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Abstract

An active parallel-resistor-inductor using single active element,
namely, voltage differencing differential difference amplifier
(VDDDA) is proposed in this paper. For this purpose, the resistance
and inductance values can be electronically tuned by adjusting bias
current of VDDDA. With this feature, the proposed active parallel-RL
is attractive to apply in modern electronic devices. The proposed
circuit consists of one VDDDA, one resistor and one grounded
capacitor. The performance of the proposed active parallel-RL
is simulated by PSpice using parameters of 0.18um TSMC
CMOS technology. The simulated results agree well to theoretical
anticipation. In particular, the application example as voltage-mode
second order high-pass filter using proposed parallel-RL is included to
show its usability.
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I. Introduction

The physical coil or inductor is very important in electrical and
electronic engineering. It is frequently applied in many applications,
especially in analog filter. However, the design of electronic circuit using
physical coil has been still had the following drawbacks, the usage of space,
weight, cost and tunability [1]. Therefore, the use of active inductor (or
called as inductance simulator) to design the signal processing circuit is the
excellent way. Mostly, the active inductor constructs from active element and
capacitor. Recently, the design of analog circuit using active building block
has been more popular than discrete transistor, because it provides the
flexibility for designer to implement the circuit with minimum number of
active and passive elements [2-6]. In particular, the electronically
controllable active building blocks are attractive to synthesis the modern
electronic circuits. From literature survey, it is found that inductance
simulator using different type of active building blocks can be found, for
instance, in [7-22]. However, these proposed inductance simulators so far
suffer from the following disadvantages:

e There is non-grounded capacitor, which makes the integration of the
active inductor difficult [11-14, 17-19].

e They require passive element matching condition [11, 12, 17, 18, 20].
¢ They do not exhibit electronic controllability [7, 9-12, 14-18].

e They excessively use number of active and/or passive elements [7-16,
18-20].

e The capacitor is connected to inappropriate terminal of active element,
which results in an extra pole, and consequently, lower frequency of
operation [21, 22].

The aim of this paper is to propose a grounded parallel-RL simulators
using single voltage differencing differential difference amplifier (VDDDA)
[23] as active element. The simulated resistance and inductance values can be
controlled electronically by adjusting the bias current of the VDDDA. The
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proposed simulator comprises one VDDDA, one resistor and one grounded
capacitor. The circuit performances are depicted through PSpice simulation,
they show good agreement to theoretical anticipation. An application as
second-order high-pass filter is included to confirm the usability of proposed
circuit.

I1. Proposed Circuit

A. Voltage differencing differential difference amplifier (VDDDA)

The principle of VDDDA was introduced in [23]. Its symbol and
equivalent circuit are, respectively, shown in Figure 1 and Figure 2, where
v+ and v— are the voltage input terminals. The voltage is converted to the
z-terminal current via a transconductance g,,, which can be tuned by the

external bias current. The differential difference of voltages V, -V +V,

is copied to the w terminal with the differential-input unity gain buffer. An
ideal VDDDA has low-impedance w terminal and high-impedance v, v_, z,

vp and vy terminals. The characteristics of VDDDA can be described as

follows:
Iy, 0 0 0 0 O v,
PR
Z — gm _gm VZ (1)
lyn 0 0 0 O
an
va 0 0 0 O Y
Vi, o o 1 -1 1)v"

For CMOS implementation of VDDDA shown in Figure 3, the g, is

given as
w
Om = \f“ncox T Ig, @)

where g is an external DC bias current of the VDDDA and is used to
control the g,,. un is the effective channel mobility. C,, is the gate oxide
capacitance per unit area. W is the channel width and L is the channel length.
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Figure 1. Electrical circuit symbol of VDDDA.
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Figure 2. Equivalent circuit of VDDDA.
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Figure 3. Internal construction of CMOS VDDDA.

B. Proposed active lossy inductance simulator

The proposed circuit realizing grounded active lossy inductance
simulator employing single VDDDA, single grounded capacitor, and single
resistor is shown in Figure 4. Considering VDDDA properties as described
in above, routine analysis of the proposed circuit in Figure 4 gives the
following input impedance:

Vin RC , 1

Zin =L =5—2/ —, 3
o, Om  Om ®)
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From (3), it is found that the circuit shown in Figure 4 performs a
parallel-RL with equivalent resistance Rq, and equivalent inductance Leg

which are given by

Req = a 4
and
CR
Leq = a . (5)

VDDDA W
vV, Z v, »
L 1
vin C R

Figure 4. Proposed active lossy inductance simulator.

If g, is equal to equation (2), then the resistance and inductance values
are subsequently modified to

1
Req = —W (6)
1nCox T Is
and
CR
Leq = @)
W
1nCox T Is

It is clearly seen from (6) and (7) that the resistance and inductance values
can be adjusted electronically by 15.

C. Non-ideal analysis

The previous analysis is based on the assumptions that VDDDA has
ideal properties. However, in practice implementation, the voltage tracking
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errors from the unity-value gain of internal differencing differential
difference voltage buffer, and also the parasitic terminal impedances of
VDDDA [23] will affect the circuit performance. Taking into account the
non-idealities of VDDDA, equation (1) can be modified as

lys o 0 0 0 0
Vs

Iy 0 o 0 0 O

| g —g 0 0 0 V-

S v |, ®)

lyn 0 0 0 0 o0l

lyp o 0 0 0 O vm

Viy 0 0 B, Bn Bp) "

where ,, Bn and B represent the voltage error gains from z, v, and v

terminals to w terminal. The influence of parasitic impedances of the v_

terminal of VDDDA is negligible because of their connection to low-
impedance outputs w. The most important parasitic impedances are resistive
and capacitive parts affecting the z terminal and v, terminal, acting in

parallel to C. Let us denote them R,, C,, and Ry, Cp, respectively. Taking
them into account together with equation (8), the non-ideal input impedance
for the circuit in Figure 4 becomes

_ 1 (1—[3p)+S(C+Cp)RJr R }”

IR, Il
sC, : { B29m Bz9m BzImRp
Zin . 9

1 1-Bp 1
HS(C + Cp)// Rp](ﬁzngj " Bzgm}

I11. Simulation Results

Simulation results with PSpice program were carried out to verify
appropriate function of the proposed active parallel-RL in Figure 4. Internal
construction of VDDDA [23] used in simulation is illustrated in Figure 3.
The parameters of PMOS and NMOS transistors are a 0.18um TSMC CMOS
technology. The aspect ratios of PMOS and NMOS transistors are listed
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in Table | [23]. The circuit was biased with +0.9V supply voltages and
Vg = —0.35V. The lossy grounded inductance simulator from Figure 4 was

designed with the following active and passive element values: bias current
Ig = 50pA, resistor value R =120Q and capacitor value C = 47pF.

Table I. Dimensions of the MOS transistors

Transistor W (um) L (um)
M1-2 9 1.08
M3-4 3.96 1.08
M5-7 3.6 1.08
M8-11 0.72 1.08
M12-M14 2.16 1.08
10M 71004 - ~
phase
O s || >\
S1okl God——""" — _—
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£ |-50d —
100 — \
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Figure 5. Simulated magnitude and phase responses of the impedance of the
proposed lossy inductance simulator shown in Figure 4.

Figure 5 shows the phase and magnitude of input impedance of the
circuit in Figure 4. It should be noted that at low and high frequencies, the
internal parasitic elements covering capacitances and resistance degrade the
performances of the proposed active parallel-RL simulator. Figure 6 shows
impedance values with different lg. It is confirmed that the simulated

resistance and inductance values can be adjusted by input bias current as
shown in (6) and (7). The total power consumption is about 76.8uW.
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Figure 6. Simulated magnitude responses of the impedance of the proposed
lossy inductance simulator shown in Figure 5 for different 1.

IV. Application Example as 2nd High-pass Filter

In order to show the domain performance of the proposed active inductor
in Figure 4, the second-order voltage-mode high-pass filter in Figure 7 was
performed. The voltage transfer function is given as:

Vo 5*
Vin s+ . + .
Requ Lequ
vo—i| 3
Cx | I 1

Figure 7. The second-orde

i parallel-RL
“  simulator in

~

Fig. 4

r voltage-mode high-pass filter.

From equation (10), the pole frequency and quality factor are

1
0)0 =
LeqCx
and
C
Q = Req —

(10)

(11)

(12)
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Figure 8. Simulated gain response of the high-pass filter shown in Figure 7
for different Ig.

The filter was verified with 1g = 20pA, 50pA and 100pA, R = 120Q,
C =100pF and C, = 100pF. The high-pass responses with different 15 are

shown in Figure 8. It is confirmed that the cut-off frequency can be adjusted
by equivalent inductance by means of bias current as shown in (7).

V. Conclusion

In this paper, a new active parallel-RL simulator has been presented. The
proposed circuit has a simple configuration with single VDDDA, single
resistor and single grounded capacitor. The resistance and capacitance values
can be electronically tuned. Simulation results are also included to confirm
the characteristics of the proposed simulator. Finally, the application example
as high-pass filter constructed from proposed active parallel-RL is also
implemented to show the usability of the proposed circuit.
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