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A New 2-Input CNTFET-Based XOR Cell With Ultra-Low Leakage
Power for Low-Voltage and Low-Power Full Adders

Amir Baghi Rahin - Vahid Baghi Rahin
Instructor — Department of Electrical Engineering, Sardroud Branch, Islamic Azad University, Sardroud, Iran
mohandes.amir.baghi@gmail.com
mohandes.baghi@gmail.com

Abstract: The XOR gate is one of the basic building blocks in the Full Adder (FA) circuit, whose performance
improvements can lead to improved Full Adder. For this purpose, in this paper, a new low voltage XOR cell based
on Carbon Nanotube Field Effect Transistor (CNTFET) is proposed. The main design goals for this new circuit are
low power dissipation, low leakage current and full voltage swing at a low supply voltage (Vdd = 0.5 V). Several
XOR circuits were completely simulated using HSPICE with 32nm CMOS and 32nm CNTFET technologies at a
low supply voltage. The proposed XOR circuit is compared with the previously known circuits and its outstanding
performance is shown. Simulations show that the new low voltage XOR has lower power dissipation, less leakage
current and lower PDP than other XOR circuits, and is resistant to process variations. Based on the results obtained
at Vdd=0.5 V ,frequency=250 MHz and Cload=3.5 fF, the proposed XOR shows propagation delay of 149.05 ps,
power consumption of 716.72 pW, leakage power of 25.1 pW and PDP of 10.683x102! J. The proposed XOR can
be used well in low voltage and low power Full Adder circuits.

Index Terms: Exclusive-OR (XOR) cell, Carbon Nanotube Field Effect Transistor (CNTFET), Ultra-low leakage,
Full Adder (FA), Power Delay Product (PDP)
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out = A xor B
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Fig. (1): The previous XOR circuits; (a) double pass transistor
logic (DPL) [11], (b) inverter-based [12], (c) transmission gate

(TG) [10], (d) circuit of Wang et al [13], (e) 5T-based XOR
[14], (f) 4T-based XOR [15].
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Fig. (2): The structure of CNTFET
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Table (2): Parameters of the CNTFET model
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Table (1): Truth table of XOR cell
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Fig. (3): The Proposed XOR circuit
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Table (3): Results from the first experiment (Cioad=2.1 fF and
frequency=100 MHz)

58 5 8lsad YN 5L 35 Jsl GtalesT 5l ol gl () Jso

(5l ).
Vob (V) | 05 [ 065 | 08
Delay (x10-12s)
Proposed 90.715 69.631 60.033
DPL 85.249 | 39.010 | 26.356
Inverter-based 824.08 | 341.57 | 163.22
Transmission gate | 11.585 | 53.486 | 37.831
Wang et al. 414.19 | 177.51 89.607
5T-based XOR 102.81 47.65 33.01
4T-based XOR 55.01 25.98 17.22
Power (1072 W)
Proposed 27.452 | 41.059 | 62.320
DPL 29105 53185 89978
Inverter-based 68144 | 146490 | 296840
Transmission gate | 12619 22095 38690
Wang et al. 49097 97154 | 183660
5T-based XOR 10196 23611 30317
4T-based XOR 23268 39712 60365
Leakage Power (X102 W)
Proposed 1.25 21.13 32
DPL 18638.1 | 34939.7 | 63215
Inverter-based 14641.0 | 27598.8 | 50315.3
Transmission gate | 8563.9 | 16650.9 | 31831.3
Wang et al. 14647.8 | 27608.4 | 503304
5T-based XOR 5661 10054 17690
4T-based XOR 1685 2179 2680
PDP (x1072' J)
Proposed 2.4903 2.8590 | 3.7413
DPL 2481.1 | 2074.7 | 23715
Inverter-based 56156 50036 48450
Transmission gate | 14619 11818 14637
Wang et al. 20336 17246 16457
5T-based XOR 10482 | 11253 1001
4T-based XOR 1280 1031.9 | 1039.9
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Fig. (4): Input and output waveforms of the proposed XOR
circuit
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il

Table (4): Results from the second experiment (Cioads=3.5 fF and

frequency=250 MHz)
IS5 5 o las2e8 IO Ll ) pso ialosl Sl ol s €F) Jpor
(5,056 YO
Vb (V) [ 05 [ 065 | 08
Delay (x1072 s)
Proposed 149.05 115.61 100.07
DPL 134.19 61.22 41.32
Inverter-based 106.60 | 443.09 | 214.43
Transmission gate | 17.822 | 84.701 56.807
Wang et al. 542.54 | 234.57 120.53
5T-based XOR 163.66 73.24 50.05
4T-based XOR 90.38 42.95 28.13
Power (x10712 W)
Proposed 716.72 | 107.68 | 163.39
DPL 53062 98326 16568
Inverter-based 168240 | 348500 | 662180
Transmission gate | 22292 39685 62196
Wang et al. 142450 | 269840 | 467990
5T-based XOR 23186 40515 70474
4T-based XOR 80435 | 143790 | 224940
Leakage Power (x10712 W)
Proposed 1.25 2.113 3.2
DPL 18638.1 | 34939.7 | 63215
Inverter-based 14641 | 27598.8 | 50315.3
Transmission gate | 8563.9 | 16650.9 | 31831.3
Wang et al. 14647.8 | 27608.4 | 50330.4
5T-based XOR 5661.6 | 10054.1 | 17689.1
4T-based XOR 1658 2179 2680
PDP (x10?' J)
Proposed 10.683 | 12.449 | 16.351
DPL 7120.3 | 6019.8 | 6846.3
Inverter-based 179340 | 154410 | 141990
Transmission gate | 3972.9 | 3.361.4 | 3533.2
Wang et al. 77283 63295 56407
5T-based XOR 3794.7 | 2967.6 | 35275
4T-based XOR 6270 6176.5 | 6329.9
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Table (6): Simulation results of CNTFET-based XOR cells
(Croad=3.5 fF and frequency=250 MHz)

CNTFET ,; 2o XOR (slaJshos (65bod mls (%) Jsor
(3,6 5208 V1D o (35 5 5,0 o Y0+ ullS 3)

Vob (V) | 05 | 0.65
Delay (x107'%s)
Proposed 149.05 | 115.61
DPL 137.23 | 100.42
Inverter-based 204.84 | 131.33
Transmission gate | 106.49 | 88.635
Wang et al. 127.20 | 89.412
5T-based XOR 136.01 | 103.32
Power (x10712 W)
Proposed 71.672 | 107.68
DPL 19953 | 37125
Inverter-based 114020 | 196740
Transmission gate | 85624 11836
Wang et al. 111010 | 187870
5T-based XOR 11352 | 25565
Leakage Power (10712 W)
Proposed 1.250 2.113
DPL 1122 1464
Inverter-based 843.4 1101
Transmission gate | 15330 | 20250
Wang et al. 978.2 1676
5T-based XOR 618.8 1132
PDP (x1021J)
Proposed 10.683 | 12.449
DPL 2738.2 | 3728.2
Inverter-based 23356 | 25838
Transmission gate | 911.80 | 1049.1
Wang et al. 14120 | 16798
5T-based XOR 1543.9 | 26414

Table (7): Comparsion between CNTFET-based and MOSFET-
based proposed XOR cells (Cioadc=3.5 fF and frequency=250
MHz)

Vob (V) [ 05 | 065 | 08
Delay (x10725s)

CNTFET-based XOR | 149.05 | 115.61 | 100.07
MOSFET-based XOR | 218.10 | 92.61 | 61.968
Power (1072 W)

CNTFET-based XOR | 71.672 | 107.68 | 163.39
MOSFET-based XOR | 1872.9 1440 | 4057.2
Leakage Power (X107 W)

CNTFET-based XOR 1.250 2.113 3.2
MOSFET-based XOR 1.01 1.70 2.5767
PDP (<1021 J)
CNTFET-based XOR | 10.683 | 12.449 | 16.351
MOSFET-based XOR | 408.46 | 133.36 | 251.41
G dxi =

L ONTFET ,, e 65yl cain XOR o, callio ol o
S Saye b oleiioy YU 2l g ol eoll@ed (i b
s 3l o O (S8 Ol 5 Brae Ol 2alS goleiiey XOR
55 4 5 039 ONTFET g0 bt o5 solgiiy XOR o0
Solwooly golpiiy XOR o 058 oo yomie obsS Jluwy Lacl
53 ooliial sl b ol 09 ge Ll 5 3,10 (55,51 ka3 5l (g paalylS
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Table (5): Variations of the proposed XOR parameters against
the deviations of the diameters of CNTs

a8 Slyss pl 55 g3leiiny XOR (sl el )y Ol s 1(0) Jgur

o CNT
# of iterations = 30

Diameter 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
deviations

(nm)

Delay 6.91 6.89 6.89 6.89 6.89 6.89 6.89 6.90 6.91
variation
(x10"' s)

Power 4.08 4.08 4.08 4.09 4.09 4.10 4.10 4.11 4.08
variation
(x10"'W)

PDP 2.82 2.81 2.81 2.82 2.82 2.82 2.83 2.84 2.82
variation
(107 J)

# of iterations = 90

Diameter 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.18 0.2
deviations

(nm)

Delay 6.92 6.92 6.92 6.92 6.93 6.93 6.94 6.96 6.97
variation
(=10 s)

Power 4.08 4.08 4.01 4.02 4.09 3.96 4.10 4.11 397
variation
(x10"'W)

PDP 2.82 2.82 2.78 2.78 2.83 2.75 2.85 2.86 2.77
variation
(x1021 )
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