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Abstract — This paper describes a Carbon Nanotube Field
Effect Transistor (CNFET)-based programmable frequency
divider with divison ratios 2 or 3. The proposed
programmable frequency divider is composed of 3 Double
Edge Flip-Flops and a 2:1 multiplexer. The important
advantage of the proposed design is different division ratios
that programmable with a switch and selector inputs of the
multiplexer. This structure also has about 50% duty-cycle at
the output signal. HSPICE based on CNFET model used to
produce simulation resultsat 0.9 V supply voltage. M aximum
power consumption of this work is 0. 07mW. Compared to
other frequency dividers, simulations results show superior
perfor mance of the proposed design.

Keywords — Programmable Frequency Divider, Carbon
Nanotube Field Effect Transistor (CNFET), Double Edge
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|. INTRODUCTION

A programmable frequency divider which divided an
input frequency through programmable ratios is getting
more consideration in  RF-integrated  circuits.
Programmable dividers are largely applied to multiple
clock signals on the same system-on-a-chip (SOC). In
addition to produce variable clocksignals forswitched
capacitor filters (SCFs). A programmable divider which
can divide an input frequency by an ideal programmable
ratio, making block of a frequency divider which used in
a number of applications, such as frequency synthesis in
clock generation, data recovery, mobile and satellite
communication systems, synchronization and multiple-
Gb/s opticfiber systems. Applying divisor numbers apart
from 2" for a quadrature LO generation, decreases the
necessary frequency range of the synthesizer VCO. Low
powerconsumption, wide division-ratio ranges,50% duty-
cycle at the outputare the some of the common desired
characteristics of the effective programmable frequency
divider Ease of Use MOSFET technology came under
more consideration. To outline noticeable characteristics
of CNFET are lower power consumption comparedto
MOSFET, higher efficiently and P-CNFET and N-
CNFET, which having the same device geometries and
mobilities and subsequently, the same current drive
abilities, essential for transistorizing in the complex
circuits[1-3].

Scaling down the size of CMOS technology in
nanoranges can result in the following problems: short-
channel effects (SCEs), high-power densities and reduced
gate control and high sengtivity to method modifications.
Due to the mention reason, scientists have done studies in
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nanotechnologies such as Single Electron Transistor
(SET), Quantum-dot Cellular Automata (QCA), and
Carbon Nanotube Field Effect Transistor (CNFET).
Among them Carbon Nanotube Field Effect Transistor
(CNFET) be caused of their most similarities with
MOSFET technology came under more consideration. To
outline noticeable characteristics of CNFET are lower
power consumption compared to MOSFET, higher
efficiently and P-CNFET and N-CNFET, which having
the same device geometries and mobilities and
subsequently, the same current drive abilities, essential for
transistorsizinginthe complex circuitg4-6].

This paper presents a CNFET programmable frequency
divider that composed of 3 Double Edge Triggered Flip-
flop (DET) and multiplexer 2:1 with division ratios 2 or 3
and duty-cycle about 50% at the output signal.

The rest on the paper is organized as follows: in
Section2, a brief review of the CNFET technology is
presented. The proposed programmable frequency
divider is explained inSection 3.The simulation results
and comparisonsare presented in  Section 4and
Section5concludesthepaper.

II. CARBON NANOTUBE FIELD EFFECT
TRANSISTOR

A CNFETs which used Carbon Nanotubes (CNTSs) for
channel of a transistor, can be made of metal or
semiconductor, based onitschiralityvector,identified
by(nl1,n2) shows, the arrangement angle of its carbon
atoms across the nanotube must be specified |If
n1,n2=3k(k € Z), the CNFETs are conducting and
otherwise they are semi conducting [4, 7].

Drain Contact Gate Source Contact

Semiconducting CNT
(Doped Region)

Dexr

Semiconducting CNT
(Undoped Region)

Fig.1. Schematic diagram of a CNFET

Figure 1 [4] illustrates the schematic of a typical
CNFET device. The distance between the centers of two
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adjoining CNTs under the same gate of a CNFET is
named pitch. The approximate width of the gate of a
CNFET can be estimated using the following (1)[4, 8]

Wgae ~ Mm(Wmin'N>< pltCh) (1)

In upon equation, Wmin is the minimum width of the
gate and N is the number of nanotubes under the gate.
Like a MOSFET device, a CNFET has also threshold
voltage required the voltage to turn on the device
electrostatically through the gate. A great noticeable to
CNFET s that its threshold voltage (Vt)is able to be
modified via changing the diameter of its CNTs. This
feature makes CNFET more flexible than MOSFET for
designing digital circuits. The half band gap of a CNFET
almost considered as the threshold voltage of a CNFET
and can be estimated by the following (2)[4, 8]:

E 3 av 0.43
WL B P @

2e 3 Dent Dent (nm)

Wherethe parameter e is the unit electron charge and a
is the carbon-to-carbon atom distance and about
(0.249nm), 17, (3.033eV) the carbon- bond energy in the
tight bonding model andD.yris the diameter of CNT,
calculated by the following (3) [4] It can be concluded
from Equation (2) that the threshold voltage of the
CNFET isaninverse function of the diameter of CNT.

axyn?+n,2+nn
Dent = % ~00783x\n2+n,2 +nn, (3

Because of the more similarities between CNFETSs and
MOSFETs in phrases of features and operation, CNFET
isapplied for thepresented circuit.

[11. PROPOSED FREQUENCY DIVIDER

In this section, CNFET-based programmable frequency
divider is presented. This frequency divider which is
shown in Figure 2 composed of 3 Double Edge Flip-Flop
(DET sample data by both the clock rising edge and
falling edge) and a 2:1 multiplexer (MUX).

SO
| DEF 1 DEF 2 | DEF 3 |
DO D1
PO — MUX 2:1
Vo

Fig.2. The Proposed CNFET —based Programmable
Frequency Divider

After second DET, 2 outputs were taken al of which
were connected to a 2:1 MUX. After first of these outputs,
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a switch (made with N-type transistor) was placed
between 2 DET final to decrease loading effect. By getting
from these switch and selector inputs of MUX can be
determined the division ratios 2 or 3 appeared in the
output. The output of MUX that is also the output of the
frequency divider connected to a NOT gate that the output
of NOT gateistheinput of first DET.

The performance of the circuit is in the way that, based
on which of these division ratios 2 or 3 came into
consideration, the selector inputs of mux should have
specific quantity, and according to desire division ration,
states (on or off )of switch change.

Circuit of CNFET-based Double Edge Flip-Flop shown
in Figure 3 ([9]reported this circuit with CMOS
technology). The input signal of the proposed design is
CLK inthisfigure.

CLK

Fig.3. CNFET-based DET flip-flop

DO —
F_
—
DI —
S—
PO

Fig.4. CNFET-based 2:1 MUX
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Circuit of CNFET 2:1 MUX that based on Transmission
gates shown in Figure 4.

(DoD,) are the out puts of Hip-flops those dso are
inputsMUX and Fisaso MUX output that is linked to the
first DET through aNOT gate.

Table 1 illustrated the plan of proposed frequency
divider programmability. (Pg) are the selector inputs of the
MUX and (Sp) is the switch.

Tablel: Divide algorithm

Divisionratio 2 3
P 0 1
S OFF ON

The input signal of the proposed design is shown in
Figure 5.

The output signals of the proposed design with a 1GHz
input signal in division ratios 2 or 3 respectively shown in
Figure 6.

Vin (mv)

) Tim(ns) -

Fig.5. Input signal of the proposed Frequency Divider

y'oul (mv)

Tim (ns)

@

Vout (mv)

g Tim(ns) B
(b)
Fig.6. Output signals of the proposed programmable
Frequency divider with division ratios a) 2 b)3

[V.SIMULATION RESULT AND COMPARISON

This work is simulated using Synopsys HSPICE 2008
simulator with the Compact SPICE Model[10, 11]. For
32nm CNFET-based circuit, including all non-idealities.
The parameters of the CNFET model and their values,
with short explanations are shown in table2[4, 5].

Table 2: CNFET model parameters
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The delay of each circuit is determined from the time
that the input signal reaches 0.5 Vpp of the time that the
output signal reaches the same voltage level.

The average power consumption throughout Transition
time (20 nsec) is also regarded as the power consumption
parameter. The performance of the circuits can be
considered by calculating PDP, to produce a compromise
between the power consumption and the delay of the
circuits, which is the multiplication consequence of the
average power consumption and the maximum delay.

The circuit is simulated at 0.9V supply voltage and at
1GHz frequency with the 15fF output load capacitor. The
detailed results of this simulation arelistedinTable 3.

Table 3: The result of the experiment

Division Power Delay PDP
ratio (x107°W) (x107%) (x10‘15])
2 61 1.640 100.04
3 62 2.640 163.68

The simulation results for comparing the proposed circuit
with the other frequency divider circuits are listed in
table 4. (The power that reports in this table for proposed
frequency divider is the maximum power average of all
division ratios). based on the simulation results the
proposed design hassuperior performance.
Table 4: Report and comparison of the proposed work
and the previous work

Frequency Division | Technology | Frequency | Power
divider ration (GHz) (mw)
[12] 128,129 0.7um 1.75 24
[13] 32,33 0.35um 3 27
[14] 220-224 0.25um 55 59
[15] 8,9 0.18um 1-4 33
[16] 55,56 0.18um 3.2-6.1 46
[17] 8,9 0.25um 1824 24
[18] 32,33, 0.18um 2.4-2.484 22
47,48

Proposed 2,3 0.18-um 1 10
(CMOS)

Proposed 2,3 32-nm 1-2 0.07
(CNFET)

Parameter | Description Vaue

Len Physical channel length 32nm

L geft The mean free path in the intristic | 100nm
CNT channel

Les The length of doped CNT source- | 32nm
side extension region

Lyq The length of doped CNT drain-side | 32nm
extension region

Kgate The dielectric constant of high-k top | 16
gate dielectric material

V. CONCLUSION

This paper presents a Carbon Nanotube Field Effect
Transistor (CNFET)-based programmable frequency
divider composed of 3 Double Edge Flip-Flops and a 2:1
multiplexer with division ratios 2 or 3. The major
characteristics of this frequency divider are the different
division ratios which programmable with switch and
selector inputs of multiplexer and the output signal which
has about 50% Duty-cycle at the output voltage. HSPICE
based on CNFET model used to produce simulation
results for this work. At 0.9 V supply voltage; power
consumption for proposed frequency divider is 0. 07mW.
The Simulation results show high performance compared
to other frequency dividers.
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