention is not limited in this respect. In these embodiments, signal processing circuitry
128 may generate the interrogation signals and may process the responses received
through receive signal path 104 in response to the interrogation signals to determine an
identifier of an interrogated radio-frequency identification tag. The response signals may
include backscattered and reflected signals to determine an RFID tag’s code, although the
scope of the invention is not limited in this respect. In some RFID tag reader
embodiments, the transmit and receive antennas may each comprise a paich antenna
having rectangnlar dimensions significantly less than half a wavelength of a receive
frequency (e.g., 900 MHz).

In some embodiments, transceiver 100 may be a multicarrier transceiver may be
part of a wireless communication device that may transmit orthogonal frequency division
multiplexed (OFDM) communication signals over a multicarrier communication channel.
The multicarrier communication channel may be within a predetermined frequency
spectrum and may comprise a plurality of orthogonal subcarriers. In some embodiments,
the orthogonal subcarriers may be closely spaced OFDM subcarriers. To help achieve
orthogonality between the closely spaced subcarriers, each subearrier may have a null at
substantially a center frequency of the oth;ar subcarriers. In some embodiments, to help
achieve orthogonality between the closely spaced subcarriers, each subcarrier may have an
integer number of cycles within a symbol period, although the scope of the invention is
not limited in this respect.

In some embodiments, the frequency spectrums for a multicarrier communication
signal may comprise either a 5 GHz frequency specirum or a 2.4 GHz frequency spectrum.
In these embodiments, the 5 GHz frequency spectrum may include frequencies ranging
from approximately 4.9 to 5.9 GHz, and the 2.4 GHz spectrumn may include frequencies
ranging from approximately 2.3 to 2.5 GHgz, although the scope of the invention is not
limited in this respect, as other frequency spectrums are also equally suitable. In some
other embodiments, the frequency spectrum for communications may comprise
frequencies between 2 and 11 GHg, although the scope of the invention is not limited in
this respect.
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In some embodiments, transceiver 100 may transmit and receive RF
communications in accordance with specific communication standards, such as the
Institute of Electrical and Electronics Enginecrs ({EEE) standards including IEEE
802.11(a), 802.11(b), 802.11(g), 802.11(k) and/or 802.11(n) standards for wireless local
area networks (WLANS), although transceiver 100 may also be suitable to transmit and/or
receive communications in accordance with other techniques including the Digital Video
Broadcasting Terrestrial (DVB-T) broadcasting standard, and the High performance radio
Local Area Network (HiperLAN) standard. In some broadband and WiMax embodimeats,
transceiver 100 may transmit and/or recieve broadband wireless communications in
accordance with the IEEE 802.16(¢) standards for wireless metropolitan area networks
(WMANS).

In some embodiments, transceiver 100 may be part of a portable wireless
communication device, such as personal digita} assistant (PDA), a laptop or portable
computer with wircless communication capability, a web tablet, a wireless telephone, a
wireless headset, a pager, an instant messagmg device, a digital camera, an access point, a
television or other device that may receive and/or transmit information wirelessly. In some
broadband embodiments, transceiver 100 may be part of a broadband communication
station.

Each of the antennas used by transceiver 100, inchuding antenna 124, may
comprise a directional or ommidirectional antenna, including, for example, a dipole
antenna, a monopole antenna, a patch antenna, a loop antenna, a microstrip antenna or
oiher type of antenna suitable for reception and/or transmission of RF signals by
transceiver 100.

Although transceiver 100 is illustrated as having several separate functional
elements, one or more of the functional elements may be combined and may be
implemented by combinations of software-configured elements, such as processing
elements including digital signal processors (DSPs), and/or other hardware elements. For
example, some elements may comprise one or more microprocessors, DSP's, application
specific integrated circuits (ASICs), and combinations of various hardware and logic
circuitry for performing at least the functions described herein. In some embodiments, the
finctional elements of transceiver 100 may refer to one or more processes operating on
one or more processing elements.

FIG. 3 is a flow chart of a receiver path overload protection operating procedure in

accordance with some embodiments of the present invention. Receiver path overload
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protection opesrating procedure 300 may be petformed by receiver 101 {(FIG. 1), although
the scope of the invention is not limited in this respect as other receivers may be suitable
for performing procedure 300.

Operation 302 comprises providing a first coupled signal pfoportional to an ioput
signal in a receive signal path. In some embodiments, the first coupled signal may
correspond to signal 103 (FIG. 1), the input signal may correspond to input signal 119
(FIG. 1), and the receive signal path may correspond to receive signal path 104 (FIG. 1).

Operation 304 comprises providing a second coupled signal propottional to an
output signal in the receive signal path. In some embodiments, the second coupled signal
may correspond to signal 111 (FIG. 1), and the output signal may correspond to output
signal 120 (FIG. 1).

Operation 306 comprises comparing peak levels of the first and second coupled
signals and a desired output signal level, Operation 306 may be performed by loop control
circuitry 114 (FIG. 1), peak detector 106 (FIG, 1) may provide the peak level of the first
coupled signal, and peak detector 112 (FIG. 1) may provide the peak level of the second
coupled signal.

Operation 308 comprises providing a control signal to a detuning circuit based on
the comparison performed in operation 306. Operation 308 may be performed by loop
control circuitry 114 (FIG. 1) and the control signal may be provided to detuning circuit
108 (FIG. 1). In some embodiments, the control signal may be a gate voltage when the
detuning circuit comprises a FET. In other embodiments, the control signal may be used to
control one or more varactors and may also be used to switch in one or more shunt
resistors depending on the peak signal level of the first coupled signal.

Operation 310 comprises generating an impedance mismatch in the receive signal
path in response to the control signal to maintain the output signal level below a
predetermined peak level. Operation 310 may be performed by detuning circuit 108 (FIG.
1).

Although the individual operations of procedure 300 are illustrated and described
as separate operations, one or more of the individual operations may be performed
concurrently, and nothing requires that the operations be performed in the order
illustrated,

The Abstract is provided to comply with 37 C.F.R. Section 1.72(b) requiring an
abstract that will allow the reader to ascertain the nature and gist of the technical
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disclosure. It is submitted with the vnderstanding that it will not be used to limit or
interpret the scope or meaning of the claims.

In the foregoing detailed description, various features are occasionally grouped
together in a single embodiment for the purpose of sireamlining the disclosure. This
method of disclosure is not to be interpreted as reflecting an intention that the claimed
embodiments of the subject matter require more features than are expressly recited in each
claim. Rather, as the following claims reflect, invention may lie in less than all features of
a single disclosed embodiment. Thus the following claims are hereby incorporated into the
detailed description, with each claim standing on its own as a separate preferred

embodiment.
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What is claimed is:

1. A receiver comprising:
a detuning circuit to degrade signals in a
5 receive signal path in response to a control signal;
loop-contrel circuitry to generate the control
signal by a comparison of signal levels in the receive
signal path:;
a first peak detector to provide an input signal
10 level output to the loop-control circuitry
proportional to a peak level of an input signal; and
a second peak detector to provide an output
signal level output to the loop-~control circuitry
proportional to a peak level of an output signal,
15 wherein the lcop-control circuitry is to compare

the input signal level output, the output signal level

sase, output and a desired output signal level in the
-e -
vess receive signal path and is to responsively provide the

(X2 X

control signal based on the comparison to maintain the

« v 20 output signal below a predetermined peak signal level.

o

e o 2. The receiver of <c¢laim 1 wherein the detuning

:;:: circuit is to generate an impedance mismatch in the

wene receive signal path in response to the control signal,
25 and wherein high-power input signal levels in the

receive signal path are reflected back to an input of

the receiver due to the impedance mismatch.

3. The receiver of claim 1 further comprising:
30 a first power tap in the receive signal path

before the detuning circuit to provide a first coupled
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signal to the first peak detector proportional to the
input signal; and

a second power tap in the receive signal path
after the detuning circuit to provide a second coupled
signal to the second peak detector proportional to the

output signal.

4, The receiver of claim 1 wherein the loop-control
circuitry comprises a proportional-integral-derivative

controller.

5. The receiver of c¢laim 1 wherein the detuning
circuit comprises a field-effect transistor and

wherein the control signal comprises a gate voltage.

6. The receiver of claim 1 wherein the detuning
circuit comprises:

one or more varactors responsive to the control
signal to generate the impedance mismatch;

one or more shunt resistors; and

switching circuitry responsive to the control
signal to switch the one or more shunt resistors into
the receive signal path, the one or more shunt
resistors to attenuate high level input signals when
the input signal level output exceeds a predetermined

level.

7. A transceiver comprising:
a transmitter to generate signals for
transmission; and

the receiver of any one of the preceding claims
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1-6.

8. The transceiver of c¢laim 7 further comprising a
duplexer for coupling the transmitter and the receiver
with an antenna, wherein the transceiver is part of a

mobile handset.

9. The transceiver of claim 7 wherein the
transceiver 15 to transmit and receive orthogonal
frequency division multiplexed signals and is part of

a wireless local area network communication station.

10. The transceiver of claim 7 wherein the
transceiver is to transmit and receive orthogonal
frequency division multiplex access signals and 1is
part of a wireless broadband network communication

station.

i1. The transceiver of claim 7 wherein the
transceiver is part of an ultra-wide band
communication device and is te transmit and receive

ultra- wide band communication signals.

12. The transceiver of claim 7 wherein:

the transceiver is part of a radio-frequency
identification tag reader, the transmitter is coupled
to a transmit antenna, and the receiver is coupled to
a receive antenna; and

the transceiver further comprises signal
processing circuitry to generate the interrogation

signals for transmission by the transmitter through
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13

the transmit antenna and to process the responses
received through the receive signal path in response
to the interrogation signals to determine an
identifier of the interrogated radio-frequency

identification tag.

13. A system comprising:

the receiver of any one of the preceding claims
1-6; and
' at least one omnidirectional antenna coupled to

the receiver.

l4. A method of operating a receiver comprising:

comparing signal levels in a receive signal path;

responsively generating an impedance mismatch in
the receive signal path based on the signal levels to
reflect high-power input signal levels in the receive
signal path back to an input of the receiver;

providing a first coupled signal proportional to
the input signal; and

providing a second coupled signal proportional to
the cutput signal

wherein the comparing comprises comparing an
input signal level output, an output signal level
output and a desired output signal level in the
receive signal path; and

responsively providing a control signal to
generate the impedance mismatch based on the
comparison to maintain the output signal below a

predetermined peak signal level.
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15. The method of claim 14 wherein the comparing is
performed by a proportional-integral-derivative

controller.

16. The method of claim 14 wherein generating an
impedance mismatch comprises providing a gate voltage

to a field-effect transistor.

17. The method of claim 14 wherein generating an
impedance mismatch comprises providing a contral
signal to one or more varactors to generate the

impedance mismatch.

18. The method of <¢laim 17 further comprising
switching one or more shunlt resistors into the receive
signal .path, the one or more shunt resistors to
attenuate higher- level input signals when the input

signal level output exceeds a predetermined level.
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( REGEIVER OPERATING PROCEDUREQ

NV
PROVIDE A FIRST COUPLED SIGNAL
PROPORTIONAL TO AN INPUT SIGNAL IN A
RECEIVE SIGNAL PATH

300

— 307

Al

PROVIDE A SECOND COUPLED SIGNAL
PROPORTIONAL TO AN OUTPUT SIGNAL N
THE RECEIVE SIGNAL PATH

3 0'(

AL

COMPARE LEVELS OF THE FIRST AND
SECOND COUPLED SIGNALS AND A DESIRED
OUTPUT SIGNAL LEVEL

AL

PROVIDE CONTROL SIGNAL BASED ON

-308
COMPARISON
yd
GENERATE MISMATCH IN THE RECEIVE
SIGNAL PATH TO MAINTAIN THE QUTPUT -3,

SIGNAL LEVEL BELOW A PREDETERMINED
: PEAK LEVEL :

Flé, 3




