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FIG.1 
PRINCIPLE DIAGRAM OF THE PRESENT INVENTION 
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FIG.2 
CIRCUIT BLOCK DIAGRAM SHOWING AN ANALOG FILTER 
CIRCUIT COMMON FOR FIRST AND SECOND EMBODIMENTS 
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FIG.3 
CIRCUIT DIAGRAM OF A LOW PASS FILTER (LPF) OF THE 
FIRST EMBODIMENT 
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FIG.4 
CIRCUIT DIAGRAM OF A HIGH PASS FILTER (HPF) OF THE 
FIRST EMBODIMENT 

c2 

(IN)0 4'1 0(OUT) 

(CRL)o——-—-— R2 

_ 1 (ICUTH' 27rC2-R2 ) 



Patent Application Publication Jul. 6, 2006 Sheet 3 0f 12 US 2006/0145754 A1 

FIG.5 
CIRCUIT DIAGRAM OF A BAND PASS FILTER (BPF) 
OF THE FIRST EMBODIMENT 
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FIG.6 
CAPACITANCE CHARACTERISTIC OF A VARIABLE 
CAPACITOR ELEMENT 
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FIG.13 
CIRCUIT DIAGRAM SHOWING AN ILLUSTRATIVE 
OTA CIRCUIT CONFIGURATION 
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ANALOG FILTER CIRCUIT AND ADJUSTMENT 
METHOD THEREOF 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from each of the prior Japanese Patent 
Application No. 2005-001559 ?led on Jan. 6, 2005, the 
entire contents of Which are incorporated herein by refer 
ence. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to analog ?lter cir 
cuits and, in particular, to an analog ?lter circuit capable of 
automatic adjustment of ?lter characteristics. 

[0004] 2. Description of Related Art 

[0005] A Gm-C ?lter circuit disclosed in Japanese unex 
amined patent publication No. H09(l997)-83294 is shoWn 
in FIG. 15, Wherein the Gm-C ?lter 100 is adjusted by 
turning the sWitches 170 and 190 on and the sWitches 160 
and 180 off. When the center frequency of the Gm-C ?lter 
100 is loWer than its ideal frequency, the phase of the ?lter 
output lags behind the ideal phase. Based on a phase lag 
signal output from a phase comparator 110, the count value 
of an up/doWn counter 120 is incremented by one. The 
output current of a ?ne-adjusting bias current generating 
circuit 130 is determined by the counter output 270 and an 
adder 150 adds the output current of the ?ne-adjusting bias 
current generating circuit 130 to the output current of a bias 
current generating circuit 140 and outputs the sum as its 
output current 310. Here, given that the Gm-C ?lter 100 is 
designed so that its center frequency increases by an 
increase of the bias current, the ?lter is adjusted by the bias 
current to decrease the phase lag. By repeating the counter 
action, eventually, the ?lter center frequency is adjusted to 
the ideal ?lter frequency. 

SUMMARY OF THE INVENTION 

[0006] HoWever, the Gm-C ?lter circuit disclosed in the 
above prior art publication ’294 must be equipped With the 
up/doWn counter 120, ?ne-adjusting bias current generating 
circuit 130, and adder 150 to detect the phase comparator 
110 result and feed back the bias current re?ecting the result 
to the Gm-C ?lter circuit 100. One problem With such ?lter 
circuit is that the need for provision of a large logic circuit 
such as the up/doWn counter 120 probably makes an analog 
?lter circuit con?guration large and complicated. 

[0007] When the ?lter center frequency differs to a large 
extent from its ideal frequency and must be adjusted, the 
count value of the up/doWn counter 120 must be incre 
mented as much as the extent. When ?ltering a high 
frequency signal is adjusted, the up/doWn counter 120 is 
required to operate at a higher speed. Another problem is 
that the up/doWn counter 120 must be con?gured in com 
plicated and large circuitry and to meet a higher speed 
requirement in some situations. 

[0008] The present invention is made to solve at least one 
of the above problems associated With ?lter circuits of the 
background art and aims to provide an analog ?lter circuit in 

Jul. 6, 2006 

Which ?lter characteristic deviation can be adjusted With 
simple circuitry and a ?lter adjustment method thereof. 

[0009] To achieve the purpose above, an analog ?lter 
circuit according to one aspect of the present invention 
comprises a predetermined-band pass ?lter; a loW pass ?lter 
and a high pass ?lter having predetermined correlation to the 
predetermined-band pass ?lter in ?lter characteristics and 
characteriZed in that the frequency-gain characteristic line in 
an attenuation band of the loW pass ?lter linearly falls, While 
that line of the high pass ?lter linearly rises, both the lines 
crossing at a reference frequency; and a comparison and 
adjustment section Which compares output signals from the 
loW pass ?lter and the high pass ?lter ?ltering an input signal 
With the reference frequency, When gain difference betWeen 
the output signals is detected, feeds back a signal to the loW 
pass ?lter and the high pass ?lter to shift back the crossing 
point of the characteristic lines toWard a direction to com 
pensate the gain difference, and, accordingly, adjusts the 
predetermined-band pass ?lter characteristic. 

[0010] In an analog ?lter circuit of the present invention, 
When a predetermined-band pass ?lter included in the analog 
?lter circuit is adjusted, an input signal With a reference 
frequency is input to a loW pass ?lter and a high pass ?lter 
having predetermined correlation to the predetermined-band 
pass ?lter in ?lter characteristics and characteriZed in that 
the frequency-gain characteristic line in an attenuation band 
of the loW pass ?lter linearly falls, While that line of the high 
pass ?lter linearly rises, both the lines crossing at the 
reference frequency. A comparison and adjustment section 
compares output signals from the loW pass and high pass 
?lters and feeds back a signal to the loW pass and high pass 
?lters to shift back the crossing point of the characteristic 
lines toWard a direction to compensate gain difference. 
Accordingly, the predetermined-band pass ?lter having the 
predetermined correlation to the loW pass and high pass 
?lters is adjusted. 

[0011] Furthermore, a method for adjusting an analog 
?lter circuit according to another aspect of the present 
invention comprises a predetermined-band pass ?lter and, a 
loW pass ?lter and a high pass ?lter having predetermined 
correlation to the predetermined-band pass ?lter in ?lter 
characteristics and in Which the frequency-gain characteris 
tic line in an attenuation band of the loW pass ?lter linearly 
falls, While that line of the high pass ?lter linearly rises, both 
the lines crossing at a reference frequency, the method 
comprising the steps of: inputting an input signal With the 
reference frequency to the loW pass ?lter and the high pass 
?lter; comparing output signals from the loW pass ?lter and 
the high pass ?lter; feeding back a signal to the loW pass 
?lter and the high pass ?lter to shift back the crossing point 
of the characteristic lines toWard a direction to compensate 
gain difference; and adjusting the predetermined-band pass 
?lter in accordance With the feeding back. 

[0012] A method for adjusting the analog ?lter circuit of 
the present invention is to input an input signal With a 
reference frequency to the loW pass ?lter and the high pass 
?lter and compare the output signals from the loW pass and 
high pass ?lters. In accordance With feeding back a signal to 
the loW pass and high pass ?lters to shift back the crossing 
point of the characteristic lines toWard a direction to com 
pensate gain difference, the ?lter characteristic of the pre 
determined-band pass ?lter having the predetermined cor 
relation to the loW pass and high pass ?lters is adjusted. 
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[0013] As above, the loW pass and high pass ?lters are 
tuned so that the frequency-gain characteristic line in an 
attenuation band of the loW pass ?lter linearly falls, While 
that line of the high pass ?lter linearly rises, both the lines 
crossing at the reference frequency. Even When ?lter char 
acteristic deviation from a target value occurs due to pro 
duction variations and for other reason, the comparison and 
adjustment section can detect gain difference betWeen the 
output signals from the loW pass and high pass ?lters 
?ltering the reference frequency input signal and determine 
the deviation from the target value. The comparison and 
adjustment section feeds back this gain difference to the 
?lters to adjust the ?lter characteristics of the loW pass and 
high pass ?lters toWard a direction to compensate the gain 
difference and, accordingly, the ?lter characteristic of the 
predetermined-band pass ?lter is also subjected to change. 
Because the predetermined-band pass ?lter has the prede 
termined correlation to the loW pass and high pass ?lters, by 
adjusting the ?lter characteristics of the loW pass and high 
pass ?lters, the ?lter characteristic of the predetermined 
band pass ?lter is adjusted accordingly. By compensating the 
gain difference, the predetermined-band pass ?lter charac 
teristic is adjusted to the desired characteristic. 

[0014] The ?lter characteristics are adjusted by compen 
sating the gain difference and there is no need to detect a 
phase shift of ?lter outputs and, consequently, there is no 
need to provide a large logic circuit such as an up/doWn 
counter. The circuitry can be simpli?ed. Provided that gain 
difference can be detected, ?lter characteristic deviation can 
be adjusted, and a range of deviation to be adjusted can be 
extended With ease. Adjustment of the ?lter characteristics 
of ?ltering the input signal With the reference frequency that 
differs from the input to the predetermined-band pass ?lter 
can be performed. Independent of the frequency of the input 
signal to the predetermined-band pass ?lter, the ?lter char 
acteristics can be adjusted. Frequency characteristic adjust 
ment can be performed With each even for a Wide range of 
adjustment or even When the input signal to the predeter 
mined-band pass ?lter is a high frequency signal. 

[0015] In the attenuation band Where the crossing of the 
characteristic lines occurs, the slope of the frequency-gain 
characteristic line of the loW pass ?lter is opposite to the 
slope of that line of the high pass ?lter. For this reason, even 
a slight shift of the crossing point in frequency relative to the 
reference frequency can be detected as a large gain differ 
ence. Sensitivity of detecting ?lter characteristic deviation is 
high and the ?lter characteristics can be adjusted With high 
accuracy. 

[0016] The above and further objects and novel features of 
the invention Will more fully appear from the folloWing 
detailed description When the same is read in connection 
With the accompanying draWings. It is to be expressly 
understood, hoWever, that the draWings are for the purpose 
of illustration only and are not intended as a de?nition of the 
limits of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 is a principle diagram to explain the analog 
?lter circuit of the present invention; 

[0018] FIG. 2 is a circuit block diagram shoWing an 
analog ?lter circuit common for ?rst and second embodi 
ments; 
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[0019] FIG. 3 is a circuit diagram of a loW pass ?lter 
(LPF) of the ?rst embodiment; 

[0020] FIG. 4 is a circuit diagram of a high pass ?lter 
(HPF) of the ?rst embodiment; 

[0021] FIG. 5 is a circuit diagram of a band pass ?lter 
(BPF) of the ?rst embodiment; 

[0022] FIG. 6 is a graph shoWing the capacitance char 
acteristic of a variable capacitor element; 

[0023] FIG. 7 illustrates correlative ?lter characteristics 
and deviation; 

[0024] FIG. 8 is a circuit diagram shoWing an illustrative 
DC converter con?guration; 

[0025] FIG. 9 is a circuit diagram shoWing an illustrative 
con?guration of a comparator Which controls the capaci 
tance value of a variable capacitor element; 

[0026] FIG. 10 is a circuit diagram of a loW pass ?lter 
(LPF) of the second embodiment; 

[0027] FIG. 11 is a circuit diagram of a high pass ?lter 
(HPF) of the second embodiment; 

[0028] FIG. 12 is a circuit diagram of a band pass ?lter 
(BPF) of the second embodiment; 

[0029] FIG. 13 is a circuit diagram shoWing an illustrative 
OTA circuit con?guration; 

[0030] FIG. 14 is a circuit diagram shoWing an illustrative 
con?guration of a comparator for controlling the gm value 
of an OTA circuit; and 

[0031] FIG. 15 shoWs a Gm-C ?lter circuit disclosed in a 
prior art reference. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0032] Embodiments in Which the analog ?lter circuit and 
its adjustment method of the present invention are embodied 
Will be described in detail hereinafter With reference to the 
accompanying draWings, based on FIGS. 1 to 14. 

[0033] FIG. 1 is a principle diagram to explain the analog 
?lter circuit of the present invention. A predetermined-band 
pass ?lter 1 Which takes an input signal FIN and produces an 
output signal FOUT is equipped With a correction circuit H 
for adjusting the ?lter characteristic. The correction circuit H 
includes a loW pass ?lter (LPF) 2 and a high pass ?lter (HPF) 
3 and a reference signal FREF With a reference frequency 
fREF is input to each of these ?lters. Output signals of the 
loW pass ?lter (LPF) 2 and the high pass ?lter (HPF) 3 are 
input to a comparison and adjustment section 4. An adjust 
ment signal from the comparison and adjustment section 4 
is fed back to the loW pass ?lter (LPF) 2 and the high pass 
?lter (HPF) 3 and also input to the predetermined-band pass 
?lter 1 and the characteristics of the ?lters 1 to 3 are 
adjusted. 
[0034] The loW pass ?lter (LPF) 2 and the high pass ?lter 
(HPF) 3 are tuned so that the frequency-gain characteristic 
line in an attenuation band of the loW pass ?lter linearly falls, 
While that line of the high pass ?lter linearly rises, both the 
lines crossing at the reference frequency fREF. When the 
reference signal FREF With a reference frequency fREF is 
input to the ?lters 2 and 3, output signals With the same gain 
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attenuation are output from the ?lters 2 and 3; in other 
Words, there is no gain difference between them. In this case, 
the predetermined-band pass ?lter 1 correlative to the loW 
pass ?lter (LPF) 2 and the high pass ?lter (HPF) 3 exhibits 
a desired ?lter characteristic. 

[0035] When the characteristics of the ?lters 1 to 3 deviate 
from the setting because of production variations and for 
other reason, the crossing point of the frequency-gain char 
acteristic lines of the loW pass ?lter (LPF) 2 and the high 
pass ?lter (HPF) 3 shifts from the reference frequency fREF. 
In this state, When the reference signal FREF With a refer 
ence frequency fREF is input to the ?lters 2 and 3, the output 
signals of the loW pass ?lter (LPF) 2 and the high pass ?lter 
(HPF) 3 have different gains, that is, there occurs gain 
difference between their output signals. In particular, When 
the crossing point shifts to the high frequency side relative 
to the reference frequency fREF, the gain of the output signal 
from the loW pass ?lter (LPF) 2 Will be greater than the gain 
of the output signal from the high pass ?lter (HPF) 3. 
Conversely, When the crossing point shifts to the loW fre 
quency side, the gain of the output signal from the loW pass 
?lter (LPF) 2 Will be smaller than the gain of the output 
signal from the high pass ?lter (HPF) 3. The comparison and 
adjustment section 4 detects a gain difference and adjusts the 
?lter characteristics of the loW pass ?lter (LPF) 2 and the 
high pass ?lter (HPF) 3 to compensate the gain difference. 
In correlation to this adjustment, the predetermined-band 
pass ?lter 1 is adjusted. With the gain di?ference compen 
sated by this adjustment, the predetermined-band pass ?lter 
1 is adjusted to exhibit the desired ?lter characteristic. 

[0036] FIG. 2 is a circuit block diagram shoWing an 
analog ?lter circuit of ?rst and second embodiments. The 
?rst and second embodiments Will be discussed for an 
instance Where a band pass ?lter (BPF) 11 is provided as the 
predetermined-band pass ?lter Which takes the input signal 
FIN and produces the output signal FOUT. 

[0037] The comparison and adjustment section is com 
prised of DC converters 14A and a comparator 14B. Output 
signals SL and SH from a loW pass ?lter (LPF) 12 and a high 
pass ?lter (HPF) 13 are smoothed into DC voltage signals 
VL and VH through the DC converters 14A provided for 
each ?lter and input to the comparator 14B Where DC 
voltage level comparison is performed. From the comparator 
14B, an adjustment signal SC is fed back to the loW pass 
?lter (LPF) 12 and the high pass ?lter (HPF) 13 and also 
input to the band pass ?lter (BPF) 11 and the characteristics 
of the ?lters 11 to 13 are adjusted. 

[0038] FIGS. 3 through 9 relate to the ?rst embodiment, 
Where the loW pass ?lter (LPF) 12, high pass ?lter (HPF) 13, 
and band pass ?lter (BPF) 11 are con?gured as passive 
?lters. 

[0039] FIGS. 3 through 5 shoW illustrative con?gurations 
equipped With a variable capacitor element for the loW pass 
?lter (LPF) 12, high pass ?lter (HPF) 13, and band pass ?lter 
(BPF) 11, respectively. FIG. 3 is an illustrative con?guration 
of the loW pass ?lter (LPF) 12. The LPF is con?gured With 
a register element R1 placed betWeen an input terminal (IN) 
and an output terminal (OUT) and a variable capacitor 
element C1 placed betWeen the output terminal (OUT) and 
the ground potential. The capacitance of the variable capaci 
tor element C1 is variably controlled by a voltage level input 
to a control terminal (CRL). 
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[0040] Given that R1 denotes the resistance value of the 
resistor element R1 and C1 denotes the capacitance value of 
the variable capacitor element C1, a cut-olf frequency, one 
of the ?lter characteristics of the loW pass ?lter (LPF) shoWn 
in FIG. 3, is expressed as fCUTL=l/(2J'c~C1~R1). The LPF is 
characterized in that the gain for frequencies exceeding the 
cut-olf frequency fCUTL decreases at a slope of —20 dB/dec. 

[0041] As the reference signal FREF With a reference 
frequency fREF is input to the input terminal (IN) and the 
output signal SL is output from the output terminal (OUT), 
When the reference signal FREF frequency exceeds the 
cut-olf frequency fCUTL, the output signal SL attenuated 
along the slope of —20 dB/dec is output. As the capacitance 
value C1 changes by the adjustment signal SC input to the 
control terminal (CRL), the cut-olf frequency fCUTL 
changes and the gain of the output signal SL is adjusted. 

[0042] FIG. 4 is an illustrative con?guration of the high 
pass ?lter (HPF) 13. The HPF is con?gured With a variable 
capacitor element C2 placed betWeen an input terminal (IN) 
and an output terminal (OUT) and a resistor element R2 
placed betWeen the output terminal (OUT) and the ground 
potential. The capacitance of the variable capacitor element 
C2 is variably controlled by a voltage level input to a control 
terminal (CRL). 

[0043] Given that R2 denotes the resistance value of the 
resistor element R2 and C2 denotes the capacitance value of 
the variable capacitor element C2, a cut-olf frequency, one 
of the ?lter characteristics of the high pass ?lter (HPF) 
shoWn in FIG. 4, is expressed as fCUTH=l/(2J'|§'C2'R2). The 
HPF is characterized in that the gain for frequencies up to 
the cut-olf frequency fCUTH increases at a slope of +20 
dB/dec. 

[0044] As the reference signal FREF With a reference 
frequency fREF is input to the input terminal (IN) and the 
output signal SH is output from the output terminal (OUT), 
When the reference signal FREF frequency is loWer than the 
cut-olf frequency fCUTH, the output signal SH attenuated 
along the slope of +20 dB/dec is output. As the capacitance 
value C2 changes by the adjustment signal SC input to the 
control terminal (CRL), the cut-olf frequency fCUTH 
changes and the gain of the output signal SH is adjusted. 

[0045] It should be noted that the cut-olf frequency fCUTL 
of the loW pass ?lter (LPF) and the cut-olf frequency fCUTH 
of the high pass ?lter (HPF) are ?xed by the same equation 
in Which the resistance value R1 or R2 and the capacitance 
value C1 or C2 are assigned. Thus, as the capacitance values 
C1 and C2 change by the same adjustment signal SC, both 
the cut-olf frequencies fCUTL and fCUTH can be changed 
to the same degree. 

[0046] FIG. 5 is an illustrative con?guration of the band 
pass ?lter (BPF) 11. The BPF is con?gured With a resistor 
element R4 and a variable capacitance element C3 Which are 
connected in series, placed betWeen an input terminal (IN) 
and an output terminal (OUT), a variable capacitor element 
C4 placed betWeen a middle point on the line connecting the 
resistor element R4 and the variable capacitor element C3 
and ground potential, and a resistor element R3 placed 
betWeen the output terminal (OUT) and ground potential. 
The capacitances of the variable capacitor elements C3 and 
C4 are variably controlled by a voltage level input to a 
control terminal (CRL). 
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[0047] Given that R3 and R4 denote the resistance values 
of the resistor elements R3 and R4 and C3 and C4 denote the 
capacitance values of the variable capacitor elements C3 and 
C4, a cut-off frequency, one of the ?lter characteristics of the 
band pass ?lter (BPF) shoWn in FIG. 5 is expressed as 
fCUTB1=l/(2J'IZ'C3'R3) for the loW band and as fCUTB2= 
l/(2rc-C4-R4) for the high band. The BPF is characterized in 
that the gain for frequencies up to the cut-off frequency 
fCUTB1 increases at a slope of +20 dB/dec and the gain for 
frequencies exceeding the cut-off frequency fCUTB2 
decreases at a slope of —20 dB/dec. 

[0048] The variable capacitor elements C3 and C4 pro 
vided in the band pass ?lter (BPF) 11 have the same element 
structures and characteristics as the variable capacitor ele 
ments C1 and C2 respectively provided in the loW pass ?lter 
(LPF) 12 and the high pass ?lter (HPF) 13 and the capaci 
tance values of these capacitor elements change at the same 
ratio, responsive to the adjustment signal SC input to the 
control terminal (CRL). Since the cut-off frequencies of all 
the ?lters change as a minus ?rst poWer function depending 
on the capacitance values C1, C2, C3, and C4 of the variable 
capacitor elements, the cut-off frequencies change at the 
same ratio, responsive to change of the capacitance values. 

[0049] Hence, the cut-off frequencies of all the ?lters 
change at the same ratio, responsive to the adjustment signal 
SC. The ?lter characteristic deviation of the loW pass ?lter 
(LPF) 12 and the high pass ?lter (HPF) 13 is adjusted by the 
adjustment signal SC that is output, depending on gain 
difference between the output signals SL and SH produced 
by ?ltering the reference signal FREF With a reference 
frequency fREF. In consequence, the ?lter characteristic 
deviation of the band pass ?lter (BPF) 11 is adjusted 
correspondingly. 
[0050] FIG. 6 illustrates the capacitance characteristic of 
the variable capacitor element versus the adjustment signal 
SC, Where the capacitance value decreases, as the voltage 
level of the adjustment signal SC increases. By provision of 
the variable capacitor element having the capacitance char 
acteristic shoWn in FIG. 6, the characteristics of the ?lters 
are adjusted, Which is illustrated in FIG. 7. 

[0051] In FIG. 7, in the state of the ?lters calibrated, the 
falling slope of the frequency-gain characteristic line of the 
loW pass ?lter (LPF) 12 and the rising slope of that line of 
the high pass ?lter (HPF) 13 cross at the reference frequency 
fREF. At this time, for the ?lter characteristic of the band 
pass ?lter (BPF) 11, the center frequency is calibrated at f0. 

[0052] When a ?lter characteristic shift to the high fre 
quency side occurs (in the case of the middle stage in FIG. 
7), it is detected that the gain of the output signal SL of the 
loW pass ?lter (LPF) 12 is greater than the gain of the output 
signal SH of the high pass ?lter (HPF) 13 as the result of 
?ltering the reference signal FREF With a reference fre 
quency fREF. In this case, the center frequency of the band 
pass ?lter (BPF) 11 also shifts to the high frequency side 
relative to the frequency f0. According to the capacitance 
characteristic of the variable capacitor elements shoWn in 
FIG. 6, a loW voltage level signal as the adjustment signal 
SC is fed back. As the capacitance values C1 to C4 increase, 
the cut-off frequencies fCUTL, fCUTH, fCUTB1, and 
fCUTB2 of the ?lters 11 to 13 decrease, the ?lter charac 
teristic deviation is reduced, and the ?lters are adjusted. 

[0053] When a ?lter characteristic shift to the loW fre 
quency side occurs (in the case of the loWer stage in FIG. 
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7), it is detected that the gain of the output signal SL of the 
loW pass ?lter (LPF) 12 is smaller than the gain of the output 
signal SH of the high pass ?lter (HPF) 13 as the result of 
?ltering the reference signal FREF With a reference fre 
quency fREF. In this case, the center frequency of the band 
pass ?lter (BPF) 11 also shifts to the loW frequency side 
relative to the frequency f0. According to the capacitance 
characteristic of the variable capacitor elements shoWn in 
FIG. 6, a high voltage level signal as the adjustment signal 
SC is fed back. As the capacitance values C1 to C4 decrease, 
the cut-off frequencies fCUTL, fCUTH, fCUTB1, and 
fCUTB2 of the ?lters 11 to 13 increase, the ?lter character 
istic deviation is reduced, and the ?lters are adjusted. 

[0054] FIG. 8 shoWs an illustrative DC converter 14A 
con?guration. The DC converter is a circuit to smooth the 
output signal SL of the loW pass ?lter (LPF) 12 and the 
output signal SH of the high pass ?lter (HPF) 13, Which are 
output as frequency signals, into DC voltage signals. 

[0055] An input terminal (VIN) at Which the output signal 
SL or SH is input is connected to a base terminal of a 
transistor Q1 and connected via an inverter I1 to a base 
terminal of a transistor Q2. Voltage from a reference voltage 
terminal (VREF) is input to a base terminal of a transistor 
Q3 With its emitter terminal connecting to a common node 
to Which the transistors Q1 and Q2 also connect. The emitter 
terminals of the transistors Q1 to Q3 are connected via a 
transistor Q4 and a resistor element R5 to a ground potential. 
Both collector terminals of the transistors Q1 and Q2 are 
connected to a collector terminal of a transistor Q6. The 
transistor Q6 and a transistor Q7 form a current mirror 
circuit and the collector terminal of the transistor Q6 is 
connected to the base terminals of the transistors Q6 and Q7. 
The collector terminal of the transistor Q6 is connected via 
a transistor Q5 and a resistor element R6 to a ground 
potential. The base terminals of the transistors Q4 and Q5 
are connected to a bias terminal (VBS) and function as 
current sources. The collector terminal of the transistor Q7 
is connected via a resistor element R7 to a ground potential 
and its connection point connects to an output terminal 
(V O). To the output terminal (V O), a smoothing capacitor 
element C5 is connected. 

[0056] Through the transistors Q1 to Q3, the output signal 
SL or SH input at the input terminal (VIN) is compared With 
a reference signal, not shoWn, input to the reference voltage 
terminal (V REF). Because the signal With a voltage level is 
input to the transistor Q1 and the signal With an inverted 
voltage level is input to the transistor Q2, every half cycle 
of the output signal SL or SH input at the input terminal 
(VIN) and during a period of the voltage level higher than 
the reference voltage, a bias current from the transistor Q4 
?oWs across either the transistor Q1 or Q2. This bias current 
is added to a bias current from the transistor Q5 and ?oWs 
into the transistor Q6. The bias current added together ?oWs 
through the transistor Q7 by the current mirror circuit and 
?oWs into the resistor element R7. After conversion to DC, 
DC voltage signal VL or VH is smoothed by the capacitor 
element C5 and output from the output terminal (V O). 
Voltage amplitude differs depending on the gain of the 
output signal SL or SH and, accordingly, the period of the 
voltage higher than the reference voltage differs. In conse 
quence, the DC voltage signal VL or VH With a DC voltage 
level in proportion to the gain can be produced. 



US 2006/0145754 A1 

[0057] FIG. 9 shows an illustrative con?guration of the 
comparator 14B applied in the ?rst embodiment. The com 
parator is a circuit that takes the inputs of the DC voltage 
signals VL and VH smoothed and output by the DC con 
verters 14A, compares the DC voltage levels of the signals, 
and outputs the adjustment signal SC. 

[0058] An inverting input terminal (VINM) and a non 
inverting input terminal (VINP) Which are a differential 
input pair to Which the DC voltage signals VL and VH are 
input are connected, respectively, to base terminals of tran 
sistors Q10 and Q11 Whose emitter terminals are connected 
to a common node. Their collector terminals are connected 

to a current mirror circuit formed by transistors Q12 and 
Q13 and the emitter terminals are connected via a current 
source B1 to a ground potential. Base terminals of the 
transistors Q12 and Q13 connect to a common node and the 
collector terminal of the transistor Q12 is connected to the 
base terminals. The collector terminals of the transistors Q12 
and Q13 are connected, respectively, to the collector termi 
nals of the transistors Q10 and Q11. A connection point 
betWeen the transistors Q11 and Q13 is connected to a 
collector terminal of a transistor Q14. The transistor Q14 
and a transistor 15 form a current mirror circuit and the 
collector terminal of the transistor Q14 and the base termi 
nals of the transistors Q14 and Q15 are connected. Emitter 
terminals of the transistors Q14 and Q15 are connected via 
resistor elements R8 and R9 to ground potentials. The 
collector terminal of the transistor Q14 receives current 
supplied from a current source B2. The collector terminal of 
the transistor Q15 is connected via a resistor terminal R10 to 
a supply voltage (V CC) and also connected to an output 
terminal (VO). 

[0059] NoW, the response of the comparator shoWn in 
FIG. 9 is explained, based on the cut-off frequency charac 
teristics of the ?lters (FIGS. 3 through 5), the capacitance 
characteristic of the variable capacitor elements (FIG. 6) 
and correlative ?lter characteristics and deviation (FIG. 7). 

[0060] The case is considered Where the voltage level of 
the DC voltage signal VL is higher than the voltage level of 
the DC voltage signal VH. In this case, the ?lter character 
istics of the ?lters 11 to 13 shift to the high frequency side 
(in the case of the middle stage in FIG. 7). In the comparator 
of FIG. 9, a bias current from the current source B1 ?oWs 
mainly through the transistor Q10 and is propagated by the 
current mirror circuit, added to a bias current from the 
current source B2, and supplied to the transistor Q14. By the 
action of the current mirror circuit, an increased current 
?oWs across the resistor element R10, a large voltage drop 
by the resistor element R10 takes place, and the adjustment 
signal SC With a loW voltage level is output from the output 
terminal (VO). Consequently, the capacitance values of the 
variable capacitance element increase to shift the cut-off 
frequency toWard the loW frequency side, and the ?lter 
characteristics are adjusted. 

[0061] Conversely, the case is considered Where the volt 
age level of the DC voltage signal VL is loWer than the 
voltage level of the DC voltage signal VH. In this case, the 
?lter characteristics of the ?lters 11 to 13 shift to the loW 
frequency side (in the case of the loWer stage in FIG. 7). In 
the comparator of FIG. 9, the bias current from the current 
source B1 ?oWs mainly through the transistor Q11 and 
bypasses the bias current from the current source B2. A less 
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bias current is supplied to the transistor Q14 and, by the 
action of the current mirror circuit, a reduced current ?oWs 
across the resistor element R10 and a small voltage drop by 
the resistor element R10 takes place. The adjustment signal 
SC With a high voltage level is output from the output 
terminal (VO). Consequently, the capacitance values of the 
variable capacitance elements decrease to shift the cut-off 
frequency toWard the high frequency side, and the ?lter 
characteristics are adjusted. 

[0062] FIGS. 10 through 14 relate to the second embodi 
ment, Where the loW pass ?lter (LPF) 12, high pass ?lter 
(HPF) 13, and band pass ?lter (BPF) 11 are con?gured as 
active ?lters. 

[0063] FIGS. 10 through 12 shoW illustrative con?gura 
tions of so-called Gm-C ?lters equipped With trans-conduc 
tance ampli?ers enabling mutual conductance gm adjust 
ment (hereinafter abbreviated as OTA circuits Which stand 
for operational trans-conductance ampli?ers) for the loW 
pass ?lter (LPF) 12, high pass ?lter (HPF) 13, and band pass 
?lter (BPF) 11, respectively. These ?lters have the same 
structure and the ?lter characteristic is determined, depend 
ing on the position of the node from Which the output signal 
is draWn. 

[0064] An input terminal (IN) is connected via an adder 
AD1 and across a node (N 1) to a non-inverting input 
terminal of an OTA circuit OTA1 having mutual conduc 
tance gm1. An output terminal of the OTA circuit OTA1 is 
connected across a node (N2) to a negative feedback termi 
nal of the adder AD1 and also to a non-inverting input 
terminal of the folloWing-stage OTA circuit OTA2. Acapaci 
tor element C21 is connected betWeen the node (N2) and a 
ground potential. Here, the OTA circuit OTA2 has mutual 
conductance gm2. An output terminal of the OTA circuit 
OTA2 is connected across a node (N3) to the negative 
feedback terminal of the adder AD1. A capacitor element 
C22 is connected betWeen the node (N3) and a ground 
potential. Here, the OTA circuits OTA1 and OTA2 have the 
same circuit structure and characteristic and the capacitor 
elements C21 and C22 have the same element structure and 
characteristic. The OTA circuits OTA1 and OTA2 are 

equipped With a control terminal (CRL) at Which the adjust 
ment signal SC is input. 

[0065] By arranging the OTA circuits and the capacitor 
elements as above, each ?lter can be con?gured, its type 
depending on the position of the node from Which the output 
signal is draWn. Speci?cally, as FIG. 10 shoWs, When the 
signal path goes across the node (N3) to the output terminal 
(OUT), the loW pass ?lter (LPF) can be con?gured. As FIG. 
11 shoWs, When the signal path goes across the node (N1) to 
the output terminal (OUT), the high pass ?lter (HPF) can be 
con?gured. As FIG. 12 shoWs, When the signal path goes 
across the node (N2) to the output terminal (OUT), the band 
pass ?lter (BPF) can be con?gured. 

[0066] The cutoff frequencies of the ?lters shoWn in 
FIGS. 10 through 12 can be obtained by a Widely knoWn 
derivation method as folloWs. 
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[0067] For the loW pass ?lter (LPF) of FIG. 10, the cut-off 
frequency (fCUTL) is expressed by the following equation: 

[Equation 1] (1) 

gml2 -gm22 
C212 - c222 

fCUTL = 

[0068] For the high pass ?lter (HPF) of FIG. 11, the 
cut-off frequency (fCUTH) is expressed by the following 
equation: 

[Equation 2] (2) 

gml4 gml -gm2 gml2 gml2 -gm22 
C212 - C222 

[0069] For the band pass ?lter (BPF) of FIG. 12, the 
cut-off frequency (fCUTB1, fCUTB2) is expressed by the 
following equation: 

[Equation 3] (3) 

fCUTBl / fCUTBZ = 

[0070] For any of these ?lters, the cut-off frequency is 
expressed as the function of (mutual conductance/capaci 
tance value)(_l). In addition, the OTA circuits OTA1 and 
OTA2 have the same circuit structure and characteristic and 
the capacitor elements C21 and C22 have the same element 
structure and characteristic. Consequently, the cut-off fre 
quencies of the ?lters change at the same rate, responsive to 
change of mutual conductance by the adjustment signal SC. 
Referring to FIG. 2, the ?lter characteristic deviation of the 
loW pass ?lter (LPF) 12 and the high pass ?lter (HPF) 13 is 
adjusted by the adjustment signal SC that is output, depend 
ing on gain difference betWeen the output signals SL and SH 
produced by ?ltering the reference signal FREE with a 
reference frequency fREF. In consequence, the ?lter char 
acteristic deviation of the band pass ?lter (BPF) 11 is 
adjusted correspondingly. 

[0071] FIG. 13 shoWs an illustrative OTA circuit con?gu 
ration. Transistors Q21 and Q22 Whose emitters are con 
nected to a common node form a differential pair. A base 
terminal of the transistor Q21 is connected to a non-invert 
ing input terminal (INP) and a base terminal of the transistor 
Q22 is connected to an inverting input terminal (INM). 
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Collector terminals of the transistors Q21 and Q22 are 
connected, respectively, to current sources B21 and B22 and 
receive current from a supply voltage (VCC). The collector 
terminal of the transistor Q22 is connected to an output 
terminal (OUT). The emitter terminals of the transistors Q21 
and Q22 connected to the common node are connected via 
a transistor Q23 and a resistor element R21 to a ground 
potential. A base terminal of the transistor Q23 is connected 
to a control terminal (CRL). Depending on the voltage level 
of the adjustment signal SC input to the control terminal 
(CRL), a bias current IB ?oWing across the transistor Q23 is 
controlled. More speci?cally, the bias current IB is ?xed by 
applying the adjustment signal SC voltage level less a 
forWard bias voltage by approximately 0.6 V betWeen the 
base and emitter of the transistor Q23 to the resistor element 
R21. In other Words, the bias current IB is determined in 
proportion to the adjustment signal SC voltage level. 

[0072] In the OTA circuit, there is a relationship betWeen 
the mutual conductance gm and the bias current IB, gm=IB/ 
(4VT); that is, the mutual conductance is controlled in 
proportion to the bias current IB. Here, VT=k~T/q, Where k 
is a Boltzmann constant, T is absolute temperature, and q is 
the amount of electron charge. More speci?cally, under a 
constant temperature, the mutual conductance gm is propor 
tional to the bias current IB and is controlled in proportion 
to the adjustment signal SC voltage level. 

[0073] FIG. 14 shoWs an illustrative con?guration of the 
comparator 14B applied in the second embodiment. The 
comparator is a circuit that takes the inputs of the DC 
voltage signals VL and VH smoothed and output by the DC 
converters 14A, compares the DC voltage levels of the 
signals, and outputs the adjustment signal SC. 

[0074] A non-inverting input terminal (INP) and an invert 
ing input terminal (INM) Which are a differential input pair 
to Which the DC voltage signals VL and VH are input are 
connected, respectively, to base terminals of transistors Q24 
and Q25 Whose emitter terminals are connected to a com 
mon node. Their collector terminals are connected to a 
current mirror circuit formed by transistors Q26 and Q27 
and the emitter terminals are connected via a current source 
B23 to a ground potential. Base terminals of the transistors 
Q26 and Q27 connect to a common node and the collector 
terminal of the transistor Q26 is connected to the base 
terminals. The collector terminals of the transistors Q26 and 
Q27 are connected, respectively, to the collector terminals of 
the transistors Q24 and Q25. A connection point betWeen the 
transistors Q25 and Q27 is connected via a capacitor ele 
ment C21 to a ground potential and also connected via a 
resistor element R22 to a base terminal of a transistor Q28. 
An emitter terminal of the transistor Q28 is connected via a 
resistor element R23 to a ground potential and its collector 
terminal is connected to a collector terminal of a transistor 
Q29 and base terminals of the transistors Q29 and Q30. The 
transistors Q29 and Q30 form a current mirror circuit. A 
collector terminal of the transistor Q30 is connected to 
collector and base terminals of a transistor Q31 Whose 
emitter terminal is connected to a ground terminal. A current 
source B24 to Which a voltage is supplied from a supply 
voltage (V CC) is also connected to the collector and base 
terminals of the transistor Q31 Which is connected to an 
output terminal (OUT). The output terminal (OUT) is con 
nected to the control circuit of the OTA circuit (FIG. 13) and 
the bias current IB is adjusted, depending on the adjustment 
signal SC output from the output terminal (OUT). Speci? 
cally, the transistor Q31 (FIG. 14) and the transistor Q23 
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(FIG. 13) form a current mirror circuit and the bias current 
IB is adjusted, depending on the current ?owing across the 
transistor Q31. 

[0075] Depending on the adjustment signal SC output 
from the comparator of FIG. 14, the mutual conductance gm 
of the OTA circuits in the ?lters (FIGS. 10 through 12) 
changes, and the cut-off frequencies (equations (1) through 
(3)) and the ?lter characteristics (FIG. 7) are adjusted; 
details of this adjustment Will be explained beloW. 

[0076] The case is considered Where the voltage level of 
the DC voltage signal VL is higher than the voltage level of 
the DC voltage signal VH. In this case, the ?lter character 
istics of the ?lters 11 to 13 shift to the high frequency side 
(in the case of the middle stage in FIG. 7). In the comparator 
of FIG. 14, a bias current from the current source B23 ?oWs 
mainly through the transistor Q25 and the transistor Q28 is 
placed in a non-conductive state. No current ?oWs across the 
current mirror circuit formed by the transistors Q29 and Q30 
and only the current source B24 supplies current to the 
transistor Q31. Current ?oWing across the transistor Q23 
(FIG. 13) is limited to the current from the current source 
B24 and the bias current IB is limited. The mutual conduc 
tance gm is limited to shift the cut-off frequency toWard the 
loW frequency side and the ?lter characteristics are adjusted. 

[0077] Conversely, the case is considered Where the volt 
age level of the DC voltage signal VL is loWer than the 
voltage level of the DC voltage signal VH. In this case, the 
?lter characteristics of the ?lters 11 to 13 shift to the loW 
frequency side (in the case of the loWer stage in FIG. 7). In 
the comparator of FIG. 14, the bias current from the current 
source B23 ?oWs mainly through the transistor Q24 and is 
propagated by the current mirror circuit, making the tran 
sistor Q28 conductive. Current ?oWs across the current 
mirror circuit formed by the transistors Q29 and Q30 and the 
current from the transistor Q30 in addition to the current 
from the current source B24 ?oWs across the transistor Q31. 
Current ?oWing across the transistor Q23 (FIG. 13) 
increase. The mutual conductance gm is increased to shift 
the cut-off frequency toWard the high frequency side and the 
?lter characteristics are adjusted. 

[0078] As described in detail above, according to the 
analog ?lter circuit and its adjustment method in Which the 
present invention is embodied, the loW pass ?lter (LPF) 12 
and the high pass ?lter (HPF) 13 are tuned so that the 
frequency-gain characteristic line in an attenuation band of 
the loW pass ?lter linearly falls, While that line of the high 
pass ?lter linearly rises, both the lines crossing at the 
reference frequency fREF. Even When ?lter characteristic 
deviation from a target value occurs due to production 
variations and for other reason, the comparison and adjust 
ment section can detect gain difference betWeen the output 
signals SL and SH output from the loW pass ?lter (LPF) 12 
and the high pass ?lter (HPF) 13 by ?ltering the reference 
signal FREF With a reference frequency fREF and determine 
the deviation from the target value. The comparison and 
adjustment section feeds back this gain difference to the 
?lters to adjust the ?lter characteristics of the loW pass ?lter 
(LPF) 12 and the high pass ?lter (HPF) 13 toWard a direction 
to compensate the gain difference. Accordingly, the ?lter 
characteristic of the band pass ?lter (BPF) 11 Which is an 
example of a predetermined-band pass ?lter is also subjected 
to change. These loW pass ?lter (LPF) 12, high pass ?lter 
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(HPF) 13, and band pass ?lter (BPF) 11 are correlative in 
predetermined correlation. In these ?lters, the capacitor 
elements and/or OTA circuits have the same element struc 
ture and characteristics or the same circuit structure and 
characteristics. In relation to the cut-off frequencies of the 
?lters, capacitance and/or mutual conductance parameters 
are expressed by the same function, and the cut-off frequen 
cies equally depend on the parameters. Therefore, by adjust 
ing the ?lter characteristics of the loW pass ?lter (LPF) 12 
and the high pass ?lter (HPF) 13, the ?lter characteristic of 
the band pass ?lter (BPF) 11 is adjusted accordingly. By 
compensating the gain difference, the band pass ?lter (BPF) 
11 characteristic is adjusted to the desired characteristic. 

[0079] The loW pass ?lter (LPF) 12 and the high pass ?lter 
(HPF) 13 are used in combination and tuned so that the 
frequency-gain characteristic line in an attenuation band of 
the loW pass ?lter linearly falls, While that line of the high 
pass ?lter linearly rises, both the lines crossing at the 
reference frequency fREF. Therefore, in the attenuation 
band Where the crossing of the characteristic lines occurs, 
the slope of the frequency-gain characteristic line of the loW 
pass ?lter is opposite to the slope of that line of the high pass 
?lter and even a slight shift of the crossing point in fre 
quency can be detected as a large gain difference. Sensitivity 
of detecting ?lter characteristic deviation is high and the 
?lter characteristics can be adjusted With high accuracy. 

[0080] The DC converters 14A are provided to smooth the 
output signals SL and SH from the loW pass ?lter (LPF) 12 
and the high pass ?lter (HPF) 13 into DC voltage signals VL 
and VH. The DC voltage signals VL and VH are compared 
by the comparator 14B and gain difference betWeen the 
?lters can be detected. There is no need to detect a phase 
shift of the output signals SL and SH and to provide a large 
logic circuit such as an up/doWn counter. The DC converter 
as illustrated in FIG. 8 and the comparator as illustrated in 
FIG. 9 or 14 can be con?gured by combining the section for 
DC voltage comparison using a differential pair or the like 
and the section for increasing and decreasing the bias current 
using a current mirror circuit or the like. The circuitry can be 
simpli?ed. 
[0081] Adjustment of the ?lter characteristics of ?ltering 
the reference signal FREF With a reference frequency fREF 
Which differs from the input to the band pass ?lter (BPF) 11 
can be performed. Independent of the frequency of the input 
signal FIN to the band pass ?lter (BPF) 11, the ?lter 
characteristics can be adjusted. Even for the band pass ?lter 
(BPF) 11 that ?lters an input signal FIN of a high frequency 
bandWidth, the ?lter characteristic can be adjusted surely. 
Because ?lter characteristic deviation is converted to DC 
voltage values and adjustment is performed, even When the 
reference signal FREF With a reference frequency fREF has 
a high frequency, the ?lter characteristic can be adjusted 
surely. Frequency characteristic adjustment for a Wide range 
of frequencies can be performed With ease. 

[0082] It Will be appreciated that the present invention is 
not limited to the foregoing embodiments and various 
improvements and modi?cations to those embodiments are 
possible Without departing from its spirit or essential char 
acteristics. 

[0083] For instance, in the ?rst embodiment, the ?lters 11 
to 13 are con?gured as passive ?lters. The ?lters respec 
tively include the variable capacitor element having the 




