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RADIO TRANSCEIVER ON A CHIP

This patent application is a continuation of U.S. patent
application Ser. No. 10/626,025, filed on Jul. 24, 2003. U.S.
patent application Ser. No. 10/626,025 is a continuation of
U.S. patent application Ser. No. 08/803,392, which was filed
on Feb. 20, 1997 and issued as U.S. Pat. No. 6,633,550 on
Oct. 14, 2003.

BACKGROUND OF THE INVENTION

1. Technical Field of the Invention

The present invention relates in general to the wireless
communications field and, in particular, to a short-range
radio transceiver fabricated on an integrated circuit chip.

2. Description of Related Art

The high level of circuit integration possible with modern
technology has allowed manufacturers of hand-held com-
munications equipment (e.g., cellular phones) to substan-
tially reduce the size of their products. As a general rule,
these smaller products consume less power and ultimately
become cheaper to produce.

In the past, there have been a number of attempts to
fabricate an entire radio transmitter/receiver (transceiver) on
a single integrated circuit (IC) chip. Generally, these
attempts have been unsuccessful, and only parts of such
radios have been placed on a single chip. For example, U.S.
Pat. No. 5,428,835 to Okanobu discloses a receiver circuit
formed on a single semiconductor chip. The primary reason
for this lack of total integration can be found in the radio
system specifications.

Most standard air interface specifications for radio com-
munications systems set forth high requirements with
respect to frequency accuracy, adjacent channel interfer-
ence, modulation performance, etc. However, existing on-
chip signal processing techniques have not yet reached a
level that can meet the performance criteria set by these air
interface specifications.

SUMMARY OF THE INVENTION

It is an object of the present invention to significantly
reduce the overall size of a radio transceiver.

It is another object of the present invention to produce a
short-range wireless radio link that is less costly than a cable
link.

It is yet another object of the present invention to produce
a short-range radio transceiver on a single integrated circuit
chip.

In accordance with the present invention, the foregoing
and other objects are achieved by a radio transceiver archi-
tecture that can be completely integrated into one semicon-
ductor IC chip. In order to integrate the transceiver’s IF
filters into the chip, a heterodyne architecture with a rela-
tively low IF is used. A single directly modulated VCO is
used for both up-conversion during transmission, and down-
conversion during reception. Bondwires are used as resona-
tors in the oscillator tank for the VCO. A time-division
duplex scheme is used in the air interface to eliminate
cross-talk or leakage. A Gaussian-shaped binary FSK modu-
lation scheme is used to provide a number of other imple-
mentation advantages.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the method and appa-
ratus of the present invention may be had by reference to the
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following detailed description when taken in conjunction
with the accompanying drawings wherein:

FIG. 1 is a basic functional block diagram of a radio
transceiver architecture, which can be used to facilitate an
understanding of the present invention;

FIG. 2 is a block diagram of a conventional receiver
section, which can be used to implement the functions of the
receiver section shown in FIG. 1;

FIG. 3 is a block diagram of an image-rejection mixer
stage that can be used for down-conversion with the receiver
architecture illustrated in FIG. 1;

FIG. 4 is a schematic block diagram of a single chip
transceiver architecture, which can be used to implement the
apparatus and method of the present invention; and

FIG. 5 is a detailed circuit block diagram of a radio
transceiver on a single IC chip, in accordance with a second
embodiment of the present invention.

DETAILED DESCRIPTION OF THE DRAWINGS

The preferred embodiment of the present invention and its
advantages are best understood by referring to FIGS. 1-5 of
the drawings, like numerals being used for like and corre-
sponding parts of the various drawings.

For the preferred embodiment, the air interface specifi-
cation allows digital transmission of both voice and data.
Such an air interface that can be used is described in
commonly-assigned U.S. patent application Ser. No. 08/685,
069 to Dent, et al., filed Jul. 13, 1996, entitled “Short-Range
Radio Communications System And Method Of Use.” The
frequency band that can be used is the unlicensed Industrial,
Scientific, Medical (ISM) band at 2.4 GHz, which has 83.5
MHz bandwidth available for use. However, in the United
States, the Federal Communications Commission (FCC)
requires frequency spreading for operations where the trans-
mitted power is higher than 0 dBm. There can be numerous
“interferers” or “jammers” operating in this band (e.g.,
microwave ovens are notorious “interferers” in this band).
Consequently, a frequency hopping scheme is used to pro-
vide increased immunity to such interference. Notably, in
contrast to direct sequence frequency spreading, the inter-
ference immunity provided by frequency hop spreading is
independent of the jammer’s transmitted power.

In addition, with respect to the preferred embodiment,
average frequency spreading over the entire 83.5 MHz band
results without having to process wide bandwidth signals.
Although the frequency spectrum that the embodied trans-
ceiver can be operated in is wide enough to provide the
spreading, the instantaneous bandwidth can be small, which
allows the transceiver’s front end to be operated at a narrow
band. In the preferred system, the instantaneous (channel)
bandwidth is 1 MHz, whereas the hopping is carried out in
a pseudo-random way over 79 hop channels (spanning 79
MHz). The preferred modulation scheme used is binary
Gaussian-shaped frequency shift keying (GFSK). This
approach provides a robust wireless communications link
and allows the use of relatively simple transmitter and
receiver circuitry.

For the preferred embodiment, the information signals are
transmitted in packets. Automatic Repeat Request (ARQ)
error correction is employed to re-transmit packets received
with errors in the data field. The voice field is not re-
transmitted, but the (robust) Continuous Variable Slope
Delta (CVSD) modulation scheme is used for speech cod-
ing. CVSD is a type of adaptive delta modulation scheme
whereby performance degrades gracefully in the presence of
noise. A time-division duplex (TDD) scheme is used to


















