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Abstract: This paper presents the design of XNOR gate usissiefloating-gate MOSFET (QFGMOS) and
highlights its advantages over FGMOS and CMOS ba@¢@R gates. The comparative transient analysis of
CMOS, FGMOS and QFGMOS based XNOR gates with regardifferent design parameters such as
propagation delay and energy delay product has lbaeried out. From the simulation results it hagrbe
observed that QFGMOS based XNOR gate exhibits Imakres of propagation delay and energy delay priodu
as compared to its FGMOS and CMOS versions. Théaflity of these circuits has been verified thrbug
PSpice simulations carried out using level 7 pataraén 0.13 um CMOS technology with a supply \g#taf 1 V.
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1. Introduction

Lowering power supply voltage is the most efficieméthod to reduce power dissipation and raise
system reliability [1-3]. Some of the low voltagechniques used to reduce supply voltages are level
shifters, self-cascode MOSFETS, sub-threshold MOSEFBulk-driven MOSFETS, and floating gate
MOSFETs (FGMOS). Out of these FGMOS presents auenigdvantage of programmability of
threshold voltage, which can be lowered from itevemtional value, thus makes it suitable for low
voltage applications. FGMOS is compatible with diad double-poly CMOS process technology
and has been used to develop digital-to-analog YB/ analog-to-digital (A/D) converters, resistors
electronic programming, neural networks, and opmmat transconductance amplifier, etc [4-6].
Though we can alter the effective threshold voltageseen from one of the n-inputs to have a lower
threshold voltage for low voltage applications, thgre are some limiting issues with multi-input
floating-gate structure§.o change the threshold voltage we require comptegramming circuitry
and higher programming voltage, thus defeatingpingose of a low-voltage design [7]. Also, the
large input coupling capacitance leads to an irsgra@a silicon area and reduction of the circuit’'s
effective transconductance and gain-bandwidth pbdlihese limitations are overcome in the
modified structure of FGMOS known as Quasi-floatgagge MOSFET (QFGMOS) [8, 9].

In this paper, we have employed quasi floating-geil®@SFET (QFGMOS) to implement
XNOR gate and compared its performance with its EEvnd CMOS counterpart. The performance
of these circuits has been verified through PSpicrilations carried out using level 7 parameters in
0.13um CMOS technology with supply voltage of 1V.

2. Quasi Floating-Gate MOSFET

The Quasi floating-gate MOSFET is very similar he floating-gate MOSFET, however, the gate is
not left floating at dc. Instead a large valuedstes implemented through a reverse-biased MOSFET
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is attached to the gate of the transistor and tommected to one of the power supplies. Fig. 1 show
the equivalent circuit representation of an N-inpuathannel QFGMOS transistor [9-11].
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Figure 1. Quasi floating gate MOSFET

3. XNOR Gateusing FGMOS

The circuit of FGMOS XNOR gate is shown in Fig.IRis similar to that of CMOS XNOR gate
except that extra capacitances are introduced ketée conventional gate and the input signal gate.
The bias voltage¥,, andV,, provide tunability to the threshold voltages admqd n-channel FGMOS
respectively.

Vbp
T
A‘o—(|: IIl:| AO—(|: y
M1 M2
B‘o—lﬁ M3 B°—|C::| M4
C4 - ° Vout
Ao—(lj 2 A'O—C| a
::I M5 I_C| ::I 6
Vino I_?? |_‘f:i
, M7 M8
B °—(|: EI ]3o—|C EI
L

Figure 2: XNOR gate using FGMOS

The performance of FGMOS XNOR gate can MWaracterized through its transient
characteristics which is a plot of input and outgritage with respect to time [12, 13]. The simualat
of circuit shown in Fig. 2 has been performed ttawbits transient response at different valueg,pf
andVy, with supply voltage of 1 V and is shown in Figsar®d 4 respectively. In Fig. 3, bias voltage
of p-channel FGMOS transistors,f) is varied from 0 V to 1 V, while keeping bias tage of n-
channel FGMOS transistorgy) fixed at 1 V. Similarly in Fig. 4V, is varied from 0 V to 1 V, while
keepingVy, fixed at 0 V and output voltag¥{;) is obtained with respect to time.
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Figure 3: Transient response of XNOR gate using FGMOS &treintVy,

1.2

——\Vin
—&—\Vbn= 0V
——Vbn= 0.2V
——\Vbn= 04V
——\Vbn= 0.6V
——Vbn= 0.8V
——\Vbn= 1V

0.8

Vout (Volts)
o o
BN o

o
(O

2 3
Time (ns)

Figure 4: Transient response of XNOR gate using FGMOS &traifit\y,

Now, from the transient responses shown in Figsid4, we have calculated the propagation delay at
different values of bias voltage as shown in Figand 6 respectively.
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Figure5: Propagation delay at different valuesvig Figure 6: Propagation delay at different valuesvgf
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The variation of propagation delay at differentues ofVy,, andVy,is presented in Table 1.
Table 1. Effect of bias voltage on propagation delay

Vi (Volts) Delay (ns) Vi (Volts) Delay (ns)

0 0.25 0 0.44
0.2 0.34 0.2 0.37
0.4 0.43 0.4 0.33
0.6 0.54 0.6 0.29
0.8 0.72 0.8 0.27
1.0 0.82 1.0 0.23

From the above results, it has been found thateagiavon increasing the bias voltage of p-
channel FGMOS transistor from 0 V to 1 V, propagatdelay increases from 0.25 ns to 0.82 ns,
where as increasing bias voltage of n-channel FGMa%istor from 0 V to 1 V reduces propagation
delay from 0.44 ns to 0.23 ns. Therefore, by selgdiias voltages of p and n-channel FGMOS at 0 V
and 1V, propagation delay can be minimized, tksacing the operating speed.

4. XNOR Gate using QFGMOS
In order to enhance the performance of XNOR gais,iinportant to minimize the propagation delay

[14, 15]. The propagation delay of XNOR gate camdzkiced by implementing the circuit of XNOR
gate using quasi-floating-gate MOS transistor asvshin Fig. 7.
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Figure 7: XNOR gafte using QFGMOS

The circuit of QFGMOS XNOR gate has been simulatedbtain its transient characteristics
by selectingML of M1, M2, M3 and M4s 2.6um/0.13um and M5, M6, M7 and M8s 1.3um/0.13
um with supply voltage of 1 V. The simulation resudre shown in Fig. 8
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Figure 8: Transient characteristics of QFGMOS XNOR gate
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Now, the comparative transient characteristics 6fOR gate using CMOS, FGMOS and
QFGMOS have been obtained by selecting bias vdtafe and n-channel FGMOS transistors fixed
i.e. V=0V andVy,= 1 V with supply voltage of 1 V and are shown ig.P. It has been found that
QFGMOS based XNOR gate has propagation delay @f fisiwhich is less as compared to FGMOS
(0.23 ns) and CMOS XNOR gate (0.33 ns).
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Figure 9: Comparative transient response of XNOR gate
Now, the values of propagation delay obtained ftbentransient response of XNOR gate using
CMOS, FGMOS and QFGMOS has been used to calcutegeehergy delay product (EDP) at

different values of supply voltag&{p). The comparative EDPs of CMOS, FGMOS and QFGMOS
XNOR gate is shown in Fig. 10.
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Figure 10: Comparative EDPs of XNOR gate

From the graph in Fig. 10, it has been found thrergy delay product varies with supply
voltage and folpp =1V, the value of EDP for QFGMOS XNOR gate is A.6%Js as compared to
FGMOS (1.15x13%Js) and CMOS XNOR gate (1.65%%0s). Therefore, XNOR gate designed using
QFGMOS is better since the energy delay produawisr than FGMOS and CMOS XNOR gate.

5. Conclusion

In this paper, we have discussed the transienactaistics of XNOR gate using CMOS, FGMOS as
well as QFGMOS. The performance of QFGMOS based RNfate has been compared with its
FGMOS and CMOS versions. We have observed that X§&R designed using QFGMOS results in
less propagation delay and energy delay producbagpared to FGMOS and CMOS XNOR gate.
The performance of these circuits has been verifiemigh PSpice simulations carried out using level
7 parameters in 0.13 pm CMOS technology with a lyuwpgdtage of 1 V.
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