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Abstract

   In this paper a new fully-differential lowpass/ bandpass second-order filter is proposed. The proposed filter uses three fully-differential Second-generation Current-conveyors (FDCCII), four resistors and two capacitors, doesn’t require any matching condition and enjoys independent tuning of the gain and the parameters ωo, and ωo/Q.  Experimental results are included. 

I. Introduction

   At present there is a growing interest in designing fully differential analog filters [1-2].  This is attributed to the resulting improvement in power supply noise rejection, dynamic range and harmonic distortion.  Traditionally, a fully differential analog filter can be realized using two identical single ended filters.  However, this requires matching of the active and passive components used in both filters.  
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   Recently fully differential filters are realized using single differential active components instead of two single ended one [1-2]. In [1] a fully differential Sallen-Key filter is presented.  It uses a differential amplifier and eight passive components and requires four matching conditions.  Because of the use of unity gain negative feedback structure, matching condition in the active component is not a critical issue, especially with high open loop gain amplifier.  A second-order lowpass filter based on a single fully differential current conveyor is proposed in [2].  This circuit requires the current gain between the x and z terminals of the current conveyors to be matched.  It uses ten passive components and requires five matching conditions.  The gain of this filter can be controlled via grounded capacitors.  Both filters reported in [1] and [2] enjoy orthogonal tuning of the parameters ωo, and ωo/Q. 

   In this paper, a new fully differential filter that does not require any matching condition is presented.  The proposed circuit uses the fully differential current conveyor and enjoys the following advantages:

1) it uses only two capacitors and four resistors;

2) there is no matching condition requirement between components. 

3) it enjoys independent tuning through resistors for ωo, ωo/Q, and the gain;

4) it has large input impedance therefore can be cascaded;

5) it realizes lowpass and bandpass filters.

II. Circuit Description

   The circuit symbol of the fully differential current conveyor (FDCCII) is shown in Fig. 1a [3]. FDCCII can be realized using two current sensed op-amps [3].  Its characteristic can be modeled as
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  and
Vy1 - Vx1 = Vy2 - Vx2
(1)

The proposed circuit is shown in Fig. 1b.  The lowpass filter transfer function can be expressed as
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         (2)  
and the bandpass filter transfer function as


         (3)

From (2), the parameters ωo, ωo/Q, and Q can be expressed as


[image: image1.wmf]5

4

3

2

C

C

G

G

o

=

w






(4)


[image: image2.wmf]5

5

C

G

Q

o

=

w






(5)


[image: image3.wmf]4

5

3

2

5

1

C

C

G

G

G

Q

=





(6)

From (2)-(5) one can see that the lowpass gain, the gain of the bandpass at the center frequency, and the parameters ωo, and ωo/Q can be controlled independently through G1, G2, and G5 respectively.

   The source of non-ideality in the FDCCII is deviation of the voltage gain between x and y terminals and the current gain between the x and z terminals from unity.  The former source of error is not a critical one because of the unity negative feedback used inside the FDCCII, which forces terminal x and y to have equal voltages.  Taking into account the non-ideality of the FDCCII, namely, izi= αixi, i=1, 2, 3 where α = 1-ε and ε (
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<<1) denotes the current tracking error of a FDCCII, (2) becomes
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From (7), the parameters ωo, ωo/Q, and Q can be expressed as
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From equations (7)-(9), it is clear that the current-tracking errors will not change the transfer function of the filter.  It will affect the quality factor (Q), center frequency (ωo), and gain values.

Using the standard definition of sensitivity, the active and passive sensitivits of the proposed filter can be expressed as 
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Thus, the proposed filter enjoys low active and passive sensitivities.

III. Experimental Results

   To verify the theoretical prediction of the proposed circuit, it has been realized using discrete components. The proposed circuit of Fig. 1(b) was built using C4=C5=5nF, R2=2KΩ, R3=3KΩ, R5=2.5KΩ (for LPF), and R5=10KΩ (for BPF).  Rather than realizing the FDCCII using two opamps as reported in [3], the experimental result reported here were obtained using plus-type second-generation two current-conveyors (AD844) [4].  Figures 2 and 3 show the experimental results obtained from the proposed circuit.  Figures 2 and 3 also show the theoretical transfer characteristic of the proposed filter.  From Figures 2 and 3 it appears that the measured and calculated results are in close agreements. 
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IV. Conclusion

Using three FDCCIIs, four resistors and two capacitors a new circuit for realizing fully-differential lowpass/bandpass second-order filter has been presented.  The proposed circuit enjoys independent tuning of the gain, and the parameters ωo, and ωo/Q of the filters, does not require any matching conditions and enjoys low active and passive sensitivities.  The experimental results are generally in excellent agreement with the proposed theory. The discrepancies between measured and calculated results are attributed to the nonidealities of the current-conveyors used to implement the FDCCIIs.  It worth mentioning that all of the current mirrors used in the proposed circuit are included in feedback loops and this will reduce the harmonic distortion [5]. 
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Figure 2: Comparisons between the theoretical and 


experimental results for the lowpass filter.
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Figure1: a) Block Diagram of FDCCII


  b) Proposed FDCCII based Fully-Differential Filter FilterSallen-Key Filter
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Figure 3: Comparisons between the theoretical and experimental results for the bandpass filter.
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		10		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		4.9956986436		11.4		53		4.649122807		9.9913972871		102		8.9473684211

		10.5		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		4.8305934607		11.4		48		4.2105263158		9.6611869215		96		8.4210526316

		11		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		4.3587608206		11.4		44		3.8596491228		8.7175216412		80		7.0175438596

		11.5		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		3.8192550713		11.4		39		3.4210526316		7.6385101426		68		5.9649122807

		12		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		3.3345016168		11.4		34		2.9824561404		6.6690032337		62		5.4385964912

		12.5		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		2.9331630189		11.4		30		2.6315789474		5.8663260379		56		4.9122807018

		13		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		2.6082140997		11.4		27		2.3684210526		5.2164281994		50		4.3859649123

		13.5		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		2.344856895		11.4		24		2.1052631579		4.6897137901		46		4.0350877193

		14		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		2.1293234351		11.4		22		1.9298245614		4.2586468702		41		3.5964912281

		15		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		1.8007324518		11.4		19		1.6666666667		3.6014649036		36		3.1578947368

		16		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		1.5637186175		11.4		16		1.4035087719		3.1274372351		31		2.7192982456

		17		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		1.3852020593		11.4		15		1.3157894737		2.7704041185		28		2.4561403509

		19		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		1.134141091		11.4		12		1.0526315789		2.2682821821		24		2.1052631579

		22		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		0.9000276937		11.4		10		0.8771929825		1.8000553874		19.5		1.7105263158

		30		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		0.5935905493		11.4		6.8		0.5964912281		1.1871810986		13		1.1403508772
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Sheet1

		

						Calculation												R1=1k						R1=1k		R1=600				R1=600

																		LPF						LPF		LPF		R1=600		LPF

		Freq )KHz)		2PI		C4		G1		G2		G3		G5		C5		Gain (theory)		(Vi1-Vi2)		(Vo1-Vo2)		Gain (exp)		Gain2 (theory)		Vo1-Vo2		Gain2 (exp)

		0.1		6.2831853072		5.00E-09		1.00E-03		0.0005		0.0002		0.0004		5.00E-09		2.0000394698		10.3		20.5		1.9902912621		3.4483439135		34.25		3.3252427184

		0.8		6.2831853072		5.00E-09		1.00E-03		0.0005		0.0002		0.0004		5.00E-09		2.0024913674		10.3		20.5		1.9902912621		3.4525713231		34.25		3.3252427184

		1.8		6.2831853072		5.00E-09		1.00E-03		0.0005		0.0002		0.0004		5.00E-09		2.0118733471		10.3		20.5		1.9902912621		3.4687471503		34.2		3.3203883495

		2		6.2831853072		5.00E-09		1.00E-03		0.0005		0.0002		0.0004		5.00E-09		2.0143865762		10.3		20.5		1.9902912621		3.4730803038		33.6		3.2621359223

		4		6.2831853072		5.00E-09		1.00E-03		0.0005		0.0002		0.0004		5.00E-09		2.039360946		10.3		20.5		1.9902912621		3.5161395621		33.3		3.2330097087

		6		6.2831853072		5.00E-09		1.00E-03		0.0005		0.0002		0.0004		5.00E-09		2.0160717933		10.3		20		1.9417475728		3.4759858504		33.1		3.213592233

		7		6.2831853072		5.00E-09		1.00E-03		0.0005		0.0002		0.0004		5.00E-09		1.9607513509		10.3		19.25		1.8689320388		3.3806057774		32.5		3.1553398058

		8		6.2831853072		5.00E-09		1.00E-03		0.0005		0.0002		0.0004		5.00E-09		1.8679961161		10.3		18.25		1.7718446602		3.2206829588		31		3.0097087379

		9		6.2831853072		5.00E-09		1.00E-03		0.0005		0.0002		0.0004		5.00E-09		1.7412212453		10.3		17		1.6504854369		3.0021055954		29		2.8155339806

		9.5		6.2831853072		5.00E-09		1.00E-03		0.0005		0.0002		0.0004		5.00E-09		1.6683414007		10.3		16.25		1.5776699029		2.8764506909		28		2.7184466019

		10		6.2831853072		5.00E-09		1.00E-03		0.0005		0.0002		0.0004		5.00E-09		1.5914637545		10.3		15.5		1.5048543689		2.743903025		26		2.5242718447

		10.5		6.2831853072		5.00E-09		1.00E-03		0.0005		0.0002		0.0004		5.00E-09		1.5123920615		10.3		14.5		1.4077669903		2.6075725198		24		2.3300970874

		12		6.2831853072		5.00E-09		1.00E-03		0.0005		0.0002		0.0004		5.00E-09		1.2773919403		10.3		12.5		1.213592233		2.2023998971		21		2.0388349515

		14		6.2831853072		5.00E-09		1.00E-03		0.0005		0.0002		0.0004		5.00E-09		1.0039873907		10.3		10		0.9708737864		1.7310127427		17		1.6504854369

		20		6.2831853072		5.00E-09		1.00E-03		0.0005		0.0002		0.0004		5.00E-09		0.5162890629		10.3		5.5		0.5339805825		0.8901535566		9		0.8737864078

		30		6.2831853072		5.00E-09		1.00E-03		0.0005		0.0002		0.0004		5.00E-09		0.2288918306		10.3		2.8		0.2718446602		0.3946410872		4.6		0.4466019417
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Sheet2

						Calculation												R1=2k						R1=2k		R1=1K				R1=1K

																		BPF						BPF		BPF				BPF

		Freq )KHz)		2PI		C4		G1		G2		G3		G5		C5		Gain (theory)		(Vi1-Vi2)		(Vo1-Vo2)		Gain (exp)		Gain2 (theory)2		Vo1-Vo2		Gain2 (exp)2

		2.5		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		0.4170567623		11.4		5		0.4385964912		0.8341135245		10.5		0.9210526316

		3		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		0.5144333566		11.4		6		0.5263157895		1.0288667133		12.5		1.0964912281

		3.5		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		0.6205547301		11.4		7.5		0.6578947368		1.2411094601		15		1.3157894737

		4		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		0.737973204		11.4		9.5		0.8333333333		1.475946408		18		1.5789473684

		4.5		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		0.8699435714		11.4		11		0.9649122807		1.7398871429		20		1.7543859649

		5.5		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		1.1959066587		11.4		15		1.3157894737		2.3918133175		28		2.4561403509

		6		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		1.4031536688		11.4		18		1.5789473684		2.8063073376		33		2.8947368421

		6.5		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		1.6528358375		11.4		20		1.7543859649		3.305671675		39		3.4210526316

		7		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		1.9590679645		11.4		25		2.1929824561		3.918135929		46		4.0350877193

		7.5		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		2.340359446		11.4		29		2.5438596491		4.6807188919		53		4.649122807

		8		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		2.8180837822		11.4		34		2.9824561404		5.6361675644		64		5.6140350877

		8.5		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		3.4064226141		11.4		40		3.5087719298		6.8128452281		76		6.6666666667

		9		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		4.0781790687		11.4		48		4.2105263158		8.1563581373		89		7.8070175439

		9.5		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		4.6952146305		11.4		52		4.5614035088		9.390429261		97		8.5087719298

		10		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		4.9956986436		11.4		53		4.649122807		9.9913972871		102		8.9473684211

		10.5		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		4.8305934607		11.4		48		4.2105263158		9.6611869215		96		8.4210526316

		11		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		4.3587608206		11.4		44		3.8596491228		8.7175216412		80		7.0175438596

		11.5		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		3.8192550713		11.4		39		3.4210526316		7.6385101426		68		5.9649122807

		12		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		3.3345016168		11.4		34		2.9824561404		6.6690032337		62		5.4385964912

		12.5		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		2.9331630189		11.4		30		2.6315789474		5.8663260379		56		4.9122807018

		13		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		2.6082140997		11.4		27		2.3684210526		5.2164281994		50		4.3859649123

		13.5		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		2.344856895		11.4		24		2.1052631579		4.6897137901		46		4.0350877193

		14		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		2.1293234351		11.4		22		1.9298245614		4.2586468702		41		3.5964912281

		15		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		1.8007324518		11.4		19		1.6666666667		3.6014649036		36		3.1578947368

		16		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		1.5637186175		11.4		16		1.4035087719		3.1274372351		31		2.7192982456

		17		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		1.3852020593		11.4		15		1.3157894737		2.7704041185		28		2.4561403509

		19		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		1.134141091		11.4		12		1.0526315789		2.2682821821		24		2.1052631579

		22		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		0.9000276937		11.4		10		0.8771929825		1.8000553874		19.5		1.7105263158

		30		6.2831853072		5.00E-09		5.00E-04		0.0005		0.0002		0.0001		5.00E-09		0.5935905493		11.4		6.8		0.5964912281		1.1871810986		13		1.1403508772
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