US 20060267704A1
a9y United States

a2y Patent Application Publication (o) Pub. No.: US 2006/0267704 Al

Stevenson et al. 43) Pub. Date: Nov. 30, 2006
(54) CRYSTAL OSCILLATOR Related U.S. Application Data
(75) Inventors: Paul E. Stevenson, Colorado Springs, (63) Continuation of application No. 11/013,059, filed on
CO (US); Jon E. Tourville, Colorado Dec. 15, 2004, now Pat. No. 7,123,109.
Springs, CO (US); Nathan L.
Pihlstrom, Colorado Springs, CO (US) Publication Classification
Correspondence Address: (51) Inmt. Cl
LeMOINE PATENT SERVICES, PLLC HO3L 7/099 (2006.01)
C/O INTELLEVATE (52) U, CLi oo 331/185

P. O. BOX 52050
MINNEAPOLIS, MN 55402 (US)

57 ABSTRACT
(73) Assignee: Intel Corporation
(21) Appl. No.: 11/501,611 An oscillator circuit may be operated in a high power mode
or a reduced power mode. The high power mode provides
(22) Filed: Aug. 9, 2006 fast start-up of the oscillator circuit.

A 4
j]/Ibzos | z[{zm L

l Iy l I llsms

= 214
A 267\ 240) |
20 212 v
! 209 |
T U | [N E\m
211 207\ 207 l ]
24\ e w’| L| L
T T 26 )/ ” Reiast
24 ’_xL
v Raus2 k
246
/ v bbb b ek
20 \ CONTROL
AMPLITUDE CONTROL [
| DeTECTOR CIRCUIT 1272 BIAS CONTROL
260



Patent Application Publication Nov. 30,2006

Sheet 1 of 5

C
(W
104
102~ ~
| OSCILATOR | FerpBACK
-~ . CRRCUT
120 ] ‘
LOOP BIAS
FILTER CURRENT
CONTROL CONTROL
i e
132 | 134 122
~  STARTUP
130 CONTROL ~ h——
CIRCUIT
INTEGRATED
CIRCUIT
\
100

FIG. 1

US 2006/0267704 Al




¢ OI4

US 2006/0267704 Al

Patent Application Publication Nov. 30,2006 Sheet 2 of 5

092
T04INOO SVId 1In3gld | 40193130
e | 104N 3aNLITdNY
J04INOD o0
| e I A - A \
W A
NmSmm
A \Nm . 922\ | ,
1 ey 02 06 T
eN/M_ ~ | (% T A
| 602 | Ia "
, g | L ae
\W_ T8l _||HT\
pie A?I e —
200 k- L\m u_\_m
v0¢ 902




US 2006/0267704 Al

Patent Application Publication Nov. 30,2006 Sheet 3 of 5

09
115 o —
T04INOD) SV _{ 20um00 T waiwnos
.\ﬁm / {9¢ 008
AN 0/¢ & & L
N e || 8 f /
<5 A A
R
298 £
| "N, 3 ‘ ,
b HOLOVAYO | | 1= | gz % e T
N | 319vMvA W1/ 00 T8 uwe |
| e L Yy |
y = | .
| =T —
_ 82 C 1~
E/m__ E\m__ _ . = Nx\w T
svig | ht 41
202 Y m_vﬂ. u_\ﬁ
h02 907




Patent Application Publication Nov. 30,2006 Sheet 4 of 5 US 2006/0267704 A1

START A CRYSTAL OSCILLATOR CIRCUIT | 410
IN A HIGH POWER MODE TO PROVIDEA
FAST START

DETERMINE THAT THE CRYSTAL _/420

OSCILLATOR CIRCUIT HAS STARTED

RUN THE CRYSTAL OSCILLATOR CIRCUIT j 0

IN A LOW POWER MODE TO SAVE POWER

MODIFY A LOOP FILTER TIME CONSTANT j 40

IN THE CRYSTAL OSCILLATOR CIRCUIT

400

FIG. 4



Patent Application Publication Nov. 30,2006 Sheet S of 5 US 2006/0267704 A1

i ,:< 940

530 | RECEIVER

| > - DEMOD

| 512
514
),

OSCILLATOR [ — 522
siol 50 -

SYSTEM ON 916
CHIP

900

FIG. 5



US 2006/0267704 Al

CRYSTAL OSCILLATOR

RELATED APPLICATION

[0001] This application is a Continuation of U.S. Nonpro-
visional Application Ser. No. 11/013,059, by Stevenson et
al.,, filed Dec. 15, 2004, which is incorporated herein by
reference in its entirety for all purposes.

FIELD

[0002] The present invention relates to oscillator circuits,
and more specifically to crystal oscillator circuits.

BACKGROUND

[0003] Oscillator circuits are useful to create oscillating
signals. In general, low power crystal oscillator circuits may
take a substantial period of time to begin oscillating with an
amplitude sufficiently large to be useful. Start-up time can be
reduced, but it may be at the expense of increased power
consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]
a crystal;

[0005] FIGS. 2 and 3 show crystal oscillator circuits in
accordance with various embodiments of the present inven-
tion;

[0006] FIG. 4 shows a flowchart in accordance with
various embodiments of the present invention; and

FIG. 1 shows a diagram of an integrated circuit and

[0007] FIG. 5 shows an electronic system in accordance
with various embodiments of the present invention.

DESCRIPTION OF EMBODIMENTS

[0008] In the following detailed description, reference is
made to the accompanying drawings that show, by way of
illustration, specific embodiments in which the invention
may be practiced. These embodiments are described in
sufficient detail to enable those skilled in the art to practice
the invention. It is to be understood that the various embodi-
ments of the invention, although different, are not necessar-
ily mutually exclusive. For example, a particular feature,
structure, or characteristic described herein in connection
with one embodiment may be implemented within other
embodiments without departing from the spirit and scope of
the invention. In addition, it is to be understood that the
location or arrangement of individual elements within each
disclosed embodiment may be modified without departing
from the spirit and scope of the invention. The following
detailed description is, therefore, not to be taken in a limiting
sense, and the scope of the present invention is defined only
by the appended claims, appropriately interpreted, along
with the full range of equivalents to which the claims are
entitled. In the drawings, like numerals refer to the same or
similar functionality throughout the several views.

[0009] FIG. 1 shows a diagram of an integrated circuit and
a crystal. Crystal 110 may be any type of material having a
resonant frequency. For example, crystal 110 may be a
crystal resonator having one or more oscillation modes with
different mechanical oscillation frequencies. Any type of
resonator may be utilized in place of crystal 110 without
departing from the scope of the present invention.
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[0010] Integrated circuit 100 includes oscillator circuit
120 and start-up control circuit 130. Integrated circuit 100
also includes electrical contacts 102 and 104 at which
oscillator circuit 120 is coupled to crystal 110. Oscillator
circuit 120 senses the oscillations of crystal 110 and ampli-
fies them to provide an oscillation signal of sufficient ampli-
tude to be useful to integrated circuit 100. For example,
oscillator circuit 120 may provide a clock signal (not shown)
having an amplitude suitable to drive logic circuits (not
shown) within integrated circuit 100.

[0011] Integrated circuit 100 may be any type of integrated
circuit that includes an oscillator circuit. For example, in
some embodiments, integrated circuit 100 may be a micro-
processor, a digital signal processor, an embedded processor,
a microcontroller, a system on a chip, or the like. In other
embodiments, integrated circuit 100 may be limited to
oscillator circuitry and associated peripheral circuitry. Fur-
ther, integrated circuit 100 may include many circuits and
functional blocks in addition to those shown in FIG. 1
without departing from the scope of the present invention.
For example, integrated circuit 100 may include an arith-
metic logic unit (ALU), a volatile or nonvolatile memory, a
graphics processor, or the like.

[0012] Start-up control circuit 130 provides various con-
trol signals to, and receives feedback from, oscillator circuit
120. For example, start-up control circuit 130 provides one
or more loop filter control signals on node 132 and also
provides one or more bias current control signals on node
134. The signals provided to oscillator circuit 120 from
start-up control circuit 130 may be utilized to control an
operating mode of oscillator circuit 120. For example, by
controlling a bias current, start-up control circuit 130 may
cause oscillator circuit 120 to operate in a low power mode
or a high power mode. Further, loop filter control signals on
node 132 may be utilized to vary loop filter characteristics
within oscillator circuit 120.

[0013] Oscillator circuit 120 may be started as a result of
a “start-up event.” Examples of start-up events include the
application of power to integrated circuit 100 (e.g., turning
on a power switch), awaking from a sleep mode, or the like.
When starting, oscillator circuit 120 may be put into a
start-up mode by start-up control circuit 130. Oscillator
circuit 120 may be considered as “started” when an oper-
ating condition is met. For example, operating conditions
may include a time of operation or the oscillation amplitude
reaching a predetermined level.

[0014] In some embodiments, oscillator circuit 120 may
be put in a high power start-up mode as a result of start-up
event to allow the oscillator to start quickly. Further, oscil-
lator circuit 120 may be put in a reduced power operating
mode when an operating condition is met. The combination
of modes allows the oscillator circuit to start quickly and to
operate over a long period of time with reduced power
consumption.

[0015] In some embodiments, start-up control circuit 130
receives feedback from oscillator circuit 120 on node 122,
and modifies loop filter control signals and bias current
control signals in response. For example, in some embodi-
ments, the feedback on node 122 may provide an indication
of the oscillation amplitude of oscillator circuit 120, and
start-up control circuit 130 may include circuitry to deter-
mine when that amplitude is sufficiently large to change the



US 2006/0267704 Al

mode of operation. Further, in some embodiments, start-up
control circuit 130 may modify loop filter control signals
and bias current control signals after oscillator circuit 120
has been operating for a predetermined amount of time.

[0016] Start-up control circuit 130 may include any type
of circuitry capable of receiving feedback from, and pro-
viding signals to, oscillator circuit 120. For example, start-
up control circuit 130 may include digital circuits such as
counters, latches, registers, state machines, or the like. Also
for example, start-up control circuit 130 may include analog
circuits such as amplitude detectors, envelope detectors,
comparators, operational amplifiers, or the like.

[0017] FIG. 2 shows a crystal oscillator circuit in accor-
dance with various embodiments of the present invention.
Crystal oscillator circuit 200 includes transistors 202, 204,
206, 208, 210, 212, and 214; capacitors 224, 226, 228, 230,
232, and 234; and resistors 240, 242, 244, and 246. Also
shown in FIG. 2 are amplitude detector 260, control circuit
270, switch 280, and crystal 250.

[0018] The transistors in FIG. 2 and later figures are
shown as isolated gate transistors, and specifically as metal
oxide semiconductor field effect transistors (MOSFETs). For
example, transistors 202, 204, and 206 are shown as P-type
MOSFETs, and the remaining transistors are shown as
N-type MOSFETs. Other types of switching or amplifying
elements may be utilized for the various transistors of
oscillator circuit 200 without departing from the scope of the
present invention. For example, the transistors of circuit 200
may be junction field effect transistors (JFETs), bipolar
junction transistors (BITs), or any device capable of per-
forming as described herein.

[0019] Transistors 204, 208, 202, and 210, and resistors
244 and 246 combine to form a bias current generator that
generates a selectable bias current shown as I 1, 4 in FIG. 2.
Associated with these transistors are two resistor-capacitor
(RC) networks. Resistor 240 and capacitor 232 combine to
form a first RC network, and transistor 214 and capacitor
234 combine to form a second RC network where the
resistance of the RC network is provided by the drain-to-
source resistance of transistor 214. The resistance of tran-
sistor 214 may be controlled by the filter control signal on
node 272, thereby modifying the time constant of the RC
network. For example, when a high voltage is presented on
node 272 by control circuit 270, the drain-to-source resis-
tance of transistor 214 is relatively small, and capacitor 234
may charge fairly quickly. Also for example, when a lower
voltage is presented on node 272, the drain-to-source resis-
tance of transistor 214 is increased and the time constant of
the RC network is correspondingly increased.

[0020] The current I, is mirrored through transistor
204 to create 1, and is also mirrored through transistor 206
to create I,. Current I, is provided to transistor 208, and node
207 receives a direct current (DC) voltage as a result of
resistor 240 being coupled drain-to-gate on transistor 208.
Current 1, is provided to transistor 212, which is coupled as
a gain element to amplify oscillations of crystal 250. The
gain of transistor 212 increases with increased 1,, as does the
power dissipation of circuit 200.

[0021] Crystal 250 is coupled between the gate node and
drain node of transistor 212, and as the oscillations grow in
amplitude, an alternating current (AC) signal appears on the
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gate of transistor 212. Capacitors 228 and 230 form a
capacitive voltage divider that divides the AC voltage
present on node 211 to provide an AC voltage component on
node 207. The AC voltage component on node 207 is
proportional to the amplitude of the crystal’s oscillation. As
the oscillation amplitude grows, the DC voltage on the drain
of transistor 208 drops in proportion to the increase in
oscillation amplitude.

[0022] As the voltage on the drain of transistor 208 drops
as a result of the oscillation amplitude increasing, the
voltage on the gate of transistor 210 will also drop, thereby
reducing I5;,q. Accordingly, transistor 214 and capacitor
234 form a loop filter in an amplitude regulation feedback
loop. As the oscillation amplitude increases, I 51 45 decreases,
which reduces 12 and reduces the oscillation amplitude.

[0023] During operation, a long time constant for the loop
filter (transistor 214 and capacitor 234) can prevent the
feedback loop from becoming unstable. The time constant
may be held high by controlling transistor 214 to provide a
relatively high resistance, but when transistor 214 provides
a high resistance, it may take a long time for node 209 to
initially charge up when the oscillator circuit is started.

[0024] In various embodiments of the present invention,
control circuit 270 drives a high voltage on node 272 to
reduce the time constant of the loop filter during start-up of
the oscillator circuit. By reducing the time constant of the
loop filter during start-up, node 209 may charge faster and
Iz14g may be established faster, thereby allowing the oscil-
lator circuit to start faster. In these embodiments, after the
oscillator has started, control circuit 270 may drive a lower
voltage on node 272 to increase the time constant of the loop
filter to prevent the amplitude regulation loop from becom-
ing unstable.

[0025] As shown in FIG. 2, transistor 214 provides a
variable resistance. In some embodiments, a variable resistor
is implemented in a different manner. For example, in some
embodiments, a variable resistance is provided by multiple
resistors coupled in series or parallel with switches to
include or remove the resistors from the loop filter circuit.
The various embodiments of the present invention are not
limited by the manner in which the variable resistance is
implemented.

[0026] As shown in FIG. 2, the time constant of the loop
filter is modified by changing the resistance of transistor
214. In some embodiments, the time constant of the loop
filter is modified by changing the capacitance of capacitor
234. For example, capacitor 234 may include multiple
capacitors that may be individually included or excluded
from the circuit.

[0027] In some embodiments, amplitude detector 260
detects the oscillation amplitude present on node 211. For
example, amplitude detector 260 may include a diode detec-
tor or any other type of circuit that is capable of detecting the
amplitude of the oscillations on node 211. Amplitude detec-
tor 260 may also include a comparator to compare the
amplitude to a threshold. For example, the oscillator circuit
may be considered in a start-up mode when the amplitude is
below a particular threshold, and may be considered in a
normal operating mode when the amplitude is above the
threshold. By comparing the detected amplitude to a thresh-
old, amplitude detector 260 may determine when the oscil-
lator circuit is to be transitioned from start-up mode to
normal operating mode.
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[0028] Amplitude detector 260 and control circuit 270 are
part of a control mechanism to operate oscillator circuit 200
in either a start-up mode or an operating mode. Amplitude
detector 260 receives feedback from the oscillator on node
211, and control circuit 270 receives information from
amplitude detector 260. In some embodiments, the informa-
tion received by control circuit 270 may include the detected
amplitude. Also in some embodiments, the information
received may include one or more digital signals represent-
ing the amplitude crossing one or more thresholds. In
response to the information received from amplitude detec-
tor 260, control circuit 270 may manipulate the filter control
signal on node 272 as described above, and may manipulate
the bias control signal on node 274 as described below.

[0029] In addition to modifying the loop filter during the
start-up of oscillator circuit 200, control circuit 270 may
modify the bias resistance coupled to the source of transistor
210 to increase I, o during the start-up of oscillator circuit
200. For example, during start-up, control circuit 270 may
cause switch 280 to close, thereby reducing the bias resis-
tance, and increasing the bias current I;, 5. When the bias
current I, is increased, 12 is also increased, allowing the
oscillator to start quickly. When the oscillator circuit has
started, control circuit 270 may open switch 280, thereby
decreasing the bias current Ig;, . When the bias current is
decreased, 1, is also decreased, and the oscillator consumes
less power.

[0030] Resistors 244 and 246 and switch 280 form a
variable resistor that can affect the bias current Ig;,.q.
Oscillator circuit 200 is shown having two possible settings
for the variable resistor coupled to the source of transistor
210. In some embodiments, many more possible settings
exist for bias resistance. For example, multiple resistors and
multiple switches may be arranged to provide different
amounts of bias resistance. Multiple resistors of different
values may be combined in series or parallel combinations
to create changes in bias resistance of any type. For example,
the bias resistance can be changed in linear steps, exponen-
tial steps, or in any other fashion. In some embodiments, the
bias resistance may be changed in increments based on the
oscillation amplitude crossing various thresholds.

[0031] FIG. 3 shows a crystal oscillator circuit in accor-
dance with various embodiments of the present invention.
Oscillator circuit 300 includes many of the transistors and
capacitors shown in FIG. 2. Also shown in FIG. 3 are
counter 360 and control circuit 370. In various embodiments
of the present invention, counter 360 counts the number of
cycles of the oscillating signal on node 211, and provides a
count value to control circuit 370 on signal nodes 362. In
response to counter values provided on signal nodes 362,
control circuit 370 manipulates one or more of the loop filter
control signals on nodes 372 and 373 and manipulates the
bias resistor control signals on nodes 374.

[0032] As shown in FIG. 3, oscillator circuit 300 includes
variable capacitor 334 as part of the loop filter circuit. In
some embodiments, variable capacitor 334 includes multiple
capacitors and switches that are configured to either switch
capacitors into the circuit, or switch capacitors out of the
circuit. For example, variable capacitor 334 may include
capacitors fabricated using gates of transistors, metal-insu-
lator-metal (MIM) capacitors, or any other type of capacitor
supported by the manufacturing processes employed. Also
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for example, switches may be implemented using transistors
with a relatively low “on” resistance, and a relatively high
“off” resistance.

[0033] The loop filter in FIG. 3 is shown having a variable
resistive element (transistor 214) and a variable capacitor. In
some embodiments, a variable resistor is employed with a
fixed capacitor. In other embodiments, a variable capacitor
is employed with a fixed resistor. Any combination of
variable circuit elements may be utilized without departing
from the scope of the present invention.

[0034] Oscillator circuit 300 is put into a start-up mode
upon a starting event, and is put into an operating mode
when an operating condition is met. In some embodiments,
the operating condition may be represented by a time period.
For example, counter 360 counts a time period that the
oscillator is running by counting cycles of the oscillating
signal, and control circuit 370 may detect when the time
period crosses one or more predetermined thresholds. Con-
trol circuit 370 may then change the mode of the oscillating
circuit.

[0035] In some embodiments, control circuit 370 detects
when oscillator circuit 300 has been running for a predeter-
mined period of time, and changes the loop filter control to
provide a larger time constant as described above with
reference to FIG. 2. Also in some embodiments, control
circuit 370 may change bias control signals on nodes 374 to
change the value of I ..

[0036] The variable resistor shown coupled to the source
of transistor 210 in FIG. 3 includes four resistor segments
instead of the two resistor segments shown in FIG. 2. Each
resistor segment may be included or removed from the
circuit through the action of switches 380, 382, and 384. The
arrow shown at the end of signal nodes 374 is meant to
indicate that signals on signal nodes 374 control switches
380, 382, and 384. Although four resistor segments and three
switches are shown in FIG. 3, this is not a limitation of the
present invention. For example, any number of resistor
segments and any number of switches may be included in
oscillator circuit 300.

[0037] Control circuit 370 may increase the bias resistance
in steps by closing switches 380, 382, and 384 in a coordi-
nated sequence. For example, when counter 360 reaches a
first count value, control circuit 370 may close switch 384.
When counter 360 reaches a second count value, control
circuit 370 may close switch 382, and when counter 360
reaches a third count value, control circuit 370 may close
switch 380.

[0038] In addition to modifying the bias resistance in
increments, control circuit 370 may control the time con-
stant of the loop filter in increments. For example, control
circuit 370 may apply a high voltage on node 372 upon a
start-up condition, and then may gradually reduce the volt-
age on node 372 as the count value increases, so as to
increase the time constant of the loop filter gradually as the
time of operation increases. In addition, control circuit 370
may change the time constant of the loop filter by incre-
mentally changing a capacitance value of variable capacitor
334. In still further embodiments, control circuit 370 may
modify both the resistance of transistor 214 and the capaci-
tance of variable capacitor 334.

[0039] Oscillator circuits, control circuits, transistors, and
other embodiments of the present invention can be imple-
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mented in many ways. In some embodiments, they are
implemented in integrated circuits. In some embodiments,
design descriptions of the various embodiments of the
present invention are included in libraries that enable
designers to include them in custom or semi-custom designs.
For example, any of the disclosed embodiments can be
implemented in a synthesizable hardware design language,
such as VHDL or Verilog, and distributed to designers for
inclusion in standard cell designs, gate arrays, custom
devices, or the like. Likewise, any embodiment of the
present invention can also be represented as a hard macro
targeted to a specific manufacturing process. For example,
oscillator circuit 200 (FIG. 2) may be represented as poly-
gons assigned to layers of an integrated circuit.

[0040] FIG. 4 shows a flowchart in accordance with
various embodiments of the present invention. In some
embodiments, method 400 may be used in, or for, a crystal
oscillator circuit. In some embodiments, method 400, or
portions thereof, is performed by a start-up control circuit,
embodiments of which are shown in the various figures. In
other embodiments, method 400 is performed by an ampli-
tude detector and control circuit, a counter and control
circuit, or an electronic system. Method 400 is not limited by
the particular type of apparatus performing the method. The
various actions in method 400 may be performed in the order
presented, or may be performed in a different order. Further,
in some embodiments, some actions listed in FIG. 4 are
omitted from method 400.

[0041] Method 400 is shown beginning at block 410 in
which a crystal oscillator circuit is started in a high power
mode to provide a fast start. In some embodiments, this may
correspond to reducing the resistance of a bias resistor in a
bias current generator to increase the current provided to a
gain device coupled to a crystal. For example, referring back
to FIG. 2, control circuit 270 may reduce the value of the
resistance coupled to the source of transistor 210 to increase
Igras. Further, in some embodiments, the acts of block 410
may also correspond to reducing the time constant of a loop
filter as described above with reference to FIGS. 2 and 3.

[0042] At 420, method 400 determines whether the crystal
oscillator circuit has started. In some embodiments, this
corresponds to determining if an operating condition is met.
For example, the operating condition may include an
amount of time that the oscillator circuit has been operating,
or may include an oscillation amplitude. At 430, the crystal
oscillator circuit is run in a low power mode to save power.
In some embodiments, this corresponds to increasing the
value of a bias resistor to reduce a bias current and to reduce
the current provided to a gain device coupled to a crystal.

[0043] At 440, a loop filter time constant is modified in the
crystal oscillator circuit. In some embodiments, this corre-
sponds to changing a gate voltage on a transistor that
provides a resistance in an RC network. The time constant
of the loop filter may be changed in one large step, or may
be changed in smaller increments over time.

[0044] FIG. 5 shows a system diagram in accordance with
various embodiments of the present invention. FIG. 5 shows
system 500 including system-on-chip (SOC) 510, receiver
530, and antennas 540. SOC 510 includes oscillator circuit
520 coupled to crystal 522 at electrical contacts 514 and 516.
Oscillator circuit 520 may include any of the oscillator
circuit embodiments represented by the previous figures. In
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some embodiments, SOC 510 is an integrated circuit that
includes many components; however, as used herein, the
term “system-on-chip” and the acronym “SOC” do not
imply any particular level of integration. For example, in
some embodiments, an SOC may include a processor and an
oscillator circuit, or a peripheral device and an oscillator
circuit.

[0045] In systems represented by FIG. 5, SOC 510 is
coupled to receiver 530 by conductor 512. Receiver 530
receives communications signals from antennas 540 and
also communicates with SOC 510 on conductor 512. In
some embodiments, receiver 530 provides communications
data to SOC 510. Also in some embodiments, SOC 510
provides control information to receiver 530 on conductor
512.

[0046] Example systems represented by FIG. 5 include
cellular phones, personal digital assistants, wireless local
area network interfaces, and the like. Many other systems
uses for SOC 510 exist. For example, SOC 510 may be used
in a desktop computer, a network bridge or router, or any
other system without a receiver.

[0047] Receiver 530 includes amplifier 532 and demodu-
lator (demod) 534. In operation, amplifier 532 receives
communications signals from antennas 540, and provides
amplified signals to demod 534 for demodulation. For ease
of illustration, frequency conversion and other signal pro-
cessing is not shown. Frequency conversion can be per-
formed before or after amplifier 532 without departing from
the scope of the present invention. In some embodiments,
receiver 530 may be a heterodyne receiver, and in other
embodiments, receiver 530 may be a direct conversion
receiver. In some embodiments, receiver 530 may include
multiple receivers. For example, in embodiments with mul-
tiple antennas 540, each antenna may be coupled to a
corresponding receiver.

[0048] Receiver 530 may be adapted to receive and
demodulate signals of various formats and at various fre-
quencies. For example, receiver 530 may be adapted to
receive time domain multiple access (TDMA) signals, code
domain multiple access (CDMA) signals, global system for
mobile communications (GSM) signals, orthogonal fre-
quency division multiplexing (OFDM) signals, multiple-
input-multiple-output (MIMO) signals, spatial-division mul-
tiple access (SDMA) signals, or any other type of
communications signals. The various embodiments of the
present invention are not limited in this regard.

[0049] Antennas 540 may include one or more antennas.
For example, antennas 540 may include a single directional
antenna or an omni-directional antenna. As used herein, the
term omni-directional antenna refers to any antenna having
a substantially uniform pattern in at least one plane. For
example, in some embodiments, antennas 540 may include
a single omni-directional antenna such as a dipole antenna,
or a quarter wave antenna. Also for example, in some
embodiments, antennas 540 may include a single directional
antenna such as a parabolic dish antenna or a Yagi antenna.
In still further embodiments, antennas 540 include multiple
physical antennas. For example, in some embodiments,
multiple antennas are utilized for multiple-input-multiple-
output (MIMO) processing or spatial-division multiple
access (SDMA) processing.

[0050] Although SOC 510 and receiver 530 are shown
separate in FIG. 5, in some embodiments, the circuitry of
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SOC 510 and receiver 530 are combined in a single inte-
grated circuit. Furthermore, receiver 530 can be any type of
integrated circuit capable of processing communications
signals. For example, receiver 530 can be an analog inte-
grated circuit, a digital signal processor, a mixed-mode
integrated circuit, or the like.

[0051] Although the present invention has been described
in conjunction with certain embodiments, it is to be under-
stood that modifications and variations may be resorted to
without departing from the spirit and scope of the invention
as those skilled in the art readily understand. Such modifi-
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cations and variations are considered to be within the scope
of the invention and the appended claims.

What is claimed is:
1. An oscillator circuit comprising:

means for generating a selectable bias current;

a loop filter with a variable time constant to influence an
oscillation amplitude; and

means to influence operation of the loop filter and to select
a bias current.



