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1 MILTI - LEVEL COVPARATOR FOR DEMODULATOR BACKGROUND OF THE | NVENTI (@ygThe
I nvention, in a denodulator circuit such as a pager, relates to a contro
circuit of threshold levels for a multi-I|evel conparator in the denodul at or
circui-t for detecting a nmulti-level signal with the use of the conparator.
In a denDduIator circuit such as a pager, a nmulti- |evel conparator is used
for rece|V|ng and denodul ating a nmulti-level signal and it is practiced
therein to conpare the signal transmited through the process of detection
and predetermned threshold |l evels to obtain the desired signal. FIG 1 and

FIG 2 are circui tMOLRI-BEVEE XCONPRROTOR (FOR aimMopUIarforexanmpl es. In the
circuit shown in FIG 1, it is adapted such that a current output of a
detector is

BACKGROUND OF THE INVENTION

The invention, in a demodulator circuit such as a
pager, relates to a control circuit of threshold levels for
a multi-level comparatér in the demodulator circuit for
detecting a multi-level signal with.the use of the
comparator.

In a demodulator circuit such as a pager, a multi-
level comparator is used for receiving and demodulating a
multi~level signal and it is practiced therein to compare
the signal transmitted through the process of detection and
predetermined threshold levels to obtain the desired
signal.

FIG. 1 and FIG. 2 are circuit diagrams explanatory
of related art examples. In the circuit shown in FIG. 1,
it is adapted such that ‘a current output of a detector is
input to two comparators 1 and 2 through a low-pass filter
(LPF) to be compared therein with their respective
different threshold levéls and, thereby, output data
corresponding to the multivalued data is obtained.

Further, in the above described circuit, it is adapted such



I nput to two conparators 1 and 2 through a |lowpass filter (LPF) to be
conpared therein with their respective different threshold | evels and,

t her eby, output data corresponding to the nmultivalued data is obtained.
Further, in the above described circuit, it is adapted such 2 that the
average voltage of the detected output is detected in an average vol tage
detector circuit 4 and the sane is fed back to a conparator 5 as its
threshold | evel and, thereby, the operating point of the detected output is
shifted. In the circuit shown in FIG22, it is adapted such that a detector

output 1 LARN! (3 LBSREPOLRLELS dF AR dBcd QN Yudbd P ARSI
in an average voltage detector circuit 4 and the same is
fed back to a comparator 5 as its threéhold level and,
thereby, the operating point-of the detected output is
shifted.

In the circuit shown in FIG. 2, it is adapted such
that a detector output is input to two comparators 11 and
12 through a low-pass filter (LPF) to be compared with
their respective different threshold levels and, thereby,
output data corresponding to the multivalued data is
obtained. In this circuit, the average voltage of the
detected output is detected in an average voltage detector
circuit 13 and, with the use of it, the threshold levels
for the comparators 11 and 12 are shifted.

However, there have been problems with such
circuits that the signal level is shifted by a deviation in
the intermediate frequency and thereby lowering of the
sensitivity is incurred or that the threshold levels for
the multi-level comparator become unable to follow changes
in the level of the detected output and therefore lowering
of the sensitivity is incurred when there arise

fluctuations in the devices, changes in the temperature, or



their respective different threshold | evel s and, thereby, output data
corresponding to the nultivalued data is obtained. In this circuit, the
average voltage of the detected output is detected in an average vol tage
detector circuit 13 and, with the use of it, the threshold levels for the
conparators 11 and 12 are shifted. However, there have been problens with
such circuits that the signal level is shifted by a deviation in the
intermedi ate frequency and thereby |opering of the sensitivity is incurred
or that the threshold Ievels for the nmulti-Ilevel conparator becone unable

to follow ghanges .in d t.he detected output and therefore
| owering o éh séﬁ%iﬁq |%§? eve red when there arise fluctuations in
t he devi ces, changes in the tenperature or

urther, when identical data or biased data are

continuously included in the received data, the average
value of the level of the detected output changes and an
offset is produced between the threshold levels for the
comparators and the operating point of the level of the
detected output, and hence problems of lowering in the
sensitivity or inability of signal reception arise. Still
further, while it is practiced, in the case of intermittent
signal reception, to decrease the time constant in
obtaining the average voltage at a rise of the received
signal (quick charging), then, by the setting to shorten
the rise period, an error voltage is left according to the
timing of the quick charging and such a problem arises that

the duty cycle of the output data changes at each instant

intermittent signal reception is made.

OBJECT AND SUMMARY OF THE INVENTION
An object of the invention is to allow a multi-
level comparator to stably operate in conformity with
changes in the level of the input signal. Accordingly, in

a demodulator circuit for obtaining output data through



3 changes in the input level. Further, when identical data or biased data
are continuously included in the received data, the average value of the
| evel of the detected output changes and an offset is produced between the
threshold |l evels for the conparators and the operating point of the |evel
of the detected output, and hence problens of lowering in the sensitivity
or inability of signal reception arise. Still further, while it is
practiced, in the case of intermttent signal reception, to decrease the
time constant in obtaining the averagg voltage at a rise of the received
signal (quick charégng% dthen, to shorten.the ris eriod,

t PR

an error vS?'P%@’él? %c%‘brahib caﬁé‘%%}%}"{? ' r?g Sc?fgqaﬂe °&%ﬁa&l{‘99h§¥8i ng and
such a problemarises that the duty cycle of the output data changes at
each i nst afRPIaCEing t 2 FECSIVRAISE tYQrR iRr9RRRS Oof detection in a
detector circuit and predetermined threshold levels, there
is provided a control circuit of threshold levels for a
multi-level comparator in the demodulator circuit which
comprises a level detector circuit for detecting the level
of the received signal transmitted through the process of
detection and a control circuit for controlling relative
magnitudes of the level detected in the level detector
circuit of the signal transmitted through the process of
detection and the predetermined threshold levels for the
multi-level comparator.
Since, in the invention, the level of a signal
transmitted through a process of detection is detected in
the level detector circuit and the detected level of the
signal transmitted through the process of detection and the
predetermined threshold levels for the multi-level
comparator are controlled for their relative magnitudes in
the control circuit, it is made possible, even if the

signal level is changed, to set the predetermined threshold

levels at fixed ratios to the changed signal level.



OBJECT AND SUMVARY OF THE | NVENTI ON An object of the invention is to allow

a nulti- level conparator to stably operate in conformty with changes in
the |l evel of the input signal. Accordingly, in a denodulator circuit for
obt ai ni ng out put data through 4 conparison, made in a conparator, of a

signal obtained by subjecting a received signal to a process of detection
Iin a detector circuit and predeterm ned threshold levels, there is provided
a control circuit of threshold levels for a nmulti-level conparator in the
denodul ator circuit which conprises a5l evel detector circuit for detecting

the | evel of the receé};(fglf.sﬂ)mypfﬂﬂ@rgﬁt t d he process of
t

detection and a control circui or controlling relative

FIG. 1 is a circuit diagram explanatory of a
comparator of a related art (first example);

FIG. 2 is a circuit diagram explanatory of a
comparator of a related art (second example);

FIG. 3 is a block diagram explanatory of a first
embodiment of the demodulator circuit of the invention;

FIG. 4 is a block diagram explanatory of a
threshold level setting circuit as a second embodiment of
the invention;

FIG. 5 is a circuit diagram showing an example of a
detector circuit;

FIG. 6 is a drawing explanatory of functions of a
threshold level setting circuit;

FIG. 7 is a drawing explanatory of variations in
the NRZ threshold voltage;

FIG. 8 is a drawing explanatory of error voltage
occurring in quick charging;

FIG. 9 is a drawing explanatory of deviations in

the duty cycle;

FIG. 10 is a graph showing detected output voltages

against IF input frequencies; and



magni tudes of the |level detected in the |evel detector circuit of the
signal transmtted through the process of detection and the predeterm ned
threshold levels for the multi-level conparator. Since, in the invention,
the level of a signal transmitted through a process of detection is
detected in the level detector circuit and the detected | evel of the signal
transmtted through the process of detection and the predeterm ned
threshold levels for the multi-level conparator are controlled for their
relative magnitudes in the control chrcuit, it is made possible, even if

the signal |evel GCh”l'igng tBlé &E&g?éﬁdégﬁigﬁ&?&§hé:‘?sé‘%?izlaeve' s at

fixed ratios to t e chang S|gna | evel.

embodiment.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An embodiment of a control circuit of threshold
levels for a multi-level comparator in a demodulator
circuit according to the invention will be described with
reference to the accompanying drawings. FIG. 3 is a block
diagram explanatory of a first embodiment. The first
embodiment is that establishes predetermined threshold
levels for a four-level comparator 28 and an NRZ (non-
return-to-zero) comparator 29, for example, used in a
demodulator circuit 21 such as a pager.

The demodulator circuit 21 is formed of an antenna
22, an RF amplifier 23, a BPF (band-pass filter) 24, an LIM
(limiter) 25, a DET (detector circuit) 26, an LPF (low-pass
filter) 27, a four-level comparator 28, an NRZ comparator
29, a local oscillator 30, a threshold level setting
circuit 31, and a timing circuit 32.

The threshold level setting circuit 31 being a part
characteristic of the present embodiment is operated by the

timing circuit 32 formed with a microcomputer (not shown)



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a circuit diagram expl anatory
of a conparator of a related art (first exanple); FIG 2 is a circuit

di agram expl anatory of a conparator of a related art (second exanple); FIG
3 is a block diagramexplanatory of a first enbodi nent of the denodul ator
circuit of the invention; FIG 4 is a block diagram explanatory of a
threshold | evel setting circuit as a second enbodi nent of the invention;
FIG 5 is a circuit diagramshowi ng an exanple of a detector circuit; FIG
6 is a draw ng explanatory of functiohs of a threshold |evel setting

circuit; %@ %séa%ﬂsﬁ{ 1@161%(3%&50 o hat |f%§ Ahvehe NRZ threshol d
vol t age; 'S a draw ng expl anatory o error vol tage

comparator 28 and the NRZ comparator 29 and also supplies
the £hreshold level for the NRZ comparator 29 to the local
oscillator 30, namely, delivers a signal for feedback
control of the intermed;ate frequency, or for AFC (Auto
Frequency Control).

The threshold level setting circuit 31 is formed,
as shown in FIG. 4, of a MAX level detector circuit 3la, a
MIN level detector circuit 31b, and resistors Rl - R4. The
MAX level detector circuit 3la detects the maximum value of
the LPF output and the MIN level detector circuit 31b
detects the minimum value of the LPF output. According to
the output voltages of the MAX level detector circuit 3la
and the MIN level detector circuit 31lb and by means of
voltage division by the resistors Rl - R4, a threshold
level @ for the four-level comparator is output from the
terminal T1, the threshold level for the NRZ comparator and
the voltage for the AFC are output from the terminal T2,
and another threshold level & for the four-level
comparator is output from the terminal T3.

By using such threshold level setting circuit 31,

it becomes possible to establish each of the threshold



occurring in quick charging; FIG 9 is a drawi ng explanatory of deviations

.in the duty cycle; FIG 10 is a graph showi ng detected output voltages
agai nst | F input frequencies; and 6 FIG 11 is a block diagram

expl anatory of a third enbodi nent. DETAI LED DESCRI PTI ON OF THE PREFERRED

EMBCODI MENTS An enbodi ment of a control circuit of threshold levels for a

multi-level conparator in a denodulator circuit according to the invention
will be described with reference to the acconpanying drawings. FIG 3 is a
bl ock di agram expl anatory of a first e®mbodi ment. The first

levels at fixed ratios to the signal level of the LPF
output even if the signal level is changed.

Circuit diagrams showing an example of the detector
circuits are given in FIG. 5, in which (a) shows an example
of the MAX level detectpr circuit and (b) shows an example
of the MIN level detector circuit. The MAX level detector
circuit 3la shown in FIG. 5(a) is an example designed after
considering operations in a receiver for a pager or the
like (power voltage is 1.5 V, for example), in which the
input of the detected output is DC-shifted by the
transistor Q1 and the maximum voltagelis_held by the
capacitor Cl through switching operatio;s of the diode Dl.
At this time, while the charging time constant of the
capacitor Cl is determined by the impedance of the diode
Di, the impedance is set high (for example, a resistor is
connected in series) to improve the antinoise
characteristic.

The voltage charged on the capacitor Cl is output
through the buffer amplifier Al. The resistor R and the
switch S are inserted for resetting the circuit, i.e., for
discharging the charges on the capacitor Cl, at a

discharging time constant of CR. The discharging occurs in



embodi ment is that establishes predetermned threshold |evels for a
four-level conparator 28 and an NRZ (non- return-to-zero) conparator 29,
for exanple, used in a denodul ator circuit 21 such as a pager. The

denodul ator circuit 21 is formed of an antenna 22, an RF anplifier 23, a
BPF (band-pass filter) 24, an LIM(limter) 25, a DET (detector circuit)
26, an LPF (lowpass filter) 27, a four-|level conparator 28, an NRZ
conparator 29, a local oscillator 30, a threshold |level setting circuit 31,
and a timng circuit 32. The threshol Y I evel setting circuit 31 being a

part char aedsfidridd adfa tdgyrie Faidm RO diifERg lc&x@:wtatsad shywhhent i mi ng
circuit 32 fornmed with a m croconputer (not shown)

FIG. 3.

In the MIN level detector circuit 31b shown in FIG.
5(b), the minimum value of the input of the detected output
is charged on the capacitor C2 and an input higher than
that, if any, is prevented from being charged by the diode
D2. In £his circuit, the voltage charged on the capacitor
C2 amounts to MIN voltage + 1 VF. Therefore, 1 VF is
deducted from it by the transistor Q2. Resetting of the
circuit by means of the resistor R and the switch S is
carried out in respomnse to a signal from the timing circuit
32 shown in FIG. 3.

Detection of the maximum value can be achieved, as
shown in FIG. 6, by inputting the detected output to the
MAX level detector circuit 3la and the MIN level detector
circuit 31b (refer to FIG. 5) and, by means of the
resistors Rl - R4 shown in FIG. 4, the threshold levels A -
C at fixed ratios to the maximum value can be obtained.
Accordingly, even if the level of the detected signal is
changed, the threshold levels change proportionally to the
changed level, and hence output data corresponding to the

changed level can be obtained from the comparators.



and establishes threshold levels for the four-Ilevel conparator 28 and the
NRZ conparator 29 and al so supplies the threshold I evel for the NRZ
conparator 29 to the local oscillator 30, nanely, delivers a signal for

f eedback control of the internedi ate frequency, or for AFC (Auto Frequency
Control). The threshold I evel setting circuit 31 is fornmed, as shown in
FIG 4, of a MAX | evel detector circuit 31la, a MN |evel detector circuit
31b, and resistors RL - R4. The MAX | evel detector circuit 3la detects the
maxi nrum val ue of the LPF output and tH M N Ievel detector circuit 31b

detects the m ni myp V@ldte Picddee dsPsn@wnPyh. FAGCOTdABrEOLthBe out put
vol tages of the MAX | evel detector circuit 31la and the M N | evel detector

Chr eshol d Tever e FTE: b e & br 318 siofnbl8s Eﬂ%&f 18¥8h the
termnal T1, the threshold | evel for the NRZ conparator and
{(to "1" in the case shown), when the NRZ threshold level
was set through detection of average voltage (in the
related art example), tpere were variations produced in the
NRZ threshold level as shown in (a) affected by the biased
detected output. However, according to the NRZ threshold
level setting in the present embodiment, a constant NRZ
threshold level can be obtained as shown in (b) unaffected
by the bias of the detected output.

Further, a fluctuation d of the average voltage as
shown in FIG. 8 does not occur in the present embodiment at
the time of quick charging (operation at a short time
constant in order to start the demodulator circuit
quickly), and a constant threshold level a can be
maintained with respect to the detected output as shown in
FIG. 9, and accordingly, any deviation in the duty cycle
(refer to the upper graph of the comparator output) due to
occurrence of an error as indicated by the threshold level
B is not produced. Hence, it becomes possible to obtain a
constant duty cycle (refer to the lower graph of the

comparator output).



the voltage for the AFC are output fromthe termnal T2, and anot her
threshold level [err] for the four-level conparator is output fromthe
termnal T3. By using such threshold |evel setting circuit 31, it becones
possi ble to establish each of the threshold 8 levels at fixed ratios to
the signal |evel of the LPF output even if the signal |evel is changed.
Circuit diagranms show ng an exanple of the detector circuits are given in
FIG 5, in which (a) shows an exanpl g 0of the MAX | evel detector circuit and
(b) shows an exanple of the MN |evel detector circuit. The MAX | evel

detector circuit FHaatwn i dhGCpralsant Smdodaxeme e adeshewad iaf t er

considering operations in a receiver for a pager or the
FIG. 3, the threshold level for the NRZ comparator 29
obtained in the threshold level setting circuit 31 is
supplied to the local oscillator 30 to perform AFC. The
AFC is carried out by making use of the fact that a
deviation of the IF input frequency causes a deviation of
the operating point of the detected output according to the
relationship between the IF input frequency and the
detected output voltage as shown in FIG. 10, i.e., the S-
curve characteristic. Thus, feedback controlling to cope
with deviations of the intermediate frequency has become
possible and, hence, it has been made possible to suppress
shifts of the signal level and obtain the comparator output
in accordance with the stabilized detected signal and
threshold levels.

Although, in the above described first embodiment,
an example was shown in FIG. 3 in which each of the
threshold levels for the four-level comparator 28 and the
NRZ comparator 29 were calculated from the detected output
by the threshold level setting circuit 31, each of the
threshold levels may be fixed and the relative magnitudes

of the threshold levels and the level of the detected



i ke (power voltage is 1.5V, for exanple), in which the input of the
detected output is DC-shifted by the transistor QL and the maxi num volt age
is held by the capacitor Cl through switching operations of the di ode D1.
At this tinme, while the charging tinme constant of the capacitor Cl is
determ ned by the inpedance of the diode D1, the inpedance is set high (for
exanple, a resistor is connected in series) to inprove the antinoise
characteristic. The voltage charged on the capacitor C is output through
the buffer anplifier Al. The resistor!R and the switch S are inserted for

resetting b{i*Eﬁﬁ{:rﬁbertbei a@justed ﬁysa:;js%r%gimg fdmitedet grstdll e aaeaci t or
Cl, at a discharging tinme constant of . The di schargi ng occurs in

detected output.

An example in which feedback control is applied to
the detected output is shown as a third embodiment in the
block diagram of FIG. 11. The third embodiment is similar
to the first embodiment in that it comprises an antenna 22,
an RF amplifier 23, a BPF (band-pass filter) 24, an LIM
(limiter) 25, a DET (detector circuit) 26, an LPF (low-pass
filter) 27, a four-level comparator 28, an NRZ comparator
29, and a local oscillator 30, but differs from the first
embodiment in that there is provided a level detector
circuit 31' for applying feedback control to the DET 26.

The level detector circuit 31' is similar to the
threshold level setting circuit 31 comprising the MAX level
detector circuit 3la and the MIN level detector circuit 31b
shown in FIG. 4. The level detector circuit 31' gives a DC
offset and the gain of the detected output to the DET 26 to
thereby apply feedback control to the detected output. The
DC offset corresponds to the AFC in the first embodiment
and the gain of the detected output corresponds to the

threshold levels for the four-level comparator 28 in the

first embodiment (refer to FIG. 3).



9 response to a signal fromthe timng circuit 32 shown in FIG 3. In the
M N | evel detector circuit 31b shown in FIG 5(b), the m ninmumval ue of the
i nput of the detected output is charged on the capacitor C2 and an i nput

hi gher than that, if any, is prevented from being charged by the di ode D2.
In this circuit, the voltage charged on the capacitor C2 amobunts to MN
voltage + 1 VF. Therefore, 1 VF is deducted fromit by the transistor Q.
Resetting of the circuit by nmeans of the resistor R and the switch Sis
carried out in response to a signal f¥dbmthe tining circuit 32 shown in

FIG 3. Detection gf ¢l dBdyMMIGH IR ibA dghicawednizg shown in FIG 6,
by inputting the detected output to the MAX | evel detector circuit 31a and

the MN | e&%eé‘ﬁﬂ&% ,O rtt?é r&é‘ciéct%]&) c;urt%fu r itso c%%%ro@le%ngb Q%a@e%%h‘)f the

of the threshold levels are kept constant with respect to
the level of the detected output and thereby it is made
possible to obtain stabilized output data from the four-
level comparator 28 and the NRZ comparator 29 as with the
first embodiment.

While the four-level comparator 28 was used in each
of the above described embodiments, the present invention
is not limited to it but equally applicable to cases where
another multi-level comparator is used.

According to the control circuit of the threshold
levels for a multi-level comparator in the demodulator
circuit of the invention, as described above, such effects
can be obtained as mentioned below. That is, since the
relative magnitudes of the level of the signal transmitted
through a process of detection and the predetermined
threshold levels for the multi-level comparator can be
controlled, output data with stabilized sensitivity can be
obtained even if there occur fluctuations in the circuit

and parts, changes in temperature, or changes in the input

signal level.



resistors R - R4 shown in FIG 4, the threshold levels A- C at fixed
rati os to the maxi num val ue can be obtai ned. Accordingly, even if the |evel
of the detected signal is changed, the threshold | evel s change
proportionally to the changed | evel, and hence output data corresponding to
t he changed | evel can be obtained fromthe conparators. 10 I'n such a
case as shown in FIG 7 where the detected output is biased to one side of
the signal level (to "1" in the case shown), when the NRZ threshold | eve
was set through detection of averagelfbltage (in the related art exanple),
there were variati epgthe@ducedpinitbg dBfobli18e6hdchRVEE ashidwwd in (a)
affected by the biased detected output. However, according to the NRZ

thresmldeven if identical data are sent over continuously.

Besidés, fluctuations in the duty cycle oﬁ the output data
can be suppressed and therefore a stabilized output can be
obtained even right after quick charging. Thus, it has
been made possible to provide a highly reliable demodulator

circuit.



| evel setting in the present . enbodi ment, a constant NRZ threshold | evel can
be obtained as shown in (b) unaf f ect ed by the bias of the detected output.

Further, a fluct he average voltage as shown in FIG 8 does not
occur in the nt at the time of quick charging (operation at
a short trne N order to start the denodul ator circuit quickly),
and a constant® threshold level a can be maintained with respect to the
detected output as shown in FIG 9, and accordingly, any deviation in the
duty cycle (refer to the upper graphégf t he conparator output) due to

y

occurrenceﬁg& T A% %&‘qﬁméeI%ndrcated the threshold level [err] is not
pr oduced nce, econes possible to obtain a constant duty cycle (refer

to the I ower grapq‘” 'S RIRAINOOW Rk for obtaining output

data through comparison, made in a multi-level comparator,
of a signal obtained by subjecting a received signal to a
process of detection in_a detector circuit and
predetermined threshold levels, a control circuit of
threshold levels for said multi-level comparator in said
demodulator circuit comprising:

a level detector circuit for detecting the level of
said received signal transmitted through the process of
detection; and

a control circuit for controlling relative
magnitudes of the level detected in said level detector
circuit of the signal transmitted through the process of
detection and the predetermined threshold levels for said
multi-level comparator.

2. A control circuit of threshold levels for a
multi-level comparator in a demodulator circuit according
to claim 1, wherein

said control circuit sets the predetermined
threshold levels for said multi-level comparator on the

basis of the level detected in said level detector circuit



Fdrther in the present enbodi nent, as shown in FIG 3, the threshold | evel
for the NRZ conparator 29 _obtained in the threshold |evel setting circuit
31 is supplied to the Iocignoscillator 30 to perform AFC. The AFC is

carried outum“mm“l/ \ the fact that a deviation of the IF input
frequency c

of the operating point of the detected output
according to *t he relatlonshlp between the IF i nput frequency and the

detect ed out put voltage as shown in EIG. 10, i.e., the S curve
characteristic. Thus, feedback contr Pllng to cope with deviations of the

i nt er nedi g yeeqy! ggaghfegﬁneﬁ. OUBAPORSLRLR ERE pHBUsSs &F BBtedieRth lade

possible to suppre the signal | evel and obtain the conpar at or
ouLpUL T Bpcorance e ckGaBoBiHAEE FLERtSlnldrBkyars Hr ool

multi-level comparator in a demodulator circuit according
to claim 1, wherein

said control ci;cuit controls the gain in said
detector circuit on the basis of the level detected in said
level detector circuit of the signal transmitted through
the process of detection.

4. A control circuit of threshold levels for a
multi-level comparator in a demodulator circuit according
to claim 1, wherein

a predetermined threshold level controlled by said
control circuit is used for feedback control of the
intermediate frequency.

5. In a demodulator circuit for obtaining output
data through comparison, made in a multi-level comparator,
of a received signal and predetermined threshold levels, a
control circuit of threshold levels for said multi-level
comparator in said demodulator circuit comprising:

a detector circuit for applying a process of

detection to said received signal;

a level detector circuit for detecting the level of



an exanple was shown in FIG 3 in which each of the threshold levels for
the four-1level conparator-28 and the NRZ conparator 29 were cal culated from
t he detected output b threshol d | evel setting circuit 31, each of the
t hreshol d \ﬁ“ @h‘“} ed and the relative magnitudes of the threshold

| evel s and\“‘ﬁl e det ect ed 12 output may be adjusted by

appl yi ng f eddback" control to the detected output. An exanple in which

f eedback control is applied to the detected output is shown as a third
enbodi ment in the block diagramof Fhe 11. The third enbodinent is simlar

tzg, t QEBLL&?%aﬁgBHQi”E?EPt erl%:‘p% fﬁr&xﬁ%rfﬁgsp%béf’ég P abecbliipmpl i fier

“pass

said detector circuit; and

a control circuit for controlling relative
magnitudes of the level detected in said level detector
circuit of the signal t;ansmitted through the process of
detection and the predetermined threshold levels for said
multi-level comparator.

6. A control circuit of threshold levels for a
multi-level comparator in a demodulator circuit according
to claim 5, wherein

said control circuit sets the predetermined
threshold levels for said multi-level comparator on the
basis of the level detected in said level detector circuit
of the signal transmitted through the process of detection.

7. A control circuit of threshold levels for a
multi-level comparator in a demodulator circuit according
to claim 5, whereiq

said control circuit controls the gain in said
detector circuit on the basis of the level detected in said
level detector circuit of the signal transmitted through

the process of detection.

8. A control circuit of threshold levels for a



(finiter) 25, a DET (detector circuit) 26, an LPF (lowpass filter) 27, a
four-level conparator 28, an NRZ conparator 29, and a |ocal oscillator 30,
but differs. fromthe fhil enbodi ment in that there is provided a | evel

det ect or cj ' \\m‘““ pl ying feedback control to the DET 26. The |evel
det ect or ct“ﬁ“\“\

“ «mlar to the threshold level setting circuit 31
conpri si ng ecMAX |'evel detector circuit 31a and the M N | evel detector
circuit 31b shown in FIG 4. The level detector circuit 31' gives a DC
of fset and the gain of the detected dﬂ&put to the DET 26 to thereby apply

feedback GpiQ1dveit kenirato?d ipULPHEmodl2abEroblisahi0aEE6PQES tO the
AFC in the first enbodi nent and the gain of the detected output coOrresponds

to the threshald | evel s for. the four-level conparator 28 in the first
enbodi rrenttC( rcé‘faém tesd r%j)n

a predetermined threshold level controlled by said
control circuit is used for feedback control of the
intermediate frequency._

9. A control circuit of threshold levels for a
multi-level comparator in a demodulator circuit according
to claim 5, wherein

said level detector circuit includes a peak-hold
circuit.

10. A control circuit of threshold levels for a
multi-level comparator in a demodulator circuit according
to claim 9, wherein

said peak-hold circuit holds the peak value and the
bottom value and provides a signal compounded of the peak

value and the bottom value.



13 In the circuit configuration of the third enbodi nent, the detected
output is controlled so that each of the threshold | evels are kept constant
with respect to the level of the detected output and thereby it is nmade
possible to obtain stabilized output data fromthe four- |evel conparator
28 and the NRZ conparator 29 as with the first enbodinent. Wiile the
four-level conparator 28 was used in each of the above descri bed

enbodi ments, the present invention is not limted to it but equally
applicable to cases where anot her null% -1 evel conparator is used. According

to the control circujhef_ L%fEﬁhéﬁﬁpﬂﬁﬂTbﬁvﬁbﬁ b escr?%k k-1 evel conparator

in the denodul ator circul the 1 nventi on above, such

effects can be obtai nedy RSN I Y1 RMLoEMRE | S, Since the

In a demodulator circuit including a multi-level
comparator, the demodulator circuit obtaining output data
through comparison, made in a four-level comparator and a
NRZ comparator, of a signal obtained by subjecting a
received signal to a process of detection and predetermined
threshold levels, comprises a level detector circuit for
detecting the level of the received signal transmitted
through the process of detection and a control circuit for
controlling relative magnitudes of the level detected in
the level detector circuit of the signal transmitted
through the process of detection and the predetermined
threshold levels for the four-level comparator and the NRZ
comparator, whereby stabilized output data.conforming to

- changes in the level of the detected output are made

obtainable.

Figure 3



rel ati ve magni tudes of the level of the signal transmtted through a
"process of detection and the predeterm ned threshold levels for the

mul ti-Ievel conparator can be controlled, output data with stabilized
sensitivity can be obtained even if there occur fluctuations in the circuit
and parts, changes in tenperature, or changes in the input signal |evel.

14 Further, stabilized denodul ati on can be achieved even if identical data
are sent over continuously. Besides, fluctuations in the duty cycle of the
out put data can be suppressed and therefore a stabilized output can be
obt ai ned even right after quick charging, Thus, it has been nmade possible
to provide a highly reliable dermodul at ort
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circuit. 15 WHAT IS CLAIMED I'S: 1. In a denodulator circuit for

“obtai ning out put data through conparison, nade in a nulti-Ilevel conparator,
of a signal obtained by subjecting a received signal to a process of
detection in a detector circuit and predeterm ned threshold levels, a
control circuit of threshold levels for said nulti-Ilevel conparator in said
denodul ator circuit conprising: a |level detector circuit for detecting the
| evel of said received signal transmtted through the process of detection;

and a control circuit for controlling relative
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magni tudes of the |level detected in said |evel detector circuit of the
signal transmtted through the process of detection and the predeterm ned
threshold levels for said nulti-level conparator. 2. A control circuit of
threshold levels for a nmulti-level conparator in a denodul ator circuit
according to claim1, wherein said control circuit sets the predeterm ned
threshold levels for said nulti-level conparator on the basis of the |evel
detected in said |level detector circuit 16 of the signal transmtted

t hrough the process of detection. 3. A control circuit of threshold |evels
for a nmulti-level conparator in a denodulator circuit according
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to claim1, wherein said control circuit controls the gain in said detector
‘circuit on the basis of the level detected in said |level detector circuit
of the signal transmtted through the process of detection. 4. A control
circuit of threshold levels for a nulti-Ilevel conparator in a denodul ator
circuit according to claim1, wherein a predeterm ned threshold | evel
controlled by said control circuit is used for feedback control of the
internedi ate frequency. 5. In a denodulator circuit for obtaining output
data t hrough conparison, nade in a nmulti-level conparator, of a received
signal and predeterm ned threshold levels, a control circuit of threshold
| evel s for said nmulti-level conparator in said denodulator circuit
conprising: a detector circuit for applyyng a process of
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detection to said received signal; a |level detector circuit for detecting
- the level of 17 the signal transmtted through the process of detection
in said detector circuit; and a control circuit for controlling relative
magni tudes of the |evel detected in said |evel detector circuit of the
signal transmtted through the process of detection and the predeterm ned
threshold levels for said nulti-|level conparator. 6. A control circuit of
threshold levels for a nmulti-level conparator in a denodulator circuit
according to claim5, wherein said control circuit sets the predeterm ned
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threshold levels for said nulti-level conparator on the basis of the |evel
"detected in said | evel detector circuit of the signal transmtted through
the process of detection. 7. A control circuit of threshold levels for a
multi-level conparator in a denodulator circuit according to claimb5,
wherein said control circuit controls the gain in said detector circuit on
the basis of the level detected in said |evel detector circuit of the
signal transmtted through the process of detection. 8. A control circuit
of threshold levels for a 18 multi-level conparator in a denodul ator

circuit according to claim5, wherein
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a predeterm ned threshold |l evel controlled by said control circuit is used
for feedback control of the internediate frequency. 9. A control circuit of
threshold levels for a nmulti-level conparator in a denodul ator circuit
according to claim5, wherein said |level detector circuit includes a
peak-hold circuit. 10. A control circuit of threshold levels for a
multi-level conparator in a denodulator circuit according to claim?9,
wherein said peak-hold circuit holds the peak val ue and the bottom val ue
and provides a signal conpounded of the peak value and the bottom val ue.
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