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Abstract  

This study aims to design an electronically tunable voltage-mode (VM) universal filter utilizing commercially 

available LT1228 integrated circuits (ICs) with three-input and single-output (TISO) configuration. With the 

procedure based on two integrator loop filtering structures, the proposed filter consists of two LT1228s, four 

resistors, and two grounded capacitors. It realizes five filter output responses: low-pass, all-pass, band-reject, 

band-pass, and high-pass functions. By selecting input voltage signals, each output responses can be achieved 

without changing the circuit architecture. The natural angular frequency can be controlled electronically. The input 

voltage nodes Vin1 and Vin3 possess high impedance. The output node has low impedance, so it can be cascaded to 

other circuits. The performance of the proposed filter is corroborated by PSpice simulation and hardware 

implementation which support the theoretical assumptions. The result shows that the range of total harmonic 

distortion (THD) is lower than 1%, and that the higher the temperature is, the lower the natural angular frequency is. 

 
Keywords: universal filter, electronic controllability, LT1228, three-input and single-output  

 

1. Introduction 

Nowadays, many researchers give close attention to design multifunction or universal filters for providing various output 

responses without changing the circuit infrastructure. Among their proposed filters, the multiple-input single-output (MISO) 

multifunction filtering circuit using active building blocks (ABBs) is the most famous one. By switching on or off different 

input voltage signals, various output responses can be obtained. The advantages of ABBs include the compact structure and the 

cascade-able characteristic to other circuits. The circuits using the electronically controllable ABBs that are easily controlled 

by microcontrollers can make them essential for the use in modern analog circuits. Although ABBs are suitable for 

implementing circuit designs into an integrated circuit (IC) because of their small size, high circuit efficiency, low voltage, low 

power, etc., the process of implementing an IC into a chip is expensive. To lower the cost, some circuit designs use 

commercially available ABBs in specific applications because they are attractive and cheaper than other complementary metal 

oxide semiconductor (CMOS) or bipolar junction transistor (BJT) technology-based filters [1-7].  

The realization of the analog biquad filter circuits using commercially available ABBs in specific applications has 

attracted great attention from researchers. The analog active filters using commercially available IC: LT1228 have been 

developed in electronic circuit designs for analog signal processing due to their advantageous features: cheapness, low total 
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harmonic distortion (THD), electronic control, fast transconductance amplifier, etc. The fast transconductance amplifier means 

the high slew rate (now LT1228 can get slew rate of 1000V/µs) that provides low-power and low-voltage design with high gain 

and high speed. Many research areas mainly focus on the analog active filters with these advantageous features, which are 

frequently used in the communication system, industrial electronic sensor technology, instrumentation, and control 

applications. LT1228 consists of an operational transconductance amplifier (OTA) that can convert the electric voltage (V) into 

the electric current (I) and a current feedback amplifier (CFA) that can amplify the OTA’s output voltage. The CFA of LT1228 

has high input impedance that offers an excellent buffer for its OTA. The LT1228 can actualize the gain control by varying the 

values of an external direct current (DC) bias current, IB. Moreover, the LT1228 CFA can provide a wide range of voltage gain. 

As a result, it can be easily connected to other circuits. It can also drive low impedance loads like other CFAs with great 

linearity for high frequency applications [8]. 

In the open literature, many MISO universal biquadratic filters with ABBs have been reported [9-37]. Some simulations 

of CMOS or BJT technology-based filters are proposed only due to the expensive cost of implementing the circuits into chips 

[12, 17, 19, 22, 24, 36]. Some ABBs requiring two or more commercially available ICs have been reported in previous studies 

[25-28, 30-35]. Other ABBs do not use grounded capacitors [16, 24-25, 28-30, 34, 37]. Moreover, some proposed filters do not 

have high input impedance [17, 19, 21, 24-25, 35]. Some proposed filters do not have low output impedance, so they do not 

require additional buffers at their output nodes [9-12, 16-21, 23, 28, 35-36]. Some proposed filters cannot conduct the 

electronic tuning for the natural angular frequency (ω0) and the quality factor (Q) [13-25]. Some filters cannot provide all five 

filtering responses: low-pass (LP), all-pass (AP), band-reject (BR), band-pass (BP), and high-pass (HP) functions [13, 14, 17, 

21, 25, 35, 36].  

The focus of this work is to propose a three-input and single-output (TISO) voltage-mode (VM) universal filtering circuit 

using LT1228s. The proposed TISO filter design uses grounded capacitors, so it can reduce the parasitic impedance effects in 

LT1228 ICs. The electronic control of this design for ω0 and Q can be conducted by a microcontroller or microcomputer, 

which is crucial for modernized analog circuits. The first input voltage (Vin1) and the third input voltage (Vin3) have high 

impedance. Also, the output voltage exhibits a low impedance level, so it can directly connect to other VM circuits without any 

buffer. The comparison of simulation and experimental results is described in this article to explore the accurate performance 

of the proposed TISO filter.  

2. Principle of Operation 

2.1.   Description of LT1228 
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(a) Symbolic representation (b) Equivalent circuit (c) Pin diagram 

Fig. 1 LT1228 

Fig. 1(a) describes the symbolic representation of LT1228 [8]. The V+, V−, and y terminals of LT1228 have high 

impedance while the x and w terminals of LT1228 have low impedance. Figs. 1(b)-(c) represent the equivalent circuit and the 

pin diagram of LT1228, respectively [8]. The hybrid matrix form of LT1228 for the V-I relationship can be characterized as 

follows: 
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where RT is the transresistance gain that has a very large value. The RT value is considered infinity as an ideal case. The value 

of small-signal gm in Eq. (1) can be controlled electronically by varying the bias currents IB of LT1228 as follows: 

/ 3.87
m B T

g I V=  (2) 

where IB is the DC bias current, and VT is the thermal voltage. 

2.2.   Synthesis block diagram of TISO VM universal filter 
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Fig. 2 Block diagram based on two lossless integrators of the proposed TISO VM universal filter  

Fig. 2 illustrates the block diagram of the VM filter with TISO configuration. Eight basic blocks are used to synthesize the 

TISO filter: two lossless integrators, two voltage gain amplifiers, and four voltage summing circuits. The first summing 

block’s input voltage nodes are Vin1 and Ve, and its output voltage node is Va. The first lossless integrator’s input voltage node 

is Va , and its output voltage node Vb is multiplied by the double voltage gain amplifier. The second summing block comprises 

double input voltage nodes: the Vin2 node and the Vb node multiplied by double voltage gain amplifier, and its output voltage 

node is Vo. The third summing block’s input voltage nodes are Vin3 and Vo, and its output voltage node is Vc. The second 

lossless integrator’s input voltage node is Vc, and its output voltage node Vd is multiplied by the double voltage gain amplifier. 

The fourth summing block has dual input voltage nodes: the Vd node multiplied by double voltage gain amplifier and the Vo 

node, and its output voltage node is Ve. a and b represent the time constants of the two lossless integrator stages. The block 

diagram has three input voltage nodes Vin1, Vin2, and Vin3 with one voltage output node Vo. 
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(3) 

According to Eq. (3), a single output voltage node Vo provides the following five filtering output responses. 

(1)  To get the LP function with unity passband voltage gain at the output node Vo, the input voltage signal must be applied at 

the Vin3 node, and the other nodes Vin1 and Vin2 must be grounded. 

(2)  To get the HP function with unity passband voltage gain at the output node Vo, the input voltage signal must be applied at 

the Vin2 node, and the other nodes Vin1 and Vin3 must be grounded. 

(3)  To get the BP function with unity passband voltage gain at the output node Vo, the input voltage signal must be applied at 

the Vin1 node, and the other nodes Vin2 and Vin3 must be grounded. 
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(4)  To get the BR function with unity passband voltage gain at the output node Vo, the inverting input must be applied at the 

Vin2 node, the non-inverting input voltage signal must be applied at the Vin3 node, and the Vin1 node must be grounded. 

(5)  To get the AP function with unity passband voltage gain at the output node Vo, the inverting input voltage signal must be 

applied at the Vin2 node, and the non-inverting input voltage signal must be applied at both Vin1 and Vin3 nodes. 

Eq. (3) shows that the unity gain passband filter can be obtained for five filtering functions, and ω0 and Q are respectively 

obtained as:  

0

2

ab
=ω  (4) 

a
Q

b
=   (5) 

Eq. (4) and (5) describe that ω0 can be controlled without affecting Q by simultaneously adjusting the time constants (a and b) 

of the integrator circuits.  

2.3.   TISO VM universal filter 

Fig. 3(a) illustrates the synthesis of the complete block diagram of the TISO VM universal filter using LT1228 as ABB 

[38]. It is composed of double voltage summing circuits and two lossless integrators. The synthesis configuration of the first 

lossless integrator is obtained by using the grounded capacitor C1 and the first LT1228. Using the grounded capacitor C2 and 

the second LT1228, the second lossless integrator can be obtained. To get the first voltage summing circuit, the first LT1228 

and the resistors R1 and R2 are used. The second voltage summing circuit is also built utilizing the second LT1228 and the 

resistors R3 and R4. However, Vin2 is applied to series resistance R2, so the input voltage nodes Vin1 and Vin3 have high impedance. 

The output voltage node (Vo) is at w terminal which provides ideally zero output impedance. Using this beneficial property, the 

proposed TISO universal filter can be directly connected to the external loads or input nodes of other VM circuits without using 

additional buffer devices. In practice, the output resistance (Zo) of the proposed filter is around Zo ≅ Rw1 // R1 because the output 

resistance at w terminal (Rw1) is not zero. The following output voltage equation of this proposed filter is expressed in Eq. (6). 
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(a) Circuit diagram (b) With SPDT analog switch 

Fig. 3 The proposed TISO VM biquad universal filter 

According to Eq. (6), a single output voltage node that has low impedance provides five filtering output responses, as 

shown in Table 1. Number 1 denotes that the input voltage signal must be applied at that input node, number -1 denotes that the 

inverting input voltage signal must be applied at that input node, and number 0 denotes that the input node must be grounded. 
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Table 1 Selection for each filtering response and filtering parameters 
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From Eq. (6), the five filtering output responses with unity passband voltage gain are provided. According to the 

above-mentioned description of ω0 and Q, the electronic tuning of the proposed circuit for ω0 is provided by varying the 

external DC bias currents value. To solve the input switching problem between the state when the input nodes are grounded 

and the state when the input nodes are used, the TS5A3159 analog switch is used, as shown in Fig. 3(b) [38]. This device is a 

single-pole double-throw (SPDT) analog switch with six pin configuration that only has one input terminal and two output 

terminals. When pin 6 (IN) is applied to a high signal (i.e., any digital output pin of microcontroller is connected to it), it 

provides pin 4 (COM) connected to pin 1 (NO). This means that pin 4 is applied to the related input voltage node of the 

proposed filter. Then, pin 5 is connected to VCC of the microcontroller. To complete the circuit when the switch is not pressed, 

the pulldown resistor is needed. This device is suitable for portable audio applications due to its excellent THD performance 

and very low power consumption [39]. 

3. Parasitic Effects of LT1228 

The parasitic effects of LT1228 deviate the performance of the proposed TISO filter. The V+, V-, and y terminal have high 

impedance so that the parasitic components R and C are paralleled, named as R+, C+, R-, C-, Ry, and Cy, respectively. The x and 

w terminals with low impedance show up in the arrangement resistors Rx 
and Rw, individually. The important transresistance 

gain RT is described as parallel to RT and CT, which are most effective on the circuit function. In the summing circuits, 

LT1228’s datasheet states that the value of the resistors (R1 and R3) providing feedback from w to x terminal should be low [8]. 

As a result, CT and RT effect can be reduced, and a wider range of operating frequency can be achieved. Besides, if the passband 

frequency range of the TISO filter is expected below 10 MHz, there will be only parasitic effects from R-, C-, Ry, Cy, R+, and C+ 

terminals (the parasitic effect from Rx, Rw, RT, and CT terminals are ignored). With these parasitic effects of LT1228, the output 

voltage equation of this TISO filter in Fig. 3(a) is as follows: 
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According to Eq. (7), the natural angular frequency and the quality factor with parasitic elements are as follows:  
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According to Eqs. (7), (8), (13), and (14), the non-ideal LT1228 affects the performance of the TISO filter response, such as the 

operational frequency, passband voltage gain, natural angular frequency, and quality factor. 

4. Simulation Results 

The proposed filter has been simulated with PSpice simulation. The LT1228’s macro model is utilized. According to the 

LT1228 datasheet with IB = 100 µA, the LT1228 parasitic elements are obtained as R+ = R- = 200 kΩ, C+ = C- = 3 pF, Ry = 8 

MΩ, and Cy = 6 pF. RT = 197.66 kΩ, CT = 5.95 pF, rx= 46.92 Ω, and rw = 19.80 Ω are obtained from simulation. The power 

supply voltages of the proposed filter are ±5 V. The component values used in this filtering circuit are expressed as the 

following. 1 kΩ is chosen for all resistors (R1, R2, R3, and R4), 2.7 nF is selected for two capacitors (C1 and C2), and 123.6 µA is 

used for all external bias currents (IB1 and IB2).  

From Table 1, f0 and Q are achieved as 145.72 kHz and 1, respectively. The magnitude of the four filtering output 

responses (LP, HP, BP, and BR) versus the frequency of the TISO filter is shown in Fig. 4. The simulated quality factor Q = 

0.98 and the natural angular frequency f0 = 143.55 kHz can be verified in this figure. The percent deviation of the expected and 

simulated value of Q and f0 is 2% and 1.4%. To obtain the gain = 0 dB and f0 = 143.55 kHz for AP function, the bias currents 

are set to 123.6 µA, and the values of all resistors are set to 1 kΩ. The magnitude response and phase angle of AP filter function 

are illustrated in Fig. 5. To control the f0 value without disturbing Q, IB1 and IB2 are simultaneously adjusted to 70 µA, 140 µA, 

and 210 µA. Using a microcontroller, the variation of bias currents will be easily obtained. With these above values of DC bias 

current and Q = 0.98, different values of f0 are plotted at 81.66 kHz, 155.95 kHz, and 243.78 kHz, respectively.  
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Fig. 6 verifies that f0 can be linearly and electronically controlled without affecting Q. The simulated BP frequency 

response with four different temperature values is shown in Fig. 7. According to Table 1, f0 has an inverse relationship with VT, 

so the higher the temperature value is, the lower the f0 is. Fig. 8 presents the simulated LP, HP, BP, and AP functions of THD 

values versus the amplitude of the input voltage, where the sinusoidal input voltage ranges from 1 mVP to 100 mVP. The 

proposed TISO filter is designed to have f0 = 143.55 kHz. It can be verified that the range of THD values is adjusted from 

0.018% to 9.5236%, and that the value of all functions (LP, HP, BP, and AP) is not above 1% below 40 mVP of the sinusoidal 

input voltage signal. The BR function of the TISO filter for THD values is shown in Fig. 9, where the low and high passband 

frequencies are respectively located at 10 kHz and 1 MHz. The range of THD values is varied from 0.02% to 0.15%, and the 

value for 10 kHz is not over 1% at the amplitude of the input voltage below 40 mVP.  

Figs. 4-9 show that the simulation results of the proposed filter operate under the theoretical facts. It is obvious that the 

LT1228 parasitic elements (especially RT) as analyzed in section 3 noticeably affect the performance of the proposed filter at 

high frequency. According to the experiment, this effect also appears from the wiring and breadboard. The simulated output 

impedance Zo is around 60.12 Ω. The simulated frequency band of this filter is about 10 MHz. The range of THD value is lower 

than 1% when the applied amplitude of the sine wave input signal is lower than 40 mVp. 
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Fig. 4 Simulated magnitude response of TISO filter 
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Fig. 5 Simulated magnitude and phase response of AP filter function 
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Fig. 6 Simulated BP frequency response with different values of IB at Q = 0.97 
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5. Experimental Results 

The proposed universal filter is experimentally tested by using two LT1228s. This circuit uses GW Instek GPS-3303 

power supply for supplying ±5 V. The voltage measurement of the sine wave input signal and the resultant output waveforms 

are obtained via Keysight DSOX1102G oscilloscope. The experimental setup is illustrated in Fig. 10. The external DC bias 

currents and passive component values for this circuit are set as IB1 = IB2 = 123.6 µA, C1 = C2 = 2.7 n F, and R1 = R2 = R3 = R4 = 

1 kΩ. The natural angular frequency and the quality factor are analyzed by using the mentioned component values in Table 1, 

providing f0 = 145.72 kHz and Q = 1.  

Fig. 11 shows the LP, BP, HP, and BR filtering responses of the TISO filter for the measured experimental magnitude 

response. To maintain the linear operating region of LT1228, the proposed filter uses the input voltage amplitude 50 mVp-p. 

The experimental natural angular frequency of the proposed TISO filter is approximately 144 kHz, so the percent deviation of 

calculated and experimental values of f0 is about 1.2%. The experimental magnitude response and phase angle of AP are 

demonstrated in Fig. 12. This figure verifies that the phase angle of the TISO filter is shifted between 0 and 360. To investigate 

the measured input signal and the resultant output waveforms of the BP filtering response for the TISO universal filter, a sine 

wave input signal with a peak-to-peak voltage value of 50 mVp-p is applied (@ 50 kHz, 144 kHz, and 500 kHz). It is proved that 

the amplitude of the output voltages is attenuated at low (50 kHz) and high frequency (500 kHz) while the amplitude of the 

input and output voltages are the same at the natural angular frequency (144 kHz) in Fig. 13.  

The tuning of the natural angular frequency with the constant kept at Q = 0.98 is tested. In this experiment, three different 

bias currents IB1 = IB2 = IB are assigned to 70 µA, 140 µA, and 210 µA. The result of the experimented natural angular frequency 

with these bias currents is shown in Fig. 14. The experimented natural angular frequency is located at 82.6 kHz, 163.5 kHz, and 

246.8 kHz, respectively. By using a microcontroller, the varying value of IB1 and IB2 is easily done in practical work. The AP 

transient response of the proposed TISO universal filter can be investigated in Fig. 15, where a sinusoidal wave with a 

peak-to-peak voltage value 50 mVp-p @ 50 kHz, 140 kHz, and 500 kHz is applied to the input of this filter. It is verified that the 

amplitude of the input and output voltages are the same at the above-mentioned three different frequencies. The comparison 

between the filter design proposed in previous studies and the one proposed in this present study is shown in Table 2. 
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Fig. 10 Experimental setup 
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Fig. 11 Experimental gain response of TISO filtering circuit  
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Fig. 12 Experimental gain response and phase angle of TISO AP filtering circuit  

 

 
(a) f = 50 kHz 

Fig. 13 Measured BP transient response of TISO universal filtering circuit 
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(b) f = 144 kHz (c) f = 500 kHz 

Fig. 13 Measured BP transient response of TISO universal filtering circuit (continued) 
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Fig. 14 Experimental BP function of TISO filter with three different IB values  

 

 
(a) f = 50 kHz 

  
(b) f = 140 kHz (c) f = 500 kHz 

Fig. 15 Measured AP transient response of TISO universal filter 
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Table 2 Comparison between the proposed design using LT1228s and other VM filters with different ABBs 

(OTA = operational transconductance amplifier; AD844 = commercially available IC from Analog Devices, Inc.; CCII = second-generation current conveyor; DVCC = 
differential voltage current conveyor; DDCC = differential difference current conveyors; FDCCII = fully differential current conveyor; CDBA = current difference buffered 
amplifier; VD-DIBA = voltage differencing differential inverted buffered amplifier, VDCC = voltage differencing current conveyor; VDBA = voltage differencing buffered 
amplifier; VDDDA = voltage differencing differential difference amplifier; EX-CCCII = extra X current controlled conveyor; DDCCTA = differential difference current 
conveyor transconductance amplifier; DVCCCTA = differential voltage current controlled conveyor transconductance amplifier; NA = the information not available; MISO = 

multiple-input and single-output; MIMO = multiple-input and multiple-output; SIMO = single-input and multiple-output; Sim. = simulation; Exp. = experiment. In this table, 
the supply voltage and power consumption are obtained from the experimental results. “**” means that the natural angular frequency is obtained from CMOS technology 
simulation.) 

 

Ref. ABB 
No.  
of 

ABBs 

No. of 
commercial 

ICs 

Filtering 
category 

Grounded 
capacitors 

Low 
output 

impedance 

High  
input 

impedance 

Supply 
voltage, 
power 

consumption 

Natural 
angular 

frequency, 
fo (Hz) 

Electronic 
tune of ω0 

Filtering 
responses 

Sim. 
/Exp. 

[9] OTA 5 5 MIMO Yes  No Yes 
±15 V,  

114-861 mW 
159.16 k Yes 

LP, HP, BP, 
BR, and AP 

Both 

[10] OTA 6 6 MISO Yes No Yes ±5 V, NA 31 k Yes 
LP, HP, BP, 
BR, and AP 

Both 

[11] OTA 8 8 SIMO Yes No Yes ±5 V, NA 30.55 k Yes 
LP, HP, BP, 
BR, and AP 

Both 

[12] OTA 6 - SIMO Yes No Yes NA 1.5 M ** Yes 
LP, HP, BP, 
BR, and AP 

Sim. 

[13] AD844 3 3 MIMO Yes Yes Yes 
±6 V,  

168 mW 
117.9 k No HP, BP, and LP Both 

[14] AD844 3 3 SIMO Yes Yes Yes 
±6 V,  

168 mW 
102 k No 

LP, BP, and 
BR 

Both 

[15] AD844 3 3 MIMO Yes Yes Yes 
± 6 V,  

180 mW 
39.79 k No 

LP, HP, BP, 
and BR 

Both 

[16] CCII 2 3 MISO No No Node Vin3 ±6 V, NA 72.34 k No 
LP, HP, BP, 
BR, and AP 

Both 

[17] CCII 4 - SIMO Yes No No NA NA No LP, HP, and BP Sim. 

[18] CCII 4 4 SIMO Yes No Yes ±15 V, NA 16 k No 
LP, HP, BP, 
BR, and AP 

Both 

[19] DVCC 2 - SIMO Yes No No NA 795.75 k ** No 
LP, HP, BP, 
BR, and AP 

Sim. 

[20] 

DDCC 3 3 MISO Yes No 

Nodes 
Vin1, Vin2, 
Vin3, Vin4, 
and Vin6 

±15 V, NA 159.155 k No 
LP, HP, BP, 
BR, and AP 

Both 

DDCC 3 3 SIMO Yes No 

Nodes 
Vin1, Vin2, 
Vin3, Vin4, 
and Vin6 

±15 V, NA 159.155 k No 
LP, HP, BP, 
BR, and AP 

Both 

[21] 
DDCC 

(Fig. 4 (b)) 
4 - SIMO Yes No No NA 864 No LP, HP, and BP Both 

[22] DDCC 3 - SIMO Yes 
Nodes BR 

and AP 
Yes NA 3.18 M ** No 

LP, BP, HP, 
BR, and AP 

Sim. 

[23] 

FDCCIIDDCC 
1 
1 

1 
1 

SIMO Yes No 
Nodes 

Vin2, Vin4, 
and Vin5 

±15 V, NA 159.155 k No 
LP, HP, BP, 
BR, and AP 

Both 

FDCCIIDDCC 
1 
1 

1 
1 

MISO Yes No 
Nodes 

Vin2, Vin4, 
and Vin5 

±15 V, NA 159.155 k No 
LP, HP, BP, 
BR, and AP 

Both 

[24] CDBA 2 - MISO No Yes No NA NA No 
LP, HP, BP, 
BR, and AP 

Sim. 

[25] CDBA 1 3 SIMO No Yes No ±5 V, NA NA No LP, HP, and BP Both 

[26] 

VD-DIBA 2 4 MIMO Yes 
Nodes Vo1 

and Vo3 
Yes ±5 V, NA 100 k Yes 

LP, HP, BP, 
BR, and AP 

Both 

VD-DIBA 2 4 SIMO Yes 
Nodes HP 

and BR 
Yes ±5 V, NA 100 k Yes 

LP, BP, HP, 
and BR 

Both 

[27] VD-DIBA 2 4 MISO Yes Yes Yes ±5 V, NA 350 k Yes 
LP, HP, BP, 
BR,  and AP 

Both 

[28] VDCC 1 4 MISO No No Node Vin5 ±5 V, NA 2.05 M Yes 
LP, HP, BP, 
BR, and AP 

Both 

[29] VDBA 2 2 MISO No Yes 
Nodes Vin1 

and Vin3 
±5 V, NA 1.59 M Yes 

LP, HP, BP, 
BR, and AP 

Both 

[30] VDBA 2 4 MISO No Yes Yes ±5 V, NA 50 k Yes 
LP, HP, BP, 
BR, and AP 

Exp. 

[31] VDDDA 2 4 MISO Yes Yes Yes ±5 V, NA 49 k Yes 
LP, HP, BP, 

BR, AP 
Both 

[32] VDDDA 2 4 MISO Yes Yes Yes ±5 V, NA 180 k Yes 
LP, HP, BP, 
BR, and AP 

Both 

[33] VDDDA 3 6 SIMO Yes 
Nodes HP 

and AP 
Yes ±5 V, NA 123 k Yes 

LP, BP, HP, 
BR, and AP 

Both 

[34] EX-CCCII 1 5 MISO No Yes No ±8 V, NA 722 k Yes 
LP, HP, BP, 
BR, and AP 

Both 

[35] 

DDCCTA 1 3 MIMO Yes No Yes ±5 V, NA 1.061 M Yes LP, BP, and HP Both 

DDCCTA 1 3 MIMO Yes No No ±5 V, NA 1.061 M Yes 
LP, HP, BP, 
BR, and AP 

Both 

DDCCTA 1 3 SIMO Yes No No ±5 V, NA 1.061 M Yes 
LP, HP, BP, 
BR, and AP 

Both 

[36] DVCCCTA 1 - SIMO Yes No Yes NA 3.84 M ** Yes LP, HP, and BP Sim. 

[37] LT1228 1 1 MISO No Yes Node Vin1 ±5 V, NA 155 k Yes 
LP, HP, BP, 
BR, and AP 

Both 

This study 
(Fig. 3(a)) 

LT1228 2 2 MISO Yes 
Nodes HP 

and BR 
Nodes Vin1 

and Vin3 
±5 V,  

115 mW 
144 k Yes 

LP, HP, BP, 
BR, and AP 

Both 
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6. Conclusions 

This research describes a new configuration of a TISO VM universal filter employing two LT1228s as ABBs that can be 

electronically tunable. The proposed TISO universal filter can obtain the cancellation of parasitic impedance effects due to the 

usage of double grounded capacitors. It can generate five output filtering functions: LP, AP, BR, BP, and HP. The input voltage 

nodes Vin1 and Vin3 have high input impedance. The proposed filter is capable of directly cascading to other VM circuits because 

its output voltage node exhibits low impedance. However, it requires an inverting input voltage signal for realizing AP and BR 

filter responses. The natural angular frequency can be linearly and electronically tuned. The provided simulation results 

employing LT1228s are performed to confirm the theoretical and experimental analysis. The range of THD value is lower than 

1% when the amplitude of sine wave input signal is lower than 50 mVp.  
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