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ABSTRACT

The paper presents a new configuration of biquad filters using the well known active
element (VDBA) Voltage Differencing Buffered Amplifier. The proposed item contains
properties such as high input impedance terminal and low output impedance terminal
which allow perfect performance in voltage circuit fields. In addition, the circuit is used
without exterior resistor because of the transconductance gain that exists in VDBA. The
proper method to design such a filter is satisfied by using both active and passive elements.
In this paper, two filter applications are designed based on Multi Inputs Single Output
(MISO) filter configuration. The first proposed filter uses two VDBASs and two capacitors.
Whereas, the second filter contains two VDBAS, two capacitors and one resistor. Both
circuits satisfy the voltage mode (low pass, band pass, high pass, band stop, & all pass)
filters. The low output impedance of biquad filters award more cascadabilities for the
voltage circuit. Moreover, the matching conditions of the conclusive elements are not
needed. The adjustment in the resistance employed by the second biquad filter developed
the quality factor to be as independent natural frequency. The introduced biquad filters are
tested and simulated in LTSPICE simulator to confirm the theoretical concepts. The

simulation results agree with the main theoretical concepts.

Keywords: Voltage differencing Buffered Amplifier, CMOS Circuits, voltage mode filter,
biquad filters, Multi Inputs Single Output (MISO).
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1. INTRODUCTION

Depending on the active elements characteristics and features, the filters are designed
using several types of active elements. Different analog signal processing circuits are also
designed by using these active elements. These active elements can work as Operational
Transconductance Amplifier OTA [1]. In addition, a great role is performed by Current
Differencing Transconductance Amplifier CDTA [2] particularly the Operational
Transresistance Amplifier OTRA [3] also the Current Differencing Buffered Amplifier
CDBA [4] and the first generation of Current Conveyor CCI [5], finally the Fully Balanced
Voltage Differencing Buffered Amplifier FB-VDBA [6]. In addition, VDBA and OPAMP are
similar to each other in their characteristics specially the high input and the low output
impedances that are realized by both of them. VDBA circuit is alternative to CDBA [7] but
the main difference is that the voltage is set as input to VDBA. Whereas, the current is set as
input to CDBA.

The input voltage of the circuit is converted to current at side (z) using voltage drop and
transconductance gain. New reflection happens at side (z) to another impedance zone
identified as side (w). According to the comparison between VDBA and OP-AMP [8,9]at
current mode sides, VDBA gives some properties such as good linearity, less power
consumption, high slew rate, and larger bandwidth. The point that states that VDBA contains
low output impedance which can be considered as the main difference between VDBA and
OTA, makes it more adaptable than voltage circuit due to the effect of the loading that is
typically faded out. The circuit works without using exterior resistance, therefore VDBA
remains making use of the transconductance characteristics specially, controlling the value of
the transconductance electronically.

This research work presents the design of VDBA biquad filter based on [10] by using
different circuits and applications in order to obtain the same results. Referring to voltage

o
Web Site: www.kujss.com Email: kirkukjoursci@yahoo.com,
kirkukjoursci@gmail.com

e —
YAQ




p—
P S,

ii-» = ‘ '%”"J,% Kif&u E, Unir()ersity ]ouma[ /S Clentlﬁc S tud:les (KU]SS )

& Volume 11, Issue 1, March 2016 , p.p(287-303)

iegt” ISSN 1992 - 0849

mode transconductance is generated using three inputs and single output TISO filter circuits,
the circuits in [11,12] have great features such that the natural frequency and quality factor are
controlled by biasing the voltage and the current, also the exterior resistors and the low
sensitivities are not needed. Conversely, these have the following defects:-

Large number of active elements are needed [13,14]. Two types of active elements are
used [13,14]. Matching terms of the elements are required in some filters [11,15,16].
Inappropriate for voltage filter construction because of the high impedance of the output
[11,17,18,12].The quality factor is not under control as the natural frequency
[11,15,17,18,12].

The paper demonstrates a unique CMOS recognition of voltage differencing buffered
amplifier VDBA. It also shows two kinds of voltage biquad filters. The proposed circuits
connection principle is based on TISO filter systems. Besides, each circuit consists of two
VDBASs and two or more passive elements.

The typical filter functions (low pass LP, band pass BP, high pass HP, band stop BS & all
pass AP) are created after the first proposed biquad filter is designed by using two VDBAS
and two capacitors. It has to be mentioned, that the input voltage signal of AP should be
inverted type. Whereas, the typical filter functions are realized without using inverted input
type by the second filter which is designed using two VDBAS, two capacitors and one
resistor. Moreover, the resistor is considered an ultimate component which manages the
quality factor in the second biquad filter. Furthermore, This resistor complies with NMOS
transistors, consequently the voltage gate can manage the quality factor electronically [19].
Hence, the proper and vigorous filters design use a small number of active and passive
elements and demonstrate low passive sensitivity. Finally, VDBA transconductance gain

helped awfully to manage the natural frequency and the quality factor.
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2. OVERVIEW OF VDBA CIRCUITS

Fig. (1) demonstrates the symbol of VDBA. Where, P and N are input terminals, whereas,
Z and Ware output terminals.

Ip
VO P P

VDBA W|—0OVy
In

VAo P IN .

Fig. (1): VDBA Circuit Symbol

VDBA circuit model is illustrated using the following equations:
Ip 0 0 o0

Vp
Iy 0 0 0
— —_— V ......... 1
IZ I9m —9m 0 (VZ) ( )
Vw 0 0 a

The voltage ratio of VDBA is denoted as a where a = 1- ¢,. That is, €, is the voltage
tracking error. The tracking error has magnitude much less than unity. As shown in Fig. (1),
the voltage differencing buffered amplifier VDBA is implemented by two high impedance
voltage inputs denoted as VP and VN, one high impedance current output denoted as 1Z and

low impedance voltage output denoted as VW.
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Fig. (2): VDBA Circuit Using CMOS Performance

[if]

The diagram in Fig. (2) illustrates the entire VDBA circuit. The circuit uses voltage buffer by
(M10 — M16) and OTA circuit by (M1 — M9) [20,21]. VDBA input point is consisted of the
differential OTA input and the voltage buffer is associated with current OTA output.
Furthermore, the differential input voltage of OTA generates output current known as voltage
controlled current source (VCCS).

Generally, a buffer amplifier presents electrical impedance changed over through the
circuits. the transconductance of the amplifier is controlled using the multi input current that
is generally exists in such VDBA filter circuits. The typical operational amplifier is
considered analogous to the Operational Transconductance Amplifier OTA because both have
high impedance differential input stage, and the last can be used to create the negative
feedback.

3. PROPOSED VDBA FILTER MODULE

The block diagram in Fig. (3) presents MISO filter module that allows multi voltage input
and single voltage output. In this paper, a new voltage mode VDBA filter applications are
designed. The proposed applications consist of two VDBAs and three or two passive
elements. These applications realized (low pass, band pass, high pass, and all pass) filter
functions. The paper shows, two VDBA filter application circuits based on MISO diagram

module.
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Fig. (3): General MISO Filter Block Diagram

3.1. THE FIRST PROPOSED APPLICATION CIRCUIT
The first application in Fig. (4) uses two VDBASs, two capacitors, three voltage inputs and

single voltage output.

N1 N2
Vi o—P1 7zp1 P2 zp2
Cl—— C2 ——
@] 0]
V2 V3

Figure (4): Proposed VDBA Multi Inputs Single Output First Filter Circuit

The proposed filter circuit in Fig. (4) gives the following output voltage transfer function
formula:
Vigmigmz + V2Gm25Cy + V35°C1C;

Vv, = —~Jdmigmz @ "29m22~1 7 732 m1m2 . (2)
° Im19mz2 + Gm2SC1 + s2C1C,

The output transfer function Vo of the filter mode circuit in Fig. (4) is computed
depending on the following Table (1) :
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Table (1): The computation of the proposed filters transfer functions

Filter Type | Vi V, V3 Transfer Function
Vi 9m19mz
LP Vv 0 0 Vy, =
I 0 Im19mz + Gm25C1 + s2C,C;,
V29m25Cy
BP 0 Vv 0 V, =
I 0 Imi9mz + Gm25C; + s2C1C,
V.s%C,C
HP 0 0 VN Vo = 35 M1z

Im19mz + Gm2SC1 + s2C,C,

Vi 9m19maz + Vas?CiC,
Im19mz + Gm2SC1 + s2C,C,

BS Vin 0 Vin Vo =

Vi 9m19mz2 — VoGmaSCy + Vas?C1C,

AP ViN | -Vin Vin |V, =
0 Imi9mz + Gm25C; + s2C1C,

The passive elements with a certain limits must be used to design the biquad VDBA filters
in order to realize all filter functions mentioned in Table (1) with the same pole frequency and
quality factor. The ideal pole frequency (wg) and the quality factor (Q) for such proposed

circuits are obtained as follows [10]:

’gmzc1
Q= e (3)
Imi1C2

_ /M
wWo = C.C, 4)

The proposed first circuit pole frequency (wg) and quality factor (Q) sensitivity with

respect to the passive elements is given as follows:

Wy w _ Wo __ Wo _1

Sgmz = Sgns = =S¢, =S¢, =3 ~(5)
Q  _ Q _ 2 _ 9 _1

ngZ - _ngl - SC1 - _SCZ -5 ” (6)

The absolute value of the sensitivity for the pole frequency and the quality factor at the
ideal case is obtained by choosing the value of all passive elements equaled to 0.5 as given in

the equations (5) and (6).
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3.2. THE SECOND PROPOSED APPLICATION CIRCUIT

The second application circuit in Fig. (5) consists of two VDBAS, two capacitors, three
voltage inputs and single voltage output. The difference between the two circuits is that the
connection principle is changed and the resistance (R1) is added to the circuit. The resistance
(R1) is employed by the second circuit for quality factor adjustment and performance

improvement issues.

Vout
N1 ® N2
VDBA \\1 VDBA W2
Vio——P1 zp1 VZo—— P2 zp2
c1L—1 R1 c2 1

o)
v v
Figure (5): Proposed VDBA Multi Inputs Single Output Second Filter Circuit

The proposed filter circuit in Fig. (5) gives the following output voltage transfer function

formula:

Vi9mi9mz + V29m1SCa + V3s*C41C,

Vo, = —gmigmz * "29m1o~2 T 73° ~1+2 (7
0 Im19mz2 + sC2G1 + s2C4C,

The circuit in Fig. (5) allows three inputs and single output and the results are calculated
based on equation (7) that allows (Low Pass Filter, Band Pass Filter, High Pass Filter, Band
Stop Filter and All Pass Filter) to be obtained in accordance with Table (2).
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Table (2): The computation of the proposed filters transfer functions

Filter Type | Vi V, V3 Transfer Function
Vi 9m19m2
LP Vin 0 0 V., =
0 Im19m2 + gm256161 + 526162
V29m25C1
BP 0 VIN 0 V —
0 Imi19mz + SClGl + SZClcz
V.s2C,C.
HP 0 O V|N VO — 3 1+~2 -
Imi19mz + sC1G; + s°C1C;
V. + V.s?C,C
BS Vin 0 Vin V, = 1 Ym19m2 387010,

" Imimz + SC1G1 + 52C,C,

Vi 9m19mz2 + V2Gma2SCy + Vas?C1C,

AP Vin | Vin | Vin vV, =
0 Im19mz + sC1Gy + s2C,C,

The ideal pole frequency (wg) and the quality factor (Q) for the application circuit in Fig.

(5) are obtained using equation (7) as follows:

_ 1 |9mgmC
G, C,

_ /M .........
Wy = C,C, 9)

For more clarity, Q can be replaced with different resistance value as independent natural

Q - (8)

frequency. Additionally, the resistance R1 can use NMOS transistor and can be altered
electronically through the control voltages. The sensitivity analysis of the second proposed

circuit with respect to active and passive elements is given as:
1

Wo __ W — W _ Wo __
S L= S 02 = —S L= -5 s _E (]0)
Imi gm2 Cq1 Cy 27994 — T4 T ( )

As a result, it is obvious form the equations (5), (6), (10) and (11), that the active and

passive sensitivity of @ and wq do not exceed unity.
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4. SIMULATION RESULTS

The theoretical analysis of the proposed biquad filter is proved by the computer
simulation. Simulation results are generated using LTSPICE program with TSMS CMOS
0.35 um. In the simulations the VDBA supply voltages , Biasing currents and the other
parameters of the first application filter circuit have been selected as follows:
supply voltage Vpp = 1.5 V , Vss = -1.5 V , biasing current Ig = 10 pA , Iss = 100 pA ,
transconductance value of g, = 730.7 pA/V, pole frequency wg = 1.16 MHZ , quality
factor @ = 1, passive elements C; = C, = 0.1 nF.
By using these parameters (Low pass, band bass, high pass, band stop, all pass) filter
functions are obtained as show in Fig. (6) and Fig. (7).

Whereas, the parameters of the second biquad filter that are used in the simulations have
been selected as follows:
supply voltage Vpp = - Vss = 1.5 V , biasing current Iz = 10 pA , Iss = 100 pA , passive
elements C; = C, = 0.1 nFand R; = (1,2,10) KQ.

The filter functions realized by the second filter are the same as the functions of the first
filter. For clarification, the aspect ratios of the transistors used in the circuit in Fig. (2) are
declared in Table (3) :

Table (3): Transistors aspect ratios for the VDBA

Transistors W(um) L(um)
M31-M4-M1g-M11-M1s5-Mig 7 0.35
Ms-Mg 21 0.7
M7-Mg 7 0.7
My 3.5 0.7
M12-Mag 14 0.35
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Fig. (6): The simulated result of the gain frequency response of Figure (4)

20 — — 0°
10 — — -100°
8 = ul
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Ideal
- &—e— Simulation —
-20 T T IIIIHI T lllllll T T Illllll T TTTTIT '400°
10%uz 10%mz 10%: 1071z 10"

Frequency(Hz)
Fig. (7): Gain and phase frequency response of all pass filter of Figure (4)

The frequency response of the simulated second filter is presented in Fig. (8) and Fig. (9).
The signal shown in Fig. (10) is large signal analysis of the second application circuit which
is simulated using 1 MHz input sinusoidal signal with 0.4 amplitude. The curves are

generated using (Golden Software Grapher v8.4.696).
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-100 T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII|
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Fig. (8): The simulated result of the gain frequency response of Figure (5)
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Fig. (9): The simulated result of the gain frequency response of Figure (5)
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Fig. (10): Large signal analysis of Figure (5) using 0.4 vpeak to peak Sinusoidal input voltage

In addition, the distortion performance of the second proposed filter circuit is tested and
simulated in order to obtain the result in Fig. (11). For an input less than 1.2 Vp-p, the
harmonic distortion increases slowly depending on the input voltage. It is obvious in Fig. (11)
below that (THD) still in tolerable range (1%). Therefore, the realistic usefulness of the
second circuit demonstrated in Fig. (11).

4 —
3 |
2 — T—

"_‘-\-.__\_\_\_\_\__\_R_\-
(==
' | ' | ' |

ov 0.4V 0.8V 1.2V
V., (peak to peak)

THD

Fig. (11): Total harmonic distortion of Figure (5)
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Fig. (12) shows that the quality factor can be improved by changing the value of the
resistor (Ry) between (1K, 2K, 10K) ohm without modifying the pole frequency.

Gain (dB)

—a—a 10K
w——— 2K
*——as—n K

-40

T IIIIIII| T IIIIIII| T IIIIIII| T IIIIIII|
1 n"Hz 1 D"H: 1 uin 107H1 1 D'H:

Frequency (Hz)

Fig. (12): The impact of the resistance R; to develop the Quality Factor

5. CONCLUSION

The paper focuses on designing a new kind of CMOS realization of voltage differencing
buffered amplifier. The implementation is satisfied using two voltage mode (MISO) biquad
filters. Each circuit constructed of two VDBASs and two or three passive elements. Both filter
circuits recognize the entire filter functions such that the natural frequency is adjusted
electronically with the bias voltage. Whereas, the quality factor of the second filter works as
independent natural frequency after being adjusted to resistor. As a result, the quality factor
and the natural frequency can be controlled independently in the second proposed filter
circuit. The circuits used in this paper, do not put the matching conditions of the employed
elements into consideration .Hence, this point plays a great role to make it appropriate for IC
technologies in order to feed the output signal with low impedance.

The designed circuits have the following features:

e Low passive sensitivity.

e Acceptable THD value range.

e Few passive elements.
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In addition, all filter functions (LPF, HPF, BPF, BSF, APF) are realized by adjusting
the input voltage.

Both filter applications realize the same filter functions but the second application is

considerably better than the first one due to the additional component (resistor R;) that is

employed by the second application which optimized the quality factor without modifying the

pole frequency.
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