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3G RADIO 

[0001] The present invention relates to device architecture 
of mobile telephony units. 

[0002] There are an emerging number of standards for 
cellular communication. For example, the European GSM 
system Works in transmission bands knoWn as GSM 850, 
GSM 900, GSM 1800 and GSM 1900, Where the numeric 
part of the name is indicative of the frequency of the band 
expressed in MHZ. Furthermore, the UMTS system operates 
on a transmission band betWeen 1.92 and 1.98 GHZ. It Would 
clearly be desirable if a telecommunications device could 
easily sWitch betWeen these various telecommunications 
standards depending on Which service it Wished to use, or 
indeed Which service Was available. 

[0003] According to a ?rst aspect of the present invention, 
there is provided a transmitter for GSM and UMTS com 
prising: an in-phase/quadrature up-converter for mixing 
in-phase and quadrature inputs With an intermediate fre 
quency; a GSM path including a phase locked loop; and a 
UMTS path; 

[0004] Wherein a frequency generator module is pro 
vided to generate a ?rst signal at a frequency F1, and 
the ?rst signal is supplied as an input to an image 
reject mixer in the GSM path, to a mixer in the 
UMTS path, and as an input to divider Which divides 
the ?rst signal by three to create an intermediate 
frequency Which is supplied to the in-phase/quadra 
ture up converter; and Wherein the image reject 
mixer in the GSM path is controllable to select either 
an upper or loWer side band such that the GSM path 
operates at either (1+1/3)F1 or (1—1/3)F1; and Wherein 
the mixer in the UMTS path selects the upper side 
band so as to have a output at (1+1/3)F1. 

[0005] It is thus possible to provide a transmitter arrange 
ment operable in both the GSM bands, and the UMTS band 
in Which many of the RF components are shared. Thus, for 
example, if the ?rst signal from the frequency generator is 
in a band centered about 1.35 GHZ, but extending as loW as 
1.28 GHZ and as high as 1.485 GHZ then it is possible to tune 
the transmitter to selectively operate in the GSM 850 and 
GSM 900 bands, and in the GSM 1800 and 1900 bands and 
in the UMTS band betWeen 1.92 and 1.98 GHZ. 

[0006] Advantageously the ?rst radio frequency signal is 
in fact generated by a ultra high frequency voltage con 
trolled oscillator Working in the range of 2.565 to 2.97 GHZ. 
This frequency can then be divided by 2 by a divider in order 
to ensure that the ?rst RF frequency has an equal mark space 
ratio. It Will be appreciated by the person skilled in the art 
that transistor sWitching and logic technologies are noW fast 
enough to operate at these frequencies. Furthermore, the 
divider can be arranged to produce in-phase and quadrature 
versions of the ?rst radio frequency signal. 

[0007] Advantageously the divider for generating the 
intermediate frequency (i.e., a local oscillator signal) is a 
regenerative divider Which comprises tWo channels, one 
Working on the in-phase signal and one Working on the 
quadrature signal. Each channel has a mixer Which receives 
the ?rst radio frequency signal and a divide by 4 circuit 
Which receives an output of the mixer and Which itself 
provides an input to a respective second input of the mixer. 
The output of the divide by 4 divider is also provided to the 
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respective in-phase and quadrature mixers. The feedback 
loop formed by the mixer and the divider by 4 divider in fact 
forms a divide by 3 mixer, as is knoWn to the person skilled 
in the art. 

[0008] Preferably the GSM transmission path comprises a 
phase sensitive detector having a ?rst input for receiving an 
output of the in-phase/quadrature up-converter, and a second 
input for receiving an output of the image reject mixer in the 
phase locked loop. An output of the phase sensitive detector 
is provided to an input of a voltage controlled oscillator 
Which in turn generates a radio frequency output signal. The 
output of the voltage controlled oscillator is provided to a 
further input of the image reject mixer. Because the image 
reject mixer receives both the in-phase and quadrature 
signals of the ?rst signal, it can be electronically selected to 
output either the upper side band or the loWer side band. 
Thus the phase locked loop can be selectively locked to a 
frequency of F1 minus the intermediate frequency or F1 plus 
the intermediate frequency. 

[0009] The output of the voltage controlled oscillator in 
the GSM path is also provided to a high poWer ampli?er 
Which can be driven in Class C mode in order to obtain high 
ef?ciency. Driving the ampli?er in Class C mode generates 
harmonics at multiples of the frequency of the voltage 
controlled oscillator. HoWever it is apparent that these 
multiples are spaced apart by at least 850 MHZ and therefore 
can be easily removed by relatively simple ?ltering. 

[0010] The UMTS path may comprise one or more elec 
tronically controlled variable gain ampli?ers serving to 
amplify the modulated intermediate frequency signal. The 
ampli?ers typically only have to operate across a relatively 
narroW band of frequencies centered about the intermediate 
frequency, e.g., 450 MHZ. The ampli?ers can therefore be 
constructed to be particularly linear. The output from the 
ampli?ers is then mixed With the ?rst signal by a single side 
band mixer in order to up-convert it to the UMTS output 
frequency in the range of 1.92 to 1.98 GHZ. The output from 
the mixer may then be passed through a further variable gain 
ampli?er giving around 25 to 30 dB of gain. The output of 
the ampli?er may be passed through a surface acoustic Wave 
?lter before being supplied to a further off-chip poWer 
ampli?er. A feedback path is also provided for sampling the 
output of the poWer ampli?er, detecting the output level 
thereof, digitiZing it through an analog to digital converter 
and providing a measurement of the poWer output to a 
UMTS poWer control logic circuit. 

[0011] It is thus possible, in a preferred embodiment of the 
invention, to provide a multi-mode transmitter operable in 
both UMTS and GSM transmission modes, the transmitter 
comprising: 

[0012] a. a signal input for receiving a signal (such as 
an I/Q baseband signal) to be upconverted by the 
transmitter; 

[0013] b. an oscillator for generating a ?rst radio 
frequency signal having a frequency F1, Where F1 is 
1.5 or 0.75 times the desired carrier frequency Fc; 

[0014] c. a ?rst divider for receiving the ?rst radio 
frequency signal F1 and dividing it by three so as to 
form an intermediate frequency local oscillator sig 
nal, IF, having a frequency substantially at 0.25 or 
0.5 times the desired carrier frequency; 
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[0015] d. at least one mixer for mixing the signal 
from the signal input With the intermediate frequency 
local oscillator signal to create a modulated interme 
diate frequency signal; 

[0016] e. a GSM path responsive to the modulated 
intermediate frequency signal; and 

[0017] f. a UMTS path responsive to the modulated 
intermediate frequency signal; 

[0018] Wherein the GSM path comprises a voltage 
controlled oscillator Within a phase locked loop, the 
phase locked loop including an image reject mixer 
receiving at a ?rst input thereof the output of the 
voltage controlled oscillator, and at second inputs 
thereof in-phase and quadrature representations of 
the ?rst radio frequency signal, such that it selec 
tively outputs either the upper or loWer side band as 
the signal to the phase sensitive detector Within the 
phase locked loop; and 

[0019] Wherein the UMTS path comprises at least 
one variable gain ampli?er and a mixer for mixing 
the ?rst radio frequency signal With the modulated 
intermediate frequency signal and outputting one of 
the side bands to a further ampli?er stage. 

[0020] The oscillator may be folloWed by a divide by tWo 
stage such that in-phase and quadrature versions of the 
divided oscillator signal can be easily obtained. In such an 
implementation the oscillator frequency needs to be doubled 
to 1.5 or 3 times the desired carrier frequency. 

[0021] According to a second aspect of the present inven 
tion, there is provided a direct conversion multi-mode 
receiver comprising electronically recon?gurable ?lters. 

[0022] It is thus possible, by providing recon?gurable 
?lters, to manipulate the output from the direct conversion 
multi-mode receiver such that it is suitable for additional 
processing operations to be performed on the signal in order 
to extract the data therein. 

[0023] Advantageously the direct conversion multi-mode 
receiver also comprises offset generators Which can be used 
to apply a controllable offset to a summer Which is respon 
sive to the output of the receiver. 

[0024] In the direct conversion topology, it is highly 
desirable in order to be able to provide an offset to the output 
from the receiver. A reason for this is that the doWn 
conversion is performed by mixing the received radio signal, 
Which is nominally centered about a frequency Fr, With a 
locally produced radio signal, also having a frequency of FY. 
It therefore folloWs that the carrier of the received signal is 
doWn converted to a DC signal (or very near DC in the case 
of oscillator frequency mismatch). Any spurious DC offset 
(or loW frequency signal) therefore needs to be subtracted 
from the output of the converter in order to reduce the 
dynamic range required of the subsequent processing cir 
cuitry, Which in reality Will comprise analog to digital 
converters such that further processing can then be per 
formed in the digital domain. The act of removing the DC 
offset means that the dynamic range and resolution of the 
converters required can be reduced, therefore reducing the 
cost of the subsequent processing circuitry. 

[0025] In a preferred embodiment, a direct conversion 
multi-mode receiver is provided Which comprises at least 
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one electronically recon?gurable ?lter arranged to ?lter a 
base band signal received from the receiver, and an offset 
generator, each of the recon?gurable ?lter and the offset 
generator is under the control of a control circuit such that 
the offset and ?lter response can be automatically controlled 
as a function of reception mode and signal conditions. The 
?lter may be implemented in hardWare or softWare. Hard 
Ware implementations Will tend to be preferred as they do 
not place so great a load upon post ADC processing 
resources. 

[0026] According to a third aspect of the present inven 
tion, there is provided a hybrid ?lter exhibiting substantially 
uniform group delay in a pass band thereof, Wherein the 
?lter comprises a combination of a Chebychev and an 
inverse Chebychev response. 

[0027] When designing an analog ?lter for communica 
tions applications, there are generally difficult trade-offs to 
be made betWeen requirements for selectivity, group delay 
and complexity. Ideally, We Want the physical delay for a 
signal passing through the ?lter to be uniform irrespective of 
its frequency content. Thus, in terms of a phase versus 
frequency graph, the phase delay needs to increase linearly 
With frequency. 

[0028] In the context of telecommunications, and in par 
ticular UMTS communications, it is important that differ 
ential group delay be avoided as this can give rise to 
inter-symbol interference. 

[0029] HoWever, it is also generally necessary to obtain 
good selectivity, that is a rapid transition betWeen the pass 
band and stop band. 

[0030] It is Well knoWn that high Q ?lters that display 
good selectivity performance such as Chebychev and Ellip 
tic ?lters often suffer in terms of differential group delay 
performance. On the other hand, ?lters that exhibit good 
differential group delay performance such as ButterWorth 
and Bessel ?lters generally have inferior roll-off character 
istics. The inventor has realiZed that combination of different 
?lter characteristics can be arranged to give a desired 
response. The neW ?lter design avoids the draW backs of 
conventional ?lter technologies and provides excellent 
selectivity, attenuation and differential group delay charac 
teristics. The inventor has noted that the inverse Chebychev 
pass band characteristics are substantially identical to those 
of the ButterWorth, but the ?lter contains stop-band Zeros 
Which give superior initial roll-off performance. On the other 
hand, the Chebychev ?lter has good initial roll-off charac 
teristics and very high levels of ultimate attenuation. 

[0031] Turning to the group delay characteristic, it is 
knoWn to the person skilled in the art that at frequencies Well 
beloW the cut-off frequencies, both the Chebychev and 
inverse Chebychev ?lters exhibit substantially uniform 
group delay. HoWever, in the region of the cut-off frequency 
the ?rst derivative of the group delay for the tWo different 
?lters has opposite signs. The inventor has realiZed that by 
combining the tWo characteristics it is possible to achieve 
substantial cancellation of the group delay characteristics in 
the region near the cut-off frequency. This cancellation can 
be arranged to be sufficient to ensure that by the time the 
group delay cancellation begins to fail, thereby resulting in 
undesirable group delay characteristics, the magnitude of the 
signals have been suf?ciently attenuated at these frequencies 
such that they become relatively unimportant. 
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[0032] The hybrid ?lter represents a good choice for a 
recon?gurable switched band multi-mode ?lter Whose 
modes of operation may place differing demands on the ?lter 
performance. Thus, in the conteXt of a multi-mode receiver, 
one mode of operation may place stringent requirements on 
the ?lter in terms of differential group delay, but not such 
dif?cult requirements in terms of selectivity. The other mode 
of operation might have more stringent requirements in 
terms of selectivity, but less dif?cult requirements in terms 
of differential group delay. The hybrid Chebychev/inverse 
Chebychev ?lter proposed here is an effective solution for 
both requirements. In addition to band sWitching the ?lter, it 
is also possible to adjust the relative cut-offs of the tWo 
constituent ?lters further optimiZing performance in differ 
ent modes of operation. 

[0033] According to a fourth aspect of the present inven 
tion there is provided a dual mode single chip transceiver 
comprising a transmitter and a receiver, Wherein frequency 
synthesiZers are shared by the transmitter and the receiver, 
Wherein the transmitter comprises an up-converter for 
receiving an input and up-converting it by miXing the input 
With a ?rst synthesiZed frequency, and Wherein in a GSM 
mode an offset phase locked loop is used to translate phase 
modulation at the up-converter output onto an RF carrier, 
and in a UMTS mode the up-converted signal is linearly 
ampli?ed; and Wherein the receiver comprises at least one 
direct doWn-converting channel for doWn converting the 
received signal. 

[0034] It is thus possible to signi?cantly reduce the imple 
mentation cost of a dual mode GSM/UMTS transceiver 
architecture by sharing many of the transmit and receive 
components Within an integrated circuit. 

[0035] Preferably the UMTS transmitter includes a further 
frequency up-conversion stage. Thus a ?rst up-converter 
may produce an output at an intermediate frequency. The 
intermediate frequency may then be linearly ampli?ed 
before being frequency up-converted to a ?nal output fre 
quency. This ?nal output frequency may then be passed to a 
poWer ampli?er Which is not integrated With the integrated 
circuit. The provision of one or more poWer ampli?ers 
“off-chip” reduces the signal leakage betWeen the transmit 
ter path and the receiver paths. This is particularly important 
as UMTS operates in full dupleX mode and consequently 
signal leak through could have a degrading effect on receiver 
performance. 

[0036] Preferably the UMTS dupleX ?lter is also provided 
off-chip. 

[0037] According to a ?fth aspect of the present invention 
there is provided an automatic gain controller for a multi 
mode homodyne receiver, the controller comprising an open 
loop controller responsive to a ?rst signal for setting an 
initial gain, and a closed loop controller responsive to a 
measurement of signal poWer or amplitude for maintaining 
the signal poWer or amplitude at an output of the variable 
gain ampli?er Within a predetermined range. 

[0038] It is thus possible to use an open loop controller to 
provide a rapid initial set up of the ampli?er in order to bring 
it to roughly into a desired operational state, and then to “?ne 
tune” the gain of the ampli?er using a feedback loop. This 
enhances the set up time of the ampli?er When changing 
mode. 
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[0039] UMTS radio systems require continuous full 
dupleX operation. As part of this, automatic gain control 
(AGC) is required to maintain acceptable performance under 
varying signal level and channel conditions. The use of a 
homodyne architecture places certain constraints on the Way 
in Which the automatic gain controller can operate. 

[0040] Homodyne receivers are susceptible to generating 
unWanted DC offsets in the in-phase/quadrature analog base 
band paths thereof. In order to maintain acceptable perfor 
mance it is necessary to remove these DC offsets as they are 
indistinguishable from an on-channel signal. Under Weak 
signal conditions, it is quite normal for the DC offset to be 
substantially larger in magnitude than the Wanted signal. 
Thus, if the DC offsets Were not removed, acceptable 
reception of the Wanted signal is likely to prove impossible. 
A common approach to removing such offsets in Wide band 
receivers is to use simple high pass ?lters or AC coupling 
(DC blocking) circuit arrangements. 
[0041] Automatic gain control is achieved in homodyne 
receivers by adjusting the gain of analog base band ampli 
?ers. HoWever, adjusting the gain also adjusts the DC offset 
levels and thus creates a transient settling time problem With 
high pass ?lters Which Were introduced in order to block the 
DC component. As a consequence, a loW band-Width auto 
matic gain control loop is desirable in order to minimiZe 
transient effects as these Would occur as a result of shifts in 
the DC offset. HoWever a loW band-Width automatic gain 
control is incompatible With the requirement for initial rapid 
acquisition of the signal. 

[0042] The inventor has realiZed that it is possible to 
overcome this With a combination of a “feed-forward” or 

open loop automatic gain controller and a feedback auto 
matic gain controller. 

[0043] The feed-forWard/open loop controller can either 
set up its initial values based on an initial measurement of 
the signal poWer made by a suitable measuring device, such 
as a full Wave or half Wave recti?er located at a suitable 

place in the receiver, for eXample at the output of channel 
select ?lters, or alternatively the open loop controller may 
make an initial gain control setting based on the desired 
mode of operation of the receiver. The open loop controller 
only operates once, at each mode change, to set up the initial 
parameters of the variable gain ampli?ers and other com 
ponents Which may require gain set up. From then on, 
control is passed to the closed loop Which makes ?ne 
adjustments to the various gain levels. 

[0044] According to a further aspect of the present inven 
tion, there is provided a homodyne receiver comprising a 
high pass ?lter having a variable time constant and a variable 
gain ampli?er, the ?lter and ampli?er being upstream of an 
analog to digital converter, Wherein When a step change of 
the gain of the variable gain ampli?er is implemented the 
time constant of the high pass ?lter is reduced for a prede 
termined time period. 

[0045] According to a further aspect of the present inven 
tion, there is provided a homodyne receiver comprising at 
least one signal conditioner upstream of an analog to digital 
converter and a high pass ?lter having a variable time 
constant, Wherein When the at least one signal conditioner is 
operated to cause a variation to be made to the signal 
supplied to the analog to digital converter, the time constant 
of the ?lter is set to a reduced value. 
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[0046] The highpass ?lter may be implemented doWn 
stream of the analog to digital converter and may therefore 
be implemented in the digital domain. 

[0047] In a homodyne direct conversion receiver, it is 
necessary to use a high pass ?lter to remove DC offsets from 
the analog base band signal paths. For a 3.84 MHZ UMTS 
signal, the cut-off frequency for this high pass ?lter should 
be in the order of 10 kHZ or so in order to remove the 
minimum level of the Wanted signal energy. HoWever, such 
a loW cut-off frequency implies a long settling time for DC 
transients. The inventor has realiZed that the settling-time for 
DC transients can be much improved if the cut-off frequency 
of the ?lter is temporarily increased. This signi?cantly 
enhances the receiver settling time. 

[0048] The present invention Will further be described, by 
Way of eXample, With reference to the accompanying draW 
ings, in Which: 

[0049] FIG. 1 is a circuit diagram schematically illustrat 
ing a combined GSM and UMTS transmitter, With shared RF 
components integrated into a single circuit; 

[0050] FIG. 2 is a schematic diagram of the direct con 
version multi-mode receiver; 

[0051] FIG. 3 is a graph comparing the group delays of 
loW pass Chebychev and inverse Chebychev ?lters versus 
frequency; 
[0052] FIG. 4 is a graph of the magnitude response of loW 
pass Chebychev and inverse Chebychev ?lters versus fre 
quency; 

[0053] FIG. 5 shoWs the combined magnitude response of 
the ?lters of FIG. 4; 

[0054] FIG. 6 schematically illustrates a combined GSM/ 
UMTS transceiver; and 

[0055] FIG. 7 schematically illustrates an automatic gain 
control. 

[0056] FIG. 1 schematically illustrates transmitter cir 
cuitry according to an embodiment of the ?rst aspect of the 
present invention. The transmitter can be selectively oper 
ated as either a dual band GSM transmitter, or alternatively 
as a 3 G UMTS transmitter. The transmitter comprises a 
single chip 1 on Which is located a single radio frequency 
synthesiZer 3. In accordance With an input signal fin received 
by the synthesiZer 3, the synthesiZer controls a local oscil 
lator 5 such that the oscillator 5 produces a substantially 
?Xed frequency signal that is at either 11/2 or 3 times the 
desired carrier frequency, depending on the actual desired 
operating frequency for the GSM or UMTS transmission 
path. It should be emphasiZed that the actual frequency of 
the signal generated by the general oscillator 5 does not 
substantially differ depending upon the band of transmis 
sion, only its ratio to the desired carrier frequency. The 
frequency of the signal generated by the local oscillator 5 
may, for eXample, be approximately 2.7 GHZ and more 
speci?cally in the range of 2.565 to 2.970 GHZ. This 
corresponds to a modest adjustment of 110% (in fact around 
7% in this example) of the frequency generated by the local 
oscillator. 

[0057] The signal from the local oscillator 5 is then fed to 
a frequency divider 7 that divides the frequency of the signal 
by 2. The frequency divider 7 also alloWs the signal to be 
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split into in-phase (I) and quadrature (Q) components. The 
I and Q components are fed into a further frequency divider 
9 in the form of a regenerative divider that is arranged to 
divide the input frequency by 3. The divide by 3 frequency 
divider 9 comprises a frequency miXer 11 that receives the 
I and Q components of the input frequency signal and miXes 
them With corresponding components of the same signal that 
have been further frequency divided by 4 by a further 
frequency divider 13. The arrangement of the miXer 11 and 
divide by 4 divider 13 produces a divided by 3 frequency 
signal of the original input signal at the output of the divide 
by 4 divider 13. The I and Q components output from the 
divide by 3 divider 9 are therefore at 1A1 or 1/2 of the carrier 
frequency. Taking our eXample of the input frequency fin of 
2.7 GHZ, the I and Q components at the output of the divide 
3 divider 9 are at 450 MHZ. 

[0058] The individual I and Q components are supplied to 
respective individual miXers 15 and 17 that each also receive 
the respective I and Q components of the analogue source 
signal. The miXers 15 and 17 act to combine the respective 
source signal components together With the I and Q com 
ponents at 450 MHZ to generate a 450 MHZ modulated 
intermediate frequency signal Which it then passed through 
a bandpass ?lter 19. 

[0059] The intermediate frequency at the output of the 
bandpass ?lter 19 is then propagated along tWo individual 
signal paths, each path being used to generate respectively 
the GSM signal or the 3 G UMTS signal. 

[0060] For GSM, the 450 MHZ intermediate frequency 
signal is fed to a ?rst input of a phase comparator 21. The 
second input of the phase comparator 21 also receives a 450 
MHZ signal that is received from a bandpass ?lter 23. The 
input to the bandpass ?lter 23 is derived from an image 
reject miXer 25. The image reject miXer 25 receives as ?rst 
inputs the I and Q components of the 1.35 GHZ signal that 
is obtained from the combination of synthesiZer 3, local 
oscillator 5 and divide by 2 divider 7. The other input to the 
image reject miXer 25 is the carrier frequency signal that is 
generated by a voltage controlled oscillator 27 that is in turn 
controlled by the output from the phase comparator 21. The 
phase comparator 21, voltage controlled oscillator 27 and 
image reject miXer constitute a phase locked loop that is 
used to translate the modulated intermediate frequency to 
the radio frequency carrier signal. The phase locked loop 
acts as a tracking bandpass ?lter and thus removes the need 
for an RF bandpass ?lter such as a SAW or ceramic ?lter that 
Would otherWise be required to minimiZe out of band 
emissions. 

[0061] The carrier frequency is substantially either 900 
MHZ or 1.8 GHZ, depending upon the GSM band on Which 
it is desired to transmit. The image reject miXer can selec 
tively either subtract the 900 MHZ signal from the 1.35 GHZ 
I and Q component signals to arrive at the 450 MHZ signal 
input to the bandpass ?lters 23, or to subtract the 1.35 GHZ 
from the 1.8 GHZ carrier signal, thus also arriving at a 450 
MHZ output. Thus the tWo signals input to the phase 
comparator 21 are alWays at 450 MHZ, i.e., the intermediate 
frequency. It is thus possible to cover the GSM 850/900 
range and the GSM 1800/1900 range. 

[0062] The modulated GSM signal is applied to a high 
poWer ampli?er 29 that receives a poWer control signal on 
an input line 31. The output of the ampli?er 29 is fed to an 
antenna 33 via a sWitch 35. 
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[0063] For 3 G UMTS transmission, the intermediate 
frequency signal output from the bandpass ?lter 19 is fed 
through a pair of serially connected variable gain ampli?ers 
37, 39 prior to being mixed With the 1.35 GHZ signal derived 
from the local oscillator 5 and divide by 2 divider 7. The tWo 
signals are mixed at a single side band miXer 41 to produce 
a 1.8 GHZ signal that is itself further ampli?ed using a 
further single variable gain ampli?er 43. Ampli?ers 37, 39 
and 43 are controlled using a poWer control circuit 45 that 
receives a sampled and digitiZed input signal representative 
of the poWer of the transmitted output signal obtained via a 
tap at the output of ampli?er 49. The 1.8 GHZ signal from 
the poWer ampli?er 43 is passed through a UMTS RF SAW 
?lter 47 and a further UMTS poWer ampli?er 49 before 
being transmitted via the antenna 33. The signal is also 
passed through a dupleXer and isolator unit 51 connected 
betWeen the antenna and the UMTS poWer ampli?er 49 
Which selectively alloWs a received signal at the antenna to 
be directed toWards a receiver circuit. 

[0064] The great advantage of the circuit described above 
is that a single RF synthesiZer, running at 2.7 GHZ in the 
above example, is all that is required for the generation and 
transmission of both a dual mode (850/900 and 1800/1900) 
GSM signal and a 3 G UMTS signal. The use of the dividers 
and miXers ensures that the desired carrier and output 
frequencies are alWays at ?Xed multiples of the synthesiZer 
frequency. Thus is possible to provide a combined dual 
mode GSM and 3 G UMTS transmitter in a single circuit 
that has a relatively large number of common circuit com 
ponents for both transmission paths. 

[0065] FIG. 2 schematically illustrates a direct conversion 
(also knoWn as homodyne) multi mode receiver. The 
receiver comprises tWo channels, generally indicated 100 
and 102 for convenience. Schematically, the channels are 
identical so only the ?rst channel Will be described in detail 
for convenience. HoWever, in terms of operating perfor 
mance, the channels may operate at different frequencies, for 
eXample around 800 to 1000 MHZ for GSM 850 and GSM 
900 and around 1.7 to 2.2 GHZ for GSM 1800, GSM 1900 
and UMTS. In these circumstances the individual compo 
nents of the channels may be tailored in order to operate at 
their respective bands. Each channel comprises a band pass 
?lter 110 and 100a Which serves to reject signals outside the 
pass band of the receiver. Thus, the ?lter 110 for the ?rst 
channel 100 may be centered 900 MHZ, Whereas the ?lter 
110a for the second channel 102 may be centered around 1.8 
GHZ or so. These ?lters are necessary to stop poWerful out 
of band transmissions from driving the receiver into satu 
ration. The output of the band pass ?lter 110 is provided to 
an input of an ampli?er 112 Whose output is provided to the 
?rst inputs of miXers 114 and 116, respectfully. Second 
inputs of the miXers 114 and 116 receive in-phase and 
quadrature versions of a locally generated carrier signal. The 
in-phase and quadrature versions of the signal are generated 
by a phase shifter 118 Which itself receives the locally 
generated signal from the combination of a multi mode 
fractional synthesiZer 120, a voltage controlled oscillator 
122 and a multi mode fractional frequency multiplier 124. 
The components 120, 122 and 124 are shared by each of the 
channels 100 and 102. The miXers 114 and 116 miX the 
locally generated reference signal together With the received 
radio signal in order to form the difference frequency 
therebetWeen. Since both the radio frequency and the locally 
generated frequency are nominally at the same frequency, 
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the information in the radio frequency is directly doWn 
converted to base band. The base band signal is provided at 
the output of each of the miXers 114 and 116. The outputs of 
the in-phase miXers 114 and 114a are provided to a ?rst input 
of an in-phase summer 130 Which is shared betWeen both 
channels. Similarly, the outputs of the quadrature miXers 116 
and 116a are provided to the ?rst input of a quadrature 
summer 132 Which is also shared betWeen both channels. 
Each of the summers 130 and 132 is also connected to 
receive an offset signal generated by a respective digital to 
analog converter 134 and 136. The ability to provide an 
offset is important since local oscillator coupling to the RF 
inputs could generate a DC offset, the siZe of Which depends 
on both the magnitude and phase of the spuriously coupled 
signal With respect to the locally generated reference. The 
output of the summer 130 is provided to the input of an 
electronically controlled loW pass ?lter 140 Which in turn is 
folloWed by an electronically controlled variable gain ampli 
?er 142. Similarly the output of the summer 132 is provided 
to an electronically controlled loW pass ?lter 150 and a 
variable gain ampli?er 152. The outputs of the ampli?ers 
142 and 152 are provided to respective analog to digital 
converters 160 and 162 Whose digital outputs, after ?ltering 
in respective ?nite impulse response ?lters are provided to 
a signal processing and control unit 170. For each of the 
in-phase the quadrature channels, the control unit estimates 
the offset that is required for each of the channels and 
provides an offset signal to the digital to analog converters 
134 and 136. The control unit 170 also sets up the ?lter 
characteristics of the sWitched ?lters 140 and 150 in the Way 
appropriate to the operating mode of the receiver. 

[0066] It is thus possible to provide a multi mode direct 
conversion receiver architecture as shoWn in FIG. 2. The 
architecture has the advantage that much of the receiver 
hardWare is reused for different modes of operation. The 
reuse of common hardWare can provide a signi?cant cost 
and poWer saving When compared With duplicating func 
tionality as has hitherto been the case. 

[0067] The analog base band sections are designed so that 
they can be recon?gured to meet the requirements of the 
various transmission systems. This means that the architec 
ture must alloW for the: 

[0068] i. recon?guring of the gain line up, 

[0069] ii. recon?guring of the channel ?lters 

[0070] iii. recon?guring of the analog to digital con 
verters speed and resolution, and 

[0071] 
tion. 

iv. recon?guring of the DC offset compensa 

[0072] As noted hereinbefore separate radio frequency 
loW noise ampli?ers and in-phase/quadrature doWn convert 
ers are utiliZed as these need to be optimiZed for the 
frequency and mode of operation. Although in principle it is 
practical to have a recon?gurable RF front end for different 
modes of operation, it is believed to be more cost effective 
at the present time to have dedicated RF front ends. 

[0073] As noted hereinbefore, it is highly desirable that 
the analog processing circuitry Within a mobile telephone 
has ?lters included therein Which can give both rapid 
attenuation betWeen the pass band and the stop band, and 
Which also exhibit good group delay, and speci?cally do not 



US 2003/0157912 A1 

exhibit differential group delay so as to avoid inter-symbol 
interference. FIG. 3 compares the group delays of an inverse 
Chebychev ?lter, represented by line 200, and the group 
delay of a Chebychev ?lter, represented by line 202, plotted 
as a function of frequency. Frequency units have been 
included on the ordinate of FIGS. 3, 4 and 5 such that the 
various graphs can be easily compared. It Will be seen that, 
in the example given in FIG. 3, the inverse Chebychev 
group delay starts to increase for frequencies in excess of 
2x10 radians per second. HoWever, the Chebychev group 
delay starts to decrease for angular frequencies in excess of 
2><105 radians per second and this decrease continues until 
the frequency 106 radians per second, then the Chebychev 
group delay increases sharply. It Will be appreciated that in 
the limited region 204 Where the group delays are of an 
opposite sign, partial cancellation of the group delay char 
acteristics can be achieved thereby effectively extending the 
region 206 extending from loW frequencies up to approxi 
mately 2><105 radians per second Where the group delays are 
essentially invariant With respect to frequency to an 
increased upper frequency of 106 radians per second. 

[0074] FIG. 4 schematically illustrates the magnitude 
response for the inverse Chebychev and Chebychev ?lters 
Whose group delays Were shoWn in FIG. 3. It can be seen 
that the inverse Chebychev ?lter in this example has a 
substantially ?at magnitude response up to approximately 
106 radians per second, and then the magnitude response falls 
steeply toWards a notch occurring at 5x106 radians per 
second. At this point, the magnitude of the response is 
suppressed by over 60 dB. The Chebychev ?lter also has a 
substantially uniform magnitude response in the pass band, 
but has a roll over frequency of approximately 2><106 radians 
per second from Where the magnitude falls off rapidly. 

[0075] FIG. 5 shoWs the combined magnitude response of 
a Chebychev/inverse Chebychev ?lter using the individual 
?lters shoWn in FIGS. 3 and 4. It is seen that the combined 
response 210 is substantially ?at up to 106 radians per 
second and then falls steeply, being approximately 10 dB 
doWn by 2><106 radians per second and over 60 dB doWn by 
5x106 radians per second. Furthermore, the group delay can 
be maintained as substantially constant up to 1><106 radians 
per second. 

[0076] It is appreciated by the person skilled in the art that 
analog ?lter design is an immensely complex mathematical 
exercise. It is, hoWever, also Well knoWn that many ?lter 
designs have already been analyZed and described in a 
normaliZed form such that an engineer can effectively use a 
“recipe” of a standard form to design a speci?c ?lter 
characteristic. Furthermore, computer aided design pack 
ages noW also alloW for ?lter characteristics to be accurately 
depicted. For these reasons, the speci?cs of the design do not 
need to be described in detail as sufficient support exists in 
the prior art to enable the person skilled in the art to 
implement the ?lter. HoWever, for the speci?c ?lters Whose 
responses are shoWn in FIGS. 3 to 5, the Pole positions for 
Inverse Chebychev response Were calculated by ?rst calcu 
lating the pole positions for Chebychev response and using 
pole reciprocation. 
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1204+ 2.258i 

2.408 

1.204- 2.258i 

p = *1204- 2.258i 

240s 

*1.204+ 2.258i 

[0077] Valid poles exist in the negative half of the S-plane 

O 

l.l55i 
z = 0 m: = |z1| 

1.633-1016i 

[0078] 
[0079] 

Position of stopband Zero 

The Inverse Chebychev Transfer function used Was 

‘1116-11-1611111-161-15i1<+11-<+1]] 
[0080] The Pole Positions for solution to Chebychev Poly 
nomial Were 

0313+ 1.0221‘ 

0.626 

0.313- 1.0221‘ 
P1= 2 . 

0.313- 1.0221 

’O.626 

0313+ 1.0221‘ 

[0081] 
[0082] 

Valid poles exist in the negative half of the S-plane 

The Chebychev Transfer Function used Was 

[0083] The Transfer Function of Hybrid Filter is the 
combination of the tWo individual transfer functions: 

X;:=(Hc;-Hic;) 
[0084] Being a hybrid ?lter, each of the tWo elements of 
the ?lter can be individually adjusted to better tailor the 
response of the ?lter to meet the needs of the particular 
application 
[0085] For example, With the Chebychev response, it is 
possible to adjust the folloWing: 

[0086] 1. The cut-off frequency 
[0087] 2. The ?lter order (number of poles) 
[0088] 3. The in-band ripple 
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[0089] For the Inverse Chebychev ?lter, it is possible to 
adjust the following: 

[0090] 1. The minimum stop-band attenuation 

[0091] 2. The maximum tolerable pass-band roll off 

[0092] 3. The relative frequency at Which the mini 
mum stop-band attenuation is reached 

[0093] 4. The ?lter order 

[0094] The ?lter order can be adjusted by implementing 
the ?lter as a cascade of ?lter stages (i.e., the stages are 
connected one to another) Whereby one or more stages can 
be sWitched out of the cascade such that they are bypassed. 
Thus bypassing a stage reduces the order of the ?lter. 

[0095] FIG. 6 schematically illustrates a dual mode GSM/ 
UMTS transceiver constituting an embodiment of the 
present invention. The transceiver generally comprises a 
transmission channel 300 and a reception channel 302. 
Although represented in simpli?ed form in FIG. 6, the 
transmission channel 300 actually contains the dual mode 
transmitter shoWn in FIG. 1 of the present draWings. In 
order to simplify the understanding of FIG. 6, those parts of 
FIG. 6 Which are similar to parts shoWn in FIG. 1 Will be 
given like reference numerals thus, it can be seen that the 
transmitter receives a frequency synthesiZed signal from a 
synthesiZer 3, that this synthesiZed signal is passed through 
a divide by three frequency divider 9 before being provided 
to the in-phase and quadrature mixers 15 and 17 of the 
up-converter. The output of the up-converter is, in a GSM 
mode supplied to a phase locked loop frequency shifter 
comprising a phase detector 21, a voltage controlled oscil 
lator 27, a mixer 25 and a band pass ?lter 23. Thus the 
operation of these components is as described hereinbefore 
With reference to FIG. 1. It may be noticed that there are 
further divide by tWo frequency dividers 306, 308 and 310 
shoWn in the transmitter schematic, but it Will be appreciated 
that these have little overall effect on the ?nal operation of 
the transmitter, and in particular that frequency dividers 308 
and 310 effectively nullify each other, although they do 
alloW for the mark space ratio of the Wave forms to be 
converted to an ideal 50-50. Similarly, the UMTS path 
comprises an array of linear ampli?ers and a frequency 
up-converter. The components labeled 37, 39, 41 and 43 as 
shoWn in FIG. 1 are schematically represented by the box 
320 in FIG. 6. 

[0096] It Will be appreciated that the receiver section 302 
is a simpli?ed representation of FIG. 2. Here the multi 
mode fractional frequency multiplier 124 of FIG. 2 is also 
embodied Within the dual fraction synthesiZer 3 shoWn in 
FIG. 6. It can also clearly be seen that tWo channels are 
provided, each having an in-phase and quadrature mixer for 
frequency doWn-converting the received signal to the base 
band. The components 130, 132, 134, 136, 140, 142, 150, 
152, 160 and 162 of FIG. 2 are schematically represented by 
the box 330 in FIG. 6. It is clear that both the transmitter 
channels share components, both the receiver channels share 
components, and indeed that the receiver and transmitters 
share the frequency synthesiZer components. This sharing of 
components alloWs for cost reductions in the ?nal price of 
the integrated circuit, and also reduces the overall poWer 
consumption of the transceiver compared to implementa 
tions Where each of these components are provided for their 
individual functions, and hence effectively duplicated. 
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[0097] GSM Works on a time division duplex system and 
hence the transmitter and receiver are not operating concur 
rently. HoWever UMTS operates on full duplex and conse 
quently the transmitter and receiver do operate concurrently. 
In the UMTS mode it is important to limit the desensitiZation 
of the receiver due to interactions With the UMTS transmit 
ter. This is achieved ?rstly by not integrating the loW noise 
poWer ampli?er With the chip itself, and secondly by lim 
iting the transmitter poWer at the transmitter output pins. 
Furthermore, it is important to ensure that the noise level in 
receive band at the transmit output is adequate. For example, 
With an external loW noise ampli?er having 13 dB of gain, 
the transmit poWer being limited to +3 dBm at the trans 
mitter output pin and a transmit noise ?oor in the receive 
band of —140 dBc/HZ if isolation of 30 dB is obtained 
betWeen the transmitter and receiver then the impact of the 
transmitter on receiver sensitivity Will be approximately 0.1 
dB. 

[0098] The architecture shoWn in FIG. 6 is operable in 
several modes, the frequency plan for the transceiver may be 
as folloWs: 

[0099] GSM 850/900 receive mode—the synthesiZer 
frequency is three times the RF frequency. 

[0100] GSM 1800/1900 receive mode—the synthe 
siZer frequency is 1.5 times the carrier frequency. 

[0101] UMTS receive mode—the synthesiZer fre 
quency is 1.5 times the RF carrier frequency. 

[0102] GSM 850/900 transmit mode—the synthe 
siZer frequency is 3 times the RF carrier frequency 
and the intermediate frequency is a 1/2 of the RF 
carrier frequency. 

[0103] GSM 1800/1900 transmit mode—the synthe 
siZer frequency is 1.5 times the RF carrier frequency 
and the intermediate frequency is 1A of the RF carrier 
frequency. 

[0104] UMTS transmit mode—the synthesiZer fre 
quency is 1.5 times the RF carrier frequency and the 
intermediate frequency is 1A of the RF carrier fre 
quency. 

[0105] FIG. 7 schematically illustrates a hybrid feed for 
Ward and feed back automatic gain control system consti 
tuting an embodiment of the present invention. The circuit 
diagram shoWs a variable gain ampli?er Whose output is 
supplied to the hybrid Chebychev/inverse Chebychev ?lter, 
generally indicated 402, Which has hereinbefore been 
described. An output of the hybrid ?lter 402 is provided to 
the input of a further variable gain ampli?er Which is 
schematically represented as three independently electroni 
cally controllable variable gain ampli?ers 404, 406 and 408 
Which together serve to provide a variable gain betWeen Zero 
and 54 dB in one dB steps. An output of the ?nal ampli?er 
408 is provided as an output 410 from the automatic gain 
controller. 

[0106] The feed forWard controller, generally indicated 
420, comprises a received signal strength indicator (RSSI) 
log strip Which has an input connected to the output of the 
hybrid ?lter 402. The RSSI log strip is used to estimate the 
signal strength at the output of the hybrid ?lter. The RSSI log 
strip 422 produces as an output thereof 424 a voltage Which 
is substantially linearly proportional to the composite poWer 
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of the signal at the output of the ?lter expressed in dBm. This 
output signal is ?ltered by a loW pass ?lter 426 before being 
supplied to the analog input 428 of a six bit analog to digital 
converter 430. The signal at the input 428 of the analog to 
digital converter 430 is digitiZed in response to a “start 
convert” signal and the output of the conversion is supplied 
to a ?lter gain logic controller 432. The ?lter gain logic 
controller has tWo outputs, one of Which is supplied to a 
register 434 for controlling the gain of the variable gain 
ampli?er 400, Whilst the other output is supplied as a 6 bit 
Word to a 6 bit updoWn counter 440. Thus, the counter can 
be loaded With the output of the ?lter gain logic controller 
432. 

[0107] The signal in a UMTS receiver is a composite of 
the Wanted signal, noise and any residual interfering signals. 
This composite signal appearing at the output of the hybrid 
?lter 402 is digitiZed to produce a digital Word that has the 
characteristic of “A” dB per bit, Where A represents an 
arbitrary number. This control Word is used to set the gain of 
the variable gain ampli?ers. The variable gain ampli?ers are 
designed to have a gain reduction characteristic of “A” dB 
per bit. As such, if the signal level into the receiver increases 
by 5 A dB, then the digitiZed control Word Will also increase 
by 5. This in turn Will result in the reduction of the gain of 
the variable gain ampli?ers 404, 406 and 408 by a composite 
gain amounting to 5A dB. Thus the signal level at the output 
of the variable gain controller 410 is kept substantially 
constant. Because the approach described so far uses feed 
forWard techniques, there are no band-Width implications 
that might affect a feed back system. Thus, it is possible to 
rapidly set up gain for the automatic gain controller for 
example When sWitching modes of operation or channels. 
Having rapidly acquired the composite signal level and 
setting up an initial gain, further gain control is performed 
by a feedback scheme. 

[0108] The feedback controller, generally indicated 450, 
comprises a recti?er 452 connected to the output of ampli?er 
408 in order to deduce a recti?ed signal representing the 
signal poWer at the output of the ampli?er 408. The signal 
from the recti?er 452 is loW pass ?ltered by a ?lter 454 
before being supplied to the inputs of a WindoW comparator 
456 Which, as recogniZed by the person skilled in the art, 
compares the signal at the input therein With high and loW 
thresholds de?ning a WindoW and produces an output 458 
Which is indicative of Whether the signal is beloW the 
WindoW threshold or above the WindoW threshold. The 
signal 458 is provided to a count direction control input 
(up/doWn input) of the counter 440. As shoWn in FIG. 7, the 
WindoW comparator 456 is also con?gured to provide an 
output Which indicates When the input thereto is Within the 
bounds de?ning the WindoW, and this output is sent to an 
AND gate 460 Which serves to gate the provision of a clock 
signal to the counter 440. Thus, When the output 410 is 
Within the poWer band de?ned by the WindoW comparator 
456, the counter 440 is inhibited from receiving its clock 
signal. The clock signal 462 is also ANDed With an “enable 
feedback” signal at an AND gate 464 Which gives overall 
control of Whether the feedback loop should operate or not. 
The output of the AND gate 464 is provided to an input of 
the AND gate 460, the output Which is connected to the 
clock pin of the counter 440. The output of the counter 440 
is provided to a gain decoder 470 Which in turn sets the gains 
of the ampli?ers 404, 406, and 408. 
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[0109] In use, the signal level detector and WindoW com 
parator is used to ensure that the composite signal level and 
the ampli?er outputs is kept Within a narroW range, for 
example +/—0.5 dB. If the composite signal level is above 
the threshold of the WindoW comparator, the up/doWn 
counter is enabled and the gain is adjusted on every clock 
cycle. As such, the clock sets the time constant of the 
feedback loop. If the composite signal level is beloW the 
WindoW comparator threshold, then the up/doWn counter is 
also enabled, but this time counts in the opposite direction. 
As a consequence, the feedback loop Will act to alWays 
ensure that the composite signal level is tightly controlled 
and adjusted at a rate determined by the frequency of the 
clock 462. 

[0110] Referring to FIG. 2, it should be noted that every 
time a gain control adjustment is made or a offset correction 
is made, this step change can result in a transient DC offset 
appearing at the output of the ?lter. The DC offsets could be 
removed by a high pass ?lter, but for a truly generic receiver 
it is better that the DC offset correction should be performed 
in the digital domain. Thus at each gain change a neW DC 
offset is estimated and the estimate is supplied to the 
converters 134 and 136 such that a correction is added at the 
summers 130 and 132. This said, the transient occurring as 
a result of gain change still has an unWanted effect of the loW 
pass ?lters 140 and 150. This transient decays in time, but 
during the settling time of the ?lter the homodyne receiver 
is effectively blinded. This is because the conversion range 
of the analog to digital converter Will necessarily be limited, 
and the offset may cause the converter to have to convert 
outside its nominal operating range. 

[0111] Given that the receiver is effectively non-functional 
during this transient period, the inventor has realiZed that it 
is permissible to change the ?lter characteristics during the 
short period in order to alloW for a more rapid settling time. 
Thus, When a change in gain or offset is implemented, the 
high pass ?lter is simultaneously, or near simultaneously set 
to a Wide bandWidth such that the DC transient Will quickly 
settle. The settling time can be estimated from knoWn 
characteristics of the ?lter. After the settling time, the ?lter 
is automatically sWitched back to the nominal required 
setting for its proper operation. The ?lter can be under to the 
control of a timer, for example implemented as a 
monostable, Which alters the ?lter characteristics for a brief 
but Well de?ned period. This technique ensures the fastest 
possible receiver settling time Whilst at the same time 
minimizing the amount of Wanted modulation energy that 
might be removed by the high pass ?lter. A typical ratio 
betWeen the tWo bandWidth settings might be in the order of 
10 to 1, although this is only a non-limiting example and 
other ratios may be chosen by the design. The implemen 
tation of this technique is not dependent on the ?lter tech 
nology. Thus the ?lter might be implemented as a sWitched 
capacitor ?lter, a sWitched bandWidth active R-C ?lter, 
gyrator-capacitor ?lter and so on. The speci?c implementa 
tion of the ?lter is Within the knoWledge of the person skilled 
in the art. 

[0112] It is thus possible to provide a multi mode receiver 
and transceiver Which are particularly suited for use in 
mobile telephony. 

1. An automatic gain control for a UMTS homodyne 
receiver, comprising an open loop controller responsive to a 
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?rst signal for setting an initial gain, and a closed loop 
controller responsive to a measurement of signal power or 
signal amplitude for maintaining the signal poWer or ampli 
tude at an output of a variable gain ampli?er Within a 
predetermined range. 

2. An automatic gain control as claimed in claim 1, in 
Which the open loop controller sets a gain of a ?rst variable 
gain ampli?er. 

3. An automatic gain control as claimed in claim 1, in 
Which the open loop controller sets up an initial gain each 
time a mode change occurs. 

4. An automatic gain control as claimed in claim 3, in 
Which the open loop controller sets up an initial gain in 
response to a measurement of signal strength. 

5. An automatic gain control as claimed in claim 3, in 
Which the open loop controller set up an initial gain based on 
the mode of operation of the receiver. 

6. An automatic gain control as claimed in claim 1, in the 
closed loop controller includes a WindoW comparator de?n 
ing an acceptable signal poWer or signal amplitude, and the 
closed loop acts to vary the gain of a variable gain ampli?er 
When the signal poWer or amplitude is outside the range 
de?ned by the WindoW comparator. 

7. An automatic gain control as claimed in claim 6, in 
Which the gain controller includes a counter Which holds a 
value for controlling the gain of the variable gain ampli?er, 
and in Which a clock signal is supplied to the counter or the 
counter enabled only When the WindoW comparator deter 
mines that the signal poWer or amplitude is outside of the 
range de?ned by the WindoW comparator. 
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8. An automatic gain control as claimed in claim 1, in 
Which the closed loop is implemented in digital form and the 
operation of the closed loop can be enabled or disabled by 
a control signal. 

9. An automatic gain control as claimed in claim 1, 
Wherein the variable gain ampli?er is formed from a plu 
rality of variable gain ampli?ers in series. 

10. A direct conversion receiver including an automatic 
gain control as claimed in claim 1. 

11. A mobile telephone operable in GSM and UMTS 
modes, including an automatic gain control as claimed in 
claim 1. 

12. An automatic gain control for a multi-mode receiver, 
the gain control comprising a feed forWard controller Which 
sets up an initial gain based on a measurement of signal 
strength or upon mode information, and a feedback control 
ler Which then has responsibility for maintaining a signal at 
a desired amplitude. 

13. An automatic gain control as claimed in claim 12, in 
Which the feedback controller includes a WindoW compara 
tor and acts to vary the gain of a variable gain device When 
the signal amplitude is outside an acceptable range de?ned 
by the WindoW comparator. 

14. An automatic gain control as claimed in claim 12, in 
Which the feedback controller is implemented in the analog 
domain and comprises at least one of a proportional, integral 
and differential control function. 


