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A Digitally Programmable Voltage-mode
Multifunction Biguad Filter with Sing-Outpu

C. Ketviriyakit, W. Kongnun,C. ChanaprommeP. Silapa

Abstract—This  article  proposes a voltage-mode The aim of this paper is to propose a voltage-mode
multifunction filter using differential voltage aemt Multifunction filter, emphasizing on use of the DV-
controllable current conveyor transconductance Hiepl CCCCTA. The _featu_res o_f proposed circuit are thae
(DV-CCCCTA). The features of the circuit are thate proposed multifunction filter can provide complgtel

. . standard functions (low-pass, high-pass, band-plaasd-
q'uallty factor and pole frgquency can b? tunedpm_ilelently reject and all-pass) (withgut changgin% circuit tm;;atr?e
via the values_ c_>f capacitors: the circuit desaiptis very circuit description is very simple, it uses 2 cgifis as
simple, consisting of merely 1 DV-CCCCTA, and Zy5ssive elements, which is suitable for fabricatimg

capacitors. Without any component matching conaiiahe  monolithic chip or off-the-shelf implementation: ajity
proposed circuit is very appropriate to further @lep into  factor and pole frequency can be independently saeiis
an integrated circuit. Additionally, each functioesponse The performances of proposed circuit are illusttatey
can be selected by suitably selecting input sigveith PSpice simulations, they show good agreement as
digital method. The PSpice simulation results agpicted. mentioned.
The given results agree well with the theoreticaicpation.
II. CIRcUIT CONFIGURATION
Keywords—DV-CCCCTA, Voltage-mode, Multifunction

filter A. Basic Concept of DV-CCCCTA
This section describes the principle of DV-CCCCTH#,
|. INTRODUCTION was proposed by A. Jantakaun and M. Siripruchyanun

2010. Figs 1(a) and (b) illustrate the schematiotsyl and

equivalent circuit of DV-CCCCTA, respectively. Idleal

%gse, the relationship of voltage and current of GO/ CCTA
n be shown by (1)

I N analog signal processing applications it may béralele

to employ active filters. They can be found in man
applications: e.g., communication, measurement a
instrumentation and control systems [1-2]. One afsm

popular analog filters is a multi-function filtemse it can v, R 1 -1 0 0l
provide several functions, depending on desiredctiens. | o000 o olv
The literature surveys show that the voltage-mode Iyl -lo o0 o0 o Vyl @
multifunction filter circuits [3-13] have been raped. v2 v2
Unfortunately, these reported circuits suffer frame or l, 100 0 0V,
more of following weaknesses: ly 0 0 0 =%g, O]V,
« Excessive use of the active and/or passive elenfgnt
6,7,9,11, 13]. Since the DV-CCCCTA is design by BJT technolo@,
» Requirement for changing circuit topologies to agki and g, can be expressed as
several functions [4, 9, 12].
e The pole frequency and quality factor can not beetl \where R = Vi , )
independently [8-9]. 20
In 2010, A reported active element, namely difféigdn
voltage  current  controllable  current  conveyorgng g, = leo 3)
transconductance amplifier (DV-CCCCTA) [14], seetos "

be a versatile component in the realisation of as<lof

analog signal processing circuits. The fact is thatdevice R, and g, are the parasitic resistance and
can operate in both current and voltage-modes, igeev transconductances of the DV-CCCCTA at x and o teaisi
flexibility and enables a variety of circuit design In 'e€sSpectively. They can be adjusted via bias cusrent is
addition, output current of DV-CCCCTA can pethe thermal voltage, its values is about 26m\27&C .

electronically adjusted.
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From (5) and (6), the voltage outp{},, ) can be ultimately
jl’” EI“ obtained
Ivl Iu
Vyio—> »1 o >0V,
Dy-CCCCTA _ R><C1C252Vin1 +\/in2(CZS+ Im )+ R.9nC,Vins
I, L Vou = 2 @)
V20— ¥, x z [0V, RCC,s°+Css+29,,
I,
I; From (7), the amplitudes of input voltag®s,,V,,, and

V,, are selected as Table 1 by digital method to obai
@ standard function of the"2order network. From (7), the
pole frequency(«p) and quality factor(Q,) of each filter
response can be expressed as

@, = 29, :i 2g e, (8)
RCC, V;\ CC, '
Vd=V}1'Vyz
®) And
Fig. 1 DV-CCCCTA (a) schematic symbol, (b) equivdleircuit
I'“ I'”-’ C, Q = \/ZR‘Cclgm = \/2Ccl||82 , (9)
Vm.7°— Vi z _“_o\/in3 ’ ee
DV-CCCCTA
y, ox 0 oV,, In addition, bandwidth (BW) of the system can be
C, expressed by
le ° H
ig. 2 Circuit di f vol de fil Bw=_> =2a (10)
Fig. ircuit diagram of voltage-mode filter. = =
Rxcl VTcl

B. Proposed Multi-function Voltage-mode filter

The proposed voltage-mode filter using DV-CCCCTA i?: . . . . L
shown in Fig. 2 wherd,, and |, are bias currents of the FOF Simple consideration, if we s& =C, =C, then (8)
DV-CCCCTA. It comprises 1 DV-CCCCTA and 2 floating@nd (9) are subsequently modified to

capacitors. By routine of analysis circuit in F&yand using @, = 1 T (11)
the properties of DV-CCCCTA as explained in SectioA, cy, ¥ oerese
the output current and voltage at x termifié andV,) of and
DV-CCCCTA is obtained I
Q=7 12)
I = (Vin1 _Vout)ClS+ Iy (3) e
From (11) and (12), it can be clearly seen that djeand
and Q, can be independently controlled By.
TABLE |
THE \/inli\/inz AND \/in3 VALUES FOR EACH FILTER FUNCTION RESPONSE
Vou =Vinz ~Vou LR, - (4) .
Filter Responses Input
V, V, V, V,
From (4), thel, can be expressed as ° i in2 i3
BP (Fx=1/gm) 0 0 1
I, =(2v, -V . 5 HP 1 0 0
= (s Via) /R ©) LP (Re=1/cr) 0 2 2
BR (R=1/gm) 1 2 -2
From the properties of DV-CCCCTA, the current at o AP (R=1/gy) 1 5 3

terminal can be found to be

0 =0V, =[ 0, (RC,8Vs +V,, ~ 2V, ) ]/RCs.  (6)
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Vee
Vi
Fig. 3 Internal construction of DV-CCCCTA
Ill. SIMULATION RESULTS _ 100, 20 - [ o e e
The performances of the proposed voltage-moder filtes, of g 0 e ~

have been tested by PSpice simulation. This wonileyed £ g2 rel \\;ﬂ\s&

a DV-CCCCTA realized by a BJT technology. The PME a 2% ~

NPN transistors employed in the proposed circuistaswvn 200 -l

-60
1k 3k 10k 30k 100k 300k 1M 3M 10M 30M 100M

in Fig. 3 were simulated by respectively usingpheameters Frequency (H2)

of the PR200N and NR200N bipolar transistors of ADA @)
transistor array from AT&T [15] witk:2V supply voltages, 0 s
I, =100uA. Fig. 3 depicts the schematic description of DV-_ s /e’“_‘*\\ 0 Gain © Phase
CCCCTA used in the simulations. Table | shows the§° g 0 - X
parameters of BJT where it is used in the propasedit. 3 Vs = X
£ 45 o -0 = X
TABLE Il N S~
PARAMETER OF BIPOLAR JUNCTION TRANSISTOR 1k 3k 10k 30k 100k 300k IM 3M 10M 30M 100M
NPN l;)requency (Hz)
.MODEL NR200N NPN(RB=262.5 IRB=0 RBM=12.5 RC=25 RE5 07 20 ®
+1S=242E-18 EG=1.206 XTI=2 XTB=1.538 BF=137.5 3 | R [0 Gan © phas |
+IKF=13.94E-3 NF=1 VAF=159.4 ISE=72E-16 NE=1.713 s S
+BR=0.7258 IKR=4.396E-3 NR=1 VAR=10.73 ISC=0 NC=2 g.zoo & 0 \g\s\
+TF=0.425E-9 TR=0.425E-8 CJE=0.428E-12 VJE=0.5 &
+MJE=0.28 CJC=1.97E-13 VJC=0.5 MIC=0.3 XCJC=0.065 S0 T etk 30k 100k 300k M M 10M
+CJS=1.17E-12 VJS=0.64 MJS=0.4 FC=0.5) Frequency (Hz)
PNP 100 20 (C)
.MODEL PR200N PNP(RB=163.5 IRB=0 RBM=12.27 RC=25RE5 T 0l o N
+|S=147E-18 EG=1.206 XT|=1.7 XTB=1.866 BF=110 H JE —_
+IKF=4.718E-3 NF=1 VAF=51.8 ISE=50.2E-16 NE=1.650 S |E —
+BR=0.4745 IKR=12.96E-3 NR=1 VAR=9.96 ISC=0 NC=2 £ 50| 40 \\ [5om o iee
+TF=0.610E-9 TR=0.610E-8 CJE=0.36E-12 VJE=0.5 00 003 ok 30k 100k 300k 1M 3M 1oM 30M 100M
+MJE=0.28 CJC=0.328E-12 VJC=0.8 MJC=0.4 XCJC=0.074 Frequency (Hz)
+CJS=1.39E-12 VJS=0.55 MJS=0.35 FC=0.5) (d)
0 20
The results shown in Fig. 4 are the gain and phas:g}loo s ° N
responses of the proposed biquad filter obtainech fFig. 2 & .20/ = 20 N\
with different functions as shown Table 1, wherg, and £_,/& .
l,, are equal20uA and 80uA. Th learl that 5 Gain © Pas | -~
52 wA and 80uA. There are clearly seen that ! 0

. . . . 1k 3k 10k 30k 100k 300k IM 3M 10M 30M 100M
the proposed biquad filter can provide low-pasghipass, Frequency (Hz)

band-pass, band-reject and all-pass functions digmeron (e)

selection as shown in Table |, without modifying jona Fig. 4 Normalized magnitude and phase responsiedfiquad filter
circuit topology. (@) BP (b) HP (c) LP (d) BR (e) AP
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20 and grounded passive elementsyt. J. Electron Coms (AEU), vol.
. B [1:=201A, 15,-80uA | 59, pp. 311-318, 2005.
= ‘Q [11] S.I. Liu and J.L. Lee, “Voltage-mode univerddters using two
E 20 —Z ;z)//{?/ \\%3\ current conveyors,I'nt. J. Electron., vol. 82, pp. 145-150, 1997.
g /g/ 0 C=Cy=0.5nF \%\& [12] B. Metin, E. Yuce and O. Cicekoglu, “A Novelial output universal
A0 O CCInk NG filter topology using a single current conveyorFElectrical
ey vV C=Cy=2nF % L ’
.60 . . . Engineering, vol. 89, pp. 563-567, 2007.
Ik 3k 10k 30k 100k 300k IM 3M 10M 30M 100M [13] C. Chanapromma, W. Jaikla and M. SiripruchyantA Digitally
Frequency (Hz) Programmable  Voltage-Mode  Multi-function  Filter Ui
Fig. 5 Band-pass responses at different values of C CCDVCCs,” The 2009 International Symposium on Communications

and Information Technologies (ISCIT 2009), Incheon, Korea, pp.
Fig. 5 displays the gain of Band-pass responses at 897-900, 2009.

different values of C. From this result, it canfband that if [141 A Jantakun and M. Siripruchyanun, “Single it Based
Electronically Controllable Floating Positive an@égstive Inductance

C,=C,, the Q, and ¢, can be independently adjusted by  simulators and Its Applications,The 3rd Joint International
C. Information & Communication Technology, Electronic and Electrical
Engineering (JICTEE 2010), Luangeprabang, Lao PDR, pp. 321-325,

IV. CONCLUSION 2010 o
15] D.R. Frey “Log-domain filtering: an approaclo tcurrent-mode

. . . L [
The voltage-mode multifunction biquadratic filtemd® on filtering,” IEE Proc. Circuit Devices Syst., vol. 140, pp. 406-416,
DV-CCCCTA has been presented. The features of the 1993.
i L _ ; [16] Y. Maruyama, A. Hyogo, and K. Sekine, “A digiity programmable
ErO%OSEd CIrE):UItdare. thtat' Itd peﬂforms l?w Fi[.astghlfpzss, CMOS biquad filter using current-mode integratol&ICE trans. on
and-pass, band-reject and all-pass functions ity fundamentals, vol. E85-A, no. 2, pp. 316-323, 2002.
single output depending on a digital selection meétlof
input terminals as given in Table 1: the qualitgtfet and the
pole frequency can be independently controlledvaiaes of
capacitors. In addition, from simulation results proposed
circuit can work at low supply voltages (+2V), |lgrower
consumption. The circuit description consists afydnDV-
CCCCTA and 2 floating capamtors_. By th_e way, frfﬁaple Chatchaphon Ketviriyakit received the B. Eng. degree in Electical
1, the proposed voltage-mode biquad filter can &sile Engineering from Kasem Bundit University, Thailaind1997, the M. Ed.
improved to achieve digital programmability, by adf degree from Narasuan University in 1999. Preseritly, works with
digitally selective circuit [16]. With mentioneddaures, it is Department of Electrical Computer and Industrighcty of Industrial
. . S L Technology, Uttaradit Rajabhat University, Uttatadhailand since 2004.
very suitable to realize the pI‘OpOSGd circuits ionolithic His research interests include electronic circpdyer electronics and its
chip for use in battery-powered, portable electronlapphcat.on
equipments such as wireless communication systermete
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