DATA RECEIVING APPARATUS, DEMODULATOR CIRCUIT'
AND INTEGRATED CIRCUIT

BACKGROUND OF THE INVENTION
FIEILD OF THE INVENTION -

The present invention relates to a data receiving apparatus,
a demodulator and an integrated circuit, and is applicable, for

example, to a portable message receiver for receiving data sent by
radio and displaying a message.

DESCRIPTION OF THE RELATED ART )

So far, this type of portable message receiver, so-called
pager, has received message data transmitted by two-valued FSK
(Frequency Shift Keying), generated a ring back tone and displayed
a message. On the other hand, together with a speed-up in the
modulating speed of message data, by adopting a multi-valued,
four- or more-valued, FSK instead of two-valued FSK, a large
capacity of message data can be transmitted.

The scheme for receiving message data transmitted by this
four-valued FSK is still at the stage of introduction. For this
reason, among portable message receivers for receiving message
data sent By 4-va1ugd FSK, there was a receiver used in.
combination of a conventiénally employed intermediate frequency
integrated circuit and detector integrated circuit with an analog-
digital convertor. ' '

That is, as shown in Fig; 1, a portable message receiver 1
gives a high-frequency input signal 81 obtained from the antenna 2
to the high-frequency section 3 and gives the high-frequency
signal S2 tuned; amplified and automatically gain-contreclled to
the intermediate frequency section 4. The intermeaiate frequency
section 4 converts a high-frequency signal S2 into an intermediate
frequency signal by using the local oscillation signal and gives
the 4-valued analog signal S3 obtained by detection to the analog-
to-digital convertor (in Fig. 1, designated with A/D) 5.

The analog-to-digital convertor 5 converts the 4-valued
analog signal S3 into B-bit digital data $4 and gives them to the
decoder 6. The decoder 6 makes up the digital data S4 into a



binary data string, gives the message data 85 obtained from this
binary data string to the display section 7 and has a message
displayed in alphabetic or numeric characters.

Incidentally, the frequency shift keying is one type of
frequency modulation scheme, in which individual frequencies are
allotted to marks and spaces of the digital signal to be sent -and
sends out digital signal while switching the frequency.

Before converting a 4-valued analog signal S3 into 8-bit
digital signal S4, the analog-to-digital convertor 5 judges the
level and converts the analog signal 83 into a 2-bit digital
signal. At this time, the analog-to-digital convertor 5 judges the
level of four types of analog signals S3 as 00, 01, 11 and 10 in
sequence from the lowest side by using three threshold values
mutually different in potential.

Meanwhile, in an analog signal 83, a DC offset, such as
frequency drift of the oscillator in the intermediate: frequency
section 4, due to a temperature fluctuation of the receiving
system arises. From the need for canceling the influence of this
offset, a correction circuit for processing the digital data S84
with a complicated correction algorithm is constructed in the
decoder 6.

However, by processing a 4-valued analog signal 83 in the
analog-to-digital cénvertor 5, a greéter amount of consumed power
is required by the portion consumed for the analog-to-digital
convertor 5. Accordingly, there was a problem that this excess
power consumption forms a great factor in preventing the most
important long-life operation for a portable message receiver.

In addition, adopting the arrangement that the DC offset is
canceled after the analog-to-digital conversion leads to an
enlargement of circuit scale, so that the consumed power is
increased correspondingly. Furthermore, because the reference
level employed in judging the level'dannot be made variable, there
was disadvantage of'being weak for or not flexibly coping with
troubles very highly possible, such as level lowering due to a

rapid and abrupt change in electric field intensity or fluctuation
of DC component due to a fading.



S Y OF THE NTION

In view of the foregoing, an object of the present invention
is to.provide a data receiving apparatus, demodulator circuit and
integrated circuit that are simplified in the general constitution
and enable the consumed power to be reduced.

The foregoing object and other objects of the invention have
been achieved by the provision of a data receiving apparatus,
demodulator circuit and integrated circuit in which the
demodulating means demodulates a converted signal with the
modulated signal that was modulated in accordance with transmitted
data being given and generates a modulated signal containing the
amplitude component corresponding to the transmitted data. The
polarity detection means detects the polarity of the amplitude of
the demodulated signal. The absolute value comparison means
compares the absolute value of the demodulated signal with any
threshold value. In addition, the transmitted data is generated on
the basis of the detection result of the polarity detection means
and the comparison result of the absolute value comparison means.

Since after decomposed into both the comparisén result
between an optional threshold controlled corresponding to the DC
offset of the demodulated signal and the absolute value of the
amplitude of the demodulated signal and the detected result of
detecting the polarity of the demodulated signal, transmitted data
represented by the amplitude of a demodulated signal containing
the amplitude component corresponding to the transmitted data are
outputted to the decoder and transmitted data are regenerated by
' using these comparison and detection results, the general
arrangement is simplified and the consumed power can be reduced
further. '

In addition, according to the present invention, on the
demodulator circuit for demodulating a modulated signal to
generate a demodulated signal containing an amplitude component
corresponding to the transmitted data with the demodulated signal
demodulated in accordance with the transmitted data being given,
polarity detection means for detecting the polarity of a
demodulated signal and absolute value comparison means for’

comparing the absolute value of the amplitude of the demodulated



signal with an optional threshold are provided.

Furthermore, according to the present invention, on a
substrate with the modulated signal modulated in accordance with
trénsmitted data being given, mutilator means for demodulating the
modulated signal te generate a demodulated signal containing an
amplitude component corresponding to the transmitted deta,
polarity detection means for detecting the polarity of the
amplitude of the demodulated signal and absolute value comparison
means for comparing the absolute value of the demodulated signal
with an optional threshold.

The nature, principle and utility of the invention will
become more apparent from the following detailed description when
read in conjunction with the accempanying in which like parts are
designated by like reference numerals or characters. '

BRIEF DESCRIPTION OF THE DﬁAWINGS

In the accompanying drawings:

Fig. 1 is a block diagram showing the arrangement of a
conventional portable message receiver;

Fig. 2 is a block diagram showing the arrangement of a
portable message receiver based on one embodiment of data
receiving apparatus, demodulator circuit and integrated circuit
according to the present invention;

Fig. 3 is a block diagram showing the arrangement of an
intermediate frequency section; )

Fig. 4 is a block diagfam showing the arrangement of an
absolute value comparison section; and

Fig. 5 is a timing chart showing the timing of each signal.

DETAILEQ DESCRIPTION QF THE EMBODIMENT

Preferred embodiment of the present invention will be
described with reference to the accompanying drawings: :

Fig. 2 with the same symbols assigned to those correspondlng
to parts in Fig. 1, shows a data receiving apparatus, e.g.,
portable message receiver 10, receives a radio wave modulated by
4-valued FSK in accordance with transmitted data, e.g., message
data, and displays a message on the screen of the display section



7. Instead of the analog-to-digital convertor 5 and the decoder 6
out of the constituents of a conventional portable message
receiver 1, a portable message receiver 10 has absolute value
comparison means, e.g., an absolute value comparisoﬁ section 11
and a decoder 12 arranged. : ’

A portable message receiver 10 gives the high-frequency input
signal 81 obtained from the antenna 2 to the high-frequency
section 3 and gives a high-frequency signal §2 to the intermediate
f;équency section 4. The intermediate frequency section 4 gives a
demodulated signal, e.g., analog signal S3, containing amplitude
components, e.g., 4-valued amplitudes comprising two greater and
smaller values of positive polarity and two greater and smaller
values of negative polarity, corresponding to message data to the
absolute value comparison section 11.

Comparing the threshold adjusted by a control signal S6 with
the amplitude of an analog signal 83, the absoclute value
comparison section 11 generates the size compared result of the
detected amplitude of the analog signal $3 independently of the
polarity, e.g., an absolute value comparison signal 87. The
absolute value comparison section 11 gives this absolute value
comparison signal S7 to the decoder 12.

In addition, the intermediate frequency section 4 gives the
result, e.g., NRZ (Non Return to Zero) signal S8, obtained by
detecting the polarity of an analog signal S3 to the decoder 12.

'~ As a result, to the decoder 12 are given the superior and
inferior bits of an analog signal S3 expressed in 2 .bits
respectively in accordance with the NRZ signal 88 and the absolute
value comparison signal S87.

The decoder 12 processes the NRZ signal S8 and the absolute
value comparison signal S7, generates message data S5, gives the
message data S5 to the display section 7 and makes the content
based on the message data S5, e.g., message in alphabetic or
numeric characters displayed.

-Incidentally, the amplitudes of 4-va1uéd analog signals S3
include the larger amplitude of negative polarity, the smaller
amplitude of negative polarity, the smaller amplitude of positive
polarity and the larger amplitude of positive polarity



cerresponding to values of 2-bit binary data, 00, 01, 11 and 10,
respectively. In addition, the larger amplitude of negative
polarity, the smaller amplitude of negative polarity, the smaller
emplitude of positive polarity and the larger amplitude of
positive polarity correspond, for example, to the shifts from the
center frequency being -4.8 [kHz],'—l.G [kHz], +1.6 [kHz] and +4.8
[kHz], respectively. _

As shown in Fig. 3, the intermediate frequency section 4,
comprising an integrated circuit arrangement, mixes a high-
frequency signal S2 with a local osbillation signal S9 generated.
by the local oscillator 13 in the mixer 14 and frequency-converts
the frequency signal S2 into an intermediate frequency signal S10.
The mixer 14 gives this intermediate frequency signal S10 via the
band-pess filter 15 (in Fig. 3,'designeted with BPF) to the
limiter 16 as intermediate frequency signal S11 and gives an
amplitude-limited modulated signal, e.g., intermediate frequency
signal §12, to demodulating means, e.g., detector circuit 17.

The detector circuit 17 decodes detects the intermediate
frequency signal S12 to be demodulated to a bipolar base-band
signal S13 and outputs this base-band signal Sl3ivia the low-pass
filter 18 as a 4-valued analog signal'SB. ‘The low-pass filter 18
gives the analog signal S3 to polarity detecting meane, e.g.,
polarity detector circuit 19 and makes a NRZ signal S8 ocutputted.

The absolute value comparison section 11 comprises an
integrated circuit arrangement. As shown in Fig. 4, the absolute
value comparison section 11 gives a reference voltage VREF1l to the .
offset generator circuit 21 via the buffer operational amplifier
.20 and to the non-inversional input end of the buffer operational
amplifier 22 as well. The offset generator circuit 21 adds a
positive DC voltage VcoNT to the reference voltage VREF to generate
a reference voltage VPEré and gives this reference voltage VREF2 to
the non-inversional input end of the operational amplifier 23 and
to the inversional end of the operetional amplifier 22,

In this way, the operational amplifier 22 gives the reference
voltage VREF1 ~ VCONT to the noﬁ—inversional end of the operational
amplifier 24 as a threshold, whereas the operational amplifier 23

gives the reference voltage VREF1 + VCONT to’ the inversional end of
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the operational amplifier 25 as a threshold.

The operational amplifier 24 compares the amplitude of the
analog signal S3 given to the inversional end with the reference
voltage VREF1 - VcoNT. In this way, a comparison signal S14 which
becomes the logié w1v level only when the amplitude of the analog
signal S3 is a negative greater amplitude is finally given by the
operational amplifier 24 as a first conditional input of the 2-
input NOR circuit 26. .

On the other hand, the operational amplifier 25 cbmpares the
amplitude of the analog signal S3 given to the non-inveréional end
with the reference voltage VREF1 + VconT. In this way, a comparison
signal S15 which becomes the logic "1™ level only when the
amplitude of the analog signal S3 is a positive greater amplitude
is finally given by the operational amplifier 25 as a second
conditional input of the 2-input NOR circuit 26.

Thus, the 2-input NOR circuit 26 outputs an absolute value
signal 87 which becomes the logic "0" level for a positive or
negative greater amplitude and becomes the logic "1™ level for a
pesitive or negative smaller amplitude. _

In the absolute value comparison section 11 according to the
above arfangément, the reference voltage VREF1 coincident with the
DC offset of the analog signal'SS is given to the offset generator
circuit 21. And in the absolute value comparison section 11, the
positive and negative thresholds are set at an optional level
between the greater amplitude (superior level) and the smaller
amplitude (inferior level). | - _

A case of 2-bit binary data will be considered which take
their changing values of 01; 00, 10, il, 01, 10 and 00 in sequence
as shown in Fig. 5. 'In this case, the NRZ signal S8 becomes "L",
"L, "H"; wHgw, wLw, YH" and "L" levels in sequence. This means
that the NRZ signal S8 becomes always the "L" level if the
superior bit of binary data indicated by the analog signal S3 is
"0" and the NRZ signal SB becomes always the "H" level if the )
superior bit of binary data indicated by the analog signal S3 is
niv, '

On the other hand, the absolute value comparison signal 87
becomes "H", “L', "L", “H", "H", "L" and "L" levels in sequence.



This means that the absolute value comparison signal S7 beccmes
always the "L" level if the inferior bit of binary data indicated
by the analog signal 83 is "0" and the absolute value comparison
signal 87 becomes always the "H" level if the inferior bit of
binary data indicated by the analog signal 83 is "1°".

Here, when a DC offset different from the initial level takes .
pPlace in the analog signal 83 due to temperature fluctuations of
the receiving system and the like, the reference voltage VREF1
given to the offset generator circuit 21 is so adjusted as to be
equal to this DC offset level, élg., by feed~back control. In this
way, the thresholds of the operational amplifiers 22 and 23 are so
adjusted as to hover corresponding to the DC offset level after
adjustment, the influence of the DC offset is removed and
consequently a stable and highly reliable absolute value
comparison signal 87 is outputted.:

On the other hand, the polarity detection circuit 19 outputs
the NRZ signal SB free from the influence of the DC offset because
the polarity of the analog signal 83 is invariant independently of
the degree of the DC offsetf In this way, to the decoder 12 are
given the NRZ signal S8 ana a highly reliable absolute value
comparison signal S§7 in which the DC offset in the analog signal
S3 is already canceled, so that the circuit arrangement for
'generating message data S5 becomes further simpler than the
conventional and moreover correct message data S5 can be generated
always without affected by the DC offset.

Thus, use of a conventional analog-to-digital converter 5 and
a complicated correction circuit serving to cancel the influence
of the DC offset in a digital signal S4 ocutputted by this analog-
to-digital convertor 5 becomes unnecessary, so that the general
arrangement is simplified by this and the consumed power can be
further reduced. In addition, by a simple decoding processing
using the NRZ signal S8 and the absolute value comparison signal
S7, message data 85 can be generated.

" According to the above arrangement, after decomposed into
both the comparison result between the threshold controlled upward
or downward corresponding to the DC offset of the analog signal 83
and the absolute value of the amplitude of the analog signal S3

I



and the NRZ signal S8 obtained by detecting the polarity of the
analog signal S3, 4-valued data represented by the amplitude of a
analog signal 83 are outputted and message data are regenerated by
using these absolute value comparison signal S7 and NRZ signal S8,
so that the general arrangement is simplified and the consumed
power can be reduced further. .

By optionally setting the threshold of the absolute value
comparison section 11 in conformity to a change in the environment
under which the receiver is laid, such as a fluctuation in output
level due to a radical decrease in field strength and the like,
.the resistivity to a change in the environment can be strengthened.
Furthermore, by giving hysteres is to the operation of the
polarity detection circuit 19 and the absolute value comparison
section 11 and making this hysteresis optionally variable, the
sensitivity to noise can be lowered equivalently.

Meanwhile, in the above embodiment, the case of receiving 4-
valued data is described, but the present invention is not limited
to this and is applicable also to an optionai case of receiving
multi-valued data. For example, in the case of receiving 6-valued
data, a plurality of values can be individually identified by the
"parallel provision of absolute value comparison means similar in
arrangement to the absolute value comparison section 11 but
- different only in threshold and can attain an effectiveness
similar to the above-mentioned. For 2-va;ued FSK demodulation, set
data are regenerated by the NRZ signal S8 alone as conventional.

In addition, in the above embodiment, the case of
demodulating a modulated signal modulated by FSK is described, but
the present invention is not limited to this and is applicable
also to a case of demodulating a modulated signal moduléted by an
- optional modulation scheme provided the amplitude component
corresponding to transmitted data is contained in the amplitude of
the demodulation signal obtained by demodulating a modulated
signal.

Furthermore, in the above embodiment, the.case of
individually arranging the intermediate frequency section 4 and
the absolute value comparison section 11 into séparate integrated
circuits is described, but the present invention is not limited to
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this and is applicable also to a case of arranging the
intermediate frequency section 4 and the absolute value comparison
section 11 into one and the same integrated circuit.

Still‘further in the above embodiment, the case of
transmitted data being transmitted by electric wave is described,
but the present invention is not limited to this and is applicable
also to a case of employing optional information carrier means,
such as light, other than electric wave and transmitting on an
optional transmission path, such as an electric wire or optical
fiber. '

Like these, according to the present invention, after
decomposed into both Ehe comparison result between an optiocnal
threshold controlled corresponding to the DC offset of the
demodulated signal and the absolute value of the amplitude of the
demodulated signal'and the detected result of detecting the
polarity of the demodulated signal, transmitted data represented
by the amplitude of a demodulated signal containing the amplitude
component corresponding to the transmitted data are outputted and
the transmitted data are regenerated by using these comparison and
detection results, so that the general arrangement is simplified
and the consumed power can be reduced further.

While there has been desdribed in connection with the
ppéferred-embodiments of the invention, it will be obvious to
those skilled in the art that various changes and modifications
may be aimed, therefore, to cover in the éppended claims all such

changes and modifications as fall within the true spirit and scope
of the invention.
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WHAT IS CLATIMED IS: )
1. A data receiving apparatus comprising:

.demodulation means for receiving a modulated signal modulated
in accordance with transmitted data and demodulating said
‘modulated signal to generate a democdulated signal including the
amplitude component corresponding to said transmitted data;

polarity detection.means for detecting the polarity of the
amplitude 6f said demodulated signal; and

absolute value comparison means for comparing the absolute
value of said demodulated signal with an optional threshold;
wherein '

said transmitted data is generated on the basis of the
detection result of said polarity detection means and the
comparison result of said absolute value comparison means.

2. The data receiving apparatus according to claim 1, wherein
said modulated signal is modulated by FSK (Frequency Shift Keying).
3. The data receiving apparatus according to claim 1, wherein:

said transmitted data are given in a plurality of wvalues; and.

said modulated signal has a plurality of amplitude components.
4, The data receiving apparatus according to claim 1 wherein

' said plurality of values are given in four values.

5. The data receiving apparatus according to claim 1 wherein

said demodulated signal contains said positive amplitude component

and said negative amplitude component.

6. The data receiving apparétus according to c¢laim 3 wherein

said demodulated signal contains said positi?e amplitude component

and said negative amplitude component.

7. The data receiving apparatus according to claim 4, wherein

said demodula;ed signal contains said positive amplitude component

and said negative amplitude component.

8. The data receiving apparatus according to claim 1 wherein the

content based on the regeneration of said transmitted data is

displayed on the display screen. '. :

9. A demodulaﬁor circuit for receiving a modulated signal

modulated_in accordance with transmitted data and for demodulating

said modulated signal to generate a demodulated signal containing

an amplitude component corresponding to said transmitted data;
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comprising:

polarity detection means for detecting the polarity of the
amplitude of said demodulated signal; and '

absolute value comparison means for comparing the absolute
value of said demodulated signal with an optional threshold.



