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Abstract—This paper proposed high performance VDTA (Voltage Differencing
Transconductance Amplifier) where transconductance is enhanced by use of the NMOS cross
coupling technique connected at load side. Moreover, bandwidth of proposed circuit has been
improved using resistive compensation techniques. The transconductance of the proposed
VDTA circuit is enhanced up to 3.56 mQ* with 5.57MHz bandwidth at biasing current of
100pA. Single input multi output biquad filter configuration using single proposed VDTA, three
capacitors, and grounded resistor has been also designed and simulated to verify the proposed
circuit. 180nm CMOS technology parameters with supply voltage VDD=-VSS=0.4V has been
used for simulation of proposed circuit.

Index Terms— VDTA, DTMOS, High transconductance, Positive feedback, and Biquad Filter.

|. INTRODUCTION

As technology evolved, the demand for electronics such as smartphones, portable computers, and digital gadgets
increased in the past decade as it contributes to the ease of human life. However, this brings low-power devices
into the picture to reduce consumption and design more reliable and power-efficient products, which motivates
research in analog circuits to operate in low supply voltage levels. As move towards low power, a tradeoff arises
as the analog circuits share supply voltage with digital circuits, affecting the device's performance. These are
some factors that are motivating enough to carry out new research work to meet the requirements of modern
electronics. Formerly in digital circuits, a reduction in supply voltage for transistors having a thin oxide area on
the gate is implemented for low power consumption which also increases the density of the small area on the
chip. Further decrement in channel length of transistor or threshold value below suitable level arises leakage
current problems. In standard CMOS technology, analog circuits face some challenges as the leakage problem in
the transistor is overcome by keeping suitably high threshold voltage levels and very low supply voltage
hindered by digital circuits.

The DTMOS device is an efficient application for low voltage design to overcome the challenges of the
conventional circuit in past work. It is implemented as a low-threshold device. In order to enable low power and
voltage operation under 0.4V supply voltages, The DTMOS transistors has been consistently used in proposed
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VDTA architecture. In this proposed circuit, four extra transistors (M18, M15 & M19, and M20) are employed
as an active load for cross-coupling technique application for enhance transconductance of the device. Moreover,
Resistive compensation technique is used to improve Bandwidth. This Manuscript holds for good Biquad Filter
application. The offered circuit realizes three filters LP, HP, and BP.

Il. DTMOS

When the DTMOS transistor is off, it exhibits a high threshold characteristic to reduce leakage, but when it is on,
under a low voltage supply, it operates as a small threshold device for high current drivability. Due to respective
characteristic, it is a favorable device for ultra-low-voltage analogue circuits of the present. Without requiring
any further processing processes, a PMOS transistor's gate and substrate terminals can be linked, as shown in
Fig. 1, and it can be made using conventional CMOS technology. In Fig. 1, the DTMOS symbol is displayed.

"

Fig.1 DTMOS Transistor symbol

Even yet, earlier dates may be traced for this setup [11-12] in-depth description of the device and explanations of
its working are provided by Assederaghi et al. utilizing the relationship so the transistor threshold voltage can be
dynamically altered by connecting the device's gate and body.

VTH = VTO + y(V| 2dF | +VSB — /| 20F |) 1)

Where, at zero body bias, the threshold voltage is V1o
VTO = [2&F| + VFB + ,/2gNA€s/COX @)

Herey = /2qNA€s/COX (bulk threshold parameter)
Vg =Source body voltage

®r=Fermi Energy level

€5= Permittivity of silicon

g= Charge magnitude

NA=Accepter ions concentration per unit volume
COX=0xide (Gate) capacitance per unit area.

From DTMOS terminal connections, the body voltage of a DTMOS increases as the gate voltage rises. This
causes V- to fall in accordance with Eq (1), but Vgs must be below or equal to 2d¢ to maintain a small leakage
current. When Vps equals, the threshold voltage is at its lowest value. When Vgs equals 2@, the threshold
voltage reaches this minimal value and given as

Vmin = |2®F| + VFB 3)

This decrease in DTMOS V1t causes an increase in carrier mobility, which enhances the device's high output
current and transconductance [15]. Transconductance for DTMOS may be determined to be equal to (gm+gmb),
with gm denoting gate transconductance and gmb denoting body transconductances for conventional MOSFETSs,
respectively [15, 16]. Increased transconductance also results in a proportionate improvement in DTMOS's
bandwidth. To maintain a minimal leakage current, the increase in Vs must be constrained by the value of
|2®F|, as was mentioned before. Additionally, triple good technology for CMOS devices based on DTMOS must
be employed [17].

1. VDTA

The CDTA, whose input are currents, can be substituted with a voltage differencing transconductance amplifier
(VDTA), having inputs as voltage [12], [13]. The analog signal processing circuits that are created as a result of
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these voltage inputs offer new ideas to the established circuit solutions [12]. In Fig. 3, the circuit symbol is
presented, and relations are displayed in a matrix according to its definition. In eq. (4).

— VP X+ f—

VDTA

Fig.2 Circuit symbol of VDTA

The transconductance of gm1 is multiplied by the voltage difference between the input terminals to create the 1Z
current, it creates the voltage there by flowing through the impedance at the Z terminal. The output IX currents
are then created by multiplying this voltage based on +Ve and -Ve gm2 transconductances. Two OTA circuits
can be linked together in a cascaded method to produce a VDTA element.

Iz Om1 Om2 0 Ve
Ix« | =] O 0 Om W @)
IX- 0 0 -Om2 Vz

?—L MT “‘"J‘»iﬁf | jr Ny gy [

l V§S=.04V

Fig. 3 The proposed VDTA circuit by using DTMOS

Fig. 3 depicts the proposed DTMOS-based low-voltage, low-power VDTA circuit. The VDTA design with two
OTA, The first part of the OTA is made up of DTMOS transistors (M1, M2, M3, and M4) and correspondingly
in the section-2 DTMOS transistors from M11-M16. These DTMOS transistors operate at the extremely low
supply voltage (+ 0.4 V & -0.4V).

Fig. 3 depicts the design with a positive feedback loop that was employed to enhance the transconductance
performance of the suggested VDTA. To produce the negative resistance, cross-coupled active load NMOS
transistors are used. The NMOS M7 and M8 in the first section of OTA and M20 and M21 in the second section
introduce local positive feedback loops. Furthermore, the resistive compensation technique is utilized in the
suggested VDTA to increase the bandwidth of the transconductance stage.

While NMOS transistors in an n-well process share a common well and cannot construct NMOS DTMOS
transistors by connecting their body terminals to their gates, in an n-well conventional CMOS process, PMOS
transistors can be coupled as DTMOS transistors. Triple-well techniques utilizing deep n-wells are required to
manufacture expensive NMOS transistors with their own wells. This limitation reduces the proposed circuit’s
overall performance because the NMOS transistors, which consume the majority of the voltage headroom, are
the circuit’s primary power source. Because of this, employing this circuit is not feasible for strong inversion
operations or high-frequency applications. In this circuit, drain current (Ip) of MOS transistor is given by, and
the transistors are therefore biased in weak inversion [3].
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VGS-VTH

ID=1S (%) exp( - ) [1—exp (— %)] (5)

If VDS 3kT/q, the transistor will attain weak inversion saturation. [18].The following describes the
transconductance gm:

qID

gm=—— (6)
Where the Eq. (5) and (6)'s parameters have their normal meanings.

IV. SIMULATION RESULTS

The proposed VDTA with DTMOS has been simulated by the usingl80nmCMOStechnologyparameters. Transistor
dimensions are given in Table I. The supply voltage used for the proposed circuit is as VDD=-VSS = 0.4 V and bias
currents of VDTA are chosen as I1B1 = IB2 = 100pA. According to simulation results, this decision produces
Transconductance values for VDTA &S gm1 = gm2 = 3.56mA/V in Fig.4 and in Fig.5 shows frequency response of
transconductance stage of the proposed circuit at the different bias currents (Ig). The output stage of the proposed
VDTA in Fig.6 shows DC Transfer Characteristic of Ix. and Iy against Vz.

From Table-1l we can see that our Transconductance improves by using describe techniques and bandwidth is
also improved as compare to VDTA with DTMOS in past literature.

TABLE |. DIMENSIONS OF TRANSISTOR

Transistors W(um) L(um)

M1, M2, M3, M5, M21, 2uA 200pA
M23

M4, M6, M7, M9 2uA 300pA

M15, M18, M19, M20 SuA | 250pA

M10, M13, M14, M17, SuA | 100pA
M22, M24
M8, M11, M12, M16 SUA 50pA

TABLE |l. COMPARISON TABLE

VDTA with VDTA with VDTA with DTMO
DTMOS DTMOS with Positive Feedback of
Positive NMOS & Resistive
Feedback of Compensation Technique
NMOS
Technology 180nm 180nm 180nm
(TSMC)
Supply Voltage +- 0.2V +- 0.2V +- 0.4V
(Voo/Vss)
Transconductance 63nA/V 235.33pA/NV Om=gm2=3.56MA/V
(gm1=gm2)
Bandwidth of the 369Hz 432Hz 2.6MHz
VDTA

V. VDTA BASED BIQUAD FILTER

The VDTA can be easily used for realization for wide variety of mode filters. The advantage is that these circuits can
be implemented without the need for external resistors because bias currents can vary the transconductance values.
The implementation of a voltage-mode filter with single inputs and multi outputs is in Fig.7.This offered circuit
implements LP, HP, and BP filters using three capacitors, one resistor, and a single
VDTA.This suggested circuit implements LP, BP, and HP filters using just two capacitors and a single VDTA.
Voltage-mode biquad transfer functions are produced through circuit analysis and are presented in (3). (6).
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Fig. 4 Transcounductance of the proposed circuit
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Fig. 5 Frequency response of Transcounductance stage of the proposed circuit at different g
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Fig. 6 The DC transfer characteristic of the proposed circuit
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Fig.7 Application of the proposed circuit

Vi gmigm2

ForLP (L) = <—CIAC3 ) %
v2\ _ (gc—ml)s

For BP (m) = <—Z @)
3) _ (S?

For HP (7) = (X) ©)

Where

A= (§7 4+ + Dmiomz (10)

R1C1 C1C3

When considering the VDTA transconductance gml = gm2 = 3.73mA/V, the provided circuit in Fig. 7 is
simulated with the following passive values: C1 = C3 = 1F, C2 = 1.5F, and R3 = 300. The voltage mode gain

frequency response simulation results for the LP, HP, and BP filters are shown in Fig. 8.
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Fig. 8 Gain Frequency response of Voltage mode LP, HP, and BP signals
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Fig. 9 Transient Response of Band pass filter at frequency 1KHZ
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V1. CONCLUSIONS

This paper discusses high-performance tunable VDTA based on a strategy by use of resistive compensation and
enhancing transconductance by positive feedback. It operates at a low supply voltage, improves
transconductance, and employs low power as compared to other VDTA circuits in literature. The resistive
compensation technique is implemented to increase the bandwidth of the circuit proposed and cross coupling
techniques are implemented to increase the transconductance of the circuit proposed up to 3.56 mQ™* with
bandwidth upto 5.57 MHz. The suggested VDTA circuit may therefore be beneficial for applications with mere
focus on low-voltage, low-power, and high-performance analogue signal processing.
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