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ACTI VE BANDPASS FI LTER BACKGROUND OF THE | NVENTI ON 5 The present

i nvention relates to a bandpass filter which uses active elenents, that is,:
t& an active bandpass filter, and nore particularly to an active bandpass
filter with inproved degree of freedomin setting quality factor Q and peak
gain. 10 # FIG 1 is a schematic circuit diagram an exanple of the
configuration of a conventional bandpass-fllter. In this draw ng, an input
term nal 31 which accepts an input signal [err] is connected to one end of
a capacitor 32, which has a cap2CTI¥Rc BARPASSOFIINER . The ot her end of
the capacitor 32 15 is connected to one end of ‘a resistor 33 which has a
resi stance value of [err], and also to one end of a reS|stor 34 which has a
resi stance value of [err]. A CH (IR el NEENT 33 i s grounded.

The other end of the resistor 34 is grounded through a capacitor 35 which
has a capacitance 20 value of [err] and is also connected to an out put
termnal 5 The present invention relates to a bandpass filter

which uses active elements, that is, to an active bandpass
filter, and more particularly to an active bandpass filter
with improved degree of freedom in setting quality factor
Q and peak gain.

10 FIG. 1 is a schematic circuit diagram an example of the
configuration of a conventional bandpass filter. In this
drawing, an input'terminal 31 which accepts an input signal
v, is connected to one end of a capacitor 32, which has a
capacitance value of C,;. The other end of the capacitor 32

15-.is connected to one end of a resistor 33 which has a
resistance value of R;,, and also to one end of a resistor
34 which has a resistance value of R,,. The other end of the
resistor 33 is grounded. The other end of the resistor 34
is grounded through a capacitor 35 which has a capacitance

20 value of C,, and is also connected to an output terminal
36 used to output an output signal v,

In a filter circuit such as described above, the

transfer function G(b/a) is given by equation (1).
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36 used to output an output signal [err] In a filter circuit such as

descri bed above, the transfer function  b/a) is given by equation (1). 25
[Ferr] -2- The cutoff frequency [err] is expressed by equation (2). [err]
The quality factor Q and the peak gain H are expressed 10 by equation (3)
and equation (4), respectively. [err] C
(3) 25 However, in a conventional baddpass filter, such as shown in
FIG 1, there is a_shortconing in that the quality factor [err%_cannot be
set to a value of &h§ sntﬁﬁghgremﬁaf:weposh%rwaﬁ?ﬁge@lsbwaﬂua ipg e -
possi bl e to have a peak gain
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The quality factor Q and the peak gain H are expressed
10 by equation (3) and equation (4), respectively.

q-= V4 CyRy Ry
o CqiRy T CqgRy +CyqRyy
ees (3)
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25 However, in a conventional bandpass filter, such as

shown in FIG. 1, there is a shortcoming in that the quality
factor Q cannot be set to a value of 0.5 or higher. Another
shortcoming is that it is not possible to have a peak gain
H of 1 or higher. _

30 If the substitutions C,=nC,, and R,;=mR,, (n, m>0) are
made in equation (2), the cutoff frequency'mo is expressed
as in equation (5), so 'that the quality factor Q is
‘expressed as in equation (6). '
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H of 1 or higher. 30 If the substitutions [err] and [err] (n, nPO0)
are made in equation (2), the cutoff frequency [err] is expressed as in
equation (5), so that the quality factor Qis expressed as in equation (6).
35 -3- 5 [err] If we hold n constant and consider the maxi num
value of [err] it is seen by equation (7) that the value of [err] is 15
maxi nrum when nel/(n+l). [err] If we |let reﬁrr be this maxi mum val ue of
[err] this value is expressed as follows. 30
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Q=
10 l+m+nm .. (6)

If we hold n constant and consider the maximum value of
Q, it is seen by equation (7) that the wvalue of Q is
15 maximum when m=1/(n+l).
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25 (nm+m+1) e (D)
If we let Q. be this maximum value of Q, this value is
expressed as follows.
30
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[err] 35 -4- Therefore, the value of Q cannot be 0.5 or higher. Equation
(4) can be rewitten in the formof equation (9). Since [err] and [err]
g&e all larger than zero, it is inpossible for the peak gain Hto be 1 or
higher. 5 [err] (9) 10 To achi eve superior filter characteristics, it is
desirable to have a waveform as the output signal [err] that changes
~sharply with respect to frequency, that irs4 it is 15 desirable that the

val ue of Q be nmade | arge. Enabling the
Therefore, the value of Q cannot be 0.5 or higher.

Equation {4) can be rewritten in the form of equation
(). Since C;, C,;» Ry, and Ry, are all larger than zero, it

is impossible for the peak gain H to be 1 or higher.

C,yRy+CyyR
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To achieve superior filter characteristics, it is
desirable to have a waveform as the output signal vo'that-
changes sharply with respect to frequency, that is, it is

15 desirable that the value of Q be made large. Enabling the
setting of the peak gain H to a value of 1 or higher is
also advantageous from the standpoint of circuit design.

Japanese laid-open patent No. 1989-067015 discloses a
filter-in that the values of quality factor Q and peak gain

20 can be made larger than those of thé conventional filter
"described above. This filter, however, includes complicated
transformer-conductance amplifiers |(variable voltage-
current converters). Furthér, Jaéanese laid-open patent No.
1994-283965 discloses an active filter without variable

25 voltage-current converters. This filter, however, is not an

active bandpass filter but an active lowpass filter.

SUMMARY OF THE INVENTION

30 The present invention has as an object the provision of
an active bandpass filter of simple circuit configuration
which offers free setting of the value of quality factor Q
and peak gain.

The present invention provides an active bandpass
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setting of the peak gain Hto a value of 1 or higher is al so advant ageous
fromthe standpoint of circuit design. Japanese | ai d-open patent No.

1989- 067015 discloses a filter in that the values of quality factor Q and
peak gain 20 can be made | arger than those of the conventional filter
descri bed above. This filter, however, includes conplicated

transf or mer - conduct ance anplifiers (variabPe-voltage- current ‘converters).

Further, Japanese. | ai d-open patent No. 1994-283965_ di scl oses an actjve
filter wthout f¥AFPELMEVIRNG \RR ¢ ARBUEULEERELNEINART R, OWYPYY j§qpinal,

however, is notg rﬁsniiaa{l@?,garfcim i drf Bttt &‘é‘vf‘ﬁ%i ¥8 laurasy,fid thdse

SUMMARY OF THE | NVE The present 1 nveniion has as an object

the provision ePnaACEedi Vi baRdpkrput | tesmisklsi vibke aci FEEFE cRAifARES on
whi ch of fers féf?méﬁu' 980 16Re, 2L?Bﬁn8fctgﬁab'o %a‘;}g:g;agg:clrfsrﬂén@%%e

gain. The present 1 nvention provi an active
5 source via a second resistance element and to the output

terminal; first means for supplying' a first constant
current to the emitter of the first transistor; a second
transistor having a base connected to the émitter of the
first transistor wvia a third resistance -element, a
10 collector connected to the constant wvoltage source via a
fourth resistance element and an emitter connected to the
base of the first transistor via a first capacitance
element; second means for supplying a second constant
current to the emitter of the second transistor; a third
15 transistor héving a base connected to the collector of the
second transistor, a collector connected to the constant
voltage source and an emitter connected to the base of the
second transistor via a second capacitance element; and
third means for supplying a third constant current to the

20 emitter of the third transistor. .
The first, second and third means may include a constant

current source or a resistance element.

BRIEF DESCRIPTION OF THE DRAWINGS
25
FIG. 1 is a schematic circuit diagram which shows an
.example of the configuration of a conventional bandpass
filter; '
FIG. 2 is a schematic circuit diagram which shows the
30 configuration of a preferred embodiment of an active
bandpass filter according to the present invention; and
FIG. 3 is a schematic circuit diagram which shows the

configuration of another preferred embodiment of an active
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-5- filter having an input term nal and an output term nal, conprising: a
first transistor having an emtter, a base connected to an input term nal
via a first resistance elenent, a collector connected both to a constant
voltage 5 source via a second resistance elenment and to the output
termnal; first neans for supplying a first constant current to the
emitter of the first transistor; a second fransistor having a base
connected to tge nitter,gf the first transistor via a third resistance
el enent, a 10 aE%PFEEtSF EBRNBEFRPILRIt he EBRsPERESRS dRJedd@te via a

fourth resistance el enent and an enitter connected to the base of the first

transistor via a first ﬁggﬁc}tggce el enent ; second neans for supplying a
second constant current . 2555022 et

6%, a third 15
transi stor having a base connected to the collector of t he

5 An embodiment of the present invention will now be
described, with reference made to the accompanying drawings.
FIG. 2 is a circuit diagram which shows the
configuration of a preferred embodiment of an active
bandpass filter according to the present invention.

10 As is shown in FIG. 2, the base of a first bipolar
transistor 11 is connected to an input terminél 24 via a
first resistor 14 having a resistance value of R,. The
collector of the transistor 11 is connected to a voltage
regulator 20 for supplying a constant voltage V, to the

15 filter via a second resistor 15 having a resistance value
of R, and is also connected to an output terminal 25. In
addition, the emitter of the transistor 11 is connected to
a first con§tant current source 21 for supplying a first
constant current I, to the transistor 11. _

20 The base of a second bipolar. transistor 12 is connected
to the emitter of the transistor 11 via a third resistor 16
having a resistance value of R,. The collector of
transistor 12 is connected to the voltage regulator 20 via
a fourth resistor 17 having a resistance value of R,. The

25 emitter of the transistor 12 is connected to the base of

- the transistor 11 via a first capacitor 18 having a
capacitance value of C; and is also connected to a second
constant current source 22 for supplying a second constant
current I, to the transistor 12. .

30 The base of a third bipolar transistor 13 is connected
to the collector of the transistor 12. The collector of the

. transistor 13 is connected to the voltage regulator 20. In

addition, the emitter of the transistor 13 is connected to



second transistor, a collector connected to the constant voltage 'source and
an emtter connected to the base of the second transistor via a second
~capaci tance elenent; and third nmeans for supplying a third constant current
to the 20 emtter of the third transistor. The first, second and third
means may include a constant current source or a resistance elenment. BRI EF
DESCRI PTION OF THE DRAWNGS 25 FIG 1 is & schematic circuit di agram which
shows an exanpl e of the configuration of a conventional bandpass filter;
FIG 2 is a sémeraese eofrdlie wangistoni tA Fhewd tsrc@ed capacifaratlin

or caent | nverl Y ha ppgiterfe FEIMCAHNTPORRY 1" §lal CORiERE el o
the configuradithin aposhentpcafreendd sedmmt Ehtfof swpptying a third
constant current I, to the transistor 13.
5 In the active bandpass filter of FIG. 2, an input
signal voltage V, at the input terminal 24, a baée voltage
V, of the transistor 11, a base voltage V. of the transistor
12, a base voltage V,of the transistor 13, and an output
signal voltage V_, at the output terminal 25 are expressed

10 by equations (10) through (13).

1 sC1 R1
Vb = Va + Vc
15 : c.. (10)
1 &Cz R3
20 1+sC, R, 1+sCy Ry .. (11)
' SC, R '
25 Vd =(V -V ). P 4 ... (12)
! ¢ .14+sC, R
I 1
30 Ve =V, =V, ) —— ce. (13)
Ry

Additionally, by virtue of equations (10) through (13),
the overall transfer function G(e/a) of the active bandpass

35 filter is given by equation (14) .



bandpass filter according to the present invention. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS 5 - An enbodi nent of the present invention wll
new be described, with reference nade to the acconpanying drawings. FIG 2
is a circuit diagramwhich shows the configuration of a preferred

.enbodi nent of an active bandpass filter accordlng to the present invention.
10 As is shown in FIG 2, the base of8a first bi pol ar transistor 11
‘is connected to an input termnal 24 via a first resistor 14 having a
resistance value of [err]. The collector of the transistor 11 is connected
to a voltage regulator 20 for supplying a constant voltage [err] to the 15
filter via a second resistor 15 having,a resistan value of R2 and is also
‘connected to an out put term nal 25. Inladdltlon the enltter of the
transistor 11 is connected to a fI&St gpnihgns curéent Ssour ce 21 for

supplylng asflrst G G—% =

1 _ 1
s + s +
C1 (R1-+R4) Cl C2 R2 (Rl-+R4)

10 ... (14)

The cutoff frequency @, is expressed by equation (15).
15

1
“ T R, )
C1 C2 R3 (Rl-+ i L as)
20
The quality factor Q and peak gain H are given by
equation (16) and equation (17), respectively.
25
°=\/ C, (R, +R)
€1 Ry . (18)
30
R
H= — : .
R3 : ' e (17)
35

If C;=nC,, R+RmR, (where n, m >0) are substituted into



constant current [err] to the transistor 11. 20 The base of a second
bi pol ar.transistor 12 is connected to the emtter of the transistor 11 via
avthird resistor 16 having a resistance value of [err]. The

collector of transistor 12 is connected to the voltage regulator 20 via a
fourth resistor 17 having a resistance vaIu§fof [err]. The 25 emtter of
the transistor 12 is connected to the base the tranS|stor 11 via a first

.capaci tor 18 hayjng capacita ce v ue o] 1 1,0
'second const ant ‘éb& rag’t‘h eg {3‘1§| %%Iﬁf Cgil’)l {’Sg Pef?
ferr] to the trearpretoedls &Quatlon (ﬁhﬂ Jpase t(hfatathbl gdabi pol ﬁactonnelssor
.13 is connected to the coIYector of the transistor 12. The col lector of the
transistor 13 |§xé6ﬁﬁééﬁeéyt6qpﬁélﬁélt&é@ sregul ator 20. In addition, the
emtter of the transistor 13 is connected to

S
1 1
w = : . =const
0 C2 R3 Anm :
'”.u&
10
Q=~nm
..e {19)
15

From equation (19), it «can be seen that by
appropriately selecting the values of n and m (that is, by
appropriately selecting the capacitance values C, and C, of

_ the capacitors 18 and 19 and the resistance values R;, R,
20 and R, of the resistance elements 14, 15, -and 17,
respectively), it is possible to set the quality factor Q
freely, without limitation. That is, in accordance with
this embodiment of the present invention, the limitation to
a value of Q below 0.5, which is imposed in the

25 conventional bandpass filter, is not imposed.

Furthermore, from the above-noted equation (17), by
appropriately selecting the respective resistance valugs R,
and R, of the resistance elements 15 and 16, it is possible
to set the peak gain H freely, without limitation, so that

30 the limitation to a value of peak gain less than 1, which
is imposed in the conventional bandpass filter, is not
imposed.

FIG. 3 is a schematic circuit diagram which shows

another preferred embodiment of an active bandpass filter



-7- the base of the transistor 12 via a second capacitor 19 having a

capaci tance value of C2, and is also connected to a third constant current

source 23 for supplying a third constant current [err] to the transistor

13. 5 In the active bandpass filter of FIG 2, an input signal

voltage [err] at the input termnal 24, a base voltage Vbof the transistor

11, a base voltage Vof the transistor 12,~ a-hase vol t age Vdof the

transi stor 13, and aa.outpgt signal_voltage V at the output terniqgl 25 are-
n 0(1 a% re,

expressed 10 BFCHGAEFo St RO E 1DHDVIRE TR addfit i SET y, DA
virtue of equatébasefdd)whiviouge ¢hd) saieeagvehawh inanster2 fareti o ddeal a)
of the active bgﬂgpg§£e3gefeigkégrnhge%g{g? by equation (14).
In the active bandpass filter shown in FIG. 3, the
5 configuratioh differs from the configuration shown in FIG.
2 in that resistors 26, 27, and 28 are used instead of the
first through third constant current sources 21, 22 and 23.
Combination of resistors and constant current sources is
also available, such as, the current sources 21 and 22 and
10 the resistor 28.

The cutoff frequency ®, quality factor Q, and peak gain
H given by equations (15) through (19) can be achieved even
in the case in which resistors are used instead of constant
current sources, enabling achievement of the desired effect

15 of the present invention:

As described in detail above, in accordance with the
presenf-invention, an active bandpass filter offering free
setting of the values of quality factor Q and peak gain'is
provided.

20



-8- [err] 10

The cutoff frequency [err] is expressed by equation (15). 1

guality factor Q and peak gain H are given by equation (16)

Hi

(17), respectively. 25 [err] 30 ... (17) 35 If [err] (where n,

substituted into
..ll_.

WHAT IS CLAIMED IS:

o

il

afe *

1. An active bandpass filter having an input terminal and

an output terminal, comprising:

a first transistor having an emitter, a base connected

to the input terminal via a first resistance element,

a

collector connected both to a constant voltage source via

a second resistance element and to the output terminal;

first means for supplying a first constant current to

the emitter of the first transistor:

a second transistor having a base connected to the

enitter of the first transistor wvia a third resistance

element, a collector connected to the constant voltage

source via a fourth resistance element, and an emitter

connected to the base of the first transistor via a first

capacitance element;

second means for supplying a second constant current to

the emitter of the second transistor;

a third transistor having a base connected to the

collector of the second transistor, a collector connected

to the constant voltage source, and an emitter connected to

the base of the second transistor via a second capacitance

element; and

third means for supplying a third constant current to

the emitter of the third transistor.

2. An active bandpass filter according to claim 1, wherein

the first means includes a constant current source.

3. An active bandpass filter according to claim 1, wherein

the first means includes a resistance element.

4. An active bandpass filter according to claim 1, wherein

the second means includes a constant current source.
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-9- the above-noted equation (15), the cutoff frequency [eéﬂbmﬁs expres

by equation (18), so that the quality factor Qis expresse m um
Wkt |

(f19). 51 1 [err] 10 ... (19) 15 From equation (

seen that by appropriately selecting the values of n and n1(thét i"s, Shy=
appropriately selecting the capacitance vg}ues [err] and [err] of the
capacitors 18 and 19 and the resistance v Qés [err] 20 and R4 of the
resi stance elenents 14, 15, and 17, respectively), it is possible to
set the quality factor Qfreely, without limtation. That is, in accordance
with this enbodli nefigt axftitves handpass falEari aacordingite tetdion .0 wherein

the second means includes a resistance element.

6. An active bandpass filter according to claim 1, wherein

the third means includes a constant current source.

7. An active bandpass filter according to claim 1, wherein

the third means includes a resistance element.



a vaI ue of be OV ebh y@pmddl chis |rrposed in the 25 conventi

filter, B urthernore, fromthe above-noted equ
approprlat he respective resistance values R2 a
reS|stance and 16, it is possible to set the peak gain H

freely, without limtation, so that 30 the limtation to a value of peak
gain less than 1, which is inposed in the &8nventional bandpass filter, is

not inposed. FIG 3 is a schematic circuit diagramwhi ch shows anot her
preferred enbodi ment of an acta3§1¥%§39QESIEE+EE§QLQ§U—¥0 - according to
the present invention. In this figure, elenents which are the sane as shown

in FIG 2 are assigned t he same reference nunerals.
active bandpass filter offers freely settable values

of quality factor Q and peak gain. The active bandpass
5 filter has a first, a second and a third transistor. The
first transistor has a base connected to an input terminal
of the filter via a first resistance element, a collector
connected both to a constant voltage source via a second
resistance element and to an output terminal of the filter
10 and an emitter connected to a first constant current
source. The second transistor has a base connected to the
emitter of the first transistor via a third resistance
element, a collector connected to the constant voltage
source via a fourth resistance element and an emitter
15 ° connected both to the base of the first transistor via a
first capacitance element and to a second constant current
source: The third transistor has a base connected.to the
collector of the second transistor, a collector connected
to the constant vpltage source and an emitter connected
20 both to the base of the second transistor via a second
capacitance element and to a third constant current source.
Resistors can be used instead of the constant current

sources.



In the active bandpass filter shown in FIG 3, the 5 configuration differs
fromthe configuration shown in FIG 2 in that resistors 26, 27, and 28 are
used instead of the first through third constant current sources 21, 22 and
23. Conbi nation of resistors and constant current sources is also
avai | abl e, such as, the current sources 21 and 22 and 10 the resistor 28.
The cutoff frequency [err] quality fac¥of Perr] and peak gain H given by
equations (15) through (19) can be achieved even in the case in which
resistors are used instead of constant current sources, enabling

achi evenment of the desired effect 15 of the present invention. As described
in detail above, in accordance with the present invention, an active
bandpass filter offering free setting of the values of quality factor Q and

peak gain is provided. 20 32 34
Me— |‘f r Qv
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33 3 35,57
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211 - WHAF IS CLAIMED IS: 1. An active bandpass filter having an input
termnal and an output termnal, conprising: a first transistor having an
énmtter, a base connected to the input ternminal via a first resistance

el enent, a collector connected both to a constant voltage source via a
second resistance elenment and to the q?%pqg termnal; first means for
supplying a first constant current to e ®mtter of the first transistor;
a second transistor having a base connected to the enitter of the first
transistor via a third resistance elenment, a collector connected to the
constant voltage source via a fourth resistance elenment, and an emtter
connected to the base of the first transistor via a first capacitance

el ement ;

15, 17
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nd transistor, a | | ecR&PLAGRDect ed

vol t age source, and an em tter connecteu to the base or t B
transistor via a second- capacitance elenent; and third neans for supplylng
a third constant ACEtvENBARDPASS EDLTEEr of the thlrd trans!stor 2. An
active bandpass filter accordi " 1 mhefeln the first neans
i ncl udes a constant current soufee: A =y ; ¥5s filter according
to claim1, wherein the flrst neans |ncludes a resistance elenent. 4. An

or to cl erein the second neans
?ﬁzingegagdggﬁzt;hi UFF C g%iﬁhggss fifPer ay%ers ?reefy settable values
' of quality factor Q and peak gain. The active bandpass

5 filter has a first, a second and a third transistor. The
first transistor has a base connected to an input terminal
of the filter via a first resistance element, a collector
cdnnected both to a constant voltage source via a second
resistance element and to an output terminal of the filter

10 and an emitter connected to a first constant current
source. The second transistor has a base connected to the
emitter of the first transistor via a third resistance
element, a collector connected to the constant voltage
‘source via a fourth resistance element and an emitter

15 connected both to the base of the first transistor via a
first capacitance element and to a second constant current
source. The third transistor has a base connected to the
collector of the-second transistor, a collector connected
to the constant voltage source and an emitter connected

20 both to the base of the second transistor via a second
capacitance element and to a third constant current source.
Resistors can be used instead of the constant current

sources.

Figure 2
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- 12> 5. An active bandpass filter. accordi ng to claim1, QE
second neans includes a resistance elenent. 6. An active ban MENT SHEET
according to claim1l, wherein the third nmeans includes a con r]enan
'source. 7. An active bandpass filter according to claim1, n The -------- -
third means incjufpge2paRBRREANFRLERRTENT .

ABSTRACT OF THE DISCLOSURE

An active bandpass filter offers freely settable values of quality factor Q and peak gain. The
active bandpass filter has a first (11), a second (12) and a third (13) transistor. The first
transistor (11) has a base connected to an input terminal (24) of the filter via a first resistance
element (14), a collector connected both to a constant voltage source (20) via a second
resistance element (15) and to an output terminal (25) of the filter and an emitter connected to
a first constant current source (21), The second transistor (12) has a base connected to the
emitter of the first transistor (11) viz a third resistance element (16), a collector connected to
the constant voltage source (20) via a fourth resistance element (17) and an emitter connected
both to the base of the first transistor (11) via a first capacitance element (18) and to a second
constant current source (22). The third transistor (13) has a base connected to the collector of
the second transistor (12), a collector connected to the constant voltage source (20) and an
emitter connected both to the base of the second transistor (12) via a second capacitance
element (19) and to a third constant current source (23). Resistors can be used instead of the
" constant current sources (21,22,23).

Figure 2



