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The present invention relates to a direct conversion receiver comprising a
local frequency generating arrangement which is coupled to a pair of quadrature related
mixers for mixing down an xf input signal to quadrature related signals, and a.f.c.
means for providing a control signal for the local frequency generating arrangement, the
a.f.c. means, which are coupled to quadrature paths, comprising an offset frequency
detector for determining a signal as the control signal, of which an average value is
proportional to a frequency offset of the local frequency generating arrangement with
respect to the rf input signal, whereby the offset frequency detector comprises a series
arrangement of a phase shifting arrangement and a multiplication arrangement in a
quadrature path. Such direct conversion receivers can be digital paging receivers or
transceivers using an FSK (Frequency Shift Keying) modulation scheme, but also
transceivers for cordless telephony or the like.

A direct conversion receiver of this kind is known from the European Pa-
tent EP 298 484 Bl. In the known direct conversion receiver, which is an optical
receiver, an a.f.c. (autdmatic frequency control) signal for a local oscillator with
inherent correct polarity is derived from so-called I- and Q-channel receiver paths. For
this purpose, a baseband I-channel signal is fed to an offset frequency detector, together
with a quadrature related Q-channel signal. The offset fréquency detector is a.series
arrangement of a phase shifting arrangement and a multiplication arrangement, whereby
the I-channel signal is fed to an input of the multiplication arrangement, and the Q-
channel signal is fed to another input of the mulﬁplication' arrangement via the phase
shifting arrangement. An output signal of the offset frequency detector is fed to the
local oscillator via a low pass filter. In the known receiver the control signal is a

bipolar signal, which is subject to a relatively strong low frequency ripple component.
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and a subtracting arrangement for subtracting output signals of the multiplication
arrangements, whereby inputs of the multiplication arrangements are cross-coupled to
the quadrature paths, and other inputs of the multiplication arrangements, are coupled to
10 the quadrature paths via the phase shifting arrangements. In the receiver according to
‘ the present invention the control signal comprises a considerable higher ripple frequency
- component as compared with the known receiver, thus a successive low pass filter for
filtering of the control signal can have a much higher cut-off frequency, so that the
a.f.c. loop has got a quicker response. This is advantageous for a quick frequency lock
15 and also for scanning. frequency channels. For an appropriate response the filter cut-off
frequency should not become too low with respect to the ripple frequency of the control
signal, i.e. a trade-off has to be made between a fast loop response and a clean a.f.c.

signal. When using a direct conversion receiver according to the present invention e.g.

as an FSK data paging receiver for high frequencies such as in the 900 MHz band, use
of expensive temperature compensating schemes for compensating frequency drift of a
crystal oscillator in such a receiver as is necessary in conventional paging receivers, is
also avoided. |

Although the phase shifting arrangement and the multiplication arrange-
ment can be implemented by using analog circuits, in a simple embodiment the phase
shifting arrangement is a shift register and the multiplication arrangement ;;.an
exclusive-OR. In such an embodiment, the phase shifting arrangement has a phase shift
proportional to frequency, i.e. is a time delay arrangement.

An alternative embodiment of a direct conversion receiver according to
the present invention comprises a microcontroller functionally implementing the series
arrangements and the subtracting arrangement, and digital-to-analog conversion means
and/or digital output means for providing the control signal. Such an embodiment is
particularly advantageous if the direct conversion receiver comprises a microcontroller

with digital I/O-channels and/or a digital-to-analog converter for other purposes, and
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digital embodiment is particularly advantageous if microcontroller resources can be

shared, as mentioned above.
For a.f.c. range extension, the direct conversion receiver according to the

10 present invention comprises a data demodulation arrangement in parallel with the offset
“ frequency detector for providing data from the quadrature related baseband signals, a
“i | _ data filter for providing filtered data, and an out-of-range decision arrangement coupled
to the data filter via an averaging filter, whereby the decision arrangement controls a
switching arrangement for switching an output signal of the offset frequency detector as
the control signal, or the filtered data as the control signal. Such a range extension, e.g.
in an FSK receiver, is necessary if the frequency of the local oscillator drifts close to or
beyond the frequency deviation of the received r.f. FSK data signal. The out-of-range
decision arrangement, which can be a window comparison arrangement, detects such an
out-of-range condition, and the filtered data is taken as an a.f.c. control signal instead
of an output signal of the offset frequency detector. Such an out-of-range detection is

particularly effective if the number of ones and zeroes in the FSK signal is
approximately equal, on the average. The out-of-range detection can also be a software-
_ based decision arrangement implemented with a microcontroller, which checks data
~ validity or other signal parameters like signal f;equency for taking an out-of-range
decision. In case of checking signal frequencies, checking a frequency of a—p.roduct
signal of the I and Q channels, i.e. checking a double frequency, more accurate
measurement is achieved than checking the frequency of an I or ‘Q channel alone.
Checking data validity can be based on a valid CRC (Cyclic Redundancy Code), a BER
(Bit Error Rate), or the like.
" An embodiment of a direct conversion device according to the present
invention comprises bandpass filters in the respective quadrature paths, wherein for
a.f.c. out-of-range extension the bandpass filters are stopband filters stopping a band

substantially from DC, or wherein for out-of-range extension the direct conversion
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shifting arrangements have a non-linear shifting characteristic approaching a
predetermined phase shift with increasing frequency. The stopband or frequency gap is
5 chosen such that for a zero offset frequency, the received signal frequency just falls

outside the gap, whereas for an offset beyond the frequency deviation of the input rf
signal one of the FSK data "0" and "1" frequencies falls inside the gap. It is thus
achieved that the gap suppresses a signal that would otherwise pull the a.f.c. into the
wrong direction.
10 An embodiment of a direct conversion device according to the present
’ invention comprises filters in the respective quadrature paths, wherein for a.f.c. out-of-
range extension the phase shifting arrangements have a non-linear phase shifting
characteristic changing from a first predetermined phase shift to a second predetermined
phase shift with increasing baseband frequency around a predetermined baseband
frequency (which could also be Af, Af being a frequency deviation). Thus always a
correct polarity a.f.c. signal is achieved. For a frequency offset beyond twice the
frequency deviation both a correct polarity and non-reduced a.f.c. loop gain is achieved,

whereas for a lower offset some a.f.c. loop gain reduction occurs.

The present invention will now be described, by way of example, with

reference to the accompanying drawings, wherein
" Fig. 1 schematically shows a direct conversion receiver according to the

present invention,

Fig. 2 shows an embodiment of an offset frequency detector and out-of-
range detection means according to the present invention,

Fig. 3 shows a window comparison arrangement as an out-of-range
decision arrangement according to the present invention,

Fig. 4 shows effects on baseband frequencies for various frequency
offsets, |

Fig. SA and 5B show digital output signals of a prior art offset frequency

detector and an offset frequency detector according to the present invention,
respectively,
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OWS an em ebodlment of a phase shifting arrangement of the
present invention,
Fig. 10 shows a phase shifting characteristic in another embodiment of the
present invention, and
Fig. 11 shows another embodiment of a phase shifting arrangement.

Figure 1 schematically shows a direct conversion receiver 1 according to
the present invention. The direct conversion receiver 1, which can be a paging transcei-
ver, comprises an antenna 2 for receiving an rf (radio frequency) input signal rf, which
can be an rf FSK (Frequency Shift Keying) signal carrying FSK modulated digital
signals. The rf input signal rf is fed to a low noise rf amplifier 3, which is coupled to
quadrature paths 4 and 5, so-called I- and Q-channels, for mixing down the rf input
signal f to quadrature related baseband signals I and Q. The quadrature path 4-
comprises a phase sh1ft1ng device 6 causing a +45 degrees phase sh1ft of the amplified

. 1f signal. The phase shlftmg device 6 is coupled to a mixer 7 for mixing down the rf

_ signal rf to the baseband signal I, an output of the mixer 7 being filtered and limited by ‘
means of a respective filter 8 and a limiter 9. Similarly, the quadrature patH 5
comprises a phase shifting device 10 causing a -45 degrees phase -shift of the amplified
rf signal, a mixer il, a filter 12, and a limiter 13 for achieving the baseband signal Q.
The filters 8 and 12 are provided for limiting the noise bandwidth and for channel
selectivity. By AC-coupling of the filters 8 and 12 to the mixers 7 and 11, DC-offset
effects are avoided. The limiters 9 and 13 are provided for removing amplitude signal
variations. The mixers 7 and 11 are further coupled to a local frequency generating
arrangement, e.g. a crystal oscillator having a crystal 15 as a frequency determining
_element, via a frequency multiplication arrangement 16. The local frequency generating
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m
’ that baseband zero-intermediate frequency s1gnals I and Q are obtained, for a fictitious
carrier fc. Instead of two phase shifting devices, with +45 degrees and -45 degrees
C*
phase shifting, respectively, a single 90 degrees phase shifting device can be applied,
for phase shifting the oscillator signal for one of mixer signals. E.g. for FSK modulated
o »
of signals with 2 frequency deviation of +4 kHz and -4kHz around a 900 MHz carrier

; frequency fc, the carrier not physically being present in the received rf input signal f,
representing logical "0" and loglcal w1" transmitted signals, the baseband signals I and
Q are 4 kHz signals, though differing in phase, if fy =fc. In case of a frequency offset
of the oscillator frequency fi with respect to the rf input signal rf, i.e. with respect to
15 | the carrier frequency fc, the baseband signals I and Q have different frequencies.
According to the present invention, the direct conversion recexver 1 comprises a.f.c.
means coupled to the quadrature paths 4 and 5 comprising an offset frequency detector
17 for determining a signal dct as an a.f.c. control signal for the local oscillator 14, a
DC (Direct Current) component of the signal dct being proportional to the frequency.
20 offset f,-f, the offset frequency detector 17 compsing two series arrangements of a
phase shifting arrangement and a multiplication arrangement and a subtracting or adding
| arrangement to be described in detail m connection with figure 2. The signal dct
| practically is fed to the local oscﬂlator 14 via a smoothing arrangement 18, being an
| anélog or digital integrator, or an analog or digital low pass filter, i.e. an actual control

25 | signal ct is the smoothed signal dct. The signal dct can be an analog or digital signal,

depending whether or not the quadrature paths comprise limiters. Poles and zeroes of
the smoothing arrangement 18 or smoothing filter determine a.f.c. loop dynamics. From
a practical point of view, a filter cut-off frequency could be in a range between a ripple
" frequency of the digital signal dct divided by 1000 and a frequency of the digital signal
:-""30. - det divided by 20, a trade-off being made between a noisy, but fast loop, and a slower,
. but more stable loop. A fast loop response is required for fast channel scanning or for
- ... fast locking. Thus, a higher ripple frequency allows for a better overall performance.

- The present invention achieves an a.f.c. control signal with an inherent correct polarity,
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complicated temperature drift compensation schemes are necessary. E.g., a less than 2.8

ppm temperature drift or aging drift compensation in such known receivers in the 900
MHz band would be expensive or even impractical in paging receivers. The present
invention allows for using crystals without temperature compensation. The offset
frequency detector 17 can be implemented analogly or digitally. For obtaining
demodulated data, the direct conversion receiver 1 comprises a demodulator 19 to which
10  the baseband signals I and Q are fed. The demodulator 19 can be a lead-lag phase
detector for demodulating FSK data. The demodulator is coupled to a microcontroller
20 with RAM and ROM memory and digital and/or analog I/O-interfaces. Such
microcontrollers are well known in the art. For a paging transceivers, various output
signals may be provided for such as a speech signal via an amplifier 21 and a speech
15  reproducing device 22, an information message via a display unit 23, a audible tone
signal via a bleeper 24, and a visual alert signal via an LED 25. In case of a paging
transceiver, allowing for sending a return message transmission means 26 are provided
for, which are controlled by the microcontroller 20, the transmission means being
coupled to a transmitting aerjal 27.
20 - Fig. 2 shows an embodiment of the offset frequency detector 17 and out-
- of-range detection means according to the present invention, the same reference
| numerals having been used for corresponding features. In figure 2, unfiltered data dta
3 are available at an output of the demodulator 19. In the prior art, the said EP 298 484,
, the offset frequency detector 17 comprises a series arrangement of a phase shifting
arrangement 30 and a multiplication arrangement 31 in one quadrature path_, e. g. the
.- quadrature path 5 as shown in figure 1. In case of one series arrangement the baseband
signal Q is fed to the phase shifting arrangement 30 of which an' output 32 is coupled to
.-a first input 33 of the multiplication arrangement 31. The baseband signal I is fed to a
. second input 34 of the multiplication arrangement 31, of which an output 35 forms an
_ ' output signal ofd1 at an 6utpi1t 36 of the offset frequency detector 17. The baseband
':5-. signals I and Q may also be interchanged. In case of series arrangements in both
Quadrature path as according to the present invention, the offset frequency detector 17
+ further comprises a phase shifting arrangement 37 and a multiplication arrangement 38,
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being exclusive-OR digital circuits. In case of a single series arrangement, as in the
8 10 prior art frequency detector, the digital signal dct is a bipolar signal with varying
i pulsewidth, and in case of the frequency detector according to the present invention
having a series arrangement in both quadrature paths together with a subtracting
arrangement the digital signal dct is a unipolar signal of which the polarity depends of
the sign of the offset frequency f;-f.. Also, the microcontroller 20 can functionally
1S  implement the series arrangements 30, 31 and 37, 38, and subtracting arrangement 40.
By applying a well known microcontroller with digital I/O interfaces and digital-to-
analog conversion means the a.f.c. signal ct can be fed immediately to the local
oscillator 14.
For a.f.c. range-extension, the direct conversion receiver 1 comprises the
* 20 data demodulation arrangement 19 which provides the demodulated data signal dta, and
_ | further a data filter 42 for filtering the demodulated data signal dta, which can be a
E | filter as described in the European Patent Application No. 922021791.8 (PHN 14.107
EP-P), or another data filter. An output 43 of the data filter 42 is éoupled to a first
input 44 of a switching arrangement 45, the output 36 of the offset frequency detector

.17 being coupled to a second input 46 of the switching arrangement 45. The switching
.- -arrangement 45, which is controlled by an out-of-range decision arrangement 47. An
. :input 48 of the out-of-range decision arrangement 47 is coupled-to the output 43 of the
-data filter 42. On the basis of an average value Vi, of the filtered data signal fdta,
:which is obtained by feeding the filtered data signal to an RC-filter e.g. comprising &
: :#sistor 90 and a capacitor 91, the decision arrangement 47 decides whether the
‘oscillator frequency f; falls with a given frequency range around the carrier frequency
"i'fc_, or outside this given range. If the oscillator frequency f; falls within the given
Tange, the offset frequency detector 17 provides the digital signal dct, whereas
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| average. The out-of-range decision arrangement may also be a software-based
arrangement, at least partially, being comprised within the controller 20. Then the
decision can be based upon valid data, and or frequency measurement of the I signal or
Q signal, or the product of the I signal and Q signal. A valid data decision can be based
upon a valid CRC (Cyclic Redundancy Code, a BER (Bit Error Rate), or the like, or
upon a frequency below a threshold frequency. Frequency measurements can be made
10 with a frequency-to-to voltage converter inter alia. _
Fig. 3 shows a window comparison arrangement as an out-of-range
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decision arrangement 47 according to the present invention, comprising a first and a
second comparator 50 and 51, a minus input 52 of the comparator 50 being coupled to a
plus input 53 of the comparator 51, the coupled inputs 52 and 53 forming the input 48
15 of the arrangement 47. A low threshold signal V; is fed to a plus input 54 of the
comparator 50, and a high threshold signal Vy is fed to a minus input 55 of the
comparator 51. Outputs 56 and 57 of the respective comparators 50 and 51 are coupled
to an OR-gate of which an output 59 is coupled to an output 60 of the out-of-range
decision arrangement 47. Within each of the comparators 50 and 51 a positive feedback
20 can be applied for giving an hysteresis effect to the threshold signals V, and V.
For a further description of a first embodiment of the present invention, in
relation to the prior art, figures 4 to 7 show various signals as a function of frequency
. or time. |
o Fig. 4 shows effects on baseband frequencies for various frequency offsets
25  as a function of frequency. On line 4a a spectrum for FSK modulated signa_lé in a direct
conversion receiver 1 is shown, a logical "1" data signal having a spectral line at a
frequency f-Af, and a logical "0" data signal having a spectral line at a frequency
- fc+Af, fc being the nominal carrier frequency, and Af being a frequency deviation, e.g.
| 4 kHz. On line 4b a situation is displayed where the local oscillétor frequency f; is
;- [ 30 equal to the nominal carrier frequency f, giving rise to baseband I and Q signals in the
: quadrature paths 4 and 5 with the same frequency, though with a different phase. On
line 4c a corresponding spectrum is shown, showing a single spectral line for mixed
~ . down baseband signals I and Q, both for a "1" and a "0" data signal, indicated with f,




ey

ireby th
 wher ei
Airacteri
guency.
set fre
2». Wwhere
nal ‘one
3t hus a
| the a
ect con
Eters in

5

—

+O0T TUVQO O Y

10

cei ver conprises highpass filters coupl &uls SlecttHaeBaHREYIRLLT € pat hs,

e conbi ned bandpass and hi ghpass fil band filters,
n the phase shifting arrangenents h r shifting

stic approaching a predeterm ned phase's i ncreasin
PHI 14284band or frequency gaplPs chosen such that foP8&27k8P93
quency, the received signal frequency just falls outside the

m} forespectively s bothisé pdrefueney Af,dpdbe gived examplec 4okHrhEnilingdd 2 f
of the ESK data "0 .and ".I" quENGi.es £alls:ipside the gaps It
eyt o hon & et nd R GORRER i) BN W02
\[}-Ian%e nGinthal Bﬁﬁel‘\/fffbﬁﬁgﬂéyri?fbsﬂ @ amount 3f, but still witlhifi aSRESIFI R0 Of a
ersion device according to the present invention conprises
£i-haf,réf bengt 2 ¥Hzdn sk example givensIn thisesiblation othe anixed downtdats -
signals "1" and "Q" appear at f;=6 kHz and fy=2 kHz, i.e. with different frequencies.
For a negative offset frequency éf=f;-f,, the mixed down "1" and "0" data signals
appear at a lower and a higher frequency, respectively, such a situation being shown on
line 4e. Shown is an offset 5f=-5 kHz, f, being at 1 kHz, and f, being at 9 kHz. Also
shown on line 4e is a situation where the local oscillator frequency f; is out-of-range. In

an embodiment of the present invention, an out-of-range situation is detected by the out-

' of-range decision arrangement 47, the filtered data signal fdta being the digital signal

15
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det in case of out-of-range, and the offset frequency detector 17 providing the digital
signal dct if the oscillator frequency f; is in-range.

~ Fig. 5A shows the digital output signal ofd1 of a prior art offset frequency
detector 17 as disclosed in EP 298 484, having a single series arrangement, as a
function of time t. The Q-channel baseband signal Q is delayed by a time delay t,,
additional delays occurring of +/2 and -x/2 for "0" and "1" data, respectively. Le.
during a "0", the phase difference between the I-signal and the Q-signal is +#/2, and
during a "1*, the phase difference between the I-signal and the Q-signal is -/2. The
time delay t, is taken around 1/(24f), i.e. for Af=4 kHz, t,=125 us. The Q-channel

_delayed signal is multiplied by the I-channel baseband signal I. The digital signal ofdl is

a bipolar signal having a pulse width proportional to the frequency offset 5f, up to 2Af.

A correct polarity signal as the control signal ct is obtained by averaging the digital
_ signal ofd1, by means of the filter 18.

Fig. 5B shows the digital output signal ofd2 of the offset fre?;ﬁency
detector 17 according to the present invention, having two series arrangements and a
subtracting arrangement. The digital signal ofd2 can have three values, a positive value
as shown, or zero, or a negative value, depending on the frequency offset &f, i.é. a
correct polarity digital signal dct is achieved if the signal ofd2 equates the signal dct.
The signal ofd2 has got é considerable higher ripple frequency than the signal ofd1, thus
allowing for better loop dynamics.

Fig. 6 shows the average value Vi, of the filtered data signal fdta, the

- filtered data signal fdta being an output signal of the data filter 42, as a function of a
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uenc etector and put
1 y number of zeroes it ua.lf to the average number of ones, in the data signal dta, is

? - fulfilled, the better the out-of-range detection works. A situation for a paging s1gnal is
shown, with a 2 volts signal amplitude for a logical "1" data signal, and a 0 volts signal
amplitude for a logical "0" data signal. If the average signal Vg, is out-of-range, i.e.
outside the window V-V, the out-of-range decision arrangement 47, e.g. 2 window

10  comparison arrangement, switches the signal fdta as the digital signal dct, whereas for

an in-window situation, the signal ofd2 is switched as the digital signal dct. In a
practical situation, the channel distance between paging signals is e.g. 25 kHz, thus the

present invention achieves quite an out-of-range detection. In figure 7, various signal

conditions are shown. A 0% bit-error-rate or BER is indicated with a solid line, a 3%
{5  BER with a dashed line, and a 10% BER with a dotted-dashed line. The BER is taken
' with respect to a zero offset frequency &f. It can thus be seen that the out-of-range
detection according to the present invention operates over quite a nominal (zero offset
frequency) BER, though for a higher BER out-of-range is detected for a smaller
frequency deviation. For weaker signals, i.e. with a higher BER, the out-of-range
20  detection is thus less distinctive. It is to be noticed that for paging applications a 3%

BER is allowable. _
Figures 7 to 9 show a second out-of-range extension embodiment of the

. present invention.
Fig. 7 shows a frequency characteristic of the bandpass filters 8 and 12 in

& an embbdiment of the present invention whereby the bandpass filters 8 and 12

o implement a frequency gap nt, for a frequency offset lofl> Af, Af being a frequency

deviation in an FSK rf input signal with respect to the carrier frequency f.. The gap nt

in the frequency characteristic, around the osci]latbr frequency f;, is chosen such that

- for 3f=0, data "1" and "0" signals just falls outside the gap nt, whereas for the shown

. frequency offset 5f> Af the “1" data signal falls within the gap nt. The bandpasé filters

- 8and 12 can also be filters as usually applied in direct conversion receivers, i.e. with a

frequency gap just above DC, the frequency gap according to the present invention then
~ being realized by connecting highpass filters 8A and 12A between the limiters 9 and 13



:e det ecti on neans ’Eimcﬂheatl heedpresent i nventi on, Fi g.
JPows a wi ndow corrparl t as an out - of-range deci si on
angenent according t nvent i on, : Fig. 4 shows

ef f@cts on baseband f requenC| es or var i ous frequency: Lof f set S,
Fi @@ 5A anBEDBI4A8Y di gi tal output si gna of a prior art offset 0% p@dﬁgﬁcy
pctor and an of fset frequency detector according to the present
i_ngention, m@_gp@ffspt/&pguency detector 17. In the latter case, the frequency gap nt 1s obtained
o by the combined filtering action of the filters 8 and 8A and the filters'12 and 124, - -
respectively. If I61> Af, the filters 8 and 12, or the combined filters 8 and 8A, and 12
and 12A, suppress a signal which would otherwise pull the a.f.c. into the wrong directi~

on, as in the case of a conventional filter in combination with time delay arrangements

ra

ar

’ as the phase shifting arrangements 30 and 37. The effect is that for l&fi> Af+e¢ the
average output signal V,, of the offset frequency detector 17 is strongly reduced, €
being the range extension, e.g. e=0.5Af. For Af+e<|6fl <2Af, V,, is approximately
zero if the number of "1"s is approximately equal to the number of "0"s, on the

10  average, whereas V,, is unequal to zero if the number of "1"s is not equal to the

number of "0"s, on the average. For l&fl> 2Af, a correct polarity a.f.c. signal is
obtained, V,, being an average output signal (not shown) of the offset frequency
detector 17.
Fig. 8 shows a non-linear phase shifting characteristic for the phase
15 shifting arrangements 30 and 37 in the embodiment of the present invention having the
stopband filters as described. Below f=Af the phase shift increases from (f to 180°, at
f=Af the phase shifting arrangement 30 and 37 have an 180° phase shift, and for higher
frequencies the phase shifting approaches a 270° phase shift. For four RC-filter sections
(not shown), the phase shifting approaches a 360° phase shift. In the embodiment given,
20  preferably the limiters 9 and 13 are replaced by a single limiter for limiting the offset
frequency detector output signal ofd2.
' Fig. 9 shows an embodiment of the phase shifting arrangements 30 and 37
_ of the present invention, implementing the phase shifting characteristic as shown in
_ figure 9. The arrangements 30 and 37 comprise a cascade of three RC-shifting sections
L 25 - with respective resistors 70, 71, and 72, respective capacitors 73, 74, and 75, and
respective opamps 76, 77, and 78. A time constant of the filter sections is V3/(2wAf),
for three filter sections. The arrangements 30 and 37 may also comprise four RC-
shifting sections (not sﬁown).
Figures 10 and 11 show a third out-of-range extension embodiment of the
present invention. |
Fig. 10 shows a phase shifting characteristic in another embodiment of the
present invention, a wide stopband filter around the the oscillator frequency f; not being
| necessary. Ideally the characteristic exhibits a 180° phase shift for f <Af, and a phase




ction of a frequency devi ation of a | ocal
rier frequency of an FSK signal,

Fig. 6 shows an average of aTthheetrmdB Eg&gnal as a

c
frgquency characteristic of a filter in an errbo |rren resent

i nfenti on, PHN 14.284 Fig. 8 shows a l3nhase shifting char acter085®2 99
an enbodlnent ‘of the present invention, Fig. 9 shows an

od| ment _shift ef W[Hsfer highet fm@mma,n@ﬁmembr&)gradhd phase change will do also as
indicated with a broken line. It holds for 5f #0, that either lfJ orlf < Af, the

other one then greater than Af. Assuming |f0|< Af and !f1[> Af, during data "0", the
phase shift is 180° with V,,=0, and during data "1", the phase shift is 270° with V,,
§  having the correct polarity. Though an a.f.c. géin reduction occurs due to the fact that

during data "0" there is no contribution to V,,, the advantage is that even for
Af <|6ﬂ< 2Af, f, will not contribute to V,,, thus ensuring that V,, always has the
correct pdlarity. For |6ﬂ> 2Af, both f; and £, can contribute to V,, with the correct
polarity, and without a.f.c. loop gain reduction, for large enough upper cut-off frequen-

10 cies fy of the filters. |

’ - Fig. 11 shows another embodiment of the phase shifting arrangements 30
and 37, implementing the phase shifting characteristic as shown in figure 10. The
arrangements 30 and 37 comprise an inverting amplifier 80, a resistor 81, and a
capacitor 82. It has been shown that for various data duty cycles (the number of data

15 "1"s with respect to the number of data "0"s, on the average) and for various 3 dB
frequencies of the phase shifting arrangements 30 and 37, e.g. at 0.54, 0.67Af, Af, or
2Af, that a better performance is achieved for an unequal number of "1"s and "0"s, on
the average, for larger 3 dB frequencies, the latter giving rise to a smaller 4f for a.f.c.

in-lock.

respect to a
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Figurg 1 schematically shows a direct conversion receiver 1 according to

t he prgesent

i NRENt 149284 The direct conversi onl4eceiver 1, which can bg8-82-1993

pagi n@ transcei - ver, conprises an antenna 2 for receiving an rf (radio

frequdncy) .

10

I NPOLASMSnal—Tf,—which can be an rf FSK (Fr equency Shift Keying)

si.gnalf ¢arrying FSK- rmdu-h@;g},qetﬁhmge@kepﬁb@nafs The-rf input ‘signal #f is ..
fed t§ a low noise rf a

' mp
and 5,f so-called - and QH“IImImH

I's coupled to quadrature paths 4°
m xi ng down the rf input

1. A direct conversion receiver (1) comprising a local frequency generating
arrangement (14, 15, 16) which is coupled to a pair of quadrature related mixers (7, 11)
for mixing down an rf input signal (rf) to quadrature related signals (I, Q), and a.f.c.
means for providing a control signal (ct) for the local frequency generating arrangement
(14), the a.f.c. means, which are coupled to quadrature paths (4, 5), comprising an
offset frequency detector (17) for determining a signal (dct) as the control signal (ct), of
which an average value is proportional to a frequency offset (6f) of the local frequency
generating arrangement (14, 15, 16) with respect to the rf input signal (rf), whereby the
offset frequency detector (17) comprises a series arrangement of a phase shifting
arrangement (30) and a multiplication arrangement (31) in a Quadratme path (4),
characterised in that the frequency detector (17) comprises another series arrangement
of a phase shifting arrangement (37) and a multiplication arrangement (38) in another
quadrature path (5), and a subtracting arrangement (40) for subtracting output signals of
the multiplication arrangements (31, 38), whereby inputs of the multiplication
arrangements (31, 38) are cross-coupled to the quadrature paths (4, 5), and other inputs
of the multiplication arrangements (31, 38) are coupled to the quadrature paths via the
phase shifting arrangements (30, 37). |

.2 A direct conversion receiver (1) as claimed in claim i, wherein the phase
_ shifting arrangement (30; 37) is a shift register and the multiplication arrangement (31;

38) is an exclusive-OR.
3. A direct conversion receiver (1) as claimed in claim 1 or 2, comprising a
microcontroller functionally implementing the series arrangements (30, 31; 37, 38) and

the subtracting arrangement (40), and digital-to-analog conversion means and/or digital

- output means for providing the control signal (ct; dct).

4, A direct conversion receiver (1) as claimed in claims 1, 2 or 3, wherein
the control signal (dct) is fed to the local frequency generating arrangement via an
analog or digital integratdr or via an analog or digital low pass filter (18).

5. A direct conversion receiver (1) as claimed in any one of claims 1 to 4,

L

/
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control signal (dct), or the filtered data (fdta) as the control signal (dct).

6. A direct conversion receiver (1) as claimed in claim 5, wherein the
decision arrangement (47) is a window comparison arrangement (50, 51, 58), oris a
software-based decision arrangement checking data validity, and/or measuring a

' frequency of a quadrature path signal (I, Q), and/or measuring a frequency of a product

of quadrature paths signals (I, Q).

7. - A direct conversion receiver as claimed in any one of claims 1 to 4,
comprising bandpass filters (8, 12) in the respective quadrature paths, wherein for a.f.c.
out-of-range extension the bandpass filters (8, 12) are stopband filters stopping a band
substantially from DC, or wherein for out-of-range extension the direct conversion
receiver comprises highpass filters (8A, 12A) coupled to the quadrature paths (4, 5),

'whereby the combined bandpass (8, 12) and highpass filters (8A, 12A) form stopband

20

filters, and wherein the phase shifting arrangements (30, 37) have a non-linear shifting
characteristic approaching a predetermined phase shift with increasing frequency.

8. ~ A direct conversion receiver as claimed in any one of claims 1 to 4,
comprising filters in the respective quadrature paths, wherein for a.f.c. out-of-range
extension the phase shifting arrangements (30, 37) have a non-linear phase shifting

_ characteristic changing from a first predetermined phase shift to a second predetermined

phase shift with increasing frequency around a frequency deviation of the rf input signal

(e.
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PLL (Phase Locked Loop). In a direct conversion receiver the m xing
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| In known direct conversion receivers, e.g. for paging, for getting a
correct polarity a.f.c. signal, the a.f.c. signal is derived from a series arrangement of a
phase shifting arrangement and a multiplication arrangement, coupled to quadrature
related signals (I, Q). At an output of the series arrangement a bipolar control signal is
achieved baving a relatively low frequency ripple component giving rise to a relatively
slow a.f.c. loop response. The direct conversion receiver (1) according to the present
invention comprises a.f.c. means with an offset frequency detector (17) for determining
a signal (dct) as the a.f.c. signal (ct), of which an average value is proportional to a
frequency offset (5f) of a local oscillator with respect to an rf input signal, the
10  frequency detector (17) having such series arrangement in both I- and Q-paths (4, 5),

allowing for a fast a.f.c. loop response, therewith improving the a.f.c performance. Due

to the unipolar control signal, a series of positive or negative pulses, depending on the

sign of the freqhency ofset, less demand is imposed upon signal averaging, i.e. upon the
5 loop filter. Furthermore, the receiver (1) comprises out-of-range detection means (19,
B8 15 42,45, 47) for detecting whether a local oscillator frequency (£;) is outside a
= | predetermined range with respect to a carrier frequency (fo).

_ Fig. 1
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i ng the need for nultiplication with denodul ated data, such as in

k prior art receivers, e.g. as disclosed in GB 2 180 419. Furthernore,
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ited data, the direct conversion receiver 1 conprises
; ch the baseband signals | and Q are fed. The denodul ato
B | ag phase detector for denmpdul ati ng FSK data. The denodul ator -
f-d to a nmicrocontroller 20 with RAM and ROM nenory and di git al and/ _
@0 | /O interfaces. Such nicroconaigilers are well known in the art. For
ng transceivers, various output4&BS4gnals may be provided for such as a
h signal_via an- anpllfler 21 and a speech reproducing device 22, an
mati on negsage via a dlsplay ‘unit 23, ‘a audible tone si-gnal via a:-*
per 24, Yk a visual alert signal_via an LED 25. In case of a paging
scei ver$/*™fl owi ng for sendiTg a return nessage transm ssion neans 26
prOV|degB°nr, whi ch arg”controlled by the m crocontroller 20, the
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_ R _ qLoqasts...
~the offset frequency detector 17 conprises a series arrangenent Lgtosgsphase
"~ shifting arrangement 30} apm SHEET HARI BEENtj on arrangenent 31 in one
quadrature path, e.g. the qu AlAgEs pathl 5 as shown in figure 1. In case
of one series arrangenem rgnal Qis fed to the phase
shifting arrangenment 30 of which an out put HSZ I's coupled to a first input

33 of the nultiplication arrangement 31. The basqbangge} —t-—a

second i nput_34 of the.nu t{',pl i cation arrangement %‘?&Eﬁ;ﬂ War :_F%ut %53‘!
forms an outBRAHPSSFISHEIUGY Mt Vat an output 36 of t ewbgfa?e .eg%c"? paged ...
detector 17..,The.hasphasen ek | and Q may al Jog I,,a_%rch Hged; - Pnreades.
of series arrangenents in both quadrature path a Mf -é)t e-,;-p%'em{i .....
i nvention, the offset frequency detector 17 furtferF - gﬁ*&r t sesPagednbste pazed ..

shifting arrangenment 37 and a nultiplication arréangenent 38, _
' : ATE OF RECEIPT..#8/1{%

-------------------

The present invention relates to a direct conversion receiver comprising a
local frequency generating arrangement which is coupled to a pair of quadrature related
mixers for mixing down an If input signal to quadrature réiated signals, and a.f.c.
means, for providing a control signal for the local frequency generating arrangement, the
a.f.c. means, which are coupled to quadrature paths, comprising an offset ffequency
detector for deterrnim'ng a signal as the control signal, of which an average value is
proportional to a frequency offset of the local frequency generating arrangement with
respect to the rf input signal, whereby the offset frequency detector comprises a series
arrangement of a phase shifting arrangement and a multiplication arrangement in a

. quadrature path. Such direct conversion receivers can be digital paging receivers or
transceivers using an FSK (Frequency Shift Keying) modulation scheme, but also
transceivers for cordless telephony or the like.

A direct conversion receiveg o} this kind is known from the European Pa-
tent EP 298 484 Bl. In the known direct conversion receiver, which is an optical
receiver, an a.f.c. (automatic frequency control) signal for a local oscillator with
inherent correct polarity is derived from so-called I- and Q-channel receiver paths. For
this purpose, a baseband I-channel signal is fed to an offset frequency detector, together
with a quadrature related Q-channel signal. The offset frequency detector is a series
arrangement of a phase shifting arrangement and a multiplication arrangement, whereby
the I-channel signal is fed to an input of the multiplication arrangement, and the Q-

~ channel signal is fed to another input of the multiplication arrangement via the phase
shifting arrangement. An output signal of the offset frequency detector is fed to the
local oscillator via a low pass filter. In the known receiver the control signal is a

bipolar signal, which is subject to a relatively Strong low frequency ripple component.
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bei ng coupled to the baseband si gnals | and Q as dedcr}i bed, i.e. thg
arrangenents .are cross-coupled to the baseband signdl § | 18REQPMe [ogt put
35 of the nultipication arrangenent 34 and an out putf 39 of the

subtracting output signals of the nultipligation arrjangenents 31
out put 41 of the subtracting arrangement 17 fornms an output si gnal ofd2 at

th tput 36 of th ffset f d t 17. The, of f set
detector 17 can be "} 1S B ALY O B BeeP: SYeation £ BT ARG APPSR BNt o
30 and 37 beingy Wﬁg ah r?rbvxc irfdriifafice, 3 i F@%sﬁ&'léésﬂehﬁﬁé hPBn signal

arrangerrents 31 and usi ve- OR di g Circuits. In case of a
single seri asemgm,gngéhetﬂw pass loop filter.pri or art frequency detector, the

digital signal dct i STa e(rjxldaardu§ I 9gf:j}rlxve:\)’:\gltorrl1 rgcar%r agcordmg to the present invention

is characterised in that the frequency detector comprises another series arrangement of a
phase shifting arrangement and a multiplication arrangement in another quadrature path,
and a subtracting arrangement for subtracting output signals of the multiplication
arrangements, whereby inputs of the multiplication arrangements are cross-coupled to
the quadrature paths, and other inputs of the multiplication arrangements, are coupled to
the quadrature paths via the phase shifting arrangements. In the receiver according to
the present invention the control signal comprises a considerable higher ripple frequency
component as compared with the known receiver, thus a successive low pass filter for
filtering of the control signal can have a much higher cut-off frequency, so that the
a.f.c. loop has got a quicker response. This is advantageous for a quick frequency lock
and also for scanning frequency channels. For an appropriate response the filter cut-off
frequency should not become too low with respect to the ripple frequency of the control
signal, i.e. a trade-off has to be made between a fast loop response and a clean a.f.c.
signal. When using a direct conversion receiver according to the present invention e.g.
as an FSK data paging receiver for high frequencies such as in the 900 Mz band, use
of expensive temperature compensating schemes for compensating frequency drift of a
crystal oscillator in such a receiver as is necessary in conventional paging receivers, is
also avoided. _
Almough the phase shifting arrangement and the multiplication arrange-
ment can be implemented by using analog circuits, in a simple embodiment the phase
shifting arrangement is a shift register and the multiplication arrangement ;;.a.n
exclusive-OR. In such an embodiment, the phase shifting arrangement has a phase shift
proportional to frequency, ie. isa time delay arrangement.

An alternative embodiment of a direct conversion receiver according to
the present invention comprises a microcontroller functionally implementing the series
arrangements and the subtracting arrangement, and digital-to~analog conversion means
and/or digital output means for providing the control signal. Such an embodiment is
particularly advantageous if the direct conversion receiver comprises a rxucrocontroller

with digital I/O-channels and/or a digital-to-analog converter for other purposes, and



pul sewi dth, and in case of the frequency detector accpr irtt;ﬁDECtﬂ%pr ent
inavention having a series arrangenent in both quadrathprp paths t r
with a subtracting arrangenent the digital signal dct]is a unipolar sighal
of which the polarity depends of the sign of the of fs¢l frequenecsy
flerr]-f[err]. Also, the microcontroller 2@ can functionally inplenment the
series arrangenents 30, 31 and 37, 38, and subtracting arrangenent 40. By

applying a LSS Hag WireRugd Bat [ e d
digital -to- \Ag'lncgl 0og con%s@?ﬁ%%ﬁ%ﬂe a. ?ﬂécg{es@lasr?gf legﬁﬁccg{lt%% f%%ﬂ
i medi at el y tesourkes tanchd muitipldxed) ten14. For a.f.c.

range- extension, the diregt. conversion r c%i ver 1 conprises t-he data
denodul ati on arrangemefit? @é‘hawfeﬁ“ﬁ%% & diTRet COBKYSON JEesdvVed ACSPTENgNRI theit a,

and further eg}eEEﬁTt gnventibe! mé%oﬁﬁdbl esgg'dai & fed %o the 1denBilafirada Qﬁfaﬁalég Q:?inq\igﬁ a,

which can be a filter as descri I'in the European Patent Applicalion
922021791. 8 ifrgratozion Vi aEranRlog asrdigital tlowrpads filterf, i Thusy the Anf.o.ulbpp dyd@nict came

5%, he oot ety M, i 4 e Bl o S R e,

second i nputd;igital mbodBméntié pirtielaAy 2avafsRBhs Fomicl@n&¥ildrCididiBces can be
shared, as mentioned above. -

For a.f.c. range extension, the direct conversion receiver according to the

present invention comprises a data demodulation arrangement in parallel with the offset
frequency detector for providing data from the quadrature related baseband signals, a
data filter for providing filtered data, and an out-of-range decision arrangement coupled
to the data filter via an averaging filter, whereby the decision arrangement controls a
switching arrangement for switching an output signal of the offset frequency detector as
the control signal, or the filtered data as the control signal. Such a range extension, e.g.
in an FSK receiver, is necessary if the frequency of the local oscillator drifts close to or
beyond the frequency deviation of the received r.f. FSK data signal. The out-of-range

decision arrangement, which can be a window comparison arrangement, detects such an
out-of-range condition, and the filtered data is taken as an a.f.c. control signal instead

- of an output signal of the offset frequency detector. Such an out-of-range detection is
particularly effective if the number of ones and zeroes in the FSK signal is
approximately equal, on the average. The out-of-range detection can also be a software-
based decision arrangement implemented with a microcontroller, which checks data
validity or other signal parameters like signal frequency for taking an out-of-range
decision. In case of checking signal frequ,encieé, checking a frecihency of a— ﬁroduct
signal of the I and Q channels, i.e. checking a double frequency, more accurate
measurement is achieved than checking the frequency of an I or ‘Q channel alone.
Checking data validity can be based on a valid CRC (Cyclic Redundancy Code), a BER
(Bit Error Rate), or the like.

* An embodiment of a direct conversion device according to the present
invention comprises bandpass filters in the respective quadrature paths, wherein for
a.f.c. out-of-range extension the bandpass_ filters are stopband filters stopping a bénd
substantially from DC, or wherein for out-of-range extension the direct conversion
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provides the digital signal dct, whereas

shifting arrangements have a 'non-linear shifting characteristic approaching a
predetermined phase shift with increasing frequency. The stopband or frequency gap is
chosen such that for a zero offset frequency, the received signal frequency just falls
outside the gap, whereas for an offset beyond the frequency deviation of the input rf
signal one of the FSK data “0" and "1" frequencies falls inside the gap. It is thus
achieved that the gap suppresses a signal that would otherwise pull the a.f.c. into the
wrong direction. |

An embodiment of a direct conversion device according to the present
invention comprises filters in the respective quadrature paths, wherein for a.f.c. out-of-
range extension the phase shifting arrangements have a non-linear phase shifting
characteristic changing from a first predetermined phase shift to a second predetermined
phase shift with increasing baseband frequency around a predetermined baseband
frequency (which could also be Af, Af being a frequency deviation). Thus always a
correct polarity a.f.c. signal is achieved. For a frequency offset beyond twice the
frequency deviation both a correct polarity and non-reduced a.f.c. loop gain is achieved',

whereas for a lower offset some a.f.c. loop gain reduction occurs.

The present invention will now be described, by way of example, with
reference to the accompanying drawings, wherein
" Fig. 1 schematically shows a direct conversion receiver according to the
present mvenuon _
Fig. 2 shows an embodiment of an offset frequency,detector_;nd out-of-
range detection means accordiﬁg to the present invention, '
Fig. 3 shows a window comparison arrangement as an out-of-range
decision arrangement according to the present invention,
Fig. 4 shows effects on baseband frequencies for various frequency

offsets, _
Fig. 5A and 5B show digital output signals of a prior art offset frequency

detector and an offset frequency detector accordmg to the present invention,

respectively,



9 otherwise the filtered data signal fdta is used -AQ@MQ% i t‘él gnal
dct. The a.f.c. range- extension gives a better rgsult, the nore fh
‘condition is fulfilled that the nunber of ones in t e qeg:gquggglcn | rf
is equal to the nunber of zeroes in the signal rf, t he average. The
out - of -range deci si on arrangenent may al sQ be a softvwe pased
arrangenment, at | east partially bei ng co(l'g}pri sed vmrthl n the controlldr 20.

Then the decision ¢ ased upon valiq data, and r frequenc
measurenent of the qugg Emﬁ"ra“é') 3% H@*”p?‘& ﬁ,%[; %fglgnal
and Q si QHW&% a&@:t@féif&hﬁb a‘f%ﬂﬁr&?ﬁ& au&‘i‘fiexa fridlenely GRGn ESxC! i C

Redundancy ER (Bit Error at e) I ke, or upon a frequency
bel ow a t hrggdatl d frequency. Frequency nmeasurenents can be made with a

frequency-to-to voltage nvert inter -alia. a
wi ndow conpari son ar ?:g%g‘g SRS\’F"GMtChWC‘FEﬁ%"ﬁ%&l@F%%F@ﬁﬁ@@ﬁfﬁ)%
accordi ng tﬁe&eﬂﬁﬁﬂéﬁ&ﬁﬂt invention, conprising a first and a .

Fig. 8 shows a phase shifting characteristic in an embodiment of the

present invention,
Fig. 9 shows an embodiment of a phase shifting arrangement of the
present invention, '
~ Fig. 10 shows a phase shifting characteristic in another embodiment of the
present invention, and
Fig. 11 shows another embodiment of a phase shifting arrangement.

Figure 1 schematically shows a direct conversion receiver 1 according to
the present invention. The direct conversion receiver 1, which can be a paging transcei-
ver, comprises an antenna 2 for receiving an rf (radio frequency) input signal f, which
can be an rf FSK (Frequency Shift Keying) signal carrying FSK modulated digital
signals. The rf input signal rf is fed to a low noise rf amplifier 3, which is coupled to
quadrature paths 4 and 5, so-called I- and Q-channels, for mixing down the rf input
signal rf to quadrature related baseband signals I and Q. The quadrature path 4
compnses a phase shifting device 6 causing a +45 degrees phase sh1ft of the amplified
if signal. The phase shxftmg device 6 is coupled to a mixer 7 for mixing down the rf
signal rf to the baseband signal I, an output of the mixer 7 being filtered and limited by.

means of a respective filter 8 and a limiter §. Similarly, the quadrature patF 5
comprises a phase shifting device 10 causing a -45 degrees phase shift of the amplified
rf signal, a mixer il, a filter 12, and a limiter 13 for achieving the baseband signal Q.
The filters 8 and 12 are provided for limiting the noise bandwidth and for channel
selectivity. By AC-coupling of the filters 8 and 12 to the mixers 7 and 11, DC-offset
effects are avoided. The limiters 9 and 13 are provided for removing amplitude signal
variations. The mixers 7 and 11 are further coupled to a local frequency generating
arrangement, e.g. a crystal oscillator having a crystal 15 as a frequency determining
element, via a frequency multiplication arrangement 16. The local frequency generating
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havi ng a spthet bageband,ze m‘&"’f‘?‘éﬁtﬁme’?‘[ye?ﬁﬁf i?‘g‘f& a"&rﬂji’ta&“?‘iagf’ q{]m@”“%at a
signal having a gpeplkd of P pRise InfflifFIUONRE, with +45 degrees and -45 degrees

phase shifting, respectively, a single 90 degrees phase shifti.ng device can be applied,

for phase shifting the oscillator signal for one of mixer signals. E.g. for FSK modulated
rf signals with a frequency deviation of +4 kHz and -4kHz around a 900 MHz carzier
frequency f, the carrier not physically being present in the received rf input signal rf,
represenﬁhg logical "0" and logical "1" trﬁnsmitted signals, the baseband signals I and
Q are 4 kHz signals, though differing in phase, if f; =f. In case of a frequency offset
of the oscillator frequency f; with respect to the rf input signal rf, i.e. with respect to
the carrier frequency fe, the baseband signals I and Q have different frequencies.
Acéording to the prese‘ni invention, the direct conversion receiver 1 coniprises a.f.c.
means coupled to the quadrature paths 4 and 5 comprising an offset frequency detector
17 for determining a signal dct as an a.f.c. control signal for the local oscillator 14, a
DC (Direct Current) component of the signal dct being proportional to the frequency
offset f,-f., the offset frequency detector 17 compsing two series arrangements of a
phase shifting arrangement and a multiplication arrangement and a subtracting or adding
arrangement, to be described in detail in connection with figure 2. The signal dct
practically is fed to the local oscillator 14 via a smoothing arrangement 18, being an
analog or digital integrator, or an analog or digital low pass filter, i.e. an actual control
signal ct is the smoothed signal dct. The signal dct can be an analog or digital signal, |
depending whether or not the quadrature paths comprise limiters. Poles and zeroes of
the smoothing arrangement 18 or smoothing filter determine a.f.c. loop dynamics. From
a practical point of view, a filter cut-off frequency could be in a range between a ripple
. frequency of the digital signal dct divided by 1000 and a frequency of the digital signal
det divided by 20, a trade-off being made between a noisy, but fast loop, and a slower,
but more stable loop. A fast loop response is required for fast channel scanning or for
fast locking.'Thus, a higher ripple frequency allows for a better overall performa;'xce. |

The present invention achieves an a.f.c. control signal with an inherent correct polarity,
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flerr]+[err]f, flerr] being the noninal carrier freqye cy, and Af beilng a
frequency deviation, e.g. 4 kHz. On line 4b a situatijon ﬁa%ﬁ@l-‘%/@d §ere

t*he | ocal oscillator frequency fL is equal to the norinal carrier frequency
flerr], giving rise to baseband I and Q signals in tHhe ‘quadratore-pathg 4
and 5 with the sanme frequency, though with 3 different phase. On line 4c a
correspondi ng spectrum is shown, showi ng a $Single spectral Tine feor m xed
L e viaiag the hedd for rulBRihubRwith ddmodfifled dadl silf'® i} MK prior art
10 receivers, e.g. as disclosed in GB 2 180 419. Furthermore, as compared with knowr

receivers using crystal oscillators without applying an a.f.c. control signal thereto, no
complicated temperature drift compensation schemes are necessary. E.g., a less than 2.8
ppm temperature drift or aging drift compensation in such known receivers in the 900
MHz band would be expensive or even impractical in paging receivers. The present
invention allows for using crystals without temperature compensation. The offset
frequency detector 17 can be implemented analogly or digitally. For obtaining
demodulated data, the direct conversion receiver 1 comprises a demodulator 19 to which
the baseband signals I and Q are fed. The demodulator 19 can be 2 lead-lag phase
detector for demodulating FSK data. The demodulator is coupled to a microcontroller
20 with RAM and ROM memory and digital and/or analog I/O-interfaces. Such
microcontrollers are well known in the art. For a paging transceivers, various output
signals may be provided for such as a speech signal via an amplifier 21 and a speech
reproducing device 22, an -information message via a display unit 23, a audible tone
signal via a bleeper 24, and a visual alert signal via an LED 25. In case of a paging
transceiver, allowing for sending a return message transmission means 26 are provided
for, which are controlled by the microcontroller 20, the transmission means being
coupled to a transmitting aerial 27. |

Fig. 2 shows an embodiment of the offset frequency detector 17 and out-

of-range detection means according to the present invention, the same reference

numerals havmg been used for corresponding features. In figure 2, unfiltered data dta
are available at an output of the demodulator 19. In the prior art, the said EP 298 484
the offset frequency detector 17 comprises a series arrangement of a phase shifting
arrangement 30 and a multiplication arrangement 31 in one quadrature patrT, e.g. the
quadrature path 5 as shown in figure 1. In case of one series arrangement the baseband
signal Q is fed to the phase shifting arréngement 30 of which an’ output 32 is coupled to
-a first input 33 of the multiplication arrangement 31. The baseband signal I is fed to a
second input 34 of the multiplication arrangement 31, of which an output 35 forms an
output signal ofdl at an 6utput 36 of the offset frequency detector 17. The baseband
signals I and Q may also be interchanged. In case of series arrangements in both
quadrature path as according to the present invention, the offset frequency detector 17
Ma comprises a phase shifting arrangement 37 and a multiplication arrangement 38,
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and f[err] respectively, both at a frequency [err]f, |n|]the given ex | e
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and 37 being clocked shift registers, and the multiplication anangernents 31 and 38

being exclusive-OR digital circuits. In case of a single series arrangement, as in the
prior art frequency detector, the digital signal dct is a bipolar signal with varying
pulsewidth, and in case of the frequency detector according to the present invention
having a series arrangement in both quadrature paths together with a subtracting
arrangement the digital signal dct is a unipolar signal of which the polarity depends of
the sign of the offset frequency f;-f.. Also, the microcontroller 20 can functionally
implement the series arrangements 30, 31 and 37, 38, and subtracting arrangement 40.
By applying 2 well known microcontroller with digital IO interfaces and digital-to-
analog conversion means the a.f.c. signal ct can be fed immediately to the local
oscillator 14.

For a.f.c. range-extension, the direct conversion receiver 1 comprises the
data demodulation arrangement 19 which provides the demodulated data signal dta, and
further a data filter 42 for filtering the demodulated data signal dta, which can be a
filter as described in the European Patent Application No. 922021791.8 (PHN 14.107
EP-P), or another data filter. An output 43 of the data filter 42 is coupled to a first

~ input 44 of a switching arrangement 45, the output 36 of the offset frequency detector
:17 being coupled to a second input 46 of the switching arrangement 435. The switching
arxéngcment 45, which is controlled by an out-of-range decision arrangement 47. An
:input 48 of the out-of-range decision arrangement 47 is coupled-to the output 43 of the
data filter 42. On the basis of an average value Vi, of the filtered data signal fdta,
which is obtained by feeding the filtered data signal to an RC-filter e.g. comprising a
resistor 90 and a capacitor 91, the decision arrangement 47 decides whether the
oscillator frequency f; falls with a given frequency range around the carrier frequenéy
fe, or outside tlus given range. If the oscillator frequency f; falls within the give'ri '
range, the of.fset frequency detector 17 provides the digital signal dct, whereas
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upon a valid CRC (Cyclic Redundancy Code, a BER (Bit Error Rate), or the like, or
upon 2 frequency below a threshold frequency. Frequency measurements can be made
with a frequency-to-to voltage converter inter alia.

Fig. 3 shows a window comparison arrangement as an out-of-range

-

decision arrangement 47 according to the present invention, comprising a first and a
second comparator 50 and 51, a minus input 52 of the comparator 50 being coupled to a
plus input 53 of the comparator 51, the coupled inputs 52 and 53 forming the input 48
of the arrangement 47. A low threshold signal V, is fed to a plus input 54 of the
comparator 50, and a high threshold signal V; is fed to a minus input 55 of the
comparator 51. Outputs 56 and 57 of the respective comparators 50 and 51 are coupled
to an OR-gate of which an output 59 is coupled to an output 60 of the out-of-range
decision arrangement 47. Within each of the comparators 50 and 51 a positive feedback
can be applied for giving an hysteresis effect to the threshold signals V; and V.

For a further description of a first embodiment of the present invention, in
relation to the prior art, figures 4 to 7 show various signals as a function of frequency
or time.

Fig. 4 shows effects on baseband frequencies for various frequency offsets
as a function of frequency. On line 4a a spectrum for FSK modulated signa_I§ in a direct
conversion receiver 1 is shown, a logical *1* data signal having a spectral lineata
frequency fo-Af, and a logical "0" data signal having a spectral line at a frequency
fc+Af, fc being the nominal carrier frequency, and Af being a frequency deviation, e.g.
4 kHz. On line 4b a situation is displayed where the local oscillator frequency f; is
equal to the nominal carrier frequency f., giving rise to baseband I and Q signals in the
quadrature paths 4 and 5 with the same frequency, though with a different phase. On’
line 4c a corresponding spectrum is shown, showing a single spectral line for mixed
down baseband signals I and Q, both for a "1" and a "0" data signal, indicated with fi



The signal ofd2 has got a considerabl e higher ripple f NIL§HEEI<5
signal ofdl, thus allowng for better |oop dynam cs.
'shows the average value V[err] of the filtered data {i gnaf 8f[;E@11996he
filtered data signal fdta being an output signal of tfhg data filter #2
a function of a frequency devi ajg on of a | cal osSCifTratorwth
respect to a carrier frequency of an FSK

and f respecuvely, bothi at a frequency Af, in the given example at 4 kHz. On line 4d a

frequency offset situation is displayed, the local oscillator frequency f;-being higher
than the nominal carrier frequency fc by an amount f, but still within a range fo-Af to

- f.+Af, of being 2 kHz in the example given. In this situation, the mixed down data
signals "1" and "0" appear at f;=6 kHz and f,=2 kHz, i.e. with different frequencies.
For a negative offset frequency éf=f;-f¢, the mixed down "1" and "0" data signals
appear at a lower and a higher frequency, respectively, such a situation being shown on
line 4e. Shown is an offset 8f=-5 kHz, f, being at 1 kHz, and f, being at 9 kHz. Also
shown on line 4e is a situation where the local oscillator frequency f; is out-of-range. In
an embodiment of the present invention, an out-of-range situation is detected by the out-
of-range decision arrangement 47, the filtered data signal fdta being the digital signal
dct in case of out-of-range, and the offset frequency detector 17 providing the digital
s1gnal det if the oscillator frequency f; is in-range.

~ Fig. 5A shows the digital output signal ofdl of a prior art offset frequency

detector 17 as disclosed in EP 298 484, having a single series arrangement, as a
function of time t. The Q-channel baseband signal Q is delayed by a time delay t,,
additional delays occurring of +#/2 and -x/2 for "0" and "1" data, respectively. Le.
during a "0", the phase difference between the I-signal and the Q-signal is +%/2, and
during a "1", the phase difference between the I-signal and the Q-signal is -x/2. The
dime delay t, is taken around 1/(2Af), i.e. for Af=4 Kz, t,=125 ps. The Q-channel
delayed signal is multiplied by the I-channel baseband signal I. The digital signal ofdl is

6

as

a bipolar signal having a pulse width proportional to the frequency offset of, up to 12Af.

A correct polarity signal as the control signal ct is obtained by averaging the digital -
s1gna1 ofd1, by means of the filter 18.

Fig. 5B shows the digital output signal ofd2 of the offset frequency
detector 17 according to the present invention, having two series arrangements and a
subtracting arrangement. The digital signal ofd2 can have three values, a positive value
as shown, or zero, or a negative value, depending 6n the frequency offset of, i.e. a
correct polarity digital signal dct is achieved if the signal ofd2 equates the signal dct.
The signal ofd2 has got é considerable higher ripple frequency than the signal ofdl, thus
anov)ing for better loop dynamics. _

Fié. 6 shows the average value Vy,, of the filtered data signal fdta, ‘the
filtered data ;ignal fdta being an output signal of the data filter 42, as a function of a



signal, f[err]-f[err] = -[err]f, ina first out-of-r %WM%SHEET
enbodi nent. The average value V[err] is obtained by fjedding the t1TT%r¢d
data signal fdta to the RC-filter 90, 91. The out- ofl-nHang@ et 9ed4 op is
based upon the insight, the better the condition that qhe aver age nufber of
zeroes is equal to the average nunber ofijones, in th¢ data srynak- ,lis
fulfilled, the better the out-of-range detection works. A situation -foJ' a
pagi ng si gnal i dehaiBn ofiallBeal odcillol Swifh A8Gdct 3TR | catridd Ency bO#H ¥BK " 1"
data si gn%‘ﬁ%"h‘? a O‘ﬂ\algj \tﬂs si gnal arr%i%in'tﬁiude fofwg | ogi gglgqq"_O@ data signal .

| f the aveyggk feifigrratdiVine fiystiovt-ofstange extension embedimant sThreavaregswaiiow

Conpat | sosers SRR HY Reing B aliagn Gaplsg HATTHE Relaye g0, . S o,
\cAif_he_r teals f Q. (Apel detestion] vbased upén e, inkight, the berter Qhél Sorditicnthiat iirtavesagehe
Igital 5i

gnal- dct. In a practjcal situatjon, the channel distance between
pagi ng si gosiber PEZeE0%, is £qualiip the ayezage BupRbEfAnes,indthe datd A PedS quite an

R L e s - L
dashed | i Rgowrnwitina ROV6IBEignal ainplitude tfora logicd€'d " |dataesignih carRFR 0 wltsaskgnal wi t h
(r)ﬁts p g? E‘r ng,guéﬁé %oroi Eosg?éal f,é.ﬁggg}%ﬁ[.%rﬂu iavelntigecggnat.l *U‘,i its)%ugg -E']zmtgt;fi }.e.t he
outside the window V-V, the out-of-range decision arrangement 47, e.g. a window
comparison arrangement, switches the signal fdta as the digital signal dct, whereas for
an in-window situation, the signal ofd2 is switched as the digital signal dct. In a
practical situation, the channel distance between paging signals is e.g. 25 kHz, thus the
present invention achieves quite an out-of-range detection. In figure 7, various signal
conditions are shown. A 0% bit-error-rate or BER is indicated with a solid line, 2 3%
BER with a dashed line, and a 10% BER with a dotted-dashed line. The BER is taken
with respect to a zero offset frequency &f. It can thus be seen that the out-of-range
detection according to the present invention operates over quite 2 nominal (zero offset
frequency) BER, though for a higher BER out-of-range is detected for a smaller
frequency deviation. For weaker signals, i.e. with a higher BER, the out-of-range
detection is thus less distinctive. It is to be noticed that for paging applications a 3%
BER is allowable.
Figures 7 to 9 show a second out-of-range extension embodiment of the
present invention.
Fig. 7 shows a frequency characteristic of the bandpass filters 8 and 12 in
an embodiment of the present invention whereby the bandpass filters 8 and 12
implement a frequency gap nt, for a frequency offset lad> Af, Af being a frequency
deviation in an FSK rf input signal with respect to the carrier frequency f.. The gap nt
in the frequency characteristic, around the oscillator frequéncy f;, is chosen such that
for 8f=0, data "1" and "0" signals just falls outside the gap nt, whereas for the shown
frequency offset 6> Af the "1" data signal falls within the gap nt. The bandpas's filters
8 and 12 can also be filters as usually applied in direct conversion receivers, i.e. with a
frequency gap just above DC, the frequency gap according to the present invemibn thei'l
being realized by connecting highpass filters 8A and 12A between the limiters 9 and 13
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detection according to the present invention operates O\er uite a nom pal -
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being the range extension, e.g. e=0.5Af. For Af+e <laf|< 24Af, V,, is approximately
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zero if the number of "1"s is approximately equal to the number of "0"s, on the
average, whereas V,, is unequal to zero if the number of "1"s is not equal to the
number of "0"s, on the average. For l&f‘> 2Af, a correct polarity a.f.c. Signal is
obtained, V,, being an average output signal (not shown) of the offset frequency
detector 17.

Fig. 8 shows a non-linear phase shifting characteristic for the phase
shifting arrangements 30 and 37 in the embodiment of the present invention having the
stopband filters as described. Below f=Af the phase shift increases from (° to 180°, at

=Af the phase shifting arrangement 30 and 37 have an 180° phase shift, and for higher
frequencies the phase shifting approaches a 270° phase shift. For four RC-filter:sections
(not shown), the phase shifting approaches a 360° phase shift. In the embodiment given,
preferably the limiters 9 and 13 are replaced by a single limiter for limiting the offset
frequency detector output signal ofd2.

"~ Fig. 9 shows an embodiment of the phase shifting arrangements 30 and 37
of the present invention, implementing the phase shifting characteristic as shown in
figure 9. The arrangements 30 and 37 comprise a cascade of three RC-shifting sections
with respective resistors 70, 71, and 72, respective capacitors 73, 74, and 75, and
respective opamps 76, 77, and 78. A time constant of the filter sections is V/3/(2rAf),
for three filter sections. The arrangements 30 and 37 may also comprise four RC-
shifting sections (not shown). |

Figures 10 and 11 show a third out-of-range extension embodiment of the
present invention.

Fig. 10 shows a phase shifting characteristic in another embodiment of the
present invention, a wide stopband filter around the the oscillator frequency f, not being
necessary. Ideally the characteristic exhibits a 180° phase shift for f < Af, and a phase



frequency gap just above DC, the frequency gap accoréiREBLAGEkWpﬁHEE’ﬁ.
2ol

I nvention then being realized by connecting highpass|fifTTers g8A amnd

between the limters 9 and 13 _

12 and the offset frequency detector 17. In the |after tgggt‘ ﬁ?é
ng~aecter—of-th

frequency gap nt is obtained by the conmbingd filter
filters 8 and 8A, and the filters 12 and 1 respeg¢tively. If

[ ot I >[err]f snibhet J70b 68 RigRertfhubheied but Q%&%@mﬁ@ philet GERgSwill'do ai¥o, afd
mdlcated with a broken Ime It holds for 6f=0, that either lfJ or If < Af, the
other one then greater than Af. Assuming lfJ< Af and [f,|> Af, during data "0", the
phase shift is 180° with V,,=0, and during data "1", the phase shift is 270° with V,,
having the correct polarity. Though an a.f.c. gain reduction occurs due to the fact that
during data 0" there is no contribution to V,,, the advantage is that even for
Af <]5fl<2Af, f, will not contribute to V,,, thus ensuring that V,, always has the
correct polarity. For |6d> 2Af, both f, and fy can contribute to V,, with the correct
polarity, and without a.f.c. loop gain reduction, for large enough upper cut-off frequen-
cies fy; of the filters.

Fig. 11 shows another embodiment of the phase shifting arrangements 30
and 37, implementing the phase shifting characteristic as shown in figure 10. The
arrangements 30 and 37 comprise an inverting amplifier 80, a resistor 81, and a
capacitor 82. It has been shown that for various data duty cycles (the number of data
“1"s with respect to the number of data "0"s, on the average) and for various 3 dB
frequencies of the phase shifting arrangements 30 and 37, e.g. at 0.54, 0.67Af, Af, or
24Af, that a better performance is achieved for an unequal number of "1"s and "0"s, on
the average, for larger 3 dB frequencies, the latter giving rise to a smaller 5f for a.f.c.

in-lock.
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The effect is that for [err] [err]f+e the average out put srgna err]
the of fset frequency detector 17 is strongly reduced, [err] _being the
range extension, e.g. [err]=0. 5[err]f For lﬁerr]f+[e WHFQ[SHEE?HASVBEEM S
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nunber of 't he is u -t he
nunber of "1" is not equalf fotfre
[err].>2[err] f, a correct pofar # F nal is obtained, V[err] being
an average output signal [npt of fset frequency detector 17.
Fig. 8 shows a non-linear|p shj ftl nq chlaracteristic for the phase
shifting arrangenents 30 fand 37 in the enbddi ment of the present invention
havi ng the stopband filter el ow f=[err]f the phase shift
increases fromO to 180[err], at f=[err]f the phase shifting arrangenent 30
and 37 have An 180] er rA dixectseonsérsion, reegiverf (1) cwnghang farlecpje‘mqhes:ytgmeqzﬁage
shifting apparr?a%cggrelgnta<1%7qsph S»srtusc ng E:ouplfgc{ tofao Bén' gnr:e ?e aC ?nr:luscers @, 1D
for mixing down an rf input signal (rf) to quadrature related signals (I, Q), and a.f.c.
means for providing a control signal (ct) for the local frequency generating arrangement
(14), the a.f.c. means, which are coupled to quadrature paths (4, 5), comprising an
offset frequency detector (17) for determining a signal (dct) as the control signal (ct), of
which an average value is proportional to a frequency offset (6f) of the local frequency
generating arrangemeat (14, 15, 16) with respect to the rf input signal (zf), whereby the
offset frequency detector (17) comprises a series arrangement of a phase shifting
arrangement (30) and a multiplication arrangement (31) in a quadrature path (4),
characterised in that the 'frequency detector (17) comprises another series arrangement
of a phase shifting arrangement (37) and a multiplication arrangement (38) in another
quadrature path (5), and a subtracting arrangement (40) for subtracting output signals of
the multiplication arrangements (31, 38), whereby inputs of the multiplication
arrangements (31, 38) are cross-coupled to the quadrature paths (4, 5), and other inputs
of the multiplication arrangements (31, 38) are coupled to the quadrature paths via the
phase shifting arrangements (30, 37).
2. A direct conversion receiver (1) as claimed in claim 1, wherein the phase
shifting arrangement (30; 37) is a shift register and the muluphcauon arrangement (31;
38) is an exclusive-OR.
3. ‘A direct conversion receiver (1) as claimed in claim 1 or 2, comprising a
microcontroller ﬁmctxona]ly 1mplememmg the series arrangements (30, 31; 37, 38) and
the subtracting arrangement (40), and digital-to-analog conversion means and/or digital
"output means for providing the control signal (ct; dct).
4. A direct conversion receiver (1) as claimed in claims 1, 2 or 3, wherein
the control signal (dct) is fed to the local frequency generating arrangement via an
analog or digital mtegrator or via an analog or digital low pass filter (18).
S. A direct conversion receiver (1) as claimed in any one of claims 1 fo 4,
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"0"s, on the average. For
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the present_d \éﬁgﬁé#r I npl ementing the phase shifti* LstiGlas
shown in_fi%%ﬁ S THe—arrangererts—3Qlant 37 conpri se a cascade of three

RC-shifting sections wth respective resistors 70, .71, _an‘g 712-f respective
capaci t or s-CPEIPTFING 2, f3fa gemogdyiation agargsmeat {10 ip paallel yith te, gftset froquency:
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sections. The arrange and may al so conprise four !t’a;’ng
sections (@Y, asdatanfilter (42) for providing fikerpdrdata (Fotajahdlzh sitexf-rangehdecition

Fi'g. 10 ondSBAEe PR AL AR5 o 4o Sl B2) aiah ayroema A0 8Bne of the
 Caooney s be it Sxaghead 1) qte SupReily sampamenaBSt,
180 phase $Witching@n quipytesigmp (oféhopéibﬁ%@s offset frequency detector (17) as the |
control signal (dci), or the filtered data (fdta) as the con&ol signal (dct).
6. A direct conversion receiver (1) as claimed in claim 5, wherein the
decision arrangement (47) is a window comparison arrangement (50, 51, 58), oris a
software-based decision arrangement checking data validity, and/or measuring a
frequency of a quadrature path signal (I, Q), and/or measuring a frequency of a product
of quadrature paths signals (I, Q).
7. ' A direct conversion receiver as claimed in any one of claims 1 to 4,
comprising bandpass filters (8, 12) in the respective quadrature paths, wherein for a.f.c.
out-of-range extension the bandpass filters (8, 12) are stopband filters stopping a band
substantially from DC, or wherein for out-of-range extension the direct conversion
receiver comprises highpass filters (8A, 12A) coupled to the quadrature paths (4, 5),
whereby the combined bandpass (8, 12) and highpass filters (8A, 12A) form stopband
filters, and wherein the phase shifting arrangements (30, 37) have a non-linear shifting
characteristic approaching a predetermined phase shift with increasing frequency.
8. A direct conversion receiver as claimed in any one of claims 1 to 4,
comprising filters in the respective quadrature paths, wherein for a.f.c. out-of-range
extension the phase shifting arrangements (30, 37) have a non-linear phase shifting
_ characteristic changing from a first predetermined phase shift to a second predetermined
phase shift with increasing frequency around a frequency deviation of the E.input signal
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13 shift .of 270[err] for higher frequencies, but a nore gradual phase
change will do also, as indicated wth-.a broken line. It holds for [err],
that either [err] or [err] < [err]f the * other one then greater t han
[err]f. Assunming [err]< [err]f and [err]>[err]f, during data "0", the
phase shift is 180[err] wth V[err] =0, ang during data "1" the phase

shift is 270[err] with V[err] having the correct po -t
a.f.c. gai nﬁﬁiﬁ@p occurs due to the fact.that ?HfsggggyAggéa EE‘EN
"A. direet conversion receiver" REPL ACEMENT SHEET — '
18 DFC 1996

In known direct conversion receivers, e.g. for paging, for getting a
correct polarity a.f.c. signal, the a.f.c. signal is derived from a series arrangement of a
phase shifting arrangement and a multiplication arrangement, coupled to quadrature
related signals (I, Q). At an output of the series arrangement a bipolar control signal is
achieved having a relatively low frequency ripple component giving rise to a relatively
slow a.f.c. loop response. The direct conversion receiver (1) according to the present
invention comprises a.f.c. means with an offset frequency detector (17) for determining
a signal (dct) as the a.f.c. signal (ct), of which an average value is proportional to a
frequency offset (5f) of a local oscillator with respect to an rf input signal, the
frequency detector (17) having such series arrangement in both I- and Q-paths (4, 5),
allowing for 2 fast a.f.c. loop response, therewith improving the a.f.c performance. Due
to the unipolar control signal, a series of positive or negative pulses, depending on the
sign of the freciuency ofset, less demand is imposed vpon signal averaging, i.e. upon the
loop filter. Furthermore, the receiver (1) comprises out-of-range detection means (19,
42, 45, 47) for detecting whether a local oscillator frequency (fy) is outeide a
predetermined range with respect to a carrier frequency (fo).

Fig. 1

This Sheet Has

i



during data "O0O"
for [err]f<[err] <2[err]f, f[err] wll not contribute tp

there is no contribution to V,, the adva

ensuring that Verr] always has the correct polarity. Hor

both flerr] and f[err] can contribute to Verr] with the
and without a.f.c. l'oop gain reduCtiqr for | arge enough
frequen- <cies f[err] of the filters. [4

enbodi ment of the phase shifting arrangenents 30 and 37,

‘phase shifting

and 37 conprise an inverting an1ﬂ i e cfaslets Z)r 81,

82. It has been shown that for \ari 8 (the nunber of data
"1 "s with respect to the nu of ta 's,| O aler age d for
various 3 dB frequencies of the ptrase ftTng_ar nts 0 and 37, e.g.
at 0.5[err], 0.67[err]@, Af] o Herr]g | a erformarﬁe is
achi eved for an ‘une - >;dr@1?37 gqeragescfor |arger
3 dB frequengp es, T]se|to & BT foﬂ a.f.c.
i n-1ock. "
rf ‘
3 323
—L ,
13 0 9. 20 l 2
1
. B 25
: l 77 % ’
l _1.47 '
| 6
| ofd1 ,0fd2
Ll e
I
= A
3 g | @, -
' 7 =~ N~ —L—2
— J 4
) .
&= \

H [sshd
[err]>2[err ,
or N&PFrpgd4arift y,
er cut-off

Fi

~oplegenting the

11 shows —armothe

characteristic as shown i 5f|gure 10. The a

rrangenents 3
and a capacitor

Jun
w
)
' mi
_h<
o
afe
(=]

st oy
A ey -
Ry
B et

LY



1-4 i4 :
CLAI M5 ’ =
: REPLACEMENT SHEET

18 DEC 1995

21k

p)) =
| - Af At/
tb ' ' f
T 0 —— L
be ]‘I/G e ! ;
fo f1 - ” : :5f 1l
o
f f f, | 5f |
4e f/I | ?/U )(5 L .._I__.!i _ §
FIG.4
ofd? 4 | o
HHHHH+H — FIG.5A

fd2 | '
i nnnnnnnnnnon  f. FIG. 5B

.oRS



1. - A direct conversion receiver (1) conprising a |ocal frequency
generating arrangement (14, 15, 16) which is coupled to a palr of

gquadrature related mxers (7, 11) for mxing dow ot | (rf)
to quadrature related signals (I, Q, and a.f.c. REBLACE rd g a
control signal (ct) for the | ocal frequency gener gtijng arrange | | (14),
the a.f.c. neans, which are coupl ed 3Mquadrature p th C?g bnpri si ng
an offset frequency detector (17) for determnin S|gn ét) t he
control signal (ct), of which an average val ue

frequency offset ([err]f) of the local frequency ener ating arrangenent
(14, 15, 16) with respect to the rf input signal (rf), whereby the— of fset
frequency detector (17) conprises a series arrangenent of a phase shifting
arrangenment (30) and a nultiplication arrangenent (31) in a quadrature path
(4), ©characterised in that the frequency detector (17) conprises another
series arrangenent of a phase shifting arrangenent (37) and a

mul tiplication arrangenent (38) in-another
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. quadrature path (5), and a subtracting arrangenment (
Qut put signals of the nultiplication arrangenmens (3
of the nmultiplication arrangenents (31, 38) are crogsfcoupredt
gquadrature paths (4, 5), and other inputs of the nultiplig
arrangenments (31, 38) are coupled {o the quadrature paths'v
shifting arrangenents (30, 37). 7 A diregt
(1) as clainmed in claim1, wherein the phase 'shifti
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A direct conversion receiver (1) as clained in
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1; 37, 38) and .the subtracting arrangenent (40),
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A -DIRECT -CONVERSION -RECEIVER

The present invention relates to a direct cbnversion receiver comprising a
local frequency generating arrangement which is coupled to a pair of quadrature related
mixers for mixing down an rf input signal to quadrature related signals, and a.f.c.
means for providing a control signal for the local frequency generating arrangement, the
a.f.c. means, which are coupled to quadrature paths, comprising an offset frequency
detector for determining a signal as the control signal, of which an average value is
proportional to a frequency offset of the local frequency generating arrangement with
respect to the rf input signal, whereby the offset frequency detector comprises a series
arrangement of a phase shifting arrangement and a multiplication arrangement in a
quadrature path. Such direct conversion receivers can be d1g1ral paging receivers or
transceivers using an FSK (Frequency Shift Keying) modulation scheme, but also
transceivers for cordless telephony or the like.

A direct conversion receiver of this kind is known from the European Pa-
tent EP 298 484 Bl. In the known direct conversion receiver, which is an optical

| receiver, an a.f.c. (automatic frequency control) signal for a local oscillator with

inherent correct polarity is derived from so-called I- and Q-channel receiver paths. For
this purpose, a baseband I-channel signal is fed to an offset frequency detector, together
with a quadrature related Q-channel signal. The offset frequency detector is a series
arrangement of a phase shifting arrangement and a multiplication arrangement, whereby
the I-channel signal is fed to an input of‘ the multiplication arrangement, and the Q-
channel signal is fed to another input of the multiplication arrangement via the phase
shifting arrangement. An output signal of the offset frequency detector is fed to the

local oscillator via a low pass filter. In the known receiver the control signal is a

bipolar signal, which is subject to a relatively strong low frequency ripple component.



V\/nereby t he deci sion arrangenent (47) control s a switching arrangenent (45)

for s signal (ofdl; --of +d2).:of the offset frequency

det ecmnmm’" m"tmleﬂ)m]nt rol signal (gct) or the fi s_t_e.r-ed-—elat-an AHiﬁ as
the confrof stgral °(dét). 6. A direct conv RBPWEMEMTVSH as
claimed in.claimb5, wherein the decision arrangerrent 715 a w ndow

conpari son arrangenent (50, 51, 58), or isl4 softwaré.— sigugm qygon
arrangenment checking data val:iidity, and/or neasuringlajfr y of &
guadrature path signal (I, Q‘ and/or EER?H&I ng a freq etdu¢t of
quadrature paths signals (I, Q. 7. =="-—= A dirdct conversion receiver
as. claimed in any one of clains 1 to 4, conprising bamdpass—tTTTers (s, 12)
in the respective quadrature paths, wherein for a.f.c. out-of-range

extensi on the bandpass filters (8, 12) are stopband filters stopping a band
substantially from DC, or wherein for out-of-range extension the direct
conversion receiver conprises highpass filters (8A, 12A) coupled to the
quadrature paths (4, 5), whereby the conbi ned bandpass (8, 12) and hi ghpass
filters (8A.1.12A) f or A sirectondersiontrecaiyerafl)l coiprising atlbeal frequencytgentiatigg

arrangenent s (39 ment (11245, 36, \ohich it SoupIsd to & baid of quadrature related mixess (7, 11)
for mixing down an 1f input signal (rf) to quadrature related signals (I, Q), and a.f.c.
means for providing a control signal (ct) for the local frequency generating arrangement
(14), the a.f.c. means, which are coupled to quadrature paths (4, 5), comprising an
offset frequency detector (17) for determining a signal (dct) as the control signal (ct), of
which an average value is proportional to a frequency offset (6f) of the local frequency.

~ generating arrangemeat (14, 15, 16) with respect to the rf input signal (zf), whereby the
offset frequency detector (17) comprises a series arrangement of a phase shifting
arrangement (30) and a multiplication arrangement (31) in a quadrature path (4),
characterised in that the frequency detector (17) comprises another series arrangement
of a phase shifting arrangement (37) and imu.ltip_liuﬁon arrangement (38) in another
quadrature path (5), and a subtracting arrangement (40) for subtracting output signals of
the multiplication arrangements (31, 38), whereby inputs of the multiplication

 arrangements (31, 38) are cross-coupled to the quadrature paths (4, 5), and other inputs

‘\/ of the multiplication arrangements (31, 38) are coupled to the quadrature paths via the

phase shifting arrangements (30, 37).
2. A direct conversion receiver (1) as claimed in claim i, wherein the phase
" shifting arrangement (30; 37) is a shift register and the mulnplnzuon arrangement (31;
38) is an exclusive-OR.
3. A direct conversion receiver (1) as claimed in claxm 1 or 2, comprising a
microcontroller ﬁmcuona.l_ly 1mp1emequng the series arrangements (30, 31; 37, 38) and
the subtracting arrangement (40), and digital-to-analog conversion means and/or digital
output means for providing the control signal (ct; dct).
4. A direct conversion receiver (1) as claimed in claims 1, 2 or 3, wherein
the control signal (dct) is fed to the local frequency generating arrangement via an
analog or digital integrator or via an analog or digital low pass filter (18).
5. . A direct conversion receiver (1) as claimed in any one of claims 1 to 4,
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characteri si redeterm ned phase shift with increasing
frequency ﬂlﬂﬁ "ﬂ&"ﬂlrect conversion receiver as clained in any one
of. ¢ *0 ilters in the respective quadrature paths,
mhereln for a.f.c. out of-range extension t he phase shifting arrangenents
(30, 37) have a non-linear phase shifting ﬁharacteristic changing froma
first predeternined phase shift to a secoh predeternined phase shift with

| ner easi g LLeduehe LU AR IUSNEn 5185 1O farkli i ble deRHErflally
detector (17) for providing data (dta) from the quadrature related baseband signals (I,
Q), a data filter (42) for providing filtered data (fdta), and an out-of-range decision
* arrangement {47) coupled to the data filter (42) via an averaging filter (90, 91),
whereby the decision arrangement (47) controls a switching arrangement (45) for
switching an output signal (ofdl; ofd2) of the offset frequency detector (17) as the
control signal (dct), or the filtered data (fdta) as the control signal (dct).
6. A direct conversion receiver (1) as 'cla.im_ed in claim 5, wherein the
decision arrangement (47) is a window comparison arrangement (50, 51, 58), orisa
| : software-based decision arrangement checking data validity, and/or measuring a
~ frequency of a quadrature path signal (I, Q), and/or measuring a frequency of a product
of quadrature paths signals (I, Q).
7. ' A direct conversion receiver as claimed in any one of claims 1 to 4,
comprising bandpass filters (8, 12) in the respective quadrature paths, wherein for a.f.c.
out-of-range extension the bandpass filters (8, 12) are stopband filters stopping a band
substantially from DC, or wherein for out-of-range extension the direct conversion
receiver comprises highpass filters (8A, 12A) coupled to the quadrature paths (4, 5),
‘whereby the combined bandpass (8, 12) and highpass filters (84, 12A) form stopband
filters, and wherein the phase shifting arrangements (30, 37) have a non-linear shifting
characteristic approaching a predetermined phase shift with increasing frequency.
- 8. A&dﬁancmmwnﬁonnuzhmraschhmuiﬁlamyoneofchﬁns1n:4,
N~ comprising filters in the respective quadrature paths, wherein for a.f.c. out-of-range
extension the phase shifting arrangements (30, 37) have a non-linear phase shifting
' characteristic changing from 2 first predetermined phase shift to a second predetermined
p&ueshﬁtwﬂhhxmnﬁngﬁmqmmmyammndathmumyckwhﬁopofﬂngﬁmutﬁgmd'
@. |
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ABSTRACT

A DIRECT CONVERSION RECEIVER

In known direct conversion receivers, e.g. for paging, for getting a
correct polarity a.f.c. signal, the a.f.c. signal is derived from a series arrangement of a
phase shifting arrangement and a multiplication arrangement, coupled to quadrature
related signals (I, Q). At an output of the series arrangement a bipolar control signal is
achieved having a relatively low frequency ripple component giving rise to a relatively
slow a.f.c. loop response. The direct conversion receiver (1) according to the present
invention comprises a.f.c. means with an offset frequency detector (17) for determining
a signal (dct) as the a.f.c. signal (ct), of which an average value is proportional to a
frequency offset (5f) of a local oscillator with respect to an rf input signal, the
frequency detector (17) having such series arrangement in both I- and Q-paths (4, 5),
allowing for a fast a.f.c. loop response, therewith improving the a.f.c performance. Due
to the unipolar control signal, a series of positive or negative pulses, depending on the
sign of the freqhency ofset, less demand is imposed upon signal averaging, i.e. upon the
loop filter. Furthermore, the receiver (1) comprises out-of-range detection means (19,
42, 45, 47) .for detecting whether a local oscillator frequency (fp) is out.'side a
predetermined range with respect to 2 carrier frequency .

Fig. 1
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