SPECI FI CATI ON TI TLE OF THE | NVENTI ON DI G TAL DEMODULATOR FI ELD OF THE

‘I NVENTI ON 5 The present invention relates to a digital

denodul at or for denodul ati ng signals which have been phase-nodul at ed by
such methods as PSK (Phase Shift Keying). BACKGROUND OF THE | NVENTI ON I n
recent years, digital conmunication devices have 10 transmitted information
signals after nodulating carrier signals using digital information signals
(baseband signals) to achieve efficient transm.ssion. Such nodul.ati on has
been performed using methods such as SEHCIEAGALLONe Shift Keying) in which
anplitudes of carrier signals are shifted based on digital 15 baseband
signals (nodul ating signals), FSK (Frequency Shift Keying) in which

f reéquenci es ii%iiﬂ#ﬁﬁiﬁgﬁgﬁﬁﬁﬁgﬁﬁﬁﬁh'fted based on nodul ati ng signal s, and
QAM (Quadr at on). in which anplitudes and phases
of carrier waves are i ndependergfé&ﬂl?%ﬁ?ﬁ%fn nodul ati ng si gnal S.

FIEL E IN
5 The present invention relates to a digital demodulator
for demodulating signals which have been phase-modulated by such

methods as PSK (Phase Shift Keying).

BACKGROUND OF THE INVENTION
In recént years, digital communication devices have
10 transmitted information signals after modulating carrier signals
using digital.information signals (baseband signals) to achieve
efficient transmission. Such modulation has been performed
using methods such as ASK (Amplitude Shift Keying) in which
amplitudes of carrier signals are ‘shifted based on digital
15 baseband signais (modulating signals), FSK (Frequency Shift
Keying) in which frequencies of carrier waves are shifted based
on modulating signals, and QAM (Quadrature Amplitude Modulation)
in whichl amblitudes_ and phases of carrier waves are
independently changed based on modulating signals.
20 These digital modulation methods are currently used in
various mobile communication systems. Digital demodulators in

practical use which demodulate information signals transmitted



20 ’ These digital nodul ation nethods are currently used in various
‘mobi | € communi cation systenms. Digital dermpdul ators in practical use which
denodul ate information signals transmtted in the above nanner have a
common feature (not .identical, though) in that a baseband signal is
detected froman input signal using a clock signal which has a frequency
equal to an integral nultiple of the frequency of the input signal.
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5 FIG. 1 is a block diagram of a digital demodulator of

the prior art. This digital demodulator demodulates signals

which have been phase-modulated by QPSK (Quaternary Phase Shift

Keying) . A radio signal inputted via an.antenna is received by

a radio unit (not shown) and then sent to a comparator 12 in a

10 phase detector 11 as an input signal. A master clock signal has

a frequency which is set at an integral multiple of the

frequency of the input signal. The frequency of the master

clock signal is divided by a divider 13 iﬁ the phase detector 11

and then compared with the frequency of the input signai by the

15 comparator 12, which outputs phase difference data. The

frequency of the input signal is equal to that of the divided
master clock signal.

The phase difference data outputted from the phase

detector 11 is sent to a delaying circuit 14, by which it is

20 delayed by one information symbol period. ' The phase difference

data is also sent directly ﬁo a subtractor 15, which subtracts

the delayed phase difference data. from the original phase

difference data. The subtraction result data is processed by a

decision unit 17, which then outputs demodulated data. _The

25 decision unit 17 operates based on an operation clock signal



and thén conpared with the frequency of the input signal by the 15

‘conpar at or

12, which outputs phase difference data. The frequency

of the input signal is equal to that of the divided master clock signal.
The phase difference data outputted fromthe phase detector 11 is sent to a_
delaying circuit 14, by which it is 20 del ayed by one information synbol

period. The phase difference data is also sent directly to a subtractor 15,

whi ch subtra
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FIG. 2 is a time chart of an unmodulated 1nput signal’

(carrier wave) to be inputted to the digital demodulator and a
divided master clock signal. The inbut signal is an unmodulated
carrier signal, i.e., a carrier wave itself. A divided master
clock signal is given by dividing the frequency of a master
clock signal, which is an integfal multiple of the frequency of
the input signal. In this division, the frequency of the
divided master clock signal is mede equal to that of the input
signal. |

The phase difference between an input signal -and a
divided master clock signal is the constant wvalue Pd. When an
input signal is modulated, the phase difference Pd is shifted by
the amount of modulation, and the modulated input signal can.be
demodulated based on the amount of shift. |

However, wheﬁ the frequency of a master clock signal is
not an integral multiple of the frequency of an input signal,
the input signal (carrier) is not in synchronization with the -
divided mastef'clock signal, as shewn in FIG. 3. Here, the
phase difference varies, as shown by PDl, PD2, PD3, and PD4;
When an input sighal is modulated, the amount ef modulation is
added to this wvarying phase difference so that if is difficult

to demodulate the modulated input signal based on the phase



FIG 2'is a tinme chart of an unnodul ated input signal 5 (carrier wave) to
‘be inputted to the digital denodul ator and a divi ded master clock signal.
The input signal is an unnodul ated carrier signal, i.e., a carrier wave
itself. A divided master clock-signal is given by dividing the frequency of
a master clock signal, which is an integral multiple of the frequency of 10
the i nput signal. In this division, the frequency of the divided naster

cl ock signal gual 0; hat of the i nput signal. The phase
di fference &%é@é&?ﬁ%ﬁl%%u%£3|%nal and a divided nmaster clock signal is the

const ant val ue Pd. ggo%?hfynghglgﬂgb ghlgwﬂgggd 8ﬁ?ﬁepgg %cto(f of
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syhchroni zat1 0 r clock signal, a shown in FIG
Here, thes pheseqGhhéfr SBCEa¥R! iRButagighawm? by PDIL, PDQ, PD3, and PD4.

With such configuration, however, an input signal needs
to have a frequency which is an integral multiple of the
frequency of a master clock signal, otherwise, the input signal
can not be receiveq,

10 This configuration also imposes restrictions on device
design, since an oscillator needs to have é frequency which is
an integral multiple of the frequency of ah input signal to be
demodulated.

To eliminate these problems, the  present invention aims

15 to provide a digital demodulator which imposes no restrictions
on device desigﬁ; regardless ~of the frequencies of input

frequencies.

SUMMARY OF THE INVENTION

The digital demodulator of  the present invention

20 includes: a phase' data output unit for comparing a phase-
modulated input signal with a clock signal which is not in
synchronization with the carrier wave of the input signal, and
then outputting phase data which corresponds to the phase

difference between the input signal and the clock signal; a



Wien- an input signal is nodul ated, the amount of nodulation is added to
‘this varying phase difference so that it is difficult 25 to denodul ate the
nodul at ed i nput signal based on the phase 3 difference as it is. As
shown.in the above prior art, phase detectors of digital denodulators in
practical use require each master clock signal to have a frequency which is
an integral nultiple of the 5 frequency of each input signal. Wth such
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o be which correépOnds to the phase Shift caused by the frequency'
5 difference between the carrier wave of the input signal and the
clock signal; a delay detection unit for detecting the delay
time of the phase data from the phase data output unit, using
. the phase data outputted from the phase data output unit, the
compensation value held by the compensation wvalue hold unit, and
10 the phase data delayed by the delaying unit by the predetermined -
period of time; and a demodulation unit for demodulating the
input signal based on the result of the delay time
‘calculation.
In such digital demodulator, the delay detection unit
15 is capable of calculating a delay time using the compensation
value held by the compensation value hold unit, so that an input
signal can be received and demodulated even if its frequency is
not an integral multiple of the frequency of a master clock
signal. Furthermore, an oscillator having a frequency which is
20 not an integral multiple of the frequency of an input signal to
bé'demodulated can be émployed in this digital demodulator,
allowing more freedom in device- design, regardless of the
frequencies of input signals.
The delay detection unit of such digital demodulatér

25 includes an addition unit for adding the phase data from the



denodul ated. To elininate these problens, the present invention ains 15 to
provide a digital denodul ator which inposes no restrictions on device
design, regardless of the frequencies of input frequencies. SUMWARY OF
THE | NVENTI ON The digital denodul ator of the present invention 20

I ncl udes: a phase data output unit for conparing a phase- nodul ated i nput
signal with a clock signal which is not in synchronization with the carrier

wave of thepnaud dd€mabutPit thed andpuhe Rbrpeassatddim viliud keldebports
to the phase difference between the input signal and the clock signal; a 4

del ayi ng unidoripehsdaliay ngallhe phese daiitouapdt t &d sulssttdet phaserdat afor
out put nmeans by a predetermned period of time; a conpensation value hol d
uni t - for holstibtgracteionpettsatploase adakta delayed by the delaying unit by the
predetérmined period of time from the addition result by the

.5 addition unit.
The installation of such addition unit and subtraction

unit enables calculation of the delay time wusing the

compensation value held by the compensation value hold unit.

BRIEF DESCRIPTION OF THE DRAWIEQS

10 These and other objects, advantages and features of the
invention will become apparent from the following description
thereof taken in conjunction with the accompanying draWings_
which illustrate a specific embodiment of the invention. In the
drawings:

15 FIG. 1 is a block diagram of a digital demodulator of
the prior art.

FIG. 2 is a time chart of an unmodulated input signal

(carrier wa&e) to be inputted to the digital demodulatof and a
divided master clock signal. |

20 | ' FIG. 3 is a timé chart of an ihput signal (carrierj and
a divided master clock signal, where the frequency of the master
clock signal is not an integral multiple of the frequency of the
input signal.

FIG. 4 is a block diagram of a digital demodulator of



whi ch corresponds to the phase shift caused by the frequency 5 difference
between the carrier wave of the input signal and the clock signal; a delay
detection unit for detecting the delay tinme of the phase data fromthe
phase. data out put unit, using the phase data outputted fromthe phase data
output unit, the conpensation value held by the conpensation val.ue hold
unit, and 10 the phase data del ayed by the delaying unit by the

redeterm ned_perjod.of ting;, and a denpodul ation unit for denodul ating the
Pnput signalaﬁagﬂhogﬁm?ﬂ ggs ¢ BFefRBLJENYGRELRB-cal cul ation. In such

di gital denodul at or, lay detectiaon unit _15 i s capabl e of cal culating
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devi ce design, regardless of
of the embodiment.

FERRED EMBODIMENT TH_ NTION
FIG. 4 shows the configuration of the digital
demodulator of this embodiment. This digital demodulator

10 demodulates signals which have been phase-modulated by QPSK. It
comprises a phase detector 41, a divider 42, a comparator 43, a
delaying circuit 44, a phase compensator-45, an adder 46, a
sﬁbtractor 47, a clock signal regenerator 48, and a decision
unit 49.

15 In the phase detector 41, which includes the divider 42
and the comparator 43, an input signal is compared with- a
divided master clock signal, and phase difference data is then
outputted. As in the prior art, the input signal is a signal
outputted from a radio unit (not shown in the figure) which

20' receives transmitted radio signals transmitfed via.an antenna.
Such input signal has a modulating signal as a phase difference
of the input’signal. The frequency of a master clock signal is
not an integral multiple of thé frequency of the input signal

and it is generated by an oscillator which is independent of the



frequencies of input signals. The delay detection unit of such digital
deimdul ator 25 includes an addition unit for adding the phase data from
the 5 phase data output unit and the conpensation value held by the
conpensation value hold unit, and a substraction unit for subtracting the
phase data del ayed by the delaying unit by the predeterm ned period of tine
fromthe addition result by the 5 addition unit. The installation of such
addition unit and subtraction unit qubles calculation of the delay tine
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5 : The comparator 43 operates ig accordance-with master
clock signals. It compares the input signal with the divided
master clock signal from the divider 42 and then outputs the
phase shift of the inpuf signal as phase difference data. The
phase difference data contains an amount of the phase shift

10 which is ‘caused by the frequency difference between the input
signal and the divided signal, as well as the phase difference
which corresponds to the amount of nbdulation of the input
signal. Such phase difference data is outputted by the
comparator 43 as 5-bit numerical data which represents 0 to

15 31.

The delaying circuit 44 latches the phase difference
data outputted from the comparator 43 and delays it by one
information symbol period.

The phase difference compensator 45 is formed by a

20 register and holds a phase compensation value which is
exclusively determined by the amount of a phase shift determined
-by the frequency diffefencé between a div:'_.ded master clock
signal and an input signal. The amount of phase shift in one

information symbol period is given by the following formula:



which illustrate a specific enmbodinment of the invention. In the draw ngs:
15 ) FIG 1 is a block diagramof a digital denodul ator of the
prior art. FIG 2 is a tine chart of an unnodul ated input signal (carrier
wave). to be inputted to the digital denodulator and a divided master cl ock
signal. 20 FIG 3 is atinme chart of an input signal (carrier)
and a divided master clock signal, where the frequency of the master cl ock

signal is not an integral nultiM(ﬁég 4 & (g thR,d Nput signal .
' ' ' i nﬁéu ator t

FIG 4 is a block diagramof a dig an enbodi nent of
the present invention. FIG 5 is ating o¥' C%)Lal@i@e@t ngjdpnal S.

FIG 6 shows a subtraction result of a subt act using P a
coordi nat es.gmount of shift -|A@| =

. frequency of information

5 symbol period

This amount of shift is then converted into a 5-bit
integer (0—31) to give the phase compensation value.

The adder 46 adds the phase compensation value held by
the phase compensator 45 to the phase difference data outputted

10 from the comparator 43 in every information symbol period.

The subtractor 47 subtracts the phase difference data
plus the phase compensation value from the phase difference data
delayed by one information symbol period by the delaying circuit
44; ‘The amount of phase of a phase difference corresponding to

15 the amount of ﬁodulation of each input signal in one information
symbol period is thus calculated.

The clock signal regenerator 48 is formed by a PLL
circuit -~ and regenerates an operation clock signal in
synchronization with one information éymbol period according to

20 aﬁ input signal.. The delaying circuit 44, the phase compensator
45, the adder 46, the‘subtractor 47, and the decision unit 49
operate in accordance Qith the operating clock .signal
regenerated from the clock signal regenerator 48.

The decision unit 49 outputs demodulated data in



5 ' FIG 7 shows a nodification of the digital denodul ator of the
enbodi nent. PREFERRED EMBODI MENTS OF THE | NVENTION FI G 4 shows the
configuration of the digital denodulator of this enbodi nent. Thi s
digital denodul ator 10 denodul ates signals which have been phase-nodul at ed
by QPSK. It conprises a phase detector 41, a divider .42, a conparator 43, a
delaying circuit 44, a phase conpensator 45, an adder 46, a subtractor 47,
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The frequency of ster clock signal 1S not an integral nultiple of the
frequencys of ydrheaiHiEd SRl signal, a divided master clock signal, a phase

difference, and a compensation value. In the lower half of the
figure, an enlarged detail of the'time chart is shown. For ease
of explanatién, the start edge of every signal has been alignéd,
as can be seen from the left edge of the time chart in the upper
10 half of the figure. |
The first signal at the top in the figure is an input
signal. The pulse width of this input signél varies depending
on the amount of modulation. The input signal carries a
modulating signal which has 6 cycles as one information symbol
15 period. The second signal from the top is an unmodulated input
signal, i.e., the carrier wave of the inpﬁt signal. The first
input signal has a smaller pulse width than that of the carrier
wave as a result of modulation. The phase difference between
the carrier wave and the input signal is the amount of the’
.20 modulation caused by the modulating signal. The second input:
signal (carrier) is shown here for easé of'explénation, but in
practice, this kind of signél is not inputted to the demodulator
of this embodiment.
The third signal from the top is a signal obtained by

25 dividing a master clock signal using the divider 42. The

10



and it is generated by an oscillator which is independent of the 7 cl ock
signal regenerator 48. The divider 42 receives the master clock signal and
divides it so that the frequency of the master clock signal becones: equal
to the frequency of the input signal. 5 The conparator 43
operates in accordance with master claock signals. It conpares the input
signal with the divided master clock signal fromthe divider 42 and then

Ohacn i £ 1 or SR talodriredP thas H905a83 BIAREL Yl ARE ARl < i
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out putted by e conparator 43 as It nunerica ata c represent

tQ _dlfference between the input signal and the divided signal is

5 indicated as DO, Dl, D2, ... on the fourth line in FIG. 5. The
phése difference is outputted by the comparator 43 for every
cycle of each input signal;

In the lower half of the figure is shown an enlarged
detail of the input signal, tbe unmodulated input signal, and

10 the divided signal, in conjunction with a master clock signal,
where D5 is outputted as phase difference data.

The phase difference data represents the rise time
difference bgtween the input signal and the divided master clock
signal, and more specifically, it is 5-bit numerical data

15 showing the number of cycles by which the rise time difference
is represented. 1In this embodiment, for example, the comparator
43 contains a counter (not shown in the figure) whicﬁ operétes
in accordance with master clock signals and outputs the counter
data "16" as phase difference data. As can be seen from the

20 figure, such phase difference data includes the amount of
modulation of.the inpﬁt signal énd the amount of phase shift
caused by the frequency difference between the input signal
(carrier) and the divided signal. In this example, the amount
of modulation is 10 while.the amount of phase shift is 6.

25 The fifth line from the top shows that a compensation

11



15 31. The delaying circuit 44 |atches the phase difference data outputted
fromthe conparator 43 and delays it by one information synbol period. The
phase difference conpensator 45 i's forned by a 20 register and holds a
phase conpensati on val ue which is exclusively determ ned by the anmount of a
phase shift determ ned by the frequency difference between a divided naster
cl ock signal and an input signal. The anount of phase shift in one

[ nf or mat | on 3y {80heRAr hgdehs BhYES. EmbORsdEbE M Ntk (@Bt td R HRder

of carrier wave - frequency O st gnal anount 1Tt [err =
2[err] frequ@nqy QFnd NiFSERA by symbol period (more specifically, in the

synbol period This amount of shift 1s then converted into a 5-bit

) last cycle of one information symbol period). In this

embodiment, nem is outéufted as the Qalue of the phase shift

5 caused by the frequency differeﬁce between the input signai
(carrier) and the divided signal.

| FIG. 6 shows P and Q coordinates by which the

subtraction result by the subtractor 47 is represented. €@ is

a phase ﬁalue which varies depending on modulation systems (in

10 the case of QPSK, @ is 0, ‘i7t/2, or w). AO@ represents the

amount of the phase shift caused by the frequency difference

between the input signal (carrier) and the divided signal. Such

phase shift value is equal to the phase compensation value held

by the phase compensator 45. @' represents the phase difference

15 which is a result outputted by the subtractor 47 in the case

where neither phase compensator 45 nor adder 46 is provided.

Without the phase cdmpensator 45 and the adder 46, a phase shift

value A@ is caused due to the frequency difference between the

inﬁut signal (carrier) and the divided signal. By providing the

20 phase compensator 45 and others, however, the phase shift wvalue

A@ can be eliminated and a desired phase value A@ can be

obtained.
| In the above explanation, the comparator 43 outputs

numerical data as phase difference data from a counter (not

25 shown in the figure) in accordance with a master clock signal,

12



integer (0-31) to give the phase conpensation value. The adder 46 adds the
phase- conpensati on val ue held by the phase conpensator 45 to the phase
difference data outputted 10 fromthe conparator 43 in every information
synbol period. The subtractor 47 subtracts the phase difference data plus
t he phase compensation value fromthe phase difference data del ayed by one
I nformati on synbol period by the delaying circuit 44. The anount of phase

nformat on delaying ¢ .
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phase conpensator 45, the adder 46, the subtractor 47, and the decision-

unit 49 opergidse | Qirdeeehdane@tardrte t per apFoRnafdonCliftbolsi g8aiod, as |
regenerated fromthe clock signal regenerator 48. The deci sion unit 49
out puts denoshdwid €ich died tifhe chart in FIG. 5, although such a compensation
value may be divided into several parts which -are then added
separately to the phase differenée data.
In this embodiment, a compensation valug is added to-
phase difference data which is not delayed by one information

10 symbol period, as shown by the phase compensator 45 and the
~adder 46 in FIG. 4, but the éddition is not necessarilj
performed there. As shown by thé phase compensator 71 and the
adder 72 in FIG. 7, for instance, a compensation wvalue can be
added to the fesult of the subtraction by the subtractor 47.

15 A compensation value held by the phase compensator 45
can be subtracted from phase difference data right after the
delaying'process by the delaying circuit 44 or from the previous
phase difference data. That ié, a compensation value is added
so that a value to be inputted to the decision unit 49 is (A -

20 B + Xx), where A is phase difference data, B is phase difference
data delayed by one information symbol period, and .x 'is a
.compensation value.

As described so far, the digital demodulator of the
present invention imposes no restrictions on device design,

25 regardless of the frequencies of input signals, because a

13



accordance with the subtraction result fromthe subtractor 47. The
foll ow ng explanation is for the operation of the digital denodul ator.
Referring now to the tinme chart in FIG 5, the upper half of the figure
shows, an input signal, an 5 unnodul ated input signal, a divided naster

cl ock signal, a phase difference, and a conpensation value. In the | ower
hal f of the figure, an enlarged detail of the time chart is shown. For ease
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cycles as one rmat i on synbol period. The second signal fromthe top
i's an unnmodidatfshd NPUAs Sagﬂééul't edembaﬁl‘é%ﬁ.bhe"ca‘f@‘b% QariRd MUt sanals

The first input signal has a smaller pulse width than that of the carrier
5 the frequency of the master clock signal is not an integral
multiple of that of the input signal;

Although the present invention has been fully described
by way of examPles with reference to the accompanying drawings,
it is to be noted that various changes and modifications will be

10 apparent to those skilled in the art. Therefore, unless such

changes and modifications depart from the scope of the present

invention, they should be conétrued as being included therein.

INDUSTRIAL FI I WHICH THE INVENTI N BE UTI
The digital_demodulator of the' present invention is
15 .effective in communication systems which use digital modulation
methods for demodulating phase modulation, with PSK (Phase Shift

Keying) being the most desirable method.

14



wave as a result of nodulation. The phase difference betmeen the carrier

wave and the input signal is the anount of the 20 gwed aus-ech by t he
modul ating signal. The second input signal (carrildHS |~%’E§T}d%$ BEEN: | f or
ease of explanation, but in practice, this kind off I nputted

to the denodul ator of this enbodinent. The third
signal obtained by 25 dividing a master clock signal using the divider 42.
The 10 conpar at or 43 conpares this cﬁ%%éiﬁéfignal'mﬁth the input signa

and outputs the rise tinme difference as e phase difference between the

di vided signal and the input signal. This phase difference between the

I nput signal and the divided signal is 5 indicated as DO, D1, D2, ... on.

the fourth lgma iy iGinfea idwe phase difference is outputted by t he
conmparator 43 for every cycle of each input signal.
1 1. A digital demodulator comprising:
2 phase difference‘datg output ‘means for comparing a
3 phase-modulated input signal with a clock signal which is not in
4 synchronization with the carfier wave component of the input
5 signal, and outputting phase difference data which corresponds
6 to the phase difference between the input signal and the clock
7 signal: |
8 delaying means for delaying the phase difference data
9 outputted-from said phase difference data output means by a
10 predetermined period of time;
11 compensation Valﬁe hold means for holding a compensation
12 value whidh corresponds to a phase shift caused by the frequency
13 difference between the carrier wave component and the clock
14 signal;
15 delay detection means for detecting a delay of the phase
16 difference data outputted from said phase difference data output
17 means using the phase difference data outputted from said phase
18 -differenée-data oﬁtput means, the compensation value held by
19 said compensation wvalue hold means, and the phase difference
20 data delayed by said delaying means by the predetermined period
21 of time; and |

22 demodulation means for demodulating the input signal

15
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In the lower half of the figure is shown an enlarged detail of the input
signal, the unnodul ated i nput signal, and 10 I n
conjunction with a master cl ock S|gnal wher e ‘ § t 5 phase

di fference data. The phase difference data refresenfEP rise fine
difference between the I nput signal and the divided master clock signal,
and nore specifically, it is 5-bit nunerical data 15 show ng the nunber of
cycl es | hSe £d. Inthis

enbodi ng%twg %%dé%%.qﬁé:%%%f%gé%gﬁgﬁgr 45£%onta|ns a counter (not shown in
the figure) which operates in accordance with master clock signals and
outputs the counter data "16" as phase difference data. As can be seen

fromthe 20 f i Gur g5 g3¢@A. F&@zﬁ@d@iié@f eneectaliag Ned udesikhe aMNEkeoh said
nmodul ation of the i|nput signal and the. amount of phase Shlft caused by the

frequency dugﬁ%@emgtéagﬂ%ﬁﬂhégﬁg|¢5ﬁ§r§gggal (carrier) and the divided
si.gnal . In this exanple, the anpbunt of nodulation is 10 while the ampunt of

phase shisft is 6. 25addition md&fsf lffotxh addend r eRet hd<p abeveréheé aata
conpensati on

4 outputted from said phase difference data output means and the

5 compensation value held by said compensation value hold means;
6 and

7 subtraction means for subtracting the phase difference
8 data delayed by said delaying means by the predetermined period
9 of time from the result of the addition by said addition

10 means.

1 3. A digital demodulator according to Claim 1, wherein said
2 delay detection means comprises:

3 subtraction means for subtracting the phase difference
4 data delayed by said delayinglmeans by the predetermined period
5 of time from the phase difference data outputted from said phase
6 difference data output means; and

7 ‘addition means for adding the subtraction result of said
8 subtraction means aﬁd the compensatibn valﬁe held by ‘said

9 compensation value hold means.

1 4. A digital demodulator according to Claim 1, wherein said

2 delay detection means comprises:

16 This Sheet Has Been Replaced
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val ue held by the phase conpensator 45 is outpy 46 in one
i nformation synbol period (nore specifically, i MHIS SHEEStHASC BEEN | Oof one
i nformati on synbol period). In this enbodi nent gepiegps out putted as
the value of the phase shift 5 caused by the fr bet ween

the input signal (carrier) and the divided signal. FIG 6 shows P and Q
coordi nates by which the subtraction result by the subtractor 47 is

representgd.  [err] ff%é%I§%E%%a&%&5§.ﬁ@%ﬁ%‘f6¥'bﬁStéﬁE@ﬂHb“HhQ”c&%ﬁ@%éﬁt£6h

-systens (in 10 the case K, [err] 1s O, [err]/2, or “[err] [err]

represents t{e @i By té?ﬁd) enldialth opa T deP Nl e xrfera%%U%Mn difd gsienee
bet ween the i nput S|gnal (carrier) and the divided signal. Such phase ‘shift

val ue i s equal rieréh€e Phaseacoaeaa: ﬁ@ﬁl opyalgig deldebyying phasfs by the
conpensator 45. [err] represents the phase difference 15 Wwhi-ch is a result

out put t eds bypté&de tétbii Red Ope ATod Nof heim@seandier e neit her phase conpensat or

45 nor adder 46 is provided. Wthout the phase conpensator 45 and the adder

46, a phase shift second subtraction means for subtracting the subtraction
| 8 result of said first subtraction means from the phase difference

9 data outputted from said phase difference data output means.

1 5. A digital demodulator cdmprises:

2 phase difference data output means for comparing an

3 input signal with.a clock signal and outpﬁtting phase difference

4 data of the input signal;

5 - compensation value hold means for holding a compensation

6 value which corresponds to a phase shift caused by the frequency

7 difference between the input signal and the clock signal;

8 first subtraction means for subtracting the compensation

9 wvalue held by said compensation value hold means from the phase

10 difference data outputted from said phase difference data output

11 means;

12 delaying means for delaying phase difference data which
"13 is the subtraétion result of said first subtraction means by-a

14 predetermined period of time; |

15 : second subtraction means for subtracting' the phasé

16 difference data delayed by said- délaying means by the

17 predetermined period of time from the phase difference data

17
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value [err] is caused due to the frequency dlfference bet ween the input
signal (carrier) and the divided signal. By pro
conpensator 45 and ot hers, however, the phase s H#iS, 8 9 gl i m nat ed
and a desired phase value [err] can be obtained.} | n t REPRAGRIE expllanati on,

t he conparator 43 outputs nunerical data as phase difference data froma
counter (not 25 shown in the figure) in accordance with a master clock

i Pr oy o e rdﬁ@yssal@?}f)fs EIH)A di vi d si gna ﬁ% g prae

di fference Between an | nput sI gna is given. In this

embodi m@t, one CONPeIpd Ik t4dn enésnddeed it tdidd S dICen ﬁ{:as‘i@‘iﬁl

per information synbol period, as 5 shown in the tinme chart in

al + houghes Uy s OBRE NS | e&b\t&lat&lw besl¥i dd kBiE Sl B%bﬁ:&a@t'l%
are then added separately to the phase dlfference dat a.

21 means.

1 6. A digital demodulator according to one of Claims 1 to 5,
2 wherein said addition means and said subtraction means perform
3 addition and subtraction, respectively, in accordance with a
4 second clock signal which is in synchronization with information

5 symbol periods.

1 7. A digital demodulator'according to one of Claims 1 to 6,
2 wherein the predetermined delay period of time caused by said.

3 delaying means is the information symbol period.

T |
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In this erbodi nent, a conpensation value is added to phase difference data
whi ch-is not del ayed by one information 10 synbol period, as shown by the
phase conpensator 45 and the adder 46 in FIG 4, but the addition is not
necessarily perfornmed there. As shown by the phase conpensator 71 and the
adder 72 in FIG 7, for instance, a conpensation value can be added to the
result of the subtraction by the subtractor 47. 15 _ A conpensation
val ue held by the phase conpensator 45 gﬁ§$§§%fubtracted from phase :
difference data right after the delaying p Ss by the delaying circuit 4
or fromthe previous phase difference data. That is, a conpensation val ue
is added so that a value to be inputted to the decision unit 49 is (A - 20

B+ x), where A is phasgigither difodifidbo WifiiBRasterbdlpaase 9 ckmation
del ayed by one information synbol period, and x is a conpensation value. As

described sos{ghalshengdtOhhok @@@Bdgirﬁsy-xwdﬂmda asSitig | AVABLheA istesess
no restrictions on device design, 25 regardless of the frequencies of input
signals, becpgwge (Rhdde Shift Keying). The adder 46 adds a compensation
value held by the phase compensator 45 to phase difference data
outputted from the compérator 43. The-subtractor 477 subtracts
phase difference data delayed by the deléying ¢ircuit 44 by one
information symbol period from the sum of the phase difference
daté and the compensation wvalue from the adder 46, thus
performing delay detection. With this digital demodulator, an
input signal can be received and demodulated even if its
frequenCy is not an integral division of the frequency of a
master clock signal, and an oscillator can be used even if its

frequency is not an integral multiple of the frequency of an

input signal to be demodulated.

19



conpensation val ue corresponding to the phase difference between a divided
master clock signal and a carrier wave of an input signal. is added in
synchroni zation with information synbdl periods. As a result, denodul ation
can be carried out even if 5 the frequech of the master clock signal is
not an integral multiple of that of the input signal. Al though the present

i nvention has been fully describegyby way of exanples with reference to the
acconpanying drawings, it is to balnoted that various changes and

modi fications will be 10 apparentito those skilled in the art. Therefore,
unl ess such changes and nodificatigns depart fromthe scope of the present
invention, they should be construeg as being included therein. | NDUSTRI AL:
FILELD I N WHI CH THE | NVENTI ON CAN By UTI LI ZED The di gital denodul ator of the
present invention is 15 effectlveCDn< nmuni cati-on systens whi ch use

di gital nodul ati on nethods for de @I ating phase nodul ati on, wi'th PSK
(Phase Shift , Q A O
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Keyi ng) being the nost desirable nethod. 14 CLAIMS What is clainmed is: "1
1. - A digital denodul ator conprising: 2 phase difference data
out put means for conparing 3 a phase-&q | ated i nput signal with a clock
signal 4 which is not in synchronizatiof with the carrier wave 5 conponent
of the input signal, and outputting phase 6 difference data which
corresponds to the phase 7 difference between the input signal and the

clock 8 signal; 9 del ayi ng nmeans for del aying the phase difference
10 data outputted fromsaid phase difference data output 11 neans by a
predeterm ned period of time; 12 conpensation val ue hold neans for

hol ding as a
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13 conpensation value.a fixed val ue which corresponds to 14 a phase shift
caused by the frequency difference 15 between the carrier wave conponent
and the clock 16 signal; 17 dLﬁhzrential detection neans for
performng a 18 differential detection using the phase difference data 19
outputted fromsaid phase difference data output neans, 20 the conpensation
val ue held by said conpensation value 21 hold neans, and the phase

di fference data del ayed by 22 said del aying neans by the predeterm ned

period of 23 time; and - 15 - 24 denodul ati on neans for
denodul ati ng the input -25 signal based on the result of the del ay
detection, 26 wherein a frequency of the clock signal is 27

willingly selected so that the frequency of the clock

Pd4

Pd3

HFIG. 3

Pd2

Pd1

INPUT SIGNAL
(CARRIER)
DIVIDED MASTER
CLOCK SIGNAL



28 signal is different froma frequency of the carrier 29 wave conponent,
and 30 the fixed value corresponds to the phase shift 31 that is
uni quely determ ned by the frequency dh ference 32 (in one synbol period)
between the carrier wave 33 -conponent afd the clock signal. 1 2. A

di gital denodul ator conprising: 2 phase difference data output
nmeans for conparing 3 a phase-nngylated I nput signal with a clock signal 4
which is not in synchronization h the carrier wave 5 conponent .of the
i.nput signal, and outputting phas€!6 difference data which corresponds to
the phase 7 difference between t I nput signal and the clock 8 signal; 9
del ayi ng neans for del aying the pagase difference 10 data outputted from
sai d phase difference data output {31l neans by a predeterm ned period of

time;, 12 conpensation val @ <4M d nmeans for holding as a 13
conpensation val ue a fixed val ue E?EE corresponds to SRR
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14 a phase shift caused by the frequency difference - 16 - 15 bet ween
the carrier wave conponent and the clock 16 signal; 17 differenti al
detection neans for performng a 18 di-fJgrential detection using the phase
difference data 19 outputted from said pHase difference data output neans,
20 the conpensation value held by said conpensation value 21 hold neans,
and the phase difference data del ayed by 22 said del ayi ng neans by the
predet erm ned period of 23 tine; and denodul ati on nmeans . for
denodul ati ng the input 25 signal result of the del ay
detection, 26 wher ein ) | detection neansy 27
I ncl udes: 28 addi ti on negns for addi ng \he phase differenck
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v 29 data outputted fromsaid phase difference data output 30 neans and the
‘conpensation value held by said 31 conpensation value hold nmeans; and 32
subtraction neans for subtracting the phase 33 difference data del ayed by
sai d del ayi ng neans by the 34 predeterm1ig@d period of tinme fromthe result
of the 35 addition by.said addition nmeans. 1 3. A digital denodul ator
conprising: 2 phase difference data output neans for conparing 3 a
phase--nodul ated i nput signal with a clock signal -17- 4 which is not in

synchroni zation with the carrier wave 5 conponent of the input signal, and
out putting phase 6 difference data which corresponds to the phase 7
di fference between the input signal and the clock 8 signal;

-




~\91 R del ayi ng nmeans for. del ayi ng the phase difference 10 data
outputted from said phase difference data output 11 neans by a
predeterm ned period of time; 12 7; conpensation val ue hold neans for
holding as a 13 conpensation value a fied val ue which corresponds to 14 a
phase shift caused by the frequency difference 15 between the carrier wave
conponent and the clock 16 signal; 17 differential detection neans
for performing a 18 differential dAtection using the phase difference data
19 outputted from said phase diff#8rence data output .nmeans, 20 the
conpensati on value held by said cggpensation value 21 hold neans, and the
phase difference data del ayed by sai d del ayi ng neans by the
predet erm ned period of 23 tine; »and 24 denodul ati on nmeans for
denodul ati ng the input 25 signal Hased on the result of the delay

det ection, 26 : wher ei n sai§ ferenti al ection neans. 27
i acl udes; 0 jn{.
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28 * subtractlon nmeans for subtracting the phase -18 -

dlfference dat a el ayi ng neans by t e terained
peri‘od of tine aSHER fif erence 31 data o tbe'Ul t%ﬁEfkt% gg%r[@ phase

di ff erence dat Tput—3Z-means;| and 33 addi ti on REBEMEDS or _adldi ng
t he subtractionfr Swoﬁn’ﬁ% daijd subtracti on nmeans—and t he conpensati on
val ue 35 held py} said sdtifon value hold neans. 1 4. A digital
denodul at or conpr +s+rexs phase difference data output neans for

conparing 3 a phase- rmdul ated ifjput_signal with a clock signal 4 which is
not in synchronrzatron wtirthe tar @é;%ﬁa ve 5 corrponent of the input
signal,  and out uttln

t he phé%’é E@@t"ﬁké‘n%fe%l&ﬁ‘%gf wsl‘%g{n I%&%&Pr i@@@&&,e{\o

11, 1997)

' This Sheet Has Been Replaced
' T
1 1. (Amended) A digital demodulator comprising:
2 phase difference data output means for comparing a

5 phase-modulated input signal with a clock signal which is not in
‘4 synchronization with the carrier wave component of the input
5 signal,land outputting phase difference data which corresponds
6§ to the phése difference between the input signal and the clock
7 sigmnal;

8 delaying means for delaying the phaée difference data
9 outputted from said phase difference data output means by a
10 predétermined period of time;

11 " compensation value hold means for holding as a
12 compensation value a fixed wvalue which corresponds to a phase
13 shift caused by the frequency difference between the carrier
14 wave component and the clock sigﬁal;

15 delay detection means for detecting a delay of the phase
16 difference dafa outputted from said phase difference data output
17 means using the phase difference data outputted from said phase
18 difference data output means, the compensation value held by
13 said compensation value hold means, and the phase difference
20 data delayed by said delaying means by the predetermined period

21 of time; and

22 demodulation means for demodulating the input signal

//!

(AR S L
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8. si.ghal; 9 del

data outputted fromsaid
predet erm ned period of t
hotding as a 13 conpensa
phase shift caused by thg
conponent and the clock 1
for performng a -19 -
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ijorg 9 oE 1998 | kel

ying the phase difference 10

g%éggﬁﬁagrﬁh@geHata out put 11 neans by a

ne; 12 cohpensat i gR-val e hol d neans for

val ue t3 SHEET pragogeEl fo 14 a
firequency difference 15 |betweggp hpgpcarrier wave
STgmat—17 di f1 Jdn nmeans

18 differential fletection using the phase

di fferenge %%ts%dl% a * %ﬁfif I‘c&m&?é CheQL

by said ensation val ue 21 hold neans,
and the phase difference data del ayed. by 22 said del ayi ng neans by the

20 the conpensati on

pr edet er mi ned period of
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N . ) ) %@7‘#3’4 -
23 time; and 24 denodul ati on nmeans for denodul ating the g@@u} ﬁf
signal based on the resuli of the delay detection, 26 whérei P %sai d

di f feerent i gLEQEEHEﬂpq ®ns 27 includes: 28 first subtraction
means for Reg—theq 29 conpensation val ue hel.d, b ' oppensati on

==h sai d
val ue hol d 30 neans from §hé phase difference SRRSHHE g@/"e% b%gg%vwstﬂ%i?
del ayi ng 1 ansZﬁ&AUﬁég redefferm ned period of tinme; and 32 second
subtraction reans _for subtlrgcting the 33 subtraction result of said first
subtraction neans from 34 the phase difference data outputted from said
phase 35 _ Ui t put neans SLAIMS A digital denodul ator
conprises: 2 phase difference data output neans for conparing 3 an

i nput signal with a clock signal and outputting 4 phase difference data of
the input- si gnglat Ps claimed isonpensati on val ue hold neans for holding a 6
conpensati on val ue which corresponds to a phase shift ~
1 1. A digital demodulator comprising:
2 phase difference data output means for comparing
3 a phase-modulated input signal with a clock signal
4 which is not in synchronization with the carrier wave
5 component of the input signal, and outputting phase
6 difference data which corresponds to the phase
7 difference between the input signal and the clock
8 signal;
9 . delaying means for delaying the phase difference
10 data outputted from said phase difference data output
11 means by a predetermined period of time;
12 compensation value hold means for holding as a
13 compensation value a fixed value which corresponds to
14 a phase shift caused by the frequency difference
15 between the carrier wave component and the clock
16 signal; |
17 differential detection means for performing a
18 differential detecﬁion-using-the phase difference data
19 outputted from said phase difference data output means,
20 the compensation value held by said compensation value
21 hold means, and the phase difference data delayed by

22 said delaying means by the predetermined period of

23 time; and

- 15 -
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- 20- 7 caused by the frequency difference between the input 8 signal

and the clock sigpal. 9 f4+st subtraction neans. for subtracting
t he f0 conpensathgﬂﬂg‘ h‘[ Slai d conpensation value hold 11 neans
fromthe phase di tted from 12 said phase difference data

ans for delSwpstiptershaetdi 28 Auguss 1999
data which is the of said first 15 subtraction neans by
a predeterm ned p¢ second subtraction neans for
subtracting the 17 phase dlfference data del ayed by said del ayi ng neans by
18 the predetermir fromthe phase 19 difference data

out putted ¥ om sai d pldesodulatdarputedfismefos; dembdilating thenmdtipati on

means for denodul ating the input
25 signal based on the result of the delay detection,

out put neans; 13

25 - wherein a frequency of the clock signal is
27 willingly selected so that the frequency of the clock
28 signal is different from a frequency of the carrier
29 wave component, and

30 the fixed wvalue correspopds to the phase shift
31 that is uniquely determined by the frequency difference
32 (in one symbol period) between the carrier wave

33 component and the clock signal.

1 2. A digital demodulator comprising:
2 phase difference data output means for comparlng
3 a phase-modulated input signal WJ.th a clock signal
4 which is not in synchronization with the carrier wave
5 component of the input signal, and outputting phase
6 difference data which corresponds to the phase
7. difference bétween - the input signal and the clock
8 signal;
9. delaying means for delaying the phasemdifferencgﬁ;
10. data outputted from said phase difference data output,
1! means by a predetermined period of time;
12 compensation value hold means for holding as a
13~ compensation value a fixed value which corresponds to .
14 a phase shift caused by the frequency difference

- 16 - T
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22 signal based on the subtraction result of said second 23 subtraction
neans. 1 6. A digital denmpdul ator conprising: 2 phase -

di fference data d RHRETPnpari ng 3 a phase-nodul ated i nput signa
with a clock sigrgﬁPEAggﬁggﬁg§H;)¥.in synchroni zation with the carrier wave
5 conponent of tlhd input signal nd out putti rfByuhstitute shagti-f28 duogustatl 999
whi ch correspondg t|o QﬁbA%@§%@“7 dif ference between the input signal and
the clock - 21 - 8 signal: 9 del ayi ng nmeans for del aying the
phase difference [10 data outputtedjfrom said phase difference data out put
11 means Ry a pre al ' 'of tinme;, 12 conpensation val ue

det e m-ned—peri-od-
hol d meanssf orpgel@di) ashé 13afRTRENSALLY \@Aﬁ'ﬁoﬁehitxegn\éfll Ui &gk

corresponds to
16 signal;

17 differential detection means for performing a
18  differential detection using the phase difference data
19  outputted from said phase difference data output means,
20 the compensation value held by said compensation value
2l hold means, and the phase difference data delayed by
22 said delaying means by thé predetermined period of
23  time; and

24 demodulation means for demodulating the input
25 signal based on the result of the delay detection,

26 wherein said differential detection means
27 includes:

28 addition means for addihg.the phase difference
29 data outputted from said phase difference data output
30 means and the compensation value held by said
31  compensation value hold means; and

32 ©  subtraction means for subtraéting the. phase
33 difference data delayed by said delaying means by the
‘34 predetermined period of time from the result of the

35 addition by said addition means.

1 3. A digital demodulator comprising:
2 phase difference data output means for comparing

3 a phase-modulated input signal with a clock signal

- 17 - ’
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wave conponent anfhgniag AR B ynal ; 17 differential detection
mean$ for perfornHg-& gnt{i al det ecti on using the phase difference
data 19 outputted hasgq di fference data qutput nmeans, 20 the
conpensation val up wel%ﬁﬁi«*ﬁs‘&? dorfpensati on vErBstitute fhegt mthAugust 1929
phase difference flaja del ayed hy sai d del ayi ng neans by the
predeterm ned perfod of 23 tine; and 24 denodul ati on nmeans for
denodul ati;ng the i -G sed on the result of the del ay
detections 26 wherein said differential detection neans 27
detects thd dekRychf iidienout But i3 dH¥sE1 dathies %KStn%at@arﬁ@e%C%Géhce
with a second clock signal which“is 29 1n synchronization wth information
symbol perisodscompohent off dkwét 3l rcame i shegutk i ase
di fference data og_t put means flgér! %cr)1 ari %gb%ta(zli - e | St ﬁ’utaz.mg phaé’@

6 difference data which corresponds to the phase

D)
wi'e

7 difference between the input signal and the clock
8 signal;
9 delaying means for deiaying the phase difference
16 data outputted from said phase difference data output
!l  means by a predetermined period of time;
12 compensation value hold means for holding as a
13 compensation value a fixed value which corresponds to
14 a phase shift caused by the frequency difference
15 between the carrier wave component and the clock
16 sgignal;
17 differential detection means for performing a
18 .differential detection using the phase difference data
19  outputted from said phase difference data output means,
20 the compensation value held by said compensation wvalue
2l  hold means, ‘and the'bhase difference data delayed by .
22 said delaying means by the predetermined period of
23 time; and
24 democdulation means for demodulating the input
25 signal based on the result of the delay detection,

- 26 - wherein wsaid differential detection means-
27 includes:

28 subtraction means for subtracting the phase

- 18 - ?
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3 a phase-nodul ated i nput signal with a clock signal 4 which is not in

synchroni zati on with =y re-pmave 5 conponent of the input signal, and’
A Qi A gidfa which corresponds to the phase 7

all and the clock 8 signal; 9

)hgse di f f er endAubistitute sheatt-pRA8tAugEstoTs99

1 means by a predeterm ned period of

he 1 np
del ayi ng neans for |debayhog 9% |
sai d phase differlence data out put
time; 12 ' 'u¢ hold nmeans for holding as a 13
conpensatison val ue a fixed. val ue ich corresponds to 14 a phase shift
caused by-.the frequency difference 15 between the carrier wave conponent

ertorm e e 18 AEFranGe | ptaucehaded Brng At ARARY LY (FER3. ki the

30 predetermined period of time from the phase difference

31 data outputted from said phase difference data output
32 means; and

33 addition means for adding the subtraction result
34 of said subtraction means and the compensation value

35 held by said compensation value hold means.

I 4., . A digital demodulator comprising:

2 phase difference data output means for comparing

3 a phase-modulated input signal with a clock signal

4 which is not in synchronization with the carrier wave

3 component of the input signal, and outputting phase

6 difference data. which corresponds to the phase

7 difference between the input signal and the clock

8§ signal;

9 delaying means for delaying the phase difference
10 data outputted from said phase difference data output
‘11 means by a predetermined period of time;

- 12 compensation value hold means for .holding as a
“13  compensation value a fixed value which corresponds to

!4 a phase shift caused by the frequency difference

13 between the carrief wave component and the clock

1§ signal;

17 differential detection means for performing a

- 19 - i
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19 outputted from said phase difference data output neans, 20 the
conpensati on val | | cpmeefpensati on val ue 21 hold neans, and the
phase difference 3&? ﬁﬁﬁﬁ@ﬂgs FQ sai d delaying means by the

predet ermi ned perjidqd of 23 tine; |apd 24 epodul ati on [
denodul ating t he |i {pu 828UG $9%9nall based on thesﬁ’%%‘urf’?e;ﬁ e?‘hezgeeKH?“s" 1999
detection; 26 wherein the¢ predeterm ned delay period of tinme 27
caused by sai d de e informati on synbol - 23 - 28
period. 1. 8. ator conprises: 2 phase
dlfferencg data out put neans for conparing 3 an input signal with a clock

si gnal an@'aoutd%T%fé anﬂlaﬁaa%t@éﬁﬁéﬁ?nﬁslﬂet aHd ph&sknBYlf fdadke Zata

conpensati on val ue oId nmeans din
19  outputted from said phase difference data output means,

14

layrng neans 1s t

20 the compensation value held by said compensation value
21  hold means, and the phase difference data delayed by
22 said delaying means by the predetermined period of
23 time; and |

24 demodulaticn.means for demodulating the input
25 signal based on the result of the delay detection,

26 wherein said differential detection means
27 includes:

28 first subtraction means for subtracting the
29 compensation value held by said compensation value hold
30 means from the phase difference data delayed by said
31 delaying means by the predetermined period of time; and
32 second subtraction means for subtracting the
33  subtraction result of said first subtraction means from
34 the phase difference data outputted from said phase

35 difference data output means.

1 5. A digital demodulator comprises:

2 ' phase -difference data output means for comparing
3 an input sigral with a clock signal and outputting
4 phase diffefénce data of the input signal;

5 compensation value hold means for holding a
§ compensation value which corresponds to a phase shift

- 20 - -
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6 cofpensation val ue which corresponds to .a phase shift 7 caused by the
frequency differerce—HELTEER | *;?ﬁnput 8 signal and the clock signal; 9
first subtract!o;hw::~:v P }ﬂacting the 10 conpi:iatlon val ue hel d by

/al ue hol d 11=néans fromthe phase djfference data

2@%@9‘?&‘ flerence dat a Sukgitutesheet - 28 August 1999
brydel ayi ng phasi ifference 14 data which is the
subtraction resullit Yef—satra Tirst 1b subtraction means by a predet erni ned
period of _tinme; 16 second.$Subtraction neans for subtracting the 17
phase dlfTerence'ﬁéta del ayed by sai d del ayi ng neans by 18 the

P oot o DrachASd By HE (0% 0hanT Ao dhLL AR Rt B,

denodul atipg t se n,t.he subtraction result of said
5‘ l%]'r %nﬁet%.eg all.%bﬁ s:.g?lal,

second 23 ans

first subtraction means for subtracting the
10 compensation value held by said compensation value hold
11 means from the phase difference data .outputted from
12 said phase difference data output means;
13 delaying means for delaying phase difference
14 data which is the subtraction result of said first
15 subtraction means by a predetermined period of time;
16 second subtraction means for subtracting the
17 phase difference.data delayed by said delaying means by
18 the predetermined period of time £from the phase
19 difference data outputted from said phase data output
20 means; and
21 demodulation means for demodulating the input
22 signal based on the subtraction result of said second

23 subtraction means.

1 6. A digital demodulator comprising:

2 phase difference data output means for comparing

3 a phase-modulated input signal with a clock sighal

4 which is not in synchronization with the carrier wave
5§ component of the input signal, and outputting phase

6 difference data .which corrésponds to the phase

7 difference between the input signal and the clock

- 21 - —_—
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24 wherein said first subtraction means perforns 25 subtraction,

I n accordance with a second clock signal 26 which is in synchronization

wi th®information sYghal ;fw@wﬁ'ﬂﬂﬁﬁTﬂ 9. A digital denodul ator
conprises: 2 ' AT ick data output means for conparing 3 an
i nput signal with d 4l ock shg hd] out put t i nPubstiifgsshest 128 dugust HIODf
t he input “signal ; , 3%§en;a1|on val ue hold neans for holding a 6
conpensati on val ue ich correspondsito a phase shift 7 caused by the
frequency .di fference between the inpgt 8- signal and the clock signal; 9
first subtraction ngans.fo~-stbt+acting the 10 conpensation val ue held by
sai d conpeqﬁatg%%nggiue hold 11 nmeans fromthe phase difference data
outputted fro ‘d phase difference data output neans;

9 delaying means for delaying the phase difference
10 data outputted from said phase difference data output
11 means by a predetermined period of time;

12 compensation value hold means for holding as a
13 compensation value a fixed value which corresponds to
14 a phase shift caused by the frequency difference
15 between the carrier wave component and ﬁhe clock
16 signal;

17 differential detection means for performing a
18 differential detection using the phase difference data
13 outputted from said phase difference data output means,
20 the compensation value held by said compensation value
2]l  hold means, and the phase difference data delayed by
22 said delaying means by the predetermined period of
23 time; and |

24 demodulation means for demodulating the input
25 " signal based on the résult of the delay detection,

26 wherein said differential detection means.
27 = detects the delay of the outputted phase difference
28 " data, in accordance with a second clock signal which is -

29 - in synchronization with information symbol periods.

i

PR Fre—

17, A digital demodulator comprising:
2 phase difference data output means for comparing
- 22 -
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13 - del ayi ng s. fo . hng phase difference 14 data which is
t he subtraction ré7i¢“ ﬁa~“"=i“‘”"' 15 subtraction neans by a

pr edet er mi ned peri o dee e : second subtraction neans for
subtracting the 17 ase dlfgﬁéfng fdat a del ayed by sai d del ayi ng nmeans by
i fe  from t hBulpstitute sbeelt f 28 Augastia099
hase data_outipgt 20 neans; and - 25 - 21

18 the predeternin

out puttedsfrom sa

denodul ati on neans for denDduIatlng' he i nput 22 signal based on the
H-0—SEe oMt subtracti on neans, 24 wherein

t he prede} er m ned delay perlod of time 25 caused by sald del aying nmeans is

subtraction result
the 'nfomﬁlt'%ﬂ PHROL-783895' %% Inph® sigfiad IWi%n dRMEIRNOT AL N

to Claim?2

‘4 which is not in synchronization with the carrier wave
5 component of the input signal, and outputting phase
5 i fference data which corresponds to the phase
7 difference between the input signal and the clock
8 signal;

9 delaying means for delaying the phase difference

10 data outputted from said phase difference data output
11 means by a predetermined period of time;

12 compensation value hold means for holding as a
13 compensation value a fixed value which corresponds to
14 a phase shift caused by the freqﬁency difference
15 between the carrier wave component and the clock

16 signal;

17 differential detection means for performiﬁg'a
18 differential detection using the phase difference data
19 outputted from said phase difference data output means,
20 the compensation valué'held by'said compensation value

‘21  hold means, and the phase difference data delayed by
22 said delaying means by the predetermined period of
23  time; and
24 demodulation means for demodulating the input
25 signal based on the result of the delay detection, -

26 wherein the predetermined delay period of time

27 caused by said delaying means is the information symbol
[ —
- 23 - :
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2 ’ wherein said addition means and said subtraction 3 nmeans perform

addi tion and subtr T g ly, 4 in accordance with a second cl ock
signal which is in M?r l'%lf with information synbol periods. 1

11. A digital denpdul ator accordijng to Caim3, 2 wherein said
addi tion means and}{sai ¢ 8 Wi 1989 o means peSubstitutddshidetn 28 August 1999
subtraction, respegtively, 4 in ackofdance with a second cl ock signal which
is in 5 synchroni zatiom™wWrTh T niformagion synbol periods. 1 12. A
digital dgnndulato? according . ta.daim4, 2 wherein said first

subtractign neans perform3 subtraction, in accordance with a second cl ock
signal 4 i Cﬁekﬁg@ synchroni zation with information synbol 5 peri ods.

- 26- 1 13 di gital denodul ator according to Claim?7,
18, A digital demodulator comprises:
2 phase difference data output means for comparing

3 an input signal with a clock signal and outputting
4 phase difference data of the input signal;

5 compensatioh value hold means for holding a
6§ compensation value which corresponds to a phase shift
T caused by the frequency difference between the input
8 signal and the clock signal;

9 first subtraction means for subtracting the
10 compensation value held by said compensation value hold
11 means from the phase difference data outputted from
12 séid phase difference data output means;

13 delaying means for delaying phase difference
14 data which is the subtréction result of said first
15 subtraction means by a predetermined period of time;
16 second subtraction means for subtracting the
17 phase difference data delayed by said delaying means by
18 the predetermined period of time £zrom -the phase
19 difference data outputted from said phase data output
20 means; and
21 ' demodulation means for demodulating the input

22 signal based on the subtraction result of said second

ST

23 subtraction means,



2 ) wher ei n

differenti al
i n synchroni zati
denodul at or
means perform 3
whi ch is i°n sync
di gi tal denodul at
differentka

accordance with a second 4 clock signa

|nfornat|o?4synbo

said differential detection neans 3 perforns the

det Ey&mm ce with 4 a second clock signal which is
R F ijjon synbol periods. 1 14. A digital

accordiing to Claim8, 2 wherein said first subtraction
bt paCAUEM999 n |aqcor dance wi Substisecstibet!- mﬁajg]rsiﬁébe
ni zation wthlingformation synbol 5 periods. 1 15.

Claim9, 2 wherein said
detection perforns thd 3 differential detection, in

which is in synchronization with 5

-

per i
%ereln sald first subtraction means performs

25  subtraction, in accordance with a second clock signal
26 which is in synchronization with information symbol
27 periods.

1 g, A digital demodulator comprises:

2 phase difference data output means for comparing
3 an input signal with a clock signal and outputting
4 phase difference data of the input signal;

5 compensation value hold means for holding a
6§ compensation value which corresponds to a phase shift
7 caused by the frequency difference between the input
8 signal and the clock signal;

9 first subtraction means for subtracting the
10 compensation value held by said compensation value hold
11 means from the phase difference data outputted from
12 said phase difference data output means;

13 delaying means for delaying phase difference
14 data which is the subtraction result of said first
15 subtraction means by a predetermined period of time;
16 second subtraction means for subtracting the
17 phase difference data delayed by said delaying means by
18 the predetermined period of time from the phase
19 difference data outputted from said phase data output
20 means; and

- 25 -
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23
24
25

26
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demodulation means for demodulating the input
signal based on the subtraction result of said second
subtraction means,

wherein the predetermined delay period of time
caused by said delaying means is the information symbol

period.

10. A digital demodulator according to Claim 2,
wherein said addition means and said subtraction

means perform addition and subtraction, respectively,

in accordance with a second clock signal which is in

synchronization with information symbol periods.

11. A digital demodulator according to Claim 3,
wherein said addition means and said subtraction

means perform addition and subtraction, respectively,

in accordance with a second clock signal which is in

synchronization with information symbol periods.

12. A digital demodulator accordiné to Claim 4,
wherein 'said £first subtraction means perform

subtraction, in accordance with a second clock.signal

which is in synchronization with information symbol

periods.

- 26 -
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13. A digital demodulatcr according to Claim 7,
wherein said differential detection means

performs the differential detection, in accordance with

a second clock signal which is in synchronization with

information symbol periods.

14. A digital demodulator according to Claim 8,
wherein said first subtraction meané perform

subtlraction, in accordance with a second clock signal

which is in synchronization with information symbol

périods.

15. A digital demodulator according to Claim 9,
wherein said differential detection performs the

differential detection, in accordance with a second

clock signal which is in synchronization with

information symbol periods.
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