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(57) ABSTRACT 

The measuring of local oscillation leakage in radio fre 
quency integrated circuits (RFICs) begins by concurrently 
enabling a transmitter portion and a receiver portion of a 
radio frequency integrated circuit. The processing then con 
tinues by providing a Zero input to the transmitter portion 
Such that information contained in the RF signals corre 
sponds to local oscillation leakage produced by the trans 
mitter portion. The processing continues by detecting the 
concurrent enablement of the transmitter and receiver por 
tions. The processing continues by measuring, via the 
receiver portion, the received signal strength of the RF 
signals. The processing continues by processing the received 
signal strength over a pre-determined period of time com 
mencing upon the detection of the concurrent enablement to 
obtain a measure of the local oscillation leakage. 
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MEASUREMENT OF LOCAL OSCILLATION 
LEAKAGE 

0001. This patent application is claiming priority under 
35 USC S 120 as a continuing patent application of co 
pending patent application entitled MEASUREMENT OF 
LOCAL OSCILLATION LEAKAGE IN A RADIO FRE 
QUENCY INTEGRATED CIRCUIT, having a filing date of 
Sep. 26, 2002, and a Ser. No. 10/255/258. 

BACKGROUND OF THE INVENTION 

0002) 1. Technical Field of the Invention 
0003. This invention relates generally to wireless com 
munication systems and more particularly to radio frequency 
integrated circuits used within Such wireless communication 
systems. 

0004 2. Description of Related Art 
0005 Communication systems are known to support 
wireless and wire lined communications between wireless 
and/or wire lined communication devices. Such communi 
cation systems range from national and/or international 
cellular telephone systems to the Internet to point-to-point 
in-home wireless networks. Each type of communication 
system is constructed, and hence operates, in accordance 
with one or more communication standards. For instance, 
wireless communication systems may operate in accordance 
with one or more standards including, but not limited to, 
IEEE 802.11, Bluetooth, advanced mobile phone services 
(AMPS), digital AMPS, global system for mobile commu 
nications (GSM), code division multiple access (CDMA), 
local multi-point distribution systems (LMDS), multi-chan 
nel-multi-point distribution systems (MMDS), and/or varia 
tions thereof. 

0006 Depending on the type of wireless communication 
system, a wireless communication device. Such as a cellular 
telephone, two-way radio, personal digital assistant (PDA), 
personal computer (PC), laptop computer, home entertain 
ment equipment, et cetera communicates directly or indi 
rectly with other wireless communication devices. For direct 
communications (also known as point-to-point communica 
tions), the participating wireless communication devices 
tune their receivers and transmitters to the same channel or 
channels (e.g., one of the plurality of radio frequency (RF) 
carriers of the wireless communication system) and com 
municate over that channel(s). For indirect wireless com 
munications, each wireless communication device commu 
nicates directly with an associated base station (e.g., for 
cellular services) and/or an associated access point (e.g., for 
an in-home or in-building wireless network) via an assigned 
channel. To complete a communication connection between 
the wireless communication devices, the associated base 
stations and/or associated access points communicate with 
each other directly, via a system controller, via the public 
switch telephone network, via the Internet, and/or via some 
other wide area network. 

0007 For each wireless communication device to par 
ticipate in wireless communications, it includes a built-in 
radio transceiver (i.e., receiver and transmitter) or is coupled 
to an associated radio transceiver (e.g., a station for in-home 
and/or in-building wireless communication networks, RF 
modem, etc.). As is known, the transmitter includes a data 
modulation stage, one or more intermediate frequency 
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stages, and a power amplifier. The data modulation stage 
converts raw data into baseband signals in, accordance with 
a particular wireless communication standard. The one or 
more intermediate frequency stages mix the baseband sig 
nals with one or more local oscillations to produce RF 
signals. The power amplifier amplifies the RF signals prior 
to transmission via an antenna. 

0008. As is also known, the receiver is coupled to the 
antenna and includes a low noise amplifier, one or more 
intermediate frequency stages, a filtering stage, and a data 
recovery stage. The low noise amplifier receives inbound RF 
signals via the antenna and amplifies then. The one or more 
intermediate frequency stages mix the amplified RF signals 
with one or more local oscillations to convert the amplified 
RF signal into baseband signals or intermediate frequency 
(IF) signals. The filtering stage filters the baseband signals or 
the IF signals to attenuate unwanted out of band signals to 
produce filtered signals. The data recovery stage recovers 
raw data from the filtered signals in accordance with the 
particular wireless communication standard. 
0009 Typically, the data modulation stage produces 
baseband signals to include a digital in-phase component 
and a digital quadrature component. The digital in-phase and 
quadrature components are converted to the analog domain 
using digital-to-analog converters (DAC). The analog in 
phase component is then mixed with an analog in-phase 
component of the local oscillation, while the Q component 
is mixed with a Q component of the local oscillation. The 
resulting mixed signals are then Summed together to produce 
RF signals. 

0010 For direct conversion radios (those that convert 
directly from baseband to RF), if the I and Q processing 
circuitry of the data modulation stage are identically 
matched, the DACs are identically matched, and the ele 
ments of the mixers are identically matched, the resulting RF 
signals will be free from errors associated with mixing 
signals, which is generally referred to as local oscillation 
(LO) leakage. In practice, however, local oscillation leakage 
is produced because ideal matching of circuits and compo 
nents thereof is not achievable. To minimize the effects of 
local oscillation leakage, direct conversion transmitters 
include local oscillation leakage compensation circuitry, 
which compensates for the mismatches of the DACs, and/or 
of the mixers. 

0011. An issue with local oscillation leakage compensa 
tion circuits is determining an appropriate setting. This issue 
arises in most, if not all, direct conversion radios because 
Such radios include other compensation circuitry to correct 
for DC offset, frequency offsets, etcetera. When these other 
compensation circuits are active, they mask the LO leakage 
without compensating for it, thus making it difficult to obtain 
an accurate measure of LO leakage. Without an accurate 
measure of LO leakage, accurate compensation thereof is 
difficult. 

0012. Therefore, a need exists for a method and apparatus 
that accurately measures LO leakage within radio frequency 
integrated circuits and accurately compensates therefore. 

BRIEF SUMMARY OF THE INVENTION 

0013 The present invention is directed to apparatus and 
methods of operation that are further described in the 
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following Brief Description of the Drawings, the Detailed 
Description of the Invention, and the claims. Other features 
and advantages of the present invention will become appar 
ent from the following detailed description of the invention 
made with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWINGS 

0014 FIG. 1 is a schematic block diagram of a wireless 
communication system in accordance with the present 
invention; 
0.015 FIG. 2 is a schematic block diagram of a wireless 
communication device in accordance with the present inven 
tion; 
0016 FIG. 3 is a schematic block diagram of a trans 
mitter portion and receiver portion of a wireless communi 
cation device in accordance with the present invention; 
0017 FIG. 4 is a graph plotting received signal strength 
indication versus input power in accordance with the present 
invention; 
0018 FIG. 5 is a timing diagram for measuring local 
oscillation leakage in accordance with the present invention; 
0.019 FIG. 6 is a logic diagram of a method for measur 
ing local oscillation leakage in accordance with the present 
invention; and 
0020 FIG. 7 is a logic diagram of an alternate method for 
measuring local oscillation leakage in accordance with the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0021 FIG. 1 is a schematic block diagram illustrating a 
communication system 10 that includes a plurality of base 
stations and/or access points 12-16, a plurality of wireless 
communication devices 18-32 and a network hardware 
component 34. The wireless communication devices 18-32 
may be laptop host computers 18 and 26, personal digital 
assistant hosts 20 and 30, personal computer hosts 24 and 32 
and/or cellular telephone hosts 22 and 28. The details of the 
wireless communication devices will be described in greater 
detail with reference to FIG. 2. 

0022. The base stations or access points 12-16 are oper 
ably coupled to the network hardware 34 via local area 
network connections 36, 38 and 40. The network hardware 
34, which may be a router, Switch, bridge, modem, system 
controller, etcetera provides a wide area network connection 
42 for the communication system 10. Each of the base 
stations or access points 12-16 has an associated antenna or 
antenna array to communicate with the wireless communi 
cation devices in its area. Typically, the wireless communi 
cation devices register with a particular base station or 
access point 12-14 to receive services from the communi 
cation system 10. For direct connections (i.e., point-to-point 
communications), wireless communication devices commu 
nicate directly via an allocated channel. 
0023 Typically, base stations are used for cellular tele 
phone systems and like-type systems, while access points 
are used for in-home or in-building wireless networks. 
Regardless of the particular type of communication system, 
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each wireless communication device includes a built-in 
radio and/or is coupled to a radio. The radio includes a 
highly linear amplifier and/or programmable multi-stage 
amplifier as disclosed herein to enhance performance, 
reduce costs, reduce size, and/or enhance broadband appli 
cations. 

0024 FIG. 2 is a schematic block diagram illustrating a 
wireless communication device that includes the host device 
18-32 and an associated radio 60. For cellular telephone 
hosts, the radio 60 is a built-in component. For personal 
digital assistants hosts, laptop hosts, and/or personal com 
puter hosts, the radio 60 may be built-in or an externally 
coupled component. 

0025. As illustrated, the host device 18-32 includes a 
processing module 50, memory 52, radio interface 54, input 
interface 58 and output interface 56. The processing module 
50 and memory 52 execute the corresponding instructions 
that are typically done by the host device. For example, for 
a cellular telephone host device, the processing module 50 
performs the corresponding communication functions in 
accordance with a particular cellular telephone standard. 
0026. The radio interface 54 allows data to be received 
from and sent to the radio 60. For data received from the 
radio 60 (e.g., inbound data), the radio interface 54 provides 
the data to the processing module 50 for further processing 
and/or routing to the output interface 56. The output inter 
face 56 provides connectivity to an output display device 
such as a display, monitor, speakers, etcetera such that the 
received data may be displayed. The radio interface 54 also 
provides data from the processing module 50 to the radio 60. 
The processing module 50 may receive the outbound data 
from an input device Such as a keyboard, keypad, micro 
phone, et cetera via the input interface 58 or generate the 
data itself. For data received via the input interface 58, the 
processing module 50 may perform a corresponding host 
function on the data and/or route it to the radio 60 via the 
radio interface 54. 

0027 Radio 60 includes a host interface 62, digital 
receiver processing module 64, an analog-to-digital con 
verter 66, a filtering/attenuation module 68, an IF mixing 
down conversion stage 70, a receiver filter 71, a low noise 
amplifier 72, a transmitter/receiver switch 73, a local oscil 
lation module 74, memory 75, a digital transmitter process 
ing module 76, a digital-to-analog converter 78, a filtering/ 
gain module 80, an IF mixing up conversion stage 82, a 
power amplifier84, a transmitter filter module 85, a received 
signal strength indication (RSSI) module 87, and an antenna 
86. The antenna 86 may be a single antenna that is shared by 
the transmit and receive paths as regulated by the TX/RX 
switch 73, or may include separate antennas for the transmit 
path and receive path. The antenna implementation will 
depend on the particular standard to which the wireless 
communication device is compliant. 
0028. The digital receiver processing module 64 and the 
digital transmitter processing module 76, in combination 
with operational instructions stored in memory 75, execute 
digital receiver functions and digital transmitter functions, 
respectively. The digital receiver functions include, but are 
not limited to, digital intermediate frequency to baseband 
conversion, demodulation, constellation demapping, decod 
ing, and/or descrambling. The digital transmitter functions 
include, but are not limited to, Scrambling, encoding, con 
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Stellation mapping, modulation, and/or digital baseband to 
IF conversion. The digital receiver and transmitter process 
ing modules 64 and 76 may be implemented using a shared 
processing device, individual processing devices, or a plu 
rality of processing devices. Such a processing device may 
be a microprocessor, micro-controller, digital signal proces 
Sor, microcomputer, central processing unit, field program 
mable gate array, programmable logic device, state machine, 
logic circuitry, analog circuitry, digital circuitry, and/or any 
device that manipulates signals (analog and/or digital) based 
on operational instructions. The memory 75 may be a single 
memory device or a plurality of memory devices. Such a 
memory device may be a read-only memory, random access 
memory, Volatile memory, non-volatile memory, static 
memory, dynamic memory, flash memory, and/or any device 
that stores digital information. Note that when the process 
ing module 64 and/or 76 implements one or more of its 
functions via a state machine, analog circuitry, digital cir 
cuitry, and/or logic circuitry, the memory storing the corre 
sponding operational instructions is embedded with the 
circuitry comprising the state machine, analog circuitry, 
digital circuitry, and/or logic circuitry. 
0029. In operation, the radio 60 receives outbound data 
94 from the host device via the host interface 62. The host 
interface 62 routes the outbound data 94 to the digital 
transmitter processing module 76, which processes the out 
bound data 94 in accordance with a particular wireless 
communication standard (e.g., IEEE 802.11a, IEEE 
802.11b, Bluetooth, et cetera) to produce digital transmis 
sion formatted data 96. The digital transmission formatted 
data 96 will be a digital base-band signal or a digital low IF 
signal, where the low IF typically will be in the frequency 
range of one hundred kilohertz to a few megahertz. 
0030 The digital-to-analog converter 78 converts the 
digital transmission formatted data 96 from the digital 
domain to the analog domain. The filtering/gain module 80 
filters and/or adjusts the gain of the analog signal prior to 
providing it to the IF mixing stage 82. The IF mixing stage 
82 directly converts the analog baseband or low IF signal 
into an RF signal based on a transmitter local oscillation 83 
provided by local oscillation module 74. The power ampli 
fier 84 amplifies the RF signal to produce outbound RF 
signal 98, which is filtered by the transmitter filter module 
85. The antenna 86 transmits the outbound RF signal 98 to 
a targeted device Such as a base station, an access point 
and/or another wireless communication device. 

0031. The radio 60 also receives an inbound RF signal 88 
via the antenna 86, which was transmitted by a base station, 
an access point, or another wireless communication device. 
The antenna 86 provides the inbound RF signal 88 to the 
receiver filter module 71 via the TX/RX Switch 73, where the 
RX filter 71 bandpass filters the inbound RF signal 88. The 
RX filter 71 provides the filtered RF signal to low noise 
amplifier 72, which amplifies the signal 88 to produce an 
amplified inbound RF signal. The low noise amplifier 72 
provides the amplified inbound RF signal to the IF mixing 
module 70, which directly converts the amplified inbound 
RF signal into an inbound low IF signal or baseband signal 
based on a receiver local oscillation 81 provided by local 
oscillation module 74. The down conversion module 70 
provides the inbound low IF signal or baseband signal to the 
filtering/gain module 68. The filtering/gain module 68 filters 
and/or gains the inbound low IF signal or the inbound 
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baseband signal to produce a filtered inbound signal. The 
RSSI module 87 measures the RSSI91 of the received signal 
89, which may be the output of the LNA 72, the output of 
the down-conversion module 70, the digital reception for 
matted data 90, the inbound data 92, or intermediaries 
thereof. 

0032. The analog-to-digital converter 66 converts the 
filtered inbound signal from the analog domain to the digital 
domain to produce digital reception formatted data 90. The 
digital receiver processing module 64 decodes, descrambles, 
demaps, equalizes channel response, and/or demodulates the 
digital reception formatted data 90 to recapture inbound data 
92 in accordance with the particular wireless communication 
standard being implemented by radio 60. The host interface 
62 provides the recaptured inbound data 92 to the host 
device 18-32 via the radio interface 54. 

0033. As one of average skill in the art will appreciate, 
the wireless communication device of FIG. 2 may be 
implemented using one or more integrated circuits. For 
example, the host device may be implemented on one 
integrated circuit, the digital receiver processing module 64. 
the digital transmitter processing module 76 and memory 75 
may be implemented on a second integrated circuit, and the 
remaining components of the radio 60, less the antenna 86. 
may be implemented on a third integrated circuit. As an 
alternate example, the radio 60 may be implemented on a 
single integrated circuit. As yet another example, the pro 
cessing module 50 of the host device and the digital receiver 
and transmitter processing modules 64 and 76 may be a 
common processing device implemented on a single inte 
grated circuit. Further, the memory 52 and memory 75 may 
be implemented on a single integrated circuit and/or on the 
same integrated circuit as the common processing modules 
of processing module 50 and the digital receiver and trans 
mitter processing module 64 and 76. 
0034 FIG. 3 is a schematic block diagram of the trans 
mitter portion and receiver portion of the radio 60 in an LO 
leakage test mode. In the LO leakage test mode, the digital 
transmitter processing module 76 produces a Zero input for 
an I component and a Q component of the digital transmis 
sion formatted data 96. The Zero input I component is 
provided to an I component DAC 78-I while the Zero input 
Q component is provided to DAC 78-Q. The Zero input is an 
effective Zero input, which corresponds to AC ground for 
inputs of the DACs 78-I and 78-Q. For example, if the DACs 
78-I and 78-Q have an input range from 0 volts to 1.8 volts, 
where the Zero corresponds to a maximum negative value 
and the 1.8 corresponds to a maximum positive value, the 
effective zero input will be 0.9 volts. 
0035. The digital-to-analog converters 78-I and 78-Q 
have the same topology (e.g., delta Sigma, flash, etc.) and 
each DAC includes mismatch correction circuitry. The mis 
match correction circuitry is set in accordance with the 
teachings of the present invention, such that both DACs 
produce essentially the same output magnitude for the same 
input magnitude. 

0036) The filter/gain modules 80-I and 80-Q filter the 
analog signals produced by DACs 78-I and 78-Q. The 
up-conversion module 82 receives the filtered signals via 
mixer I and mixer Q. During calibration mode, mixer I 
mixes the in-phase Zero input with the I component of the 
transmitter local oscillation 83. Mixer Q mixes the Q com 
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ponent of the Zero input with the Q component of the 
transmitter local oscillation 83. The Zero input I and Q 
components and the I and Q components of the transmitter 
local oscillation 83 may be single-ended signals or differ 
ential signals. Regardless of the type of signals, mixers I and 
Q include compensation circuitry to compensate for mis 
matched components within the respective mixers. 

0037. The outputs of mixers I and Q are summed together 
via summer 106 and amplified via power amplifier84. At the 
output of power amplifier84, most, if not all, of the energy 
present in the RF signal will be local oscillation leakage, 
which results due to the mismatches in mixers I and Q and/or 
the mismatches between DACs 78-Q and 78-I. 
0038. With the receiver portion and transmitter portion 
simultaneously activated, the RF signal produced by the 
transmitter section will be received by the receiver filter 
module 71 of the receiver portion. The receiver filter module 
71 filters the RF signal, which is the up-converted Zero input 
signal, and provides it to the low noise amplifier 72. The low 
noise amplifier 72 amplifies the signal and provides it to 
down-conversion module 70, which produces a baseband 
signal therefrom. 

0039. The RSSI module 87 may measure the received 
signal strength at the output of LNA 72, at the output of 
down-conversion module 70, or at a point during data 
extraction from the baseband signal as performed by the 
digital receiver processing module 64. For a discussion of a 
received signal strength module 87 that processes high 
frequency signals refer to co-pending patent application 
entitled DETERMINATION OF RECEIVED SIGNAL 
STRENGTH IN A DIRECT CONVERSION RECEIVER 
having a docket number of BP 2339 and a filing date of Jul. 
22, 2002. The RSSI module 87 measures the RSSI 91 and 
provides it to the local oscillation leakage correction module 
1OO. 

0040. The local oscillation leakage correction module 
100, which may be included in the digital receiver process 
ing module 64 and/or in the digital transmitter processing 
module 76, determines the LO leakage from the RSSI 91. 
The manner in which the LO leakage correction module 100 
determines the LO leakage from RSSI 91 will be described 
in greater detail with reference to FIGS. 4-7. Alternatively, 
the LO leakage may be determined from the digital I and 
digital Q components outputted by the down-conversion 
module. For example, by determining, or approximating, the 
square root of I+Q., the power level of the received signal 
can be determined. Since, during this test, the input signal is 
Zero, the resulting calculated power is due to LO leakage. 
0041 Having determined the LO leakage, the LO leakage 
correction module 100 generates a DAC adjustment signal 
102 and/or a mixer adjustment signal 104. Accordingly, once 
the LO leakage is accurately determined, the compensation 
circuitry within the digital-to-analog converters 78-I and 
78-Q and/or the correction circuitry within mixer I and 
mixer Q may be set to effectively remove, or substantially 
reduce, LO leakage from the transmitter portion of the radio. 
0.042 FIG. 4 is a graph that plots received signal strength 
indication (RSSI) versus input power as measured by the 
RSSI module 87. As shown, as the input power increases, 
the RSSI value decreases. Thus, at minimum input power 
(e.g., -85 dBm), the measured RSSI value is at a maximum 
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(e.g., 1.0 volts). Correspondingly, when the input power is at 
a maximum (e.g., -40 dBm), the RSSI value is at a mini 
mum (0.2 volts). As one of average skill in the art will 
appreciate, the RSSI to input power may be reversed such 
that maximum input power corresponds to a maximum RSSI 
value and a minimum input power corresponds to a mini 
mum RSSI value. 

0043 FIG. 5 is a timing diagram illustrating the measure 
of RSSI attributed to LO leakage when the transmitter 
portion is being fed with a Zero input. As shown, the 
transmitter portion is enabled and a short duration later, the 
receiver portion is enabled. With both the receiver and 
transmitter enabled, for a brief period of time (less than 20 
micro-seconds), the RSSI value indicates the presence of a 
signal. The short duration of time corresponds to the time it 
takes for other compensation circuitry within the radio to 
remove other errors such as DC offset, frequency offset, et 
Cetera. 

0044. During this short period of time, the RSSI value 
may be processed to determine the LO leakage. One method 
for processing the RSSI value is to integrate it over the short 
period of time to obtain the corresponding LO leakage. 
Another method may be average the RSSI peaks over the 
short period of time. Once the LO leakage is accurately 
determined, the mismatched correction circuitry within 
DACs 78-I and 78-Q and/or within mixers I and Q may be 
accurately set to effectively remove the LO leakage. 

004.5 FIG. 6 is a logic diagram of a method for measur 
ing LO leakage within a radio frequency integrated circuit. 
The process begins at Step 110 where a transmitter portion 
and a receiver portion of a radio frequency integrated circuit 
are concurrently enabled. The process then proceeds to Step 
112 where a Zero input, i.e., an effective Zero input, is 
provided to the transmitter portion. This may be done via a 
write register that effectively disconnects the receiver sec 
tion from the antenna. The process then proceeds to Step 114 
where the concurrent enablement of the transmitter and 
receiver portions is detected. The process then proceeds to 
Step 116 where the receiver portion of the RFIC measures 
the received signal strength indication of the RF signal. 
0046) The process then proceeds to Step 118 where the 
received signal strength indication is processed over a 
pre-determined period of time to obtain a measure of the 
local oscillation leakage. The processing may be done by 
integrating the received signal strength indication over the 
pre-determined period of time to obtain the measure of the 
local oscillation leakage. 
0047 Once the local oscillation leakage is obtained, the 
settings of mismatched circuitry within digital-to-analog 
converters may be adjusted based on the measure of LO 
leakage to effectively remove, or substantially reduce, LO 
leakage from the transmitted RF signal. In addition, or as an 
alternative, the settings of mismatched correction circuitry 
within the mixers may be adjusted based on the measure of 
LO leakage to effectively remove, or substantially reduce, 
the LO leakage from the transmitted RF signal. 
0048. As an alternative to calculating the appropriate 
setting of the mismatch correction circuitry of the DACs 
and/or mixers, each available setting for the mismatched 
circuitry within the mixer and/or within the digital-to-analog 
converters may be selected and the corresponding LO leak 
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age measured. The setting yielding the lowest LO leakage is 
chosen to be the appropriate setting. 

0049 FIG. 7 illustrates an alternate method for measur 
ing LO leakage within a radio frequency integrated circuit 
and applications for Suppressing LO leakage. The process 
begins at Step 120 where an initial mismatched correction 
setting is loaded into the correction circuitry of a mixer 
and/or digital-to-analog converter. The process then pro 
ceeds to Step 110-118, which were described in FIG. 6. 

0050. The process then proceeds to Step 122 where a 
determination is made as to whether the last mismatched 
correction setting has been tested. If not, the process pro 
ceeds to Step 126 where the mismatched correction setting 
is incremented to the next setting and the process repeats at 
Step 110. If, however, the last mismatched correction setting 
has been tested, the process proceeds to Step 124 where the 
mismatched correction setting yielding the lowest LO leak 
age is selected for the mismatched correction circuitry. 

0051. The preceding discussion has presented a method 
and apparatus for measuring LO leakage in a radio fre 
quency integrated circuit. By obtaining an accurate measure 
of LO leakage, corresponding LO leakage correction cir 
cuitry may be accurately tuned to effectively remove, or 
Substantially reduce, LO leakage from a transmitter portion 
of the radio frequency integrated circuit. As one of average 
skill in the art will appreciate, other embodiments may be 
derived from the teaching of the present invention, without 
deviating from the scope of the claims. 

What is claimed is: 

1. A method for measuring local oscillation leakage in a 
radio frequency integrated circuit (RFIC), the method com 
prises: 

concurrently enabling a transmitter portion of the RFIC 
and a receiver portion of the RFIC: 

providing a Zero input to the transmitter portion, wherein 
the transmitter portion up converts the Zero input via a 
mixer section to produce a radio frequency (RF) signal; 

detecting the concurrent enablement of the transmitter 
portion and the receiver portion; 

measuring received signal strength of the RF signal as 
received by the receiver portion upon detecting the 
concurrent enablement; and 

processing the received signal strength over a predeter 
mined time period to obtain a measure of the local 
oscillation leakage. 

2. The method of claim 1, wherein the processing the 
received signal strength further comprises: 

integrating the received signal strength over the predeter 
mined time period to obtain the measure of the local 
oscillation leakage. 

3. The method of claim 1 further comprises: 

adjusting setting of mismatch correction circuitry within 
mixers of the transmitter portion based on the measure 
of the local oscillation leakage. 
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4. The method of claim 1 further comprises: 
repeating the concurrent enabling, providing, detecting, 

measuring, and processing for a plurality of mismatch 
correction settings of mixers within the transmitter 
portion; and 

selecting one of the plurality of mismatch correction 
settings having a lowest corresponding measure of 
local oscillation leakage. 

5. The method of claim 1 further comprises: 
repeating the concurrent enabling, providing, detecting, 

measuring, and processing for a plurality of mismatch 
correction settings of digital to analog converters that 
convert an in-phase component of the Zero input into a 
digital in-phase component and convert a quadrature 
component of the Zero input into a digital quadrature 
component; and 

selecting one of the plurality of mismatch correction 
settings having a lowest corresponding measure of 
local oscillation leakage. 

6. An apparatus for measuring local oscillation leakage in 
a radio frequency integrated circuit (RFIC), the apparatus 
comprises: 

processing module; and 
memory operably coupled to the processing module, 

wherein the memory stores operational instructions that 
cause the processing module to: 
concurrently enable a transmitter portion of the RFIC 

and a receiver portion of the RFIC: 
provide a Zero input to the transmitter portion, wherein 

the transmitter portion up converts the Zero input via 
a mixer section to produce a radio frequency (RF) 
signal; 

detect the concurrent enablement of the transmitter 
portion and the receiver portion; 

measure received signal strength of the RF signal as 
received by the receiver portion upon detecting the 
concurrent enablement; and 

process the received signal strength over a predeter 
mined time period to obtain a measure of the local 
oscillation leakage. 

7. The apparatus of claim 6, wherein the memory further 
comprises operational instructions that cause the processing 
module to process the received signal strength by: 

integrating the received signal strength over the predeter 
mined time period to obtain the measure of the local 
oscillation leakage. 

8. The apparatus of claim 6, wherein the memory further 
comprises operational instructions that cause the processing 
module to: 

adjust setting of mismatch correction circuitry within 
mixers of the transmitter portion based on the measure 
of the local oscillation leakage. 

9. The apparatus of claim 6, wherein the memory further 
comprises operational instructions that cause the processing 
module to: 
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repeat the concurrent enabling, providing, detecting, mea 
Suring, and processing for a plurality of mismatch 
correction settings of mixers within the transmitter 
portion; and 

Select one of the plurality of mismatch correction settings 
having a lowest corresponding measure of local oscil 
lation leakage. 

10. The apparatus of claim 6, wherein the memory further 
comprises operational instructions that cause the processing 
module to: 

repeat the concurrent enabling, providing, detecting, mea 
Suring, and processing for a plurality of mismatch 
correction settings of digital to analog converters that 
convert an in-phase component of the Zero input into a 
digital in-phase component and convert a quadrature 
component of the Zero input into a digital quadrature 
component; and 

Select one of the plurality of mismatch correction settings 
having a lowest corresponding measure of local oscil 
lation leakage. 

11. A radio frequency integrated circuit (RFIC) com 
prises: 

transmitter section operably coupled to convert outbound 
data into outbound radio frequency (RF) signals; 

receiver section operably coupled to convert inbound RF 
signals into inbound data; and 

local oscillation correction module operably coupled to: 
concurrently enable a transmitter portion of the RFIC 

and a receiver portion of the RFIC: 
provide a Zero input to the transmitter portion, wherein 

the transmitter portion up converts the Zero input via 
a mixer section to produce a radio frequency (RF) 
signal; 

detect the concurrent enablement of the transmitter 
portion and the receiver portion; 

measure received signal strength of the RF signal as 
received by the receiver portion upon detecting the 
concurrent enablement; and 
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process the received signal strength over a predeter 
mined time period to obtain a measure of the local 
oscillation leakage. 

12. The RFIC of claim 11, wherein the processing the 
received signal strength further comprises: 

integrating the received signal strength over the predeter 
mined time period to obtain the measure of the local 
oscillation leakage. 

13. The RFIC of claim 11, wherein the local oscillation 
correction module further functions to: 

adjust setting of mismatch correction circuitry within 
mixers of the transmitter portion based on the measure 
of the local oscillation leakage. 

14. The RFIC of claim 11, wherein the local oscillation 
correction module further functions to: 

repeat the concurrent enabling, providing, detecting, mea 
Suring, and processing for a plurality of mismatch 
correction settings of mixers within the transmitter 
portion; and 

select one of the plurality of mismatch correction settings 
having a lowest corresponding measure of local oscil 
lation leakage. 

15. The RFIC of claim 11, wherein the local oscillation 
correction module further functions to: 

repeat the concurrent enabling, providing, detecting, mea 
Suring, and processing for a plurality of mismatch 
correction settings of digital to analog converters that 
convert an in-phase component of the Zero input into a 
digital in-phase component and convert a quadrature 
component of the Zero input into a digital quadrature 
component; and 

select one of the plurality of mismatch correction settings 
having a lowest corresponding measure of local oscil 
lation leakage. 


