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Abstract

Active circuit element tunable VDTA (VoltagDifferencing Transconductance Amplifier) based
floating-gate MOSFETS is proposed in this paper. The meatiofDTA is brought as the convenient element
current mode signal processing, which might be weiitable for variety of applications suchbiquad filters since
the circuit has the advantage of being tunable. Xm8Tsupposed for usage mostly in current modeudsdut it is
also good choice in case of voltage mode and/oridhyloltage-current) circuits as well. This active circuit elen
is a type of analog block consists of two mult-output operational transconductance amplifiers -OTAs) using
floating-gate MOSFETSs as input stage. Two examples of bidilteds implemented using VDTA are simulat
with PSOICE simulations using thel® um CMOS technology to confirm the good performantéhe proposel

design in the paper.
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I ntroduction

The behavior of any circuit is always tl
result of interplay between voltage and currentew
individual circuit elements interact by means
voltages the circuit is called Voltage Mode Circ
(VMC), whereas when they interact by means
currents the cingit is called Current Mode CircL
(CMC) [1].

However CMCs have many advantag
over VMCs, the latter suffer from many drawbac
the output voltage does not change instantly w
there is a sudden change in the input voltage.
bandwidth is usually lowthe slew rate is also n
very high they are not suitable for use in hi
frequency applicationsand they do not have hig
voltage swings [2].

For the mentioned reasons, the evolutior
modern applications of analog signal processin
the last two dcades has followed the trends
current mode. Currenmtiode techniques have giv
way to a number of importargnalog circuits as is
evident from a vast amount of literature on cur-
mode circuits and techniques published inrecent
past. An excellenreview of the sta-of-the-art of
currentmode  circuits is provided in [3
Simultaneously with the development of cur-
mode applications, the mixedede circuits are als
analyzed because of the necessity of optimizing
interface between the sulebks, which are workin
in different modes [4].
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The Voltage Differencing Transconductat
Amplifier (VDTA) represents an excellent exam
of currentmode circuit since that the components
the circuit interact by means of currer
Section I, follows the introduction, describes t
architecture and the operation of the active eldn
Section 1l presents two VDT-filters based on
floating-gate MOSFETS.

Description of VDTA

The VDTA  (Voltage  Differencing
Transconductance Amplifier) is designed type
analog block that was inspired by operatic
transconductance amplifier (OT#

VDTA is designed in the first place
current mode circuit but it is suitable for usage
voltage or hybrid (voltageurrent) circuits. Th
internal structure of the VDTA is shown in Figure
The element consists of two multi-output OTAs
connected in series representing the input anc
output of the circuit.

The input behavior is given by proties of
the OTA that is described in paragr Il.A. Output
current of input stage flows
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\7DTA element as a connection of two M O-OTAs.

out of the VDTA terminal “z” into an outside loafl i
desired. The voltage across the z-terminal is
converted through a transconductaggginto two or
more output currents with opposite polarity.
To increase the universality of the element, it is
completed of thel, copy, this attribute can be
implemented by several methods, and the one
addressed in [5] is adopted in the paper.
To further increase the \versatility of the
configuration, it is designed to allow orthogonal
tuning capability through transconductance control
by the amplifier bias current,f) of each OTA, the
main component of the proposed circuit.
The VDTA can be remarkably used in filters; it can
implement low-pass, bandpass, high-pass filters as
introduced in chapter Ill, as well as band-notaid a
all-pass filters.
Description of OTA asthe Basic Component of

VDTA

To understand the functionality of VDTA,
properties of OTA must be well described. The well-
known OTA can be considered as differential
voltage-controlled current source (DVCCS); its
transconductancegy,’ represents the ratio of the
output current to the differential input voltages.j
lod (V1-V). This transconductance is used as a
design parameter and is adjustable by the amplifier
bias current(l,,). The benefit of this adjusting
possibility is acquiring the ability of electronic
orthogonal tunability to circuit parameters. It wbu
be noted that tunability has a main role in intégpla
circuits, especially to satisfy a variety of design
specifications.

OTA is similar to the standard operation
amplifier in the sense of infinite input impedances
but its output impedance is much higher. Recently,
the multiple-output- OTA (MO-OTA) has been
introduced and used, on par with the ordinary
operation amplifier, as a basic block in many
applications, particularly for realizing universal
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filters which are able to implement several second-
order transfer functions with a minimum of
adjustments. The literature provides numerous
examples of biquad structures based on OTA
element, some of them are introduced in the
following chapter.

The symbol of OTA is shown in Figure 2.
OTA wused in the paper utlizes floating-gate
MOSFETs (FG-MOSFETS) as input stage; this kind
of transistor has many advantages particularlyhe t
case of low-power and low-voltage applications.
A comprehensive comparison between conventional
MOSFET and FG-MOSET highlighting advantages
and drawbacks is done in [6].

I, abc,
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Circuit symbol of OTA.

The structure of FG-OTA configuration is
illustrated in Figure 3, Table. | summarizes the
performance of OTA in proposed VDTA fog,=10
mA/V. It is clear from Table. | that the circuit is
stable with phase margin of 83whitch is an
important factor in determining the efficiency diet
circuit.

A point that is worthwhile underlining is
that the configuration offers rail-to-rail voltage
capability at a low supply voltage of +0.5 V.

The measurement results of the transconductance of
OTA for five values ol .. are presented in Table. Il.
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Thecircuit of two-stage OTA using FG-M OSFETs
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TABLE I. SUMMARY OF THE PERFORMANCE FOR
OTA
Characteristics Simulated
results
Voltage gain 47 dB
CMRR 61 dB
Offset voltage 291puv
GBW 1.7 MHz
Phase margin 83
Power consumption 76 W
Slew rate 4.35 MV/s
Settling time 67 Ons
Input range 86738\/%;
Output impedance 106k

TABLE II. MEASUREMENT RESULTSOF THE

TRANSCONDUCTANCE

Results of Transconductance g, for
Different Values of BiasCurrent | 4.
Iabc
5 10 15 20 25
[wA]
Om
[MANV] 1.1 | 2 2.8 3.6 4.2
TABLE lII. M EASUREMENT CONDITIONS OF THE
CIRCUIT
Parameter Value
Cor, G2 0.3 pF
C., G 0.1 pF
C. 1pF
Vb 0.3 V
TABLE IV. TRANSISTORS DIMENSION
Device Type L/W [um] I g [LA]
M1,
M2 PMOS 0.2/10 2.3
M3,
M4 NOMS 0.8/10 2.3
M5 NOMS 0.6/40 9.7
M6 PMOS 0.8/40 9.5
M7 PMOS 0.8/20 4.6
M8 PMOS 0.8/20 5

Component values are given in Table. Ill, transisto
aspect ratios as well as their biasing currents are
given in Table. IV. Results in Table. IV are taken

under the conditiofy,.= 10UA.
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BiquadsBased on VDTA

Since VDTA consists of two OTAs, a
preferable application based on its approach wbald
operational  transconductance  amplifiers and
capacitors (OTA-C) (also known &C) filters.
Several G-C structures have been presented in the
literature, reference [7] and the references cited
therein represent good examples of both voltagd- an
current-mode multifunction biquadratic filters.

In [8] authors present a new analytical synthesis
method for high order current-mode (OTA-C)
filters...

According to number of the output
terminals of them, filters can be classified inteot
categories: (I) a multiple-output type (like in JO{II)

a single-output type (like in [10]), each of whibhs
its advantages and disadvantages. Generally, the
multiple-output filters can simultaneously realize
three basic filter functions, i.e., low-pass (LP),
bandpass (BP), and high-pass (HP), at a time withou
altering the connection way of the circuits and
without input signal matching as shown later. While
the single-output filters can realize multifunction
outputs by altering the way in which the input siign
are connected [11]. The following two paragraphs
give examples of single-input multiple-output
current-mode filters representing the three bagies
of operation; each of them is made up of two OTAs
and two grounded capacitors, without requirements
for component-matching conditions or cancellation
constraints. The transconductance of each OTA is 2
mA/V unless stated otherwise, and the value of each
groundrd capacitance is 1 nF.
First Biquad Filter Based on VDTA
A single-input multiple-output OTA-C filter baseah o
VDTA configuration is shown in Figure 4 [7].

Circuit analysis yields the following transfer

functions:
Circuit analysis yields the following transfer
functions:
lo1 = SC’ngllin/A- (1)
I02 = gmlgmzlin/A- (2)
Where
A =5C,Cy + SCyGim1 + GmiGm2
Thus:
* Bandpass function is obtained
from ;.
* Low-pass function is obtained
from I,».

The resonance angular frequency a, and
the quality factor Q of proposed
network is given by:

@ = (GnGndC:C). (39)
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Cu},/Q = gmllcl-(s-b)

But C; = C; and gm1 = gm2 as mentioned

earlier. By substituting in (3) we obtain:

@, = gmdCy, (4.9)
where x =1 or 2.

Q=1 (4b)

It is obvious from (4.b) that quality fact@
has no sensitivity to passive components, and that
gives the designer a margin of freedom in designing
progress.

Figure 5 shows the simulated low-pass and
bandpass results. We observe from Figure 5 some
peaking in the low-pass filter response; the reason
the value ofQ (Q is 1.225> 0.707). We can avoid
this by reducingQ’s value to remain under 0.707 by
altering the value of,; according to (3.b), which is
possible thanks to tunability of the circuit.

Single-input multiple-output biquad filter.

It must be mentioned here; that increasing
lancs More than adequate could affect the operation of
the MOSFETs in OTAand might push them out of
the saturation region. On the other hand, is
proportional tog,: and gn.. Hence, changing the
value ofg,,; must be done precisely.

The amount of peaking for the low-pass
filter vs. Q is indicated in Figure 6.

Moreover, the selectivity of the bandpass filteuldo

be changeable by varying the bias current follows
through OTA or OTA,; Figure 7 shows a variety of
curves with different natural (resonance) frequesci
whenl g thusGyy, is variable.

Values ofl . and corresponding frequency
range and bandwidth for each value are given in
Table. V.

We notice from Table. V that bandwidth is
increasing with the increase of frequency range, an
both of them are proportional to the bias curtegns.
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Figureb. Simulated frequency responses of
low-pass and bandpass signals shown in Figure 4.
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TABLE V.

FREQUENCY RANGES AND BANDWIDTHS
FOR DIFFERENT VALUESOF | gpeo

Biascurrent | apco Freguency range Bandwidth
LAl [kHZ] [kHZ]

5 171-208 37
10 224-278 54
15 247-340 93
20 261-384 123
25 272-417 145

Finally, since the output impedance of the
network approaches infinity, the network is
cascadable.

Second Biquad Filter Based on VDTA

Another application of VDTA is the filter
drawn in Figure 9 [4], a univers&l,-C current-mode
biguad which is an appropriate implementation ef th
flow graph depicted in Figure 8, which in turn
corresponds to the well-known KHN (Kerwin,
Huelsman, Newcomb) filter structure. One can
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conclude from the circuit that the node, to whibh t
non-inverting input of the VDTA is connected, sesve
as the summing node for adding up the currents
according to the formula:

Ivp = lin — lep = ILp. (5)

As shown, the configuration offers low-pass,
bandpass, and high-pass filter. The frequency
characteristic of the high-pass biquad is shown in
Figure 10, although it is also possible to impletmen
low-pass and bandpass functions of the multi-output
filter shown in Figure 9 thanks &f copy attribute of
the VDTA, thus the three basic filter types are
available in the single-input configuration.
We conclude from Figure 10 (b) that the cutoff
frequency is 205 kHz. This value is adjustable by
means of tunability of the circuit; we can change t
corner frequency, and therefore the passband of the
filter, by simply adjustind,.; SOgm1 has a new value
without altering the passive components.

Figure 11 shows several gain curves with different

cutoff frequencies for different values|lgf... The

numerical results are given in Table. VI.

-1
-1
. 1
Ly Inp % Igp % Ip
I

Flow graph of KHN structure.

Iin

Biquad designed from the éraph in Figure8.
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Figure 10. Simulated (a) phase and (b)
frequency responses of the HP filter.
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TABLE VI. DIFFERENT VALUES OF fC FOR DIFFERENT
VALUES OF | gpe1
. Cutoff frequency f.
Bias current | g [LA] [kHZ]
25 112
4 141
55 163
7 180
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