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Claim

1. A demodulator circuit for demodulating a

modulated signal into a demodulated signal, said

modulated signal being derived by phase-modulating in m
phases an original analog signal and having a particular
frequency, said demodulated signal being a reproduction
of saild analog signal, said demodulator circuit
comprising a signal converting circuit for converting
said modulated signal into a digital signal, a frequency
multiplier for multiplying said particular frequency by m
to oroduce a multiplied signal, a signal processing
circuit for processing said multiplied signal into a
modified signal of a multiplied frequency, a frequency
demultiplier for demultiplying said multiplied frequency
by m to produr.e a demultiplied signal of said particulax
frequency, and a signal producing circuit for producing

said demodulated signal in accordance with said digital
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and said demultiplied signals, wherein said signal
processing ciwcuit comprises:

a complex clock signal generator for geneérating a
complex clock signal representing a first complex number
and having a frequency which is substantially equal to
said particular frequency;

a local complex signal producing circuit for
producing a complex local signal representing a second
comple# number ;

a first signal processing circuit connected to
sai1d frequency multiplier into a first processed signal;

a second signal processing circuit connected to
said frequency multiplier for processing said multiplied
signal into a second processed signal in accordance with
a conjugate complex clock signal supplied from said
complex clock signal generator and with the complex local
signal supplied from said local complex signal producing
clzcuit;

a third signal processing circuit connected to
said frequency multiplier for processing said multiplied
signal into a third processed signal in accordance with a
complex clock signal supplied from said complex clock
signal generator and with a conjugate complex local
signal suppli=d from said local complex signal producing
circuit;

an adder connected to said first, said second,

and said third signal processing circuits for summing up

../3
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said first, said second, and said third processed signals
into a sum signal; and

supply means connected to said frequency
demultiplier and said adder for supplying said sum signal

as said modified signal to said frequency demultiplier.
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DEMODULATOR FOR CONTINUOUSLY AND ACCURATELY
CARRYING OUT DEMODULATING OPERATION BY A

FREQUENCY MULTIPLICATION METHOD

Background of the Invention:

This invention relates to a demodulator circuit
and, in particular, to a synchronous-detection
demodulator circuit which is widely used in various
communication systems, for example, in a mobile
communication system.

In the mobile communication system, it is
necessary to use a modulation and demodulation device
(modem) for gcarrying out burst operation. This is
because communication is frequently interrupted in the
mobile communication system. The modem comprises
modulator and demodulator circuits which will be

described in the following.
The modulater circuit is for modulating an

originigﬁanalog signal by phase-modulating a plurality of
LS
phases §§:a particular number into a modulated signal

v

having a“particular frequency. The modulated signal is

..!
3

used asra; carrier in the mobile communication system in

e
(0w

the maﬁﬁér known in the art.

The demodulator circuit is for demodulating the
modulated signal into a demodulated signal. The

e
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demodulated signal is a reproduction of the original
analog signal.

In the manner which will later be described, a
conventional demodulator circuit comprises a signal
converting circuit, a frequency multiplier, a signal
processing circuit, a frequency demultiplier, and a
signal producing ciréuit.

The signal converting circmit is for converting
the modulated signal into a digital signal. The
frequency multiplier is for multiplying the particular
frequency by the particular number to produce a
multiplied signal. The signal processing circuit is for
processing the multiplied signal into a modified signal
of a multiplied frequency. The frequency demultiplier is
for demultiplying the multiplied frequency by the
particular number to produce a demultiplied signal of the
¢ articular frequency. The signal producing circuit is
for producing the demodulated signal in accordance with
the digital and the demultiplied signals.

The conventionzl demodulator circuit has a
disadvantage i% that it is difficult to continuously and
accurately cgiﬁy out demodulating operation as will later
be discussedli% detail.

F

Summary of.the Invention:
el

Tt is“#.herefore an object of this invention to

provide a demddulator circuit in which demodulating
operation is continuously and accurately carried by a

frequency multiplication method.

Y
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Other objects of this invention will become clear
as the description proceeds.

According to this invention, there is provided a
demodulator circuit for demodulating a modulated signal
into a demodulated signal. The modulated signal is
derived by phase-modulating in m phases an original
analog signal and having a particular frequency. The
demodulated signal is a reproduction of the analog
signal. The demodulator circuit comprises a signal
converting circuit for converting the modulated signal
into a digital signal, a frequency multiplier for‘
multiplying the particular frequency by m to produce a
multiplied sigral, a signal processing circuit for
processing the multiplied signal into a modified signal
of a multiplied frequency, a frequency demultiplier for
demultiplying the multiplied frequency by m to produce a
demultiplied signal of the parta-cular frequency, and a
signal produciag circuit for producing the demodulated
signal in accordance with the digital and the
demultiplied signals. The signal processing circuit

comprises a complex clock signal generator for generating
-

e
a complex clock signal representing a first complex

numbéiﬁ?nd having a frequency which is substantially

equalffb the particular frequency, a local complex signal
sk
producing circuit for producing a complex local signal

represeﬁting a second complex number, a first signal

Hﬂq
processing circuit: connected to the frequency multiplier
into a first processed signal, a second signal processing

R



circuit connected to the frequency multiplier for
processing the multiplied signal into a second piocessed
signal in accordance with a conjugate complex clock
signal supplied from the complex clock signal generator
and with the complex local signal supplied from the local
complex signal producing circuit, a third signal
processing circuit cohnected to the frequency multiplier
for processing the multiplied signal into a third
processed signal in accordance with the complex clock
signal supplied from the complex clock signal generator
and with a conjugate complex local signal supplied from
the local complex signal producing circuit, an adder
connected to the first, the second, and the third signal
processing circuifs for summing up the first, the second,
and the third processed signals into a sum signal, and
supply means connected to the frequency demultiplier and
the adder for supplying the sum signal as the modified

signal as the to the frequency demultiplier.

Brief Description of the Drawing:

Fig. 1 is a block diagram of a conventional
demadulator circuit;

Fig. 2 shows a spectrum chart for use in
desdéﬁbing goeration of a multiplier circuit included in
the dépddulator circuit illustrated in Fig. 1;

N

h‘J‘ .

... Fig. 3 is:a block diagram of a signal processing

a2
circuit included in the demodulator cjrcuit illustrated
in Fig:?vl;

vt
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Figs. 4 (A) through (D) show time charts for use
in describing operation of the demodulator circuit
illustrated in Fig. 1; and

Fig. 5 is a block diagfam of a demodulator
circuit according to an embodiment of the instant
invention.

Description of the Preferred Embodiment:

Referring to Fig. 1, a conventional demodulator
circuit wili first described for a better understanding
of the present invention. The conventional demodulator
circuit is for demcdulating a modulated signal into a
demodqulated signal. The modulated signal is derived by
phase-modulating in m phases an original analog signal
and having a particular frequency, where m represents a
predetermined number. - The demodulated signal is 4
reproduction of the analog signal.

The demodulator circuit comprises a signal
converting circuit 11, a frequency multiplier 12, a
signal processing circuit 13, a frequency demultiplier
14, and a signal producing circuit 15, each of which will
be desgribed in the following.

it The signal converting circuit 11 is for
con?érting the modulated signal into a digital signal and
wil;#}ater be described in detail. The frequency
muléiﬁlier 12 is connected to the signal converting
cirduit 11 and is for multiplying the particular
frquéncy by m to produce a frequency multiplied signal.

The signal processing circuit 13 is connected to the



frequency munltiplier 12 and is for processing the
mﬁltiplied signal into a modified signal of a multiplied
frequency. The frequency demultiplier 14 is ccnnected
to the signal processing circuit 13 and is for
demultiplying the multiplied frequency by m to produce a
frequency demultiplied signal of the particular
frequency. The sign51 producing circuit 15 is connected
to the signal converting circuit 11 and the frequency
demultiplier 14 and is for producing the demodulated
signal in accordance with the digital and the
demultiplied signals.

The signal converting circuit 11 comprises a
complex local oscillator 16, a 1t/2-phase shifter 17, a
first mixer 18, a second mixer 19, a first low-pass
filter 21, a second low-pass filter 22, a first A/D
converter 23, a second A/D converter 24, and a timing
clock generator 25, each of which will be described in
the following.

The complex local oscillator 16 is for generating
a cosine-sine wave signal having a specific frequency
substantially equal to the particular frequency of tiie
moduléted signal. The cosine-sine wave signal is
suppligd as a first wave signal to a first mixer 18
direéﬁiy and as a second wave signal to the second mixer
19 ﬁhxéugh the /2 phase shifter 17. A combination of
the first and the second wave signals is labelled VL(t)

and is.represented,as follows:
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VL(t) = cosauLt + BL) + 3.51nUth + OL)
- e(ijt+GL)' (1)
where&DL represents the specific frequenoy, BL

representing a specific phase of the cosine-sine wave
signal, j being an imaginary unit given by j2 = =1,

Each of the first and the second mixers 18 and 19
is supplied with the $odulated signal that is represented

as follows:

Vi(t) p(t)-cos(wct + ec) - q(t)-sin(wct + ec)

1/2«((p(t) + jq(t)-ej(wct+ec)
=3 (wct+ec) ),

+ (p - Jjale (2)
where Wy represents the particular frequency, ec
representing a particular phase of the modulated signal.
It is to be noted thatwL and az are substantially equal
to each other.

The first mixer 18 is for frequency-converting
the modulated signal into a first baseband complex signal
with reference to the first wave signal. The second
mixer 19 is for frequency-converting the modulated signal
into a second baseband complex signal with reference to
the second wave signal. A combination of the first and
the seéé;d baseband complex signals is calculated by
multipl&ang the modulated signal Vi(t) cf Equation (2)

L L

Equation;(l) and is represented as follows:
" 4
1(@pt+ap)

0 *
and a complex conjugate V. of the combination V. of

XM

sV v " ie) = (b + dg)e
N o+ (p - el (ORI O3S ()
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where AT UL

R c
and 6, = 06_ - BL.

R c

Responsive to the first and the second baseband
complex signals, the first and the second low-pass
filters 21 and 22 produce a. first and a second filtered
complex signal, respectively. 1In particular, the first
and the second low-pass filters 21 and 22 delete the
second term on the righthand side of Equation (3).

The first A/D converter 23 is for converting the
first filtered complex signal into a first converted
éignal with reference to a sample timing clock signal
which is supplied from the timing clock generator 25.

The second A/D converter 24 is for converting the second
filtered complex signal into a second converted signal
with reference to the sample timing clock signal supplied
from the timing clock generator 25. A combination of the
first and the second converted signals is called the
digital signal that is labelled VR(t) and is represented
as follows:

j(th+BR). (4)

Ve(t) = (p(t) + ja(t))e-e

The descripticn will be directed to the frequency
multipiiér 12. The frequency multiplier 12 multiplies
the dig;ial signal VR(t) of Equation (4) by m to produce
the mul?éplied signal. I* _he manner known in the art,
the mulﬁiplied signal has a plurality of lire spectrum
component& which is produced as exemplified in Fig. 2.

'in the manner known in the art, the multiplied

signal has a DC component and & c¢lock component and is
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generally represented as follows:

vp(E) = (a(t) + b(t)ed @yt+oy)

+ clt)e 3 @Wytt8) ) JIm(Wettes) (5)
where a(t) represents an amplitude of the DC component, a
combination of b(t) and c(t) representing an amplitude of
the clock component.

Turning to Fié. 3, the description will proceed
to the signal processing circ¢uit 13. The signral
processing circuit 13 comprises an adder 26, a one-sample
delay uiit 27, and an ({-multiplier 28 which are
collectively operable as a low-pass filter in the manner
known in the art.

The signal processing circuit 13 has a
transmission function which is represented as follows:

1
T(2) = —— (6)
1 -dz
where Z is calculated as follows:

2 =e" 7, (7)
where, in turn, T and S are a sample period and a
differential operator, respectively.

The signal processing circuit 13 carries out

low-pass operation which is represented by the following

Equation (9) except for coefficients.

1
T(8) = —— (8)
1 + ST
wheré‘;_is calculated as follows:
. AT,
?P;T(S) = . (9)

VoL l_d
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Accordingly, the processing circuit 13 produces the
modified signal that is given as follows: '
Vplt) = el (m{@pt+bp) —arctan mupT) (10)
Turning back to Fig. 1, the description will be
directed to the frequency demultiplier 14. The frequency
demultiplier 14 demultiplies the modified signal Vo of
Equation (11) by m t& produce the demultiplied signal

that is given as follows:
j¢th+eR-(l/m)-arctan maht). (11)

1

The description will proceed to the signal

VRC(t) = e

producing circuit 15. In accordance with the digital and
the demultiplied signals, the signal producing circuit 15
produces the demodulated signal that is given as follows:

*
vo(t) = VR(t)-VRC (t)
j(1/m)arctan mwhf. (12)

(p + jg)ee
WhenCQ§t = 0, the modulated signal is correctively
demodulated.

Referring to Fig. 4 together with Fig. 1, the
description will'be made as regards a case where m = 2,
namely, two-phase‘PSK is used and p = g. It wiil be
assumed that the digital signal has a waveform

illustrated along a first or top row labelled (A).

»
oY
X‘q The frequency multiplier 12 multiplies the

U

O
digi@ﬁﬁ signal by m, namely, 2 to produce the multiplied

signdgﬁﬁllustrated along a second row labelled (B). The

multiéiiéd signal .can be separated into the DC component
ey

and theﬁé&pck component. The DC component is illustrated

Tob
along a £hird row labelled (C). The clock component is

i
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illustrated along a fourth or bottom row labelled (D).

It is to be noted that the multiplied signal appears in
responge to the DC component and that the DC component is
not continuous in the third row (C). This means that the
demodulated gignal is interrupted when the clock

component continuously appears during a long time.

In order to c&ntinuously produce the demodulated
signal, it is necessary to make T of Equation (9) be
relatively great. However, the demodulated signal has a
phase error when a great number is selected as ‘T of
Equation (9). When the phase error is great, the
demodulated signal has an error.

Turning to Fig. 5, the description will be
directed to a demodulator c¢ircuit according to a
preferred embodiment of this invention. The demodulator
circuit comprises similar parts designated by like
reference numerals.

In Fig. 5, the signal processing circuit 13
comprises a complex clock signal generator 28 and a local
complex signal producing cilrcuit 29. The complex clock
signal generator 28 is for generating a complex clock
signal representing a first complex number and having a
frequency which is substantially equal to the particular
frequency. The complex clock signal is represented as
follows: ,

Vyglt) = ed (Pgp b0y (13)
In the manner which will later be described in detail,

the local complex signal producing circuit 29 is for
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producing a complex local signal representing a second
complex number. It is assumed that the complex local
signal is represented as follows:

Vyo(t) = (8], (14)

The signal processing circuit 13 further
comprises first, second, and third signal processing
circuits 31, 32, and 33 and an addexr 34 each of which
will be described in the following.

The first signal processing c¢ircuit 31 is
connected to the frequency multiplier 12 and is for
processing the multiplied signal into a first processed

signal represented as follows:

3 (mw t+m0R-arctan met)‘ (15)

Vi (8) = alt)e R

The second signal processing circuit 32 is
connected to the frequency multiplier 12, the complex
clock signal generator 28, and the local complex signal
producing circuit 29 and is for processing the multiplied
signal into a second processed signal in accordance with
the complex local signal and a conjugate complex clock
signal which represents a complex conjugate of the first
complex number. It is readily possible to make the
complex clock signal generator 28 ¢enerate the complex
clock signal as well as the conjugate complex clock
signal. The second processed signal will become clear
from the following description.

"le gecond signal processing circuit 32 comprises

a first multiplier 36, a first tank wcircuit 37, and a

second multiplier 38. The first mulitiplier 26 is
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connected to the frequency multiplier 12 and the complex
c¢lock signal generator 28 and is for multiplying the
multipliied signal by the conjugate complex clock signal

to produce a first product signal which is represented as

follows:
= m . *
Vo lt) = Vpi(t)e v,y (1)
= (p(t)ed “ke®Oxe! 4 a(r)e I “kpE*Oxky)
( (wK+w1<L)t+eK+8L) )ejm(th+9R) ,

+ c(t)e
(16)
where wKe = wK - wKL
and eKe = GK = BKL‘

The first tank circuit 37 is connected to the
first multiplier 36 and is for proceszing the first

product signal into a first filtered signal which is

represented as follows:
V37(t) = b(t)ej((me+ake)t+meR+0Ke-arCtan(ma%+ake)t).

(17)

The second multiplier 38 is connected to the
local complex signal producing and the first tank
circuits 29 and 37, and is for multiplying the complex
local signal by the first filtered signal to produce a

second product signal which is represented as follows:

V38(t)

*
= b(t)ej((me+ake)t+m9R+9Ke—3rctan(me+@Ker‘¢(t)),

(18)

The second product signal is supplied as the second

procesnsed signal to the adder 34 through a line 39 which

il

sy g ¢ 403
S5 %0 Wy AANTYYay

%
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may be referred to as a first local supply arrangement.
The third signal processing circuit 33 is
connected to the frequency multiplier 12, the complex
clock signal generator 28, and the local complex signal
5 producing circuit 29 and is for processing the multiplied
signal into a third processed signal in accordance with
the complex clock signal and a conjugate complex local
signal which represents a complex conjugate of the second
complex number. The third processed signal will be clear
10 from the following description.
The third  signal processing circuit 33 comprises
a third multiplier 41, a second tank circuit 42, and a
fourth multiplier 43. The third multiplier 41 ig
connected to the frequency multiplier 12 and the complex
15 clock signal generator 28 and is for multiplying the
multiplied signal by the complex clock signal to produce
a third product signal which is represented as follows:
Vyp (£) = VR () r Vo (2)

-j (W t+8

ket " °ke J (g ttrr)

) + a(t)e

20 + b(t)ej((wK+QkL)t+aK+e ))ejm(th+eR),

= (c(t)e
KL,
(19)

‘he second tank circuit 42 i1s connected to the

third multiplier 41 and is for processing the third

product signal into a second filtered signal which is

25 represented as follows:
J(t)ej((mah—ake)t+m9R-9Ke-ar°tan(m“h_“ke)T),

(20)

Vyolt) =
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The fourth multiplier 43 is connected to the

local complex signal producing and the fourth tank

circuits 29 and 42 and is for multiplying the conjugate
complex local signal by the second filtered signal to
produce a fourth product signal which is represented as

follows:

(t) = v42(t)'V29(t)
C(t)ej((mah-ake)t+m0R~0Ke-arctan(mmn—a%eyt+¢(t)).

v43

(2).)

The fourth product signal is supplied as the thixd

processed signal to the adder 34 through a line 44 which

may be referred to as a second local supply arrangement.
The adder 34 is for summing up the first, the

second, and the third processed signals into a sum signal

which is represented as follows:

Vo, (t) = eJ (mwpt+mbp)
% (a(t)e—jarctan mef

J (W b+8y  rarctan (map+, JT-P(t))

3 (- t-Oy marctan(mup-a T+P(L)),

+ b(t)e

+ ¢c(t)e
(22)

The sum signal is supplied as the modified signal to the

demultiplier 14 through a line 45 which may be referred

to as a supply arrangement.

The description will be directed to the local
complex signal producing circuit 29. The local complex
signal producing ciyxcuit 29 comprises a first correlation
detector 51, a second cecrrelation detector 52, an

additional adder 53, a low-pass filter 54, and a complex
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hard limiter 55, each of which will he described in the
following. It is to be noted herein that the sum signal
represents a particular complex number, the firsi
processed local signal representing a first specific
complex numbey, the first filtered signal representing a
second specific complex number.

The first coréelation detector 51 is connected to
the afore-~mentioned adder 34 and the first tank eircuit
37 and is for multiplying the sum signal supplied from
the adder 34 by a conjugate first filtered signal
supplied from the first tank circuit to produce a first
correlation signal. The conjugate first filtered signal
represents a complex conjugate of the first filtered

signal. The first correlation signal is represented as

follows:
VSl(t)
. *
3 (6 - { +
= b(t) (a(t)ed PretTixe arctan(map+ay )T+arctan mapT)
+ p(t)edPE)
+ c(t)e
(23)
The second correlation detector 52 is connected
to the adder 24 and the second tank circuit 42 and is for
multiplying a conjugate sum signal supplied from the
adder 34 by the second filtered signal supplied from the

second tank circuit 42 to produce a second correlation

j(2uk6t+28Ke+arctan(me—&keYC—arctan(mah+leYC—¢(t))).
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signal. fThe conjugate sum signal represents a complex

conjugate of the sum signal. The second correlation

signal is represented as follows:
Ve (1)
= V42(t)'v34(t)

= o(t) (alt)ed (wxet+eKe+arctan(me~wKe)'(:—arctan mcuR-z:)

+ b(t)ej(2“k3t+zege+arCtan(m“h“ake)t'arCtan(m“h*akeYf"4”
+ a(0)ed1E)), (24)
The additional adder 53 is connected to the first

and the second correlation detectors 51 and 52 and is for

summing up the first and the second correlation signals

into an additional sum signal which is represented as

follows:

Veq () 3
= (p? + o2y eIPt)

+ aej(wKe+eKe)(be

Cej(arctan(mah-a%GYL~arctan makr))

+ 2beed (W t+20, ) Jdlarctan(mep-4y YC-arctan(mip+uy )T-9)

. \ —
j (arctan(map+dy, JT-arctan mu,T)

+

(25)

In order to maintain a normal condition of the
additional adder 53, it is necessary that ¢@(t) has a
frequency egual totﬂKe.

Herein, it will be assumed that:

JPE) I (W byt (26)
wra2re ¢ represents the phase error, In this event, the
additional sum signal 1is represented as follows:

Vg () = e Wyt Oy Pplt)) (27)

where:
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ejgom(t)

arctan(me+ake)f-arctan mw._ T

(b + cz)e3¢ + abe I R

o o - _ .
+ acej(alctan(m R Wk L marctan mwpT)

_J¢‘EJ(arctan(me—akeYE—arctan(mah+ake)r)

4+ 2bce

- (28)

The low-pass filter 54 is connected to the |
additional adder 53 aﬁd is for carrying out an averaging
operation of the additional sum signal t¢ produce an
averaged signal having an amplitude representative of a
result of the averaging operation., The averaged signal
is represented as follows:

Vg, () = ej(wKet+0Ke+¢h(t)-arctancheD), (29)

where D represents a time constant, D >> 7.

In Eguation (29), &,  is very small.
Accordingly, Equation (28) is rewritten into:

eIt L (2 4 02yeP 4 a(p + o) + 20ce”IP. (30)

~In this event, the averaged signal is represented as

follows:

ej¢m = (b2 + cz)ej¢ + alb + ¢) + 2bce”j¢, (31)

where each of a, b, and ¢ represents the amplitude of the
averaged signal and is represented by an integer.
FPurthermore, ejd¢_represents a phase component of the
averaged signal, whore o < 1.

The complex hard limiter 55 is connected to the
low-pass filter 54 and.is for limiting the amplitude of
the averaged signal to produce a limited signal. Since
the limited signal represents the phase componeﬁt of the

averaged signal, the following equation is introduced.

TR QeI
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ckg - arctan Wy D = b (32)
Therefore:
$ = ~arctan£uKeD/(l - ). (33)

Thus, the phase error ¢ is maintained in a predetermined
range. Generally, the phase error ¢ becomes as follows:
¢ 2z 0, ' (3-;1)

More particulérly, the limited signal represents
a second complex number and may therefore be called
herein the complex local signal. In addition, the
complex hard limiter 55 carries out a predetermined
calculation in accordance with the complex local signal
to produce the conjugate complex local signal as a result
of the predetermined calculation in the manner known in
the art.

The complex lacal signal is supplied to the
second multiplier 38 through a line 56 which will ke
referred to as a first addaitional supply arrangement.
The conjugate complex local signal is supplied tc the
fourth multiplier 43 through a line 57 which will be
referred to as a second additional supply arrangement,

The signal processing circuit 13 further
comprises an additional multiplier 58 connected to the
complex clock signrnal generator 28 and the low-pass filter
54, The additional multiplier 58 is for multiplying the
complex clock signal by the averaged signal to produce a
particular clock signal which represents the

above-mentioned clock component.

dAGT gy
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The description will be turned back to the adder

34. Eguation (22) is rewritten into:

(t) = oJ (mldp ttmb )
-Jjarctan maeT | be—j(arctan(mah+ake)+¢)

Vagr
x (ae
+ cej(¢—arctan(me~a%e))). (35)
Whenzuxe is sufficiently small, Equation (35) is |
rewritten into: l
Vip(t) & (a + b+ c)ed (Mépttmbp-arctan (mepT)) (36)
When the above-meéntioned m is constant, a represents
nunzeéxo, The m is increased, b represents nonzero. The
m is decreased, ¢ represents nonzero. Accordingly, (a +
b + ¢) is not equal to zero. As a result, the DC
component is oktained regardless of the value of m.

As 1s clear from Equation (31), the clock
component is present in a stable form in a case where
both of b and ¢ are not zero, namely, where the modulated
signal has a change point therein, Accordingly, the DC
component is produced by using the stable form of the
clock component even when the clock component is present.

While the present invention has thus far been
described in connection with only a single ambodiment
thereof, it wili readily be possible for those gkilled in
the art to put this invention into practice in various
other manners. For example, each of the first sianal
processing, the first tank, and the second tank circuilts

31, 37, and 42 may,be a low-pass filter in the manner

known in the art.
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The claims defining the ‘nvention arc as follows:
WHAT IS CLATMED I8

1. A demeodulatoyxr circuit for demodulating a
modulated signal into a demodulated signal, said
modulated signal being derived by phase-modulating in m
phases an original analog signal and having a pasticular
fraqueney, sald demodulated signal being a reproduction
of sald analog signal, said demodulator circuit
comprising a signal converting circuit for converting
said modulated signal into a digital signal, a frequency
multiplier for multiplying said particular freqguency hy m
to produce a multiplied sighal, a signal processing
circult for procesging said multiplied signal into a
modified signal of a multiplied freguency, a frequency
demultiplier for demultiplying said maltiplied frequency
by m to produce a demultiplied signal of =aid particular
frequeéncy, and a signal producing circuit for producing
said demodulated signal in accordance with said digital
and said Jdemultiplied signals, wherein said signal
processing cilrcuit comprises:

a complex clock signal generator for generating a
complex clock signal representing a first complex nunrber
and having a frequency which is substantially equal to
said particular frequency;

a local complex signal producing circuit for
producing a complex local signal representing a second

complex number;
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(claim 1 continued)

a first signal processing circuit connected to
said frequency multiplier into a first processed signal;

a second signal processing circuit connected to
said frequenqy multiplier for processing said multiplied
signal into a second processed signal in accordance with
a conjugate complex c¢lock signal supplied from said
complex clock signal generator and with the complex local
signal supplied from said local complex signal producing
clrecuit;

a third signal processing circuit connected to
said frequency multiplier for processing said multiplied
signal into a third processed signal in accordance with a
complex clock signal supplied from said complex clock
signal generator and with a conjugate complex local

signal supplied from said local complex signal produc¢ing
circuit;

an adder connected to said first, said second,
and said third signal processing circuits for swnaming up
said first, sald second, and said third processed signaisxs
into a sum signal; and

supply means connected to said freguency
demultiplier and said adder for supplying said sum signal
as said modified signal to said frequency demultiplier,

2. A demosulator circuit as claimed in Claim 1,
wherein said second signal processing circuit comprises:

a first multiplier connected to said irequency

multiplier for multiplying said multiplied signal by said
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(Claim 2 continued)

conjugate complex clock signal to produce a first product
signal;

a first tank circuit connected to sald first
multiplier for processing said first product signal into
31 first filtered signal: |

a second multiplier connected to said first tank
circuit for multiplyi:q said complex local signal by said
first filtered signal :¢c¢ produce a second product sgignal;
and

firs£ local supply means connected to said adder

and said second multiplier for supplying said second
croduct signal as said second processed signal to said
adder,

said third processing circuit comprising:

a third multiplier connected to said frequency
roltiplier for multiplying said multiplied signal by said
complex clock signal to produce a third product signal;

a second tank circuit connected to said third
multiplier for processing said third product signal into
a second filtered signal;

a fourth multiplier connected to said second tank
circuit for multiplying said conjugate complex local
signal by said second filtered signal to produce a fourth
product signal; and

second local supply means connected to said adder

30 circuit and said fourth multiplier for supplying ::id
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(Claim 2 twice continued)

fourth product signal as said third processed signal to
sald adder circuit.

* 3. A demodulator circuit as c¢laimed in Claim 2,
said sum signal representing a particular complex nurber,
said first processed local signal representing a first
specific complex number, said first filtered signal
representing a second specific camplex number, wherein
said local complex signal producing circuit comprises:

a first correlation detectoxr connected to said
adder and said first tank circuit for multiplyaing the sum
signal supplied from said adder by a conjugate first
filtered signal supplied from said first tank circuit to
produce a first correlation signal;

a secand correlation detector connected to said
adder and said second tank circuit for multiplying a
conjugate sum signal supplied from said adder by the
second filtered signal supplied from said second tank
circuit to produce a second correlation signal;

an additional adder connected to said first and
said second correlation detectors for summing up said
first and said second correlation signals into an
additional sum signalj;

a low-pass filter connected to said additional
adder for carrying out an averaging operation of said
additional sum signal to produce an averaged signal
having an amplitude representative of a result of said

averaging operation;
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(Claim 3 continued)

a complex hérd limiter connected to said low-pass
filter for limiting the amplitude of said averaged signal
to produce a limited signal;

first additional supply means connected to said
second multiplier and said complex hard limiter for .
supplying said limited signal as said complex local
signal tc said second multiplier; and

second additional supply means c¢onnected to said
fourth multiplier and said complex hard limiter for

supplying said limited signal as said conjugate complex

local signal to said fourth multiplier.

DATED this TWENTY FIRST day of SEPTEMBER 1992
NEC Corporaticn

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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_ Demodulator for Continucusly and Accurately
Carrying Out Demodulating Operation by a Frequency Multiplication Method

Abstract of the_Disclosure:

For processing a multiplied signal into a
modified signal in a demodulator circuit, an adder (34)
sums up a first, a second, and a third processed signal
into a sum signal for use as the modified signal. A
first_processing circuit (31) processes the multiplied
signal into the first processed signal. A second
processing circuit (32) processes the multiplied signal
into the second processed signal in accordance with a
conjugate complex clock and a complex local signal. A
third signal processing circult (33) processecs the
multipliied signal into the third processed signal in
accordance with a complex clock and a conjugate complex
local signal. The complex clock signal represents a
first complex numbper. . The complex local signal
represents a second complex number, The conjugate
complex clock signal represents a complex conjugate of
the first complex number. The conjugate complex local
signal represents a complex conjugate of the second

complex number.

Fig. 5
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