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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 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 

10 quadrature path. Such direct conversion receivers can be digital paging receivers or 

transceivers using an FSK (Frequency Shift Keying) modulation scheme, but also 

15 

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 

inhe~t correct polarity is derived from so-called I- and Q-charuiel receiver paths. For 

this purpose, a baseband I-channel signal is fed to an offset frequency detector, together 

20 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 

25 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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ft. i~ an obj~t _of the presen~ inyention to provide a direct con'{ersion 

receiver having an improved pe~onn~ce, and i~~~g less de~d upo~ slgnal 

averaging in the low pass loop filter. 

-. ":.-

To this end a direct conversion receiver according to the present invention· 

5 is characterised in that the frequency detector comprises another series arrangement of a 

phase shifting arrangement and a multiplication arrangement in another quadrature path, 

10 

and a subtracting arrangement for subtracting output signals of the multiplication 

arrangements, whereby inputs of the multi.plication arrangements are cross-coupled to 

the quadrature paths, and other inputs of the multi.plication 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 respon$e. 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 

20 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 

25 shifting arrangement is a shift register and the multi.plication arrangement is an 

exc~usive-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 

30 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/0-channels and/or a digital-to-analog converter for other purposes, and 
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such resources 9ail be shared for implementing the present invention. The shared ... .-- . . . .. . . - . · ... - . -. . -. . . -~ 
resources can be multiplexed, then. 

In a further embodiment ofa direct conversion receiver according to the 

present invention, the control signal is fed to the local oscillator via an analog or digital 

5 integrator or via an analog or digital low pass filter. Thus, the a.f.c. loop dynamics can 

be easily controlled. Using an integrator achieves a zero steady state response. The 

10 

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 

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 

15 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 

20 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 als0 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 

25 decision. In case of checking signal frequencies, checking a frequency of a product 

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. 

30 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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receiver comptjses highpass filters coupled to the quadrature paths, whereby the . .. . .. - . ... . . . - . . . .. . .· - . .. ... 
. . ... - . .. .. -~ 

combined bandpass and highpass filters form stopband filters, and wherein the phase· · 

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 bey.ond the frequency deviation of the input rf 

signal one of the FSK data "O" and "l" 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 

15 

20 

25 

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 

30 offsets, 

Fig. 5A and SB 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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Fig. 6 shows an average of a filtered data signal as a function of a 

~:ency devia~~n of a local oscIDator wfth ~t -to .a carrier frequency ot.an FSK:· ·,, 

signal, 

Fig. 7 shows a frequency characteristic of a filter in an embodiment of the 

5 present invention, 

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, 

10 Fig. 10 shows a phase shifting characteristic in another embodiment of the 

15 

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 

20 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 

comprises a phase shifting device 6 causing a +45 degrees phase shift of the amplified 

rf signal. The phase shifting 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 

25 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 11, 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 

30 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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arraPgement 1~. ~ also b~ ~ m~ elabo~te. arrangement, e.g. a frequency synthesizer 

· -ha:ig ~ crystal oscillator for providing a ref~ren~ fr~uency. S~ch fieq~e~cy : · -: 

synthesizers can operate on the basis of a PLL (Phase Locked Loop). In a direct 

conversion receiver the mixing frequency, i.e. an output frequency fL of the 

5 multiplication arrangement 16, ~er denoted as oscillator frequency, is chosen such 

that baseband zero-intermediate frequency signals I and Q are obtained, for a fictitious 

carrier fc. Instead of two phase shifting devices, with +45 degrees and -45 degrees 

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 

10 rf signals with a frequency deviation of +4 kHz and -4kHz around a 900 ~ carrier 

frequency fc, the carrier not physically being present in the received rf input signal rf, 

representing logical "O" and logical "l" transmitted signals, the baseband signals I and 

Qare 4 kHz signals, though differing in phase, if fL =fc. In case of a frequency offset 

of the oscillator frequency fL 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. 

20 

According to the present invention, the direct conversion receiver 1 comprises a.f.c. 

means coupled to the quadrature paths 4 and S comprising an offset frequency detector 

17 for detennining 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 fL-fc, 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 bC 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 digit.al integrator, or an analog or digit.al 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 

,'·30 dct 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 

last locking. Thus, a higher ripple frequency allows for a better overall performance. 

':t<A·'_::-.:·)lbe present invention achieves an a.f.c. control signal with an inherent correct polarity, 
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obviating the n~ for mul~plication with _de~odulated data, such as in other prior art 
.. ~ve~s, e.g. as disclosed in GB. 2 180 419 .. Fu~e~ore, as co~pareci" ~tli" known:·-: 

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 

5 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 

lO ·the baseband signals I and Qare fed. The demodulator 19 can be a lead-lag phase 

15 

20 

·.• 

detector for demodulating FSK data. The demodulator is coupled to a microcontroller 
20 with RAM and ROM memory and digital and/or analog I/0-interfaces. Such 
microcontrollers are well known in the art. For a paging transceivers, various outp·ut 
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 trcinsmitting 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 having 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 

2S .· arrangement 30 and a multiplication arrangement 31 in one quadrature path, e.g. the 
qua~ture 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 ofdl at an output 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 

~"41::J;iJ~;(~er comprises a phase shifting arrangement 37 and a multiplication arrangement 38, 
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_ ~g coupled·~ _the baseb.ai:td si~nals I ai:td ~ as_· ~esc~bed, i.e. ~e seri~ ~gement~ 

are cro~s-coupled to the baseband signals I and Q. The output 35 of tlie ·muli:ipication·· -~ 

arrangement 34 and an output 39 of the multiplication arrangement 38 are fed to a 

subtraeting arrangement 40 for subtracting output signals of the multiplication 

S arrangements 31 and 38. An output 41 of the subtracting arrangement 17 forms an 

output signal ofd2 at the output 36 of the offset frequency detector 17. The offset 

frequency detector 17 can be implemented digitally, the phase shifting arrangements 30 
.. 

and 37 being clocked shift registers, and the multiplication arrangements 31 and 38 

being exclusive-OR digital circuits. In case of a single series arrangement, as in the 

lO 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 d~pends of 

the sign of the offset frequency fL-fc. Also, the microcontroller 20 can functionally 

lS 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 

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 

;,.;25 .. ;: .. J7 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 Yr& 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 
~-,; ..... ·.:<~:'.':-~f :'.' 

' ''.'''h'·._ ~~tor frequency f L falls with a given frequency range around the carrier frequency 

, . ,;;,~~;: :: x~, Or OUtside this given range. If the OSCillator frequency fL falls Within the given 

.::;, "'-' ... ,~~~~-~ge, the offset frequency detector i 7 provides the digital signal dct, whereas 
''.~~:~<=_: .. .:. 
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otherwise the fiJtered data signal_ fdta is used as the digital signal dct. The a.f.c. range-

. -ex~sio~ gives a -better res~it, th~· more. the ~nclltlo~ i~ fulfilled iliat tlie" ~u~ber of : . -: 

ones in the received signal rf is equal to the number of zeroes in the signal rf, on the 

average. The out-of-range decision arrangement may also be a software-based 

5 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 &ii. 

15 

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 VL is fed to a plus input 54 of the 

comparator 50, and a high threshold signal VH 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 L and V H· 

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 

2S as a function of frequency. On line 4a a spectrum for FSK modulated signals in a direct 

conversion receiver 1 is shown, a logical "1" data signal having a spectral line at a 

frequency fc-~f, and a logical "O" 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 fL is 

30 equal to the nominal carrier frequency fc, 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 "O" data signal, indicated with t; 
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and f0 respecti~~ly, both at_ 8: frequency .L\~, ~ the given example at 4 kHz. On line 4d a 

-fr;uency offset situation is disp~yed~· the l~ ~~illa~or freque~cy (befn~· hlgher _. · ": 

than the nominal carrier frequency fc by an amount of, but still within a range fc-.L\f to 

. fc+.L\f, of being 2 kHz in the example given. In this situation, the mixed down data 

5 signals "1" and "O" appear at f1 =6 kHz and f0=2 kHz, i.e. with different frequencies. 

For a negative offset frequency of =fL-fc, the mixed down "l" 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 of=-5 kHz, :ti being at 1 kHz, and f0 being at 9 kHz. Also 

shown on line 4e is a situation where the local oscillator frequency fL is out-of-range. In 

IO 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 

signal dct if the oscillator frequency fL is in-range. 

15 

20 

2S 

Fig. SA 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 td, 

additional delays occurring of +7f'/2 and -7f'/2 for "0" and "1" data, respectively. I.e. 

during a 110", the phase difference between the I-signal and the Q-signal is +7f'/2, and 

during a "1", the phase difference between the I-signal and the Q-signal is -7"/2. The 

time delay t.. is taken around l/ (2.L\f), i.e. for .L\f =4 kHz, t.t = 125 µs. 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 of, up to 'h.L\f. 

A correct polarity signal as the control signal ct is obtained by averaging the digital 

signal ofdl, 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 on the frequency offset M, i.e. a 

correct polarity digital signal dct is achieved if the signal ofd2 equates the signal dct . 

. ·. ·30 The signal ofd2 has got a considerable higher ripple frequency than the signal ofdl, thus 

allowing for better loop dynamics. 

Fig. 6 shows the average value V fdta 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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_rreqy.ency deviatj.<?n of a l<>Ca:l o~tor w!th .~es~t to. a carrier ~uen~ o_f_ an FSK _ 

signal, fc-fL = -5f, in a first Out-Of-range extension ~mbodiment. The average Value _-. ,_. 

vfdU. is obtained by feeding the filtered data signal fdta to the RC-filter 90, 91. The out­

of-range detection is based upon the insight, the better the condition that the average 

number of zeroes is equal 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 signal is 

shown, with a 2 volts signal amplitude for a logical "1" data signal, and a 0 volts signal 

amplitude for a logical "O" data signal. If the average signal V fdta is out-of-range, i.e. 

outside the window Vlf"VL, 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, a 3% 

15 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 af. 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 dewition. 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 

25 an embodiment of the present invention whereby the bandpass filters 8 and 12 

implement a frequency gap nt, for a frequency offset ~fl> Lif, Lif being a frequency 

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

in the frequency characteristic, around the oscillator frequency f L, is chosen such that 

for Of=O, data "l" and "O" signals just falls outside the gap nt, whereas for the shown 

frequency offset Of> Lif the "l" data signal falls within the gap nt. The bandpass 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 invention then 

.·.· being realized by connecting highpass filters 8A and 12A between the limiters 9 and 13 

--
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and the offset fyequency detector 17. In the latter case, the frequency gap nt is obtained 

. -by --~e ~mbined ~tering ~tlon ~f the. fil~s. 8 ~d SA: and the filters ·.12 -~ci 12A, : · -: 

respectively. If ~fl> 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-· 

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

as the phase shifting arrangements 30 and 37: The effect is that for ~fl> Af+e the 

average output signal v.v of the offset frequency detector 17 is strongly reduced, e 

being the range extension, e.g. e=0.5.'1.f. For Af+e<~fl<2Af, v.v is approximately 

zero if the number of "1 "sis approximately equal to the number of "O"s, on the 

IO average, whereas v.v is un~ual to zero if the number of "l"s is not equal to the 

number of "O"s, on the average. For ~fl>2Af, a correct polarity a.f.c. signal is 

obtained, V av 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 ff to 1800, at 

f=M the phase shifting arrangement 30 and 37 have an 1800 phase shift, and for higher 

frequencies the phase shifting approaches a 27<Y phase shift. For four RC-filter sections 

(not shown), tlie 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 

~tive opamps 76, 77, and 78. A time constant of the filter sections is v'3/(2irdt), 

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 fL not being 

necessary. Ideally the characteristic exhibits a 1800 phase shift for f < df, and a phase 
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_shift of 27ff for higher frequencies, but a more gradual phase change will do also, as 

. ind~~ted with ~. b~oken line .. It h~ids for 6f ~·o, ~t d.ther ~J or ~J < Af, ·th~· : · .; 

other one then greater than .Af. Assuming ~J< .Af and ~11> .Af, during data "0", the 

phase shift is 1800 with V av=O, and during data "l", the phase shift is 2700 with V av 

5 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<~~<2.Af, f0 will not contribute to Vm thus ensuring that V,v always has the 

correct polarity. For ~fl>2.Af, both f0 and f1 can contribute to V,v with the correct 

polarity, and without a.f.c. loop gain reduction, for large enough upper cut-off frequen-

10 cies fu 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 

arrangem~nts 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 "O"s, on the average) and for various 3 dB 

frequencies of the phase shifting arrangements 30 and 37, e.g. at 0.5.A, 0.67.Af, Af, or 

2Af, that a better performance is achieved for an unequal number of "l"s and "O"s, on 

the average, for larger 3 dB frequencies, the latter giving rise to a smaller Of for a.f.c. 

in-lock. 
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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 ari rf input signal (rt) 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 (of) 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 

10 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 

15 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 multiplication arrangement (31; 

20 38) is an exclusive-OR. 

25 

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 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, 

y 
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. . coi,nprising a ~t! demodu~~on arrangem~nt. (19) in parallel with the offset frequency 

detecto; (17) for providing data (dta) from th~ q·~re 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), 

5 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 claimed in claim 5, wherein the 

decision arrangement (47) is a window comparison arrangement (50, 51, 58), or is a 

10 software-based decision arrangement checking data validity, and/or measuring a 

frequency of a quadrature path signal (I, Q), and/or measuring a frequen'?y 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. 

15 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 

20 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 predetemtjned phase shift to a second predetermined 

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

(rf). 


