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A method of controlling operation of a Wireless device con 
?gured in a zero intermediate frequency architecture includ 
ing a DC loop and a gain loop. The method includes process 
ing energy in a Wireless medium to generate a corresponding 
receive signal, monitoring the receive signal via a predeter 
mined measurement Window, detecting a changed condition 
in the channel, holding the gain feedback control loop at a 
constant gain level, and operating the DC loop in an attempt 
to search a stable DC value for the receive signal While the 
gain loop is held constant. A ?rst case is DC saturation, Where 
the gain is held constant until DC is controlled. A second case 
is clear channel assessment, Where a prior stored gain setting 
is applied to the gain loop after detecting the end of the packet. 
A third case is preparation for receiving an expected acknowl 
edgement packet after transmitting a packet, Where again a 
prior stored gain setting is applied to the gain loop and DC is 
searched. 
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PACKET ACQUISITION AND CHANNEL 
TRACKING FOR A WIRELESS 

COMMUNICATION DEVICE CONFIGURED 
IN A ZERO INTERMEDIATE FREQUENCY 

ARCHITECTURE 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

CROSS-REFERENCE TO RELATED 

APPLICATION(S) 

The present application is based on US. Provisional Patent 
Application entitled “Packet Acquisition and Channel Track 
ing For A Wireless Communication Device Con?gured In A 
Zero Intermediate Frequency Architecture”, Ser. No. 60/259, 
731, ?led Jan. 4, 2001, which is hereby incorporated by 
reference in its entirety. The present application is also a 
continuation-in-part (CIP) of US. Patent Application entitled 
“A Calibrated DC Compensation System For A Wireless 
Communication Device Con?gured In A Zero Intermediate 
Frequency Architecture”, Ser. No. 09/677,975, ?led Oct. 2, 
2000, which is hereby incorporated by reference in its 
entirety. 

FIELD OF THE INVENTION 

The present invention relates to wireless communications, 
and more particularly to packet acquisition and channel track 
ing for a wireless communication device con?gured in a zero 
intermediate frequency (ZIF) architecture that utilizes a DC 
control loop to enable direct conversion of radio frequency 
signals to baseband frequency and a calibration procedure 
that more accurately determines and controls DC voltage 
levels. 

DESCRIPTION OF RELATED ART 

Network communication is a growing area of technology 
both for business and home applications. A network system 
enhances communication and provides a suitable environ 
ment for enhanced productivity and capabilities both at home 
and in the workplace. The Internet for example, is a global, 
mostly wired, communication network that couples devices 
together on a world-wide basis that enables world-wide com 
munication between any devices coupled to the Internet. The 
Internet enables access to a plurality of services, such as ?le 
sharing, faxing, chat, email and information access via web 
sites to ?les, libraries, databases, computer programs, etc. 
Many businesses and commercial entities include a rela 

tively established and sophisticated network environment for 
enhanced productivity and communication. For example, 
Extranets or Intranets provide enhanced yet protected or 
secure communication to a selected group of people on the 
Internet. Many small businesses and homes are coupled to the 
Internet via some variation of local area network (LAN) or the 
like. It is becoming more advantageous and common for 
small businesses and home environments to include LAN 
capabilities to connect to the Internet or to access other ser 
vices, such as ?le sharing, printing, faxing, etc. and to further 
enable communication such as via chat and email services, 
and the like and to provide access to common databases and 
libraries, etc. Many such small networks are connected 
through a set of wires. For example, a network may be estab 
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2 
lished in a small of?ce or home through standard phone wires. 
Phone wires are already available in each of?ce of a business 
and in several rooms of a typical home. Technology also 
exists to establish network communications via power lines 
which are typically available in every room of a house. Many 
small of?ces and homes may alternatively be wired with 
network wires, such as a twisted-pair telephone wires with 
corresponding RJ-45 connectors utilized by various Ethernet 
embodiments. 

Wired networks provide a certain level of convenience but 
have many limitations. Each device coupled to the network 
must be attached to a corresponding wire through which the 
network is established. The location of each device, therefore, 
is limited to enable access to the network wires. Cable man 
agement is also a signi?cant issue, since devices must be 
placed to enable proper routing of wires. It is desired that the 
wires be conveniently placed and for aesthetic reasons, out of 
sight. Wires should be located in such a manner as to reduce 
or eliminate any chance of accidental interference or discon 
nect or hazards such as tripping. Once wired devices are 
properly placed, movement of the devices is very limited or 
otherwise not practical without substantial re-con?guration 
or re-routing of the wires. Maintenance of wired network 
devices can be inconvenient and often requires that the wires 
be removed during service and then reconnected properly. 

Certain wireless technologies are known, such as infrared 
technology. Infrared technology works well for certain appli 
cations, such as remote control systems or the like. For net 
work applications, infrared technology is a relatively inex 
pensive option but has certain limitations, including limited 
bandwidth, range limitations, and line-of-sight issues. Infra 
red technology has been utilized in certain applications, such 
as access points (APs) and point to point relay nodes to extend 
a network down hallways and the like. For example, infrared 
devices are known for use in hospitals, hotels and other rela 
tively large structures. TheAPs or nodes, however, are usually 
?xed and located in such a manner, such as on the ceiling, to 
avoid potential interference with physical objects. Due to line 
of sight issues, infrared technology is not particularly conve 
nient for network communications at the end points of the 
network where human interaction is necessary. 

Radio frequency (RF) technology appears to be the tech 
nology of choice for establishing a viable wireless local area 
network (WLAN). RF technology for LAN systems, how 
ever, is not particularly optimized for small of?ce or home 
use. Wireless technology is established for industrial and 
commercial uses and applications such as courier services, 
vehicle rentals, warehouse operations and inventories, etc. 
The wireless embodiments for commercial and industrial 
applications are too expensive or otherwise specialized and 
thus are not suited for direct use in the small of?ce or home 
environment. 
The Bluetooth technology is being developed for applica 

tion in the home or of?ce. Bluetooth technology offers rela 
tively limited bandwidth at very low cost to enable connec 
tivity and network communications between certain 
communication devices, such as cellular phones, computer 
systems including notebook, laptop and desktop computers 
and further including other hand-held devices such as per 
sonal digital assistants (PDAs) or the like. The Bluetooth 
technology, however, has limited bandwidth and therefore 
relatively low data throughput capability. The consumer mar 
ket demands higher data throughput and reliability such as is 
necessary for DVD and other multimedia applications. 
The typical environment for a WLAN is very noisy and not 

optimal for wireless communications. For example, most 
homes include many electronic devices resulting in an elec 
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tronically noisy environment that may interfere with WLAN 
communications, such as microwave ovens, garage door 
openers, radios, television sets, computer systems, etc. Fur 
ther, the communication medium between wireless devices 
constantly changes. For example, most environments or 
rooms include multiple re?ective surfaces creating multipath 
noise in the wireless environment. Furthermore, movement of 
items or devices or the like such as hands, bodies, jewelry, 
mouse pointers, etc. or activation of electronic devices, such 
as cooling fans or the like, affects the overall wireless com 
munication path and potentially degrades wireless communi 
cation performance. 
Low cost and low power wireless communication devices 

for enabling a WLAN system or the like for use at home or in 
the small business is desirable. It is further desired to provide 
low cost and low power wireless communication devices for 
any type of wireless system for any type of application. The 
system must be relatively robust with signi?cant performance 
and be capable of signi?cant data throughput. 

SUMMARY OF THE INVENTION 

A method of controlling operation of a wireless commu 
nication device con?gured in a zero intermediate frequency 
(ZIF) architecture including a DC feedback control loop and 
a gain feedback control loop according to embodiments of the 
present invention includes processing energy in a wireless 
medium to generate a corresponding receive signal, monitor 
ing the receive signal via a predetermined measurement win 
dow, detecting a changed condition in the wireless medium, 
holding the gain feedback control loop at a constant gain level 
after detecting the changed condition, and operating the DC 
feedback control loop in an attempt to search a stable DC 
value for the receive signal while the gain loop is held con 
stant. There are several changed conditions contemplated 
herein, including onset of a new packet causing DC satura 
tion, completion of transmission of a packet for preparation of 
clear channel assessment (CCA), and completion of trans 
mission of a packet and preparation for an expected acknowl 
edgement (ACK) packet. 

The processing of energy may involve processing the noise 
energy in the wireless medium while no packets are being 
transmitted. In this manner, the wireless communication 
device tracks the noise ?oor of the channel prior to the 
changed condition. The changed condition may include 
detecting DC saturation of the measurement window, which 
typically indicates or is otherwise caused by operation during 
onset of a new packet. In one embodiment, DC saturation is 
detected when the sampled receive signal “rails” to one side 
of a digital measurement window. In normal operation, the 
DC feedback control loop is operated in an attempt control the 
DC level of the receive signal to within a predetermined 
maximum DC threshold level so that the gain loop may lock 
on the signal. However, DC saturation calls for a different 
procedure to quickly change the DC level of the receive signal 
so that the incoming signal is not obscured and is observable 
in the limited measurement window. Upon DC saturation, the 
gain feedback control loop is held and the DC feedback 
control loop is operated to add opposite polarity DC to the 
receive signal to remove the DC saturated condition. When 
the DC saturation condition is removed, the gain feedback 
control loop is released to control the power level of the 
receive signal to a predetermined target power level. 

The method may further include detecting gain saturation 
in which the measurement window is clipped at both of pre 
determined minimum and maximum values above a prede 
termined clip rate and in which clipping is relatively balanced 
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4 
between the predetermined minimum and maximum values. 
In the event of gain saturation, the method may further 
include operating the gain feedback control loop to perform a 
clip-step procedure to reduce the gain of the receive signal. In 
one embodiment, the clip-step procedure includes using a 
graduated clip gain adjustment in which gain is adjusted 
based on an amount of clipping of the receive signal. 

The method may further include processing noise energy 
in the wireless medium while no packets are being transmit 
ted, operating the gain feedback control loop until a noise 
?oor gain value is determined, and storing the noise ?oor gain 
value. For expectedACK packet acquisition, the method may 
further include detecting an end of transmission of a packet in 
the wireless medium (such as by indication of a local MAC), 
retrieving and applying the stored noise ?oor gain value in the 
gain feedback control loop, holding the gain at the retrieved 
noise ?oor gain value during a predetermined quiet period, 
and releasing the gain feedback control loop to operate in 
normal mode after expiration of the quiet period. In this case, 
it is expected that the wireless medium has not changed 
signi?cantly after transmission of only one packet, so that the 
gain is retrieved as soon as possible after the device transmits 
a packet in order to facilitate re-establishing control the gain 
loop as soon as possible. The method may further include 
determining a DC noise value of the DC feedback control 
loop prior to transmission of the packet (while tracking the 
noise ?oor of the wireless medium), storing the DC noise 
value, and retrieving and applying the DC noise value to the 
DC feedback control loop after detecting the end of transmis 
sion of the packet. In this case, the gain of the DC loop is also 
restored to the same level it was prior to packet transmission 
in order to facilitate re-establishing control the DC loop as 
soon as possible after packet transmission. 

In order to perform CCA, the method may further include 
detecting an end of transmission of a packet being transmitted 
in the wireless medium, retrieving and applying the stored 
noise ?oor gain value in the gain feedback control loop for a 
predetermined period of time, and determining whether the 
DC feedback control loop converges to a stable DC level 
within the predetermined period of time. In this case, it may 
be determined that the wireless medium is busy if the DC 
feedback control loop does not converge to a stable DC level 
within the predetermined period of time. This may occur if 
another device is transmitting a packet, such as an ACK 
packet in response to the original packet detected in the chan 
nel, or if some other channel phenomenon is preventing con 
vergence of the DC loop. In either case, the wireless device 
backs off and does not attempt packet transmission until after 
CCA is determined. 
A method of operating a wireless communication device 

(including gain and DC loops) to perform initial acquisition 
of a packet being transmitted in a wireless medium includes 
processing radio frequency (RF) energy in the wireless 
medium to generate a corresponding receive signal, deter 
mining if a DC threshold condition of the receive signal is 
exceeded, and if so, holding the gain feedback control loop at 
a constant gain level and operating the DC feedback control 
loop to reduce DC of the receive signal until the DC threshold 
condition of the receive signal is met, and, when the DC 
threshold condition of the receive signal is met, operating the 
DC feedback control loop to control the DC level of the 
receive signal and operating the gain feedback control loop to 
control a power level of the receive signal to a predetermined 
target power level. 

This latter method is more particular to onset of a new 
packet in the wireless medium. In one embodiment in which 
the receive signal is an analog signal, the method may include 
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sampling the receive signal with an analog to digital converter 
(ADC) to generate corresponding digital samples, where the 
ADC has a suf?cient range to maintain signal integrity with 
out covering a total potential signal range of the receive 
signal. In this case, DC saturation is determined when a DC 
threshold condition is exceeded. The digital samples may 
range between a minimum value and a maximum value, 
where the DC threshold condition is exceeded when a per 
centage of digital samples at the minimum value or a percent 
age of digital samples at the maximum value exceeds a pre 
determined threshold percentage of a total number of digital 
samples. For example, this may occur when the number of 
clipped signals at one rail exceeds a predetermined clipping 
rate. The predetermined clipping rate is arbitrarily deter 
mined depending upon the particular con?guration, but is 
typically a relatively high percentage, such as 90% or the like. 
When the DC threshold condition is exceeded, the method 

includes operating the DC feedback control loop by adding 
DC to the receive signal. Several methods are contemplated, 
including conducting a step search procedure by repeatedly 
adding a predetermined DC amount until the DC threshold 
condition is met. The predetermined DC amount may be any 
arbitrary value, but should be selected to avoid overshooting 
the gain window and thus may be related to the relative size of 
the measurement window. In an alternative embodiment, the 
method includes performing a successive approximation DC 
search procedure until the DC threshold condition is met. In 
this case, a binary search or the like is performed to converge 
on the applicable DC level. The step search procedure may 
take longer than the successive approximation technique in 
many cases, but is suf?cient, simple, and relatively easy to 
implement. 

The method may further include detecting a gain saturation 
state in which clipped digital samples occur at both of the 
minimum and maximum levels at a rate greater than a prede 
termined clip ratio threshold and in which a number of digital 
samples at the minimum level is relatively balanced with a 
number of digital samples at the maximum level. The balance 
may be as rough or accurate as desired, such as 3:1, 2:1 or as 
close to 1:1 as desired. When the gain saturation state is 
detected, the method includes operating the gain feedback 
control loop in a clipping mode while in the gain saturation 
state. The clipping mode may involve adjusting the gain level 
of the gain feedback control loop based on an amount of 
clipping using a graduated clip gain adjustment. The gradu 
ated clip gain adjustment may include a corresponding one of 
a predetermined plurality of gain level adjustments for each 
of a plurality of predetermined clip ratio ranges. The gradu 
ated clip gain adjustment may be graduated between a high 
gain adjustment for a high clip ratio and a low gain adjustment 
for a low clip ratio. 
A method of operating a wireless transceiver device in 

preparation for an expected ACK packet includes holding a 
gain level of the gain feedback control loop constant after a 
packet is transmitted and during a predetermined quiet 
period, operating the DC feedback control loop during the 
predetermined quiet period in an attempt to resolve DC level 
while the gain feedback control loop is held, and releasing the 
gain feedback control loop to operate in a normal packet 
acquisition mode after the quiet period. In this case, the 
method may include storing a gain level value of the gain 
feedback loop before the packet was transmitted and retriev 
ing the stored gain level value and holding the gain feedback 
control loop at the retrieved gain level value during the pre 
determined quiet period after transmission of the packet. 
Also, the method may include storing a DC value of the DC 
feedback control loop before transmission of the packet and 
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6 
applying the stored DC value after packet transmission. In 
this method, the wireless transceiver device may be the device 
that transmits the packet and expects to receive the ACK 
packet, or the wireless transceiver device may be a different 
device operating in ACK priority mode, such as network 
monitor or analyzer operating in a “sniffer” mode or the like 
to analyze protocol. 
A method of operating a wireless communication device to 

determine CCA of a wireless medium includes storing a gain 
level value of the gain feedback control loop, detecting a 
packet being transmitted, retrieving the stored gain level 
value and holding the gain feedback control loop at the 
retrieved gain level value after transmission of the packet is 
completed, operating the DC feedback control loop to search 
a stable DC level, and determining whether the DC loop 
converges to a stable DC level. Again, the gain level value 
may be determined and stored while tracking the wireless 
medium with no packets being transmitted. Also, the method 
may include storing a DC value of the DC feedback control 
loop before detecting a packet being transmitted, and apply 
ing the stored DC gain setting after packet transmission. 
Further, the method may include holding the gain level of the 
gain feedback control loop constant during a predetermined 
quiet period, and releasing the gain feedback control loop 
after the predetermined quiet period to operate in a normal 
mode. In this case, the method may include determining if the 
DC feedback control loop converges to a stable DC level 
within a predetermined period, and if so, operating the DC 
feedback control loop and the gain feedback control loop in a 
normal mode. The wireless medium is determined to be busy 
if the DC feedback control loop does not converge to a stable 
DC level within a predetermined period of time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A better understanding of the present invention can be 
obtained when the following detailed description of one or 
more embodiment(s) of the invention is considered in con 
junction with the following drawings, in which: 

FIG. 1 is a block diagram of one or more wireless LANs 
generally illustrating operation of wireless devices imple 
mented according to one or more embodiments of the present 
invention. 

FIG. 2 is a simpli?ed schematic and block diagram of a 
wireless transceiver in a Zero Intermediate Frequency (ZIF) 
architecture and implemented according to an embodiment of 
the present invention that may be incorporated within any of 
the devices or access points of FIG. 1. 

FIG. 3 is a block diagram of a compensation system uti 
lized to control the gain of the received signal and to reduce or 
eliminate DC offsets in the wireless transceiver of FIG. 2. 

FIG. 4 is a block diagram of a calibrated DC compensation 
system similar to the compensation system of FIG. 3 that 
further includes a calibrator that periodically performs a cali 
bration procedure and a programmable adjust memory pro 
vided in the gain interface between the gain loop and the DC 
loop to more accurately determine and control DC. 

FIG. 5 is a block diagram of a calibrated compensation 
system similar to the compensation system of FIG. 4 that uses 
a lookup table as the gain interface between the gain loop and 
the DC loop. 

FIG. 6 is a block diagram of a calibrated compensation 
system similar to the compensation system of FIG. 5 with the 
inclusion of a limit block in the gain loop to limit gain change. 

FIG. 7 is a block diagram of a calibrated compensation 
system similar to the compensation system of FIG. 5 with the 
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inclusion of an additional lookup table that stores and pro 
vides one or more DC adjust values to further adjust the DC 
loop. 

FIGS. 8A-8C are ?owchart diagrams illustrating a calibra 
tion procedure that determines gain, DC offset and derivative 
data. 

FIG. 9 is a timeline diagram illustrating gain and DC loop 
timing for normal packet onset of a short preamble packet, 
indicative of timing necessary for all packets. 

FIG. 10 is a timeline diagram illustrating timing of ACK 
packet priority acquisition at end of packet transmission. 

FIG. 11 is a timeline diagram illustrating CCA priority 
acquisition end of packet timing for the wireless transceiver 
of FIG. 2. 

DETAILED DESCRIPTION OF 
EMBODIMENT(S) OF THE INVENTION 

FIG. 1 is a block diagram of one or more WLANs generally 
illustrating operation of wireless devices implemented 
according to one or more embodiments of the present inven 
tion. Although the present invention is illustrated for use with 
WLANs in exemplary embodiments, it is understood that the 
present invention applies for any radio or wireless communi 
cations and is not limited to WLAN applications. A ?rst area 
101 and a second area 103 represent separate compartments 
or divisions of a location such as of?ces within an of?ce 
building or rooms within a house. The areas 101 and 103 may 
each include wireless access points (APs) 121 and 123 for 
controlling communications within the respective areas 101 
and 103. As shown, the APs 121, 123 are coupled to a wired 
network such as a LAN 125, which is further coupled to a 
common server computer 127. 

Within the area 101, wireless devices 111 and 113 are able 
to communicate with each other via the AP 121, and within 
the area 103, wireless devices 115 and 117 are able to com 
municate with each other via the AP 123. The AP 121 enables 
the devices 111 and 113 to communicate to the server 127 via 
the LAN 125 and theAP 123 also enables the devices 115 and 
117 to communicate to the server 127 via the LAN 125. It is 
further noted that the LAN 125 enables the devices 111, 113, 
115 and 117 to communicate with each other and with any 
other device coupled thereto. 

APs, if used, are usually connected to a wired LAN, such as 
the LAN 125, although they need not be. The number and 
location of APs usually depends on the particular con?gura 
tion and needs, such as the number of users served, range of 
coverage, and/or adjacent channel interference. It is noted 
that a single AP can serve a whole ?oor of rooms subject to 
user density and interference. Multiple APs are used much 
like cells in cellular communication. Adjacent APs may oper 
ate on adjacent channels to prevent interference. Roaming 
capability may be enabled to allow devices to move from one 
area to another, such as from area 101 to 103 and vice versa. 
Generally, each AP has additional software and has access to 
house or building main power. 
An alternative embodiment is shown by area 105 including 

devices 131, 133 and 135. The devices 131, 133 and 135 
communicate directly with one another rather than via any 
APs. Networks withoutAPs are ad hoc in nature and typically 
contain fewer clients. The primary difference between the 
devices 111,113,115 and 117 from the devices 131,133 and 
135 is the mode of operation. Each of the wireless devices 
111, 113, 115, 117 and 131, 133, 135 includes a wireless 
transceiver that may be implemented according to an embodi 
ment of the present invention for enabling wireless commu 
nications. 
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8 
The devices 111,113,115,117,131,133,and 135 maybe 

anytype of device that includes wireless communication 
capabilities. In an of?ce or home environment for example, 
the devices may each comprise any one or more personal 
computers, laptop computers, desktop computers, etc., print 
ing devices including any type ofprinter technology, personal 
digital assistants (PDAs) or the like, scanners, fax machines, 
etc. The use of wireless technology enables any of the devices 
to be located anywhere within a given area to communicate 
with, and transfer data and information between, other 
devices within the same communication area. For example, 
the device 111 may be a computer that wirelessly communi 
cates to the device 113 which may be a printer. Further, the 
device 111, as a computer, may send and receive ?les to the 
server 127. The device 111 may be moved to the area 103 
from area 101 and still maintain communication with the 
LAN 125 and the server 127 via the AP 121. The LAN 125 
may comprise any type of wire technology, such as telephone 
wires, power wires, twisted-pair, coaxial cables, etc., and may 
be implemented according to any type of suitable architec 
ture, such as any type of Ethernet con?guration or the like. It 
is further noted that a wireless LAN 125 is contemplated, 
where the APs 121, 123 is include corresponding wireless 
transceivers and are mobile or portable devices. Within the 
area 105, the devices 131-135 themselves establish a wireless 
LAN (WLAN) for communicating to each other in a similar 
fashion. 

FIG. 2 is a simpli?ed schematic and block diagram of a 
wireless transceiver 200 implemented according to an 
embodiment of the present invention that may be incorpo 
rated within any of the devices 111, 113, 115, 117, 131-135 
and in either or both of the APs 121, 123. It is understood, 
however, that the wireless transceiver 200 is not limited to 
WLAN con?gurations, which are exemplary only, but instead 
may be employed in other types of radio or wireless commu 
nications for other types of applications. The wireless trans 
ceiver 200 is implemented as a zero intermediate frequency 
(ZIF) architecture including a ZIP transceiver 201 and a base 
band processor 203. As described more fully below, the ZIP 
architecture enables a simpli?ed con?guration by entirely 
eliminating intermediate frequency (IF) logic and associated 
circuitry. In this manner, only two primary modules, chips, or 
ICs (transceiver and processor) are utilized in the ZIP archi 
tecture to enable wireless communications. This, in turn, 
signi?cantly reduces the number of components, reduces cost 
and further reduces power consumption of the wireless trans 
ceiver 200 as compared to similar transceivers including IF 
circuitry and logic. 
A problematic characteristic of traditional ZIF architec 

tures is the introduction of substantial DC offset voltages in 
the receiver that must be compensated for or otherwise elimi 
nated to capture incoming signals and allow communications. 
The wireless transceiver 200 is con?gured with an automatic 
gain control (AGC) loop 345 (FIG. 3) combined with a DC 
loop 347 to measure and reduce or otherwise eliminate undes 
ired DC in the receiver. As described further below, the AGC 
loop 345 includes gain control logic that receives an ampli?ed 
input signal, that estimates input signal power and that asserts 
a gain adjust signal in an attempt to keep the input signal 
power at a target power level. The DC loop 347 includes DC 
control logic that estimates an amount of DC in the ampli?ed 
input signal and that provides a DC offset in an attempt to 
reduce DC in the ampli?ed input signal. Also, a gain interface 
is provided that converts gain levels between the gain control 
logic and the DC control logic. 
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The wireless transceiver 200 may utilize any desired car 
rier frequency and modulation technique to achieve any of 
several corresponding data throughputs. For example, the 
wireless transceiver 200 may be con?gured to operate accord 
ing to the Institute of Electrical and Electronics Engineers 
(IEEE) 802.1 lb with a carrier frequency of approximately 2.4 
gigahertz (GHz) and with data throughputs of 1, 2, 5.5 or 11 
Megabits per second (Mbps). Alternatively, the wireless 
transceiver 200 may be con?gured according to IEEE 
802.11a with a carrier frequency of approximately 5 GHz for 
data throughputs of 6, 12, 18, 24, 36 or 54 Mbps. In the 
embodiment shown, the wireless transceiver 200 operates in 
accordance with IEEE 802.1 lb at a carrier frequency of 2.4 
GHz with data throughput rates of 1, 2, 5.5 or 11 Mbps. The 
direct sequence spread spectrum (DSSS) modulation tech 
nique is used in the embodiment shown, although it is under 
stood that the present invention is not limited to any particular 
communication or modulation technique or standard. 
Any ofthe devices 111-117 or 131-133 or theAPs 121,123 

may be con?gured according to the wireless transceiver 200. 
The particular con?guration depends upon the type of device 
and communication interface. The wireless transceiver 200 
may be con?gured as a plug-in peripheral or expansion card 
that plugs into an appropriate slot or interface of a computer 
system. For example, for portables and laptop computers and 
the like, the wireless transceiver 200 may be implemented as 
a Personal Computer Memory Card International Association 
(PCMCIA) card or PC Card that plugs into a PC Card slot of 
the computer. The antenna may be incorporated on the PC 
Card itself, or provided externally or on the computer and 
interfaced to the PC Card in any appropriate manner. For 
desktop computers and the like, the wireless transceiver 200 
may be implemented according to any type of expansion or 
peripheral standard, such as according to the peripheral com 
ponent interconnect (PCI), the Industry Standard Architec 
ture (ISA), the Extended-ISA (EISA) standard, etc. For 
example, the wireless transceiver 200 may be implemented 
on a PCI card that plugs into a PCI slot. Again, the antenna 
may be integrated or coupled externally. Mini PCI cards with 
antennas embedded in displays are also contemplated. Self 
contained or standalone packaging with appropriate commu 
nication interface(s) is also contemplated, which is particu 
larly advantageous for APs. For example, the wireless 
transceiver 200 may be implemented as a separate unit with 
serial or parallel connections, such as a Universal Serial Bus 
(USB) connection or an Ethernet interface (twisted-pair, 
coaxial cable, etc.), or any other suitable interface to the 
device. 

Digital data sent from or received by the wireless trans 
ceiver 200 is processed through a medium access control 
(MAC) device 205. For transmission, the MAC device 205 
asserts digital data signals to a packet encoder 207, which 
formulates the data into packets for transmission. In packet 
encoder 207, a packet is formed by the concatenation of three 
serial bit streams. The ?rst serial bit stream, referred to as the 
preamble, is a 1 Mbps stream of ones or zeroes followed by a 
synchronization (sync) pattern. The second serial bit stream, 
referred to as the header, is a 1 or 2 Mbps stream of packet 
information, such as packet length and the data rate of the data 
portion of the packet. The third serial bit stream, referred to as 
the data portion or payload, is any selected one of 1, 2, 5.5, or 
11 Mbps streams of data. 
The packet encoder 207 provides baseband encoded pack 

ets to a spreading encoder (SPREAD) 209. In the embodi 
ment shown, the 1 and 2 Mbps bit rates are encoded according 
to Barker word encoding spreading, whereas the 5.5 and 11 
Mbps bit rates are encoded according to Complementary 
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Code Keying (CCK) encoding. The spreading encoder 209 
uses a quadrature generation technique and provides in phase 
(I) and quadrature (Q) signals on respective I and Q channels. 
For 1 Mbps, every bit in 11 chips of a Barker word are output 
identically on the I and Q channels. If the input bit is zero, then 
the sense of the 1 1 chips is inverted, and if the input bit is one, 
the sense of the 11 chips is not inverted. The data is thus 
spread by the Barker code. For 2 Mbps, for every two bits 
input, 1 1 chips are output on each of the I and Q channels. One 
bit is used to invert or not the I channel and the otherbit is used 
for the Q channel. For 5.5 Mbps, 4 bits are mapped to 8 
complex (I and Q channel) chips. 8 chip complex code words 
are chosen and then rotated according to speci?c rules de?ned 
in the standard. 11 Mbps is similar to 5.5 Mbps, except that 8 
bits are mapped to 8 complex chips. 
The I channel signal is provided to an I digital-to-analog 

converter (I DAC) 211 and the Q channel signal is provided to 
a Q DAC 213, where the I DAC 211 and the Q DAC 213 also 
receive a clock signal CREF from a clock source 257. In one 
embodiment, the CREF signal is 44 MHz based on the 22 
MHz fundamental for IEEE 802.11b. The I DAC 211 and the 
Q DAC 213 up-sample and digitally ?lter the I and Q channel 
signals, respectively. For 11 Mbps, the I and Q DACs convert 
each chip to four samples. The I DAC 211 asserts anI channel 
analog output signal to an anti-aliasing low-pass ?lter (AA 
LPF) 215, which provides anI channel transmit signal TXl to 
an LPF 219 within the ZIP transceiver 201. The Q DAC 213 
asserts a Q channel analog output signal to anotherAA LPF 
217, which provides a Q channel transmit signal TXQ to the 
input of another LPF 221 within the ZIP transceiver 201. 
An external voltage controlled oscillator (VCO) 229 pro 

vides an output local oscillator (LO) signal at approximately 
4.8 GHz to a phase lock loop (PLL) 231 and an input of an I/Q 
LO generator 227. In one embodiment, a reference crystal is 
used to tune the VCO 229 by a voltage control to generate the 
4.8 GHz LO signal. The PLL 231 receives the CREF clock 
signal which is divided down to an appropriate low frequency 
signal. The PLL 231 also divides down the VCO 4.8 GHz 
signal to the same appropriate low frequency signal. A phase 
detector circuit (not shown) within the PLL 231 compares 
these two low frequency signals4one being the CREF signal 
and the other from the VCO 229, and generates a correction 
(C) signal which after ?ltering is input to the VCO 229. This 
phase locked loop system reduces jitter on the VCO output 
LO signal. The I/Q L0 227 divides the 4.8 GHz carrier signal 
from the PLL 231 by two and generates two separate 2.4 GHz 
carrier signals, including an in-phase (I) carrier signal, and a 
quadrature (Q) carrier signal. The I and Q carrier signals are 
90 degrees out of phase with respect to each other. The I 
carrier signal is provided to one input of an I channel mixer 
223, and the Q carrier signal is provided to one input of a Q 
channel mixer 225. The other input of the I channel mixer 223 
receives the output of the LPF 219 and the other input of the 
Q channel mixer 225 receives the output of the LPF 221. The 
I channel mixer 223 combines the I carrier signal with the I 
channel transmit signal to up-convery the I channel from 
baseband to 2.4 GHz radio frequency (RE). The Q channel 
mixer 225 combines the Q carrier signal with the Q channel 
transmit signal to up-convert the Q channel from baseband to 
2.4 GHz RE. The outputs of the F/Q channel mixers 223, 225 
are combined at the input of a variable gain ampli?er (VGA) 
233. The VGA 233 asserts an ampli?ed transmit signal to the 
input of a ?xed-gain ampli?er 235, which provides its output 
to a radio frequency power ampli?er (RFPA) 237. The RFPA 
237 asserts an ampli?ed RF signal to an RF LPF 239, which 
provides a ?ltered RF output signal to one input of a transmit/ 
receive (T/R) switch 241. For transmission, the T/R switch 






































