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Abstract. In this design, the use of single commercially available integrated circuit (I1C),
LT1228 from Linear Technology Corporation, to implement the first order allpass filter is
presented. The passband voltage gain of the presented first allpass filter (APF) is unit and
constant throughout the operation frequency, while the phase response is electronically tuned
by changing the external DC bias current. With this property, the proposed first order filter can
be used as phase shifter with microcontroller controllability. Tuning phase property is not
required any matching condition. The proposed phase shifter consists of one LT1228, one
capacitor and two resistors which is attractive for off the shelf implementation. Moreover, the
impedance at output voltage node is exhibit low which can connect to other circuit without the
requirement of external voltage buffer. The expected performances of the proposed circuit are
proved by Pspice simulation using macro model parameters. Also, the quadrature sinusoidal
oscillator which is designed from the connecting of the proposed filter and integrator is chosen
as application example.

1. Introduction
It is well-known that analog filter is one of the important functions in analog signal processing circuits.
This circuit is found in many applications for examples in communication system, power electronic
systems, instrument and measurement system etc. [1]. The allpass filter is one of analog filter which
has been developed and proposed continuously [2-5]. The property of allpass filter is different from
the high-pass, low-pass, band-pass and band-stop filter because there is no stop-band for allpass filter.
So, the allpass filter is used to pass the input signal to output signal with constant amplitude for all
frequency. However, the phase of the output signal will be shifted from the phase of input signal [6].
The LT1228 is integrated circuit manufactured by Linear Technology Corporation [7]. This integrated
circuit is considered as active building block (ABB) which is interesting active device for design the
analog signal circuit. The LT1228 consists of two basic active blocks, operational transconductance
amplifier (OTA) and current feedback amplifier (CFA). The transonductance (g.) of LT1228 is
electronically controlled via DC bias current. So, the LT1228 based circuits [8-11] are easily
controlled by microcontroller which is the important requirement for modern circuit.
Several voltage-mode first order allpass filters or phase shifter circuits employing the voltage or
current ABBs have been reported in the open literature [12-31]. However, these reposed first order
allpass filters have at least one of the following inconveniencies:

e Contain more than one active building block [13, 18, 21].
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Lack of electronic controllability [12, 17, 23, 24, 26, 27, 28, 29, 30, 31].

Tuning phase property requires the constraint matching condition of two active or passive
elements [15, 16, 17, 25, 28, 29].

Impedance at output voltage node doesn’t exhibit low which requires the voltage buffer for
cascading [15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 27, 28, 29, 30, 31].

Need the active building block which contains multiple current output terminal [15, 16, 24, 27].

o The used active building block is not implemented from single commercially available I1C [14,
15, 16, 17, 18, 19, 20, 23, 24, 26, 27, 28, 29, 30].

This paper introduces the design of voltage mode phase shifter circuit employing single LT1228 as

active building block connecting with single capacitor and two resistors. The tuning of phase response

is electronically adjusted with no need of the constraint matching condition of two active or passive

elements. The functionalities of the presented phase shifter circuit were simulated by Pspice program.

2. Principle of Operation
In this section, the details of active building block and proposed first order allpass filter are given as
follows.

2.1.LT1228

In this section, brief detail of the main active device will be described. The internal configuration of
LT1228 is shown in Fig. 1. It has eight pins which is the connection of OTA and CFA. The high
impedance inverting and non-inverting voltage inputs are pin 2 and 3, respectively. The high
impedance current output of OTA which is connected to the non-inverting voltage input of CFA is at
pin 1. The external bias current used to control the transconductance of OTA is at pin 5. The high
impedance non-inverting voltage input of CFA is at pin 8. The low impedance voltage output is at pin
6. The negative and positive voltage power supplies are respectively at pin 4 and pin 7. The electrical
symbol of LT1228 is illustrated in Fig. 2. The electrical property of LT1228 is characterized with the
following matrix equation

IZ:gm(V+_V—);Vx :VZ;VWZIXRT (1)

where Ry represents the transresistance of LT1228 and it is infinity in ideal case. The
transconductance gain of LT1228 is adjusted electronically via Ig [3]

gm :1OIB (2)
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Figure 1. Pin configuration of LT1228. [7] Figure 2. Symbolic of LT1228. [11].

2.2. Proposed voltage-mode first order allpass filter

Figure 3 shows the proposed circuit composed of one LT1228, one capacitor and two resistors. It is
found that the voltage output is at low impedance terminal w. The voltage transfer function of the
circuit in Fig. 3 is as follow:

Ve g,—sC
G ©

Considering the voltage transfer function as appeared in (3), passband voltage gain, the phase response
(6) and the natural frequency (o) are obtained respectively as
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[T(s)|=L60=180-2tan" [gﬁ] and @, = %:—m 4
Thus, the 6 and wy are electronically varied by adjusting the external DC bias current Ig. It should be
noted from (4) that the phase response is shifted from 180° to 0° which is implied that the phase of the

output voltage is leaded to the phase of the input voltage. Moreover, the o, can be linearly controlled
via lg.
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Figure 3. The proposed first order allpass Figure 4. The gquadrature oscillator based on
filter proposed first order allpass filter.

2.3. Application example as the quadrature sinusoidal oscillator

To show the utilization of the proposed fist order filter, it is employed to design the quadrature
oscillator by connecting the first order and inverting lossy integrator. The complete voltage mode
quadrature sinusoidal oscillator is shown in Fig. 4. It is noted that the output voltage nodes, v,; and Vo,
are at w terminals which have low impedance. Consequently, it can be connected to other circuit or
driven external load without the requirement of any external voltage buffer. Routine analysis of the
circuit in Figure 4, the characteristic equation is obtained as

SZC1C2 +Sczgm1 _Sclgmz +0mOm = 0 (5)

From (5), the frequency of oscillation (FO) and condition of oscillation (CO) can be expressed as

Dy = % and C,9, <C,0p, ©)

It is found from (6) that the FO and CO can be electronically controlled via gm; or gm; Which is easily
controlled by microcontroller. The phase relationship of v,; and vy, is given by
V

Yoo _ Oma. 7
v, SC, )

The phase difference between the output voltage vy, and vy, is 90° where the phase of the vy, signal is
leaded to the phase of the v, signal as analyzed in (7).

3. Simulation Results

First, the workability of the filter topology given in Fig. 3 was verified through PSPICE program. The
DC power supply voltages, Vcc = -Vee were equal to 45V and external DC bias current of LT1228
employed to adjust the transconductance value was chosen as Ig = 65 pA. In this design, the values of
resistors and capacitor were chosen as 1kQ and 1nF, respectively. The simulated passband voltage
gain and phase characteristic of the output voltage are shown in Fig. 5. It is evident that the passband
voltage gain is unity (0dB) and constant over operational frequency while phase response is shifted
from 180° to 0° which is accordance to the theoretical prediction (Eq. 4). At frequency of 100kHz, the
simulated values of passband voltage gain and phase response are 0.992 and 91.52° respectively. The
theoretical these values calculated from (4) at frequency of 100kHz are 1 and 91.97°, respectively. A
little error deviation of 0.8% and 0.49% between the theoretical and simulation value stems from the
non-ideality of LT1228 such as the voltage/current tracking errors and the parasitic elements etc.



2019 International Conference on Smart Materials Applications IOP Publishing
IOP Conf. Series: Materials Science and Engineering 559 (2019) 012009 doi:10.1088/1757-899X/559/1/012009

Figure 6 shows the phase response of the output voltage where the external DC bias current Iz was
changed to 35uA, 65uA and 115pA. It is evident that at frequency of 100kHz, the phase response are
respectively located to 57.49°, 91.52° and 121.99°, respectively. This result confirms the theoretical
expectation as analyzed in (4).
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Figure 5. Simulated gain and phase response Figure 6. Phase relationship of for different Ig.

Second, the performances of the quadrature sinusoidal oscillator in Figure 4 were verified via PSpice
program. The DC power supply voltages, Vcc = -Vee Were equal to 35V and external DC bias currents
of LT1228 employed to adjust the transconductance values were chosen as lg; = 65 pA and lg,=70uA.
In this design, the values of resistors and capacitor were chosen as R=1k and C;=C,=1nF. The
simulated sinusoidal output waveform during steady state is shown in Fig. 7. It is found that the circuit
in Fig. 4 can generated the quadrature sinusoidal output waveform as analyzed in (7). The simulated
output spectrum of vy, and vy, signals is illustrated in Fig. 8, where the FO is 100kHz. The total
harmonic distortions (THD) of v,; and v,, signal are 1.54% and 1.31%, respectively.
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4. Conclusion

The single commercially available IC, LT1228 based voltage-mode first order allpass filter is designed
in this paper. The advance features of the proposed circuit are electronic tunable phase response, low
output impedance and minimum number of active element. Moreover, the matching condition of
active or passive element is not required for tuning the phase response which is easy to design the bias
current circuit by controlling with microcontroller. To show the usability of the proposed circuit, the
guadrature oscillator is designed by connecting the proposed first order filter and lossless integrator.
The presented circuits were verified via Pspice simulations and the results agree well with theoretical
expectation.
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