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be avoided if programmable bandwidth filters are used to do signal channellization in the

front end. But programmable bandwidth filters are hard to realize and using multiple

filters catering to different bandwidths will make the system bulk and lossy.

20 Fig. 1 illustrates a simple receiver architecture 100 for these kind of receivers.
The receiver architecture 100 includes an antenna 110, a radio frequency (RF) processing
and down conversion circuit 110, an analogue-to-digital conversion (ADC) circuit 120,
and a baseband processing and data demodulation circuit 130, which are sequentially
connected in the foregoing order. Such a receiver architecture 100 requires a signal to be
25 digitised, before different processing can be applied as per modem standards. With
different channel bandwidths, the RF processing circuit 110 must be able to handle high
dynamic range signals, since multiple channels of a narrow bandwidth system can fit into
one channel’'s bandwidth of a higher bandwidth system. To meet the blocking signal
requirements of narrow bandwidth systems that fall within a single wider channel
30  bandwidth, the receiver architecture 100 requires a baseband/intermediate frequency (IF)
filter with a bandwidth that can be programmed, or different filters with different
bandwidths switched one at a time. This can also be solved by pfecision filtering in the
digital domain, which will require high dynamic range digitizers 120 or much higher

oversampling ratios to digitize the required signal along with the blocking signals.



filter wth a bandw dth that can be programed, or different filters with
different bandw dths switched one at a time. This can also be solved by
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attenuate the interfering signals. Qher inplenentations include
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mixed downconverted signal. The drawback of this type of scheme is having a number of

local oscillators (LOs), mixers, bandpass filters, and subtractors.

20 Few implementations for the cancellation of blocking signals have multiple
antennas and perform some kind of beam steering to attenuate the interfering signals.
Other implementations include demodulating the interfering signal and utilising the
demodulation information to neutralise the effects of blocking signals. Examples of the
foregoing are described in: U.S. Patent Nos. 4,191,926 issued to Pontano et al. on

25 4 March 1980; 4,222,051 issued to Kretschmer, Jr. et al. on 9 September 1980; 4,736,455
issued to Matsue et al. on 5 April 1988; and 4,384,366 issued to Kaitsuka on 17 May
1983.  Any leakage from the transmitter side of a transceiver is cancelled out by
extracting a sample of the interfering signal from a coupled signal path of the transmitter
and cancelling it out from the incoming received signal after suitable phase detection and

30  adjustments, as described in U.S. Patent No. 4,660,042 issued to Ekstrom on 21 April
1987.

Alternatively as reported in U.S. Patent No. 6,169,912 issued to Zuckerman on
2 January 2001, the interfering transmit band signal is extracted from the receive signal
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U.S. Patent No. 3,963,990 issued to Di Fonzo on 15 June 1976 describes cross
coupling of signals from two different channels in frequency reuse systems to reduce the
mterference. However, cross coupling is mainly for interference from channels operating

20 in same frequency but channelized in different polarization angles, and basically not for

interference from different frequencies.

U.S. Patent No. 6,211,671 issued to Shattil on 3 April 2001 interference |
cancellatioh schemes for electromagnetic shielding of electromagnetic pickups, other
25 types of electronic equipment, and specific regions of space. This kind of scheme is not
suitable for cancelling out blocking signals, as this scheme relies on phase changes in the

pickups at different regions in a receiver to effectively cancel out the interference.

Apart from all the cancellation schemes of the incoming blocking signals, this

3  problem may be solved by “near perfect” digital filtering. Several of the foregoing
documents have reported improving the dynamic range of the ADCs, so that these signals

can be digitized on whole and the required filtering performed to satisfy the blocking
tests. However, all of these schemes are disadvantageously complex and consume more

power, which are major drawbacks for implementing such schemes in handset kind of
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Brief Description of the Drawings
20 A small number of embodiments are described hereinafter with reference to the
drawings, in which:
Fig. 1 is a block diagram illustrating a conventional, general receiver
architecture;
Fig. 2 is a block diagram illustrating a receiver architecture in accordance with
25 an embodiment of the invention for direct conversion with an image reject mixer for very
low IF requiring two ADCs;
Fig. 3A is a spectral graph illustrating the spectrum of an incoming RF signal
with a desired signal at frequency RF and blocking/interfering signals at frequencies
RF + Af, RF + 2Af, and so on;
30 Fig. 3B is a spectral graph illustrating the spectrum of a downconverted signal
with the desired signal at AF, its image at Af at a higher signal level, and
blocking/interfering signals at 0, 2Af, 3Af, and so on;



drawi ngs, in which: Fig. 1 is a block diagramillustrating a conventional,
general receiver architecture; Fig. 2 is a block diagramillustrating a
recei ver WDORiosm®8¢ ure i n accordance with 25 an enbodi nentcafSGiveozsavent i on
for direct conversion with an inmge reJ ect mxer for very low IF requiring
two ADCs; Fig. 3Ais a spectral graph- Pl ustrat i ng the spectrum of an
incomng RF signal wth a desired signal at frequency RF and

bl ocki ng/interfering si gnal s at frequencies RFAf, RF2Af, and so on; 30 Fig.
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ar chi t ectsSUPE-heterg Y}“t?rr CHIYSE AGIRCTIIES £ yr ¢ her embodi ment of the i nventi on,

whi ch is inpl erﬁ%@tm idla ﬂp%ctfrileéfulﬁ[‘ﬂh@ﬁaﬁﬁg {t speUReh- JreherdeBen YRR ITFer

architecture; Fi Q. s a ectral graph illustrating the spectrum of the
downconv eigneliwith the dssllgﬁeﬂl il and ﬁe@lﬁmawt@fw sigiialy ¢t Iy AL IF £ 2Af,
bIocklngllatgrLerlng signals at IF O, IF 20, and so on; Fig. 5is a
spectr al graph illustrating phase vari atlon agai nst frequency (through the
Td del ay); Fi g Fig§A issa speotralgraph dipstating phese vatiativg zgamst &lequancu(bidugbet ur e
in accorgﬁn&’?e %/r th 10 anot her enbodi nent of the invention for direct

conver si ¢ 3é)n i mage reject mxer for very low IF requiring two ADCs;

Fig. 6B is a blpgkAlidgpmok dlagtish ilaisirighgd edcbiver frekgdcnat iabordagct with in
accordance with a further enbodinent of the invention, . simlar to tft]at of

Fig. BA, mﬁﬁnﬁmbﬁ@n@nh%e |1’h‘éef1€8’élf%fdllieﬁb°°n¥5rs’lﬁind”lﬂﬁ3ﬂl fraage TelSei RS 1r aph
of the spReS [WPfeqRftinBivbABEgNal at point "a" of

Fig. 6B is a block diagram illustrating another receiver architecture in
accordance with a further embodiment of the invention, similar to that of Fig. 6A,
requiring 3 ADCs instead of two;

15 Fig. 3A is a spectral graph of the spectrum of an RF/IF signal at point “a” of
Fig. 6A, with the spectrum containing the required signal at RF and blocking/interfering
signals at RF + Af, RF & 2Af, and so on;

Fig. 7A is a spectral graph of the downconverted RF/IF signal spectrum at point
“b” in Fig. 6A; |

20 Fig. 7B is a spectral graph of the downconverted RF/IF spectrum after filtering at
point “c” in Fig. 6A;

Fig. 7C is the spectral graph of the downconverted, filtered signal after phase
shifting and combining with the in-phase downconverted signal at point “d” in Fig. 6A;

Fig. 7D is a spectral graph of the image suppressed signal that is delayed and

25 combined with the feed-through signal at point “e” in Fig. 6A;

Fig. 7E is a spectral graph of the interference and image cancelled signal that is
digitised and further filtered and baseband processed; and

Fig. 8 is a schematic diagram of a switched-capacitor delay line and summer
configuration in accordance with a further embodiment of the invention.

30
Detailed Description

A multi-mode receiver/downconverter architecture for use with narrow channel
bandwidth and wide channel bandwidth system signals is described. In this architecture,

interfering signals for a selected narrowband channel are attenuated using a technique that



Fig. 6A, with the spectrumcontaining the required signal at RF and

bl ocking/interfering signals at RF O, RF 20f, and so on; Fig. 7A IS a
spectral woaplsose t he downconverted RF/ I F signal spectrumpatr/Seoi/nd2s6" b" in
Fig. 6AF 20 Fig. 7B is a spectral graph of the downconverted RF/IF spectrum
after filtering at point "c" in Fig. 8 Fig. 7Cis the spectral graph of
the downconverted, filtered signal after phase shifting and combining wth
t he i n-phase downconverted signal at p0| nt "d" in Fig. 6A; Fig. 7Dis a

I t hat and 2
conbi ned ‘SRR RS dylinloTRHE, ShAR 938A %P f‘%@‘eﬁtpmcew% A MR h b (s a
spectral @edphﬂm‘ecelher ammmcﬁﬂesam BiirechegR et NG W 8 seh&tRterddiab, Akl

di |t|se f ther ter d and baseband processed and Fig. 8 1s a
sl:%emat i ot ?‘i(ﬁ Retd t‘f‘f 08’35%33’6{"8‘? sigapldy sphitieiosiep B%Ihsrrepne signal

conf i gur aptipns délaf’&ﬁﬁ{djﬁﬂﬁﬁcﬁwtﬁbn@tﬁé%lkﬁ@rﬁcﬁﬂi?ﬁ’éjbfﬁ’éf‘?)%tﬂf Ef%% foffih .

Detail ed Description A nulti-node recerver/downconve re for
use with 9% wire ﬁ%ﬁxw&rferwawalswtawemo&@etcﬂraaﬁmuamncﬁasmmﬁ;emmn

signal s igcHlgeit %Q édﬁéﬁjedt %ﬂgﬁal 3L GREEES ll.'ﬁag the HRGRH s?%ngﬂﬁmzejg ne[aslﬁi fl%na

sel ect ed narrowba annel “are ttenuate usrng a

03/ 055086diftOMtiocBG0OL/ 00256 -6 reduces the dynami ¢ range of the si gnal for
further processing. The technique can be used with receiver architectures,
such as direct-conversion, low IF, super heterodyne, and the like. In this
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pl aced so that the desired signal” undergoes m ni Istortion
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Fig. 2 is a block diagram showing a direct-conversion type of receiver

15 architecture 200. An RF/IF signal 202 is input to an in-phase power splitter 210. Two

signals are provided to a quadrature down-conversion circuit 220, which provides two

outputs to low pass filtering and image rejection circuit 230. A signal C(t) output by the

circuit 230 is split by the power splitter 241A and provided to a summer 250 and a delay

module 240, which has a delay Tq. A delayed signal Cy(t) is provided to a negative input

20 of the summer 250. The summer 250 outputs the resulting signal Cy(t) to a first ADC

module 260. The output of this ADC 260 is provided to digital filtering and image

rejection circuit 270. A completely equivalent circuit comprising delay 242, summer 252

and ADC 262 is coupled between the other output of the low pass filtering and image

rejection circuit 230 and the other input of digital filtering and image rejection circuit 270.

25 An output signal 280 is produced from circuit 270. Thus, the downconverted I & Q

signals are split into two paths each using power splitters 241A & 241B. One path in

each branch is delayed 240, 242 and fed forward and subtracted 250, 252 from the
undelayed path as shown in Fig. 2.

30 The narrowband signal is quadrature downconverted using an image reject mixer
such that desired signal is positioned at a frequency AF and it falls at the upper edge of
the much wider baseband filter 310 as shown in Figs. 3A and 3B. In particular, Fig. 3A
illustrates the spectrum of the incoming RF signal, and Fig. 3B shows the downconverted

signal with the desired signal, its image, and blocking/interfering signals. The blocking
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bl ocki ng signal s SE,. 3SF, an o] n are_cut-off by the filter
bandw’dt h rol | “Ef'fai@fl(a,fclﬁgwsrﬂwgi%a‘#}eg?a@ﬁ fragiengXst enuat i on

characteri sti c of;ernqthi §is@RORMrfRRAE chineMeMiidheAcdot ted line in Fig. 3B
f; = fo+ Af; and Afis the offset of the interfering signal from the desired signal
frequency.

20 InFig. 2,

C(t) = S(t) + X(t), and
Ca(t) = C(t-To).

25 Assuming that the delay Ty is small enough, the phase ¢q(t- Tq) and ¢i(t- T4) can
be approximated to ¢.(t) and ¢;(t).

In Cy(t) = C(¥) - Ca(t), the information signal adds up and the interfering signal is
cancelled out, if:
30
- Tq=1/(2*Af); and
f=a*Af;a=1,3,5,7,... (‘@ is an odd integer).



5 Asinple way to calculate the ambunt of delay to be introduced for _
addition or subtraction of the signals is described hereinafter. Assum ng
that the wofeosmgé on signal is a phase-shift key (PSK) sipgmsiGoB(d256 and t he
interfering/blocking signal is also a PSK signal X(t), the signals can be
witten 10 S(t) = A cos[wet + ~, (t)], '&(t) = B cos[wt + ~(t)], where:
pc(t) and ~;(t) are the instantaneous phases; 15 we = 2tfc ; fc is the
requi red channel carrier frequency w, = 2tf ; f, |s the interfering

[ d Af is set of .the
Chtortering st ona SPHBBRKI S vaId for il Ao irsinh oy TSl wiomigpionindy 1) =
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! o
5 072 ! scighaneguieg f%*a”%m.‘“rﬁ canaky b it Ao diaes i be ) .

rel ati 6nsmuﬁlﬂl% of,’giqqqffsrztoﬁecmen@c@t) Heirtedereress So rthatltbwelqﬁirdrbvv)gnainmde@bm a?fj
t he convengdo ortantly
the rel at@oo %ée ﬁbe?ﬁv\%{gﬁgﬁﬁgﬂﬁgﬂgﬁ E%é%g%gﬂﬁ%&j élrt %blﬁﬁgl 3‘?dr gﬁ’ﬂ%ency of
t he int er $haft ﬁ@lensﬂlg rd;laycéqud rfeetly foremidnpaths anc slbtatiednthe 9 80hahadehehifeay ri er
fr equencycaﬁ;}g icﬁj:{s t1)1% A tﬁe other interfering signal cancels out. The scheme can be modified

to use a summer instead of a subtractor, in which case the interfering signal will be phase

10 shifted by 180° and the required signal by zero or multiples of 360°.

From the above analysis, by controlling the delay (equal to 1/(2*Af)) in the feed
forward path, the unwanted blocking signals can be cancelled out or attenuated, and the
required signals can be added up. The amount of cancellation depends on the amount of

15 phase shift the fixed delay line imparts to the signals and how far the amplitudes of the
delayed and instantaneous signals are matched. The amount of cancellation can be
quantitatively calculated based on the amplitude and phase error in the two paths. This is
also true for instantaneous frequency components in the signal spectrum. For the required
signal not to be distorted, the delay has to be sufficiently less than the inverse of the

20 bandwidth of the data modulated on to the required carrier. The delay can be
implemented as a fixed delay element for a particular offset frequency to be cancelled or
can be made a programmable delay that can be varied to cancel signals at a particular
offset. Fig. 5 shows the phase variations of the signals with different frequencies, when
delayed by Tg.

25

Fig. 4 shows another embodiment of the invention implemented at IF frequency
for a Super-Heterodyne receiver architecture. The receiver architecture 400 of Fig. 4A
includes an RF processing and downconversion circuit 410, an IF band pass filter 420, a
power splitter 422, a delay module 430, an ADC 450, and a digital filtering,

30  downconversion, baseband processing, and data demodulation circuit 460. The output of
the circuit 410 is coupled to the input of the bandpass filter 420. The output of the
bandpass filter 420 is split using power splitter 422 and provided to a positive input of
summer 440 and the delay circuit 430, which provides the delay T;. The output of the
delay circuit 430 is provided to a negative input of the summer 440. The output of the



5 multiple of the offset frequency of the interference. So that the

requi red signal undergoes 180 phase shift and the interfering signal is
phase shiwpad/obspseero or nultiples 360 phase shift. WenprPchs@eb@yed and
feed forward paths are subtracted the 180 phase shifted carrier adds up
and the other interfering signal cancet$-out. The schene can be nodifi ed
to use a sunmer instead of a subtractor, in which case the interfering
signal wll be phase io shifted by 180 and the required signal by zero or

mul tiples y n del a qua
to 1/ (2*Af §§ |n 1% %?%ar ?Hﬁ% ﬁl@%%&ﬁﬂ Ogjt%?g%éﬁﬁ) ?&a/lfl can
be cancel todheomult)%(httenuat ed, and the required signals can be added up.

The amount of cancel |l ation depends on the anount of 15 phase shift the
fixed delay line inparts to the signals and how far the anplitudes of the
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can be quantitatively cal cul at ed sed on the anplitu se error
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t he data #asiddugted on to the required carrier. The delay can be
i npl enented as a fixed delay elenment for a particular offset frequency to
be cancelled or can be nmade a programmuabl e delay that can be varied to
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Fig. 4A 1ncludes an processing a ownconversion circult
band pas sthﬁmtpéﬁnm@@ﬂgn@l teoliead apiebletdstayapdiye 3 diebfdfylﬂﬂmﬂu Tae 4B(freqaano§rDC

450, and f [ 3 cpaversi on rocess and
dat s demoityl S 55 e sk 98 < Pad YRR Thl Py BRRRIRE Batr FEmintie od o
t he inputmmﬁﬂmMe bandpass filter 420. The output of the bandpass filter

420 |s split using power splitter 422 and provided to a positive input of
summer” 440 and the delay circuit 430, which provides the delay Td. The

gﬂ%ﬁg? 2f40t h 'el' heldg L?Aé J{lﬂﬁ?ﬁSﬁh&%ﬁctrﬁnﬁfQﬂb ARLndify RFNGERI k&Livkd Qﬂhqu'lpﬁthe
of'the circuit 410, with the desired signal at frequency RF and blocking/interfering signals
at RF + Af, RF + 2Af, and so on. Fig. 4B illustrates the spectrum of the downconverted IF
signal with the desired signal at frequency IF and blocking/interfering signals at IF + 1Af,

20 IF&2Af, and so on. Fig. 4B illustrates the IF bandpass filter characteristic 470 provided
by bandpass filter 420 in Fig. 4A. Also shown with dotted lines are the attenuation
characteristics 480 provided by this technique. The interference/bloeking signals within
the baseband filter’s passband are attenuated by the attenuation characteristic 480. The
interference/blocking signals outside the passband are attenuated by the BPF

25 characteristic 470.

In the case of quadrature direct downconversion scheme, there is a problem of
the image signal, which overlaps with the required signal after downconversion. If the
offset frequency is based on the blocking signal, the image frequency signal may be a

30 blocking signal of the narrowband system and be of much higher magnitude than the
required signal level. This image frequency has to be removed before any further

processing and can be removed by using a image reject mixer architecture.



WO 03/ 055086 PCT/ SG01/00256 -9 summer 440 is provided to the ADC 450. In
turn, the output of the ADC 450 is provided to the circuit 460. In this
case, thewoasios®ds si gnal is downconverted to the |IF fregqueamscandozshe 5
interfering signals at both sides of the IF frequency are attenuated.
Dependi ng on the anmount of phase shi !9 he del ay introduces to the
signals, the signals are cancelled or added up. In the case of the
super - het er odyne downconver si on architecture the splitter, 10 delay and

subtraction tec i ter. the .F Bandpass
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output of delay element 640a, which provides delay Ty, is provided to the negative input

15 of a summer 650. Likewise, the output of summer 632 is split using splitter 631B and
provided as input to summer 652 and a delay element 640b. The output of delay element

640b is provided to a negative input of the summer 652. The output of the summer 650 is

‘C 22

labelled point “e” and provided to an ADC 660. Likewise, the output of the summer 652
is provided to an ADC 662. The outputs of ADCs 660 and 662 are provided to digital

20 filtering and image rejection module 670. The .output of module 670 is labelled point “f”.

Fig. 6B is a block diagram illustrating a further embodiment of the invention
involving direct conversion with image reject for very low IF requiring three ADCs. The
configuration of this circuit is the same as that of Fig. 6A in relation to elements 610, 612,

25 614, 616, 620, 622 and 623. The output of the power splitter 623 is provided as input to —
90° phase shifter 626, a positive input of a summer 632, and another positive input of the
summer 632 is fed with quadrature downconverted signal to cancel the image frequency
and extract the required signal. The extracted required signal is provided to the delay
element 640B which provides delay Tq. When the delayed and the feed forward paths are

30  subtracted 680, the interfering signal cancels out depending on the delay T4. This signal is
digitised by ADC 690 and provided to module Digital Filtering and Image Rejection
module 670. The outputs of low pass filters 620 and power splitter 623 are passed directly
to the ADCs 660 & 662, which provide outputs to the digital filtering and Image rejection



required signal level. This inmage frequency has to be renoved before any
further processing and can be renoved by using a i mage reject m xer

ar chi t ectwoa3/05¥08©3/ 055086 PCT/ SGOL/ 00256 -10 Fig. 6A ispraTisGotkodé agr am
of a receiver architecture utilising direct conversion wth inmage reject
for very low IF utilising two ADCs. ThdlRF/IF signal is provided at point
"a" as input to the in-phase power splitter 610. The splitter 610 provides
respective outputs to mxers 612 and 614. A local oscillator (LO provides

anot her i i t e i xer. 612 nd 9 se del ayed. si gnal ,
pr oduced ﬁ@/&%lﬁgvg'e at%/lé(e Oglrlr%nf%%figgl,l)é&gr - agfsr@?erﬁqoygi] .SIgﬂ%lSo@{TB of
m xer 612canselledirttlehemdedby standabd fittodngparahinthgd cimeellsiwnradmiqdes| t er 620.

Li kewi se, the output of m xer 614 is provided to |low pass filter 622. The
out put of |low pass filter 620 and splitter 621A is | abelled point "c" and
provided to t herigs METEGROw dMthaldeiians t SiFicldne 5tafR%br iR Kiduft'FiY. 64 he out put
of low pass filter 622 is spl féft ?% usi ng slplei tntera 621B andupré 'i6 ed to a
positive input of summer 632 and a -90 phase shifter 626. The outputs of
phase shifters 247 ang, geTdolVY t nective inputs . 0of, rs
630 and 632. Thegout put. ofés?%egdsum\é\&a}?&%goﬂl‘“@fglg@tslpacsﬁlunnbgg%ql tt&’ero 34&A and
| abel | ed @bi nthe' spectmah rduftatbth e bapbandt withubmeeqifed spchl del/oyal arent

640a. The f.del.ay,el e 40a, which provides delay Td, . is

provi ded lgaﬁﬁg%h%g%{qgvség@/%?ﬁ 1 fogAg 40 g0 GEDJF CLSPREI SZaply e BPRSSut of
sumer 63dgnas isspbn bvatkippiigdd idqtieed §3d48 a0RequapePxr ded as input to summer
652 and a del ay el enent 640b. The out put of delay elenent 640b is provided
to a Hegative input of the summrer 652. The output of the summer 650 is

| abel I ed poi nt pig"7madh gcoihidadhl i hKGWosE <ot BeRQUERUtTf the
sumer 652 is Sgovi deda{c} _agg&%%)c gggatﬁ%gggeﬁcéﬁﬁ;ﬁwfﬁﬁﬁ&s%g g%d 2 are
provi ded oW Rasgililigr chaagtptistier 7idgofleav passgditar26cis isbownp diead S Bondredout put
of nodul i PG - ig.. 6B is a block.di agram
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i nput of a summer 632, and another positive Input of the

Fig. 7C is a spectral graph of the signal spectrum at point “d” of Fig. 6A. The

downconverted, filtered signal is 90° phase shifted and combined with an in-phase

20 downconverted signal. The spectrum has the image signal (overlapping on the required
signal at frequency Af) significantly attenunated.

Fig. 7D is a spectral graph illustrating the spectrum at point “e” of Fig. 6A. The
image suppressed signal is delayed and combined with the feed-through signal at AF,
25 which attenuates the interfering signal at frequency 0. Fig. 7D illustrates the proposed
attenuation characteristic 720. The amount of attenuation depends on the phase shift
provided by the delay element 640A. The spectrum shown has the image signal
(overlapping on the required signal at frequency Af) and the interfering signal at
frequency O attenuated.
30
The module 670 provides at its output the signal at point F of Fig. 6A. Fig. 7E is
a spectral graph illustrating the interference and image cancelled signal that is digitised
and further filtered and baseband processed. This is done to attenuate the interfering

signal at frequency O and the image signal (overlapping on the required signal at



summer 632 is fed with quadrature downconverted signal to cancel the inmage
frequency and extract the required signal. The extracted required signal

i s provi dwo iBosioke del ay el enent 640B whi ch provi des del agT/Rd010086 t he
del ayed and the feed forward paths are 30 subtracted 680, the interfering
signal cancels out depending on the dellgdy Td. This si gnal is digitised by
ADC 690 and provided to nodule Digital Filtering and I mage Rejection

nodul e 670. The outputs of |ow pass filters 620 and power splitter 623 are

passed di t 6 3 I VA t E
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nmodul e 6768owheonvertediod filréhe pcesshes.r equired signal is filtered and | nage
signal is further cancelled/ attenuated by standard filtering and i mage
cancel | ati on techniques. Figs. 7A - 7E show signal spectrum at different
stages of the ciTh€uUist & GmafA refoct-ingixer” Ardhitbdisier alags nbhattelaianc ahy dmbagel
RF/IF signal spectrumat point "b" of Fig. 6A The spectrumis shiftfed to
t he bageb&BaUsHcY coprictelgand edersndmnan the 29 dagrge ¢ nbridy ugrdy it omhiias 18 i ng
si gnal s asuﬁratall\g Ao ﬁoﬁ%ﬂeé Qitgﬁgl' arld'thé REnSIPRER ot AR dokhénveRER. &l gnal
is seen overlapping the required signal "at frequency M 10 Fig. 7B is a
spectral traptoppsddutechaitiiin gnash be sysed t foumaaowpaindisighels, dlie B0gdegge hybred | ow
pass filter ghapacteristic 7 f fill.e |

founconve Pieafite U ol Bumbf B8 BY el s, THE Mol of

ot her i nt erefsloekingBiterfdiihg ssgrady leadn thabe tdimctdromkiha gihmherbegd requseges s at
206, 3M a S , attenuated by the |low 15 pa filter characteristic
710 the Bf G Rg A AE BRI A RO Ra o By TP BB e Rage si gnal
overl apping on the desired signal at frequency Af are still significant.
Fig. 7Cis a spectral graph of the signal spectrumat point "d" of Fig. 6A
The downconver & siekavﬁlidé}aedoesmgﬂ@nem@d gDMgRY S@YShexREpiesafdviishisrs Bsfed t h
an in-phagg,,20 downconverted signal. The spectrum has the inage signal
(overl apping on the required signal at frequency Af) significantly
attenuated. Fig. 7D is a spectral graph illustrating the spectrum at point

€ Of15 Flg. 6A Oye]emethod uses a simple length of cable or a transmission line having an

electrical length that is adjusted so that the cable gives the required delay as calculated
above for the required offset frequency. The length of cable can be numerically estimated
based on the velocity of electromagnetic (EM) waves in the material in which cable is
realised.

20

Another method integrates the delay into the A/D conversion process. Once the

signal is sampled and held, the signal can be split into two paths. One path can be
delayed using switched capacitor circuits and combined with the main path samples
before quantization. By this way, the limitations on the sample and hold amplifier

25 remain, but the quantizer sees attenuated levels of the blocking signals. The quantizations
levels in the quantizer can be set to maximise the dynamic range with reduced number of
bits and suitable gain amplifiers can be used to maximise the use of the dynamic range of
the quantizer. Figure 8 shows a typical example of an implementation using switched
capacitor techniques. The switched capacitor delay line when implemented can be made

30 to give a different values of delay depending on the clock frequencies used to turn ON
and OFF the switches and the number of unit delay' stages used. A more detailed
description on the working of the circuit is given in Eriksson, S., "Realisation of Switched
capacitor delay lines and Hilbert transformers", Electronics Letters, July 1991, Vol 27, No
14., pp 1262-1263.



i mge suppressed signal is delayed and conbined with the feed-through
signal at AF, 25 which attenuates the interfering signal at frequency O.
Fig. 7D iwbushszases t he proposed attenuati on characteri stiPCTRZ01/00B5€ anount
of attenuation depends on the phase stht provi ded by the del ay el enent
640A. The spectrum shown has the imge érgnal (overl apping on the required
signal at frequency Af) and the interfering signal at frequency O
attenuated. 30 The nodul e 670 provides at its output the signal at point F
of Fig. 6A. Fig. 7TEis a spectral graph illustrating the interference and
i mage cancelled signal that is digitised and further filtered and baseband
processed. Thi sThss, domeultimod¢ trecrredrélonmeonvistter faschitagtures ihgsm dleemtdeterégdency 0
and the i si.gnal__ (overl appi n n the required signal, at WO 03/ 055086
T seon/ SRse §amal TR I ot iponts i iEeh st Bl o pmare T

f r equencythke sidhedm the bit et idited Hettloy thisl elssioany anbdifcitivns fabd tigftions can
processing. Tge u ewg& i mage reiect m xer architecture may not attenuate

t he i nhge egm,?@agg PRIGHE (Teore hy ssens and sREH Of e HAL9D. degree hybrid used
to conbine the quadrature down converted signal and the signal path

| engt hs after downconversion. As the proposed technique nmay be used for
narrowband signals, the 90 degree hybrid neeting the requirenents in the
narrow band of interest is sufficient. The attenuation of the

bl ocking/interfering signals |leads to the reduction in the dynam c range
requirenents 10 of the ADC for digitisation and subsequent processing of
the multi-node signals. The delay Td can be inplenented i n many ways,
exanpl es of which are listed below 15 One nethod uses a sinple | ength of
cable or a transmssion line having an electrical length that is adjusted
so that the cable gives the required delay as cal culated above for the
requi red offset frequency. The |l ength of cable can be nunerically estinated
based on the velocity of electromagnetic " (EM waves in the material in
which cable is realised.

(




20 Another nmethod integrates the delay into the A/D conversion process.
Once the signal is sanpled and held, the signal can be split into two

pat hs. Owopawmbsos@an be del ayed using switched capacitor @CTSGE1/80286d
conbined with the main path sanples before quantization. By this way, the
limtations on the sanple and hold arrpri er 25 remain, but the quantizer
sees attenuated | evels of the bl ocking signals. The quantizations |evels
in the quantizer can be set to nmaxim se the dynam c range with reduced
nunber of i{:5.and suitable gain anplifiers can be used to maxim se the
use of th(éL M c range of the quantizer. Figure 8 shows a typical

exanpl e of an inplenentation using swtched capacitor techniques. The

swi tched capacitor delay |ine when inpl %r}glt ed can be made 30.to give a
di fferent val uds of RISEAGH CRYCTEAN tE‘?tb‘i? OF FtiRHRS BANIRRY "t o turn
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r ecei ver /idevdonsiendleandar chi t ect ure has been described. Wiile only a small
nunber of enbodi ts. have been_described, it Wl be apparetn_.ta. those
ki ed”1 n°t he SPRdT A S RERb TR e (SREARL b ebiBSuR SRR R4t  one. and
vari at i onfp@aiknabodied 6RER pHabduRUtiodSE bétween fHeQBralke scope and spirit of
the invention.” WD 03/ 055086 PCT/ SGOL1/ 00256 -14- CLAIMS: 1. A receiver
downc@nversion architecture for attenuating in an input radiofrequency
(RF) signal inter!er iy Bl ubinshalalch Atnibhiehs inmaRelas froma 5
desired signal, said receiver architecture conprising: a delay el enment

havi ng a wWedreiy stidaanéedlatiemayulénin vwdesred signglstin faid anpaih signalfberng atienvated er i ng
si gnal ;

aSrl]lgh that dynamic range requirements for analog-to-digital conversion are reduced.

15 3. The receiver downconversion architecture as claimed in claim 1, further
comprising means for modifying a direct-conversion architecture to offset said desired
signal by an offset frequency at least approximate to a frequency offset of at least one

critical interfering signal.

20 4. The receiver downconversion architecture as claimed in claim 1,
wherein said delay is equal to T4= 1/(2*Af), where Af is equal to said frequency offset of

said at least one critical interfering signal relative to said desired signal.

5. The receiver downconversion architecture as claimed in claim 1,

25  wherein said delay element is implemented using transmission lines.

6. The receiver downconversion architecture as claimed in claim 1,
wherein said delay and said adder are implemented using switched capacitor and
operational amplifiers.

30

7. The receiver downconversion architecture as claimed in claim 1,
wherein said delay and said adder are integrated with a frontend of an analog-to-digital
converter (ADC).



an adder for summ ng/subtracting del ayed and i nstantaneous versions of said
i nput signal based on the phase rel ationship between the signals. 10 2. The
recei ver wowaosiser si on architecture as clained in claimZPCT/Seere@sa said
cancel lation results in undesired signals in said input signal being
attenuated such that dynam c range reéﬁrrenents for anal og-to-digital
conversion are reduced. is 3. The receiver downconversion architecture as
claimed in claim1, further conprising neans for nodifying a

frequency at 1ot aphrorrricrbfedeiin Bh{eAs ok flpel f P umdl ie?' ' =
critical tomsisies inaghssogemivert@ sdid dEbieed sgreil wedn desmmesiatekajueicyeENi t ect ur e
as claimed ip claimil,. . rein i.d delay is eqgual to Td = 1/(2*Af), where
A 1o equenals bl il ohPReto ol Ty s Sl ket e At
interfering signal relative to said desired signal. 5. The receiver

downconversion architecture as claimed in claim1, 25 wherein said delay
el ement is i npl%nent ethaisreiyertdoamsanvesiigharchitesture 8s clititeed ncbdimel,

downconv ' ' . @iH?ﬂ inclaiml, wherein said delay and
said addgﬁﬁgggnﬁkgggﬁgﬁgééidg?ﬁ%&smn chied capacitor and operational
anplifiers. 30 7. The recei ver downconversion architecture as clainmed in
claiml, wherejp saifd dela d said adder. are integrated w.t f.ront end
of an analog-tohgigitihe“%%%vgﬂW%¥o?ﬂﬁﬁﬁgaWQﬁ%%FB%ﬁ@@E“?%WF@%%Q% -15
8. The r egeludBig LMW Fesviehs) iaterediblctiRehetcs éﬁb)/Z‘dr@[B"fEﬁhitébt@ljeal m 1, further

conprising neans for converting said desired signal to an internedi ate
frequéhcy (IF) equal to an odd nmultiple of df = 1/(2* Td), where Td is

sai d delay of spjid defl?e)’xe@éig{%&vnfém%rsi&h&cﬁ@é‘cﬁjﬂ!%§ cﬁa RYEESiOn

architecture as clained in aim 1, wherein said delay elenent Ts

pr ogr anmmafiriéer comprising a mixer, where said desired signal is consequently positioned at an

upper end of a low pass spectrum.

15 12. The receiver downconversion architecture as claimed in claim 1,
comprising a Super Heterodyne architecture with an intermediate frequency (IF) equal to

an odd multiple of a frequency offset with interference.

13. A method for, in a receiver downconversion architecture, attenuating in
20  aninput radiofrequency (RF) signal interfering/blocking signals at offset frequencies
from a desired signal, said method comprising the steps of:
delaying said input signal dependent on an offset frequency of an interfering
signal; and
adding delayed and instantaneous versions of said input signal to cancel said

25 interfering/blocking signals.

14. The method as claimed in claim 13, wherein said cancellation results in
undesired signals in said input signal being attenuated such that dynamic range

30  requirements for analog-to-digital conversion are reduced.

15. The method as claimed in claim 13, further including the step of

modifying operation of a direct-conversion architecture to offset said desired signal by an



10. The receiver downconversion architecture as clainmed in claim1, further
i ncluding a Low Frequency internediate frequency (I F)/Zero I F architecture.
10 11. Thworesmsioser downconversion architecture as cl ai neacirrsGol/adzss 10,
further conprising a mxer, where said desired signal is consequently
positioned at an upper end of a Iom1pé§s spectrum 15 12. The receiver
downconversion architecture as clained in claim1, conprising a Super
Het er odyne architecture with an internedi ate frequency (IF) equal to an

o recer ver s i Bubk FERE Sp et o houleb RS SR a et Soe P npue. 7
r adi of r eqiuesfyingSfghalki gnal interfering/ bl ocking signals at offset

frequencies froma desired signal, said nethod conprising the steps of.
del ayi ng said i nput signal dependent on an offset frequency of an

interfering sigpal; ”Pl@m@%i@ii gga_@&h@aﬁ@lﬁﬂ% QbR Qaaeygeﬁlé%é&l gﬁa%ﬁg sai d

i nput signal to cancel sai i nterferingi bl ocki ng sigRals.

met hods asddiingretep isequpkbioniat3l/(AMAE), sihereshf id cqual desdidficarencesffbatofsaid
undesi r ed, SLANG] Scrl afﬁl'te‘%fe'riﬂgﬂf af[r%ﬂ%k/epeé n@d@sﬁ&ﬁ@%ﬁ&ﬁd such that dynam c
or anal 3%ﬁ o- di gl% a

range 30 requirenents conversion are reduced. 15. The
method as clainmed in claim 13, further including the step of nodifying

operation of a djrect-conversion architecture to offs sai d desired signal
by V0 03/ 055086 PSRG9 TISIE CHitad: WPPEL LAY R

appr oxi meingpléMertted AL ORI iSBBEesOf at | east one critical interfering
signal. 16. The nethod as clained in claim 13, wherein a delay generated by

said 'S delaying step is equal to Td =1/(2*COf), where X is equal to said
f ff f j ot j d j i | ati
requency offseigol ShidinefbqhCaSimaNe Bl i Aholol Ghd BkAMs shaad relative

to said desired sign 17. The nett clainmed in clar'm rein said
del ayi ng #idepe §teps are implemented using switched capacitor and operational amplifiers.

19. The method as claimed in claim 13, wherein'said delaying and said
15 adding are implemented with circuitry integrated with a frontend of an analog-to-digital
converter (ADC).

20. The method as claimed in claim 13, further including the step of
converting said desired signal to an intermediate frequency (IF) equal to an odd multiple

20 of Af=1/(2* Ty), where Ty is said delay of said delay element.

21. The method as claimed in claim 13, wherein a delay generated by said

delaying step is programmable.

25 22. The method as claimed in claim 13, wherein said receiver
downconversion architecture includes a Low Frequency intermediate frequency (IF)/Zero
IF architecture.

23. The method as claimed in claim 22, further including the step of mixing
30 so that said desired signal is consequently positioned at an upper end of a low pass

spectrum.



i npl enented using transmssion lines. 10 18. The nethod as clainmed in claim
13, wherein said delaying and said adding steps are inplenented using

swi t ched wepawosioss and operational anplifiers. 19. The neChshoas02s6 ai med
in claim13, wherein said delaying and said is adding are inplenented with
circuitry integrated with a frontend -0’ -an anal og-to-digital converter
(ADC). 20. The nmethod as clainmed in claim13, further including the step of
converting said desired signal to an internediate frequency (I F) equal to

an odd | tipl 20 of O . = 1/L(2* .Td . Td |S:sai sai d del ay
el enent Tniﬂi. Tﬁ@eﬁﬁ}f%loasﬂwgfa ﬁrgﬁm? %3’8%%?%%131??&& é‘%gi(iﬁwggdégFrasyngener at ed
by said fghtestiRetodipeiRed $S@id Hctdvdlcarciifecid: withen intididsreduwnerd in
claim 13, wherein said receiver . downcopversjon, atchitecture includes a Low
Fr equenc&m)ﬁﬂ’é%lrﬁ%alﬂaﬁ%m}tﬁﬁﬁéﬁ%ge‘@"r@?yQ&Fegwﬁhllmﬁf’?ﬁﬁnf%ctur e. 23. The method
as claimed in claim?22, further including the step of mxing 30 so that
said desired signal is consequently positioned at an upper end of a | ow
pass 5spectrum. WO 03/ 055086 PCT/ SGOL1/ 00256 -17 24. The nethod as cl ai ned
in claim13, wherein said receiver dowconversion architecture conprises a
Super Heterodyne architecture with an internediate frequency (IF) equal to
an odd nultiple of a frequency offset with interference. 5



