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Abstract

Due to the better common-mode elimination of power supply voltage and
sub-substrate noise, the differential ring oscillator (DRO) performs better
than the single-ended ring oscillator (SERO) in both analog and digital
integrated circuits. Also, it is easy to achieve high frequency performance
with in-phase and quadrature outputs in a differential ring oscillator. For this
purpose, in this research, the design and simulation of a three-stage
differential voltage controlled circular oscillator (DVCRO) based on carbon
nanotube field effect transistor (CNTFET) is presented, whose oscillation
frequency can be changed by changing the control voltage of the proposed
delay cell structure. A very wide range changed from 45.7 GHz to 110.18
GHz, and at the same time, its power consumption is in the range of 5.17
MW to 32.68 uW. Based on the results obtained at the supply voltage of 0.9
V, the proposed voltage controlled ring oscillator (VCRO) based on carbon
nanotube field effect transistor shows promising characteristics compared
to its counterpart based on metal-oxide-semiconductor field effect
transistor (MOSFET). Also, it performs exceptionally well compared to other

existing oscillators.

Keywords: Carbon Nanotube Field Effect Transistor (CNTFET), Power Delay
Product (PDP), delay cell, Differential Voltage Controlled Ring Oscillator
(DVCRO), Single Ended Ring Oscillator (SERO).

Highlights

e  Presentation of a new 9-transistor delay cell based on carbon nanotube field effect transistor (CNTFET).

e  The changeability of the delay characteristic in the proposed delay cell by changing the control voltage.

e  Providing a three-stage differential Voltage Controlled Oscillator (VCO) based on carbon nanotube field effect
transistor in the high frequency range and beyond.

e Achieving a wide adjustment range with low power consumption in the proposed voltage-controlled oscillator.
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Figure 5. The output voltage of each stage of the proposed 3-stage DRO based on CNTFET
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Figure 6. Transient analysis of proposed three-stage DRO based on CNTFET by increasing the number of CNT under the gate by 1 to 5
times with Vctrl =0.9V
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Figure 7. (a) Frequency of oscillation, (b) average power consumption of the proposed three-stage DRO based on CNTFET by multiplying
the number of CNTs under the gate by 1 to 5 with Vctrl =0.9V
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Figure 8. The output spectrum for the proposed 3-stage DRO based on CNTFET with a gate length of 32 nm and with 1 times the number of
CNTs under the gate
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Table 1. Oscillation frequency, fundamental harmonic amplitude, total harmonic distortion, average power consumption and FoMyp for

different number of CNTs under the gate and 32 nm gate length for the proposed three-stage DRO
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Figure 9. Transient analysis of the proposed three-stage DRO based on CNTFET with control voltage change
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Figure 10. Effect of control voltage changes (Vctrl ) on (a) oscillation frequency, (b) power consumption
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Figure 11: PDP variations of the proposed DRO in terms of (a) number of carbon nanotubes, (b) control voltage (Vctrl)
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Figure 12: Effect of temperature changes on the PDP of the proposed DRO (a) by changing the number of carbon nanotubes, (b) by
changing the supply voltage (Vq)
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Figure 13: Effect of supply voltage changes on the PDP of the proposed DRO
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Figure 14. The output voltage of each stage of the proposed 3-stage DRO based on MOSFET
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Figure 15. Transient analysis of the proposed three-stage DRO based on MOSFET with one to five times the width of the transistors with
Vetrl =0.9V
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Figure 16. (a) Oscillation frequency, (b) average power consumption of the proposed MOSFET -based three-stage DRO with one to five
times the width of the transistors with Vctrl =0.9V

B Sl Seolaai s eglTY oS Jsb b e (it aliban Lol jlolog gl (29,5 ek VY S 0
ol Kol azals IS5 ol bl 5y sl 0358 HSPICE s a5 5061 Lol 5y a8 el o o0l Lt o g2 5313



5. FV-FANE Y ln; e 5 ol o,)lods oo ez Jlo fmginr Sl plies csiigo aloea

Ol Y Jgaz 0 aods & g0 gulid oals plyp dix jeen 3l oe gl canl a3 YYD pl THD g Jo gws -V/TY

R PP K

—~
& I |
= ]
5 |
B .25 ]
=
g | /
30 3
s U
B as ]
&
=
-0 3
=] -
45 3 f\/\\p\“‘
-
50 3 4—\_"*———«/—/1
‘|
55 ] \
&0 3
T T T T T
[ 200g 400g 600g 800g
Frequency (Hz)

by il oy Gl ) dlaai bg gl ¥Y o8 Job b cinle 5 g 4z b ¥ (Lol goil> sloplug sl o295 b VY S
Figure 17. Output spectrum for MOSFET-based 3-stage DRO with gate length of 32 nm and number of transistors width 1 times

Jsb 5 baygis 515 Gilisee sla spe sl FOM 5 uSilis 8 pae ols oS Sigoylo zlrsel o ol Soiga o arals lugi (uilS 5 :Y Jgus

Ciwle p (S dibaw Lol il jlulug ly egl YY oS
Table 2. Oscillation frequency, fundamental harmonic amplitude, total harmonic distortion, average power consumption and FOM for
different transistor widths and 32 nm gate length for MOSFET -based three-satge DRO
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Figure 18. Transient analysis of MOSFET-based three-stage DRO with control voltage change in the range of 0.6 to 0.9 V
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Figure 19. The effect of changes in control voltage Vctrl in MOSFET-based DRO on (a) oscillation frequency, (b) power consumption
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Figure 20: PDP changes of MOSFET-based DRO in terms of (a) transistor width change, (b) control voltage
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Figure 21: The effect of temperature changes on the PDP of the MOSFET-based DRO (a) by changing the width of the transistors, (b) by
changing the supply voltage
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Figure 22: Effect of supply voltage changes on PDP of MOSFET-based DRO
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Figure 23: Phase noise of the proposed DRO based on CNTFET and its comparison with the MOSFET -based implementation
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Table 3. Comparison of the proposed design with other previous works
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