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(57) ABSTRACT 

A semiconductor circuit device is provided which can attain 
more stable operations against noise in a data communication 
system without increasing the power consumption of an over 
all system, thereby improving the reliability of data commu 
nication. For a demodulation baseband signal (S.11) obtained 
by performing digital processing on an output signal (S6) 
from an AD converter (6), the maximum value (S12) and the 
minimum value (S13) are detected as digital values by a 
maximum value holding circuit (11) and a minimum value 
holding circuit (12), an averaging circuit (13) obtains an 
average value (intermediate value) of the maximum value and 
the minimum value and detects a frequency offset amount 
(S14), and the frequency offset amount is fed back to a thresh 
old value of data decision (14), so that binarized demodula 
tion data (S15) is outputted in which the offset of the demodu 
lation baseband signal is corrected. 
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FIG. 3 
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FIG. 5 
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FIG. 6 
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FIG. 7 
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SEMCONDUCTOR CIRCUIT DEVICE 

FIELD OF THE INVENTION 

0001. The present invention relates to a semiconductor 
circuit device for detecting and correcting a frequency offset 
generated between a transmit side and a receive side in data 
communication through FSK radio communication using an 
FSK signal, which is one of frequency modulation signals. 

BACKGROUND OF THE INVENTION 

0002 Conventionally, data communication for wirelessly 
transmitting various data through FSK radio communication 
using an FSK (frequency shift keying) signal is widely used 
as a system of data communication. The FSK signal is one of 
FM (frequency modulation) signals. 
0003. In the data communication through FSK radio com 
munication, when data is transmitted, a high-frequency signal 
is transmitted as a radio wave, the high-frequency signal 
having been frequency-modulated by frequency-shifting a 
carrier So as to correspond to 1 and 0 of a digital signal of the 
data. When the high-frequency signal is received by an FSK 
receiver and the transmitted data is demodulated, the fre 
quency components of a demodulation baseband signal hav 
ing been voltage-converted by an F-V converter circuit are 
compared with each other by a comparator to determine a 
digital value, and the original data is obtained based on the 
digital value. 
0004. In the frequency modulation system, between a 
transmit side and a receive side, a frequency offset occurs due 
to a frequency generation error on a quartZ radiator, a local 
oscillator (hereinafter, referred to as PLL), and the like of the 
transmit side and receive side. The frequency offset becomes 
a DC offset component when frequency-Voltage conversion is 
performed to obtain a demodulation baseband signal. 
0005. In conventional FSK receivers, FSK demodulation 

is performed in an analog manner, and thus a frequency offset 
is equivalent to a fluctuation in the reference Voltage of a 
comparator for data decision. Further, due to a frequency 
offset, the frequency of a carrier is shifted close to the cutoff 
frequency of a filter when the carrier passes through the filer. 
Thus, particularly in the case of communications in a narrow 
transmission band, the attenuation of the filter exercises con 
siderable influence. These factors have seriously adverse 
effects on the receiving characteristic of the FSK receivers. 
0006. As described above, in the conventional FSK receiv 
ers (for example, Japanese Patent Laid-Open No. 2000 
349840), FSK demodulation is performed in an analog man 
ner. In this case, a demodulation baseband signal having 
undergone frequency-Voltage conversion is extracted by C 
coupling and a DC offset component on the demodulation 
baseband signal is removed, so that a demodulation error 
caused by a DC offset is corrected and the adverse effects on 
the receiving characteristic are avoided. 
0007 Further, a difference is obtained between the signal 
where the DC offset component on the demodulation base 
band signal is removed by C coupling and a demodulation 
baseband signal with a DC offset before C coupling, so that 
the DC offset component is detected on the demodulation 
baseband signal having undergone frequency-Voltage conver 
Sion. The reference Voltage in a comparator for data decision 
is corrected according to an offset amount and a frequency 
offset is equally corrected. 
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0008. However, in the conventional method of correcting a 
frequency offset, all circuits including detectors and correct 
ing units conventionally have analog configurations in the 
FSK receivers. In this case, there are many variations in 
operating characteristics among the circuits, the accuracy of 
detecting a DC offset component from a demodulation base 
band signal is reduced by noise, and thus a DC offset cannot 
be accurately detected or corrected. Consequently, operations 
become Susceptible to noise and become less stable in a data 
communication system through FSK radio communication. 
0009. Once a malfunction occurs due to noise, the circuits 
may enter an oscillation state. Thus, the power consumption 
of an overall system increases, the data communication sys 
tem becomes less stable, and the reliability of data commu 
nications seriously decreases. 

DISCLOSURE OF THE INVENTION 

0010. The present invention is devised to solve the con 
ventional problems and provides a semiconductor circuit 
device which can obtain more stable operations against noise 
in a data communication system without increasing the power 
consumption of the overall system, thereby improving the 
reliability of data communication. 
0011. In order to solve the problems, the semiconductor 
circuit device of the present invention is a semiconductor 
circuit device for demodulating digital data from a high 
frequency signal having a carrier frequency-modulated based 
on the digital data, comprising a digital IQ demodulator for 
performing quadrature demodulation on a digital signal 
obtained by digital conversion from an analog signal having 
been obtained by frequency-converting the high-frequency 
signal while using the oscillation output of a PLL as a refer 
ence frequency signal, an F-V converter circuit for converting 
a frequency of a digital output signal from the digital IQ 
demodulator to a Voltage and outputting a demodulation 
baseband signal corresponding to the digital data after pass 
ing the digital output signal through band-pass filters, a maxi 
mum value holding circuit for holding the maximum value of 
the demodulation baseband signal outputted from the F-V 
converter circuit, a minimum value holding circuit for hold 
ing the minimum value of the demodulation baseband signal, 
an averaging circuit for averaging the maximum value of the 
demodulation baseband signal and the minimum value of the 
baseband signal, a frequency offset detector for detecting a 
frequency offset amount on the demodulation baseband sig 
nal from the averaging circuit, and an offset correcting unit 
for correcting the frequency offset amount on the demodula 
tion baseband signal by using the frequency offset amount as 
a feedback signal to a threshold value for deciding the data of 
the demodulation baseband signal, the frequency offset 
amount having been detected by the frequency offset detector. 
0012. With this configuration, a frequency offset is accu 
rately detected with a small circuit size and fed back to a 
threshold value for data decision, thereby accurately perform 
ing data decision of the demodulation baseband signal and 
improving a receiving characteristic. 
0013 The semiconductor circuit device of the present 
invention further comprises a frequency converter circuit for 
frequency-converting the frequency offset amount having 
been detected by the frequency offset detector, and a filter 
bandwidth correcting unit for correcting the bandwidth of the 
band-pass filter based on a frequency converted value corre 
sponding to the frequency offset amount having been calcu 
lated by the frequency converter circuit. 
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0014. The semiconductor circuit device of the present 
invention further comprises a demodulator offset correcting 
unit for correcting the frequency offset amount on the 
demodulation baseband signal for the digital IQ demodulator 
based on the frequency converted value corresponding to the 
frequency offset amount having been calculated by the fre 
quency converter circuit. 
0015 The semiconductor circuit device of the present 
invention further comprises a PLL frequency correcting unit 
for controlling the frequency of the oscillation output of the 
PLL and correcting the frequency offset amount on the 
demodulation baseband signal based on the frequency con 
Verted value corresponding to the frequency offset amount 
having been calculated by the frequency converter circuit. 
0016. With this configuration, it is possible to make a 
correction in the same direction as the center frequency of the 
filter relative to the cutoff frequency of the filter, thereby 
improving the receiving characteristic. 
0017. The semiconductor circuit device of the present 
invention further comprises a feedback gain circuit which 
provides a given gain for the frequency offset amount having 
been detected by the frequency offset detector, and uses the 
frequency offset amount as the feedback signal to the thresh 
old value for deciding the data of the demodulation baseband 
signal. 
0018 With this configuration, a correction amount is 
adjusted by the feedback gain circuit, thereby improving the 
stability of a system. 
0019. The semiconductor circuit device of the present 
invention further comprises an operation controller circuit for 
periodically operating the frequency offset detector, and a 
timer counterfor counting a duty cycle of the frequency offset 
detector operated by the operation controller circuit. 
0020. The semiconductor circuit device of the present 
invention further comprises a counting period storage device 
for storing a set value for setting the counting period of the 
timer counter at a given value. 
0021. The semiconductor circuit device of the present 
invention further comprises a frequency offset value Storage 
device for storing the frequency offset value having been 
detected by the frequency offset detector, and an operation 
controller circuit for exercising control to update the value of 
the frequency offset value storage device with a given period. 
0022. With this operation, the system is intermittently 
operated arbitrarily or automatically, thereby reducing the 
power consumption of the system. 
0023 The semiconductor circuit device of the present 
invention further comprises a comparator for comparing the 
frequency offset value having been stored in the frequency 
offset value storage device and the frequency offset value 
currently detected by the frequency offset detector, and a unit 
for deciding a change in the frequency offset value based on 
a comparison result of the comparator, causing the counting 
period storage device to store a count set value of the timer 
counter according to a decision result, and changing the duty 
cycle of the frequency offset detector operated by the opera 
tion controller circuit. 
0024. The semiconductor circuit device of the present 
invention further comprises an operation controller circuit for 
generating a control signal for controlling the update of the 
frequency offset value, the control signal being generated 
according to a moving direction and a movement amount 
decided based on the code of the frequency offset value in the 
comparison result of the comparator. 

Aug. 20, 2009 

0025. With this configuration, a limit is imposed accord 
ing to a change in the frequency offset value, thereby improv 
ing the stability of the system. 
0026. The semiconductor circuit device of the present 
invention further comprises an F detector circuit for deciding 
the period of the timer counter, and a bit mask circuit for 
masking the specific bits of the demodulation baseband signal 
according to the period decided by the F detector circuit. 
0027. With this configuration, the system is intermittently 
operated arbitrarily or automatically, thereby reducing the 
power consumption of the system. 
0028. As described above, according to the present inven 
tion, a frequency offset is accurately detected with a small 
circuit size and fedback to a threshold value for data decision, 
thereby accurately performing data decision of the demodu 
lation baseband signal and improving a receiving character 
istic. 
0029. Further, it is possible to make a correction in the 
same direction as the center frequency of the filter relative to 
the cutoff frequency of the filter, thereby improving the 
receiving characteristic. 
0030. Moreover, a correction amount is adjusted by the 
feedback gain circuit, thereby improving the stability of the 
system. 
0031 Besides, the system is intermittently operated arbi 
trarily or automatically, thereby reducing the power con 
Sumption of the system. 
0032. Additionally, a limit is imposed according to a 
change in the frequency offset value, thereby improving the 
stability of the system. 
0033. As described above, it is possible to prevent the 
accuracy of detecting a DC offset component on the demodu 
lation baseband signal from being reduced by the presence of 
noise, prevent an unstable operating state caused by a mal 
function resulting from the lower accuracy of detection, and 
accurately detect and correct a frequency offset component 
on the demodulation baseband signal. 
0034. As a result, a data communication system can attain 
more stable operations against noise without increasing the 
power consumption of the overall system, thereby improving 
the reliability of data communication. 
0035. According to the semiconductor circuit device of 
the present invention, the data communication system can 
attain more stable operations against noise without increasing 
the power consumption of the overall system, thereby 
improving the reliability of data communication. In the field 
of data communication, the semiconductor circuit device is 
useful in a communication system using frequency modula 
tion, for example, FSK demodulation. The semiconductor 
circuit device is particularly useful in the field of radios 
requiring low cost and low power consumption in a narrow 
band, and thus industrially applicable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0036 FIG. 1 is a block diagram showing a schematic 
configuration of an FSK radio using a semiconductor circuit 
device according to Embodiment 1 of the present invention: 
0037 FIG. 2 is a block diagram showing another sche 
matic configuration of the FSK radio using the semiconductor 
circuit device according to Embodiment 1; 
0038 FIG. 3 is a block diagram showing the configuration 
of a feedback gain circuit in the semiconductor circuit device 
according to Embodiment 1; 
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0039 FIG. 4 is a block diagram showing the schematic 
configuration of an intermittent operation control section in a 
semiconductor circuit device according to Embodiment 2 of 
the present invention; 
0040 FIG. 5 is a block diagram showing the configuration 
of a count monitor circuit in a semiconductor circuit device 
according to Embodiment 3 of the present invention; 
0041 FIG. 6 is a block diagram showing the configuration 
of an average value holding circuit in the semiconductor 
circuit device according to Embodiment 3 of the present 
invention; and 
0042 FIG. 7 is a block diagram showing the schematic 
configuration of a power consumption reduction circuit in a 
semiconductor circuit device according to Embodiment 4 of 
the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

0043. A semiconductor circuit device showing embodi 
ments of the present invention will be specifically discussed 
below with reference to the accompanying drawings. 

Embodiment 1 

0044. A semiconductor circuit device will be discussed 
below according to Embodiment 1 of the present invention. 
0045 FIG. 1 is a block diagram showing a structural 
example of the semiconductor circuit device according to 
Embodiment 1 and showing a circuit configuration for cor 
recting a frequency offset of a receiver according to the FSK 
method in response to a data decision result. 
0046 FIG. 2 is a block diagram showing another structural 
example of the semiconductor circuit device according to 
Embodiment 1 and showing a circuit configuration for cor 
recting a frequency offset of the receiver according to the FSK 
method in response to an input carrier. FIG. 3 is a block 
diagram showing still another structural example of the semi 
conductor circuit device according to Embodiment 1 and 
showing a circuit configuration for stabilizing the correction 
of a frequency offset of the receiver according to the FSK 
method. 

0047. As shown in FIG. 1, the semiconductor circuit 
device has an antenna 1 for receiving an FSK signal as a 
high-frequency signal, antenna receive data S1 which is the 
FSK signal received by the antenna 1, a low noise amplifier 
(LNA) 2 for amplifying the antenna receive data S1 to a 
receivable level, amplification receive data S2 outputted by 
the low noise amplifier 2, a mixer (MIXER)3 for frequency 
converting the amplification receive data S2 to an intermedi 
ate frequency, PLL 4 for generating a reference frequency for 
the MIXER3, a reference frequency signal S4 generated from 
the PLL 4, a frequency-converted FSK signal S3 with the 
intermediate frequency obtained by frequency-converting the 
amplification receive data S2 based on the reference fre 
quency signal S4 in the MIXER3, an analog band-pass filter 
(BPF) 5 having an intermediate frequency band as a pass 
band, a filter passed FSK signal S5 obtained by removing 
noise through the analog BPF 5, an AD converter 6 for con 
Verting the filter passed FSK signal S5 from an analog signal 
to a digital signal, an AD converted FSK signal S6 obtained 
by digital conversion through the AD converter 6, a digital IQ 
demodulator 7 for performing quadrature demodulation on 
the AD converted FSK signal S6 in a digital manner, an I 
(in-phase) signal S7 and a Q (quadrature) signal S8 which are 
generated by the digital IQ demodulator 7, band-pass filters 8 
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and 9 for band-limiting the I signal S7 and the Q signal S8 
with a channel width, a filter passed I signal S9 and a filter 
passed Q signal S10 which have been band-limited by the 
band-pass filter 8, an F-V converter circuit 10 for performing 
baseband demodulation using the filterpassed I signal S9 and 
filter passed Q signal S10 which have been obtained by chan 
nel selection, a demodulation baseband signal S11 having 
undergone frequency-Voltage conversion, a maximum value 
holding circuit 11 for holing the maximum value of the 
demodulation baseband signal S11, a minimum value holding 
circuit 12 for holding the minimum value of the demodulation 
baseband signal S11, an averaging circuit 13 for calculating 
an average value based on a maximum held value S12 of the 
maximum value holding circuit 11 and a minimum held value 
S13 of the minimum value holding circuit 12, a frequency 
offset value (amount) S14 which is the output of the averaging 
circuit 13, a data slicer 14 for deciding the data of the demodu 
lation base band signal S11 by using the frequency offset 
value S14, and binarized demodulation data S15 having been 
binarized by the data slicer 14. 
0048. As shown in FIG. 2, in addition to the configuration 
of FIG. 1, the semiconductor circuit device has a V-F con 
verter circuit 15 for converting the frequency offset value S14 
to a frequency, a clock generating section 16 Serving as a filter 
bandwidth correcting unit for Switching the frequency of an 
operating clock, which is Supplied to the band-pass filters 8 
and 9, according to a frequency offset frequency converted 
value S16 serving as the output of the V-F converter circuit 
and for correcting the bandwidths of the band-pass filters 8 
and 9, and a filter operating clock signal S17 outputted from 
the clock generating section 16. 
0049. Furthermore, as shown in FIG.3, the semiconductor 
circuit device has a frequency offset amount S10 which is the 
output of the averaging circuit 13, a feedback gain circuit 100 
for providing the frequency offset amount S100 with a given 
gain, and a feedback gain value S101 which is the output 
value obtained after the feedback gain. 
0050 First, the following will discuss the specific opera 
tions of the semiconductor circuit device shown in FIG. 1. 
0051. The FSK signal as a high-frequency signal is modu 
lated to a carrier frequency band and received by the antenna 
1. The antenna receive data S1, which is the received FSK 
signal, is amplified by the low noise amplifier 2 to a level 
Sufficiently enabling a demodulating operation and is output 
ted as the amplification receive data S2. A signal of a high 
frequency band of MHz used in the FSK method causes a 
large loss in digital processing, and thus the signal is fre 
quency-converted to an intermediate frequency of KHZ by the 
MIXER 3. In this case, the PLL 4 generates the reference 
frequency signal S4 as a local oscillation signal for the 
MIXER3 when the signal is frequency-converted to the inter 
mediate frequency. By Supplying the reference frequency 
signal S4 to the MIXER3, it is possible to perform frequency 
conversion to the intermediate frequency according to the 
reference frequency S4. 
0.052 The frequency-converted FSK signal S3 having 
been frequency-converted thus is converted to the filter 
passed FSK signal S5 by the analog BPF 5 to remove a noise 
component and a disturbing component which are included in 
the carrier after the frequency conversion. At this point, to 
perform digital processing, the filter passed FSK signal S5 is 
digitally converted by the AD converter 6 to the AD converted 
FSK signal S6. Various demodulation methods are available 
for the FSK signal. In the following explanation, a method of 
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performing quadrature demodulation and frequency Voltage 
conversion by means of an IQ signal is selected as an 
example. 
0053 First, for quadrature demodulation, the AD con 
Verted FSK signal S6 serving as a digital signal is demodu 
lated to the I signal S7 serving as an in-phase component and 
the Q signal S8 serving as a quadrature component by the 
digital IQ demodulator 7. A disturbing wave of an adjacent 
channel or larger is removed from the signals by the band 
pass filters 8 and 9 having abandwidth of a channel width, and 
the signals are transmitted as the filter passed I signal S9 and 
the filter passed Q signal S10 to the F-V converter circuit 10. 
The demodulation baseband signal S11 having been con 
verted to a voltage by the F-V converter circuit 10 is a digital 
signal having a given bit range, and the demodulation base 
band signal S11 is outputted from the data slicer 14, which 
binarizes the signal with threshold decision, as the binarized 
demodulation data S15 serving as a digital demodulation 
signal. 
0054 Then, the maximum value of the demodulation 
baseband signal S11 serving as a digital signal is held at a 
given time by the maximum value holding circuit 11. Simi 
larly, the minimum value of the demodulation baseband sig 
nal S11 is held by the minimum value holding circuit 12. The 
maximum held value S12 and the minimum held value S13, 
which are the outputs of the maximum value holding circuit 
11 and the minimum value holding circuit 12, are averaged to 
obtain an intermediate value. This value is a displacement 
from 0 point and thus is outputted as the frequency offset 
amount S14 from a frequency offset detector composed of 
these constituent elements. The value of the frequency offset 
amount S14 is transmitted to the data slicer 14. An offset 
correcting unit makes it possible to perform data decision in 
consideration of the frequency offset amount with the fre 
quency offset amount S14 serving as a threshold value of the 
data decision. Since a digital value is used, the data decision 
can be accurately performed. 
0055 Similarly, in FIG. 2, when the V-F converter circuit 
15 for frequency-converting the digital value of the frequency 
offset amount S14 makes a conversion in, e.g., kHz, the V-F 
converter circuit 15 uses a frequency conversion method of 
using the mask of a bit of the frequency offset amount S14 or 
a table reference with the resolving power of the frequency 
offset amount S14, and the V-F converter circuit 15 outputs a 
corresponding frequency value instead of the digital value of 
the frequency offset amount S14. The output of the V-F con 
verter circuit 15 is the frequency offset frequency converted 
value S16. When the frequency offset frequency converted 
value S16 is sent to the clock generating section 16 for Sup 
plying a clock to the band-pass filters 8 and 9, the frequency 
division ratio of a clock frequency is Switched according to 
the value, so that clock frequencies to be Supplied to the 
band-pass filters 8 and 9 is switched. 
0056. The band-pass filters 8 and 9 can arbitrarily switch 
the cutoff frequencies of the filters according to the clock 
frequencies of the filters as long as the band-pass filters 8 and 
9 are filters like a CIC filter whose filter characteristic is 
determined by a clock frequency. A clock frequency gener 
ated in the clock generating section 16 is Switched according 
to the frequency offset, so that it is possible to shift the center 
frequencies of the filters, prevent the FSK signal from being 
degraded by the attenuation of the filters, and prevent degra 
dation of a receiving characteristic. 
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0057. Further, the frequency offset frequency converted 
value S16 is fed back to the digital IQ demodulator 7 and 
quadrature demodulation is performed by a phase change of 0 
and 90 degrees. In this case, a demodulator offset correcting 
unit multiplies, with the value S16, a frequency shift equiva 
lent to the frequency offset and corrects the frequency offset 
amount on the demodulation baseband signal for the digital 
IQ demodulator. For example, this correction can be per 
formed by using a sin table or the like and performing a 
multiplication of sin and cos according to the frequency. 
0058. Furthermore, the frequency offset frequency con 
verted value S16 is fed back to the PLL 4 and a reference 
frequency generated in a prescaler in the PLL 4 is shifted 
according to the frequency offset by a PLL frequency correct 
ing unit, so that a frequency obtained in consideration of the 
frequency offset is outputted as the reference frequency sig 
nal S4 from the PLL 4. The frequency to be frequency 
converted by the MIXER3 is obtained in consideration of the 
frequency offset, thereby correcting the frequency offset of 
the overall system. Thus, it is possible to prevent degradation 
of the FSK signal and the receiving characteristic. 
0059. In FIG. 3, regarding the frequency offset amount 
S100, for example, the maximum held value S12 serving as 
the maximum output may have an offset of 400 Hz, due to 
noise, though an actual offset is 100 Hz. In this case, when 
400 Hz, is immediately fed back to the detected offset, a 
correction is made to a frequency displaced from the actual 
frequency by 300 Hz, resulting in an unstable system. 
0060 Hence, the feedback gain circuit 100 is provided 
with a given feedback gain value. For example, in feedback to 
the detected frequency offset amount S100 detected as one 
eighth, an offset amount of 50 Hz is fed back. Thus, it is 
possible to make a correction closer to the actual frequency 
and achieve stable operations in the system. 
0061 According to an actual system, again is increased 
for high noise, and again is reduced in a place where stable 
signal reception is expected. Thus, it is possible to more 
accurately correct a frequency offset in a place where stable 
signal reception is expected. 

Embodiment 2 

0062. A semiconductor circuit device will be discussed 
below according to Embodiment 2 of the present invention. 
0063 FIG. 4 is a block diagram showing a structural 
example of the semiconductor circuit device according to 
Embodiment 2. As shown in FIG.4, the semiconductor circuit 
device has an operation controller circuit 201 for controlling 
the operation of a frequency offset detector by masking the 
output of a demodulation baseband signal S11, a timer 
counter 202 for generating the duty cycle of the operation 
controller circuit 201, a CAP register 203 serving as a count 
ing period storage device capable of setting a given counting 
period for the timer counter 202, a timer count value register 
output S205 which is the output of the CAP register 203, a 
timer period signal S204 which is an operation enabling sig 
nal from the timer counter 202, a masked demodulation base 
band signal S201 from the operation controller circuit 201, a 
frequency offset amount S202 which is the output of an 
averaging circuit 13, a holding circuit update enabling signal 
S206 which is a capturing timing signal from the operation 
controller circuit 201, a holding circuit 204 serving as a 
frequency offset value storage device for storing the fre 
quency offset amount S202, which is an averaged output, 
according to the timing of the holding circuit update enabling 



US 2009/0207943 A1 

signal S206, and a holding circuit held value S203 which is 
the output of the holding circuit 204. 
0064. First, the following will discuss the specific opera 
tions of the semiconductor circuit device shown in FIG. 4. 
0065. The timer counter 202 makes a count with a given 
period and outputs the timer period signal S204, which is an 
operation enabling signal, for each period. In response to the 
timer period signal S204 which is an operation enabling sig 
nal, the operation controller circuit 201 sends a masked 
demodulation baseband signal S11 to a maximum valuehold 
ing circuit 11 and a minimum value holding circuit 12. With 
this operation, the frequency offset amount S202, which is an 
averaged output, is outputted and held by the holding circuit 
204. The time when the frequency offset amount S202 is 
captured by the holding circuit 204 (update period) is held 
according to the timing of the holding circuit update enabling 
signal S206 which is the capturing timing signal outputted 
from the operation controller circuit 201. Hence, an intermit 
tent operation can be performed with the period of the timer 
counter 202. 
0066. A given value is set for the CAP register 203 by 
means of software. The set value is loaded in the timer counter 
202 at a given timing. The timer counter 202 operates accord 
ing to the loaded period and similarly controls the masked 
demodulation baseband signal S201, which is an operation 
enabling control signal, and the holding circuit update 
enabling signal S206. This configuration can reduce the 
power consumption of the circuit. With the timer counter 
value set register 203, a given period can be set by software. 
When the stability of the system is confirmed by software, 
power consumption can be reduced in a programmable man 
ner by increasing an intermittent operation period. 

Embodiment 3 

0067. A semiconductor circuit device will be discussed 
below according to Embodiment 3 of the present invention. 
0068 FIG. 5 is a block diagram showing a structural 
example of the semiconductor circuit device according to 
Embodiment 3. FIG. 6 is a block diagram showing another 
structural example of the semiconductor circuit device 
according to Embodiment 3. 
0069. As shown in FIG. 5, the semiconductor circuit 
device has a comparator 301 for comparing a frequency offset 
amount S202 serving as an averaged output and a holding 
circuit held value S203 of a holding circuit 204, a comparative 
value S301, a count monitor circuit 302 for deciding the 
movement amount of a frequency offset value according to 
the comparative value S301, and a movement amount deci 
sion result S302 which is a control signal from the count 
monitor circuit 302. Further, as shown in FIG. 6, the semi 
conductor circuit device has a monitor circuit 401 for decid 
ing the moving direction and the movement amount of a 
frequency offset according to the comparative value S301, 
and a movement direction/amount decision result S401 serv 
ing as an output signal from the monitor circuit 401 and a 
holding circuit update enabling signal for the holding circuit 
204. 
0070 The following will discuss the specific operations of 
the semiconductor circuit device shown in FIG. 5. 
(0071. In FIG. 5, as described in Embodiment 2, by arbi 
trarily setting the period of a timer counter 202, a circuit 
operation is intermittently performed and thus power con 
Sumption is reduced. In this case, power consumption is 
reduced by automatically detecting a stable state of a system 
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and automatically Switching a timer counter period. To be 
specific, a comparison is made between the holding circuit 
held value S203 of the holding circuit 204 and the frequency 
offset amount S202 which is the output from the averaging 
circuit 13 before being held, that is, current data and data one 
period before are compared with each other on a time base by 
the comparator 301. The comparator outputs the comparative 
value S301. 
0072. In this case, a difference is obtained. It is not par 
ticularly necessary to obtain a difference. Based on the com 
parative value S301, the counter monitor circuit 302 controls 
the value of the timer counter 202 according to a movement 
amount. For example, when a movement amount decreases, 
the period of the timer counter 202 is increased to reduce 
power consumption. When a movement amount increases, a 
person on the other end may be changed or other factors may 
affect the movement amount, and thus the operating period of 
the timer counter 202 is shortened and the holding circuit is 
updated more frequently. Hence, the power consumption of 
the circuit can be automatically reduced. 
0073. The following will discuss the specific operations of 
the semiconductor circuit device shown in FIG. 6. 
0074. In FIG. 6, a unit for deciding a moving direction is 
added to the configuration of FIG. 5. That is, in the monitor 
circuit 401, the moving direction of a frequency offset, to be 
specific, the code of the most significant bit is decided for the 
comparative value S301 from the comparator 301. When the 
code is reversed and a movement amount is large, the moving 
direction/amount decision result S401 serving as a held value 
update enabling signal is not issued and the current held value 
is held by an operation controller circuit 201. With this opera 
tion, it is possible to prevent oscillation of a corrected value, 
thereby achieving a more stable system. 

Embodiment 4 

0075. A semiconductor circuit device will be discussed 
below according to Embodiment 4 of the present invention. 
0076 FIG. 7 is a block diagram showing a structural 
example of the semiconductor circuit device according to 
Embodiment 4. As shown in FIG.7, the semiconductor circuit 
device has a timer counter period signal S501 which is a 
period signal from a timer counter 202, an F detector circuit 
501 for deciding the period of the timer counter 202 based on 
the timer counter period signal S501, a period decision result 
S502 which is a control signal from the F detector circuit 501, 
a bit mask circuit 502 for bit masking on a demodulation 
baseband signal S2011 from an operation controller circuit 
201 in response to the period decision result S502, and bit 
mask data S503 which is the output of the bit mask circuit. 
0077. The following will discuss the specific operations of 
the semiconductor circuit device shown in FIG. 7. 

(0078. In FIG. 7, the period of the timer counter 202 is 
automatically switched according to the timer counter period 
control signal of a movement amount decision result S302 
outputted by a count monitor circuit 302. The F detector 
circuit 501 decides a counting period based on the timer 
counter period signal S501 from the timer counter 202. When 
the F detector circuit 501 decides that the period is larger than 
a predetermined criterion of decision, it is decided that a 
stable operation is performed and the F detector circuit 501 
sends the period decision result S502 as a control signal. The 
period decision result S502 is a control signal indicating that 
the period is stabilized and increased. When a stable state of 
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a system is detected based on the period decision result S502, 
the bit mask circuit 502 masks lower-order bits and monitors 
only higher-order bits. 
0079. With these operations, the power consumption of 
the circuit is reduced. Additionally, the maximum value and 
the minimum value are changed only when several higher 
order bits move, that is, only when a large change is found. 
The bit mask data S503 masked by the bit mask circuit 502 is 
a signal of only several bits and thus has no lower-order bits. 
When only a small change is found, the bits do not change and 
thus power consumption is reduced during a circuit operation. 
Further, an averaged output is not changed, so that a fre 
quency offset amount hardly changes. This circuit makes it 
possible to reduce an operating current for a stable operation. 

1-11. (canceled) 
12. A semiconductor circuit for demodulating a high-fre 

quency signal into digital data, comprising: 
an AD converter converting an analog signal into a digital 

signal, 
a digital IQ demodulator performing quadrature demodu 

lation on the digital signal, 
an F-V converter circuit converting a frequency of an out 

put signal from the digital IQ demodulator into a Voltage 
and outputting a converted signal as a demodulation 
baseband signal, 

a frequency offset detector outputting a frequency offset 
amount given by averaging a maximum value of the 
demodulation baseband signal and a minimum value of 
the demodulation baseband signal, and 

an offset corrector correcting a frequency offset on the 
demodulation baseband signal by using the frequency 
offset amount. 

13. The semiconductor circuit according to claim 12, fur 
ther comprising: 

a mixer converting a frequency of the high-frequency sig 
nal into an intermediate frequency between the fre 
quency of the high-frequency signal and a frequency of 
a reference frequency signal, and 

a PLL generating the reference frequency signal. 
14. The semiconductor circuit according to claim 13, fur 

ther comprising a PLL frequency corrector correcting a fre 
quency of the frequency reference signal by using the fre 
quency offset amount. 

15. The semiconductor circuit according to claim 12, fur 
ther comprising a feedback gain circuit using the frequency 
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offset amount as a feedback signal to a threshold value for 
deciding data of the demodulation baseband signal. 

16. The semiconductor circuit according to claim 12, fur 
ther comprising a feedback gain circuit providing a feedback 
signal, which is the frequency offset amount multiplied by a 
gain, to a threshold value for deciding data of the demodula 
tion baseband signal. 

17. The semiconductor circuit according to claim 12, fur 
ther comprising an operation controller circuit periodically 
operating the frequency offset detector, and a timer counter 
counting a duty cycle of the frequency offset detector. 

18. The semiconductor circuit according to claim 17, fur 
ther comprising a counting period storage device storing a 
value for setting a counting period of the timer counter at the 
value. 

19. The semiconductor circuit according to claim 18, fur 
ther comprising a frequency offset amount storage device 
storing the frequency offset amount as a frequency offset 
value, wherein the operation controller circuit updates the 
frequency offset value. 

20. The semiconductor circuit according to claim 19, fur 
ther comprising a comparator outputting a comparative value 
between the frequency offset value in the frequency offset 
amount storage device and the frequency offset amount cur 
rently outputted by the frequency offset detector. 

21. The semiconductor circuit according to claim 20, 
wherein the counting period storage device stores a count set 
value according to the comparative value, and 

the operation controller circuit changes the duty cycle of 
the frequency offset detector. 

22. The semiconductor circuit according to claim 21, 
wherein the operation controller circuit generates a control 
signal according to the comparative value for controlling 
update of the frequency offset value. 

23. The semiconductor circuit according to claim 17, fur 
ther comprising an F detector circuit deciding a period of the 
timer counter, and a bit mask circuit masking specific bits of 
the demodulation baseband signal according to the period 
decided by the F detector circuit. 
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