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(57) ABSTRACT 

When an installed wireleSS remote unit is operating in the 
field, routine operation is interrupted to enter a calibration 
mode. In calibration mode, the compression point of a 
circuit element is determined by applying a Series of differ 
ent drive levels to the circuit element. Based upon the 
determination of the compression point, a maximum trans 
mission point is Selected for the remote unit. Upon resump 
tion of normal operation, the remote unit uses the maximum 
transmission point to limit the Signal power level transmitted 
over the wireleSS link. AS time passes or operating condi 
tions change, the calibration process is re-executed. 
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METHOD AND APPARATUS FOR CALIBRATION 
OF A WIRELESS TRANSMITTER 

RELATED APPLICATIONS 

0001. The present application claims priority to copend 
ing provisional application having the same title, application 
Ser. No. 60/105,953, filed Oct. 28, 1998, and copending 
utility application having the same title, application Ser. No. 
09/470,641, filed Sep. 28, 1999, which is hereby incorpo 
rated by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. This invention relates generally to wireless trans 
mitters. More Specifically, the invention relates to power 
control in a wireless transmitter. 

0004 2. Description of the Related Art 
0005 The use of wireless communication systems for the 
transmission of digital data is becoming more and more 
pervasive. In a wireleSS System, the most precious resource 
in terms of cost and availability is typically the wireleSS link 
itself. Therefore, one major design goal in designing a 
communication System comprising a wireleSS link is to 
efficiently use the wireless link. 
0006. In a system in which multiple units compete for 
finite System resources, in order for multiple remote units to 
access common System resources, the wireleSS link is 
divided into a series of channels. Channelization can be 
achieved by one of a variety of well-known techniques Such 
as time division multiple access (TDMA), code division 
multiple access (CDMA), frequency division multiple 
access (FDMA) or a combination of these. Each of these 
channelization techniques, to Some extent, limits the fre 
quency bandwidth of the Signal transmitted from the remote 
unit. 

0007. In addition, each of these channelization tech 
niques requires the use of power control to Some extent to 
determine the power level at which the remote unit trans 
mits. If the remote unit Signal arrives at the hub Station at a 
Signal level that is too low, the System performance level 
may be inadequate to Support communication due to exces 
Sive errors caused by thermal noise and interference. If the 
remote unit Signal arrives at the hub station at a signal level 
that is too high, the remote unit generates unnecessary 
interference to other System users. 
0008 FIG. 1 is a schematic diagram illustrating a wire 
leSS Satellite communication System. A hub Station 10 pro 
vides digital data transfer capabilities to a plurality of remote 
units Such as a remote unit 14. The hub station sends signals 
over an uplink forward channel 20 to a satellite 12. The 
Satellite 12 repeats the Signal and transmits it over a down 
link forward channel 22. The remote unit 14 receives the 
Signal and processes it. The remote unit 14 Sends a signal 
over an uplink reverse channel 24 to the satellite 12. The 
Satellite 12 repeats the Signal and forwards it over a down 
link reverse channel 26. 

0009. A link budget is a design tool used to determine the 
level at which Signals are transmitted over the System. For 
example, a link budget is used to determine a nominal level 
at which the remote unit 14 transmits the reverse link Signal 
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over the uplink reverse channel 24 based upon the expected 
path loSS experienced over the uplink reverse channel 24. 
The satellite 12 may amplify the signal before forwarding it 
over the downlink reverse channel 26. The link budget 
estimates the expected path loSS of the uplink and downlink 
reverse channels 24 and 26. In addition, the link budget 
estimates the expected interference and noise levels intro 
duced by the uplink and downlink reverse channels 24 and 
26 as well as noise introduced by the satellite 12 and the hub 
Station 10 Such as due to the noise figure of these units. In 
addition, the link budget estimates the expected variations of 
these parameters. Using the link budget, a System designer 
determines a nominal and worst case power level at which 
the remote unit transmits. 

0010. In a communication system which comprises fixed 
location remote units and which uses a geosynchronous 
Satellite, the path loSS of the wireleSS link channel is fairly 
consistent over time. However, weather conditions may vary 
the path loSS to Some extent. Depending on the frequency at 
which the System operates, adverse weather conditions, Such 
as heavy fog, Snow, rain or hail, may increase the path loSS 
by several decibels (dB) or more. Therefore, in order to 
operate efficiently, most wireleSS Systems include a power 
control loop to control the level at which Signals are trans 
mitted and received in the System. For example, the hub 
Station 10 monitors the Signal-to-noise ratio of a signal 
received from the remote unit 14 over the reverse link 
channels 24 and 26 and notifies the remote unit 14 if the 
Signal-to-noise ratio of the Signal falls below a predeter 
mined level. In response, the remote unit 14 increases the 
power level at which it is transmitting. If the hub station 10 
determines that the path loSS has decreased, the hub Station 
notifies the remote unit 14 over the forward link channels 20 
and 22 and the remote unit 14 decreases the level at which 
it is transmitting. 

0011. In order to reduce the distortion of the reverse link 
Signal, the remote unit 14 is typically designed to comprise 
a class A power amplifier. Class A power amplifiers provide 
a high degree of linearity over a Substantial range of output 
power. In order to operate linearly, class A amplifiers require 
Substantially more Supply power than the power level of the 
radio frequency (RF) signals which they produce. A class A 
amplifier draws the Same Supply power regardless of the 
output power which it is producing. Therefore, the Size and 
heat dissipation capabilities of a class A power amplifier 
may be Significant, as well as the cost of their operation. 
Typically, the size of a class A amplifier doubles for each 3 
decibels (dB) extra of power which it is capable of produc 
ing. In addition, the cost of the power amplifier increases 
significantly for each 3 dB extra of power capability. There 
fore, it is advantageous to use a link budget to determine the 
maximum power output level which the remote is required 
to transmit and to limit the capability of the power amplifier 
based upon the determination. 
0012 FIG. 2 is a graph showing the characteristics of a 
typical class A amplifier. The horizontal axis represents the 
RF input power level in units of decibels referred to 1 
milliwatt (dBm). The vertical axis represents the RF output 
power level of the amplifier in the same units. The gain of 
the amplifier illustrated by curve 32 is approximately 54 dB. 
For example, when the input drive level is -30 dBm, the 
output power is 24 dBm. AS the input level is increased in 
1 dB Steps, the output level also increases in 1 dB StepS as 
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is characteristic of a linear amplifier. However, at Some 
point, the output power Stops tracking the input power on a 
one-to-one basis. For example, data point 36 on curve 32 
represents the point at room temperature at which the gain 
of the amplifier has decreased by approximately 1 dB to 53 
dB of gain. At this point, the input to the amplifier is 
approximately -19.5 dBm and the output is approximately 
33.5 dBm. As the input drive level is increased further 
beyond the 1 dB compression point, the output of the 
amplifier does not increase significantly above 34 dBm. 

0013 The non-linearities introduced by use of a class A 
amplifier close to and beyond the 1 dB compression point 
cause distortion in the modulated Signal which causes 
increased interference levels in adjacent channels for the 
non-constant envelop Signals generated by many modern 
communication Systems. FIG. 3 is a spectrum plot showing 
the distortion caused when a modulated Signal is amplified 
by a power amplifier which has the characteristics shown by 
curve 32 of FIG. 2. The horizontal axis represents frequency 
and the Vertical axis represents power level relative to the 
power level of the modulated Signal. The horizontal axis is 
measured in terms of channels. Channel 1 represents the 
channel in which the remote unit is operating. Channels 2-8 
correspond to other channels in the System. The Spectrum 
plot shown in FIG. 3 is a single side-band plot. However, it 
may be assumed that the Spectrum created is relatively 
symmetric about the left-most axis as shown in FIG. 3. 
0.014 Curve 40 represents the spectrum output by the 
power amplifier when the modulated drive level is -30 dBm. 
Referring again to FIG. 2, one can See that the power 
amplifier is quite linear in this region. The modulation 
bandwidth is limited to less than the bandwidth of the first 
channel. However, the modulated Signal introduces Some 
interference to adjacent channels. For example, in channel 2, 
the interference level generated is at least 35 dB lower than 
the intended signal level in channel 1. The interference level 
continues to drop in channels 3-8. 
0.015 Curve 42 represents the output of the power ampli 
fier when the input power level is -20 dBm. Referring again 
to FIG. 2, one can see that operating at -20 dBm is 
approaching operation at the 1 dB compression point and the 
amplifier has begun to exhibit increased non-linearity. Due 
to the non-linearities, the interference level generated by the 
power amplifier in channel 2 has increased by approximately 
10 dB. In addition, the interference level generated in 
channels 3-8 has also increased. Curves 46, 48, 50, 52 and 
54 represent the output of the power amplifier when the 
input power level is -18, -14, -10, 0 and 10 dBm, respec 
tively. AS the input power level increases, the non-linearities 
continue to increase causing a corresponding increase in the 
interference level in the adjacent channels. Referring again 
to FIG. 2, it can be seen that increasing the drive level does 
not significantly increase the output level once the 1 dB 
compression point has been reached. For these reasons, it is 
advantageous to limit the input power level Such that the 
amplifier is operated in the linear region. 

0016. The response characteristics of a class A amplifier 
vary as a function of frequency, temperature and aging. For 
example, curve 30 of FIG.2 represents the characteristics of 
the class A amplifier at a relatively high operating tempera 
ture. Notice that the 1 dB compression point has fallen to 
approximately -22 dBm of input power and 31 dBm of 
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output power. Likewise, curve 34 represents the character 
istics of the amplifier Significantly below room temperature. 
The 1 dB compression point has increased slightly with 
comparison to curve 32. Similar curves could be generated 
to represent the frequency and aging response of the ampli 
fier. 

0017. In addition to the variations of an amplifier over 
time, frequency and aging, each amplifier produced by a 
common process exhibits different characteristics due to 
process variations as well as other factors. FIG. 4 is a graph 
showing typical variations in operating curves of amplifiers 
constructed from a common process. Curve 32 represents 
the average performance at room temperature as also shown 
in FIG. 2. Curve 60 represents a power amplifier which 
exhibits the one-sigma low Side process variation charac 
teristics. Notice that the 1 dB compression point is approxi 
mately -23 dBm and that the maximum output power of the 
amplifier is approximately 2 dB less than shown in curve 32. 
Also note that the gain of the amplifier represented by curve 
60 is lower than shown in curve 32 even in the linear region. 
The curve 64 represents a power amplifier which exhibits 
the one-sigma high Side process variation. Note that the 1 dB 
compression point is approximately -19 dBm and that the 
gain of the amplifier is higher than the other two curves 
shown even in the linear region. 

0018. In order to design a link budget which is sufficient 
to operate over process variations, temperature variations, 
frequency variations and aging, the maximum output power 
must be limited in view of the worse case 1 dB compression 
point over all of these factors. Therefore, referring again to 
curve 60 of FIG. 4, according to the prior art, the maximum 
output power of the System should be limited to approxi 
mately 29 dBm in order to accommodate variations over 
frequency, temperature and aging of the one Sigma low Side 
power amplifier. Thus, even though the majority of power 
amplifiers are capable of producing 5 dB more than this 
maximum at room temperature and Some of the amplifiers 
are capable of producing approximately 7 dB more output 
power at room temperature, under the prior art, each remote 
units output power is limited according to the worse-case 
Scenario. 

0019 Typical prior art remote units use a detector to 
sense the output power level. When the output power level 
exceeds the predetermined maximum, the detector alerts the 
remote unit and the level at which the power amplifier is 
driven is limited to the current drive level. Because the 
output of the detector itself can vary according to process 
gains, frequency, temperature and aging, Some margin must 
also be built into the System to accommodate for these 
variations. Alternatively, complicated detector calibration 
mechanisms can be incorporated into factory testing in order 
to account for Some of these variations. In general, however, 
the maximum output power must be further limited in order 
to accommodate variations in the detector as well. In con 
junction with the limitations imposed by the variations in the 
power amplifiers, these limitations significantly decrease the 
efficiency with which the average power amplifier is used 
during routine operation. 

0020. Therefore, there has been a long-felt need in the 
industry to develop an efficient power control mechanism in 
a wireleSS transmitter. 
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SUMMARY OF THE INVENTION 

0021 When an installed wireless remote unit is operating 
in the field, routine operation is interrupted to enter a 
calibration mode. In calibration mode, the compression 
point of a circuit element is determined by applying a Series 
of different drive levels to the circuit element. Based upon 
the determination of the compression point, a maximum 
transmission point is Selected for the remote unit. Upon 
resumption of normal operation, the remote unit uses the 
maximum transmission point to limit the Signal power level 
transmitted over the wireleSS link. AS time passes or oper 
ating conditions change, the calibration process is re-ex 
ecuted. 

BRIEF DESCRIPTION OG THE DRAWINGS 

0022. The features, objectives, and advantages of the 
invention will become more apparent from the detailed 
description Set forth below when taken in conjunction with 
the drawings wherein like parts are identified with like 
reference numerals throughout and wherein: 
0023 FIG. 1 is a schematic diagram illustrating a wire 
leSS Satellite communication System. 
0024 FIG. 2 is a graph showing the characteristics of a 
typical class A amplifier. 
0.025 FIG. 3 is a spectrum plot showing the distortion 
caused when a modulated Signal is amplified by a power 
amplifier which has the characteristics shown by curve 32 of 
FIG. 2. 

0.026 FIG. 4 is a graph showing typical variations of 
operating curves produced by amplifiers constructed from a 
common process. 

0.027 FIG. 5 is a block diagram showing an outdoor unit 
and an indoor unit of a remote unit in accordance with the 
invention. 

0028 FIG. 6 is a graph showing the characteristics of a 
typical Schottky diode detector with respect to temperature. 
0029 FIG. 7 is a flow chart showing the process for 
calibration of transmission circuitry of an installed commu 
nication unit during routine operation. 
0030 FIG. 8 is a representational drawing illustrating the 
advantages that can be gained through transmission of a 
modulated Signal. 
0.031 FIG. 9 is a spectral plot showing a random access 
reverse link channel and a broadcast forward link channel. 

0.032 FIG. 10 is a block diagram illustrating an exem 
plifying System in which the invention may be embodied. 

Detailed Description of the Invention 

0.033 FIG. 5 is a block diagram showing an outdoor unit 
68 and an indoor unit 90 of a remote unit in accordance with 
the invention. A satellite dish 70 is used to transmit and 
receive signals via a Satellite transponder and is directly 
coupled to the outdoor unit 68. 
0034. The outdoor unit 68 comprises circuit elements 
which are located in close proximity to the satellite dish 70. 
In one embodiment, the satellite dish 70 is located on the 
roof of a building and the outdoor unit 68 is mounted 
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directly to the satellite dish 70 assembly on the exterior of 
the building. The outdoor unit 64 comprises a low noise 
amplifier 74 which is located in close proximity to the 
satellite dish 70 in order to reduce the path loss between the 
satellite dish 70 and the low noise amplifier 74 and to 
preserve the System noise figure. Likewise, the outdoor unit 
68 comprises a power amplifier 82 which is located in close 
proximity to the satellite dish 70 in order to reduce the path 
loss between the power amplifier82 and the satellite dish 70 
and avoid increasing the required output of the power 
amplifier 82. 

0035) The indoor unit 90 comprises circuitry which need 
not be located in close proximity to the satellite dish 70. In 
one embodiment, the indoor unit is located at a convenient 
position which allows more ready acceSS by the System 
administrator. The indoor unit 90 is connected to the outdoor 
unit 68 by a length of cable. 

0036) The division of the communication unit into the 
outdoor unit 68 and the indoor unit 90 allows them to be 
Separately manufactured and factory tested. For example, 
the outdoor unit 68 is preferably manufactured by an RF 
design house. The indoor unit 90 is preferably manufactured 
by a company which specializes in communications. In one 
embodiment, the indoor unit 90 is designed to be compatible 
with a variety of different outdoor units which operate at a 
variety of different frequencies and which are manufactured 
by a variety of different vendors. When in place in the field, 
the outdoor unit and indoor unit can be separately Serviced, 
replaced or upgraded. 

0037. Within the outdoor unit 68, the satellite dish 70 is 
coupled to an orthomode transducer (OMT) 72 or other 
device or method for providing Separation of Signals. The 
OMT 72 couples the receive signals from the satellite dish 
70 to the low noise amplifier 74. The OMT 72 also couples 
transmit signals from the power amplifier82 to the satellite 
dish 70. The low noise amplifier 74 is coupled to a mixer 76 
which down-converts the received signal to an intermediate 
frequency. The output of the mixer 76 is coupled to the 
indoor unit 90 via a length of cable. Within the indoor unit 
90, a receive processing unit 92 performs further analog and 
digital signal processing on the received signal. An indoor 
unit controller 98 controls the receive processing unit 92 as 
well as other components of the indoor unit 90. 

0038 A signal generation unit 94 is controlled by the 
indoor unit controller 98 and creates the transmit signal 
waveform. For example, the Signal generation unit 94 
receives data from System users and encodes the data for 
transmission. The Signal generation unit 94 also modulates 
the encoded data, converts the modulated Signal to an analog 
waveform and translates it to an intermediate frequency. 

0039 The modulated IF output signal from the signal 
generation unit 94 is coupled to a variable gain amplifier 96. 
The gain of the variable gain amplifier 96 is controlled by 
the indoor unit controller 98. The output IF signal from the 
variable gain amplifier 96 is passed over a length of cable to 
the outdoor unit 68. Within the outdoor unit 68, a mixer 80 
converts the IF signal to a RF frequency suitable for trans 
mission. For example, in one embodiment, the RF center 
frequency is within the Ku band, Ka band or any other 
suitable band. The output of the mixer 80 is input into the 
power amplifier82. In the preferred embodiment, the power 



US 2002/0037705 A1 

amplifier82 is a class A amplifier. When enabled, the power 
amplifier 82 outputs a high power RF signal to the satellite 
dish 70 via the OMT 72. 

0040. In addition to the transmit and receive path cir 
cuitry, the outdoor unit 68 comprises a detector 84, a 
microprocessor 86 and a temperature sensor 88. The micro 
processor 86 is used to control the functions of the outdoor 
unit 68 and to provide information to the indoor unit 
controller 98. In the preferred embodiment, the micropro 
ceSSor 86 is a low functionality part which does not greatly 
impact the price or size of the outdoor unit 68. In one 
embodiment, the microprocessor 86 is an AT9054433 from 
Atmel Corporation of San Jose, Calif. The microprocessor 
86 is coupled to the indoor unit controller 98 and responds 
to commands therefrom. For example, the indoor unit con 
troller 98 can request that the microprocessor 86 identify 
itself. In response, the microprocessor 86 forwards a unique 
identification number which uniquely identifies the outdoor 
unit 68. The identification can include, for example, the 
manufacturer, model, revision number, and capabilities of 
the outdoor unit 68. 

0041. In one embodiment, the microprocessor 86 com 
prises a 10-bit analog-to-digital (A/D) converter. The micro 
processor 86 is coupled to the temperature sensor 88. In the 
preferred embodiment, the temperature Sensor 88 outputs an 
analog signal level indicative of the operating temperature of 
the outdoor unit 86. The microprocessor 86 converts the 
analog temperature indication to a digital value using the 
analog-to-digital converter and provides the value to the 
indoor unit controller 98 upon request therefore. 

0042. The power detector 84 is loosely coupled to the 
output of the power amplifier 82 Such as through a coupler 
or power splitter. In the preferred embodiment, the power 
detector 84 is a schottky diode detector (or other detector 
type) and outputs an analog signal level indicative of the RF 
signal power level produced by the power amplifier82. FIG. 
6 is a graph showing the characteristics of a typical Schottky 
diode detector over temperature. The vertical axis of FIG. 6 
is the detected output in volts. The horizontal axis is the 
amplitude of the RF input signal in volts. The curve 160 
represents the response of the detector at -20C. The curve 
162 represents the response of the detector at 25C. The curve 
164 represents the response of the detector at +50C. As can 
be seen by FIG. 6, the response of the detector is neither 
linear nor constant over temperature. AS shown in the graph, 
a single output Voltage may be mapped to a wide range of 
input amplitudes depending upon the operating temperature 
of the detector. 

0043. In one embodiment, the microprocessor 86 com 
prises an onboard oscillator which is used to create a clock 
by which data is transferred to the indoor unit 90. The 
onboard oscillator may cause undesirable in-band Spurs in 
the transmit Signal when operating. In one embodiment, the 
on-board oscillator is disabled during normal transmissions 
and is enabled during the calibration proceSS in order to 
convert the analog values to digital values. In addition, 
during periods of idleness, the OScillator is enabled for other 
functions. 

0044) In a system which transfers digital data, remote 
units tend to generate bursty data. The bursty data is 
characterized in that it has a high peak-to-average traffic 
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ratio, meaning that large blocks of data are transferred 
during Short periods of time interposed between significantly 
longer periods of idleness. 

0045 Referring back again to FIG. 1, although only one 
remote unit 14 is shown in FIG. 1, the reverse link resources 
are shared between a great number of remote units in the 
preferred embodiment. If the power amplifiers within the 
plurality of remote units remain active while the remote 
units are idle, the combined interference caused by the 
amplified noise from the idle remote units can create a 
Significant amount of interference to the remote units which 
are currently transmitting. In order to decrease this interfer 
ence, the power amplifiers in the idle remote units are 
disabled so that they do not amplify and transmit noise while 
idle. The microprocessor 86 is coupled to the power ampli 
fier 82 such that it can disable the power amplifier during 
periods of idleness. 

0046. In one embodiment, the outdoor unit 68 has a fixed 
gain. The output power of the remote unit is varied by 
varying the input power to the outdoor unit 68. For example, 
as shown in FIG. 5, the variable gain amplifier 96 sets the 
output power of the indoor unit 90. In order to limit the 
interference to other remote units operating in the same 
System, it is advantageous to limit the power level at which 
the remote unit transmits its signal. Typically, Such Systems 
are implemented using feedback from the hub Station. For 
example, the remote unit initially transmits at a relatively 
low Signal level. Based upon a signal quality at which the 
reverse link signal reaches the hub station, the hub station 
Sends commands over the forward link channel requesting 
the remote unit to increase the Signal power level. When 
adverse weather conditions increase the path loSS on the 
reverse link channel, the hub Station sends a command over 
the forward link channel which orders an increase in Signal 
power level transmitted by the remote unit. In response, the 
indoor unit 90 increases the gain Setting of the variable gain 
amplifier 96. 

0047 As noted above, however, it is advantageous to 
limit the maximum Signal power level at which the remote 
unit transmits So that the power amplifier operates within the 
linear region in order to avoid creating exceSS interference to 
the System. In order to limit the Signal power level trans 
mitted from the fixed gain outdoor unit 68, the Signal power 
level produced by the indoor unit 90 must be limited. 
Therefore, in one embodiment, the indoor unit comprises a 
memory unit 100 in which is Stored a maximum gain Setting 
for the variable gain amplifier 96. 

0048 When the hub station sends a command for the 
remote unit to increase the Signal power level at which it is 
transmitting, the message is received by the remote unit and 
processed by the receive processing unit 92. The command 
is forwarded to the indoor unit controller 98. In response, the 
indoor unit controller 98 increases the gain setting of the 
variable gain amplifier 96 unless the current gain Setting is 
equal to or exceeds the maximum gain Setting Stored in the 
memory unit 100. 

0049. As noted above, it is difficult to select a maximum 
gain Setting which allows efficient use of the outdoor unit 
resources while providing margin to account for part-to-part 
variations and variations over time, temperature, frequency 
and aging. The present invention comprises a means for 
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determining the maximum gain Setting Such that the capa 
bilities of the outdoor unit are fully exercised while avoiding 
non-linear operation. 

0050 FIG. 7 is a flow chart showing calibration of 
transmission circuitry of an installed communication unit 
during routine operation. Flow begins in start block 110. In 
block 112, the outdoor unit 68 measures the current tem 
perature using the temperature Sensor 88. The microproces 
Sor 86 converts the analog level to a digital value and 
forwards it to the indoor unit controller96. In block 114, the 
indoor unit controller 98 compares the temperature to a table 
of temperatures stored in the memory unit 100. If there is a 
valid maximum gain Setting for this temperature Stored in 
the memory unit 100, the indoor unit controller 98 uses the 
Stored maximum gain Setting in block 116 and flow contin 
ues back to block 112. If there is no valid maximum gain 
Setting for the current temperature, flow continues in block 
118. In block 118, the indoor unit controller 98 interrupts 
routine operation and commands the Signal generation unit 
94 to generate a test Sequence, thus, initiating the calibration 
sequence. In block 120, the indoor unit controller 98 enables 
the power amplifier 82 and increases the gain Setting of the 
variable gain amplifier 96 So that it produces a Signal power 
level large enough to drive the power amplifier 82 deep into 
Saturation. For example, referring again to FIG. 4, the drive 
level to the power amplifier 82 exceeds -16 dBm such that 
both low performance and high performance parts are driven 
deep into Saturation. 

0051. In block 122, the detector 84 measures the signal 
power level output by the power amplifier 82. The micro 
processor 86 converts the analog detector value into a digital 
value and, then, passes it to the indoor unit controller 98. In 
block 124, the indoor unit controller 98 decreases the gain 
setting of the variable gain amplifier 96 so that its output 
Signal power level is decreased by Some incremental 
amount. For example, the indoor unit controller 98 decreases 
the gain Setting of the variable gain amplifier 96 to drop its 
output signal power level by approximately 1 dB. In block 
126, the detector 84 once again measures the output signal 
power level from the power amplifier 82. Once again, the 
microprocessor 86 digitizes the analog detector value and 
passes the value to the indoor unit controller 98. In block 
128, the indoor unit controller 98 compares the detected 
current Signal power level to the Saturated Signal power level 
in block 128. If the current level is approximately equal to 
the Saturated level, flow continues back to block 124. For 
example, if the current level plus two decibels is greater than 
the Saturated level, flow continues back to block 124 and the 
Signal power level produced by the variable gain amplifier 
96 is further decreased. If the current value is less than the 
Saturated level by Some incremental amount, flow continues 
to block 130. In block 130 in the indoor unit controller 98 
Stores the current temperature and the current gain Setting of 
the variable gain amplifier 96 in the memory unit 100. The 
Stored value becomes the maximum gain Setting correspond 
ing to the current operating conditions. 

0.052 In one embodiment, the steps shown in FIG. 7 and 
described generally above are implemented in a Series of 
processing units which are embodied in memory or custom 
application specific integrated circuits (ASIC) or executed 
by a microprocessor. In another embodiment, the Steps are 
implemented in Software and executed, for example, by a 
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digital signal processor (DSP) or embodied in hardware in a 
field programmable gate array (FPGA) or in an ASIC. 
0053. In order to implement the steps shown in FIG. 7, 
the variable gain amplifier 96 should be designed with 
enough gain "headroom’ So that the variable gain amplifier 
96 continues to linearly increase the driving Signal level as 
the power amplifier 82 enterS Saturation. Likewise, the 
detector 84 must have enough power handling capacity and 
linearity to provide accurate measurements as the power 
amplifier 82 enterS Saturation. 
0054 Operation according to FIG. 7 illustrates a specific 
implementation of the general principles of the invention. 
When an installed unit is operating in the field, routine 
operation is interrupted to enter a calibration mode. In a 
TDMA system, calibration mode can be entered between 
transmission slots. In a TDMA, FDMA or CDMA or other 
type of System, calibration mode can be entered during a 
natural period of idleneSS which occurs between the trans 
mission bursts. If the length of the period of idleness does 
not allow sufficient time for the calibration to be completed, 
the calibration proceSS can be executed over a Series of 
disjoint periods of calibration. Alternatively, transmission of 
data can be interrupted or Suspended in order to accommo 
date the calibration process. In one embodiment, the remote 
unit continues to receive data from the wireleSS link during 
calibration mode. 

0055. In calibration mode, the compression point of a 
circuit element is determined by applying a Series of differ 
ent drive levels to the circuit element. Based upon the 
determination of the compression point, a maximum trans 
mission point is Selected for the remote unit. Upon resump 
tion of normal operation, the remote unit uses the maximum 
transmission point to limit the Signal power level transmitted 
over the wireleSS link. AS time passes or operating condi 
tions change, the calibration process is re-executed. 
0056 Referring again to FIG. 4, several advantages of 
operation according to FIG. 7 become more readily appar 
ent. When the power amplifier drive level is increased in 
block 120, if the power amplifier 82 has the characteristics 
shown by curve 64, the detected signal power level is 
approximately 36.25 dBm. If the power amplifier82 has the 
characteristics shown by curve 32 or curve 60, the detector 
Signal power level measures approximately 34.25 or 32.25 
dBm, respectively. When the drive level is decreased from 
-16 dBm to -17 dBm in block 124, the signal power level 
detected by the detector remains fairly constant for all three 
curve characteristics. Likewise, at -18 dBm, the Signal 
power level remains fairly constant for all three curve 
characteristics. However, as the input power drops to -19 
dBm, the signal power level of an amplifier with the 
characteristics of curve 64 begins to decrease. At -20 dBm, 
the Signal power level of an amplifier with the characteristics 
of curve 64 has dropped almost 1 decibel below the saturated 
level. At -20 dBm, the signal power level of a power 
amplifier with the characteristics of curve 32 has just begun 
to decrease from the Saturated level. However, at -20 dBm, 
the Signal power level produced by a power amplifier with 
the characteristics of the curve 60 remains nearly equal to 
the Saturated level. At -21 dBm of input power, the Signal 
power level of an amplifier with the characteristics of curve 
64 has fallen 2 dB below the Saturated value. AS Such, the 
gain Setting of the variable gain amplifier 96 is recorded as 
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the maximum gain Setting. In a like manner, as the input 
drive level is further decreased, the Signal power level output 
by amplifiers with the characteristics of curve 32 and 60 also 
begins to fall. The maximum gain Setting corresponding to 
curve 32 is approximately equal to -23 dBm and the 
maximum gain Setting corresponding to curve 60 is approxi 
mately -24 dBm. In this way, each power amplifier can be 
used in accordance with its capabilities. 

0057. In certain embodiments, it is advantageous to 
increase or decrease the Step size by which the drive level is 
incremented Such that it is more or less than 1 dB. In 
addition, in certain embodiments, it is advantageous to 
increase or decrease the amount by which the Signal power 
level of the power amplifier must drop in order to determine 
the maximum gain Setting Such that it is more or less than 2 
dB. Several factors can be used to determine the optimal 
value of these two variables. As shown in FIG. 6, the 
detector 84 does not have a perfectly linear response. In 
addition, the analog-to-digital converter within the micro 
processor 86 introduces quantization errors when it converts 
the analog signal level to digital value. Therefore, Some error 
is introduced by the accuracy with which the detector 84 
measures the Signal power level. In addition, the response of 
the variable gain amplifier 96 to changes in the gain Setting 
is not perfectly linear and also introduces Some error into the 
measurement. Therefore, it is advantageous to include Some 
additional margin to compensate for any errors introduced 
by these factors. 
0.058. One advantage of operation according to the pro 
cess of FIG. 7 is that it is not necessary that the detector 
make an accurate and absolute determination of the Signal 
power level output by the amplifier. It is only necessary that 
the detector measures a relative change in the output power. 
Likewise, the Signal power level at which the variable gain 
amplifier 96 produces the IF drive signal need not be 
absolute. It is only necessary that the variable gain amplifier 
96 output power change relative to the previous output level 
in response to the changing gain Settings. 

0059. In one embodiment, additional factors which influ 
ence the outdoor unit characteristics are Stored in the 
memory unit 100 in order to more precisely identify the 
current operating conditions. For example, if the outdoor 
unit is capable of operation in Several frequency bands, in 
one embodiment, the data stored in the memory unit 100 is 
a function of both temperature and frequency or frequency 
band. The identification number of the outdoor unit is also 
stored in the memory unit 100. If a new outdoor unit is 
connected to the indoor unit, the calibration points must be 
retaken using the new outdoor unit. Other factors which can 
be considered in determining the current operating condi 
tions are indoor unit temperature, the Satellite or Satellite 
position, the presence of rain or other environmental con 
ditions or the rate of change of the temperature. 
0060 FIG. 8 is a representational drawing illustrating the 
advantages that can be gained through transmission of a 
modulated Signal. If a constant wave (CW) signal is output 
from the power amplifier 82, the detector 84 produces a 
Single analog value representative of the Signal power level. 
The analog-to-digital converter within the microprocessor 
86 converts the analog detector output to the closest digital 
value. For example, in FIG. 8A, a range of analog detector 
output voltages Surrounding the level X is indicated. Any 
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detector output within this range generates a digital value of 
X at the output of the analog-to-digital converter. ESSentially, 
any analog value between X-/2 and X--/3 maps into a value 
of X at the output of the analog-to-digital converter. For 
example, as shown in FIG. 8B, if the detector output is x+/4, 
the output of the analog-to-digital converter is X. Error 
introduced in this manner is referred to as quantization error. 

0061. However, if a modulated signal is output from the 
power amplifier 82, the Signal power level produced by the 
amplifier varies over time due to the modulation. For 
example, in a simple Scenario, the modulated Signal power 
level varies evenly plus or minus one Step size due to the 
modulation. If a Series of analog detector level values are 
input to the analog-to-digital converter, a variety of corre 
sponding digital values are produced. FIG. 8C illustrates a 
conversion of a modulated Signal. Block 140 represents an 
even distribution of Signal power levels produced by the 
power amplifier 82 centered about a value of x+/4 and 
fanning a range of plus or minus one analog-to-digital 
converter step size. Those detector level values which fall in 
the region below X -% as shown by the shaded region 142 
map into a value of X-1. Those detector level values which 
are between X-/2 and X+/2 map into the value X as shown by 
shaded region 144. Those detector level values which are 
between X--/2 and X-1/4 map into X-1 as shown by Shaded 
region 146. AS can be seen by examination of the relative 
size of areas 142,144 and 146, /s of the samples produce a 
value of X-1, one half of the Samples produce a value of X, 
and % Samples produce a value of X+1. The average of these 
values is X+/4 which accurately reflects the average value of 
the Signal power level. The Same effect is achieved by use of 
other distributions, Such as a Gaussian distribution, of the 
Signal power level. Thus, by Sending a modulated Signal and 
averaging a Set of converted detector level Samples, a more 
accurate estimation of the actual Signal power level can be 
determined, thus, lessening the error caused by quantization 
of the analog detector level output. 

0062. In one embodiment, the remote units communicate 
with the hub station over the reverse link using a set of 
random acceSS channels. For example, in one embodiment, 
the reverse link operates in accordance with assignee's 
co-pending application entitled METHOD AND APPARA 
TUS FOR MULTIPLE ACCESS IN A COMMUNICATION 
SYSTEM, application Ser. No. Attorney Docket 
No. TACHYON.018CP2), filed concurrently herewith, the 
entirety of which is hereby incorporated by reference. 

0063. In contrast, the hub station communicates with the 
remote units on a broadcast channel. FIG. 9 is a spectral plot 
showing a random acceSS reverse link channel and a broad 
cast forward link channel. The random access reverse link 
channels 150A-150N, each originating from a different 
remote unit, randomly block one another in the natural 
course of System operation. However, the broadcast forward 
link channel 152 can be designed so that they do not block 
one another and, therefore, are more tolerant of additional 
interference. In addition, the forward link Signals are typi 
cally Sent at a higher power rate than the reverse link Signals. 

0064. The random access reverse link channels are typi 
cally transmitted about 10 dB lower power spectral density 
than the broadcast forward link channel. The hub station has 
a significantly larger antenna than the remote units and, 
therefore, it is able to detect the reverse link Signal at a 
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Smaller power spectral density. Therefore, in one embodi 
ment, when the calibration proceSS is executed by the remote 
unit, the transmit frequency of the outdoor unit is changed 
so that the calibration output 154 falls within the forward 
link channel bandwidth. In this way, interference with the 
more susceptible random access reverse link channels 150A 
150N is avoided. In order to provide minimum interference 
to the broadcast forward link channel 152, it is advantageous 
to modulate the calibration output 154 transmission rather 
than to transmit a constant waveform (CW). By modulating 
the calibration output 154 transmission, the energy trans 
mitted into the forward link channel 152 is spread over a 
range of frequencies and, therefore, the System is not burden 
with a strong, Single tone signal. 
0065. In another embodiment, the output of the amplifier 
82 during the calibration process is dumped into a dummy 
load So that a majority of the energy output by the power 
amplifier 82 is not transmitted over the wireless link. In yet 
another embodiment, the remote unit transmits within the 
random acceSS reverse link channels during the calibration 
process. In another embodiment, the remote unit continues 
to transmit user data during the calibration process rather 
than a dummy Sequence. 

0066. In the embodiment shown in FIG. 7, the calibration 
proceSS is triggered by changes in the operating temperature 
of the outdoor unit 68. The calibration values remain stored 
in the memory unit 100 and available for use should con 
ditions return to a previously calibrated State. In one embodi 
ment, each calibration entry in the memory unit 100 is 
time-stamped and expires after a predetermined duration. 
After a set of Stored values expires, the corresponding 
operating State characteristics are re-calibrated the next time 
Such conditions exist. 

0067. In an alternative embodiment, the current charac 
teristics of the power amplifier are calibrated intermittently. 
In one embodiment, for example, the characteristics of the 
power amplifier is calibrated every eight minutes. The 
indoor unit uses the most recently collected data until the 
next calibration data is collected. This embodiment has the 
advantage of eliminating use of the temperature Sensor. 
However, this embodiment requires more frequent calibra 
tion and is less accurate during periods of rapid temperature 
change. 

0068 The invention has been described herein with ref 
erence to a Satellite System. The same techniques can be 
applied to other operating environments. For example, the 
invention can be implemented in a cellular or other terres 
trial wireleSS communication System—either in the base 
Station or remote unit. The invention can be implemented in 
Systems which communicate using a variety of modulation 
and access techniques. For example, the invention may be 
implemented in a FDMA, CDMA or TDMA type system. 
Likewise, the description above was presented with refer 
ence to a power amplifier. However, the teachings can be 
directly applied to calibrate of other types of circuit elements 
(Such as mixers) or a set of circuit elements whether they 
exhibit class A, class AB, class B or other operating char 
acteristics. 

0069. In one embodiment, when the maximum gain set 
ting for the current operating conditions is achieved, another 
mechanism is used to increase the Signal level with which 
the Signal reaches the hub station. For example, in one 

Mar. 28, 2002 

embodiment, when the maximum gain Setting is reached, the 
indoor unit controller 98 commands the Signal generation 
unit 94 to forward a message to the hub Station indicating 
that Subsequent remote unit transmissions will have a 
decreased data rate. By reducing the data rate in half, the 
energy devoted to each information bit is doubled if the 
transmission power remains constant. If the hub Station once 
again requests an increase in the transmission power, the 
data rate can be further reduced. AS link conditions improve 
and the hub Station requests that the remote unit decrease the 
power at which it is transmitting, the indoor unit 98 com 
mands the Signal generation unit 94 to generate a message 
for the hub station indicating that Subsequent transmissions 
from the remote unit will have an increased data rate. 

0070. In the method of FIG. 7, the compression point of 
the power amplifier 82 is determined by initially driving the 
power amplifier into Saturation and, then, incrementally 
dropping the input drive level until the amplifier comes out 
of Saturation. In another embodiment, the 1 dB compression 
point is determined by incrementally increasing the drive 
level and detecting a decrease in the gain of the power 
amplifier 92 as it enterS Saturation. For example, in Such an 
embodiment, to determine the 1 dB compression point of a 
power amplifier having the characteristics shown in FIG. 4, 
initially, the power amplifier is driven at -26 dBm. A 
corresponding measurement is taken by the detector 84. The 
indoor unit controller 98 commands the variable gain ampli 
fier86 to increase its gain by approximately 1 dB. Again, the 
detector 84 is used to make a measurement of the output 
power. The 1 dB compression point of the power amplifier 
82 is determined when the measured signal power level 
indicates that the gain of the power amplifier 82 has fallen 
by 1 dB in comparison to the first measurement which is 
taken. 

0071. This process has different requirements than the 
process shown in FIG. 7. For example, notice that the 
detector curve shown in FIG. 6 is not linear. Therefore, as 
the detector 84 attempts to measure the Signal power level 
output by the amplifier 82, Some variation in the measure 
ments is due to errors introduced by the detector 84. In 
addition, the variable gain amplifier 96 also has a non-linear 
response which further adds to the measurement errors. This 
type of measurement requires a larger range of detector 
values as well as a larger range of drive level values which 
causes a corresponding increase in measurement errors due 
to non-linearities or an increase in on the performance 
requirements of these elements. 

0072. In contrast, the method of FIG. 7 requires the use 
of the detector over only a relatively Small range of power 
levels, thus, decreasing the impact of the non-linearities on 
the measurements. In addition, because the range of detected 
Signal power levels is decreased, the range over which the 
analog-to-digital converter produces corresponding digital 
values is also decreased. For this reason, each Step of the 
analog-to-digital converter output corresponds to a Smaller 
change in Signal power level, therefore, increasing the 
accuracy with which the Signal power level is measured. 

0073. The invention introduces a number of benefits into 
the System. For example, the modular nature of the indoor 
unit and the outdoor unit allow them to be separately built, 
tested and calibrated and also Separately Serviced and 
replaced in the field. However, it is not necessary that the 
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invention be embodied in two separate units. The advantages 
of the invention will also benefit a system which is housed 
in a Single body. 
0.074 The calibration of the installed system at the cur 
rent operating conditions in the midst of routine operation 
has Several advantages. For example, each unit takes advan 
tage of its full operating capabilities at the current operating 
conditions. The System does not require the measurement of 
an absolute signal power level which can be difficult and 
inaccurate. The invention allows certain changes to be 
automatically compensated for in the field. For example, if 
the length of cable which connects the indoor and outdoor 
units is increased in length, the insertion loSS of the cable 
typically increases. Such changes are automatically 
accounted for during the next calibration process. 
0075. The invention also has advantages in comparison 
with factory calibration. Factory calibration only calibrates 
for conditions as they exist in the calibration test Set up. Such 
testing requires the fixed mating of indoor and outdoor units 
as well as the cables which connect them. Although factory 
calibration can be conducted over a variety of temperatures 
and frequencies, factory testing does not account for aging. 
In addition, factory testing does not account for environ 
mental factors to which the unit may be subjected. For 
example, the impedance match between the outdoor unit and 
the Satellite dish to which it is connected can affect the Signal 
power level produced by the outdoor units. It is typically not 
practical to factory test a unit in conjunction with a Satellite 
dish with which it is permanent coupled. 
0.076 Although the invention can be used in many sys 
tems, FIG. 10 is a block diagram illustrating an exempli 
fying system in which the invention may be embodied. The 
system in FIG. 10 provides high-speed, reliable Internet 
communication Service over a Satellite link. 

0077. In particular, in FIG. 10, content servers 200 are 
coupled to the Internet 202 which is in turn coupled to a hub 
station 204 such that the hub station 204 can request and 
receive digital data from the content servers 200. The hub 
station 204 also communicates via satellite 206 with a 
plurality of remote units 208A-208N. For example, the hub 
station 204 transmits signals over a forward uplink 210 to 
the satellite 206. The satellite 206 receives the signals from 
the forward uplink 210 and re-transmits them on a forward 
downlink 212. Together, the forward uplink 210 and the 
forward downlink 212 are referred to as the forward link. 
The remote units 208A-208N monitor one or more channels 
which comprise the forward link in order to receive remote 
unit-specific and broadcast messages from the hub Station 
204. 

0078. In a similar manner, the remote units 208A-208N 
transmit signals over a reverse uplink 214 to the Satellite 
206. The satellite 206 receives the signals from the reverse 
uplink 214 and re-transmits them on a reverse downlink 216. 
Together, the reverse uplink 214 and the reverse downlink 
216 are referred to as the reverse link. The hub station 204 
monitors one or more channels which comprise the reverse 
link in order to extract messages from the remote units 
208A-208N. For example, in one embodiment of the exem 
plifying System, the reverse link carries multiple acceSS 
channels in accordance with assignee's above referenced 
co-pending application Serial No. Attorney Docket 
No. TACHYON.018CP2). 
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0079. In one embodiment of the exemplifying system, 
each remote unit 208A-208N is coupled to a plurality of 
system users. For example, in FIG. 10, the remote unit 208A 
is shown as coupled to a local area network 216 which in 
turn is coupled to a group of user terminals 218A-218N. The 
user terminals 218A-218N may be one of many types of 
local area network nodes Such as a personal or network 
computer, a printer, digital meter reading equipment or the 
like. When a message is received over the forward link 
intended for one of the user terminals 218A - 218N, the 
remote unit 208A forwards it to the appropriate user terminal 
218 over the local area network 216. Likewise, the user 
terminals 218A-218N can transmit messages to the remote 
unit 208A over the local area network 216. 

0080. In one embodiment of the exemplifying system, the 
remote units 208A-208N provide Internet service to a plu 
rality of users. For example, assume that the user terminal 
218A is a personal computer which executes browser soft 
ware in order to access the World Wide Web. When the 
browser receives a request for a web page or embedded 
object from the user, the user terminal 218A creates a request 
message according to well-known techniques. The user 
terminal 218A forwards the request message over the local 
area network 216 to the remote unit 208A, also using 
wellknown techniques. Based upon the request message, the 
remote unit 208A creates and transmits a wireless link 
request over a channel within the reverse uplink 214 and the 
reverse downlink 216. The hub station 204 receives the 
wireleSS link request over the reverse link. Based upon the 
wireless link request, the hub station 204 passes a request 
message to the appropriate content Server 200 over the 
Internet 202. 

0081. In response, the content server 200 forwards the 
requested page or object to the hub station 204 over the 
Internet 202. The hub station 204 receives the requested 
page or object and creates a wireleSS link response. The hub 
Station transmits the wireleSS link response over a channel 
within the forward uplink 210 and forward downlink 212. 
For example, in one embodiment of the exemplifying Sys 
tem, the hub station 204 operates in accordance with assign 
ee's co-pending application entitled Alan Gordon's Appli 
cation, application Serial No. Attorney Docket No. 
TACHYON.046A), and assignee's co-pending application 
entitled Mark Abumeri's Application, application Serial 
No. Attorney Docket No. TACHYON.039A), each 
of which is filed concurrently herewith and the entirety of 
which is hereby incorporated by reference. In one embodi 
ment, the invention is used to determine the assigned data 
rate as described in the just-mentioned patent application. 
0082) The remote unit 208A receives the wireless link 
response and forwards a corresponding response message to 
the user terminal 218A over the local area network 216. In 
one embodiment of the exemplifying System, the process of 
retrieving a web page or object is executed in accordance 
with assignee's co-pending application entitled DISTRIB 
UTED SYSTEM AND METHOD FOR PREFETCHING 
OBJECTS, application Ser. No. 09/129,142Attorney 
Docket No. TACHYON.001A2), filed Aug. 5, 1998, the 
entirety of which is hereby incorporated by reference. In this 
way, a bi-directional link between the user terminal 218A 
and the content servers 200 is established. 

0083. In view of the description above, a myriad of 
alternative embodiments will be readily apparent to one 
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skilled in the art. For example, the analog detector may be 
replaced with a detector which produces a digital output 
indication. In addition, the temperature Sensor may also be 
replaced with a Sensor which produces a digital output 
indication. In Such a case, in one embodiment, these ele 
ments are coupled directly to the indoor unit controller. In 
yet another embodiment, gain variation is achieved through 
the use of a variable attenuator which can be located in either 
the indoor unit or the outdoor unit. 

0084. The invention may be embodied in other specific 
forms without departing from its Spirit or essential charac 
teristics. The described embodiment is to be considered in 
all respects only as illustrative and not restrictive and the 
Scope of the invention is, therefore, indicated by the 
appended claims rather than by the foregoing description. 
All changes which come within the meaning and range of 
equivalency of the claims are to be embraced within their 
Scope. 

What is claimed is: 
1. A method of calibrating transmission circuitry of an 

installed communication unit, comprising the Steps of 
interrupting routine operation; 
generating a driving Signal at a first level which drives a 

circuit element into Saturation; 
measuring a first Signal power level produced by Said 

circuit element; 
Setting Said level of Said driving Signal to a Second level 

that is lower than said first driving Signal level; 
measuring a Second signal power level produced by Said 

circuit element; 
comparing Said first signal power level to Said Second 

Signal power level; and 
if Said Second Signal power level is less than Said first 

Signal power level by more than a predetermined 
amount, using Said Second driving Signal level as a 
maximum drive level for Said circuit element upon 
resuming routine operation. 

2. The method of calibrating transmission circuitry of 
claim 1, wherein Said Step of interrupting routine operation 
is executed in response to the passage of time. 

3. The method of calibrating transmission circuitry of 
claim 1, further comprising the Step of transmitting an output 
of Said circuit element within a frequency bandwidth asso 
ciated with reception at a unit which houses Said circuit 
element. 
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4. An apparatus for calibrating transmission circuitry of 
an installed communication unit, comprising: 
means for interrupting routine operation; 
means for generating a driving Signal at a first level which 

drives a circuit element into Saturation; 
means for measuring a first signal power level produced 

by Said circuit element; 
means for Setting Said level of Said driving Signal to a 

Second level that is lower than Said first driving Signal 
level; 

means for measuring a Second Signal power level pro 
duced by Said circuit element, and 

means for comparing Said first signal power level to Said 
Second Signal power level, and, if Said Second Signal 
power level is less than Said first signal power level by 
more than a predetermined amount, using Said lower 
value as a maximum drive level for Said circuit element 
upon resuming routine operation. 

5. The apparatus for calibrating transmission circuitry of 
claim 4, further comprising means for measuring a passage 
of time and interrupting routine operation in response to a 
passage of a predetermined amount of time. 

6. The apparatus for calibrating transmission circuitry of 
claim 4, further comprising means for transmitting a signal 
produced by Said circuit element within a frequency band 
width that enables Signal reception at a unit which houses 
Said circuit element. 

7. A method of limiting the output power of a wireless 
unit, comprising the Steps of: 

interrupting routine operation of an installed communi 
cation unit; 

Selecting a maximum transmission point for Said installed 
communication unit by applying a Series of different 
drive levels to a circuit element within the installed 
communication unit to determine a compression point 
of the circuit element; and 

resuming routine operation using Said maximum trans 
mission point to limit a transmission power of Said 
installed communication unit 

8. The method of calibrating transmission circuitry of 
claim 7, wherein Said Step of Selecting Said maximum 
transmission point for Said installed communication unit 
further comprises the Step of measuring a Series of relative 
Signal power levels produced by Said circuit element. 

k k k k k 


